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Y10 Takoe mopenb?

Mopenb — 3TO OOBLEKT, KOTOPLIN 0bragaeT HEKOTOPbIMU
cBoOMCTBaMM Opyroro obvekTa (opuauHarsa) n NCNonb3yeTcs

BMECTO HETO.

OpuruHansl U mogenw

[MepBbi NMMHENHLIN pycckuii kopabnb «[oTo MNpeaecTMHauna»



YTO0 MOXHO MoaenupoBaTb?

Mopaenu o6bLeKkToB:
* YMEHbLUEHHbIE KONMUU 30aHUN, Kopabrnen camoneTos, ...
e MOAENN Aapa aToMa, KpUCTannMy4eckmux peLleTok
*yepTeXu

Mopgenu npoueccosB:
* NAMEHEHWE 3KONOrm4eckom obCcTaHOBKM
* 3KOHOMUYECKME MOJENN
* AICTOPUYECKME MOOENU

Moaenu sBneHumn:
* 3eMIETPACEHMNE
* COfIHEYHOE 3aTMeHUe
* LyHaMu



MopgenupoBaHue

MopenupoBaHue — 9TO co3fgaHne 1 UCnorb3oBaHNe Moaenen ans
N3y4YEeHUs1 OpUrMHanoB.

Korga ucnonb3yroT mogenupoBaHue:
* OpuruHan He cyujecTByeT
- apesHUn Ernner
- nocnencTeua agepHon BonHbl (H.H. Mouncees, 1966)
* uccrneagoBaHue opurnHana onacHo Ansd XWu3Hu unu Qoporo:
- yrpasrieHne sagepHbiM peaktopoM (YepHobbins, 1986)
- UcnblTaHWe HoBoro ckadaHapa Ans KOCMOHaBTOB
- pa3paboTka HOBOro camorsieTa unu Kopabss
* OpUruHan crioXxHo uccriegoBaTb HenocpencTBeHHO.
COJSIHeYHasi cMctema, ranaktuka (bonbLune pasmepsbl)
aTOM, HEUTPOH (MarieHbKMe pasmMephbl)
npouecchl B ABUratene BHYTPEHHErNO cropaHms (O4eHb ObICTPbIE)
reosiornyeckune siBfeHns (04eHb MeasieHHbIe)
°* UHTEPEeCYHT TONIbKO HEKOTOpPble CBONCTBA OpuUrnHana
- NpoBepKa Kpacku Ansa drosenska camoreTra



Llenn mopgenunpoBaHus

* uccinenooBaHme opmurnHana
N3y4YeHune CYLLIHOCTU OObeKTa Unm ABrneHus

«Hayka ecTb yoosneTBopeHue cobCcTBEHHOIO
nobonbITCcTBa 3a KaseHHbIn cveT» (J1.A. ApunmoBuy)

* aHanNu3 («4TO OyAeT, ecnu ...»)

Hay4YNTbCA NPOrHO3MPOBaThL NOCNEACTBUA Pa3NINYHbIX
BO3ENCTBUSX Ha OpUrnHarn

* CUHTe3 («KaK caenaTtb, YTOObI ...»)

Hay4YMUTbCA ynpaBnsaTb OPUrMHaNoOM, oKasbiBad Ha Hero
BO3OEeNCTBUA

* ONTUMM3aALUA («KKaK caenaTb nydluey)
Bbl60p Hauny4yliero peweHund B 3aaHHbIX YCITOBUAX



OpouH opurnHan — ogHa mMogernb?

* MaTepuarnibHasd TO4YKa

OpurnHany moxeTt COOTBeTCTBOBaTb
HEeCKONbKO pa3HbIX moaeneu n Hao6opor!




NMpupona mopenen

eMaTepuarnbHble (pusnyeckmne, npeameTHble) MoOenu:

‘..lLl,hvnne MOLE) v ||pe TaBNAOT CO6OVI

T T It

Mchopmaumo O CBOWCTBaX M COCTOSAHMM ODOBbEKTA,
npoLecca, siBfIeHUst, U ero B3aMMOCBsi3M C BHELUHUM MUPOM:

¢ Bep6aanble — CJ10BECHbIE UJTN MbICJ1IEHHbIE

* 3HAaKOBbIl€ — BblpaXXeHHble C MOMOLLLI PpopManbHOro A3bika
o rpaduyeckme (PUCYHKU, CXEMbI, KapThl, ...)

