Tema ypoka.

MoaenupoBaHue
B 3NIeKTPOHHbIX
Tabnuuax.



Llenb ypoka:

 [loHATL camy nger MmogenupoBaHug.
* OCBOUTb TEXHOMNOIMIO MOOENNPOBAHMUSI.

* BbIACHUTL, No4YeMy Ang MoaenUpoBaHUS U
nccneaoBaHnUAa co3gaHHbIX MOOENEN Mbl
BbIOMPAEM 3NEKTPOHHBLIE Tabnuubl.



KopoTKO O rmaBHOM...

 [loHATHME «MOoAenb — CrI0XXHOE U MHOrorpaHHoe.

4 nOTpeﬁHOCTb B MoAdeJin BO3HUKaeT Toraa, Korada
nccriegoBaHue camMoro oobekTa

HEeBO3MOXHO,
3aTPyaoHUTENbHO,
Aoporo,

TpebyeT MHOro BpeMeHM!.

e Mexay mopoenbio U 00BLEKTOM AOMKHO
cyllecTBOBaTb U3BECTHOe noaobue, Kotopoe
MOXKeT 3aKn4aTbCH B cXxoacTtBe (PpU3NYECKUX
XapaKTepUCTuK unu POyHKUMKU, B TOXKAECTBE
MaTeMaTU4ecKoro onmcaHuvs v T.4.



NHpopMaLMOHHbIE TEXHONOTUU U
KOMMbHOTEP = 3TO NOMOLLHUKU

UerioBeKka rnpu CoCTaBfieHUU moaeneun.

Ucnonb3oBaHue
KoOMnbloTepa ans .
nccnenoBaHus :

MoAesien pas3finvHbIX
O0BLEeKTOB No3BonseT




Ona noctpoeHUs KOMNbFHOTEPHBLIX moAaeneun
MOXHO UCNONb30BATbL NpUKNaaHoe
nporpammHoe obecneveHue obuiero
HasHavyeHusa (Hanpumep, 3MeKTPOHHbIE
Ta6NULILI) UNU CUCTEMEI NPOrPAMMUPOBAHUS
(Hanpumep, Visual Basic).

. : j‘-_?_-: S;%
) ﬂ; R

o (1

S

B HekoTopbIx cnyuvasx uenecoobpasHo
UCNONb30BATH CMEeLUUanU3upoBaHHbIE
npunoxeHus (Hanpumep, NMpOrpaMMbI
UCCNeAoBaHUS (PYHKLUU), a TaKxe
WHTEpaKTUBHbLIE MOfenu, pasmelleHHbIe B
WHTepHeTe.
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BO3MOXHOCTM:

-nonyyartb
uHdopmauumio o6
3aNeMeHTax,

- ypaBHUBATb
XUMUYecKue
peakuuum;

- pewaTb
cTaHAapTHbIe
XUMUYecKkue
3agaum,

- 3aHOCUTb B
nporpammy
COOCTBEHHYIO
uHdopmaumio o6
3NeMeHTax.



Moaenb cogepXuT MH(oOpMaLIMIO O peKaX, 3efileHbIX HacaXXaeHusix, ropoaax
MockoBckon o6nacTi, agMMHUCTPATUBHBLIX U MyHUUMNAanNbHbIX OKpyrax MockBbl,
XKene3HbIX goporax, nnarcgopmMax, CTaHUUAX MeTpo, ynuuax, gomax,
opraHu3auusax, rpaHMuax KBapTanoB U 60KOBbIX CTOPOHaX ynuL, CXeMy MeTpo.
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Komneorepuas mojess "MaremMarH4ecKHH MAATHHK'

T=2m/h =

O = 13.00 Mopenb

S "MaTtemaTuyeckum

T=24¢ MasATHUK"

v=-86.9cMmic AeMOHCTpuUupyeTt
o0 SHae cBoboaHbIe
[20.0 :t’° KoneobaHus
110w MaTeMaTUu4yecKkoro
[ rpadux W) MasTHUKA.
[ rpacmx O(t)

