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IlepeyeHb KOMIETEHUMH € YKa3aHHEM 3TANOB UX GOPMHUPOBaHUSA

Munexc Coneprxkanue Ortanel
Komrere KOMIIETEHIIUHU dbopmMupoBaHus
HIIUU KOMIIETEHIINHA Haunmenona
(yka3athb BCe TEMBI K3 HHE
PITT) OIICHOYHOTO
JlaGopatop | cpexncrtsa
Jlexkniun HBIE
3aHITHS
VYK-1 | CriocobeH ocymiecTBIsATh MOUCK, Tema 1
KPUTUYECKUH aHATIU3 U CUHTE3 '
. | Tema 2, KontposnbHa
nH(popMaIuH, MPUMEHATh CHCTEMHBIN -
[IOXO/ JJIS PELICHUSI IIOCTAaBIECHHBIX Tema 3, A padoTa
p Tema 4
3a1aq
3HaeT METOAMKH MOMCKa, cOopa u
o0paboTku nHpopMmaruy; akryansaeie | Tema 1, | Tewma 1, OTHer 110
VK-1.1 poccuiickue U 3apyOeKHbIe Tewma 2, Tema 2, 1A60DATODI
' HMCTOYHUKH UH(pOpMAIH B chepe Tema 3, Tewma 3, oif 12160Tpe
npodeccuoHaNbHON A TEIILHOCTH, Tema 4 Tema 4 P
METOJI CHCTEMHOI'0 aHaJIN3a
YMeeT NpuMEeHSITh METOANKHU MOMCKa,
cOopa u 00paboTKN HHPOPMALINH;
P p (bop " ’ Tema 1, Tema 1,
OCYIIECTBIIATH KPUTHIECKUH aHATM3 | | 1 Tena 2 Otuer no
VK-1.2 cuHTe3 HHPOPMAITUH, TIOTYICHHOU U3 3’ 3’ nabopaTtopH
) Tema 3, Tema 3, N
Pa3HBIX UCTOYHHKOB; IPUMCHSITh Tema 4 Tena 4 oit pabote
CUCTEMHBIN TTOIXO]T JJII PEIICHUS
[IOCTaBJICHHBIX 3a7a4
Biageer HaBbIKaMu 1moucka, coopa u
’ p Tema 1, Tema 1,
00paboOTKH, KPUTUIECKOTO aHATIN3A U Tena 2 Tena 2 Ortuer no
VK-1.3 cuHTe3a uHpopmaIuu, Tema 3’ Tema 3’ nabopaTtopH
HCIIOIB30BaHNA CUCTEMHOI'O IOAX01a Tema 4’ Tema 4’ oif pabote
JUISL PEIICHHS TIOCTABJICHHBIX 3a/1a4




Ilepeuens oyenounvix cpeocme no oucyunaune (M00yJio)

Ounas ¢popma

Ha3zBanue Hluartason ouetok Kon-Bo Bcero
MUH - MaKC
BrinosiHenue u otuer no 6- 10 6 36 - 60
nabopaTopHbIM paboTam
Pemenue koHTpobHON PabOTHI 24 - 40 1 24 -40
Hroro (MuH — MaKc): 60 — 100
OuHo-3a204Has ¢popma
Ha3Banue Jlutartasor OeHOK Kon-Bo Bcero
MUH - MaKC
BrinonHeHue u oTyeT no 12 - 20 3 36 - 60
nabopaTopHbIM paboTam
Pemienne KOHTPOIBLHOM pabOTHI 24 -40 1 24 -40
Wtoro (MuH — MaKc): 60 — 100
3aounasi popma
Ha3zBanue Jluartasor OLCHOK Kon-Bo Bcero
MUH - MaKC
BrinosnHeHue u otyer no 18- 30 5 36 - 60
n1abopaToOpHBIM paboTam
Pemenue KoHTponbHON pabOTHI 24— 40 1 24 —-40
Htoro (MuH — MaKc): 60 —100

IxkaJjia oueHUBaAHUA

Hudpo | Beipax |Ciosec Kpurtepun oueHKH HHAMKATOPOB A0CTHKEHHS NIPH popme
BOE€ | eHHME B | HoOe KOHTPOJIA:
BbIpaK | 0aj1ax: | BBIpaK 3a4eT
eHue eHue
OrneHka «3auTeHO0» BBICTABIISAETCS CTYACHTY, €CJIM OTBETHI HAa BOMPOCHI
0 TE€MaM JUCUUIUIMHBI IIOCJIEIOBATEIIbHbI, JIOTUYECKH W3JI0KCHBI,
- 60 - 100 | 3auTeHo JIOIyCKAIOTCS HE3HAYMTEIbHLIE HEN0YETHl B OTBETE CTYJEHTA, TAKHME
KaK OTCYTCTBHE CAMOCTOSITEJILHOI'O BBIBO/A, PEUEBbIC OIIMOKHU U IIp.
He OrneHka «He 3a4TE€HO0» BBICTABIISAETCS CTYIEHTY, €CIIN CTYACHT HE 3HAET
- Hwxe 60 sauTero|CCHOBHBIX NOHATHM  TEMbl  JUCHMIUIMHBL, HE OTBEYaeT Ha
JIOTIOJTHUTEIIbHBIE U HABOAIINE BOIIPOCHI IPENOaBATENS.




Ilepeuenb u KpaTKasi XapaKTepPUCTHKA OLEHOYHBIX CPEJACTB

Neri/m | HammenoBanwue Kparkas xapakrepuctuka ouesounoro | IIpencrasienue
OLIEHOYHOT'O CpelcTBa OLIEHOYHOI'0
CpeacTBa cpencTtBa B hoHze
1 2 3 4
CpenctBo mpoBepKH yMEHUM npuMeHsITh  |KomriuiekT
L Koutponphas ~ |NO/YHEHHDIE SHAHWS JUIA PELICHHS 311 | KOHTPOJIBHBIX
pabota OIPEJEIIEHHOT0 TUIIA I10 TEME WU 3aJlaHui o
paszeny. BapuaHTam
3a0KyMEHTUPOBAHHBIN pe3yJIbTaT
CaMOCTOSITEILHOTO UCCIIE0BAHNUS,
BBITIOJIHEHHOT'O Ha 1TaO0OpaTOPHOM Kommiekr
Otuer no 000pyIOBaHUH WJIH C TIOMOILBIO CPEJICTB  |3aJaHHM IS
2 1a00paTOpHON  |[KOMIBIOTEPHOTO MOJEIUPOBAHUS, BBITIOJTHEHUS
pabore BKJIFOUAIOIINIA B ce0s1 BEIOOD 1ab0paTOpHBIX
TEOPETUYECKOTO OOOCHOBAHMSI METOA pabor

HCClIeIOBaHus, ONMCaHue xoa pabora, ee
PEe3YIAbTaThI ¥ BHIBOJIBI.