Tabnu4yHble

MaTemMmaTnieckue (Goopmynbl)

nornyeckue (pasnuyHble BapnaHTbl BbiIbOpa OeNCTBUI Ha

OCHOBE aHanumsa ycrioBun)

cneunanbHble (HOTbl, XMMnyeckne gpopmyrnbl)
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Moaenu no obnactn npuMeHeHuUs

*y4yebOHble (B T.4. TpEeHaxepbl)

° HayqHO'TQXHM"'%S&:M%MM%CK% Tpyba VICI'IbITaHVIFI B OITOBOM 6acce17|e

NMUTaTop CONMHEYHOro BakyyMHasi kKamepa B VIHCTUTyTe BUOpOCTEHA
N3MyYeHUs KOCMUYECKVX UCCIEenoBaHuii HIMO «3Heprus»



CneuuanbHble BUAbLI Moaeneun

*UrpoBble — yYnTbiBaKOLLME OEUCTBUA MPOTUBHUKA
Q Modenu 3KOHOMUYECKUX CUTyaunn
O MOAEern BOEHHbIX EeENCTBUA
Q CMOPTUBHLIE UTPbI
Q TPEHWUHIM NepcoHana

*MMUTALUOHHLbIE
- Henb3s 3apaHee BbIYUCIIUTL UMK NpeackasaTb NoBeAEHNE CUCTEMDI;
- MOXHO MMUTUPOBATb €€ peakUnio Ha BHELLHME BO3OENCTBUS;

- MakcuMarnbHbIN YyYeT Bcex (PpakTopoB.,;
- TONbKO YMCIEHHbIE PE3YNbTaThl;
- BbIGOp Hauny4lero peleHnss MeToaom npob m owmnboOK B Xoae
MHOIOKpaTHbIX 9KCNEPUMEHTOB
NMpumepobl:
Q UCNbITaHUSA NIEKAPCTB Ha Mblwax, obesbsiHax, ...
Q0 MaTemartmndeckoe MogenupoBaHme BNONOrM4YECKNX CUCTEM
a0 mogdenun busHeca n ynpasreHns

Q Mogenu npouecca obyyeHus



Moaenun no xapakrepy cBfizen

e AeTePMUHUPOBAHHbLIE
* CBA3M MeXOy BXOOHbIMWU N BbIXOAHbIMU BENUYNHAMM XKECTKO
3afaHbl
* PN OQNHAKOBbIX BXOOHbIX OaHHbIX KaXdbl pa3 nony4atTcs
OAVHAaKOoBble pe3yrbTraThl
NMpumepobl
0 ABMXKeHune Tena, 6poLleHHOro nog yrinom K ropusoHTy
0 pacyeTbl N0 U3BECTHbIM bopMySiam
0 MOAErnb WTaTHOM paboTbl MexaHU3Ma

* BEPOATHOCTHbIE (CTOXacTu4yeckue)
* YYUTBIBAKOT CIy4YanHOCTb COBLITUN B peanbHOM MUpe
* PV OOANHAKOBbIX BXOOHbIX AaHHbIX KaXXObIX pa3 nosy4varoTcd
HEMHOro pasHble pe3ynbraThl

NMpumepobl
0 ABWXeHue Terna c y4eToM BeTpa
0 OBpPOYHOBCKOE ABMXEHME YacTul
0 BNUAHME BOJSIH Ha CyOHO
Q MogenupoBaHWe OeUCTBUU YenoBeka



Moaenu no dpakTopy BpeMeHU

e cTaTUYeCKue — OMnncCbIBalOT OpUrMHarsn B 3aaHHbIN MOMEHT BPEMEHH
Q CUIbl, AENCTBYIOLLME HA TEMNO B COCTOSIHUM NOKOS
0 pesynbsraTbl OCMOTpPa Bpaya
0 dooTorpadus

° AMHaAMU4YeCcKue
0 MoAenb OABWXEHUs Tena
0 SABMEeHUs npupodbl (MONMHUSA, 3eMIIETPSICEHNE, LLyHaMW)

0 uctopusa 6onesHu
0 Buaeo3anucb cobbiTus



Moaenu no CTpyKType

e TAaONM4YHbIE Moaenu (napbl COOTBETCTBUA)
* yepapxmyeckue (MHOroypoBHeBbl€) Moaenu
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e ceTeBble moaenu (rpadbil)

cTapT

donHMLW




Moaenwu
n MmoaenupoBaHue

JTanbl MoaenMpoBaHus



l. MocTaHOBKa 3apaun

* yccriegoBaHue opuruHana
N3yvyeHne CyLLHOCTN OObeKTa NI SIBMNEHNS
e aHanu3 («4YTo byaeT, ecnu ...»)

