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1 BBEOEHME K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Uenb amcuunnuHbl: CchopmmpoBaTb M 3aKpenuTb KOMMETEeHUMM obydatowlerocss B 06ractu MCNonb3oBaHUS
COBPEMEHHbIX CreumannanpoBaHHbIX NPOrpamMMHbIX NPOAYKTOB U MHAOPMALIMOHHBLIX TEXHOMOMMIA ANsl PeLleHnst KOHKPETHbIX
npuKnagHbIX 3agay B npodeccroHansHon cdepe.

1.2 3apgauv AUCLUNNUHBI:

* pacKpbiTb MPUHLMNBLI MOCTPOEHUSI ChneunanuM3npoBaHHbix 6a3 AaHHbix (B[1) kak OCHOBbI MHGOPMaLMOHHOIO
obecnevyeHus Ans aBTOMaTU3MPOBAHHbBIX PACYETOB B 3KOMOMMN U MHXEHEPHOW 3aLLuTe OKpyKatoLlen cpeap;

* 3aKpenuTb HaBblKU MPUMEHEHMS TMMOBOr0 MpPorpaMMHOro obecneyvyeHnss KOMMbITEPOB U NPUKIaAHbIX NakeToB B
TEXHUYECKMX pacyeTax;

* MoKa3aTtb npueMbl paboTkbl B MaTemaTtudeckon cpege Mathcad;

* 00YYNTb YWUCNEHHBIM METoAaM peLUeHMs] YPaBHEHWA W CUCTEM YpPaBHEHMI Pa3HOro TuMa W MpaKTU4eCKOMYy
NPYMEHEHUNIO 3TUX 3HAHWIA OIS PELUEHNS1 KOHKPETHbIX 3a4a4 No creumanbHOCTY.

1.3 Tpe6oBaHuA K NpeaBapuTeNbLHOM NOAroToBKe O6y4aloLerocs:
MpenBapuTenbHas NOAroTOBKA NpeanonaraeT co3aaHne OCHOBbI Anst POPMUPOBAHNST KOMMETEHLMIA, yKasaHHbIX B M.
2, Npy U3y4YeHUN OUCLUMNIIUH:

MHdopmaumnoHHbIE TEXHOMOMK
Matematuka

2 KOMMNETEHLUWU OBYYAIOLWLEIOCA, ®OPMUPYEMbBIE B PE3YNIbTATE OCBOEHUA OUCLUUNNNHDbI

OlMK-1: CnocobeH yunTbiBaTb COBPeMEHHbIe TeHAEHLUN Pa3BUTUA TEXHUKMU U TEXHONOrMn B obnactu rtexHoccgepHomn
6e30nacHOCTU, U3MEPUTENBLHOW U BbIYMCIIUTENbHON TEXHUKN, MH(OPMaLIMOHHBLIX TEXHONOTUIM NPU pelueHumn
TUNOBLIX 3aAa4 B obnactu npodeccMoHanbHOW AeATEeNbHOCTU, CBA3aHHOW C 3alMTON OKpYXKatoLen cpeabl U
obecneuyeHnemM 6e30NacHOCTU YeNOBEKa;

3HaTb: obwme npuHUUNbl " Knaccmqamxau,mm CUCTEM aBTOMATU3NPOBAHHOIO MPOEKTUPOBaHUA AONA pPa3fiMYHbIX obnacren
TEXHUKU; YNCINEeHHbIe MeTObl pelleHNA TUNOBbIX ypaBHeHvu7| N CUCTEM.

YMeTb: wucnomnb3oBaTb METOAbl BbIYUCIIMTENBHOM MaTemMaTukm AOns nony4vyeHna Konn4eCTBeHHOro pesynbtata npu
KOMMNbKTEPHOM MOAENNPOBaHUN; OCYLLIECTBIIATb NOCTAHOBKY 3a4a4u pelleHnsa ypaBHeHI/IIZ M CUCTEM pa3HOro Tuna.

BnageTb: HaBblkaMyl pELUEHUs] MHXEHEPHbIX 3adady CoBpeMeHHbIMU cpedcTBaMu nNaketa Mathcad; HaBblkamy YUCNEHHOTO
peLleHns ypaBHeHUIA 1 CUCTEM.




3 PE3YJIbTATblI OBYYEHUA MO AUCLUMITNHE

HavmeHoBaHWe u cogepkaHve pasaernos,
TEM U Y4EOHbIX 3aHATUIA

CemecTp
(kypc gns 3A0)

KoHTakT
Has
pabota

Mp.
(4achbl)

CP
(4achbl)

MHHOoBaL.

dopmbl
3aHATUI

Pasgen 1. udopmaumnoHHoe 1
nporpaMmmHoe obecneyeHune
aBTOMAaTU3MPOBAHHbIX TEXHOMNOIMYECKUX U
NPOEKTHbIX pacyeToB

Tema 1. CneumanmampoBaHHble 6a3bl AaHHbIX
B XMMMWNYECKOW TEXHOMOIMM N IKONOTUUN N NX
MCMNOMb30BaHNe B TEXHNYECKNX pacyeTax.
CTtpykTypa 6a3bl 4aHHbIX N0 PU3NKO-
XUMWYECKMM CBOWCTBaM BELLECTB U CMECE.
CYB[ v pacueTbl B ee cpege.
WNcnonb3oBaHue 6ubnvoTekn moaynen
pacyeTa CBOMCTB B NPUKMaAHbIX

nporpamMmax.

Tema 2. Vicnonb3oBaHue B pacyeTax
NprKNagHbIX NPOrpamMmmHbIX NPOAYKTOB
obuwero HasHadeHus (Ha npumepe MS Excel).
BcTpoeHHble cpeacTBa peleHns ypaBHEHWI
n cuctem B MS Excel (noabop napameTpa,
MOUCK peLUEHNsi, MaTPUYHbIE BbIYUCTIEHUS).
MpakTuyeckoe 3aHsaTUE 2 "PaclumpeHHble
BblYMCIIUTENbHbBIE BO3MOXHOCTU MS Excel"

Tema 3. Cnuctembl anga matemMmaTnyeckux
pacyeToB (Ha npumepe Mathcad). Pabounii
nncT. BeluncnntenbHble U TEKCTOBLIE BI0KN,
nporpaMmMmpoBaHne, CUMBOSIbHbIE
BbIYUCTIEHUS.

