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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 PE3YJNIbTATE OCBOEHUA ANCLUUNINUHDbI

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)

MHHoBAaL.

dopMbl
3aHATUN

dopma
TeKyLLero
KOHTpONA

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

Tema 1. CneumanmampoBaHHble 6a3bl AaHHbIX
B XMMWYECKOWM TEXHOMOMMN N SKOMOMNN N NX
MCMNONb30BaHME B TEXHUYECKNX pacyeTax.
CTtpykTypa 6a3bl 4aHHbIX N0 U3NKO-
XUMWYECKUM CBOMCTBAM BELLIECTB N CMECEN.
CYB[ v pacueThl B ee cpefe.
Mcnone3oBaHne 6MGnMoTekn moaynen
pacyeTa CBOWCTB B MpUKNagHbIX
nporpaMmmax.

MpakTtnyeckoe 3aHsaTMe 1 "BaHK AaHHbIX NO
PUNKO-XMMUYECKMM CBONCTBAM BELLECTB U
CMeCein 1 ero ucnosnb3oBaHne B pacyeTtax”

Tema 2. Vicnonb3oBaHue B pacyeTax
NprKNagHbIX NPOrpamMmmHbIX NPOAYKTOB
obuero HasHadeHus (Ha npumepe MS Excel).
BcTpoeHHble cpeacTBa peleHns ypaBHEHWI
n cuctem B MS Excel (nogbop napameTtpa,
MOWCK PeLUEHMS!, MaTPUYHbIE BbIYUCIIEHMS).
MpakTnyeckoe 3aHATME 2 "PaclunMpeHHble
BblYUCTIUTENbHBIE BO3MOXHOCTU MS Excel"

Tema 3. Cnuctembl anga matemMmaTnyeckux
pacyeToB (Ha npumepe Mathcad). Pabounii
nncT. BelunucnntenbHble U TEKCTOBLIE BrOKu,
nporpaMmMmnpoBaHne, CUMBOSTbHbIE
BbIYUCTIEHUS.

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

Pasgen 2. MatemaTtnyeckasd nocTaHOBKa
pacyeTHbIX 3a4a4 B XMMUYECKOW TEXHONOMNN
W 3KOMOrMn 1 NporpamMmMHble cpeacTea Ans
aBTOMaTM3auMu peLleHuin ypaBHeHN 1
CUCTEM ypaBHEHUM

Tema 4. 3agaun, NpMBOgSALLMECSH K CUCTEMAM
NMHEeNHbIX anrebpanyecknx ypaBHEHUN, 1
MeToAbl nx pewweHus. CTaHgapTHbIM BUA,
CUCTEMbI NNHENHbIX YpaBHeHWI. [puBeaeHve
CINOXHOW CUCTEMbI K CTAaHAAPTHOMY BUAY.
MaTpuyHbii meToa pelueHus. Npasuno
Kpamepa.

MpakTnyeckoe 3aHAaTHE 4 "PelueHne cuctem
NHenHbIX anrebpanyecknx ypasHeHnn"
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Tema 5. MeTogbl peLleHnsa HeNMHEeNHbIX
anrebpauyeckux ypaBsHeHUn. CTaHOapTHbIN
BWA HENMHENHOTo anrebpanyeckoro
ypaBHeHus. YucneHHble MeToAbl peLleHuns
YpaBHEHU: AeneHns oTpeska nononam,
uTepauumn, CekyLnx, kKacaTenbHbIX.
BcTpoeHHble cpeacTBa pelleHns ypaBHEHWI
B Mathcad. CpaBHeHue MeToO0B.
MpakTnyeckoe 3aHsaTue 5 "PelueHne cuctem
HEeNUHENHbIX anredpandecknx ypaBHeHUn"

Tema 6. lNMNogxoabl K peLeHnto CucTem
HenVHenHbIX anredpanyecknx ypaBHEHWN.
CraHgapTHas 3anmcb CUCTEMbl YPaBHEHUN.
NTepaumnoHHble MeToOb! pELLIEHUS.
BcTpoeHHble cpeacTBa pelleHns cuctem
ypaBHeHun B Mathcad.

MpakTnyeckoe 3aHsTue 6 "PelueHne cuctem
HEeNUHENHbIX anredpanyecknx ypaBHeHUn"

Tema 7. 3agaun, npMBogsALLMECs K cMCTEMaM
anddepeHumnanbHbiX ypaBHeHNA. PopMmbl
pesynbTata YMCneHHoro pelueHus. Metogpl
peLleHns Ha npyMepe MeToaoB Junepa u
PyHre-KyTTa pasHoro nopsgka.
MpakTuyeckoe 3aHsaTUE 7 "Cnctemsl
anddepeHumanbHbIX YpaBHEHUI U
YMCNEHHbIE METOAbI UX peLueHns"

6 17,75 mn

WNtoro B cemecTpe (Ha kypce ans 3A0) 34 71,75

KOHch'IbTaLI,VIVI N NPpOMEXYTOYHadA aTTecTauund

(3auet, Kypcosas paboTa) 2,25

Bcero koHTakTHas pab6orta n CP no

AvcuMnAuHe 36,25 [ 71,75

4 KYPCOBOE NPOEKTUPOBAHUE

4.1 Llenn n 3apgaum KypcoBown paboTbl (MpoekTa): Lienbto KypcoBor paboThl IBNSETCA NPUBUTUE CTyAEHTaM
HaBbIKOB CAMOCTOATENbHON paboTbl MO peLUeHnio MaTeMaTUYeCcKmMX 3a4ay YNCNEHHbIMU METOAAMMU, @ TakKe N0 COCTaBMNEHMIO
TEXHUYECKOMN JOKYMEHTaLunN. DTW HaBblKM HEOOXOAMMbI NPY OCBOEHUM NOCNEAYOLWMX OUCUMUMIMH y4ebHOro nnaHa, npu
BbINOMTHEHMM BbIMYCKHOW KBAaNnUKaunMoHHOM paboThl U B NpeacTosiLLen NPaKTUYEeCKON OeSATENBHOCTM N0 CNeLManbHOCTH.

