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1. BBEJIEHHUE

1.1. HammeHnoBaHue

HanmenoBanue - «IIporpamma monenupoBanus akTUBHOTO HbI0TOHOBCKOTO
B3aMOJEHCTBUIY.
1.2. OcHoBaHue 11l pa3padOTKH

[Tpukaz HUY BIID No 6.18.1-02/1912-10 ot 19.12.2014. Ha3BaHnue paboTHhI:
«[IporpamMmma mMozeIMpoBaHHs aKTUBHOTO HBIOTOHOBCKOTO B3aMMOICHCTBUSD.
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2. HABHAYEHHUE U OBJACTDb IPUMEHEHMUSA

2.1. HaznayeHue NporpaMMsl

[Tporpamma mozpenupyer Hpl0OTOHOBCKOE B3aMMOAEHCTBUE HEOECHBIX TEN B PEXHUME

peanbHOro BPEMEHU MO 33JIaHHBIM IMapaMeTpam ¢ rpaguueckuM oToOpakeHHe mpolecca.

2.2. Kparkasi XxapakTepucTHKA 00/1aCTH PUMEHECHUSA

HporpaMMa npeaHasHadcHa MOJA 3aaad CBsA3aHHBIX C MOIACIHUPOBAHUCM

IPAaBUTALIMOHHOTO B3aMMOJCWUCTBUS HEOECHBIX TEJ C 3aJaHHBIMU TapaMeTpaMu:
KOOPJAWHATHI, CKOPOCTh, Macca. [IporpamMma MOXET HCIOJB30BAThCS MPU OOYUCHUH

ACTPOHOMUH, JIA HCCICAOBAHUA KOCMOCA, OCBOCHHA OKOJO3EMHOI0 IPOCTPAHCTBA,

BBIYMCIICHUA TpaCKTOpI/Iﬁ 110JIETOB HEOECHBIX TEJI.
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3. TEXHUYECKHUE XAPAKTEPUCTUKH

3.1. IlocTanoBKa 32124 Ha Pa3padOTKY NPOrpaMMbl

PaspabatpiBaemast mporpaMma J0JIKHA:
1) 3arpy>xarb Mojenu 13 ¢Gpanos;
2) MpOU3BOUTH HEOOXOAMMBIC BEIYUCIICHUS KX AbIH IIar MHTEPTPAIIMHA MOJICIIH;
3) B peKHUMe peaslbHOTO BPEMEHH OTOOPaKaTh MOICIb B Tpa)uecKoM MpeCTaBICHHH U
BBIBOJIUTH BRIOPAHHBIC MOJIL30BATEIEM KOHKPETHBIC YHCIICHHBIC XapaKTePUCTUKH.

3.2. Onucanue aJIropuTMa NporpamMmbl

Jlnst pa3BUTHSI MOJIETM B PEXHUME peajJbHOTO0 BPEMEHHU MporpaMma uepes KaKhe-TO
IPOMEXYTKH BPEMEHHM IPOU3BOAUT BBIUMCIEHUS B3aUMOJEUCTBUS HEOECHBIX TeEI,
U3MEHEHHsI UX CKOPOCTEH M KOOpAMHAT 1o BpeMeHH. OOpartuTe BHUMaHUE, WHTEPBAJbI
MEX/1y BBIUMCICHUSMU U BBIUUCIISIEMbIE MHTEPBAJIbl (Ha3bIBa€MbIE IIIATOM WHTErpaliu) —
pa3Hble XapaKTePUCTUKH.

[To Bropomy 3akoHy HploToHa cymma Bcex CHJI, BO3JIEHCTBYIOIIMX Ha TEJNO, paBHA
NIPOU3BEICHUID Macchl Ha yckopeHue: F = ma. dopmyna rpaBUTAllHOHHOTO
B3aumozeiicTBust aByx Tein: F = GmM / R™2. Tlpu uHTErpupoBaHUM IMOJIy4aeM, YTO
U3MEHEHHE CKOPOCTH PAaBHO MPOM3BEACHUIO YCKOPEHMs Ha mar uHTerpauuu: dv = at.
[ToncraBuB umeromuecs ¢opmyasl nomydaeM: dv = tGM/ R”2. VI3meHeHue e CKopocTH
PaBHO MPOMU3BEICHUIO CKOPOCTH Ha IIar UHTerpauuu: ds = vt.