MuHucTepcTBO HAYKH U BhIcIIEro oopazoBanus Poccuiickoit denepauuu
HmkHeKaMCKHi XMMUKO-TEXHOJIOTHYECKUH HHCTUTYT (rtnann)
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«KazaHCKUi HAallMOHAIBHBIN UCCIIEI0BATENBCKUN TEXHOJIOINYECKUH YHUBEPCUTET

Daxynomem MexaHn4yecKuu

Kagheopa__MamvH u anmapaToB XUMHYECKUX TTPOU3BOJICTB

Hanpasnenue noarorosku_15.03.02 «TexHosiornyeckre MalmHbl 1 000py0BaHHE»

(k00 u naumenosanue)

[Tpoduns/mporpamma: _ «O06opyaoBaHue HedTerazomnepepadoTKm»

(naumenosanue)

KommuiekT 3aganuii 1J1 KOHTPOJIbHOM PadoThI
1o qucHHILTHHE (MO TH0) «OCHOBBI MOJICIIMPOBAHUS IIPOIIECCOB M alllapaToB
HedTerazonepepabOTKU»

(HanMeHOBaHKE TUCIUILITHHDI)

Konrpoabnas pa6ora

KonTposnpHas paboTta mpenHa3HaueHa JUIsl OMPEICIICHUS CTCIICHW YCBOCHHUS CTYJICHTaMU
METOJIOB PEUICHHSI MAaTEMAaTUYCCKUX MOJICNICH MPOIECCOB XUMHUYSCKOW U He(hTEXUMUICCKON
TEXHOJIOTHUHU.

3aganue

Cpencteamu VBA MS Excel paspaboTaiiTe alroputM pelicHHS MaTeMaTHYECKOW MOJCIIH
JUISL WCCJIeIOBAaHUsl TpoIlecca OXJAXACHUS IUTACTUHBI W3 3a/IaHHOTO Marepuana mpH
CUMMETPUYHOM KOHBEKTHBHOM TEIIIOOOMEHE ¢ OOKOBBIX TTOBEPXHOCTEH.

TpedoBanus:

1. Ucnonw3ys cpeactBa VBA MS Excel, paspaboraiite skpanHyto (opMy uisi BBOJa
3aJaHHBIX MTAPAMETPOB.

2. Pa3zmecTuTte Ha 3T0i ke popMe KOMaHAHYIO KHOMKY M CO3/IaiiTe mpoLeaypy — 00paboTuuk
HaXKaTHsI HAa ATy KHOTIKY.

3. Hcmonp3ys MaTeMaTH4ecKyld MOJETbh TEIUI00OMEHHOTO TpoIecca C TPAHUIHBIMHU
YCIIOBUSIMH KOHBEKTUBHOI'O TEIJIOOOMEHA IJIACTHHBI CO CpeloM, pazpaboTaiiTe 4MCIEHHBIH
WIH aCUMIITOTUYECKHI croco0 ee peleHusl.

4. Ha ocHOBe TOJYYEHHOTO peIICHHs pa3paboTaiiTe airopuT™M MpOrpaMMBbl IS
MO/ICITMPOBAHUS 3aJJAHHOTO TIPOIIEeCCa.

5. 3anycTuTe mporpaMMmy Ha BbinojiHeHue. Eciu oHa pabotaer 6e3 ommOOK, BbI MOTYyYUTE HA
mucte MS Excel Tabmuity ams mocTpoeHHs: SIIOpHI TEMIIEpaTyp Ha TOJIOBUHE TOJIIHHBI
rutactuHbl ¢ maTEepBasioM 100 cexyH.

6. ITo maHHBIM MMOJYYHMBIICHCS TaONWIBI, C MOMOIIBIO MacTtepa auarpamm MS Excel
nocTpoiite 6 SMIOp AN pa3THMUHBIX MHTEpBaoB Bpemenn Ha OJIHOM nmarpamme. Tum
rpaduka — TOYCUHBIH.

BbI TOMKHBI TOTYYUTh JUarpaMMy, MOX0XKYIO Ha Ty, 4TO W300pakeHa Ha PUCYHKE
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PucyHnok. Bo3MOXHBIN BapuaHT IPEACTABICHUS PE3YIbTaTa MOACIUPOBAHUS

Bapuanr 1

Marepuan riactunsl — KBapueBoe CTEKI0

Tommuna — 0,05 m.

ILnoTHOCTH MaTepuana — 2200 Kkr/m®.

Koaddumment ternonpoognoctu — 1,36

TemmoemkocTs Matepuana — 729

Koaddunment renmoodOMeHa MeX 1y TIACTUHON U BO3TyXOM
Hauanbnas remnepatypa miactunsl — 120 rpan
Temneparypa cpeast — 20 rpan

Bapuanr 2

Marepuan miactunsl — JlatyHs

Tommmua — 0,05

[TnotHOCTH MaTepuana — 8600

Koaddunuent rermmonpopognoctu — 111

TerutoemkocTs MaTepuaia — 385

Kosddunnent termnooOMeHa Mexay MIacCTUHON U BO3AYXOM
Hauanshas remneparypa mnactuasl — 120 rpajn
Temmneparypa cpeast — 20 rpan

Bapuant 3

Marepuan mactuHbel — Menb

Tommmua — 0,05

[TnotHOCTH MaTepuana — 8960

Koaddunuent remnonporoanoctu — 384

TerutoemkocTs MaTepuana — 385

Koaddunrent ternooOMeHa Mexay IIacCTUHON U BO3AYXOM
Hauansnas remneparypa mactuasl — 120 rpan
Temneparypa cpeast — 20 rpan

Bapuanr 4
Martepuan ractunsl — [IpoOka
Tommmua — 0,05

- 20

- 20

—20



[TnotHOCTH MaTepuana — 150

Koaddunment rermmonporognoctu — 0,05

TemnmoemkocTs Marepuana — 1380

Koaddumment TemnoodMena Mexay miacTHHON U Bo3ayxoMm — 20
Hauanpnas temneparypa miactuasl — 120 rpan

Temneparypa cpeast — 20 rpajn

Bapuant 5

Marepuan miactTuHbl — MonubieH

Tommuna — 0,05

[TnotHOCTH Matepuana — 10200

Koaddunuent rernmonporognoctu — 150

TeroemkocTs MaTepuana — 251

Koadpdunment temmoodMena Mex 1y miaacTUHON U Bo3ayxoM — 20
HauvanbHas temneparypa miactunsl — 120 rpan

Temmepatypa cpeast — 20 rpan

Bapuanrt 6

Marepuan nnactunsl — Hukenb

Tommuna — 0,05

[TnotHOCTE MaTepuana — 8900

Koaddunment ternmonpoBogHoctu — 75,5

TeroemkocTs MaTepuana — 448

Koadpumment termmoodmMena Mex 1y miacTUHON U BO3yxoMm — 20
HaganpHast Temnepatypa miactusabsl — 120 rpan

