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1. Onuc HaBYAJILHOI JUCHHUILTIHA

IIpeaMeToM BHBUEHHS HABYAJIBHOI TUCIMILIIHM € Cy4acHI METOJM KOMIT FOT€PHOT CUMYJIALT 1
JUTst 337249 (I3UKH Ta HEPreTUKH, po3po0Ka Ta BUKOPUCTAHHS ICHYFOUMX 010J1I0TeK MaTeMaTHYHUX
METOiB 0OpOOKH JaHUX.

1.1. Mera BukiamaHHs HaB4aJIbHOI JUCIIUAILUIIHA

Metow kypcy «MonenroBaHHS EHEPreTMYHHX MPOIECiB» € BUBYCHHS Ta CaMOCTilHE
KOPHUCTYBaHHSl aJropuTMaMud OOpOOKM JaHMX 3 BUKOPUCTaHHSIM CaMOCTIHHO pPO3pOOIeHHUX
ITOpUTMIB Ta 010Ti0oTeK A 33124 (PI3UKU Ta MATEMaTHKH.

1.2. OcHOBHI 3aBIaHHS BUBYEHHS IUCLUILUIIHA

OCHOBHUM 3aBJaHHAM Kypcy «MoJenoBaHHsI €HEePreTHYHUX IMPOLECiB» € 3aCTOCYBaHHS
MaTeMaTUYHUX AJITOPUTMIB JJII 0OpOOKHM OaraTOBUMIpHUX MAacHBIB JIaHHX, 30KpeMa, 300paKeHb,
JUIsL HU3KU 337124, 10 € TUTIOBUMHU JUTSI (PI3SUKM Ta €HEPreTHKH.

VY pe3ynbTari BUBUEHHS JaHOTO KypCYy CTY/ACHT OBHHEH

3HATH: METOAM KOMITIOTEPHOI CUMYJSMist B (i3uIli 3a JONOMOTOI0 AITOPUTMIB, SKi
pealii3oBaHi Ha Cy4acHUX MOBaX MPOrpaMyBaHHS Ta CaMOCTIMHE CTBOPEHHSI MPOTPaMHUX MPOIYKTIB
, IO pO3B’SI3yI0Th NEBHI 3a/1a4i B rany3i (i3UKU Ta eHEPTEeTHKHY.

BMITH: 3aCTOCOBYBAaTH OTPUMaH1 3HaHHS HA MPAKTHUILIl TPy 00poOI1i 6GaraTOBUMIpHUX MAacHBiB
JAHWX, y3araJlbHIOBATH BUBUYEHI aJITOPUTMI HA CKJIAHI CHCTEMH.

Jns BHUBYEHHA Kypcy HEOOXiAHI 3HAaHHS 3 MpOrpaMyBaHHS, TeoOpii aJrOpUTMIB,
MaTeMaTHYHOTO aHami3y, AU(EepeHIiaTbHUX PIBHSAHb, MAaTEeMaTH4HOI (i3UKH, Ta KypCiB JIiHIHHOT
anrebpu Ta aHamitTuuHOi reomeTpii. OCHOBHUMHU (popMamMH BUKIAJAaHHS HABYaJIbLHOTO MaTepiany 3
TUCIIUILTIHN «MOJICTFOBaHHSI €HEPTeTUYHHX MPOLIECIBY € JIEKIIii, MPAaKTHYHI 3aHITTS Ta CAaMOCTIHHA
po0oTa CTyIEHTIB.

1.3. KimbKicTh KpeauTiB 5
1.4. 3aranpHa KibKicTh rogud 150

1.5. XapakTepucTHKa HaBYAIbHO1 AUCITUTUTIHI
3a Bubopom
Jlenna ¢opma HaBUaHHS ‘ 3aouHa (qucraHmiitHa) popma HaBYaHHS
Pix miaroroBku
1-ii | -t
Cemectp
1-ii | -t
Jlexii
roJl. \ TOJI.
JlaGopaTtopHi 3aHATTA
48 ron. \ TOJI.
CamocriitHa poOoTa
102 rogn. | rOJ.

1.6. 3ar1aHoBaHi pe3yJIbTaTH HABYAHHS

B pesymbraTi BHBYEHHS HABUYAIBHOI AMCUUIUIIHU CTYJCHTH OBOJIOJMIIOTH CYYaCHHUMH
KOMM'IOTEPHOI CUMYJISALII B (i3MIlI €HEepreTHKH, a TaKoX 3aco0amMH pO3pOOKH Ta BUKOPHCTAHHS
icHyrouuX 0107110TeK MaTeMaTUYHUX METOIIB OOPOOKH JTaHUX.

2. TeMaTHYHUH IIJIAH HABYAJILHOI AUCHUILIIHA
Po3oin 1. Cmanoapmmui 6ioriomexu wabnonie
Tema 1. Bcmyn 0o STL
Ineonorist 616;110TeKH CTaHIAPTHUX IIa0JIOHIB
Tema 2. Buxopucmanns STL 6 06pobyi oanux



Tunu ganux B STL. JocTyn 10 1aHUX.
Tema 3. Buxopucmanns STL Onst po3pooxu aneopummis
CrannapTHi aOCTpaKTHI aITOPUTMHU.
Po3zoin 2. Ilapanenvui obuucnenms
Tema 1. Bcmyn 00 memoodié napaneibHux oouuciens
Ineonoris mapanemnizaiii mpomeciB 00YNCICHHS.
Tema 2. Peanizayis 6 negHux Mo8ax npocpamyeanHs
MeTtoau napanenizaiii jisl KOHKPETHUX MPOTPaM.
Tema 3. Ilapanenizayis arcopummis 6 Qizuyi
BuxopucTtanss napajieabHUX 00YUCIECHb Y MOAETIOBaHHS (PI3UYHHUX MPOLECIB.
Meron Monte-Kapno. KepyBaHHsI eKClIEpUMEHTOM.
Po3zoin 3. Cmanoapmmi 6ibniomexu aneopummis
Tema 1. Bidriomeku mamemamuyHux npumimueie
[ToHATTS MaTeMaTUYHUX TPUMITHBIB. BUKOpUCTaHHS IPUMITUBIB B MOJICITIOBaHHI.
Tema 2. Bioriomeku 00poOKu cucHa1ig
Buxopucranns 616110Tek 00pOOKH CUTHATIB 11 00OpOOKH JaHUX B (i3HIII.
Tema 3. bioniomexu 06podOKu 300paxceHs
Buxopuctanns crangaptHux 010:10TeK A1 00poOKU JaHHX Bi3yami3allii B €HepreTHIIi.
3. Temu J1a00paTOPHHUX 3aHATH

Ne Ha3zpa Temu Kinpkicth
3/m TOJMH
1 | Tunm KOHTEWHEPIB 6
2 JlocTyn 1o naHux 6
3 | CranmaptHi abCTpaKTHI AITOPUTMHU 4
4 [Tapanemnizanii nmporeciB 00YNCICHHS. 6
5 | KepyBaHHS €KCIIGPUMEHTOM. 6
6 Metoa Monte-Kapiio 4
7 | BukopucTaHHs NPUMITHBIB B MOJICITFOBAHHI. 4
8 | Bukopucranus 6i6;i0Tek 00poOKH CUTHATIB B (i3uIli. 6
9 | BukopucranHs cTaHAapTHUX 010J110TeK U1 00pOOKH JaHUX 6
Ycboro 48
4. 3aBnaHHsA 1015 caMoCTiliHOI podoTa
Ne 3/m HazBa teMu Toguau
1 | BuBuMTH TN KOHTEIHEPIB 11
2 | JlocaoiauTtu 10CTYN IO JaHUX 11
3 | O3HallOMUTHCH 31 CTAaHTAPTHUMH a0CTPAKTHUMH aJITOPUTMAMH 12
4 | MocniauTy mapaselni3anito MpoleciB 00UNCIEHHS. 12
5 | HaBunTHCcs BUKOPUCTOBYBATH KEPYBAaHHS €KCIIEPHUMEHTOM. 12
6 | O3naifomutuck 3 MmeroioM Mounte-Kapio 10
7 | O3HallOMUTHUCH 3 BUKOPUCTAHHSIM NPUMITHBIB B MOJIEJIIOBAHHI. 11
8 | O3HallOMHUTHCH 3 BUKOPHCTAaHHSIM 0i0J1i0TeK 00pOOKHM CUTHAIB B (Pi3uIIi. 12
9 | O3HallOMHUTHCH 3 BUKOPHCTAHHSIM CTaHAApPTHUX 0107110TEK A1 00poOKU 11
JTaHUX
Ycboro 102