MpakTnyeckoe 3aHsTe 3 "OcHoBbI paboTbl B
MaTemaTtudeckomn cpege Mathcad".

Wtoro B cemecTpe (Ha kypce ang 3A0)

KOHch'IbTaLI,VII/I N NPpOMeEXyTo4YHad atrectauma
- HeT
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nn
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nn
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Pasgen 2. MaTtemaTtnyeckas noctaHoBka
pacyeTHbIX 3a4a4 B XMMUYECKON TEXHOSOrMm
W 3KONOrMKN 1 NporpaMmMmHble cpeacTsa gns
aBTOMaTM3aLmm peLleHuin ypaBHeHU 1
CUCTEM ypaBHEHUN

Tema 4. 3agaun, npmBoasLUMECH K cucTemam
NVHEenHbIX anrebpandyecknx ypasHeHUN, 1
mMeToabl ux peweHus. CTaHaapTHbIN BUA
CUCTeMbI NNMHENHLIX YpaBHeHWI. [puBeaeHve
CMNOXHOW CUCTEMbI K CTaHOAAPTHOMY BUAY.
MaTpuyHbln MeToA pelleHus. Mpasuno
Kpamepa.

Tema 5. MeToabl peLleHUst HeNIMHENHbIX
anrebpaunyeckux ypaBHeHuin. CTaHOapTHbIN
BUA HENWHEHOro anrebpanyeckoro
ypaBHeHus. YucneHHble MeToAbl peLLeHus
YpaBHEHUI: AeneHns oTpeska nononam,
uTepaunin, CekyLLMX, KacaTerbHbIX.
BcTpoeHHble cpeacTBa peLleHnst ypaBHEHNI
B Mathcad. CpaBHeHue MeToa0B.
MpakTnyeckoe 3aHaTHe 5 "PelueHne cuctem
HenuHenHbIX anrebpanyecknx ypasHeHUn"
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Tema 6. MNoaxoapl K peLleHno cuctem
HENMMHENHbIX anredpanyecknx ypaBHEHUN.
CtaHgapTHas 3anucb CUCTEMbl YPaBHEHUIA.
NTepaumnoHHble MeToObl peLLIEeHUs.
BcTpoeHHble cpeacTBa pelleHns cuctem
ypaBHeHun B Mathcad.

12 nn

Tema 7. 3agaun, NnpMBoasALLMECSH K CUCTEMAM
anddepeHumanbHbiX ypaBHEHUIA. POpMbI
pesynbTata YNCINEeHHOro peLleHns. MeTtoapl
peLleHns Ha NnpyMepe MeTodoB Junepa 1
PyHre-KyTTa pasHoro nopsagka.
MpakTnyeckoe 3aHsaTUE 7 "CucteMbI
anddepeHumanbHbIX YpaBHEHUI U
YUCIEHHbIE METOAbI UX peLleHns"”

Utoro B cemecTpe (Ha kypce ansa 3A0) 4 62

KOHCyJ'IbTaLlI/IVI N NPpoOMeXyTo4YHada aTrectauua

(Bauert, KypcoBas paboTa) 2,25

Bcero koHTakTHasa pa6orta u CP no

OVUCLMMIMHE 10,25 94

4 KYPCOBOE NPOEKTUPOBAHUE

4.1 Uenun n 3agaum KypcoBon paboTbl (npoekTa): Llenbto KypcoBor paboThl ABMSETCA NPpMBUTME CTYAEHTaM
HaBbIKOB CAMOCTOATENbHON PaboThbl MO PELUEHNI0 MaTEMaTUYECKMX 3a4ay YNCTIEHHBIMYM METOAAMMU, @ TaKKe NO COCTABMNEHMIO
TEXHUYECKON JOKYMEHTaLUN. DTW HaBblKM HEOOXOAMMbI NPY OCBOEHMM NOCNEAYOLWMX OUCUMMIMH y4ebHOro nnaHa, npu
BbIMOSTHEHWW BbINYCKHOMN KBanndukaLMoHHON paboTel 1 B NpeacTosLWEeNR NpakTUYECKON AeATeNbHOCTH MO CreumnanbHOCTU.

OcHoBHOWM 3aga4ven KypcoBomn paboTbl ABAsieTca yrnybneHme n 3akpenneHne 3HaHUM No TEoPEeTUYECKON n
NpakTUYeCcKon YacTam AucumnnuHel «MeToabl M cpeacTBa aBTOMAaTU3MPOBaHHBIX PACHETOB B 3KONOTUNY.

4.2 TemaTuKa KypcoBoM paboThbl (npoekTa): TemaTuka KypcoBon paboTbl OpUEHTUPOBaHA Ha UCMONb30BaHNE
N3YYEHHbIX YNCINEHHbIX METOAOB ANt NPaKTUYECKOro peLleHnst KOHKPETHOM BbIMMCIIUTENBHON 3aaa4u (BbIOop meToaa,
BbINOMHEHME HeobXxoanMbIX Npeobpas3oBaHuii, pa3paboTka NporpaMMHOro obecnevyeHns Npu peLleHn HeNMMHERHbIX
anrebpanyeckmx ypaBHEHUI N UX CUCTEM MIU cncTeM auddepeHUmanbHbIX YpaBHEHNIA).