JlJis KOHEYHOTO pe3ysibTara HEOOXOAMMO NPOBECTH BBIYUCIIEHUS CHJI BO3JACHCTBHS
JUIA BCEX TMap MMEIOIIUXCs HEOSCHBIX TeJl, Cpasy e B MPOEKUHUAX Ha KOOPAHMHATHBIE OCH, U
CJIIOKHTH UX, YTOOBI 3aT€M BBIYHCIIUTh U3BMEHEHHE CKOPOCTU U KOOPUHAT.

[Ipu pa3zpaboTke mporpaMMbl Hcmoiab3oBanics narrepH Model-View-Controller. On
Obur BbIOpaH g 3(Q(EeKTHBHOM M ymOOHON pa3pabOTKM MOIENH TMpolecca H €ro
otoOpaxeHus Ha ’kpaHe. [Ipu 3ToM KOHTpoOILIEpoM ciykuT kiacc Solution. [Togpobreit ¢
ATUM MOXKHO O3HakOMHUThcs 1Mo UML-muarpammam KiaccoB OTOOpaK€HUSI U MOJENU
nporpammsl [cum. [Ipunoxenue 3, 4].

HUcxonsa w3 MoaeaupyeMbIX MNpPOLECCOB, JIsI XpaHEHUs MacCc U KOOpAUHAT
MCIIOJIb30BaH THUII JIBOMHOM TOYHOCTH C MJ1aBarolei 3ansaroil Double.

Pannyc Ten ucnonb3yercs B ABYX Ha3HaueHMsX. Bo-nepBbIX, Mg OTpUCOBKU. Bo-
BTOPBIX, MpPH COMMKEHUH Ten OOoJsble, YeM Ha CyMMY HX DPaauyCOB, BBIYHCICHHUS HUX
B3aMMOJICHCTBUS HE MPOU3BOMASITCS.

B nporpamme taxke cronb3yercs rpaduueckas oubnuoreka ArtBoard, HanucanHas
TEM € aBTOPOM, MPEJOCTABIAIONIAs IIUPOKHE (PO3MOXKHOCTH Al yAOOHOH paboThI C
rpadukoii Ha mnardgopme MacOS c ucnonb3oBanueMm si3pika CH.
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3.3. Bxoanblie U BBIXOAHBIE JaHHbBIE

B mnporpamMe monp3oBaTenb OTKpBIBAaeT ini-paiinbl coOcTBeHHOTO ¢dopMmara
nporpammbl [cM. [Ipunoxenue 2]. B aTux Qaitnax HaxoasTcs mapameTpbl MOJEIUPYyEeMOn
CUCTEMBI U ONMCaHUS HEOECHBIX TEII.

Brraucnsiemass Mozienns 0TOOpaXkaeTcsi B peKMME peanbHOTO BpeMeHu. Ha rmaBHOM
OKHE JIBa 3kpaHa. B GonbIioM 0ToOpa)kaeTcsi BCS CUCTEMa OTHOCUTENBHO Hauajia KOOpuHaT
B pasMmepe, 3arpykeHHOM u3 ¢aitna. B MeHblmiem skpaHe oToOpakaercs BbIOpaHHOE
HeOecHOe TeJIo ¢ NPUOIMKEHNEM TaKKe 3HAYalIbHO 3arpyKEHHBIM U3 (ailia.

OTtoOpakaemble HeOeCHBbIE Tella UMEIOT LiBeTa. TpaekTopusi 0ToOpa)kaeTcsi Kparamu
MEHBUIETO pa3Mepa TOro K€ LBETA, CIETYIOLIMMHU 32 TEJIAMU.

[Tpu Ha)kaTHM JTE€BOM KHOIKOM HA Majblii 3KpaH OTKPBIBAETCS OKHO, OTOOpaXKaromiee
YHCJIEHHbIE XapaKTEPUCTUKU BHIOPAHHOTO Tesla. B HEM moJoXkeHue U CKOPOCTh Tela MOKHO
NoJlyyaTb B BHUJE MPOCKIUNH HAa OCH WJIM BEKTOPOB, MOXXHO BBIOPATh OTHOCHUTEIBHYIO
CHUCTEMY OTCUETA UJIU LIEHTPAJIBHYIO.