5. HaByaJabHUH KOHTEHT YacTHHa 1
1. Komm'toTepHa cuMyiisiist (KOMI' IOTEPHE MOJICITIOBAHHS) — BUKOPUCTaHHS KOMIT'FOTEepa s

NMPEACTABICHHS JUHAMIYHUX BIJAMOBICH OJHIET CHCTEMHM TIOBEIIHKOIO 1HINOI CHCTEMH,
3MO/I€IbOBAHOI 3a HEl. MoJIetoBaHHSI BUKOPUCTOBYE MaTeMaTHUHUI onmuc abo MOAEIb peajlbHOi
CHCTEMH y BUIJIAI KOMIT'FOTEepHOI nporpamu. g mMozxens ckianaeTrbes 3 piBHAHb, SIKI TyOJIIOIOTH
(YHKIIIOHANBHI 3B'SI3KM  BCEpENMHI peasbHOi cuctemu. llicis 3amycky mnporpamMu OTpHUMaHa
MaTeMaTH4Ha JUHaMika (OpMye aHAJIOT TOBEAIHKH pPEaJbHOI CHUCTEMH, pe3yJabTaTH SKOi
MPEJCTaBICHI y BHIVISINI JaHUX. MOJETIOBaHHS TaKOX MOXe Math (opMy KOMI'TOTEPHO-
rpadiqHOT0 300paKeHHs, SIKE MPEICTABIISAE TUHAMIYHI IIPOLECH B aHIMOBAHIN MOCIITOBHOCTI.

2. Komn'torepHe MOJIENIOBaHHS BHUKOPHUCTOBYETbCS Ui BUBYEHHS IMHAMIYHOI IOBEIIHKH
00'ekTiB 200 CHCTEM y BIAMOBiAb Ha YMOBH, SIKI HEMOXJIMBO JIETKO a00 O€3MeYHO 3aCTOCyBaTH B
peanbHOMy xuTTi. Hanpuknan, saepHuil BUOyx Moxe OyTH ONMCaHMH MaTEMAaTUYHOK MOJEILIIO,
sKa BKJIFOYA€ Taki 3MiHHI, K TEIUIO, IIBHJKICTh 1 paaioakTHBHI BUKHAHA. [IoTiIM MOXyTh OyTH
BUKOPHUCTaHI JOJATKOBI MAaTEMaTUYHI PIBHSAHHS, O[00 MPUCTOCYBATH MOJEIHL JI0 3MiH TEBHUX
3MIHHUX, TaKMX SK KIJIBKICTh PO3IIECTUIIOBAHOTO Matepiamy, sKuii BUpoONsB BUOYyX. Cumyssmii
0CcO0JIMBO KOPHUCHI Ui TOTO, MO0 TO3BOJHUTH CIIOCTEpiradyaM BUMIPATH 1 mependayuTH, sK Ha
pOoOOTY IIOT CHCTEMH MO’KE BIUNIMHYTH 3MiHA OKPEMHUX KOMIIOHEHTIB Y LIl CHCTEM.

3. Ilpocrinie MoeIIOBaHHS, IO TIPOBOJUTHCS NEPCOHATBHUMHI KOMIT'FOTEPaMH, CKIIAJIA€ThCS B
OCHOBHOMY 3 Oi3Hec-Mojeneil 1 reomeTpuyHux Mmojeneil. Ilepmia Bkiroyae B cebe eNeKTPOHHI
Tabnuii, (iHAHCOBI Ta CTATUCTUYHI MPOTpaMHu, SKi BUKOPHCTOBYIOThCS Yy Oi3Hec-aHami3i Ta
IUTaHYBaHHI. ['eoMeTpru4HI MO/iel BUKOPUCTOBYIOTHCS JUIsl YUCIIEHHUX 3aCTOCYBaHb, sIKI BUMArarTh
MPOCTOT0 MAaTEeMaTHYHOTO MOJENIOBaHHS O0O0'€KTiB, TakuX K Oy/IiBJi, MPOMUCIOBI YacCTHHH, 1
MOJICKYJISIPHI CTPYKTYPH XIMIYHUX PEYOBUH. Bijbl MpoCyHyTi CUMYIIALIT, Taki SIK Ti, IO IMITYIOTh
MOroHI YMOBHU a00 MOBENIHKY MaKpPOCKOHOMIYHHMX CHCTEM, 3a3BUYall BUKOHYIOTHCS Ha MOTYXHUX
pobounx cranmisx abo Ha EOM. VYV wmammHOOyAayBaHHI KOMI'TOTEpHI MOJENII HOBOCTBOPEHHX
KOHCTPYKLIH MiAaI0THCSl MOJICIIOBAHHIO TECTIB U1 BU3HAUEHHS IXHIX peakliiid Ha Hampyry Ta iHmi
¢i3uyHi 3MiHHI. MoOJeNIOBaHHs PIYKOBUX CHUCTEM MOXHA MaHIMYIIOBaTH, 100 BU3HAYUTH
NOTEHIIMHUKA BIUIMB Tpedeib Ta 3pOUIYBAIBHUX Mepex Mnepel Oyab-iKUM (DaKTUYHUM
OyAiBHULTBOM. [HII MpUKIagy KOMIT'FOTEPHOTO MOJIEIIOBAHHS BKIIIOYAIOTh OLIIHKY KOHKYPEHTHHUX
peakiliif KoMnaHiii Ha IEBHOMY PUHKY Ta BIITBOPEHHS PyXYy Ta MOJbOTY KOCMIUHHUX araparis.

KC B nopiBHsiHHI 3 MoJe/1/1I0

Komm'torepHolo MOJEII0 € alropuTMHU 1 PIBHSHHS, IO BHUKOPUCTOBYIOTHCSA JJISi BIAOOpaXKEHHS
MOBEIIHKN CHUCTEMH, ska MojentoeTbesa. Ha Bimminy Big mporo, KC € daktuunuMm 3amyckom
MporpaMu, sika MICTUThH L1 piBHSAHHS abo anroputmu. KC, oTxe, € mpoiecoM 3amycKy MOAEII.
TakuMm uyuHOM, He MOXHa Oyna0 O «10OyAyBaTH CHUMYJSALIIO»; 3aMIiCTh LIbOTO MOXHa Oyino O
"moOyayBaTu MOZENb", a MOTIM abo "3amycTuTH Moziens" abo exBiBajeHTHO "3anmyctutu KC".
ITiaroToBKa HJaHUX

3oBHimHI BUMoru 7o ganux ans KC ta mozaeneil mupoko BapitoroTees. [l 1eIKUX BXiTHUX JaHUX
Mo>Ke OyTH JuIIe KiTbka (P (HanpUKiIag, MOJCTIOBAHHS CUTHALY €JIEKTPHUYHOI eHeprii 3MIHHOTO
CTpyMy Ha JIpOTi), TOAl AK IHIII MOXYTb BHUMaraTH TepaOalT iHopmauii (Hanmpukiaa, Mojen
MOTOIM Ta KIIIMATy).