OcHoBHoOW 3aa4el KypcoBov paboThbl ABNSETC yrinybneHve 1 3akpenneHne 3HaHui No TE0PETUYECKOW 1
NPaKTUYECKOW YacTaM aucumninHbl «MeToabl U cpeacTBa aBTOMATM3UPOBAHHbBIX PACHETOB B 3KOMOTUMY.

4.2 TemaTuKa KypcoBoM pa6oThl (npoekTta): TemaTuka KypcoBon paboTbl OpUEHTUPOBAHA HA UCMONb30BaHNE
N3YyYeHHbIX YACMEHHbIX METOAOB A NPaKTUYECKOrO peLLeHUs] KOHKPETHOM BblYMCNUTENBHON 3ada4um (Bbibop meToaa,
BbIMOMNHEHME HEOOX0AMMbIX Npeobpa3oBaHuii, pa3paboTka NporpaMMHOro o6ecneyeHust Npu peLleHn HENMUHENHbIX
anrebpanyeckux ypaBHEHUA U X CUCTEM UMW cUcTeM AnddepeHLNanbHbIX YpaBHEHUN).

TeopeTnyeckuin MaTepuan no ANCUMNINHE U MHAMBUAYaNbHbIE 3aaHNst K KypCcoBoW paboTe npuBeeHbl B yHebHOM
nocobumn ceTeBoro pacnpoCcTPaHeHUs:

BycbiruH, H. 0. MeToabl n cpeactsa aBTOMaTU3npOBaHHbIX pacyeToB B akonorun. PelwweHve 3agay B cpege Mathcad:
MHTepakTnBHoe y4eb. nocobue [OnekTp. nsganue] / H. KO. bycbirud. — CIM6.: CMIYTAH, 2014. — 63,5 M6.— 3arn. ¢ akpaHa. —
Per. Ne 0321400598 (UHdopmperncTp). Pexxum goctyna: http://publish.sutd.ru/tp_get_file.php?id=2178, no naponito;
http://eco.sutd.ru/mathcad/START.htm, ceo6oaHbIn gocTyn.

4.3 Tpe6oBaHUA K BbINOMTHEHUIO U NpeACcTaBNEeHUIo pe3ynbTaToB KYpcoOBOW paboThl (MpoekTa):

KypcoBasi paboTa cOCTOUT M3 pacyYETHO-MOACHUTENBHON 3annckn ob6béMoM Ao 15-20 cTpaHuy M BKMKYaeT KpaTkoe
onucaHne npuMeHdaemblX YUCIEeHHbIX MeToaoB, Heo6XO,ELI/IMbIe mMaTemMmaTnyeckume npeo6pasoBaHM;| NCXOAHbIX ypaBHeHI/IIZ n
CUCTEeM, NIUCTUHMN pa3paboTaHHOro NPOrpaMMHOro U MHpopMaLMoHHOro obecrneyeHunsl, TEKCTOBOE, TabnunyHoe 1 rpaduyeckoe
npeacTaBneHne pesynbTaTtoB. PekomeHOoOBaHHbIE K MCNOMNb30BaHWIO CpeAacTBa pa3paboTku nporpamm — Borland Delphi,
Mathcad u, ecnv BO3MOXHO, C NpuBeAeHMeM BapuaHTa pelleHuns 3agaym B MS Excel.

5. ®OH[ OLIEHOYHbIX CPEACTB AN NPOBEAEHUA NPOMEXYTOYHOW ATTECTALMU

5.1 OnucaHune nokasaTteneun, KpUTEPUEB U CUCTEMbI OLLeHUBaHUSA pe3yribTaToB 00y4yeHus
5.1.1 NMokasaTtenu oueHUBaHUSA

Kon HanmeHoBaHWe oueHOYHOro
lMokasaTtenu oueHnBaHNS pesynbTaToB 0by4eHus
KoMMneTeHumn cpencrea




MpamoTHO onepupyeT 6a30BbLIMWU MOHATUSIMU NOCTPOEHUSA COBPEMEHHbIX
aBTOMATM3UPOBAHHbLIX pac4YeToB 0BLLEro U creymann3MpoBaHHOIO
Ha3Ha4YeHWs1; ONUCLIBAET NOAXOAbI K PELLEHUIO NTUHENHBIX U HENMHENHbIX
anrebpanyeckux ypaBHeHMIN U cucteM, cuctem anddepeHumanbHbiX
YPaBHEHWUI, XapakTepnayeT TOYHOCTb METOA0B, YCIOBUS NX
CXOOUMOCTH.