Cron | Cbpoc |

MOXHO N3MEeHATb AJZIMHY HUTU |, yron HavyaribHOro OTKNIOHeHUs1 MassTHUKA,
KoadppunumeHT BA3KOro TpeHus b. BbiBogaTca rpacpmkm 3aBUCMMOCTHU OT
BPEeMEHMU YrNoBOU KOOpAUHATbI U CKOPOCTU, AuarpamMmMmbl NOoTeHUnaribHOU
N KUHETUYECKON 3Hepruu npm cBoOOoAHbLIX KONedaHusAX, a Takxke npu
3aTyXalLWwmnx KonedbaHuUsaX npm HanM4inum BA3KOro TpeHusl.



UHTepaKTUBHaA
Moaernb
3aKOHOB
MeHpensa B
UHTepHeTe
no3Bonsiet
n3yvyaTb
neuncrene
3aKOHOB
reHeTUKn B
3BUTUN
AUNN.
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KoMmnsrorepHas MoaeJib "XHMHYECKHEe peaKkiHH''

Alkali Litmus  Magnesium
(] ) D

I |
JTa MoAaenb No3BonseT MoaernnpoBaTb pa3findHble

XUMUNYeCKue peakuumn. Y4eHUK MoxeT "cnuBaTtb"
copepXumoe NpPoouUpoK U HabnwaaTb pe3ynbraT
XUMUNYECKOro onbiTa.
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Mopenb ycnewHo UCNONb3yeTCA CTyAeHTaMu
MaLUMHOCTPOUTESIbHbIX, TPUOOPOCTPONTESIbHbIX, APXUTEKTYPHbIX,
cTpouTeribHbiX BY30B 1 TeXHUKYMOB NpPU BbIMNOSIHEHUU AOMALUHUX
3afaHnUN, KYpPCOBbIX U AUMNIOMHbIX paboT.




A Kakune Mmogenu MoXHO NOCTPOUTbL U UccrnenoBaThb C
NMOMOLLbIO INIEKTPOHHbLIX TabnNuy?

 MHorme obbekTbI U npoueccbl MOXHO OlNMUcatb MmateMaTtn4eCKUMH
(bopmynaMM, CBA3bIBAOLWNMUN UX MapaMETPHI.

o O1n dopmynbl u ecto MATEMATUYHECKAA MOLOEJIb
OPUTHAITIA.

* [1o HUM MOXXHO caenaTb YNCIIEHHbIE PACYETbLI C Pa3NYHbIMU
3HaveHuamun napametpos n nony4unte KOJIMMECTBEHHDIE
XAPAKTEPUCTUKU MOLEIJN.

* Pac4é€Thbl, B CBOIO ovepeab, no3sonsatoT caenate BbIBOAbI v
0000OWUTb UX.

« TabnunyHbIn NpoLeccop npegocrtaBndeT BaM UHCTPYMEHT Mo
PACYETY KONMTMYECTBEHHbIX XAPAKTEPUCTUK nccneayemoro
obbeKkTa unu npotiecca.

MaTemMmaTuiecka Konun4yecTBeHHbI
e ..
7 PacueTbl
Mopaenb
XapaKTepUCTUkKu




Ona Toro, YTOOLI HEKOTOpPOE AeUucTBme
cYMTanocb MoaerimpoBaHueEM,
HeobXxoaAnuMO:
* Hannuue uenu mogenuposanuga (nosHaHue,

UccnenoBaHUe, NPOeKTUPOBAHUE), TO eCTb
114 YET O npoussoautca mopenuposaHue;

* Hanuune mogenupyemoro obvexta
(MbICNEHHOro unu peanbHoro) - YTO
Mopenupyercs;

* Hannuume camou mogenu - apyrovi o6bekT,
3aMeHSHoLWUMN B HEKOTOPOM OTHOLWEHUU
MmogenupyembIv 0bbexT.




JTanbl MoaenupoBaHusa B
3rIeKTPOHHOM Tabnuue.