TeopeTnyeckuin MaTepuman no AUCUMNNNHE 1 MHAMBUAYanbHble 3adaHns K KypcoBow paboTe npveeeHsbl B yiebHOM
nocobun ceTeBoro pacnpocTpaHeHus:

BycbiruH, H. KO. MeToabl n cpeactsa aBTOMaTU3NpOBaHHbIX pacyeToB B akonorun. PelwleHve 3agad B cpeage Mathcad:
NHTepakTnBHoe y4eb. nocobue [OnekTp. nsganue] / H. KO. bycbirud. — CIM6.: CMIYTA, 2014. — 63,5 M6.— 3arn. ¢ akpaHa. —
Per. Ne 0321400598 (MHdopmperucTp). Pexxum goctyna: http://publish.sutd.ru/tp_get_file.php?id=2178, no naponto;
http://eco.sutd.ru/mathcad/START.htm, cBo6oAHbIN OCTYn.

4.3 Tpe6oBaHMs K BbINOJIHEHUIO U NpeACcTaBIeHUI0 pe3yNbTaTOB KypcoBOM paboThbl (MpoekTa):

KypcoBas paboTa COCTOUT M3 pacyYETHO-MOACHUTENbHON 3anncku obbémMomM Ao 15-20 cTpaHuy ¥ BKMYaeT KpaTkoe
onncaHue MNpUMEHSIEMbIX YMCINEHHbIX METOOO0B, HeOOXoAuMMble MaTemaTudeckne npeobpaszoBaHUS UCXOAHbLIX YpaBHEHUIN U
CUCTEM, JINCTUHIN pa3paboTaHHOro NPOrpaMMHOr0 M UHGPOPMAaLMOHHOrO obecneveHus, TEKCTOBOE, TabnnyHoe 1 rpadmyeckoe
npeacTaBneHne pesynbTaTtoB. PekoMeHOOBaHHbIE K MCNONb30BaHWIO CPeAcTBa pas3paboTku nporpamm — Borland Delphi,
Mathcad wn, ecnn BO3MOXHO, C NpUBEAEHNEM BapmnaHTa peLueHus 3agadm B MS Excel.

5. ®OH[ OLIEHOYHbIX CPEACTB ANA NPOBEQEHUA NPOMEXYTOYHOW ATTECTALMA

5.1 OnucaHue nokasaTtenen, KPUTepMEeB U CUCTEMbI OLIEHUBaHUA pe3yrnbTaToB 00y4YeHUsA
5.1.1 NMoka3aTenu oueHUBaHUA

Kon HanmeHoBaHWe oueHOYHOro
MokasaTtenu oueHnBaHNs pesynbTaToB 0by4eHus
KOMMeTeHUmn cpencrea
MpamoTHO onepupyeT 6a30BbLIMK NOHATUSAMU MOCTPOEHNST COBPEMEHHbIX
aBTOMAaTM3MpPOBaHHbIX pacyeToB O6LLEro 1 cneumMann3npoBaHHOro
Ha3Ha4YeHNs; ONMMCLIBAET NOAX0Abl K PELUEHUIO JIMHENHBIX N HENMUHENHBIX
anredbpanyeckux ypaBHEHUN 1 cucTeM, cucteM auddepeHumanbHbIX
pant yp Auddepeny Bonpockl gns yctHoro
YpaBHEHWI, XapaKTepuadyeT TOYHOCTb METOLO0B, YCITOBUS MUX
cobecenoBaHus
OriK-1 CXOOQMMOCTW.

KypcoBas paboTta
AHanmampyeT 3Ha4YeHNe KONIMYECTBEHHOIO ONMcaHnsi NPOLIECCOB B

MH)KeHepHOIZ [eATenbHOCTU; ncxoga U3 tuna ypaBHeHwZ, BbI6MpaeT
YUCNEHHbIE MeTOAbl peLlleHndA, NpuBoANUT ypaBHEHUA K CTaHOAPTHOMY
BUAy, onpeaendeT napamMmeTpbl Bbl6paHHOI’O meToaa.




MpuMeHseT cpeacTBa NporpaMMHoro naketa Mathcad gnst peweHus
WH)XEHEepHbIX 3a4a4y B 06rnacT 060pyaoBaHUst U TEXHONOMMK; peanunsyeT
Ha KOMMbIOTEPE PEeLLEHNE YPABHEHWI 1 CUCTEM B 0611acTi 3Hepro- 1
pecypcocbepexeHust ¢ NpUMeHEHNEM COOTBETCTBYIOLLMX NMporpamm,
aHanuaupyeT pe3ysbTaTtbl, OLEHUBAET TOYHOCTb PELLEeHMS.

5.1.2 Cnucrtema v Kputepmm oLeHNBaHUA

LLikana oueHnBaHus

Kputepumn oueHnBaHna chopMMpOBaAHHOCTU KOMMNETEHLIMIA

YcTHOoe cobecenoBaHue

MNucbmeHHasn paboTa

5 (oTnun4HO)

O6yyatoLmiics BCECTOPOHHE 1 rnyboko
pa3paboTan Temy Ha OCHOBE LUMPOKOro Kpyra
NCTOYHMKOB TEXHUYECKOWN NutepaTypbl u
HOPMAaTUBHO-TEXHUYECKOW JOKYMEHTaLmMM,
NpPOSIBUN CaMOCTOATENBHOCTb B pa3paboTke
MH(OPMALIMOHHOTO U MPOrPaMMHOrO
obecnedeHus, NnpeacTaBuI NpaBurbHbIE
pac4yeTbl 1 BbIBOAbI, MPMMEHMUIT pa3HoobpasHbie
MeTOoAbl peLleHmnsl, B TOM YnCrie CBEpPX
OrOBOPEHHBIX B 3aJaHNn; HET CYLLECTBEHHbIX
HeJOoCTaTKOB B MOSICHUTENbHOWM 3anncke
(rpadbmnyeckon YacTn 1 CTUNE N3NOXEHKUS), NpU
3almuTe KypcoBow paboTbl He AonyLeHbI
MOrpeLUHOCTN B UHTEpNpeTaLun nogxoaa K
peLLeHunto 3a4aum 1 pe3ynbTaToB.