AHanusmpyeT 3Ha4YeHne KONM4YEeCTBEHHOro ONncaHnsi NPoLeccos B
OlK-1 WHXXEHEPHOW AeATENbHOCTU; UCXOASA U3 TUMa ypaBHEHWU, BbibupaeT
YMCIEeHHble MeToAbl PeLleHus, NPUBOAUT YPaBHEHNS K CTaH4APTHOMY
BMAY, onpegensieT napameTpbl BbiIGpaHHOro MeToaa.

MpuMeHseT cpeacTBa NporpaMMHoro naketa Mathcad gns peweHus
WH)XEHEepHbIX 3a4a4y B 06acTn 060pyaoBaHUs U TEXHOMOMMK; peanunsyet
Ha KOMMbloTEPE peLleHne ypaBHEHWUIA 1 CUCTEM B 06M1acTu aHepro- u
pecypcocbepexeHust ¢ NPUMEHEHNEM COOTBETCTBYOLLMX Nporpamm,
aHanuaupyeT pe3ysbTaTbl, OLEHUBAET TOYHOCTb PELLEHMS.

Bonpockl 4ns ycTtHoro
cobecenoBaHus

KypcoBasi paboTta

5.1.2 Cucrtema n KpuTepum oueHUBaHuUA

KpuTepun oLeHMBaHUA CHOPMMPOBAHHOCTU KOMNETEHLIMIA

LLikana oueHnBaHus

YcTHoe cobecenoBaHme MncemeHHasa paboTta

ObyuyaroLmincsa BCeCTOPOHHE M rnyBoko
paspaboTan TemMy Ha OCHOBE LUMPOKOTO Kpyra
MCTOYHMKOB TEXHUYECKOW NMTEepaTypbl U
HOpMaTVIBHO-TeXHVI‘-IeCKOVI AOKyMeHTauunu,
NpOsIBUN CaMOCTOSITENBHOCTL B pa3paboTke
MHPOPMaLMOHHOrO 1 NPOrpaMMHOro
OGeCI'Ie‘-IeHVIFl, npeactasun npaBuribHble

5 (oTnn4HO) pacyeTbl U BbIBOAbI, MPUMEHUI pa3HooGpasHble

MeTOAbI peLleHns, B TOM Yncne ceepx
OrOBOPEHHbIX B 3a4aHWU; HET CyLLeCTBEHHbIX
HeJoCTaTKOB B MOACHUTENBbHOM 3anucke
(rpadouyeckor YacTu 1 cTUne U3NoXeHus), Npu
3aLUmMTe KypcoBOW paboThbl HE AOMNYLLEHbI
MorpeLuHoCTM B MHTEpNpeTaumm nogxoga K
peLleHunio 3aga4n 1 pesynbTaTos.

4 (xopoLwuo)

O6yyatowmiica B NONHOM 06 beme BbIMONHWM
3afaHuve, NpeacTaBun pelleHne 3agad
pa3Hoo6pa3HbIMM MeTogaMM1, NPOSIBUN
CaMOCTOSTENBHOCTL B pa3paboTke
WMHPOPMALMOHHOIO U NPOrpaMMHOro
obecneyveHusi, npeacTaBuIl NpaBuIibHbIE
pacyeTbl 1 BbIBOAbI; HET CYLLECTBEHHbIX
HeJOoCTaTKOB B NOSICHUTENbHOW 3anncke
(rpadouyeckor Yactu 1 cTune U3NoXeHus), Npu
3aLnTe KypcoBow paboTbl AONYLLEHbI
HebonbLUMe NOrpeLlHOCTN B MHTepnpeTaunm
noaxona K peLleHuto 3agaym n pesynbTaTos,
[onyLLEeHbl HapyLLEeHNs UM HeBPEXHOCTL B
odopmneHnn paboTbl

3 (yooBneTBoOpuUTENbHO)

HebpeXxHo.

O6yyatowmiics B LeNoM BbINOSHWUA 3a4aHue,
npencTaBun peLleHne Bcex 3agay, Ho NPosiBUM
HEeAoCTaTOYHY CaMOCTOATENbHOCTL B
pa3paboTke MHHOPMALIMOHHOIO U
nporpammMmHoro obecneveHusi, u notpeboBanacbk
CyLleCcTBEHHas MOMOLLb NpenogaBartens;
NnosicCHUTENbHas 3anmncka opopmrieHa

Ob6yuyaroLmMMcs npeacTaBneHa YacTUYHO
BbINOMHeHHasa paboTa (peLleHbl He BCe 3agayn),

2 (HeyOoBNETBOPUTESNBbHO) npv aTOM cofepkaLlas rpybblie owmodku,

cBupgeTenbcTeyouie 0 HeNnoOHNMMaHun
CTYOEHTOM pa3pa6aTb|BaeM017| MM TEeMbl.

ObyuvaroLwmincsa cBOeBPEMEHHO BbINOSHNN
UHOVBUOYarnbHble 3a4aHns Ha
NPaKTUYECKUX 3aHATUSX, NPEACTaBUN
pesynbTaThl B BUAEe pabo4ynx n1UcTos

3ayTeHo




Mathcad, 3awuTtmn paboTsl; B
COOTBETCTBUK C TpeboBaHNSMU BbINOMHMUI
N 3aWmMTUN KYpCcoBYyo paboTy no
ONcuMnnHe, BO3MOXHO Aonyckas
HecyLleCcTBEHHble OWNOKM B OTBETE Ha
BOMpPOCHI Npenogasarens.