Hay4YnTbCA NPOrHO3MpoBaThb NOCNEACTBUN NPU Pas3fINYHbIX
BO3ENCTBUSX Ha OpUrnHarn

* CUHTe3 («KaK caenaTtb, YTOObI ...»)

Hay4YMUTbCA ynpaBnsaTb OPUrMHaNoOM, oKasbiBad Ha Hero
BO3OEeNCTBUA

* ONTUMM3aALUA («KKaK caenaTb nydluey)
Bbl60p Hauny4yliero peweHund B 3aaHHbIX YCITOBUNAX

OwnbkKM Nnpu NnocTaHOBKe 3a4a4vn NpUBOAAT K
Hanoonee TsXenbIM nocnegcTresusam!




l. MocTaHOBKa 3apaun

Xopomo NnoCTaBJieHHAA 3adaua.

* ONUCaHbl BCE CBA3N MeXOy UCXOAHbIMU AaHHBIMU U
pe3ynLTaToMm

* U3BECTHbI BCE UCXOOHbIE JaHHbIE
* peLLieHne cylecTByeT
*33/]a4a MUMeeT eMHCTBEHHOE peLleHune

anIMepr NJOXO NMNOCTaBJIeHHbIX 3aAa\.

* BUHHU 'yx 1 INaTtayok nocTponnn noByLLKY Ans
CrioHonoTama. YgacTcs nm ero nommarb?

* Manbiw 1 KapncoH pelunnu no—opatcku pasgennTb ABa
opeluKka — bonbLlion n maneHbknn. Kak ato cgenatb?

« Hantn makcumanbHoe 3HadYeHne oyHKUMK y = x° (HeT
peLLeHun).

* Hantn pyHkuuio, kotopas npoxoant 4Yepes Toukn (0,1) n (1,0)
(HeeQMHCTBEHHOE peLleHue).



Il. PaspaboTtka moaenwu

e BbiIOpaTb TN MoQenu

e onpeaenuTb cyujecmeeHHblie CBOUCTBA OpPUruHana,
KOTOPbIE HY>XHO BKITIOYUTL B MOAESb, OTOPOCUTL
HecCyLleCTBEHHbIe (OANns AaHHOW 3a4a4n)

°* NOCTPOUTL hopManbHYO MoAerb
9TO MOJESb, 3annucaHHasa Ha ghopmaribHOM S3bIKe
(MaTemMaTuka, Norvka, ...) U oTpaxkarowasi TonbKo
CyLLeCTBEHHbIE CBOMCTBA OpuUrMHana

e pa3paboTaTtb anropuTm padboTbl Mmoaenu
ariropuTM — 3TO YETKO onpeaeneHHbIn NopsiaokK

OEeNCTBUIN, KOTOPbIE HYXXHO BbIMOMHUTL AN peLleHus
3agauu



lll. TectTupoBaHue mogenu

TecTupoBaHue - 3TO NPoBepPKa MOAENN Ha NMPOCTbIX
MCXOAHbIX JaHHbIX C U3BECTHbIM PEe3ynbTaToM.

NMpumepsi:
*YCTPOWUCTBO AJ1A CNOXEHUA MHOrO3Ha4YHbIX Ynucen —
NpoBepKa Ha O4HO3HAYHbIX Yncnax

* MOJErNb ABWXEHUsI Kopabnsa — ecnn pynb CTOUT POBHO,
KYPC HE AO0IKEH MEHATBLCS; eCnu PyIib NMOBEPHYTHL BMNEBO,
kopabnb OomKeH NaTn BrnpaBo

* MOAENb HakonneHus aeHer B 6aHke — npu ctaBke 0%
CyMMa He O0IMKHA U3MEHATBLCS

Moaenb npowna tectupoBaHue. lapaHTupyet
Jyin 3TO ee NPaBUSIbHOCTbL?

2,



IV. QKcnepumeHT

JKCNepuMeHT — 9TO uccnegosaHne Mogenu B
MHTEepecCyLMX Hac YCNoBUSX.