[Ipu Ha)kxaTuu 7€BOM KHOMKOW MBIIIM HA TJIIABHOM JKpaHe Onrpkailliee K Kypcopy
TeJIO cuuTaercs BbIOpaHHbIM. [Ipu HakaTUM MpaBOd KHOMKOW MBIIIM OJmKaiiiiee Teso
CUMTAETCSI HOBBIM LIEHTPOM OTHOCUTEJIbHOM CUCTEMBI OTCUETA.

B xome paborbl mporpaMMbl MOJb30BaTellb HWMEET BO3MOXKHOCTH MEHATH IlIar
MHTErpaluu, 4aCTOTy BBIYUCICHUI U YaCTOTY CO3/IaHUSI IIArOB TPACKTOPHH.

Cuctema KOOpAMHAT PACIONIOKEHA cleaylommM odpazom. Llentp e€ nHaxomutcs B
LEHTPEe OTOOPAKEHHsI ITIABHOTO 3KpaHa oTprucoBkH. Ock X HampasiieHa BIpPaBo, Y — BBEpPX,
7 — TNepHeHAUKYISIPHO 3KpaHy BBepX. BblumMclieHHs MoJenu MPOUCXOAAT B TPEXMEPHOM
npoctpaHcTBe. [Ipu oTpricoBke Z KOOpAMHATHI HEOECHBIX TEJ BIMSIOT TOJBKO HA MOPSJIOK
OTPHUCOBKH: T€, YTO UMEIOT OOJNbIINE Z-KOOPAUHATHI, TO €CTh HAXOAATCS ONMKe, pUCYIOTCS
MOCJIEIHUMHU, IEPEKPBIBAs TE, YTO AAJIbIIE.
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3.4. CocTaB TeXHHYECKUX U NPOrPAMMHBIX CPEICTB

Jl71st paboThI IpOorpamMmbl HEOOXOIUM CIIEIYIOIINI HA0Op TEXHUYECKHUX U
MPOrPAMMHBIX CPECTB:
* Komnsrorep ¢ Mac OS X Bepcun 10.9.4 unu Boie.
* OneparuBHas namsate: 256 Mb unu 6onee.
* He menee 32 Mb Ha xECTKOM JIHCKE.
* MonoMac Framework. Cxauath MOXHO Ha O(DHIIMAIIEHOM caiiTe pa3paboTyrKa:
www.mono-project.com/download/
» Paszpemenue skpana He meHee 1056*706 (pa3Mep II1aBHOTO OKHA MTPUIIOKEHUSA).
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4. O KUJAEMBIE TEXHUKO-9KOHOMMNYECKHE
HHOKA3ATEJIN

AHanmu3 CyIIECTBYIOIIMX MPOTPAMMHBIX TMPOMYKTOB B ceTH WHTEpHET HA MOMEHT
CO3/IaHMsI TIPUJIOKEHHUS TIOKa3aj, YTO JaHHAs MporpaMma HE YCTYMaeT WMEIOIIUMCS
OecriaTHBIM aHajoramM 1o (QyHKIMOHaIBHOCTU. [Iporpamma MopenupoBaHUS aKTUBHOTO
HpI0TOHOBCKOTO B3aUMOJECHCTBUSL SIBISETCSI OECIUIATHOM M MOXET PACIpPOCTPAHITHCS B
CBOOOJTHOM JIOCTYTIE.
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INPUJIOKEHHUE 1

CIIUCOK UCHOJB3YEMOU JIUTEPATYPbBI

Metoanueckue ykazaHus o pazpaboTke nporpaMMHoi nokymeHTanun / MATH —
Poccuiickuii ['ocynapcTBeHHbIN TEXHOIOrMYECKU YHUBEPCUTET UM.
K.D.Muonkosckoro — CocraButens C.M. Apnommun 1997.

I'OCT 19.201-78 Texnuueckoe 3aganue. TpeboBaHUS K COACPIKAHUIO U
odopmnenuro. Equnas cuctema nmporpamMmmHoi jokymenTtanuu. — M.: UTTK
W3narenscTBO cTangaptos, 2001.

XapakTtepucTuku maaHeTbl COMHEYHON CUCTEMBI [ DNEKTPOHHBIN pecypc]:
http://www.allplanets.ru/solar_sistem.htm

Xamarin.Mac guides [DnekTpoHHBIN pecypc]:
https://docs.xamarin.com/guides/mac/

Microsoft Developer Network [9nexTpoHHBIH pecypc]:
https://msdn.microsoft.com

N3m.