He 3auTeHo paboTbl n/unNu B COOTBETCTBUM C

O6yuatoLmimcs BbIMOMTHUIT YaCTUYHO
MHOMBMAYasbHbIE 3a0aHUS Ha
NPaKTUYECKUX 3aHATUSAX, HE B NMOSTHOM
obbeme npepcraBun pesynbTatbl B BUAeE
pabouunx nuctos Mathcad, He 3awmuTnn

TpeGoBaHNSAMMN HE BbINOMHWUI UMK He
3aLMTUN KypCoBYy paGoTy Mo
AVNCLUMNMNHE, AONYCTUN CYLLIECTBEHHbIE
OLLUMOKK B OTBETE Ha BOMpPOCHI
npenogasaTens.

5.2 TunoBble KOHTPOIbHbIE 3afaHNUsl UNTU UHble MaTepuarnbl, Heo6xoAnUMbIe ANsi OLleHKU 3HaHWUW, YMEHUH,
HaBbIKOB U (MNK) onbiTa AEATENIbHOCTU
5.2.1 lNepeyeHb KOHTPOJIbHbLIX BONPOCOB

Ne n/n | DopMynmnpoBKM BONPOCOB
Cemectp 4

1 CneunannanpoBaHHble MHOPMAaLMOHHbBIE PECYPChl AN aBTOMaTU3auny pac4yeToB B 3KOOMMU Y MHXEHEPHON
3almTe oKpyarlLlen cpeabl

5 OcCHOBHble KOMMOHEHTbI 6aHKa AaHHbIX N0 PU3UKO-XMMUYECKUM CBOMCTBaM BeLLECTB U CMECEMN.
Mcnonb3oBaHve 6aHka AaHHbIX B pacyeTax.

3 MS Excel kak cpecTBO co3aaHus 1 ynpasneHns 6azamu gaHHbix. OpraHnsauns punbTpaumm AaHHbIX.

4 MS Excel n ocobeHHOCTU opraHu3aumm MaTpu4HbIX onepawmin.

5 Mathcad kak cneumanuanpoBaHHas cpeaa Ans peLleHns maTtemMaTuyeckmnx 3agad: 0630p OCHOBHbIX
BO3MOXHOCTEMN

6 Mathcad. CumBOMbHbIE BbluMCHEHUS. BbluncneHne nHterpanos, NpoM3BOAHbIX.

7 Mathcad. OcHOBHble onepaTopbl U UX UCMOMb30BaHUE.

8 Mathcad. NpeactaBneHne gaHHbIX B BUAE rpadnkoB pasHoro tmna.

9 OO6LLEee NOHATME O YNCIEHHBIX METOAAX PELLEHMS YPAaBHEHUIA U CUCTEM YPaBHEHWI, NPUONUKEHHbIN XapakTep
pesynbTaTta peLueHus.

10 CuncTembl NMHENHbIX anrebpanyecknx ypaBHeHUn. 3anncb cUCTEMbI B CTaHAapTHON hopme. MaTpuiHoe
npeacTaBfeHne CUCTeMBbI.

11 YucneHHble METOAbI PELLEHUSI CUCTEM FIMHEWHbIX anrebpanyecknx ypaBHEHWUI.

12 PelleHne cnucteMbl nNMHenHbIX anrebpanyecknx ypaBHeHUn B maTpuyHon chopme B Mathcad n MS Excel.
[MoHATHE KOpHSA HenMHeHoro anrebpanyeckoro ypasHeHus. OTnM4mMe TOYHOMO PeLUeHNs U peLLeHuns,

13 NOMYYEHHOro YUCNEHHbIM METOAOM. 3anncb HENMMHENHOrO anrebpanyeckoro ypaBHEHNsI B CTaHOAPTHOM
dopme.

14 PelleHne HenuHenHoro anrebpanyeckoro ypasHeHun. MeToa geneHus oTpeska nononam.

15 UTepaLunoHHble MeTOabl peLleHust HennHenHoro anrebpaunyeckoro ypasHeHun. MeTtoabl HeloToHa, cekyLux,
ntepaumin. YcrnoBusi CXOGUMOCTN METOAOB.

16 PelleHne HenuHenHbix anrebpanyeckmx ypasHeHun B MS Excel meTtogom nogbopa napameTpos.

17 MeToabl peLleHns cucTemM HenMHeHbIX anrebpanyecknx ypaBHeHWUN.

18 MaTpnyHoe npeacTaBreHne CUCTEMbI HEMMHENHbIX anrebpanyecknx ypaBHeHWi. PelueHne nogobHbIX cucTem
B Mathcad
PelweHne anddepeHLmansHOro ypaBHeEHMS U CUCTEMbI Takux ypaBHeHun. Popma npeacTaBneHns pesynosrara

19 YMCNEHHOrO peLleHns cuctemsl auddepeHumnanbHbIX ypaBHEHUN. BO3MOXHOCTb aHannTU4eCcKoro peLleHus B
Mathcad.

20 YucneHHble MeToabl peLleHns cuctem anddepeHumansHbIX YpaBHEHWUA: CYLLIHOCTbL METOAOB U CpaBHEHUI
TOYHOCTU pelwleHus. Peannsaumsa B Mathcad.