4 (xopoLwuo)

O6yuatowmiics B NosIHOM 00bemMe BbINOMHUI
3afaHuve, NpeacTaBun pelleHne 3agad
pa3Hoobpa3HbIMM MeTo4aMM1, NPOSIBUN
CaMOCTOSATENBHOCTL B pa3paboTke
WMHOPMALMOHHOIO 1 NPOrpaMMHOro
obecnedeHusi, NnpeacTaBuIl NpaBuIibHbIE
pacyeTbl 1 BbIBOAbI; HET CYLLECTBEHHbIX
HeJOoCTaTKOB B NOSICHUTENbHOW 3anncke
(rpadouyeckor Yactu 1 cTUne U3NoXeHus), Npu
3almuTe KypcoBow paboTbl AONYLLEHbI
HebonbLUMe NOrpeLlHOCTN B MHTepnpeTaunm
noaxona K peLleHuto 3agaym n pesynbTaTos,
[onyLeHbl HapyLleHnst Unn HebpeXHOCTL B
odopmMmneHnn paboTbl

3 (yooBneTBOpuUTENbHO)

O6yyarowmiica B LeNoM BbINOMHWUM 3adaHue,
npeacTaBun peLleHne Bcex 3agay, Ho NPosiBUM
HEeAOCTaTOYHY CaMOCTOATENbHOCTL B
pa3paboTke MHOPMALIMOHHOTO U
nporpaMmMHoro obecnedeHusi, n notpebosanach
CyLLeCcTBEHHas NOMOLLb NpenoaaBaTtens;
NnosicCHUTENbHasA 3anmncka opopmreHa
HebpeXxHo.

2 (HeynoBnEeTBOPUTENBHO)

Ob6yuyaroLmMcs npeacTaBneHa YacTUYHO
BbINONIHEHHaA paboTa (pelleHbl He BCe 3agayun),
npu 3TOM cofepxallasi rpyoble owmbKu,
CBUOETENLCTBYOLWMNE O HENOHUMaHUN
CTYLAEHTOM pa3pabaTbiBaemMon UM TEMbI.

3auTteHo

OO6yyatowmiics cBOEBPEMEHHO BbIMOSHN
WHOMBMAYanbHbIE 3a4aHWs Ha
NPaKTUYECKUX 3aHATUSAX, NPEeACTaBuUn
pesynbTaThl B BuAe pabo4ynx nucTos
Mathcad, 3awmtn paboTsl; B
COOTBETCTBUM C TPEBOBAHUSMY BbINOMHMUI
N 3aWmMTUN KypCcoByto paboTy no
AVCUMNNNHE, BO3MOXHO Aomnyckas
HeCyLLEeCTBEHHbIE OLUMOKM B OTBETE Ha
BOMpOChHI NpenogasaTensi.

He 3a4teHo

O6y4yatoLmicsa BbIMOMHNUI YaCTUYHO
WHAMBMAYanbHblE 3a4aHMs Ha
NPaKTUYECKUX 3aHATUAX, HE B NMOSTHOM
obbeme npencraBun pesynbTaTtbl B BUAe
pabounx nuctoB Mathcad, He 3awmTnn




paboTbl n/unNu B COOTBETCTBUM C
TpeboBaHMAMU He BbINOMHWM UMK He
3aLMUTWN KYpCcoBYto paboTy no
ANcuMnnunHe, 4ONYyCTUN CYLLECTBEHHbIE
owmnbkn B OTBETE Ha BOMPOCHI
npenogaesarens.

5.2 TunoBble KOHTPOSbHbIE 3alaHUSA UNU UHbIe MaTepuarnbl, Heo6XxoAMMble ANA OLlEeHKU 3HaHUWA, YMEHUN,
HaBbIKOB U (UNK) ONbiTa AeATeNIbHOCTU
5.2.1 MNepeyeHb KOHTPOSbHbLIX BONPOCOB

Ne n/n | DOpMYNNpPOBKM BONPOCOB
Kypc 3

1 CneunannanpoBaHHble MHOPMaLMOHHbBIE PeCYpChbl AN aBTOMaT13aLumn pacyeToB B 3KOSNOMMM N MHXKEHEPHOM
3almTe oKpyxatollen cpegbl

2 OCHOBHbIE KOMMOHEHTbI BaHKa AaHHbIX MO PU3NKO-XUMUYECKMM CBOMCTBAM BELLECTB U CMECEW.
Vcnonb3oBaHve GaHka AaHHbIX B pacyeTax.

3 MS Excel kak cpeCcTBO co3AaHus 1 ynpasneHns 6azamu gaHHbix. OpraHnsauns punbTpaumm AaHHbIX.

4 MS Excel n ocobeHHOCTU opraHu3aumm MaTpu4HbIX onepawmn.

5 Mathcad kak cneumanuamMpoBaHHas cpefa ANns pelleHus matemaTuyeckux 3agay: 063op OCHOBHbIX
BO3MOXHOCTEMN

6 Mathcad. CumBosbHbIe BbluMCreHNs. BboluMcneHne nHterpanos, NPOM3BOAHbIX.

7 Mathcad. OcHOBHble onepaTopbl K UX NCMOMb30BaHUE.

8 Mathcad. NpeacTaBneHne gaHHbIX B BUAE rpadvkoB pasHoro tmna.

9 OG6LLEee NOHATME O YNCMEHHBIX METOAAX PELUEHNS YPaBHEHUIN U CUCTEM YPaBHEHWUIA, NPUONMKEHHbIA XapakTep
pesynbTaTta peLueHus.

10 CurcTembl NMHENHbIX anrebpanyecknx ypaBHeHUn. 3anncb cUCTeMbl B CTaHAapTHON hopme. MaTpuyHoe
npeacTaBrieHne CUCTEMBI.

11 YucneHHble MeToabl peLleHNst CUCTEM fIMHEWNHbIX anrebpanyecknx ypaBHEHWUN.

12 PelwweHune cuctembl nnHenHbIX anrebpanyeckmnx ypaBHeHU B maTpnyHon bopme B Mathcad n MS Excel.
lMoHATME KOPHSA HENMUHEHOrO anrebpanyeckoro ypaBHeHus. OTnMYmMe TOYHOIO PELLEHNS U PELLEHNS,

13 MOMYyYEHHOro YMUCMEeHHbIM MeTOAOM. 3anncb HENMHENHOro anrebpanyeckoro ypaBHeHUs B CTaHA4apTHON
dopme.

14 PelleHne HenuHenHoro anrebpanyeckoro ypaBHeHun. MeToa AeneHvs oTpeska nononam.

15 WTepaLnoHHble METOAbI peLleHUst HeNMHenHoro anrebpaunyeckoro ypaBHeHun. MeTtoabl HbloToHa, cekyLux,
utepaumn. Ycnoemsi CXoaguMocTn METOAO0B.