[NlocTaHOBKa 3apauu
(onucaHue 3agayvu, uenb MoaennpoBaHus,
aHanus3 obbekTa, doopmanusauns 3agayn).

Pa3spaboTka moaenu (MHopMaLUNOHHas
MOZeSb, KOMMbOTEPHAA MOLESb). -

KoMmnblOTEepHbIN 3KCNepUMEHT
(nf1aH aKkcnepumeHTa, nposeaeHue
nccrnenoBaHus).

AHanun3 pe3ynsratoB MogenupoBaHuUs
(pe3ynsTaTbl COOTBETCTBYIOT LIENIN UMK HET).
Koppekuus mogenu.




1 atan. [locTaHOBKa 3aaaun

e OnucaHue 3agaum.

Onpenenntb xapakTep NOCTaHOBKM 3aga4u. B
pe3ynbrarte aHanusa NnpomM3BoauTcs noabdop
NCXOOHbIX AAHHbIX C TeM, YTOObI MoAernb
YAOBIETBOPSANA HEKOTOPbIM CBOMCTBAM.

 LUenb mogenupoBaHus.

Yalle Bcero aTo Nonck oTBeTa Ha BOMpOC,
nocTaBfeHHbIN B oopMynupoBke. BeigaBnaroTcs
doakTopbl, OT KOTOPbLIX 3aBUCUT NOBedeHNEe MOAENMN.

e AHanu3 ooObLeKTAa.

OnpegennTb CBSI3N NPOCTbIX OOBbEKTOB, BXOASILLMX B
COCTaB MoOenMpyemMoro oobekra.



2 3tan. Pa3paboTka moaenm.

* UHdbopmMaLuuMoOHHaa Moaenb.

[To pesynbratam aHanm3a obbekTa COCTaBMNsIETCH
NHpopmMaLoHHasa Mmoaenb (COBOKYMHOCTb
cBegeHun ob oobekTe).

 MaTemaTundyeckasa moaenb.

MHopmaunoHHas moaenb OoMMKHaA ObIThb BblpaXKeHa
B O4HOWN N3 3HAKOBbLIX POPM. YUUTbIBAA, YTO Mbl
orpaHun4mnun cedsa cpeagoun Af1IEKTPOHHOW Tabnuubl,
npeaHasHa4vyeHHoOW Angd asToMaTusauum
BbIYNCIEHNWN, TO MHPOPMALIMOHHYIO MOAENMb
HeobxoagmMmMmo npeobpasoBaTb B MaTreMaTUYECKYIO.

e KomMmnbroTepHasa moAaernb.

OTa MoAernb HernocpeacTBEHHO CBsA3aHa C
NPUKIIaaHOM NporpaMmMon, ¢ NMOMOLLIbIO KOTOPOW
Npoun3BoaMTCA MogenMpoBaHue.




3 JTan.
KoMnbIOTepHbLIU 3KCNEePUMEHT .

* [locne cocTaBneHusd
KOMMNbIOTEPHON MOOENU
NpPoOBOAUTCS TECTUPOBAHME.
O4eHb BaXXHO
npeayCcMOTPETL B TECTE BCE
BO3MOXHbI€ BapUAHTLI
nony4vyeHusa pe3ynbLTaToB.

« 3arem Hago npoaymartb
njaH npoBeaeHUs
9KCMEePUMEHTOB MNpu
MogenupoBaHun. B HeM y .
OOIKHbI HAUTU OTPaXKeHue
BCE MHTEpecyloume Bac
BOMNPOCHI.




4 3Tan.
AHanu3 pe3ynbraTtoB MoOEeNMUPOBaHUAL.

* [1o nony4YeHHbIM pacY4ETHLIM AaHHbLIM
NPOBEPSAETCH, HACKOSIbKO pacy€EeThbl OTBEYAOT
HalleMy npeacTtaBieHnto N LeNam
MOOENNPOBaHUS.