Bapmuanr 7

Martepwuan mractTuabl — CTEKII0

Tonmumaa — 0,05

[TnotHoCTH MaTepuana — 2500

Koadumment ternonposognoctu — 0,97

TemnoemkocTs MaTepuana — /79

Koaddunuent remmoodMeHa Mexay miacTUHON U Bo3ayxom — 20
Hauanpnas remnepatypa miactunsl — 120 rpan

Bapuaunr 8

Marepuan miacTUHbl — ATIOMUHUN

Tommmua — 0,05

[TnotHOCTH MaTepuana — 2700

Koaddunuent remmonporoanoctu — 209

TeroemkocTs MaTepuaina — 896

Koaddunment TennoodMena Mex 1y miacTHHON U Bo3ayxoMm — 20
Hauansnas remneparypa mactuasl — 120 rpan

Temneparypa cpeast — 20 rpan

Bapuaur 9

Marepuan iactussl — [{uHk

Tommmua — 0,05

[TnotHOCTH MaTepuana — 7133
Koaddurment termmonposognoctu — 110



TertoemkocTs MaTepuana — 389

KoaddurmeHnt rernmoodMeHa Mex 1y miIacTUHON U Bo3ayxoM — 20
Hauanpnas remnepatypa miactunsl — 120 rpan

Temmeparypa cpenst — 20 rpaj

Bapuant 10

Marepuan niactunsl — beTon

Tomnmuaa — 0,05

[TnoTHOCTH MaTepuana — 2200

Koadpdunuent rermmonposognoctu — 1,5

TertoemkocTs MaTepuana — 920

Koaddurment ternmoodOMena Mexay miiacTUHON U Bo3ayxoM — 20
Hauanbnas remnepatypa miactunsl — 120 rpan

Temmeparypa cpenst — 20 rpaj

Bapuant 11

Marepuan riactunsl — KBapueBoe CTEKII0

Tommuna — 0,05 m.

ILnoTHOCTH MaTepuana — 2200 kr/m”.

Koaddumment ternonposognoctu — 1,36

TemmoemkocTs Matepuana — 729

Koaddunuent rernmoodOMena Mexay miiacTUHON U Bo3ayxoM — 20
Hauanbnas remnepatypa miactunsl — 120 rpan

Temmneparypa cpeast — 20 rpan

Bapuanr 12

Marepuan miactunsl — Jlatyns

Tommmua — 0,05

[TnotHOCTH MaTepuana — 8600

Koaddunuent rermmonpopognoct — 111

TerutoemkocTs MaTepuaia — 385

Kosddunuent termnoodMena Mexay MmiacTUHON U Bo3ayxom — 20
Hauansnas remneparypa mnactuasl — 120 rpajn

Temmneparypa cpeast — 20 rpan

Bapuanr 13

Marepuan mactuHbel — Menb

Tommmua — 0,05

[TnotHOCTH MaTepuana — 8960

Koaddunuent remnonporoanoctu — 384

TeruoemkocTs MaTepuaina — 385

Koaddunment TennoodMena Mex 1y miacTHHON U Bo3ayxoMm — 20
Hauansnas remneparypa mactuasl — 120 rpan

Temneparypa cpeast — 20 rpan

Bapuaur 14

Marepuan ractunsl — [IpoOka
Tommmua — 0,05

[TnotHOCTH MaTepuana — 150
Koaddunment termmonporognoctu — 0,05



TertoemkocTs MaTepuana — 1380

KoaddurmeHnt rernmoodMeHa Mex 1y miIacTUHON U Bo3ayxoM — 20
Hauanpnas remnepatypa miactunsl — 120 rpan

Temmeparypa cpenst — 20 rpaj

Bapuanr 15

Marepuan mactuabsl — Monubaex

Tomnmuaa — 0,05

[TnoTHOCTH MaTepuana — 10200

Koadpdunuent renmonpoogHoctu — 150

TemmoemkocTs MaTepuana — 251

Koaddurment ternmoodOMena Mexay miiacTUHON U Bo3ayxoM — 20
Hauanbnas remnepatypa miactunsl — 120 rpan

Temmeparypa cpenst — 20 rpaj

Bapuanr 16

Marepuan nnactunasl — Hukenb

Tommmua — 0,05

[TnotHOCTH MaTepuana — 8900

Koaddunuent temnonpoBogHocta — 75,5

TerutoemkocTs MaTepuana — 448

Koaddunment rernmoodOMena Mexay miiacTUHON U Bo3ayxoM — 20
Hauanbnas remnepatypa miactunsl — 120 rpan

Bapuant 17

Martepuain rractuabl — CTEKIIO

Tommuna — 0,05

[TnotHOCTH Matepuana — 2500

Koaddutment remmonposoanoctu — 0,97

TeroemkocTs MaTepuana — 779

Koadpumment temnoodmMena Mex Iy mIacTHHON U BO3yxoMm — 20
HauvanbHas temneparypa miactunbl — 120 rpan

BapuanT 18

Marepuan miacTUHbI — AJTFOMUHHN

Tommmua — 0,05

[TnotHocTh MaTepuana — 2700

Koadpdumnment tenmonporognoctu — 209

TennoemkocTs MaTepuaia — 896

Koaddunuent remmoodMeHa Mexay miIacTUHON U Bo3ayxoMm — 20
Hauanpnas remnepatypa mactunsl — 120 rpan

Temmeparypa cpenst — 20 rpaj

BapuanT 19

Marepuan miactunbsl — [{uHK

Tonmuna — 0,05

[TnotHOCTH MaTepuana — 7133

Koadpumment ternonposogaoctr — 110

TertoemkocTs MaTepuana — 389

KoaddurmeHnt rernmoodMeHa Mex 1y miIacTUHON U Bo3ayxoM — 20



HaganpHast Temnepatypa miactusabsl — 120 rpan
Temnepatypa cpeast — 20 rpan

Bapuant 20

Marepuan mactuabl — beToH

Tommmua — 0,05

[TnotHOCTE MaTepuana — 2200

Koaddunument rermmonporognoctu — 1,5

TennoemkocTs MaTepuaia — 920

Koadpdunment temnoodMena Mex 1y miaacTUHON U Bo3gyxom — 20
Hauanpnas remmneparypa mmactuasl — 120 rpag

Temnepatypa cpeast — 20 rpan

Kputepuu oueHku:

Kputepuii MakcumanbHo# oneHku Ha 40 6asia:

Boimonnensl Bce TpeOoBaHus 3agaHusi K pabore. BriOpaHa cooTBeTcTBYIOIIAs 3ajade
MareMaTHdeckast MoJielb. [IpaBuiibHO copMynupoBaHbl KpaeBble (HadallbHBIC, TPAHHYHBIC)
yCJIOBHUSI MOJENH mpoliecca. ['paMoTHO BbINOIHEH MoAOOp MeToaa pemieHus. bes ommbok
pa3paboTaH aJrOpPUTM pelIeHUs 3a7a4yu. TekcT pazpaboTaHHOW MPOrpaMMbl B MOJTHOM Mepe
COOTBETCTBYET pa3pabOTaHHOMY aJIropuTMy. BbeimoigHeHa BepuduKanus MOACIU U
TECTUpOBaHWE mporpaMMbl. C TOMOIIBIO MOJETU IPOU3BEAEH BBIYMCIUTEIbHBIN
sKcriepuMeHT. [lonydyeHHble pe3yabTaThl MpelcTaBieHbl B HarisgHou dopme. CrenaHbl
MpaBUJIbHBIE BBIBOBI 110 PE3YJIbTaTaM MOACIUPOBAHMUS.