Jlxeperna BXIAHUX JAHUX TaKOXK JYXKe BIIPI3ZHAIOTHCS:

1. Jartuuku Ta iHUI Qi3UYHI IPUCTPOT, MIIKIIOYEH] 10 MOJEII;

2. TloBepxHi, 1110 BUKOPHCTOBYIOThCS [l HAIIPABJICHHS X0y MOJICITIOBAaHHS IEBHUM YHHOM;

3. Tlorouni abo icTropuyHi AaHi, BBEIEHI BPyUHY;



4. 3HaveHHs, OTPUMaHI K MOOIYHUN TIPOIYKT BiJl IHITUX MPOIIECIB;

5. 3HadeHHs BUBOJATHCS Jis 1itei inmmmu KC, moaensimu abo mporiecamu.
Haperri, yac, Koiu aHi JOCTYIIHI, 3MIHIOETHCSI:
— "imBapiaHTHI" naHi 9acTo BOYIOBYIOTHCS B KOJ MOJENi, a0 TOMY, IO 3HAYEHHS € MIMCHO
iHBapiaHTHUM (HAmpUKJAA, 3HAYEHHAM m), ab0 TOMy, L0 PO3POOHMKHM BBAXKAIOTH 3HAYCHHS
1HBapiaHTHHUM JIJIs1 BCIX BUITAJIKIB, IO IPEICTABIISIIOTH IHTEPEC;
— JlaHl MOKHA BBOJIUTU B CHUMYJIAIIO, KOJIM BiH 3aIyCKA€ThCs, HAMPUKIAA, 3YUTYIOUU OJUH a0o
Ounbire aitinie, a00 3YUTYIOUH J1aHi 3 TPETPOIECopa;
— IaHl MOKYTh OYTH HaJaHi 11 Yac MOJICITIOBAHHS, HAIPUKIIA]I, MEPEKEIO JaTUYUKIB.

Cuctemu, siKi IpUAMAIOTh JaHi 3 30BHIIIHIX JUKEpeN, MOBUHHI OyTH JyXke «00epexHUMU» Y
3HAHHI TOTO0, III0 BOHU OTPUMYIOTh. X04a KOMITFOTEPH JIETKO YATAIOTh y 3HAUYEHHSX 3 TEKCTOBUX 200
OiHapHuX (haiiiniB, Mo HabaraTo Bakue 3HATH, KA TOYHICTh (MOPIBHSHO 3 PO3IUIHHOIO 3ATHICTIO i
TOYHICTIO BHMMIPIOBAaHHsS) € 3HAuYeHHSAMH. YacTo BOHM BHUPAXKAIOTHCA SK "CMyrH HOMMIOK",
MiHIMaJIbHE 1 MAaKCUMAaJIbHE BIIXHWJICHHS Bij Jiama3oHy 3HA4YE€Hb, B MEXKaX SIKUX JIGKUTh CIIPABKHE
3HaueHHs (ouikyeTbes). OCKUIBKM MaTeMaTH4Ha OOYMCIIIOBAlIbHA TEXHIKA HE € JIOCKOHAJIOH,
MIOMHJIKH OKPYTJIEHHSI 1 00pi3aHHS MOMHOXYIOTH I[I0 IOMUJIKY, TOMY KOPHMCHO BHUKOHATH '"aHali3
MOMHJIOK", 00 MIATBEPAUTH, IO 3HAYSHHSI BUXO/1y MOJEIIOBaHHS BCe 1€ OyAyTh KOPUCHHUMU.

HaBiTh HeBeNMWKi MOMWIKH Y BUXITHUX JAaHUX MOXXYTh HAKOIMUYYBATHUCS B ICTOTHY TIOMUJIKY
mi3HIIIe B CHMYJIii. Xo4ya Bech KOMITIOTEpHUH aHami3 mimmirae oomexxenHio "GIGO" (cmitts
3alIUI0 — CMITTS BHUHINIO), II€ OCOOIUBO CTOCYEThCS IUGPOBOro MojemtoBaHHs. JliiicHO,
CIIOCTEpPEKEHHS I1i€] HEBII'€MHOT KyMYJISITUBHOT IOMWJIKH B IU(PPOBUX CUCTEMAax OYJIO TOJOBHUM
KaTajai3aTopoM pO3BUTKY TEOPii Xaocy.

IIpouec mo0y10BHM KOMII'IOTEPHOI MO/IeJIi, 2 TAKOK B3a€EMO/isl
eKCIIePUMEHTY, MO/IeJIIOBAHHS TA TEOoPii.

PeanbHa cucrema

— CtBOpeHHs MoAei MonenbpHa cucTeMa ]

IIpoBeneHHS peanbHUX Po3po0ka

P P ITposenenns KC TEOPETUUHUX
€KCIIEPUMEHTIB 1
MoOJIeNeH

Pesynbpratu
CKCTICPUMEHTIB

[TepenbGaueHHus
Teopii

PesynbraTtn KC

BrockonamroeMmo BrockonamroeMmo
MOJIEITb TEOPIito




Tumm KC

Komn'torepHi Mozeni MoxkHa Kiacu(ikyBaTH 3a KUTbKOMa HE3aJIC)KHUMH NMapaMH aTpuOyTiB,
y TOMY YHCIIi:

Croxactnyauii a0o neTepMiHOBaHUH (1 SIK OKpEMHIA BUIIA/IOK JIETEPMiHOBAHOTO - XaOTUYHOT'O)

Cranionapuuii 260 TMHAMIYHUI

besnepepBHuii a00 qUCKpETHUIMA

Cumynsiis JuHaAMIYHOT CHCTEMH, HAmp. CJICKTPHYHI CHCTEMH, TiApaBlivyHI CUCTEMH abo
0araTOKOMITOHEHTHI MEXaHI4HI cucTeMu (OonucaHi B mepiry depry 3a gomomoror DAE: s) a6o
JUHaAMIYHE MOJICITIOBAaHHS MMOIboBHUX 3a1a4, Hanp. CFD moxemoBanns FEM (onucano PDE: s).

MicrieBi a60 pO3MO/IiIeHI.

[Hmmm ciocobom kinacudikamii Mozaenel € Teperisii OCHOBHUX CTPYKTyp aAaHux. [lis
MO/ICIIIOBAHHS 3 KPOKOM Y 4aci iCHy€ JiBa OCHOBHUX KIIACH:

Cumynsmii, siki 30epiraroTb CBOi JaHi B PErySIPHUX CITKAaX 1 BUMAraroTh JIMIIE JOCTYILY 0
CYCIIHIX CyCiZiB, Ha3uBalOThCs Komamu Tpadapery. barato nomatkiB CFD HamexaTh n0 miel
KaTeropii.

SIKmo OCHOBHUH rpadik He € PeryaspHOI0 CITKOI, MOJAEIb MOXKE HaJeXaTH 10 METOIY
0€3CUCTEMHOI0 METOY.

PiBHAHHS BHM3HAYAaIOTh B3A€EMO3B'A3KM MIDK €IEMEHTaMH MOJEIBbOBAHOI CHCTEMH 1
HAMararoThCsl 3HAWTH CTaH, B SIKOMY CHCTeMa 3HaXOAMThCS B piBHOBa3i. Taki mMoxem dYacrto
BUKOPHUCTOBYIOTHCSI Y MOJICTIOBAaHHI (Di3WYHUX CHCTEM, SIK MPOCTIIINN BUIAJO0K MOJCITIOBAHHS JI0
CIpoOH TUHAMIYHOTO MOJICITFOBAHHSI.