21 YucneHHble MeToabl peLleHns cuctem auddepeHumansHbiX ypaBHEHWIA: CYLLIHOCTbL METOAOB W CpaBHEHWI

TOYHOCTM pelweHusi. Peanmsaums B8 MS Excel.

5.2.2 TunoBbIe TeCcTOBbIe 3a4aHusA

He npegycMoTpeHb!.

5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3afaHNA (3apaym, Kerchbl)

MpuMepb! TUMOBbIX MNPaKTUKO-OPUEHTUPOBAHHBIX 3a4aHunii NpUBEAEHbI B NPUMOXEHUN K paboyer nporpaMme.




5.3 MeToanuyeckue maTepmansbl, onpegensiowme npoueaypbl oLeHUBaHUsS 3HaHUA, YMEeHUI, BnageHuin (HaBbIKOB

1 (Mnn) npakTM4YecKoro

onbiTa AeﬂTeﬂbHOCTM)

5.3.1 Ycnosus gonycka oGy4atoLerocsi K NpoMeXXyTo4HOWM aTrecTauumn u nopsaok NMMKBMaaLmMm akageMmyeckon

3a40J1XKeHHOCTU

lMpoBegeHne NpomMexyTo4HON aTTecTaummn pernameHTMpoBaHO fokanbHbIM HOpMaTMBHbIM aktom CMGIMYMNTA
«lMonoxeHne 0 NPOBEAEHNM TEKYLLETO KOHTPOSIS YCNEBAEMOCTU 1 NMPOMEXYTOYHOM aTTecTaumm oby4varoLwmxcs»
K 3aueTy gonyckatoTcsa CTyAeHTbl, NONIHOCTHLIO BbINOMIHUBLUME NITAaHOBLIE NPaKTUYeCcKue 3adaHus 1 3alnTuBLIne

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 15 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

MN3gaTtenbLcTBo

| [oa nspaHusa |

Ccblinika

6.1.1 OcHOBHas y4yeOHasa nuTepartypa

Mokposa, H. B., YuncneHHble MeToabl B Capatos: At [n 3p 2018 http://www.iprbooksh
CypkoBa, J1. E. WHXXEHEPHbIX pacyeTax Meauna op.ru/71739.html
JTaHgosckui, B. B. YuncneHHble MeToAbI Hosocnbupck: https://www.iprbooks
HoBocunbupckun hop.ru/155688.html
rocyaapcTBEHHbIN 2023
TEXHUYECKUI
yHMBEPCUTET
AHgpeesa, O. B., WHdopmaTrka. YncneHHble Mocksa: Manatennckuii https://www.iprbooks
Pemusosa, O. U. MeToAbl U UX peanuaauusi B ,D,oIM MHMCVIC 2024 hop.ru/152674.html
pasnuyHbIX cpegax
MaHuyeBa, A. B., YuncneHHble MeTOAbl BbICLUEN TBepb: TBepckomn https://www.iprbooks
MaHn4es, A. B. maTemaTuku B MS Excel rocyaapCTBEHHbIN 2023 hop.ru/151178.html
TeXHUYECKUN
yHuBepcuTeT
6.1.2 [lononHuTenbHasa yyebHasa nutepartypa
BycbiruH H. 1O. MeToabl 1 cpeacTtea http://publish.sutd.ru/
aBTOMaTU3MPOBaHHbIX tp_ext_inf_publish.ph
pac4yeToB B 3KOJOMMN. cre.: crierynt 2014 p?id=2178
PewweHune 3agay B cpege
Mathcad
OnervnH, W. 1., BBeneHue B YynucneHHble Hosocnbupck: http://www.iprbooksh
KpacHopyukui, [. A. MeToabl Hoeocubupckuii 0p.ru/91332.html
rocyaapCcTBEHHbIN 2018
TEXHUYECKNI
yHuBepcuTeT
3aycaes, A. 9., [ncKkpeTHble YNCTEHHbIE ) . http://www.iprbooksh
PomaHtok, M. A. MeToAbl peLleHmns Camapa: Camapcxw op.ru/90484.html
06LIKHOBEHHbIX roiﬁiﬂi?ci:;bm 2018
§S$f:£j;umaanblx yHuBepcuteT, 96C ACB
LWep6akos, N. H., YucneHHble MeToabl B https://lwww.iprbooks
JltobueHko, C. H., PU3NKO-XMMUYECKOM POCT(_)B'Ha"uOHy’ hop.ru/138030.html
Tynonosa, tO. I, 3KcnepuMeHTe. Tararpor: VsparenkCcTeo 2024
BopogkuH, C. A. MporpammupoBaHne B MS tOxHoro dpeepanbHoro
Excel. B 2 yacTtax. 4.1 yHnsepeuTeTa

6.2 NepeyveHb NpodeccnoHanbHbIX 6a3 AaHHbLIX N MH(OPMALMOHHO-CMPABO4YHbIX CUCTEM




MHdopmaumoHHas cuctema «EgnHoe okHo gocTtyna k obpasoBaTtenbHbiM pecypcam. Pasgen. MHdopmatuka un
MHGOPMAaLMOHHbIE TEXHOMOrMMY» [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 mogenvpoBaHue. 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 AMCUUNIMHE, B TOM YMCe BUaeomaTepuanamMmm ans npakTU4eckmnx 3aHsaTUN.