16 PelueHne HenuHelnHbIx anrebpanyecknx ypasHeHuin B MS Excel metogom nogbopa napameTpos.

17 MeToabl peLleHns CUCTEM HEMMHEWHbIX anrebpanyecknx ypaBHEHWN.

18 MaTpnyHoe npeacTaBneHne CUCTEMbl HEMMHEVHbIX anrebpandecknx ypaBHeHui. PelleHrne nogobHbIX cuctem
B Mathcad
PelweHne anddepeHLmansHOro ypaBHeHMS U CUCTEMbI Takux ypaBHeHun. Popma npeacTaBneHns pesynosrara

19 YMCNEHHOrO peLleHns cuctemsl auddepeHumnanbHbIX ypaBHEHUN. BO3MOXHOCTb aHanMTU4eCcKoro peLleHus B
Mathcad.

20 YuncneHHble MeTOAbl peLleHns cuctem anddepeHumanbHbIX YpaBHEHUI: CYLLHOCTb METOO0B U CpaBHEHUI
TOYHOCTM peweHus. Peanmsaums B Mathcad.

21 YucneHHble MeToabl peLleHus cuctem anddepeHumanbHbIX ypaBHEHWUA: CYLLHOCTb METOAOB U CpaBHEHUI

TOYHOCTM pelwleHus. Peannsauma B MS Excel.

5.2.2 TunoBble TeCcTOBbIe 3aAaHunsA

He npegycmoTpeHbl.

5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIe 3adaHusA (3agayvu, Keuchbl)

MpyMepbl TUNOBbIX NPaKTUKO-OPUEHTUPOBAHHbLIX 3a4aHWi NPUBEAEHbI B MPUNOXEHUM K paboyeii nporpamve.




5.3 MeToaunyeckue maTepuarnbl, onpeaensilolime npoueaypbl oLeHUBaHUA 3HAHUN, YMeHUW, BNageHui (HaBbIKOB
1 (MNn) NpPaKTUYECKOro onbiTa AeATeNIbHOCTH)
5.3.1 YcnoBus gonycka oby4arowerocsi K npoMexxyTo4yHoln aTrectaumMm U NopsAoK NUKBUAALMM aKaAeMU4yeckomn

3a40J1XKeHHOCTU

lMpoBegeHne NpomMexyTo4HON aTTecTaummn pernameHTMpoBaHO fokanbHbIM HOpMaTMBHbIM aktom CMGIMYMNTA
«lMonoxeHne 0 NPOBEAEHNM TEKYLLETO KOHTPOSIS YCNEBAEMOCTU 1 NMPOMEXYTOYHOM aTTecTaumm oby4varoLwmxcs»
K 3aueTy gonyckatoTcs CTyAeHTbl, MONIHOCTLIO BbINMOMHUBLUME NITAHOBLIE NPaKTUYeckue 3agaHus 1 3alwnTueLIne

KypcoByto paborTy.

5.3.2 ®opma npoBeaeHUsi MPOMEXYTOUYHOM aTTecTauum No AUMcumnianHe

YcTHas +

5.3.3 Ocob6eHHOCTU NpoBeAeHUs NPOMEXYTOYHOM aTTecTaumMm No QUCUUNINHe

lNucbmeHHas

KOMI'IbPOTepHOG TeCcTupoBaHune

- BpemMsA Ha NoAroToBKy OTBETOB MO BOMNpoCaM COCTaBlideT 30 MUHYT;
- Npn 3awuTe KprOBOI;I paGOTbI OEeMOHCTpaunda CtyaeHTamMmun pa6OTOCI'I0006HbIX NnporpamMMHbIX NMPOAYKTOB,
npeactaBlieHHbIX B NOSICHUTENbHOM 3anncke, oba3aTternbHa.

MHas

6. YHEBHO-METOAWYECKOE U UH®OPMALIMOHHOE OBECNEYEHUE OUCLUUNNUHBI
6.1 YyebHasa nutepartypa

ABTOp 3arnasue MN3paTenbcTBO | ["oa wspaHua | Ccblinika
6.1.1 OcHOBHas y4yeOHasa nuTepartypa
Mokposa, H. B., YuncneHHble MeToabl B Capartos: Al Nn 3p 2018 http://www.iprbooksh
CypkoBa, J1. E. WHXXEHEPHbIX pacyeTax Meauna op.ru/71739.html
BycbirvH H. HO. MeTogbl u cpeacTtBea http://publish.sutd.ru/
aBTOMaTU3MPOBaAHHbIX tp_ext_inf_publish.ph
pac4yeToB B 3KOMOrMM. Cre.: crieryntqg 2014 p?id=2178
PeweHwne 3agad B cpege
Mathcad
KpaxoTkuHa, E. B. YucneHHble meToabl B Craspononb: Cesepo- http://www.iprbooksh
Hay4HbIX pacdeTax Kaskasckui op.ru/99474.htmi
o 2019
denepanbHbIv
yHMBEPCUTET
6.1.2 lononHuTenbHasa y4yebHasa nutepaTtypa
Onervn, W. T, BBeaeHue B YynucneHHble Hosocnbupck: http://www.iprbooksh
KpacHopyukui, [. A. MeToabl Hosocnbupckuin op.ru/91332.html
rocyapCTBEHHbIN 2018
TEXHUYECKUN
yHMBEPCUTET
BycbirvH H. HO. MeTogbl u cpeacTtea http://publish.sutd.ru/
aBTOMAaTM3NPOBAHHbIX ) tp_ext_inf_publish.ph
pac4yeToB B 3KOJOMMN. Cne.: CerynTA 2015 p?id=2249
KypcoBasi paboTta
3aycaes, A. 9., [ncKkpeTHble YNCTEHHbIE c C . http://www.iprbooksh
PomaHtok, M. A. MeToAbl peLleHmns amapa. LamapCku op.ru/90484.htmi
0ObIKHOBEHHbIX roiﬁiizi?ci:;b'” 2018
anddepeHumanbHbIX
ypaBHeHuMii yHuBepcutet, 36C ACB