JluHamiuHi MOZeNi MOJENIOBaHHS 3MIHIOIOTHCSI B CHUCTeMi Yy BIAMNOBIAb Ha (3a3BUYaii
3MIHIOIOTBCS) BXiHI CUTHAJIY.

CroxacTH4Hi MOJesli BUKOPHCTOBYIOTh I'€HEPaTOpU BUIAJKOBUX YHUCEN JUI MOJEIOBAHHS
BUIIA/IKOBUX 200 BUMAJIKOBUX MO/

MopnentoBanus auckperHux mnonid (DES) ynpaense momismu B yaci. binmbiicts
KOMIT'FOTEPHHX, JIOTIKO-TECTOBUX 1 JI€PEB MOJICNIOBAHHS BIAMOB Takoro TUIy. Y LbOMY THI1
MOJICJIIOBAaHHS CUMYJISITOp 30epirae depry mojiii, BIJICOPTOBAaHUX 3a IMITOBAHMM YacOM, BOHHU
MOBUHHI BiAOyBaTHCs. CUMYJISTOP YNUTAE YEPry 1 3amycKae HOBI MOJ1i, KOJIU 0OpOOISEThCS KOXKHA
nofisi. He BaXKITMBO BUKOHYBATH MOJICTIOBAHHS B PEKUMI PeaTbHOTO Yacy. YacTo BakJIHMBIIIE MaTH
JOCTYH JI0 AaHUX, OTPUMAHHUX B Pe3yJIbTaTi MOJAEIIOBAHHS, 1 BUABIATH JIOTIYHI JeQeKTH B Iu3aiiHi
a00 MOCITOBHOCTI MOIIMN.

besnepepBHe aMHaMiuHE MOJICNIOBAHHS BHMKOHYE 4YHCEIbHE pIlIEHHS IU(epeHIiaabHO-
anreOpaiyHUX piBHAHB a00 Iu(epeHIiaIbHUX PIBHAHB (4acTKOBUX a0o0 3BMYaiiHuX). [lepioguuHo
IporpaMa MOJIEJIOBaHHSI BUPINIYE BCl PIBHSIHHS 1 BUKOPUCTOBYE YMCIa JJIsl 3MIHU CTaHy 1 BUXOIY
MojietoBaHHA. JIoJaTKu BKIIIOYAIOTh IMITaTOPHU MOJBOTY, ITPU ISl MOJEJIIOBAaHHS KOHCTPYKIIHN Ta
YIPaBIiHHSA, MOJETIOBAHHS XIMIUHUX IPOLECIB 1 MOJICIIOBAHHS €JIEKTPUUHUX JIaHIOriB. CroyaTky
Il TUNH MOJENIOBaHHS Oyiau (akTHUHO peai3oBaHI Ha AaHAJIOTOBUX KOMI'IOTEpax, e
nudepeHIiaabHl pIBHSHHA MOIJM OyTH IpeJCTaBleHI 0e3MocepeHbO PIZHUMH EIeKTPHUYHUMHU
KOMIIOHEHTaMH, TakuMu sk om-amnep. Jlo kinmsg 1980-x pokis, mpote, OuibmiicTs "aHaioroBux"
CUMYJISILIIH BUKOHYBAJOCS Ha 3BHYAHHMX LU(POBUX KOMI'IOTEpax, SAKi IMITYyIOTh MOBEIIHKY
aHaJIOTOBOTO KOMIT'FOTEpa.

CremianpbHUN THI TUCKPETHOTO MOJEIIOBAHHSA, SIKMH HE CIHUPAETHCA HA MOJENb 3 0a30BUM
PIBHSHHSAM, aje, TUM He MeHII, (opMajJbHO MOXXe OYTH NpEeICTaBJIECHUMN, € IMITAlll€l0 HAa OCHOBI
areHTiB. Y MOJE/IIOBaHHI Ha OCHOBI areHTIiB OKpeMi CYTHOCTI (Taki sIK MOJIEKYJIH, KIITHHH, JiepeBa
a00 crokMBayi) B MOJIETIi Mpe/CTaBIeH] Oe3mocepeIHbo (a He iX MIUTbHICTIO a00 KOHIIEHTPAIIIEI) 1



MalTh BHYTPIIIHIA cTaH 1 Habip TOBEAIHOK abo MpaBwWi, SKI BU3HAYalOTh, sk CTaH areHTa
OHOBJIIOETHCS 3 OJHOTO KPOKY B 1HIIUH.

Po3nosineni Mozeni mpaiio0Th Ha MEPEXkKi B3aEMOIOB'A3aHUX KOMIT'IOTEPIB, MOXKIIMBO, Y€pe3
Iarepuer. Cumynsnii, po3HeceHi Ha NOEKUIBKOX XOCT-KOMI'IOTEpax, SK 1€, 4acTO Ha3UBaIOTh
"po3nogiieHnMu cuMysIisMu". ICHye JeKiabKa CTaHIAPTIB JUIsl PO3MOIICHOTO MOJCITIOBAHHS,
BKJIFOYAIOYU TPOTOKOJ MOJCIIOBaHHSA CykymHoro piBHsS (ALSP), posmomisieHe iHTepakTHBHE
mozaemoBanHs (DIS), apxitekrypy Bucokoro piBHs (momemoBanHs) (HLA) 1 apxitektypy
BKJIFOUCHHS TecTyBaHHs 1 HaBuaHHsA (TENA).

Bizyanizanis

Panime BuXigHI JaHI KOMITIOTEPHOTO MOJICTIOBAHHS 1HOI Oynu MpeacTaBiieHi B TabmuIli abo
B MaTpulli, IO TOKa3ye, sK Ha JaHi BIUIMBAJIM YHCJICHHI 3MIHM MapaMeTpiB MOETIOBAHHS.
Bukopucranas marpuyaoro ¢gopmary Oyno MmoB'sizaHe 3 TpaIULIiHHUM BUKOPUCTAHHSIM MaTPHYHOI
KOHIEMNIii B MaTeMaTHYHUX MOJENsAX. TUM He MEHII, TICUXOJIOTU Ta 1HII BiJ3BHAYWIH, 11O JIOAU
MOXKYTh IIBHJIKO CIIPUIIMATH TEHEHIII1, po3risiatouu rpadiku abo HaBiTh pyxoMi 300paskeHHs a0o
KapTUHKHU, [0 T€HEPYIOThCS 3 JIaHUX, sIKi BiIOOpakaloThCsl aHIMAIli€l0 300pakeHb T'eHEPOBAHUX
koMmi'torepoM (CGI). Hezpaxkaroun Ha Te, 1110 CriocTepirayi He 3aBXKIU 3MOXKYTh YUTATH HU(pU ado
dbopMyIoBaTH MateMaTW4yHi (HOpMyINIH, CHoOCTepiraroud 3a TpadikoM IOTOAW, BOHH MOTIHU O
nepenabaunty noAii (i "modaynTH, Mo 101l BKa3yBaB iM NUIAX') HabaraTo MBHIIIE, HI’)K CKaHYBaHHS
TaOIUIL KOOPAMHAT IOMIOBUX xMap. Taki iHTeHcHBHI rpadiyHi aucruiei, siki BUXOAATH 33 MEXi
CBITY 4mcen 1 popMyI1, iHOJII TaKOK MPU3BOIATH IO BUXO/Y, Ha SIKOMY BiJICYTHS KOOpAMHATHA CiTKa
abo0 mpomyIeHi 4acoBl MITKH, K SKII0 0 3aHAATO AaJEKO Bif AUCIUIETB YMCIOBUX JaHUX. ChOTOJIHI,
MOJIeJIi IPOTHO3YBaHHS MOTO/H, K MPaBUIIO, BPIBHOBAXKYIOTh MOTJISIN Ha TEPEMIIICHHS TO0IIOBUX /
CHITOBHX XMap Ha KapTy, sIka BUKOPUCTOBYE YHCIIOBI KOOPAMHATH 1 YMCIIOB] YaCOB1 MITKH MOIiH.