6.3 MNepeyveHb NULIEH3MOHHOIO M CBOGOAHO pacnpocTpaHsAeMOoro NporpaMMHoro obecneveHus
MicrosoftOfficeProfessional
Microsoft Windows
Mathcad Education — University Edition Term

6.4 OnucaHue maTepmanbHO-TeXHMU4YECKOW 6a3bl, HeO6X0AUMOM ANns OCyLUeCTBIIeHUA obpa3oBaTeNlbHOro
npouecca no AUcUUNnHe

Ayautopus OcHaleHne

MynbTuMeauiiHoe 06opyaOBaHWE, KOMMbLIOTEPHAS TEXHUKA C BO3MOXXHOCTBIO MOAKIHOYEHMUS K
KomnbtoTepHbilii knace | ceTu «MHTepHeT» 1 obecneyeHneM AoCTyna B 9NEKTPOHHYIO MHEOPMaLIVIOHHO-
obpa3zoBaTenbHyto cpeay




IMpuio:xkenue

[Ipunoxenue 1 x PI1J

pabodeii mporpaMMbl AUCUUIUTAHEI __METOIbI M CPEeICTBAa aBTOMATH3WPOBAHHBIX PACYETOB B 9KOJIOTHH

HaumeHnosanue dlllelln.?ullbl

o HampasneHuto noarotoBku  20.03.01 «Texnocheprast 6e3omacHOCTEY, Mpodminb «HKeHepHas 3aliTa OKpYyKatomei

Cpenb»

HanmeHnoBanue OIl (mpoduist): UmkenepHas 3ammTa OKpY/KaIOLUIEH Cpe bl

5.2.3 TunoBble NPAKTUKO-OPHEHTUPOBAHHBIE 3aJaHUA (321241, Keiichl)

Obwas nocmanoéxa 3a0ayuy: ONPENENUTh TUIl YPAaBHEHUH WM CUCTEMBl YPaBHEHHM, IPUBECTH ITPU HEOOXOJUMOCTH K

CTaHIAPTHOMY BHJY, BEIOPATh YHCICHHBII METO PELICHHUS, TPOTPAMMHBIN MPOIYKT AJIs PEIICHNsI M HAHTH 3TO pelIcHue.

Bapuanm 1.

Pemmmte cucteMy JNHMHEHHBIX alreOpaMdecKuX YpaBHEHHH TEMJIOBOro OajlaHCa OTHOCHTEIBHO HEM3BECTHBIX

TEMIIEPATYP tll’ t12, tlk, téc, t22, t23.

I/ICXOI[HBIC JAaHHBIC IS pacyeTa:

Glcl(tlo —~ tn) =K, %(tn - té‘);
Gzcz(t§ - t22) = K, %(zn - tf);
Gyos(t — 1) =K, %(rlz —ty);
Gici(ty —t23) = K, g(t12 —t5)

F
k k .
Glcl(tIZ -4 ) =K; ?(tl - t23)’

F
0 k
G202<f23 - fz) = K3 ?(tl - tzs)-

Gy =2xr/c; Gy =4 xr/c; ¢ =39001x/(xr - K); ¢y = 2100 1x/(xr - K);
F=24m%; K| =160, K, =140, K3 =120; ff =95°C; 13 =15°C.



Bapuanm 2.

Pemmth crcTeMy NUHEHHBIX ailreOpanvecKux ypaBHEHHH MaTEpHaTbHOTO OajlaHCa OTHOCUTEIBHO HEM3BECTHBIX
pacxonoB Gij

Go1 + Gyy = Gyy;
Gy + Gy = Go3;
Gz + Gz = G3p;
Gog = Gy + Gys;
Gys + Gos = Gsy + Gsgss.
Gse = Gz + Ggo;

G45 = 06G04,
G52 = 03(G45 + GOS);
G60 = 0‘9G56'

Ucxonnble nanHbie 175 pacyeTa:

Gy1 =5000xr/41; Gy = 4000xr/9; G5 = 3000KT/4.

Bapuanm 3.

Pemuth cucreMy ypaBHEHUH TEILIOBOTO U MaTEPUAIBHOTO 0aJaHCOB OTHOCUTEIBHO HEM3BECTHBIX pacxoaoB D, Wi,
Wz, Ws:

DVI = 1’03[GHCH (tld =1, ) + Wl (I(ml - C(s’t}(l ) + Q}cl ]’
Wi = 1:03[(GH -w )Cl (fxz - t;cl) + W2(16n2 - CstKZ) +00 ]3
Wors = 1’03[(GH -w,-w, )Cz (fx3 - txz) +W; (13113 —Cyly3 ) +0,3 ];

W :W1+W2 +W3.

3neck n=2024500 JIx/kr; r;=2053550 J[x/kr; rs=2129900 Ix/KT;

G,~= 11.12 kr/c; W = 9.72 xr/c; t, = 168.3°C; t.; = 170.7°C; t. = 146.7°C; t3 = 67.0°C; Ce= 4180 JIx/(xr-K); C,=3900
Jhx/(xr-K); C1=3770 Jx/(xr-K); C2=3561 Jx/(kr-K); e = 2210000 JHx/xr; Loz = 2180000 JHx/kr; lgn3 = 2116000 ox/kr; Qu =
240 Br, Q.2 = 220 Bt, Q.3 =200 Br.