Jluct Ne nokym. Ilonm. [Hara
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INPUJIOKEHUE 2

D®OPMAT BXO/IHBIX JJAHHBIX

[TporpaMMma f0JKHA OTKPBIBAaTh CHELMAIbHbIE TEKCTOBbIE (ailiibl ¢ paciiupeHueM «ini». B
HUX Ha KaXJOW CTPOKE MOXKET HaXOAMUThCS He Oojee oqHOM koMaHjabl. KomMaHIbl mpeacTaBisioT
co00i1 CHMBOJIbHBIE NTOCJIE0BATEIbHOCTH — HEKOTOpPbIE 3HAYCHMsI, pa3/ieiaéHHble npodenamu (Bce
3HAUEHMs, KPOME Ha3BaHUS HEOCCHBIX TeJl, SBIAIOTCA ACCATUYHBIMU 4uciaaMmu). [lepBoe uncino —
LEJTIOUYHUCIICHHBIN MHJIEKC KOMaH/bI, KOTOpBIN omnpenenser e€ nercrBue. Kaxnas KoMaHaa MMeEeT
4ETKO 3a/JaHHOE YUCJIO apTyMEHTOB M UX 3HaueHMi. Taxke Bce KOMaH/bl UMEIOT KpaTKUe Ha3BaHHUS,
UCIOJIb3yeMbIe B JIor-(aiiie; Janee OHU MPUBEIEHBI B CKOOKAX.
Cnncok KoMaHzx:
— 3arpy3ka napaMmeTpoB cucTeMsl (Settings)
0 <pa3mep cucTembl, KM> <maciTal TeJ Ha IIaBHOM JKpaHe™> <MacIluTad Tesl Ha BTOPOM
9KpaHe> <yBEJIMYCHHE Ha BTOPOM DJKpaHe> <IIar HHTErpalyu, Yachl> <4acToTa
BBIYMCIICHUS™ <4acTOTAa OTPUCOBKHU TPAEKTOPUN>
— Co3znanue HebecHOro Tena B AyMepHoi miockoctu (Body2D)
1 <x> <y> <paamyc, kMm> <macca, 10"20kr> <x-cKopocTb, KM/c> <y-CKOPOCTb, KM/C>
<1BET> <Ha3BaHUEC>
— Co3pnanue Tena B TpéxMepHoM npoctpanctse (Body3D)
2 <x> <y> <z> <paauyc, kM> <macca, 10"20kr> <x-cKOpocCTb, KM/C> <y-CKOpPOCTb,
KM/C> <Z-CKOpPOCTb, KM/C> <IIBeT> <Ha3BaHHE™>
— Coznanue Tena ¢ BeKTopHbIME mapamerpamu (BodyVec)
3 <paccTosiHuE 10 LEHTpa, KM> <yroil X"y, rpafycbl> <yroi z"‘Xy, rpaaycel> <paauyc,
KkM> <macca, 10"20kr> <Moxyiab CKOpOCTH, KM/C> <yrois X"y, rpagycbl> <yroi zXy,
rpagychr> <uBeT> <Ha3BaHUE™>
— Coznanue «mrycroro» tena (BodyFree)
6 <panuyc, kM> <macca, 10"20kr> <uper> <Ha3BaHUE>
— JloGaBieHne BEKTOpa MPOCTPAHCTBA MOcheaHemMy coznanaomy tery (AddPos)
4 <mozmynb paccTOsIHUS, KM> <yroiq X"y, rpagycbl> <yroi z"Xy, Tpaaycbl>
— JloGaBieHune BEKTOpa CKOpOCTHU TocienneMy cozganHomy Tery (AddSpeed)
5 <MOJyNb CKOPOCTH, KM/C> <yroiq Xy, Tpatycbl> <yroi z"Xy, rpaaycbr>
NmMena HEOECHBIX TENI MOTYT COAEpXaTh JIFOObIE CHUMBOJBI KpoMe Mpobena (OgHAKO HE
PEKOMENYIOTCS TIOCIEA0BATENEHOCTH OobIe 16-TH 3HAKOB).
Jlnia ykazaHusi IBETOB MCHoONb3yroTcs uHaekcewl: 0-yellow, 1-orange, 2-light gray, 3-
blue, 4-red, 5-gray, 6-brown, 7-cyan, 8-green, 9-white.
BrinmonHenue Bcex KOMaH[, YCIHEIIHOE WM HEeT, oToOpakaercs B Jjor-Qaite. Bo
BTOPOM CJTy4yae TaKKe BBIBOAUTCS KPAaTKOE MOSICHEHUE K OITUOKE.
CTpoku, HaYMHAIONIMECS HE C YMCJIA, CUYUTAOTCA KOMMEHTAPHUSIMHU U BBIBOISTCS B
nor-daiisn 6e3 u3MEeHEeHU.