Amnanoriyto, komi'torepae moaentoBantsa CGI-ckanyBanb CAT Moxe IMITYBaTH, SIK IyXJIHHA
MOXK€ 3MEHIIyBaTuCs a00 3MIHIOBATUCS MPOTITOM TPHUBAIOTO MEPioLy MEAMYHOTO JIKyBaHHS,
MPEJCTABISIOYA TPOXO/DKEHHS Yacy SK BHJ OOEpPTaHHS BHIUMOI JIIOJCHKOI TOJIOBH, KOJH
3MIHIOETHCS MMyXJIMHA.

I nporpamu CGI  KOMIM'IOTEPHOTO MOJETIOBAHHS PO3POOJISIIOTECA Uil  TpadidHOro
BIIOOpaXEHHS BEIMKUX OOCATIB J@aHUX B pycl, OCKUIBKM 3MIHM BIJIOYBalOThCS I 4Yac
MO/IEJTIOBAHHS.

KoMmn'roTepHe Moe/Il0OBaHHS B HAYLi

3arajbHi NPHUKJIAIM THIIB KOMII'IOTEPHOT0 MOJCTIOBAHHSA B Hayli, IKi BUBOAATHCH 3
OCHOBHOI'O MATEMaTHYHOI'0 OIHUCY:

yrucenbHa KC nudepennianbHuX piBHSAHB, SIKI HE MOXKYTh OYTH BHpIIIEH] aHAIITUYHO, TEOPii,
10 BKJIIOYAIOTh Takl Oe3NepepBHI CUCTEMHM, SIK SBUIIA Yy (PI3UYHIN KOCMOJIOTIi, AMHAMIKA PIIUHU
(Hampukiaa, KIIMaTHYHI MOJENl, MOJENl IIyMy Ha JOPOXXKHbOMY UUISAXY, MOJENl Jaucnepcii
MOBITPSTHUX JIOPIT), MEXaHiKa KOHTUHYYMY Ta XIMi4Ha KIHETHKA.

croxactuuHa KC, sk mnpaBuio, BUKOPUCTOBYETHCS [UIA AMCKPETHUX CHUCTEM, Jie MOl
BiIOYBalOThCsI MMOBIPHO 1 SIKI HE MOXYTh OyTH omMcaHi Oe3nmocepeqHbO 3 Iu(epeHIialbHUMU
piBHAHHAMHU (1€ AUCKpETHE MOJETIOBAHHS Yy BHINEBKa3aHOMY ceHci). SBuima 1iiei kareropii
BKJIIOYAIOTh T€HETHYHI JIpeiidu, 610XiMiuHI a00 TeHHI PEryIsITOPHI MEpEXkKi 3 HEBEIUKOIO KUIBKICTIO
MoJIeKyI. (AuB. Takox: Metog MonTe-Kapio).

6aratouactuHa KC peakiiii HaHOMaTepiaiB Ha MHOKHMHHI MacIITabu J10 MPUKJIaJA€HOT CHIU 3
METOI0 MOJIETIOBAHHS iX TEPMOIPYXHUX 1 TEPMOJAMHAMIYHUX BIIACTUBOCTEH. MeTONMKH, IO



BUKOPHCTOBYIOTBCSI JIUIsI TAKUX MOJICTIOBaHb, - MOJICKYJIIPHA AWHAMIiKa, MOJEKYJISIpHA MEXaHiKa,
metoa Monre-Kapio, 6arato macmtabna gynkuis I'pina.

Huxye HaBe1eHO KOHKPETHI MPUKJIAIM KOMII'IOTEPHUX MOJETI0OBAHb:

Cratuctuuna KC, 3acHoBaHe Ha ariomeparlii BeJIHKOi KiIbKOCTI BXITHUX MPOQUIIB, TAKUX K
MIPOTHO3YBAaHHS PIBHOBA)XHOI TEMIEpaTypyu MPUIMAIOYMX BOJA, IO J03BOJISIE BBOJUTH TaMy
METEOPOJIOTIYHUX JaHUX IJi1 KOHKpeTHOI MOBHU. Ll meroamka po3pobieHa AJis MpOTHO3YBaHHS
TEIJIOBOTO 3a0pyIHEHHS.

MonentoBaHHsI HA OCHOBI areHTiB €()eKTUBHO BUKOPHUCTOBYBAJIOCS B €KOJIOTii, Ie HOro 4acTo
HA3WBaIOTh "IHOWBIAyaJIbHUM  MOJENMIOBaHHSAM" 1 BHUKOPHCTOBYIOTH y CHUTYallifiX, KOJH
1H/IMBITyalbHY MIHJIMBICTh areHTiB HE MOKHA HEXTYBAaTH, HANPUKIIAJ, TUHAMIKY HOIYJISLIT Iococs i
¢dopeni (OLIBIIICT CYTO MATEMAaTUYHHUX MOJEIEH NPUIYCKAIOTh: BCS (Operab IMOBOIUTHCS
OJTHAKOBO).

YacoBa aumHamMiyHa MOJENb. Y TIAPONOTii ICHYe KiJbKa TaKWX TPAHCHOPTHUX MOJCIICH
rigpomnorii, sk mogeni SWMM i1 DSSAM, po3pobiieHi areHTCTBOM OXOPOHH HAaBKOJIHUIIHHOTO
cepenosuiia CIIIA st mporHo3yBaHHS SKOCTI PIUKOBOT BOJIH.

KC Takoxx BHUKOpPUCTOBYBanocs i (OpPMaIbHOTO MOJCIIOBAHHS TEOpid Mi3HAHHS 1
MPOYKTHBHOCTI JiroauHU, Hanpukian, ACT-R.

KC 3 BHKOpHCTaHHSIM MOJICKYJISIPHOTO MOJICIIOBAHHS Uil BHUSABIICHHS JIIKapCHKHX 3aCO0iB.
[10]

KC st MonentoBaHHs BipyCHOT 1H(EKIIIT B KIIITHHAX CCaBIiB. [9]

Jna KC mnoBemiHKM TNOTOKY TOBITpA, BOAM Ta IHIIMX PIIUH BUKOPUCTOBYIOTHCS
OO0YHCITIOBANIbHI IMITallIiHI METOJIMKHU PIAMHHOT JAMHAMIKH. BUKOpUCTOBYIOTHCS OAHO-, ABO- 1
TpuBUMIipHI Mojeni. OTHOBUMIpHA MOJIENb MOTJia O iIMITYBaTH BIUIMB T1IPaBIiuyHOTO yaapy B TpyoOi.
JIBoBUMIipHa MOJENs MOKEe OyTH BHUKOpPUCTaHA AJIA IMiTalii CHJI OMOPY Ha MONEpeYyHOMY Mepepisi
Kpuia jitaka. TpuBMMipHE MOAENIOBAHHS MOXKE OI[IHUTH IMOTPEOM OMAJICHHS Ta OXOJOJKEHHS
BEJIMKOI OymiBIIi.

Po3ymMiHHS CTaTUCTHUYHOT TEPMOJIMHAMIYHOI MOJIEKYJIApHOI Teopli € QyHAaAMEHTaIbHUM IS
OLIIHKK MOJIEKYJIspHUX pimeHb. Po3pobka Tteopemu posnoauty mnoteHmiany (PDT) nosBosmse
CIIPOCTUTH IO CKJIQJHY TEMY JI0 MPE3EHTAIIA MOJICKYJIIPHO1 TEOPIii.