BapuaHm 4.B arnmnapaTe HCIIPCPbLIBHOT'O ﬂeﬁCTBHH C UHTCHCUBHLIM IICPEMCUINBAHUCM IIPOTCKACT O6paTI/IMa$I
XUMHUYCCKasA peaKusd

2A1 + A2 = 2A3 ,
rae A1, A2, As — peareHTHI.

BpeM}l Hpe6BIBaHI/I$I BCIICCTBA B alrapare T. Ecau 0003HaunTL HaYaILHEIE KOHUOCHTPAalIM KOMIIOHCHTOB KaK

Clo , Cg , Cg , @ KOHEYHbIE Clk , Cé‘ , Cé‘ , KOHCTaHTbI CKOPOCTH MPSIMOU peakuuu K1, 00patHoii Ko, To as1st pacuera
KOHEYHBIX KOHLIEHTPALM KOMIIOHEHTOB MO>XHO MCIOJIb30BaTh COOTHOIICHUS:

ci-cd _cf-cf,
-1 -2

Ci-c3_cf-¢f

2 -2

cl-cf = r[— 2k1(c{‘ )2 .k +2k2(c§ﬂ.

Ecnu u3 nepBpIX JBYX YpaBHEHUHN BBIPA3UTh Cé‘ U Cé‘ yepes Clk Y TIOJICTABUTH MOJIYYEHHBIE BEIPAXKEHUS B

IIOCJIEIHEE COOTHOILIEHHE, TO OHO IIPEBPAILAETCS B HEITMHENHOE YPABHEHUE C HEU3BECTHOM BEIMUUMHOU Clk , pelIuTh
KOTOPOE MO>KHO YHCJICHHO.

PaccuuraTe KOHEUHBIE KOHICHTpAallu KOMIIOHCHTOB.

Wcxonable naHHbIe 1711 KOHTPOJIBHOTO pacdeTa

=09, V=06
kl 20,3; k2 20,2;

Bapuanm 5. B HEKOTOPBIX TEXHOJIOTHYECKUX IPOIIeccax NepeMeIIeHre )KUIKOCTe!H U3 OJJTHOW eMKOCTH B APYTYIO
MPOU3BOJIUTCS TIEPEIaBIMBAHIEM CXKATBHIM BO3YXOM (Ha]| IIOBEPXHOCTHIO )KUAKOCTH B ICXOJJHOM OaKe co3aeTcs
MOBBIILICHHOE IABJICHUE

), 32 CYET YEro MPOM3BOJNTCS NEPETOK KUIAKOCTH, B TOM YHCIIE€ IPH HAJUYHUH Iepenaja BeicoT H
MeXy OakaMu).

OObIYHO TP pacueTe ONpenesIoT pacxo Kuakoctu Q nmo popmyie
2
O=wr-d” /4,
rae W — CKOpPOCTb KHIKOCTH, M/C; 0 — mruamerp TpyOOnpoBoa, M.

CKopocTh W OTIpeIeNSIIOT pelIeHUs] YpaBHEHHS

2

w L PP
H+—[1+A(w)—+§:§}—¥=0,

2g d p-g

rze L — umna tpyGonpoBosa, M; p— IIOTHOCTb XUAKOCTH, KI/M%; P, P, — 1aBlieHure B HCXOIHOM M IIPHEMHBIX 0akax, [1a;
A(W) — koappUIEeHT TPeHUSI, KOTOPBIA B HEKOTOPBIX PEKMUMaX PaCCYUTHIBACTCS IO popMmyIie

A= 0,1 1(k3 /d+68/Re)025, Re= M

y7,
Paccuutats pacxon Q.

JlaHHBIE 7151 KOHTPOJIBHOTO pacyeTa:



H=13m; L=25m d=0057m D E=8
P, =250000 I7a; P> =100000 Ia; k, =0,0001 az;
p=1000 x2/ m>; =0,0011ITa-c.

Bapuaum 6 . IHTEHCUBHOCTH Tiepe/lauy TeIia B TEIIOOOMEHHBIX allaparax xapakrepusyercs koddduimenTom
teronepenaun K:

1

K= 1’
— ) oy +—
a) aj
1€ BEJINYUHEI & 1» a2 HA3bIBAKOTCA KOS(b(pI/IHI/IeHTaMI/I TCIUIOOTJa4H, Zrcm — CyMMa TCpMI/I'-IGCKI/IX COHpOTI/IBJ'ICHI/II‘/'I

Marepuasa CTeHKH U 3arpsi3HeHui Ha cTeHKax. KoadduimeHTs! TermnooTaaum 3aBUCsT OT TEMIIEPATYPhl CTEHKH tem, BEIMUIMHA
KOTOpOH OOBIYHO HEU3BECTHA, HO MOXKET OBITh OLIEHEHA U3 YPAaBHEHUsI TEIUIOBOIO OajlaHca, 3allMCaHHOr0, HalpUMED, B

dopme
O!IAll —0(2[11 -1 —At1(1+a12rcm)] =0.