Kpurepuii ouenku Ha 32 6ayuia:

BeimmonHensl Bce TpeOoBaHus 3anaHusi K pabore. BriOpana cooTBeTCTByroLIas 3ajnade
MaremaTHdeckast MoJielnb. [IpaBuiibHO copMynupoBaHbl KpaeBble (HadallbHbIC, TPAHHYHBIC)
yCIJIOBUS MOJIENH Ipouecca. Boimonnen noadop He camoro 3¢ ()eKTUBHOrO METO/1a pELICHMUS.
B anroputme perieHus 3aaud UMEIOTCSl HECYIIECTBEHHbIE OMMOKU. TekcT pa3paboTaHHON
OporpamMMbl HECKOJIBKO HE COOTBETCTBYET paszpaboTaHHOMY airoputmy. He coscem
KOPPEKTHO BBITIOJHEHA BEPU(UKAIUS MOJEIA W TECTHPOBaHHE Mporpammbl. C MOMOIIBIO
MOJIETM  TNPOU3BEIEH  BBIYUCIMUTENBHBIN  SKcriepuMeHT. [lomydeHHbIEe  pe3yabTaThl
IPEe/JCTaBJIEHbl B HAIVISIIHOM (hopMe, HO HEe COBCEM YAO0OHBI JIIs MOCIIEAYIOLEro aHanusa. B
00JIbIIIEH YaCTH CeNIaHbl TPABHIIBHBIC BHIBOBI IO PE3yIbTaTaM MOJCIHPOBAHHUS.

KpuTtepuii MUHUMAJBLHON OLIEeHKHU Ha 24 6aJjia;

BrimonHeHb! He Bce TpeOoBaHUs 3aaHus K paboTe. BeiOpaHa He BIOJHE COOTBETCTBYOIIYO
3ajjaue MaTeMarudeckas Mojeib. B ¢dopmynupoBke KpaeBbiX (HayalbHBIX, TPAHUYHBIX)
YCIIOBUM MOJICTH TpoIiecca MMEITCs OmMOKM. HEeKOppeKTHO BBINOJHEH MOJI00p METoja
peuieHus. B anroputMe pemieHUs 3aJadyd MMEIOTCS HeIodeThl. TekcT pa3paboTaHHOM
IporpaMMbl B HEKOTOPOW CTETIEHH HE COOTBETCTBYET pa3paboTaHHOMY airoputmy. He
BBHITIOJTHEHA BepU(UKAIUS MOJCIH WIA TECTHPOBaHUE MporpamMmbl. C IMOMOIIBIO MOCIH
MIPOU3BEACH BBIYUCIIMTEIBHBIH SKCIEpUMEHT. [loiydeHHBIE pe3yJIbTaThl MPEJCTaBICHBI B
rpaduueckoit opme, OTHAKO UX HATIISTHOCTh HEBBICOKA. ClieIanbl BEIBOIBI IO PE3YJIbTaTaM
MOJICTTUPOBAHHUS, HO B X (DOPMYTUPOBKE HMEIOTCS OITNOKH.

Kputepuii oieHKH «Hey/10BJIETBOPUTEIbLHO!

Ecin xotrss Obl OOWH W3 MEPEYHUCICHHBIX KPUTEPHUEB MJIsi MUHUMAJIBHOW OIEHKH HE
COOJTFO/TaeTCsl, BBICTABIICTCSl OLIEHKA «HEYIOBJICTBOPHUTEIBHO», paboTa BO3BpallaeTcs Ha
TOpaboTKY.



MuHucTepcTBO HAYKH U BhIcIIEro oopazoBanus Poccuiickoit denepauuu
HumxHexkaMCKUl XMMHKO-TEXHOJIOTMUECKHA HHCTUTYT (ritna)
dbenepaabHOT0 TOCYIapCTBEHHOTO OI0PKETHOT'O0 00Pa30BaTEIIbHOTO YUPEKIACHUS
BBICIIIETO 00pa30BaHuUs
«Ka3aHCKMi1 HAlIMOHATIBHBIA UCCIE0BATEILCKUN TEXHOJIOTHYECKU YHUBEPCUTET

Daxyromem _ MexaHUYECKUU

Kageopa__Mamun n anmapaToB XMMUYECKUX TIPOU3BOJICTB

Hanpasnenne noarorosku_15.03.02 «TexHoaornueckrne MalvHbl 1 000pYIOBAaHUE
(k00 u naumenosanue)

[Mpoduns/nporpamma; _ «O0opynoBanue HedrerazomnepepadOTKm»
(raumenosanue)

KommniiekT 3apanuii 1J1s J1abopaTopHbIX padoT
1o qucrurinHe (Moayi0) «OCHOBBI MOJISIMPOBAHUS IPOIIECCOB U alapaToB
HedTerazonepepaboTKu»

(HarMeHOBaHKE AUCUHUILIHHBI)

JlabopaTopHasi padora 1
Pa3padoTka KOMIBIOTEPHOI MO/IeJIN PELICHHUS 32/1a4H CTAIIHOHAPHBIX
nmpoueccoB aCUMMIITOTHYECCKUMHU METOIaAaMU

Heap paGoThl: U3yuyeHUE aCUMITOTUYECKUX METOJOB PEeaTU3allii KOMIIBIOTEPHBIX MOjIeNei
CTaIlMOHAPHBIX MPOIIECCOB Ha MPUMEpE IIIOCKOTO U3TH0a IINTHI, OLIEHKA Pa3IMYHbIX [TapaMeTpOB Ha
TOYHOCTb PEIICHUS.

TexHuuyeckoe U MporpaMMHoe odecrnedeHue padoThl: MEPCOHAIBHBIN KOMIIBIOTEP, Cpena
nporpammupoBanus Visual BASIC for Application Excel.