Hpuxaagni nakern Aias KC pas ¢isuku Ta TexHiku

Po3pobneno rpadiuni cepenosuiia ans mopaentoBaHHsA. OcoOiuBy yBary Oyno NpHIiITIEHO
0o0poO1i mofiil (cuTyallii, B SKUX IMIiTalliifHi PIBHSHHS HE € MiIMICHUMHU 1 MOBUHHI OYTH 3MiHEHI).
Biakputuit mpoekt «Open Source Physics» posmodaB po3poOky Oararopa3zoBux 010710TEK IS
MoenoBaHHs B Java, a Takoxx Easy Java Simulations - moBHe rpadiuHe cepenoBuIle, 10 reHepye
KOJT Ha OCHOBI IUX 010T10TEK.



6. HaByaJibHUM KOHTEHT 4YacTHHA 2

OcHoBHi zKepeJia

1. The Ultimate Guide to JavaScript Physics
https://www.skillshare.com/classes/The-Ultimate-Guide-to-JavaScript-
Physics/1388244587

IIpo ueii Kypc 3aHATH

Buxopucranns Be6-kouco Firefox. Lleit kypc omucye o0CHOBH BUKOPUCTAaHHS BEO-KOHCOJI1 K
KaJIbKYJATOPA, SIK IPU3HAYATH YUCIIOB] 3MiHHI Ta pOOUTH OCHOBHI OOUMCIICHHS.

[Ilo BU ni3HAaeTECS B IIbOMY KYPCi:

- SIx JavaScript 3aiimaeTtscst nopsiakom onepaniii (PEMDAS) y Be6-konconi Firefox i sk yaukayTH
OCHOBHHX ITOMHJIOK OOUYMCIICHHS.

- SIx 06'ext Math nparroe B JavaScript i 1ae npukiaay #oro BUKOpUCTaHHS B BeO-KoHCoII firefox.
- ¥ 1poMy HaBUaibHOMY NOCIOHMKY mpezacTaBieHo scratchpad Mozilla - crioci6 BUKOHaHHS 1
30epeKeHHsI CKPHIITIB.

- SIk HajamTyBaTH Ta BUPILIMTH OCHOBHY IIp0o0JieMy OallaHCy CUJI, 110 BKJIKOYAE TPUTOHOMETPIIO.
Scratchpad BuKIHMKa€eTHCS 151 BAKOHAHHS PO3PaXyHKIB.

- Sk mpoJIeMOHCTPYBaTH alIbTEPHATUBHUIA CIIOCIO BUKOHAHHS IPpOoOJieMu B 4acTuHi 1 1 BBeCTH
¢bynkuito JavaScript atan2.

- SIk 3HalTH Aiana3oH nakeTa, 110 MajJae 3 JiTaKa, 10 PYXA€ThCs 3 MOCTIHHOIO IIBUAKICTIO 3
HAXWJIOM TI0 BiIHOIIEHHIO /10 Topu3oHTali. KoHCOMNB javascript BAKOPUCTOBYETHCS [T BUKOHAHHS
PO3paxyHKIB.

- SIK OIiHIOBATH MIBUJKICTh 1 MPUCKOPEHHS 3 ypaxyBaHHSAM aMILUTITYAN PyXY 1 KyTOBOT IIBUAKOCTI -
KyTOBa 4aCTOTa TapMOHIYHOTrO pyxy. Lle Tpoxu mBuaKo i 6pyAHo i, IMOBIpHO, TOTPiOHO
nepepoOUTH /IS TIOBHOTO CYCIUIBHOTO CIIOKHBAHHS.

- SIk aMIUTiTY1a pyXy B CUCTEMax 3 MPOCTHUM FapMOHIHUM PYXOM I10B'Si3aHa 3 TAHI'€HL1aIbHOIO
HIBUAKICTIO CUCTEMH.

- SIk KyTOBa 4acToTa MOB'A3aHa 3 MAcoI0 1 CTAJIOI0 NPYKHOCTI NpykuHU. [okazaHo, sk
BUKOPHUCTOBYBATH JIPKEPEIIO JUIsl BUMIpIOBaHHS 1Heplii 00'ekTa. Lle mpuszHayeHo sk poHoBE Bii€o:
HIIKMX 00YHCIIEHb 3a JOMIOMOTOI0 javascript He 3po0JeHo.

- SIk MaTemMaTrKa 3a MasITHUKOBUM PyXOM TIOB'si3aHa 3 MATEMaTHKOIO B CUCTEMi Mac CTPYH.
3BEpHITH yBary, 10 MOMUJIKAa B 00YHUCICHHI KPYTHOIO MOMEHTY 3po0iieHa, 3adikcoBaHa i
BurpanieHa. Lle npuznaueHo sk GpoHOBE BiA€O: HIIKMX O0YKCIEHb 3a JOMOMOIOI0 javascript He
3po0IeHO.

- Sk BUKOpHCTOBYBaTH 1HCTpYMEHT aHaiizy OpenTrack nms Bizyanizanii CHHYCOIN 1 IK 3MIHIOETHCS
aMILTITy/a, KyTOBa 4yacToTa 1 (haza 3MiHU (GOPMH XBHJI1, siKa 3'sBIIs€ThCs. Cyneprno3ulis Takox
nokpura. Javascript """ HUKIIIB 1 MACUBIB TAaKOX BBOJSATHCS.
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2. Physics Simulations
https://www.myphysicslab.com/
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3. Modeling Physics in Javascript: Gravity and Drag

https://burakkanber.com/blog/modeling-physics-javascript-gravity-and-drag/
This is the first post in the Modeling Physics in Javascript series. As such, we'll need to cover some
introductory material. There are some of you who have real training in physics and calculus. You
may be tempted to scream "that's not the whole story” at me when | explain some concepts, and my
response to you is this: | wish I could cover all the amazing parts of physics and calculus in one blog
post, but I can't. I'll therefore cover only the bits | need. Hopefully, the people reading this will
accidentally learn physics while trying to pick up some cool JS tricks.
Yes, there's a JSFiddle to play with at the bottom of the page!
The Problem
Model a bouncy ball, under the influence of gravity, which can bounce off of horizontal or vertical
walls. Oh, and it experiences air drag.
Not too shabby for day 1! We'll first talk about Newton's 2nd Law, forces, gravity, and a touch of
calculus before we can start coding.
Newton’s 2nd Law
Newton's 2nd Law of Motion basically is physics. It describes how forces interact with macroscopic
objects. If you've ever seen a ball fly through the air, or a car moving, or something rolling down a
hill, or if you've ever felt anything, you know (indirectly) about Newton's 2nd Law.
Newton's 2nd Law looks like this: F = ma.
Well, not quite. It looks more like this: Fnet = ma.
As you can imagine, physics has a manner of starting simple and then getting very complicated very
quickly. The subscript "net" means that the "F" doesn't just refer to a single force, but the sum total
of all forces on the object. The bold "F" and "a" mean that those variables (force and acceleration)
are vectors -- meaning that they exist separately in 3 different directions (X, Y, and Z).
But that's not too bad. If you don't want to do vector math, you can simply rewrite Fnet = ma as the
following three separate equations:

Fx, net = max
Fy, net = may
Fz, net = maz

You may think that having three equations to worry about makes things tougher, but trust me, it
doesn't. Just remember that you have to do the F = ma equation for each direction. We'll very rarely
use the Z direction, so all we really have to worry about stuff happening in the X and Y directions
(left/right, and up/down).
Let's just jJump into a simple example. You have a ball with a mass of 2 kg, and there are three
forces acting on it:
2 Newtons pulling right