Nzm. Jluct No mokym. Tlonm. Jara
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INPUJIOKEHHUE 3

UML-aunarpamma oTo0paskeHus MporpamMmmMbl

PresentBase
Solution:Sol
double: TimeDis play
Draw( )

Salution
NSApplication: App
Model:Mod
Body : Target
Body:Target2
PresentMain:PMain
PresentTarget:PTarget
*double:DT
*double:SA
*double:S5
double: TimeStep
double: TimeAct
*Body:Bodies
double:Size
bool:ShouldDrawPath
DoAct()

DoStep()
Mearest(*double arr: double val)
PMainSliderDT(int val)
PMainSliderSA(int val)
PMainSliderSS(int val)
NewTarget(double x: double y)
NewTarget2(double x: double y)

PTargetOpen()
PTargetClose()
PMainSliders Update()
PMainTextsUpdate()
PMainSurfaceUpdate()
Open()
PresentMain
MainWindowController: Ctrl
SightCamera:Surface
PresentTarget , E;hgleht:amera;SuE;eS:;H :
ouble:Approx:Scale:ScaleSma
TargetWindowController: CtriTarget PP Draw()
cD:w() NSWindowController SetSurface()
Us(e)() SetSliders(int dtv:int sav:int ssv)
P SetTexts(double DeltaTime
double TimeAct: double TimeStep)
SurfacePressed(PointF pnt)
SurfaceRPressed(PointF pnt)
TargetWindowCentroller MainWindowControlier
PresentTarget: Present Solution Sol
Nzm. Jluct No mokym. Tlonm. Jara
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INPUJIOKEHUE 4

UML-auarpaMmma mMojae/ i NporpamMmmbl

| Solution |
A
FileLoader
double: TranslateTime
*NSColor:Colors
bool:Log
*StringProcess: Methods
Model: Med
bool: SetDone
double sc:scs:ap:ta:ts Model
) Model: Global
strmg:Name - double: Depth:DeltaTime:Size: Days
DataParse( *string input *Body:Bodies
ref *double ocutput: int length) Body:Last
DataParse(*string input ’
Nearest{double x: double y)
ref *double output)
SummaryIm puls e out double x
Bound(double number out double y: out double 7)
double min: double max) DoAct(int count)
LoadSetting{ *string data) DoStep()
LoadBodyFree("st_rlng data) BodyAdd(double x: double y: double z
LoadBody2D( *string data)
) double r: double m: double xs
LeadBody3D(*string data) double ys: double zs: NSColor clr)
LoadBodyVector(*string data)
AddPosition{ *string data) ¢
AddSpeed(*string data)
Load() Return()
GetSetting(ref double SC: ref double SCS:
ref double AP: ref double TA: ref double TS)
FileLoader(string filename)
Body
static double:G
Path string: Name
*Step:Steps double: Mass
double:Radius EEEE— double: Radius : X:Y:Z
NSColor: Color double: Xspeed:Yspeed: Zspeed
AddsStep(double x: double y: double z) NSColor: Color
Draw(SightCamera canvas : double scale) Path: Path
double:XPos:YPos: ZPos
double: XSpeed:YSpeed: ZSpeed
double: Speed: Weight
AddPosition{double x: double y: double z)
Step AddSpeed(double xs: double ys: double zs)
float: ChangeTime DistanceTo(Body other)
double: X:v:Z Move()
bool: Dead Interact{ Body other)
double: Change Draw(SightCamera canvas: double scale)
Draw(SightCamera canvas DrawPath(SightCamera canvas: double scale)
double scale:double r:NSColor clr) Step()
Nzm. Jluct No nokywm. Tlonm. Jara
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