UccnepoBaTtenb OOMKEH YMeTb
0“9"":' yBUAOETb pearnibHbIN OO BbEKT UNu
BaXHO:  ppouecc B uncnax.

)i
D




e Kakue aTtansl
MoAerinpoBaHuA B
3rIeKTPOHHOM Tabnuue
MOXHO BblAesninTb?

* YT0 O3Hayvaer
TecTUupoBaHue
Mooenu?
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1 3Tan.
[locTaHOBKa 3aaauu

» CyllleCcTBYeT fereHaa O Tom, YTo B ApesHem Kutae
MOHAXU AeHb 3a AHEM BeNln HabnroaeHue 3a
4esloBeKOM, 3aNUCLIBAd NApameTpbl ero (rU3mnyeckom
AQKTUBHOCTU, YMCTBEHHbIX CNOCObHOCTEU U
3MOLIMOHASBHOIO COCTOSHUA. B pesynbTate
MHOFONeTHUX UCCeA0BAHUU OHU NPULLNU K BbIBOAY,
YTO 3TU TPU (PYHKLUU 9BNAFOTCA NEepUOAUNYECKUMU C
nepuoaamm Ana PU3nNYeckom aKTUBHOCTU 23 AHS,
3MOUUOHANbHOWU - 28 AHel U UHTennekTyanbHou - 33
OHS. XapakTepHas 0cobeHHOCTb AGHHOW FMNOoTe3bl
3aKNHOYaeTCa B TOM, YTO (PYHKLUUU COCTOSAHUS
YesioBeka B MOMEHT ero poxAaeHus paBHbI Hy ko, 3aTem
HA4YMHAFOT BO3pacTaTh, U KaXAas 3a CBOU nepuoa
NPUHUMAET OAHO MAKCUMASIbHOE NONOXUTesbHoe U
OAHO MUHUMANbHOE 3HaYeHUs.

' ‘-{l Y '?
Z: Lol




e 3a4aya COCTOUT B TOM, YTOObI
MCNOJSib3yA 3NIeKTPOHHbIe Tabnuubl,
co3gaThb cpeay ANA pacyéeTa kaneHgaps
OMopuTMOB, BbIMUCNEHUA OaT
KPUTUYECKUX AHEN U NOCTPOEeHUSA
rpacomka OMopuTmMOB.

 cxoOHble AaHHbIE: AaTa POXAEeHUA n
gata Hayana nccnegoBaHUS.




2 3Tan. PaspaboTka moaenmu.

* AHdpbopmauMoOHHaAA Moaenb:

uukna: 33 gHs

[TapameTpbl

OObekT [lencrteug
Heynpasnaewmble ynpasnsemble
(KOHCTaHThbI)

yenoBsek | [lepnopg [laTa PacueTt n ananus
don3nyeckoro Uukna: | poxaeHus. OMopnuTMOB.
23 OHA. NeHb oTcYéTa.
[Nepwnoa [nnMTenbHOCTh
AMOLUMOHal1IbHOIo NporHo3sa.
uukna: 28 gHeN.
[lepnog
NHTENNEeKTyarnbHOro




2 3Tan. PaspaboTka mooenmu.

MaTemaTuyeckas mogensb.
YKasaHHbIE LMKIbl MOXHO onnucaTb MPUBEAEHHBIMUN HUXE
BbIpa)XeHUAMU, B KOTOPbIX NepeMeHHasa X COOTBETCTBYET
BO3pacTy 4YerioBeka B QHSAX:

D x
PUNYECKNIA LMK R, (X)= sm(2—3)

. 2
OMOLIMOHANbHbIVN LUK R, (x)= Sm(2—8)

NHTennekTyanbHbil UMkn R (x) = sin(z—m)
"5 33



2 3Tan. PaspaboTka mooenmu.

e KomnblOoTepHasa moaensb.

Ona mogenupoBaHus BblibepemM cpeay
3NIeKTPOHHOU Tabnuubil.