4 N pulling left

1 N pulling down
We combine the left and right forces to get our overall Fx, net = -2 N. (4 to the left and 2 to the right
leaves us with 2 left over pulling to the left. The number is negative because in general, we'll
consider "right" to be positive and "left" to be negative.)
And since there's only one force acting in the Y direction, the Fy, net is just -1 N. (Let's say "up" is
positive and "down" is negative -- but only for now. We'll switch that up later. In general, you use
positive and negative signs in a way that makes sense for your specific problem.)
Finally, since our ball weighs 2 kg, we can substitute our numbers into F = ma and get the following
two equations:

-2N =2kg * ax

-1N=2kg*ay
So far, so good. Truth be told, we're really interested in the accelerations here, so we'll just
rearrange:

ax=-2N/2kg

ay=-1N/2kg
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And then I'll tell you that when you divide "Newtons™ by "kilograms" you get "meters per second-
squared™:
ax=-1m/s2
ay=-0.5m/s2
So we had a situation where we know the mass of an object and the forces acting on it. We added up
the forces (assigning negative signs to "left" and "down", causing those forces to subtract instead),
and rearranged to solve for acceleration -- and we did this for both the X and the Y directions
separately. In this example, the ball is accelerating down and to the left, but it's accelerating more to
the left than it is downwards.
(More advanced: sometimes you don't know the X and Y components of a force. It's possible that
you only know about one force that's angled at, say, 30 degrees up from right. In that case, you can
use cosine and sine to figure out the X and Y pieces of that force respectively. We'll do that in a
future article.)
Gravity
Gravity is one of the universal fundamental interactions, along with the electromagnetic, strong, and
weak forces. Gravity causes a force to act on every single object from every other single object, but
fortunately everything works out to simplify nicely if you're on the surface of a planet. On Earth, for
instance, we don't even need to worry about the force that gravity causes, we can just look at the end
result: every single object on Earth experiences an additional downward acceleration of 9.8 m / s2.
That simple.
If our ball from above (that we already solved for) is on Earth and experiencing gravity, then we just
need to modify the ay equation slightly. We'll take the downward acceleration that the force is
causing and combine it with the downward acceleration that gravity causes:
ay=-05m/s2-9.8m/s2
That leaves us with an acceleration of
ay =-10.3m/s2
As you can see, the downward force combined with the acceleration from gravity shoots the ball
downward even faster than either gravity or the force alone could.
So, gravity is simple (if you're on a planet). All you do is modify the ayacceleration to factor in the
downward pull of gravity.
In a future article we'll look at how to model gravity if you're not on a planet (perhaps you are a
planet), but that doesn't come until later...
Aerodynamic Drag
Our ball experiences gravity, but as | mentioned, we don't need to model that as a force; we just plug
it directly into the acceleration result. Drag, however, is a force, and we'll have to model it.
The equation (one of the equations) for aerodynamic drag looks like this:
FD=-05*CD *4 *p *v2

It looks complicated, but when we break it down, it's pretty simple. First off, notice the bold
characters. Like F = ma above, a bold variable means it's actually a vector -- so right off the bat we
can split this into two equations:

FD,x=-05*CD *4 *p *wx2

FD,y=-05*CD *4 *p *vy2
And then we look at each one of those terms above:
CD is the "coefficient of drag”, which is influenced by the shape of the object (and a little bit by its
material). For a ball, this is 0.47, and is a dimensionless quantity.
A is the frontal area or frontal projection of the object. If you look at a silhouette of the object from
the front, this is the area of that shape. For a ball, the frontal area is just the area of a circle, or 7 r2.
p (Greek letter rho) is the density of the fluid the ball is in. If our ball's in air, this value is 1.22 (kg /
m3)
Velocity squared -- since we're looking at this in two directions separately, we use the X velocity
and the Y velocity respectively.



Note the -0.5 at the beginning. The negative sign, with the fact that the equation uses velocity,
indicates that this force pushes in the opposite direction the ball is moving at all times. Because the
velocity is squared it'll always be positive, which means the whole equation will always be negative,
ie, opposite the velocity.

A Touch of Calculus

Calculus, like physics, is amazing and has a wonderful depth that I can't do justice in a blog post.
The "derivative™ in calculus describes how something changes as something else is changing; often
this will be called the "rate of change™. When you drive a car at 30 MPH, your position is changing
by 30 miles every hour. Your position changes as time changes. It can then be said that velocity is
the "derivative of position with respect to time" or simply the “time derivative of position™.

Then we can think about what happens when you speed up or slow down (accelerate). You might
change your velocity by 5 MPH per hour (MPHPH?). In that sense, your velocity is changing with
time, and you can say that acceleration is the time derivative of velocity.

So it starts with position. The derivative of position is velocity. And the derivative of velocity is
acceleration. (The derivative of acceleration is called "jerk", and the derivative of jerk is called
"jounce™.)

Why is this relevant? Because if you know the acceleration of something (5 meters per second per
second), and if you know how fast it's going when you start looking at it (let's say it's not moving at
all), you can figure out where it will be at every moment in the future.

An example: your ball is accelerating at 2 m / s2 (meters per second per second). Let's say it's not
moving at all when you start looking at it, and that the starting point is called x = 0;

Time Accel Velocity Position
0s 2m/s2 Om/s oOm
1s 2m/s2 2m/s Om
2s 2m/s2 4m/s 2m
3s 2m/s2 6m/s 6m
4s 2m/s2 8m/s 12 m
5s 2m/s2 10m/s 20 m
6s 2m/s2 12m/s 30m

And so on. This is the approach we'll use when solving for the motion of our ball, except we'll do it
not once per second but 40 times per second. All we're doing is using our knowledge of the forces to
figure out the acceleration at every frame. Then we use the acceleration and current velocity to
figure out the new velocity. And then we use the velocity and last position to find the current
position.
Writing the Code
Time to dive in. | won't reproduce all the code in snippets, because there's some stuff that has
nothing to do with physics. You'll be able to see the full script at the bottom of the page in the
JSFiddle.
var frameRate = 1/40; // Seconds
var frameDelay = frameRate * 1000; // ms
var loopTimer = false;
var ball = {

position: {x: width/2, y: 0},

velocity: {x: 10, y: 0},

mass: 0.1, //kg



radius: 15, // 1px = 1cm

restitution: -0.7
j3
var Cd = 0.47; // Dimensionless
var rho = 1.22; // kg / m"3
var A = Math.PI * ball.radius * ball.radius / (10000);
var ag = 9.81,;
We set up the frame rate and plug in some physics values. We also create a ball object that stores the
ball's position, velocity, mass, radius, and a number called "restitution”. You'll see later that this
value determines how bouncy the ball is.
Notice here that we've set the ball to be moving at the start of the simulation.
The best part of programming real physics is the fact that you can look up the density of water and
replace the value for rho, and the ball will actually behave as if it's in water! If you program the
physics correctly, then all you have to do is change the constants and the rest follows. Want the ball
to be on the moon? Just change the acceleration due to gravity. Want the ball to swim through
water? Just change the density rho. Want a light, floaty beach ball? Lower the mass and increase the
radius.
Please play with these values in the JSFiddle below. Change rho and the radius and the mass, and
see how physics affects the simulation!
var setup = function() {

canvas = document.getElementByld("canvas");

ctx = canvas.getContext("2d");

canvas.onmousemove = getMousePosition;

canvas.onmousedown = mouseDown;

canvas.onmouseup = mouseUp;

ctx.fillStyle = 'red’;

ctx.strokeStyle = '#000000';

loopTimer = setInterval(loop, frameDelay);
}
The setup function initializes the canvas and sets up a loop that executes every frameDelay
milliseconds. We'll do all the physics and animation in the loop function.