MaremaTu4yeckas MOAeJIb Ipouecca
MatemaTHuecKoi MOJEINbI0, OMMCHIBAIOLIEH STOT mpolecc, sBisercs nuddepeHuanbHoe
ypaBHEHHE YeTBEpTOro nopsijika — ypasHeHue Codu-Kepmen:

Tw, , T'w | T'w
D 2
ﬂx4 + ﬂXZﬂyZ ﬂy4

)=4 (4.1)

Wnu B oneparopHoit popme:

DN*w- q=0 (4.2)
rae w — HpOFI/I6, D - III/IJ'II/IHZIpI/ILICCKaH JKCCTKOCTH IIJIACTUHBEI.
Exn®
D=——— 43
12x1-nf) (43)

3necs E — Moayias ynpyroctu maTepuaia miacTHHbI, h — tommmaa mimTer; M— ko3GduitueHT
nonepeuHoi nepopmarmu ([Tyaccona) matepuana; ais cramu m= 0,3.
Bb100op MeTona 1 pa3padoTKa aJIropuTMa penieHus
Pemutp 3a7a4y aHAIUTHYSCKH HE MOJIYYHUTCs. PelieHne 3a1aun YUCIACHHBIM METOJIOM TOXKE
npobneMatnuHo. Haumbornee MOAXOSIIIMM 3/1€Ch SIBISICTCS ACHMITOTHYECKHNA METOM, KOTOPBIA



3aKJII0YAeTCs B TOM, YTO 33Ja4a PeLIaeTcs MyTeM pa3iioKeHUsl HCXOAHOU (popMyIibl B OECKOHEUHBIH
psa. i nojydeHus: IpakTUYECKOro pe3yJibTaTa cleAyeT B3ATh OTPaHMUYEHHOE YUCIIO YJICHOB psja.
Bribupaemoe 4mciao 4JIeHOB psfa omnpeaessercs TpeOoBaHHMEM TOYHOCTH pesynbraTa. [lpu
YBEJIMYEHUH YHCIIa YWICHOB, PELUICHUE aCUMITOTHYECKU MPUOIIKaeTcst K TouHoMy. [loaTomy Takue
CHOCOOBI PEeLICHHUS HA3bIBAIOT ACUMIITOTUYECKIMH.
W3BectHO penienne ypaBHeHus 4.1 B hopme pa3inokeHus B IBOHHON TPUTOHOMETPHUECKUI
pan @ypee, npeasioxenHoe Haspe:

.y . .
w=3 § KxanPLgn P

i=1 j=1 a

16q
i 2 J 2
6. -
Dp ij(—+ %)
2 2

a b
au b — COOTBCTCTBCHHO, IJIMHA U I_HI/IpI/IHa IIJIACTHUHBI.
I'pannuHbIe yCIIOBUS (OMOPHI 10 IEPUMETPY ILIACTHHBI):

W|x=0: O W|x=b: 0 W|y=0: O leza: 0 (46)

(4.4)

K =

e (4.5)

Jlst mpakTU4eckoro npuMeHeHus Gopmyiy 4.4 3auchiBalOT TaK:
moon ; i
w=3 § K xan PXLxgn PX (4.7)
i=1 j=1 a b

M u N 3aJaI0T TAKUMU, YTOOBI pElIeHHE 3a]a4H ObLIO OBl MOIYYE€HO ¢ TPeOyeMOii TOUHOCTHIO.

UToOBl MOCTPOUTH SMIOPHI MPOTUOOB, HYKHO MPOU3BECTH MHOTOKPATHO BBIYHCICHHUS BO
MHOTHUX TOYKaX IUMTHL. Jljis 3TOro ymoOHO WHCIONB30BaTh KOOPAMHATHYIO CETKY, KOTOpas
HAKJIa/IBIBAETCS HA ITUTY.

3aganue

Jnisg  KaxIol TOYKM, HaXOMASIIEHCSs B y37€ CETKH, HYXKHO BBIMIOJHUTh pacyeT C
UCTIOJIb30BaHUEM OMKMCAHHOTO BHINIE aaroput™Ma. T.K. TOYEK JOCTAaTOUYHO MHOTO, MPABHIBHO OyIeT
3aaTh IUKI TO 00euM KoopauHataM — X HU y. Takum o0pa3oM, 2 NpeablAylINX IUKIA,
peam3yImuX cyMMHupoBaHue mo Gopmyne 4.7, MoMKHBI ObITh Pa3MEIICHBI B IUKIAX U3MEHEHUS
koopauHat. [lycTe mar mo koopauHataM Oyzaet Bceraa paBeH 1 M. [Ipm skeaHUM ATOT IIar MOXHO
n3MeHUTh. Torna Bech aNropuTM pacuyeToB MOXKHO H300pa3uTh OJOK-CXeMOMW, MOKa3aHHOW Ha
puc. 4.4.

[IpoBeauTe TECTUpPOBAHUE MPOrPAMMBI HMCIOJB3Ysl 3HAYEHUS HMCXOAHBIX AaHHBIX. [lpum
OTCYTCTBUHM OMIMOOK B TpOrpaMMe pe3yibTaThl pacyeToB OYIyT BHIBOJUTHCA Ha pabO4Mil JTUCT
TaOJIIMYHOTO MPOLIECCOopa B BUAEC MATPHIIBL.

[To pesynbpraraM pacyeToB MOCTPONTE TUATPAMMY THIIA «ITOBEPXHOCTH.

JlabopaTtopHnasi pa6ora 2
Pa3paboTka KOMIIBIOTEPHOI MO/Ie/IM HECTALIMOHAPHOTO MpoLecca.
Pemienne 3a1auu pa3jioskeHHeM B Psijg
Heabr paborbl. Hccnemys mpouecc Ha €ro KOMIIBIOTEPHOW MOJENIH, paccuuTaTh
HECTAIIMOHAPHBIE TIOJISl TEMIIEPATyphl BHYTPH IUIACTUHBI B pa3IMYHbIC MOMEHTHI BPEMEHH Ha OCHOBE
MaTeMaTHYeCKON MOJIEIH.
MartemaTudeckasi MoJieJIb Ipomecca
ypaBHEHHE HECTAI[MOHAPHON TETIONPOBOIHOCTH:

1T _ a 1°T
= 5.2
rpe a - M2/c - KoaqbqbuuueHm memnepamyponpoeodl-tocmu Mmar€pualia CTCHKH,

XapakTEepU3YIONK MaTepual C TOYKM 3pEHUs CKOPOCTHM WM3MEHEHHMsT B HEM HECTAI[MOHAPHOIO
TEMIIEPATypPHOIO MOJIS.



a=—
o (5.3)

HauanpHbIM yCIIOBHEM 3[eCh CIY)XUT H3BecTHOe (B JaHHOM Ccliydae - IOCTOSHHOR)
pacrpeeseHye TEMIEPaTypsl B CTEHKE B HAYaJIbHBI MOMEHT BPEMEHH €€ OXJIAXKACHUS:

T I[ =0~ To (5.9
['pannuHbIe yCOBUSA:
m, _
- W |x:iR_ a (T |x:iR - Tf ) (5.5)

Bropoe rpanndHoe ycioBHe - 3T0 CHMMETPUYHOCTh HCKOMOT'O TEMIIEPATYpPHOTO MPOQUIIS:

X l=0=0 (5.6)
Bb10op MeTona pelienust

DT COOTHOLIEHHMsSI MAaTEMaTHUYECKOM MOJENIM HECTALlMOHAPHOTO IIPOLECCa OXJIAXKACHUS
IUTACTUHBI MOXXHO NPEJCTaBUTh B BHJIE TPUTOHOMETpUYECKOro psaa PDypbe, KOTOPHIN SBISIETCS

HCXOJHBIM IJII KOMIBOTECPHOIO0 MOJACIMPOBAHUS IIpoLEecca.
0)

3 sinm X 8 at
q(t ,x) =2a — cosgh, — expl my - (5.10)
k=1 M+ SN M, cos m, e Rg e R @

r7e L, — KOHCTaHThl MHTETpUPOBaHMs. T.K. YUCIIO YICHOB psina OECKOHEYHO, TO KOHCTaHT
Tak)ke OECKOHEYHOE KOJIMYECTBO. B MPaKTUYECKUX PEHICHUSX YHCIIO YWICHOB pPsijia OTPAHUIUBACTCS
OTIpe/ICIICHHBIM KOJIMYECTBOM, HCXO/IS U3 TPeOyeMOi TOYHOCTH PEIICHHUS.

KoHCTaHTBI HHTErPUPOBAHKS MOYKHO BBIYUCIUTH rpadudecku (puc. 5.2):

Pa3paboTka KOMIIBLIOTEPHON MOJEJIH

Pemenune 3amauu  BBINONHSETCS C TIOMOIIBIO KOMIIBIOTEPHOM MOJENM Ha OCHOBE
MIPUBEJICHHOTO BhINIE pemieHus nuddepennmanbaoro ypapaenus 5.10 ¢ HaYaIbHBIM U TPAaHUYHBIMH
ycioBusMu 5.9.

Pemenwue 3akirogaercs B OOJBIIOM KOJMYECTBE UTEPAIUH, B X0JI€ BHITIOTHEHHUS KOTOPBIX:

8 C OTIpE/ICIICHHBIM IIarOM MEHSIETCS BpEMS;

8 JUISL KaXKI0T0 (PMKCHPOBAHHOTO MOMEHTA BPEMEHH PacCUUThIBAcTCS Mpoduib (3mopa)
TEMIEpaTyp MO IMHUPUHE TIACTUHBI C OMpEACNIEHHBIM IIaroM MO KOOpJAWHATe, HayhHas C LIEHTpa
IIJIACTHHBL.

Pacuer xaxxioro 3HaueHus1 6€3pa3MepHO TeMIepaTyphbl B pacCMaTpPUBAEMBbIN TEKYIIHHA
MOMEHT BPEMEHH B TEKYIIEH TOUKE M0 KOOPAMHATE BKIIFOUALT 2 dTara:

8 pacder TEKyIIero 3HaUeHUsI KOHCTAHTHI HHTCTPUPOBAHWS;

8 BBIUHCJICHUE OYEPEIHOTO WieHA TPUTOHOMETPHUIECKOTO Psijia.

CrnoxuB BC€ BBIUMCICHHBIE YJIEHBI psna, IMojdydaeM Oe3pasMepHyro Temrepatypy. Ilo
paccUMTaHHOM Oe3pa3MepPHOM TeMITepaType, BBIYUCIISIOT TEMIIEpATypy B JAaHHOM TOYKE.

Boluricnenuss HayMHAIOT C TOYKH, pACIOJIOKEHHONW B IIEHTpe IUlacTUHbL. Jlanee
MOCNIE0BATEILHO pacueT MOBTOPSIOT MAJs CIEAYIOMIeH W CIeIyIoled TOYKH, MOoKa He OyIeT
JOCTUTHYT TIpaBblii Kpail mnacTuHbl. [loTOM, BO3BpamiarOTCSs B IICHTP IUIACTHUHBI, BpEeMs
YBEJIMUMBACTCSl HA BEJIMYMHY IIIara, pacyer Mo TOYKaM KOOPJAMHATHI MOBTOPSETCS JIO MPABOTO Kpas
TUTACTHHBI, U CHOBA pacydeT MOBTOPSETCS JUIsl HOBOTO 3HAYCHUS BPEMEHH. BpeMs M3MEHSIOT JI0 TeX
Top, TIOKA IJIAaCTHHA HE OCTBIHET JI0 TEMIIEPATYPhl OKPYKAOIIEH Cpe/Ibl MIH He OYJET TIOCTHTHYT

3aganme. Mcxomguble JaHHBIE.

Marepuan miIacTUHbI — CTAJIb.

Koaddunuent TennonpoBoanoctu cranu — 47,

TeroeMKocTh — 465, mnorHocts — 7800.

Tommuua mractuasl — 50 M.

Koadduuuent rermmooomena — 100.

Temmneparypa cpenbl — 20 rpagycos.




Temnepatypa HavanbpHas iactTuabl — 120 rpamycos.

C momoriplo pa3pabOoTaHHOW KOMIIBIOTEPHOW MOJIENIM PACCUMTATh IOl TEMIIEpaTyp B
wiactune, TonmuHoi 50 mM. Ilo pacyeTHBIM TaHHBIM MOCTPOUTH SIIOPBI TEMIEPATYP MO TOJIIIHHE
IUIACTHHBI B PA3IMYHBIC MPOMEXYTKH BpeMeHH. [locTpouTh rpaduk, MOKa3hIBAIOIIUN TUHAMHUKY
CHI)KCHHS TEMIIEPATYPHI B IICHTPE W HA TIOBEPXHOCTH TIACTUHBI.

JlabopaTtopHas padora 3
Pa3paboTka KOMIIBIOTEPHOI MO/Ie/ I HECTALIMOHAPHOTIO MpoLecca.
Pemenue 3a1a4um YMCJIEHHBIM CIIOCO00OM

Heab padorsl. [IyTem uccienoBanus mpoiecca Ha ero KOMIbIOTEPHONH MOJEINH, paccCunuTaTh
HECTallMOHAPHBIE MOJISl TEMIIEPATypbl BHYTPH IUIACTUHBI B Pa3JIMUHbIE MOMEHTHI BPEMEHU HAa OCHOBE
MaTeMaTU4ESCKOU MOJICIIH.

MaremaTuyeckasi MOAeJIb

Tpebyercs pemuTh 3amady, YCJIOBHE KOTOpPOMl M3I0kKEeHO B jaboparopHoil pabore Ne 3.
KowmmbrorepHass Monenb HCCIEIOBaHHMsS HECTAllMOHAPHOTO Tpolecca OyAeT OcHOBaHa Ha
MPUMEHEHNUU YUCICHHBIX METOJ/IOB PEIICHUS 3aJa4H.