B aTou cpeae nHpopmaumoHHasa u
MaTemMaTuyeckas moaenum ooLeguHATCA B
Tabnuuy, KoTopasa coaepXuUT ABe odnacTu:

- UCXOAHble AaHHble — KOHCTaHTbI U
ynpaBnsieMble NnapameTpsbl,

- pacyeTHble AaHHble (pe3ynbTaThl).



BoTt Tak OygeT BbirngaeTb Bau“nuua nocrie 3anofiHeHus:

| A | B C D E F G H

| [MBaos 1Bawe s

2 =DATA1990,8:13) [ama poxdenu 23 NHA U,

3 =DATAQ006;1211) fama Hauana ¢ 28 NHeH MY,
4 =ASA (ooxumbie dn. 33 NHA UHIMERReK!
o =TO0A4}1900  Mpoxumele 2o

B | Tabnuua bruopuTMoB

7| NP OXMT, puznyeckoe (D) IMOUHOHaNLHOe (3) uuTennektyansHoe (M)
8 jaTbl Weenes,  |[AeHb APTyMEHT 3HAYEHHE |apryMenT 3HAYEHNe |apryMenT 3HaYeHNe
9 =A3 s =BY2TMNFS2 [=SINCY)  [=BI2°TIMO/FSS [=SINEY)  [=BI72TIM/FB4 [=SIN(GI)
10 |=A3+1 =B9+1 =B1072 TR [=5INC10) [=B1072°TI0/F§3 [=5INETD) [=B1072TIAQVF $4 |=SIN(G10)
11 =A10+ =B10+1 =61 172 TM(F$2 |=5INC11) [=B1172TIAFES [=SINETT) [=B1172TIA]/F§ [=SIN(GT1)
12 =ATT4 =B11+1 =B127TIMO/FS2 [=SIN(C12) [=B1272°TIM/FS3 [=SINET2) [FB1272TIM/F§ [=SIN(GT2)
713 =A124 =B12+1 =613 TIMO/FS2 [=SINC13) [=B1372TIM0/FE3 [=SINET3) [FB1372TIM/F§ [=SING13)
14 =A13+1 =B13+1 =B1472TIFS2 [=5INC14) [=BT472TIM0IFS3 [=SINET4) [=B1472TIA(VF$4 |=SIN(G14)
15 =Al4+1 =B14+1 =615 TM(IFS2 [=5IN(C15) [=B1572TIM(/F§3 [=5INETS) [=B1572TIA(VF 4 |=SIN(G15)
16 =A15+] =B15+1 =B16"2TIM(IF$2 |=5INC1B) [=B16™2TIN]/F§3 [=SINETR) [=B16™2TIA]/F§4 |=SIN(G16)
17 =Al6+ =616+ =B1772TIMO/FS2 [=SINCT7) [=B1772TIMO/FS3 [=SINETY) [=B1772TIM/F$4 [=SIN(GT7)
18 =A17+1 =B17+1 =B1872TM(/F$2 |=5INC18) [=B16"2TIN(/F§3 [=SIN(ETS) [=B16™2TIA])/F§4 [=SIN(G1E)




3 aTan.
KomMnblOTEpPHbLIN 3KCNEepPUMEHT.

[lnaH moaennpoBaHUA:
1. TlpoBepuTb NpaBunbHOCTL BBOAA ddOpMYII.
2. [lpon3BecTtun pacyeThl.

3. [lo pesynsratam pacyeToB NOCTPOUTL
oOLLyt0 gnarpammy ans Tpex bnopmnTtmMos.

4. OdopmuTb pesynbTaTbl MOAENMNPOBaHUSI.
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4 3Tan.
AHanu3 pe3ynbraTtoB MoOEeNMUPOBaHUAL.

1. TlpoaHanun3upoBaTb guarpamMmmy,
BblOpaTb HEONAronpuUATHbLIE OHW AN
cAaudu 3a4eTa no PUsKynbeType.

2. BbibpaTtb geHb Ang noxoaa B LMPK.

3. BbiOpaTb OHK, Korga OTBETLI HA YPOKax
byoyT Hanboree (HanmeHee) yaadHbIMN.



Mogesposarvie B Cpeae 3MeKTPOHHbIX Tabau

3A0A4YA 1.
Ouepenb B cbepkacce.