In the loop:

/I Do physics

/l Drag force: Fd =-1/2* Cd* A*rho*v * v

var Fx = -05 * Cd * A * rho * ball.velocity.x * ball.velocity.x * ball.velocity.x /

Math.abs(ball.velocity.x);

var Fy = -05 * Cd * A * rho * ball.velocity.y * ball.velocity.y * ball.velocity.y /
Math.abs(ball.velocity.y);

Fx = (isNaN(Fx) ? 0 : Fx);

Fy = (isNaN(Fy) ? 0 : Fy);

/I Calculate acceleration (F =ma)

var ax = Fx / ball.mass;

var ay = ag + (Fy / ball.mass);

/I Integrate to get velocity

ball.velocity.x += ax*frameRate;

ball.velocity.y += ay*frameRate;

/I Integrate to get position

ball.position.x += ball.velocity.x*frameRate*100;

ball.position.y += ball.velocity.y*frameRate*100;

First off, we calculate the drag forces on the ball. There's a little trick | used to get the direction of
the velocity. Instead of using "if" statements to see if the velocity is positive or negative, | just do:
ball.velocity.y / Math.abs(ball.velocity.y)



at the end of the drag force statements. Dividing a number by its absolute value just leaves the sign.
Other than that, the drag force lines are pretty straightforward. We're just calculating the forces.
After that, we calculate acceleration. Notice that the statement for "ay" is different from "ax".
Gravity only works in the Y direction, so we add that in here. Also notice that in this problem,
"downwards" is positive, unlike the example at the top of the page.
After that, we update the ball velocities with the acceleration times the frame rate. The reason we
multiply by the frame rate is so: the acceleration is given in "meters per second-squared”. But we're
calling this loop 40 times a second (not once a second), so we need to divide by 40 (or multiply by
1/40 in this case) to adjust for the frame rate.
Finally, update the ball positions in a similar fashion. In this case we're also multiplying by 100. If
you look at the ball object definition way above you'll see I commented that "1px = 1cm", so this
*100 is just an adjustment to make everything work out in meters.
Then we handle collisions with the walls:
// Handle collisions
if (ball.position.y > height - ball.radius) {

ball.velocity.y *= ball.restitution;

ball.position.y = height - ball.radius;

if (ball.position.x > width - ball.radius) {
ball.velocity.x *= ball.restitution;
ball.position.x = width - ball.radius;
}
if (ball.position.x < ball.radius) {
ball.velocity.x *= ball.restitution;
ball.position.x = ball.radius;
}
We're just checking to see if the ball has ended up past the wall in this frame. If it has, then we
multiply the velocity in that direction by the restitution coefficient from above. Since that number is
always negative, it'll make the ball reverse direction. If you set the restitution to -1, it'll be perfectly
bouncy, meaning it'll bounce up as high as it started falling from. If you set the restitution to 0, it'll
flop dead on the ground with no bounce whatsoever. And if you set it to something like -2, it'll
bounce even higher than it started. Play with it!
We also modify the position of the ball to just kiss the wall -- this way the ball won't get stuck "in"
the wall. Keep in mind that the ball is moving in discrete motions, and so when it collides with the
wall it's actually overlapping slightly.
Finally, since we want to be able to control the ball with the mouse, we'll add some handlers (not all
code shown here):
var mouseDown = function(e) {
if (e.which ==1) {
getMousePosition(e);
mouse.isDown = true;
ball.position.x = mouse.x;
ball.position.y = mouse.y;
H
}
var mouseUp = function(e) {
if (e.which ==1) {
mouse.isDown = false;
ball.velocity.y = (ball.position.y - mouse.y) / 10;
ball.velocity.x = (ball.position.x - mouse.x) / 10;



If you click and drag the mouse, and let go, you'll create a kind of slingshot effect. This is achieved
not by applying a force to the ball (which you could do), but rather by overriding the velocity of the
ball based on how far you pulled the mouse. I like this approach better because it's easier to apply
than a force. If you were to use a force to move the ball with the mouse, you'd have to apply the
force over a period of time. The "initial velocity" technique above just lets you un-naturally override
the velocity in an instant and let physics figure everything out again.

| hope you learned something! Please fork and play with the code in the fiddle below. Click and
drag the mouse to slingshot the ball.

Note that certain configurations of variables will cause the simulation to become unstable. Try
setting rho = 1000 but leaving the mass at 0.1. The ball should spaz out and blink around the screen.
This isn't a problem with the physics, it's just that we're not running at a high enough frame rate for
the very large drag forces. To solve that problem we would have to increase the frame rate to make
the simulation stable again. Or we could use a different solver (we're using Euler's method here, a
first-degree ODE solver) -- but we won't talk about solvers for a few weeks.

width =

height =

canvas = ctx = false;
frameRate = 1/40;
frameDelay = frameRate *
loopTimer = false;

ball = {
position: {x: width/2, y: 0},
velocity: {x: 10, y: 0},
mass:
radius:
restitution:
1
Cd=
rho = ;
A = Math.P1 * ball.radius * ball.radius / ( );
ag = ;
mouse = {x: 0, y: 0, isDown: false};
getMousePosition(e) {
mouse.x = e.pageX - canvas.offsetLeft;
mouse.y = e.pageY - canvas.offsetTop;
}
mouseDown = (ORY
(e.which ==1) {
getMousePosition(e);
mouse.isDown = true;
ball.position.x = mouse.x;
ball.position.y = mouse.y;
}
}
mouseUp = (ORY
(e.which==1) {
mouse.isDown = false;
ball.velocity.y = (ball.position.y - mouse.y) /10;
ball.velocity.x = (ball.position.x - mouse.x) /
}
}
setup =
canvas = document.getElementByld(“canvas");
ctx = canvas.getContext("2d");

canvas.onmousemove = getMousePosition;
canvas.onmousedown = mouseDown;
canvas.onmouseup = mouseUp;



ctx.fillStyle = 'red’;
ctx.strokeStyle = '#000000';
loopTimer = setinterval(loop, frameDelay);

var loop = function() {
if (! mouse.isDown) {

var Fx =-0.5* Cd * A * rho * ball.velocity.x * ball.velocity.x * ball.velocity.x / Math.abs(ball.velocity.x);
var Fy =-0.5* Cd * A * rho * ball.velocity.y * ball.velocity.y * ball.velocity.y / Math.abs(ball.velocity.y);

Fx = (isNaN(Fx) ? 0 : Fx);
Fy = (isNaN(Fy) ? 0 : Fy);

var ax = Fx / ball.mass;
var ay = ag + (Fy / ball.mass);

ball.velocity.x += ax*frameRate;
ball.velocity.y += ay*frameRate;

ball.position.x += ball.velocity.x*frameRate*100;
ball.position.y += ball.velocity.y*frameRate*100;

}

it (ball.position.y > height - ball.radius) {
ball.velocity.y *= ball.restitution;
ball.position.y = height - ball.radius;

it (ball.position.x > width - ball.radius) {
ball.velocity.x *= ball.restitution;
ball.position.x = width - ball.radius;

it (ball.position.x < ball.radius) {
ball.velocity.x *= ball.restitution;
ball.position.x = ball.radius;

}

ctx.clearRect(0,0,width,height);

ctx.save();

ctx.translate(ball.position.x, ball.position.y);
ctx.beginPath();

ctx.arc(0, 0, ball.radius, 0, Math.PI*2, true);
ctx fill();

ctx.closePath();

ctx.restore();

it (mouse.isDown) {
ctx.beginPath();
ctx.moveTo(ball.position.x, ball.position.y);
ctx.lineTo(mouse.x, mouse.y);
ctx.stroke();
ctx.closePath();

}
}
setup();
4. Physics in Javascript: Rigid Bodies -- Part 1 (Pendulum Clock)

https://burakkanber.com/blog/physics-in-javascript-rigid-bodies-part-1-pendulum-
clock/

5. JavaScript Physics with Matter.js
https://codersblock.com/blog/javascript-physics-with-matter-js/
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