MaremaTtudeckas MOZCIIb OIMUCBIBACTCA YPAaBHCHHUCM TCILIOMIPOBOJHOCTH C HA4YaJIbHBIM U
T'paHUYHBIMU yCJ'IOBI/ISIMI/I:

1 ﬂ
ﬂ? ﬂXq (6.1
qdl-o=1 111Tq l-r=20Q |=r; ﬂ_():l(lxzozo (6.2

MoxeTt ObITh peanu3oBaHa B BHJE KOMIBIOTEPHON MPOrpamMMbl, €CIIM UCIOJIb30BATH KaKOU
1100 METOJT Pa3oXKEHHUS YpaBHEHUS B psl, Kak 3TO OBUIO cJellaHo B jJabopatopHoil pabore Ne 3,
WIN OJIUH U3 MOJAXOSAIINX YUCICHHBIX METOIOB.

Bb10op MeTona 1 pa3padoTKa aJaropuTMa pemieHus.

Haubosnbiiee pacnpocTpaHeHue MONYyYUIM MaplieBblie MeTobl. CBOE Ha3BaHUE 3Ta IpyMIa
YHCJICHHbIX METOAOB TMOJy4YHJa OT CcrHoco0a pemieHuss — pelIeHHe MpPeACTaBIseT co0oii
HOCJIe0BATEIbHOE IPOABUKEHHE IO TPOCTPAHCTBEHHON KOOPAMHATE U 110 BPEMEHH.

JUia peanu3anuy KOMIBIOTEPHOM MOJENM BOCIOJB3YEMCS METO/IOM, NpeiokeHHbIM Jle
Cyza. OH uCHoJsb30Bajl KOHEYHO-PA3HOCTHYIO ammpoKcuManuio IuddepeHnaibHOr0 ypaBHEHUS
TEIUIONPOBOAHOCTU. [IpoM3BOJHAsE 1O BpPEMEHM 3aMEHsUIach JIEBOW PAa3HOCTBbIO, a BTOpas
IPOM3BOJIHAS 110 KOOPAMHATE — [IEHTPAIBbHON Pa3HOCTBIO.

ﬂq q| 0.

i ot : (6.3)
ﬂzq Q.- 29, +q;,

1'|'X2 - . DXJZ . (64)

Pa3paboTka KOMIIbIOTEPHO MOIEIN
3aganue. Padora c Moaenbio
Hcnonb3ys 3Ty mporpammy, BBITIOTHUTH MOJEIHPOBAHUE OXJIAKICHHS TUIACTUHBI U3 CTAlIH,
tomuHOH S50 MM, MpU 3aJaHHBIX YCIOBHSIX. Y CIOBHS 33JaTh MO JAaHHBIM JIA0OPATOPHOU pabOTHI
Ned. PesynbTaThl MpeAcTaBUTh TpaHUUEcKHd B BUAE SMIOP TEMIEPATyphl MO TOJIIMHE TUIACTHHBI,
n300pakeHHBIX ¢ BpeMeHHbIMU mpoMexxyTkamu 100 cexynn. CpaBHHTH pe3ysbTaThbl PacyeToB C
pe3yibTaTaMu, MOJTydYeHHBIMH B JJabopaTopHOii padote Ne2.



JlabopaTopHnasi padora 4
IToa6op KOHCTAHTHI CKOPOCTH XUMHUYECKON peakmuu
(pemreHue 06paTHOIT 3a1a4N MPH MOIETHPOBAHUH)

Heab padoTbl: OCBOUTH TEXHOJIOTHUIO IOI00PA YNCIIEHHBIX 3HAUEHUI KOHCTAHThl CKOPOCTH
XUMUYECKON PEaKIMA METOJOM KOMIIBIOTEPHOTIO MOJACIIUPOBAHUS.

Onucanne
Jlnst MaTeMaTH4eCKOTO MOJEIMPOBaHUE JIFOOOTO0 XUMHUYECKOTO IIpollecca U peakTopa
HE0OXOAMMO 3HATh YMCIECHHOE 3HAaUYCHUE KOHCTAHThI CKOPOCTH peakiuu. Bce BUABI peakiuii MOKHO
pacrpeaeNuTh 10 TPEM KjlaccaM:
1) peakiuu pa3aoKeHHUs!, KOTa U3 OJHOTO MOJIS BEIECTBa 00pa3yeTcst HECKOIBKO MOJICH
JPYTUX BEIIECTB C MOJIEKYJISIPHOM MAacCO MEHbILIEH, YEM Y ChIPbSL:

A® B+C+...

2) peakius CHHTEe3a, KOr/ia U3 JBYX Pa3HbIX KOMIIOHEHTOB ChIPbsi 00pa3yeTcs OJMH HIIH
00J1ee HOBBIX KOMIIOHEHTOB!

A+B® C+...

3) peaxius M30MEPU3ALINH:

A® B

Jl1ig pacyeTa KOHCTaHT CKOPOCTEH peaklnid UCIONB3YIOTCA TaHHBIC UCCIEAOBAHNS KHHETHKU
XUMHYECKOW pEeaklid, TO €CTh OIBITHBIC 3HAUEHUS HM3MEHSIONIMXCS BO BPEMEHH KOHIICHTpAIUi
KOMIIOHCHTOB B PEAKIMOHHOH cpene. DTa JaHHBIE IO3BOJSIIOT YCTAHOBUTH MPEATIOIaraeMblid
MEXaHH3M pEaKIHWH, COCTAaBUTh YypPaBHEHUS KWHETUKA peakmuu B  (GopMe  CHCTEMBI
mudhepeHINATBHBIX YPaBHEHUH, U B XOJ€ PEIICHUS 3TOH CHCTEMbl YPAaBHCHHU C Pa3IUYHBIMU
MOJICTABJSIEMBIMH 3HAYEHUSMHA KOHCTAHT CKOPOCTEH Peaklny MOJOMPAIOT TaKWe 3HAYCHHS] KOHCTaHT
CKopocTel peakiuu K, NMpU KOTOPBIX pPACUETHHIE 3HAUYCHUS KHUHETHYECKHX KPUBBIX HamOoJiee
XOPOIIIO COBMEIIAIOTCS C OMBITHBIMH B CXOACTBEHHBIX (PEIEPHBIX) TOUKAX.

Hcxonnbie qaHHBIE 1JI51 MOIETHPOBAHUS

HauanbHast koHIleHTpamusi B cbipbe KomioHeHTa A: Cao = 500 r/kr. Bpems peakiuun
cocrasisgeT 40 cek.

Konnentpanus kommoneHToB A, B m C Ha BbIXOJ€ W3 ammapara JOHKHBI OBITH PaBHBI,
coorBerctBeHHo, 100, 300 um 100 r/kr. HawanmbHble KOHIEHTpalmu KommoHeHToB B u C,
€CTeCTBEHHO, paBHbI Hymto. J(namerp ammapara D = 1 M, nnwmnaa anmapara L = 2,4 m. OGmee
KOJIMYECTBO MOJIa4M CHIPhsI HA BXOJ] anmapara paBHo 3600 kr/4ac.