6.2 NMepe4veHb NpocheccuoHanbHbIX 6a3 AaHHbIX U UH(POPMaALIMOHHO-CMPABOYHbIX CUCTEM




MHdopmaumoHHas cuctema «EgnHoe okHo gocTtyna k obpasoBaTtenbHbiM pecypcam. Pasgen. MHdopmatuka un
WMHGOPMALIMOHHbIE TEXHOMOTMMY [ANeKTpoHHbIN pecypc]. URL: http://window.edu.ru/catalog/?p_rubr=2.2.75.6

MHdopmaumoHHas cuctema «EgnHoe okHo gocTyna k obpasoBaTtenbHbiM pecypcam. Pasgen. BeluncnutensHas
mMaTtemaTuka. MaTemaTuyeckoe moaenvpoBaHue. YncneHHble MeToabl» [ONeKTpoHHbIN pecypc].
URL:http://window.edu.ru/catalog/resources?p_rubr=2.2.74.12.57

OnekTpoHHO-6MbnuoTeyHasa cuctema IPRbooks [3nekTpoHHbin pecypc]. URL: http://www.iprbookshop.ru/

MHdopmaunoHHo-obpasoBaTenbHas cpega CIOryrTh https://portal.sutd.ru/ c obpaszoBaTteneHbIMK pecypcamm
no AMCUMMNIMHE, B TOM YMCIe BuaeomaTepuanamMmm s NpakTU4eCcKUx 3aHATUN.

MHdopmaumnoHHo-obpasoBaTenbHas cpeaa 3aoqHoro obyvenusa CM6ryrnTh http://edu.sutd.ru/moodle/.

6.3 NepeyveHb NULEH3NOHHOIO U CBOBOAHO pacnpoCTPaHAeMOoro NporpamMmmHoro oéecnevyeHus
MicrosoftOfficeProfessional
Microsoft Windows
Mathcad Education — University Edition Term

6.4 OnucaHue maTepmanbHO-TeXHMU4YECKOW 6a3bl, HeO6X0AUMOMN ANns OCylUeCcTBIIeHUA obpa3oBaTeNlbHOro
npouecca no AucuunuHe

Ayautopus OcHaleHne

MynbTuMeauiiHoe 06opyaOBaHWE, KOMMbIOTEPHAS TEXHUKA C BO3MOXHOCTbIO NMOAKIIOYEHMS K
KomnbtoTepHbilii knace | ceTu «MHTepHeT» 1 obecneyeHmeM AocTyna B 9NEKTPOHHYI0 MHGOPMaLIVIOHHO-
obpaszoBaTenbHyto cpeay




Mpunoxenune 1 K PN/,

MpunorkeHue

pa60qe1‘/'| nporpammsl ANCUNNNNHDI MeToabl 1 cpeacTBa aBTOMATM3UPOBAHHbIX PACYETOB B 3KOJI0TUK

HaumeHo8aHue AUCYUMNAUHbI

no HanpasneHuto noarotoskn 20.03.01 «TexHochepHasn 6e3onacHOCTbY, Npoduab «MHKeHepHas 3awWmTa
OKpyrKatoLei cpeabi»

HaMmeHoBaHue Ol (npoduns):  VHxeHepHas salimTa okpyKatoLen cpeabi

5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBAHHDbIE 338aHUA (3a4a4n, KeUchbl)

Obwaa nocmaHo8Ka 3a0a4u: ONPeAennTb TUM YPaBHEHUIN AN CUCTEMbI YPABHEHWM, NPMUBECTM MPU HEOOXOANMOCTU K
CTaHAapTHOMY BUAY, BbIOPATb YNC/IEHHbIM METOA, PELIEHUS, NPOrPaMMHbIA NPOAYKT ANA PELIEHUA N HAUTK 3TO
pelueHue.

BapuaHm 1.

PewnTb cucTeMy AWHEWHbIX anrebpanyeckux ypaBHEHMI TennoBoro 6anaHca OTHOCUTE/NbHO HEW3BECTHbIX

TemnepaTtyp tll’ t12’ tlk, léc, t22, t23.

Glcl(tlo - tll) =K %(tn - ff);

Gzcz<t§ - lzz) =K g(ln - ff);

Gyos(t — 1) = K, %(tlz —13);
F

Glcl(t22 - t23) =K, ?(l‘lz - tzz)

F
k k .
G101<t12 -4 ) = K3 ?(tl - t23)=

F
0 k
Gzcz(tz3 - tz) = K3 ?(tl — 13 )

NcxoaHble AaHHble gna pacyeTa:

Gy =2xr/c; Gy =4 xr/c;c; =39000x/(xr - K); ¢y =21001x/(kr - K);
F=24m%; K; =160, K, =140, K5 =120, 1 =95°C; 3 =15°C.



BapuaHm 2.

Pelwntb cnctemy nnHenHbIx anrebpanyecknx ypaBHeHUIA maTepuanbHoro H6anaHca OTHOCUTENbHO HEU3BECTHbIX
pacxonos Gjj

Go1 + Gy = Gpa;
Gy +Gsy = Go3;
Gy3 + Gg3 = Gy
Gog = G4y + Gys;
Gys + Gos = Gsy + G-
Gse = Gz + Ggo;

G45 = 06G04,
G52 = 03(G45 + GOS);
G60 = O'9G56'

McxoaHble AaHHble Ana pacyerTa:

Gy = 5000xkr/4; Gy = 4000kr/a; G5 = 3000KT/a1.