MMpumepsbl:
*YCTPOMCTBO ANS CNOXEHUST Yncen — paboTa c
MHOrO3Ha4YHbIMU YnUcrnamu

*MOAdeErib ABWXEHNA Kopa6n;| — NCcriegoBaHE B
yCIioBnUAX MOPCKOIro BOJIHEHUA

*MO/JENb HaKonneHmnst AeHer B 6aHKe — pacyeThbl
Npuv HEHYNeBOW CTaBKe

9 MoxHo nu 100%-Ho BepuTb pe3ynkratam?



V. AHanus pe3ynesraToB

Bo3MOXHble BbIBOAbI:
*3adlad4ya pelleHa

*He0OX0aMMO N3MEHUTb anropuTM U YCroBUS
Mo ennpoBaHns

*HEOOXOANMO U3MEHUTb MOAENb (Hanpumenp,
Yy4eCTb AOMOMNHUTENbHbIE CBONCTBA)

*HEobXoAMMO N3MEHUTb NOCTaHOBKY 3aa4l



[Mpumep.

3apava. ObesbsHa
XO4eT coOnTb baHaHbl Ha
nanbme. Kak e Hago
KWHYTb KOKOC, YTOObI
nonacTb UM B DaHaHbI.

AHanus 3apgauu.

*BCE NN NCXOAHblE
NaHHblE N3BECTHbI?

*€CTb NN pelueHune?

*€[JUHCTBEHHO A
peLleHmne?




l. MocTaHOBKa 3apaun

JonyweHus:
* KOKOC U BaHaH cuMTaemMm matepuanbHbIMU TOMKaMK
* pacCTOSAHME A0 NarnbMbl U3BECTHO
* POCT 00e3bsAHbI N3BECTEH
* BbICOTA, HA KOTOPOW BUCUT DaHaH, n3BeCTHa

«0be3bsiHa bpocaeT baHaH C N3BECTHOM HaYarlbHOW
CKOPOCTbHO

*conpoTtusrieHne Bo3ayxa He Y4YUTbIBaeM

[Tpn 3TNX ycnoBusix TpedyeTcs HanTKU HaYvarbHbIW Yrosi, noa
KOTOPbIM Hag0 OpPOCUTL OpEX.

9 Bceroa nu ectb pewieHune?



Il. PaspaboTtka moaenwu

'pacdhuyeckan mogenb
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lll. TectTupoBaHue mogenu

MaTtemaTunyeckasa moaenb
x=Vcoso-t

. t7
y=h+Vsmoc-t—g7

* MPU HYNIEBOW CKOPOCTU KOKOC OCTaAEeTCH Ha MecCTe
* Npun t=0 KoopanHaTbl pasBHbl (0,4)

* Npun bpocke BepTuUKanbHO BBEPX (a=90°) koopamHaTa x He
MEHSIETCH

* NPN HEKOTOPOM t KOOpAMHATa Y HAYMHAET YMEHbLLATLCA
(BeTBM Napabornbl BHM3)

0 [MpoTnBOpEUYUM HE OOHApPYKEHO!



IV. QKcnepumeHT

MeTop I.
MeHsem yron a. [1ns BbibpaHHOro yrra a cTpoum
TpaeKkToputo norerta opexa. Ecnn oHa NnpoxoauT Bbille
baHaHa, yMeHbLUAaeM Yrosi, eCriin HUXe — yBernnymBaem.

MeTogp Il.
13 nepBOro paBeHCTBa BbipaXkaemM BpemMs rnonerta:

L

Vecosa-t=L = =
MeHsiem yron a. [Ans BeiOpaHHOro )}{rfé)%(oquaem t, a
3aTeM — 3Ha4YeHue y npu 3aTtom ¢. Ecnu oHo bonblue H,
YMEHbLLAeM Yyros, ecnv MeHblle — yBenninBaem.

@ HE HAAO CTPOUTb BCHO TPAEKTOPUIO AOJ1A KaXXOO0ro d



V. AHanus pe3ynesraToB

Bceroa nu obesbsaHa MoXeT coOntb 0aHaH?

2. UT0 nameHuntcq, ecnu obesbsiHa MOXXeT 6pocaTb KOKOC C
pa3HOM CUIoW (C pasHOWN HaYasribHOM CKOPOCTbLHO)?

3. YTO nameHunTtcqa, ecnm KOKoc 1 baHaHbl He cunTaTb
MaTepuanbHbIMU TOYKaMN?

4. Y10 nameHUTCH, ecnu TpedbyeTcs y4eCTb COMPOTUBIIEHME
BO3ayxa?

5. Y10 nameHuTCq, ecnun gepeso Kavyaetca?