3a gBa 4aca go obeneHHoro rnepepsiBa 40 6abyllek BcTanu B oMepeab 3a
neHcuen. Kaccmplua obcnyXmBaeT KNMeHTa B cpeaHeEM OOQHY MUHYTY.

[lepBasi 6abywka my4una kaccmplay Bonpocamu 9 mmH 15 cek. Kaxkgas
crneaytowasn 6abylika, «MoTasd Ha yc» OTBETbI, afpecoBaHHbIE NMpeabliayLmnm
6abyLikam, my4vaeT kaccupliy Ha 10 cek MeHbLue.

Llenb: NccnepoBaTb cutyaunto ¢ pasHbiX TOMEK 3pEHNSA NyTEM
dbopmMupoBaHus 3agaHnmn Onst peleHna 3agad Tmna «4To dyaer, ecnu...»,
«KakK cgenatb, 4YToObI...». ChopmMmynmpoBaTtb BbIBOALI.

Mo pesynbratam mogenupoBaHns B QT OTBETUTb Ha crieaytoLme BOnpochl:
«Kak gonro éyaoet «my4ntb» kaccupuy 40-s 6abyLuka?»

«XBaTuUT N1 Ha obcnyXxuBaHue Bcex babyliek goobeaeHHOro BpeMeHu (2
Yyaca)?»

«Ecnn He xBaTuT, TO Kakasa NMo cyeTy 6adyLika oropunTcAa?»

«CKOmnbKO BpeMeHn noHagobutca kaccuplue, YTobbl 00CNYXNTb BCHO
oyepenb?»

[Mogbupasga pasHble BapuaHTbl NCXOAOHbLIX AaHHbIX N KOHEYHbIX pe3ysibTaTos,

chopmynmpoBaTtb pekoMeHaauMnm CMMBOSIMYECKOMY KacCcupy, Kak Hago
opraHu3oBaTb 06CnyXmnBaHme.



MozenvposaHue B cpese 3MeKTPOHHBIX TabanL,

3A0A4HA 2.

N3meHeHue uucneHHocTu buonoruyeckoro
BUAAQ.

« OgHokneTo4YHasa ameba Kaxgble Tpu Yaca
aenutca HagBoe. [locTpouTb MoAernb pocTa
YMCIEHHOCTU KIeTokK Yepes 3,6,9,12,...4acos.
dakTopbl, NpuBoAsLume K rubenn ameo, He
YUYUTbIBAIOTCS.



>

| +4 Cpenawnte BbIBOAbI.



BbiBO/bl.

ArneKTpoHHas Tabnuua — ogHa U3 caMbIxX
pacnpoCcTpaHEHHbIX NPorpamMm obLiero Ha3Ha4eHUsa
BJflaZleHUue TexXHosoruen pabotbl B HeU ABNAETCA O4HUM
U3 nokasarenen UHPOPMaLMOHHOU KYNbTYpPbl YesioBeKa.

CywecTtByeT OonbLIOe pa3HOOOpa3me 3agad, KOTopble
AO0CTaTOYHO NPOCTO pellaTb B 3TOU cpene.

TexHONorus padoTtbl NpocTa u pe3ynbraThbl
MOZeNIMPOBaHUA NOABNAIOTCA MPAKTU4YE€CKU MTHOBEHHO.

Ecnun 3agaya umeeT MaTeMaTU4YeCKyr0 MoAerib, TO OHa,
KaK npaBusio, pewiaeTcs ¢ nomowbo IBM.

MoaennpoBaHMe B 3N1IeKTPOHHbIX Tabnuuax no3BonsieT He
TONbLKO co3aaBaTb MOAeNn, HO U uccnefoBaTb CBOMCTBA
Mozenen Nnpm naMeHeHMn NcxXoaHbIX AaHHbIX.