BapuaHm 3.

Pewuntb cnuctemy ypaBHEHMVI Tena0B80ro U matepnasibHOro 6anaHCOB OTHOCUTE/IbHO HEU3BECTHbIX pacxogos D, Wi,
Wz, W3Z

D =103(G,C,,(tx1 =1, )+ W1 (L —Cita)+ Ot |
Wy =103[(G, =, )C1(te2 — 1) WLy — Citia) + Qi |
Wary =103(G, =Wy =W,)Cs (63 = ta) # W3 (Ls = Cti )+ O3 |
W =W, +W,+W;.

3pecb r;=2024500 Os/Kr; r2=2053550 [sk/Kr; r3=2129900 A/Kr;

G.,=11.12 kr/c; W = 9.72 kr/c; t, = 168.3°C; t.; = 170.7°C; t» = 146.7°C; ty3 = 67.0°C; Co= 4180 Ox/(kr-K); C,=3900 Ox/(kr-K);
C1=3770 Ox/(Kr-K); C;=3561 OxK/(Kr-K);lenz = 2210000 OX/Kr; lenz = 2180000 OK/Kr; lenz = 2116000 Ox/Kr; Qxr = 240 BT, Qxz =
220 BT, Q3 =200 Br.



BapuaHm 4.B annaparte HenpepbiBHOIo AEVICTBMH C UHTEHCUBHbIM NepemelinBaHnemM NpoTeKaeT 06paTMMaFI
XMUYeCKana peakuuna

2A1 + A2 = 2A3,
roe Ai, Ay, As — peareHTbl.

Bpems npebbiBaHUA BelLecTBa B annapare T. Ecaim 0603HauMTb HayasibHble KOHLLEHTPALMM KOMIMOHEHTOB Kak
Clo, Cg, Cg, a KOHeYHble Clk, Cé‘, Cé‘ , KOHCTaHTbI CKOPOCTM NPAMON peaKkummn ki, 06paTHoOM k2, TO ANA pacyeTa
KOHEYHbIX KOHLEHTPaLMIA KOMNOHEHTOB MOYHO MCMO/Ib30BaTb COOTHOLLEHUS:

- _ct-d

-1 -2

b

chocd_cb-d,

2 -2

cl-cf = r[— 2k1(clk )2 .k +2k2(c§ﬂ.

>

Ecnnv 13 nepBbIx ABYX YPaBHEHWI BbIPa3nTb Cé‘ n C§‘ yepes Clk M NOACTaBMTb NOJIY4EHHbIE Bbipa*KeHUA B

nocsiefHee COOTHOLLEHME, TO OHO NPEBPALLAETCA B HE/IMHENHOE ypaBHEHWNE C HEU3BECTHOW BEINYUHONM Clk, pewwunTb
KOTOPOE MOYKHO YUCNEHHO.

PaccumTaTb KOHEYHbIe KOHLEHTPALMUM KOMMNOHEHTOB.
McxoaHble fAaHHbIe A8 KOHTPO/IbHOIO pacyeTa

=09, Cc¥=06 C)=0;
k. =03; ky =02; 7 =6

BapuaHm 5. B HEKOTOPbIX TEXHOMOTMYECKMX NPoLEeccax NnepemMeLleHne KUAKoCTeN U3 0gHOM eMKOCTU B ApYTryto
NpPOV3BOAMUTCA NepeaaB/iMBaHNEM CHATbIM BO34YyXOM (Haj, MOBEPXHOCTLIO KUAKOCTU B UCXOLHOM HaKe co3zaeTcs
noBblleHHOe AasneHne P, 3a cueT Yero NPon3BOANTCA NEPETOK KMAKOCTU, B TOM YACNE NPU HaNMYMKM Nepenaja

BbICOT H mexxay 6akamu).
O6bI4HO NPy pacyeTe onNpeAensoT PAacXos }KUAKOCTM Q no dopmyne
O=wr-d* /4,
rAe W — CKOPOCTb XUAKOCTH, M/c; d — anameTp Tpybonposoaa, m.
CKOpOCTb W ONPeAenstoT peeHnem ypaBHeHUs

A-P
P g

2
H+Z—g[1+z(w)§+25}— 0,

rae L — pavHa Tpy6onpoBoaa, M; p— NAOTHOCTb KUAKOCTH, Kr/m3; P, P, — AaBneHune B UCXOAHOM U NPUEMHbIX BaKax,

MNa; A(w) — KoadpdULMEHT TPEHUNSA, KOTOPbIV B HEKOTOPbIX PeXKMMax paccymTbiBaeTca no ¢opmyne

w-d-p
U

A=011(k,/d+68/Re)*?; Re=

Paccuntatb pacxoa Q.



[aHHble AN KOHTPO/IbHOMO pacyeTa:
H=13m; L=25m; d=0057Tm; ) &=8,
P =250000 [7a; P, =100000 /7a; k, =0,0001 Az
p=1000 x2/ m>; =0,00111Ta-c.

BapuaHm 6". IHTEHCUBHOCTb Nepefayun Tenna B TeNI006MeHHbIX annapaTtax xapakTepusyerca Ko3dPpuULUUEeHTOM
Tennonepegaym K:

1

K= 1
—+>r 4+
0!1 z e a2

B

raoe BeIdnHbl &, &, Ha3bIBaAOTCA KOad)d)MLI,MEHTaMM TENNOOTAA4YM, Zl’cm — CyMMa TeEpMUNYECKNX COI'IpOTMB}'IEHMﬁ

MaTepunana CTEHKU U 3arpA3HEHUI Ha cTeHKax. KoadpdUuMeHTbl TENI00TAAYM 3aBUCAT OT TEMMNEPATYPbI CTEHKU tem,
BE/IMYMHA KOTOPOI 06bIYHO HEM3BECTHA, HO MOMKET BbITb OLIEHEHa M3 YpaBHEHWA Ten10BOro 6anaHca, 3anncaHHoro,
Hanpumep, B popme

O!IAtl —0(2[11 -1 —At1(1+a12rcm)] =0.