B nocnenneM ypaBHeHuu ?q, t, — CpeJHUE TemIeparypsl TeruioHocuteneii, °C, Aty — pa3HOCTb TeMIepaTyp

TEIUIOHOCUTENI M CTEHKU Aty =1 —1,,,,. KoadHImeHT Tennooraauu oy onpeaensercs o ypaBHEHUIO

3 2
Apir
ay =2,044 AL
MHALH
rae H — BrIcoTa TPY6OK, /11 > P1> Vs #1 — COOTBETCTBCHHO TCINIONPOBOAHOCTD, IIJIOTHOCTD, TCILIOTA HapOO6paBOBaHI/IfI,

JUHAMHMYECKas BI3KOCTh BOJBI M BOJISTHOTO TMapa, BEIMYMHBI KOTOPBIX 3aBUCAT OT TEMIIEPaTyphI i1 1 MOTYT OBITH
paccyrTaHbl IO COOTBETCTBYIONMMM (DYHKIIUSM:

Mt) = 0,5579+0,001804;
p(t) =10001-B(1)-(t-20)}  rre P(t) =107 -(1,40773+0,0613214);

t

7,74270,0551n(—j 3

r(t) =1000- e 101 : u(t) = 1,792-10 -~
1+0,037:+0,00022 ¥

Pemuts ypaBHEHHE TEIIIOBOTO OajaHCa OTHOCUTENBHO Af). PaccunTaTrh 1 BBIBECTH B KQueCTBE Pe3yIbTaTa TAKKe
BEJIMYHUHEI 01, K.

I[J'ISI KOHTPOJIBHOT'O pacy€Ta UCIOJIb30BaTh UCXOAHLIC TaHHBIC

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



Bapuanm 7.

Pemuts CUCTCMY HEJIMHEHHBIX anre6panqecxnx ypaBHCHI/Iﬁ TEIIOBOr0 0OajaHCca OTHOCUTEILHO HEU3BECTHEIX

TeMIneparyp ¢, tlk , t§ , I1-

0) ,0 F
Gl[cl(ll )'fl _Cl(tll)'tll]zKIE(tll_tZI);
G[ (ta1)- 121 - (tO)_IO]:K LI
2162\021) a1 = C2\2 ) 12 15Tk
G[ ()11 - (k)-tk]—K E(tk—tk),
ialay)-ha—al )uq |= 250 —h
k) & Flr .k
Gz[cz(fz )'12 —Cz(le)'le]ZKzz(fl —12)
VYV nenpHas TEMIIOEMKOCTh NOTOKOB HEJIMHEIHO 3aBUCUT OT Temneparypsl. I1yctsb
e (T)=10910-85316T +0,2579T% —22,495-107°T3;
¢y (T) =4759—2135T +0,0424T°.
3neck T — Temnepatypa, K.

Ucxonnble nanHbie 175 pacyeTa:

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

K1=160%; K, =140
M K

Bapuanm 8.

Pemuth cucteMy HEJIMHEHHBIX alreOpandyecKux YPaBHEHUH OTHOCHUTEIBHO KOHEYHBIX KOHIICHTPAIIM KOMIIOHEHTOB
CJIO’)KHOM XMMHMUYECKOHN peakiinu, MPOTEKAIOIIEeH B pEaKTOPE UACAIbHOTO CMELIEHHUS

cf-cf =1 —k1C1kC§+k2(C§‘ﬂ

ck-c)=cf-cf

ck - =1.| 2k, CFCh —2k2(C§c )2 — ks C¥ + kyCK (C§‘ )2}

Ck—C) =1 kyCk —k4c!f(c§‘ﬂ

ck-c? =2(c_!f —62)

0.8
0.7
0.6
0 0.3
Wcxonnusle nanubie 1 pacuera: 1=95; C° =] 0.2 |; k = 02
0
0.5
0.4

Bapuanm 9. I3MeHeHue ypoBHs /1y ¥ i, B ABYX IIOCJIEZOBATEIbHO COEIMHEHHBIX IIPOTOUYHBIX OTCTOMHUKAX BO
BpPEMEHH OTPEEIISeTCS] YPaBHEHUAMHU:



dhy Ky pgh

b

dr Sl
dhy _ Kipgh —Kr\ By +pghy — B
dr S, ’

PaccuuTare npoduis namenenus yposuei B quanazone 7ot 0 1o 100, ecau ceueHus anmnaparos
S; =8, =100 M%; K; =0,01; K, =0,02; p=1000 xr/m>,
HavaJbHBIC YPOBHU /iy =5M, hp =7 M.
7,=0; z.=100;
By =101300; A =70000 /1a.

Pe3ynbTarhl BEIBECTH B BUJIE TaOJIUIIBI U TpadukKa.

Bapuaum 10" Ilpu MogennpoBaHUN HEN30TEPMUYECKOTO XUMUYECKOTO PEAKTOPa YUUTHIBAETCS U3MEHEHHE B XO7I€
peakIMi KOHIEHTpaluii koMnoHeHToB C; W TeMIepaTypsl t, IpuueM KOHCTaHThl CKOpocTeil peakuun k j B CBOIO

ouepenp ABISAIOTCS PyHKIUAMU Temneparypsl. IlycTs n3MeHeHne napaMeTpoB ONUCHIBACTCS YPABHEHHSIMU:

dC, 2

ke R N SN O F

7 161G

diZ—ZleIC%;
T

9 kel
dr

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

Pemmwmth cucteMy ypaBHeHuil Ha uHtepBaie [0, 7).
HcxonHsle nanHble 11 KOHTPOJIBHOTO pacyeTa

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.

Hauanbubie 3HaueHus napameTpoB ((pyHKIMN)

c? =085 C2=05 CJ=0; t°=70.
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