MartemaTudeckasi Mo/JeJib U AJITOPUTM pelieHus!

Jlnst onucanus paboTHI anmapaTa Jydille BCero MOIXOAUT MOJENb MI€aNbHOTO BBHITECHEHHS.
CkopocTh MOTOKa V BHYTpPHU almapara MOCTOSHHA 10 CEYEHHIO M €ro JjuHe. B cooTBeTcTBHU C
MaTepuaIbHbIM 0allaHCOM, KOJIMYECTBO BXOJSILIErO B alllapar ChIpbs PaBHO KOJIMUYECTBY BBIXOSIIECH
PEaKkUMOHHOM CMecH, KOTOpas COCTOMT U3 IIeJIeBOro TMpojykTa B, HempopearupoBaBiiero
KOMIIOHEHTa A, mo6oyHoro npoaykra C, a Takke WHEPTHOTO COAEPKUMOTO, MOCTYNUBILIETO BMECTE
C CBIPBEM.

MaremaTnueckass MOJIENb XUMHUYECKUX IIPOLECCOB, MMPOTEKAIOUIMX B allapare, OMUCHIBAETCS
mudhepeHIaTbHBIMA YPaBHEHUSMU:

dc,
=- k1 C
dt ) (7.1)
ac, =k, C,- k2>C§' ks)Cé
dt (7.2)
dc,

=k, xC; - k,>C?
ot 2 g m Ky "c 73



Jlyia pelieHust ypaBHEHUI MaTeMaTHUeCKOW MOJIENH CJeIyeT MPOU3BOJIHBIE KOHICHTpAIUi
KOMIIOHEHTOB Pa3JoXUTh B JIEBYIO Pa3HOCTh. Jlajgee BbIpAa3UTh KOHIIEHTPAIMIO B MPOU3BOJIBHBIM
MOMEHT BPEMCHH | Yepe3 KOHIEHTPAIIHMIO B IPEbIAYIIIMNA MOMEHT BpeMeHH i-1.

Ecnyn KOHCTaHTBI CKOPOCTM XMMHUYECKUX PEAKIMH HM3BECTHBI, 3a/1a4a PEIIAETCA B MPSAMOM
1oCTaHOBKe, HaunHas ¢ MoMeHTa Bpemenu | = 0. Illar mo Bpemenu dt ciieyeT npuHITh HEOOIBIITNM,
He Oosee 1 cex. 3amady B MpsIMOI MMOCTAHOBKE JIETKO PEIIUTh 0€3 pa3pabOTKU MPOTPaMMBI B cpejie
VBA, paspaboraB mpoctyio Tabiauunyro monenb MS Excel. Ilo pesynbTaraMm pacdeToB MOMHO
MOCTPOUTH KUHETUYECKUE KPUBBIE.

OO0partHasi 3a1aya pemaeTcs mMyTeM Mmo00pa 3HauYeHU KOHCTAHT CKOPOCTel B siueiikax B4,
C4 u D4. 3nauenus HyKHO BbIOpaTh TAKUMH, YTOOBI KOHIIEHTPAIMsI KOMIIOHEHTOB Ha BBIXOJIE, T.C. B
nocienueit crpoke (B45, C45 u D45) tabauunoii moaenu, 6slaa Tpebyemoii. [Togoupars Hayram 3
KOHCTAHTBI MOXHO O4YeHb foiro. [loaToMy, 31meck nydine pazpaboTaTh HEOOMBIIYI0 MPOrpaMMy B
cpene VBA MS Excel, xotopast aBToMaTn3upyer 3ToT mporecc.

[TonGop KOHCTAaHT MOKHO BBINIOJIHUTH, HAIIPUMEDP, METOJIOM MOJIOBUHHOIO AeJIeHHS.

Urtepanuu mnpomoipkaroTcs 0 TeX TOp, MOKa pasHUIa Mexay mnonydeHHeiM C u
HeoOxoaumbiM C = 100 o abcomotHOMY 3HaueHHto He ctaneT MeHbiie 0,001 (wau apyroii).

3ananme 1.
JlonongHUTE MporpamMMmy Tak, 4ToObl B sueiike Al oroOpaxkanock O0b1 He uucio O, a uucio
BBITOJIHEHHBIX UTEPAIH.

3aganue 2.
JlomonHuTe TaONMMYHYIO MOJAENh M TporpaMMy TakK, 4YTOObI OHAa pacCUUTHIBalIa eIle
KOHCTAHTHI K2 U K3.

Kpurepuu oueHku

Kpurepuii makcumanbaol ornenku 10 6anos:

BriOpana nambosiee moaxojnsimias maTemMaThdeckas mojenb. [Ipemioxken Hambosee
ONTUMAJILHBI aIrOpuTM ee¢ pemeHus. Pa3paboTraHa W peaan3oBaHa CXeMa PEIICHHS.
Pa3paboTrana KOMITBIOTEpHAs peanu3alius MOCTpOeHHOro pemieHus. [IpoBeneHa otnaaka u
TecTUpoBaHue. I[IpoBeleHbl HCCIEAOBaHMS C HCIOJb30BaHUEM Mojeiau. [lomydeHsl
pe3yabTaThl. PacueThl BHINOIHEHBI 0€3 OMMOOK ¢ MUHUMAJIBHOW IMOTPEITHOCThI0. ClieaHbl
MIPABWIbHBIC BHIBOIBI.

Kpurepuit MuanMansHo# otieHku 4 6aJioB:

BriOpana He camasi moaxojsinas maTemMaThyeckas Mofenb. [IpeanoxkeH He coBceM
ONTUMAJIBLHBIN aNrOpuTM ee pemieHus. Pa3paboTaHa W pealn30BaHA CXeMa PEIICHHS C
MOMOIIBI0  MpenojaBarensi. Pa3paboTaHa KOMIIBIOTEpHAs peanu3alusi MOCTPOSHHOIO
pemienusa. He mnpoBeaeHa oTianka W TecthupoBaHue. lIpoBeneH HE BeCh KOMILIEKC
UCCJIEOBAaHUN C UCTOJB30BaHUEM Mojenu. [lomyuensl pe3ynbTaThl. PacueTsl BBIMOTHEHBI
6e3 onOOK ¢ HEKOTOPOM MOrpeHOCThI0. CIeNansbl, B 1IeJI0M, MPABUIILHBIE BHIBOJIBI.

Kpurepnii Hey 10BIETBOPUTEIBHON OLICHKH.
Ecin xors Obl 0AHO u3 TpeOOBAaHUI KpUTEpPHUs MUHUMAIBHOM OLIEHKH HE
yIIOBJIETBOPSETCS, pab0Ta HE 3aCUUTHIBACTCS U TPEOYyeTCsl UCIIPaBICHUE OLINOOK.
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