B nocnegHem ypasHeHun 1y, t, —CpefHUe TeMnepaTtypbl TennoHocutenel, °C, At; — pasHoCTb TemnepaTyp
TENNOHOCUTENA U CTEHKU Al = 1] —1,,,. KOIDOULIMEHT TENNOOTAAUM Ol ONPESENAETCA NO YPABHEHMIO

roe H—sbicota Tpy6oK, Ay, oy, ¥, f4f — COOTBETCTBEHHO TEMIONPOBOAHOCTb, MIOTHOCTb, TEMA0Ta Napoobpa3oBaHus,

AMHaMMYecKan BA3KOCTb BOAbI M BOAAHOMO Napa, BeIMYMHbI KOTOPbIX 3aBUCAT OT TemnepaTypbl t; U MOryT ObITb
paccynTaHbl MO COOTBETCTBYIOLLMM GYHKUUAM:

M(t) = 0,5579+0,001804;
p(t) = 100q1-B(r) - (t—20)}  tme B(r) = 1075 - (1,40773+0,0613214);

t
7,742—0,0551n(—) 1.792-1 -3
r(t) =1000- e OV wn = 19210

140,037 +0,00022¢2

PewmnTb ypaBHeHWe Tennosoro 6anaHca oTHOCUTeNbHO Aty . PaccumTaTh M BbIBECTU B KauecTBe pe3y/ibTaTa TaKke
BeNNYUHDI oLy, K.

[NA KOHTPOILHOMO pacyeTa NCN0/1Ib30BaTb UCXO4Hble JaHHble

1y =120; 1, =20; H=3; ay =85, Y 7., = 0,0004.



BapuaHm 7.

PewunTb cncremy HeJIMHEeMHbIX anre6pamquKMX ypaBHEHMﬁ Tennosoro 6anaHca OTHOCUTENIbHO HEW3BECTHbIX

Temnepatyp 4, ff, 1¥, ).

Gy [Cl(t{))‘ 1 - lty)n 1]= Klg(tl 1—t1)

Gy [Cz(le)'le —Cz(tg)' fg]= K g(tl 1—01)

Gy [Cl(fl 1)1 —Cl(llk)' f1k]= K; g(flk —l§)

Gy [02(15)45 —02(121)'f21]= K> g(ﬁk —é{)

YaenbHasa Ten10eMKOCTb MOTOKOB HEJIMHEMHO 3aBMCUT OT TemnepaTtypsbl. MycTb
e (T)=10910-85316T +0,2579T —22,495-107°T3;
¢y (T) =4759—2135T +0,0424T°.
3pecb T—TemnepaTtypa, K.

McxoaHble AaHHble Ana pacyeTa:

G| =2xr/c; Gy =4 xr/c; 1 =95°C; 13 =15°C; F =24 m°;
Br
2K

K1=160%; K, =140
M K

Bapuarm 8.

Pewntb cucremy He/IMHENHbIX a/'ll'66paMHECKVIX ypaBHeHMVI OTHOCUTENIbHO  KOHEYHbIX KOHLI,eHTpaLI,VIﬁ
KOMMOHEHTOB CNOXHON XMMUYECKOM peakuunu, I'IpOTEKaPOLU,eﬁ B peaKTope naeanbHOro cCMeleHunAa:

cf-c) =1 —klc{fc§+k2(c§)1

ch-cd=ck-c

ck - =1 | 2k CFC —2/«2(c§‘)2 — kyCX +k4Cff(C§‘ﬂ

k 0 I k k(~k
C4 —C4 =T k3C3 —k4C4 (CS )2:|

ct-cf :2(0!{ —02)

0.8

0.7
0.6

0 0.3

MNcxoaHble aaHHble gna pacdeta: t=5; C- =[0.2 |; k= 0.2
0

0.5

0.4



BapuaHm 9. U3meHeHWe ypoBHA /| U i, B ABYX NOCNeA0BaTE/IbHO COEANHEHHDBIX MPOTOYHbIX OTCTOMHMKAX BO
BPEMEHM onpeaenneTca ypaBHeHUAMM:

dh _ Ki\pgh
dr Sl ’
dhy _ Kiypgh —Kr\ By +pghy — B
dr S, ’

PaccunTaTb Npodub U3MeHeHUA YpoBHeli B AnanasoHe 70T 0 go 100, ecin ceveHns annapaTos
S; =8, =100 M%; K; =0,01; K, =0,02; p=1000 xr/m>,
HayasibHble YPOBHU /iy =5M, hp =7 M.
7, =0; 7. =100;
Fy=101300; A =70000 /a.

Pe3ynbTaTbl BbIBECTM B BUAE Tabauubl U rpaduka.

Bapuarm 10°. Mpy moaeAMpoBaHNN HEN3OTEPMUYECKOTO XMMMYECKOTO PeaKkTopa yUMUTbIBAETCA M3MEHEHMe B Xoe
peaKLMM KOHLEHTPaLIMN KOMNOHeHTOB C; M TemnepaTypbl t, (PMYeM KOHCTaHTbl CKOPOCTEN peakuum kj B CBOIO

ouyepeab ABAAOTCA GYHKUMAMM TemnepaTypsbl. MycTb M3MeHeHWe NapameTPOB ONMMUCLIBAETCA YPAaBHEHUAMM:

dC 2

e NeeE
a7 16163

ﬁz—zqucf;
dr

&zﬂchlsz,
T

dt 1 dC, AH KF(t-t,).
dr o dr Cp GCL

PewnTb cuctemy ypaBHeHuUI Ha nHTepsane [0, 7).
McxoaHble AaHHble ANA KOHTPO/IbHOrO pacyeTta

ko=05 E=2000; R=831 G=2; =05 AH =-100000;
C=3900; p=980; K=220;, F=24, L=3; t,=20; 7, =3.

HauyanbHble 3HaYeHUa napameTpoB (GyHKLMIA)

c? =085 CJ=05 CJ=0; t°=70.
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