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OO0’eKT JOCTiUKeHHAA: MeTOoaW, miaxoan Ta iH(popMamiiHI TEXHOJOrII,
BHUKOPHCTOBYBaHI sl PO3POOKH irpOBOTO MPOrPaMHOTO 3a0e3MeUeHHs ISl IPUCTPOIB,
110 mpaioTh Ha riardopmi Android.

IIpeameT nocCTiIzKeHHS: TIPOLIECH CTBOPEHHS JBOMIPHOTO irpPOBOTO 3aCTOCYHKY
KaHpy "mrytep" ms miardgopmu Android.

Meta po00oTH - aHAI3 METOIB 1 TEXHOJIOTIH po3poOku KoMI'toTepHOi 2D rpu
qutst atopmu ANDROID.

Pesynbratn podorn. Ha OCHOBI CTaTHCTHYHUX JaHUX N0 Tpoaaxax OyB
oOpaHuii sxaHp MOOUITFHOT TPH 1 J]aHa OIIHKa IOITYJISPHOCTI MOOUIBHOT IUIaT(opMH, Imij
Ky BEICThCS po3poOka. CTaTUCTHYHI JaHI HaJaHI JOCTIIHAMHU i KOHCAJITHHTOBUMH
KOMIIaHISIMH, 1[0 CIEIIai3y0ThCsl Ha PUHKAxX iH(opMarliiHux TexHonoriid. Jlo cramii
MIPOEKTYBAaHHS 1 MpOrpaMyBaHHs, MporpamHe 3abe3nedeHHs Oyno kiacudikoBaHO 3a
npu3HaYeHHsIM: pobota 3 rpadikoro Cocos2d 3.14, pobora 3 xogom Microsoft VS22 i
pobora 3 ¢izuunum cBitoM Box2d. 3 orsimy Ha oOMexkeHHs, BiI0OpaXKeHi B KOHIICTIIIT
TpH, OCHOBHMMH BHUMOTaMH OyiIM BapTiCTh, (QYHKIIOHAIBHICTE 1 3pYy4HICTH
BuKopucTaHHs. Jlist MiHiMi3anii yacy po3poOku Oynu oOpaHi 10JATKOBI iHCTPYMEHTH
s pobotu 3 pecypcamu TexturePacker i 3 Buximaum komom GitHub. OcobnuBy yBary
OyITo TIPHUIITICHO amamnTarlii rpy mix pi3Hi npuctpoi. ['padiuni pecypcu Oy po3miieHi
Ha TpU KaTeropii: assets / small, assets / normal i assets / large uist 3MeHIIEHHs BTpaTh
AKOCTI 300pakeHb TNpu MaciuTaOyBaHHI. B pe3symprari, 3 MiHIMAIbHO MOXIHUBUM
30UTBIICHHSIM HEOOXiHOT Mmam'siTi JAJIsl TPH, BOAIOCS OTPUMATH SIKICHE 300paKeHHs Ha
JeBaiicax 3 Pi3HUM J03BOJIOM €KpaHy.

BWCHOBOK. PesysnbraroM BHKOHAHHs 3aBIaHHS PO3POOKH MOOLIBHOTO JOAATKY
OC ANDROID KOMM’t0TePHOT 2D rpu crana rpa «CKaxeHi Kyai» i [Ba HE3aJIEKHUX
moxyisi: DebugDraw i PhysicsSystem.

KimodoBi cioBa: ANDROID, 2D TIPA, UHTEP®ENC, T'PAGIYHUIMI
JABMXKOK, TI'PA®IKA, MOBUIBHUM IIPUCTPIM, MICROSOFT VS 2022 ,
COCOS2D 3.14, BOX2D, TILED, TEXTURE PACKER, GITHUB.
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ANNOTATION

Hruzin Roman

Theme: Analysis of methods and technologies for developing a 2D computer
game for the ANDROID platform.

Speciality: 121 "Software Engineering".

Institution: Luhansk Taras Shevchenko National University (LTSNU), 2024
year.

Master's work of: 64 p., 36 im, 37 sources.

A research object of: - methods, approaches and information technologies used
to develop game software for devices running on the Android platform.

The article of research- processes of creating a two-dimensional game
application of the "shooter" genre for the Android platform.

An aim of research is - analysis of methods and technologies for developing a
2D computer game for the ANDROID platform.

Job performanes. Based on sales statistics, a mobile game genre was selected
and an assessment of the popularity of the mobile platform under development was
given. Statistical data provided by research and consulting companies specializing in
information technology markets. Before the design and programming stage, the
software was classified by purpose: working with Cocos2d 3.14 graphics, working with
Microsoft VS22 code, and working with the Box2d physical world. Given the
limitations reflected in the game concept, the main requirements were cost, functionality
and usability. To minimize development time, additional tools were chosen to work with
TexturePacker resources and GitHub source code. Special attention was paid to the
adaptation of the game for different devices. Graphic resources have been divided into
three categories: assets / small, assets / normal and assets / large to reduce the loss of
image quality when scaling. As a result, with the minimum possible increase in memory
required for the game, it was possible to get a high-quality image on devices with
different screen resolutions.

Conclusion. The result of the task of developing a mobile application for the
ANDROID OS of a 2D computer game was the game "Crazy Bullets" and two
independent modules: DebugDraw and PhysicsSystem.

Keywords: ANDROID, 2D GAME, INTERFACE, GRAPHICS ENGINE,
GRAPHICS, MOBILE DEVICE, MICROSOFT VS 2022 , COCOS2D 3.14, BOX2D,
TILED, TEXTURE PACKER, GITHUB.
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BCTYI

CrorofiHi cMapT(OHH CTaTM HEBII'€EMHOI YAaCTUHOIO JKUTTS CYYaCHOI JIFOAUHH 1
3aJI0BOJILHSIOTH i1 Haiinepii notpedu. Lli MoOiIIbHI MPUCTPOT HAJAFOTH MOMIIUBICTH ON-
line cminkyBaHHS Ta qocTymy A0 IHTepHeTy, ajie X BHKOPHUCTaHHS HE OOMEXYEThCS
aunre MUMU acnektamu. ChorogHi cMapT(OHHU TO3BOJIAIOTH HABYATHCS, PO3BAKATUCH,
CTe)KUTH 3a 3JI0pOB'AM 1 MMOYyBaTucsi KOM(OPTHO B CBiTI BHCOKMX TEXHOJIOTIH, IO
MNOKPALIYIOTh SIKICTh KHUTTA. KpiM TOro, BOHHM JOIOMAararTh 3a0MaJUTH Yac, IO €
HAJ[3BUYAIHO BOXJIMBUM. YCe€ 1€ CTa€ MOXJIMBUM 3aBISKH MOOUTBHUM 3aCTOCYHKaM -
MporpaMHOMY 3a0e3IeueHHI0, po3pobieHoMy Ui poOOTH Ha MOOITBHUX HPUCTPOSX,
TakuX SIK cMapTOHU Ta IwIaHmeT. [lepii MoOiIbHI 3aCTOCYHKH BUKOPHUCTOBYBAITHCS
NEPEBAXKHO ISl IEPEBIPKU eNEKTPOHHOT MOLITH, ale X MOMYJISPHICTh Ta BUKOPUCTAHHS
PO3LIMPHIINCS B PI3HUX cdepax, BKIIOYAIOUH iTpH, po3Baru Ta 6i3Hec. B 3anexxHocCTI Bif
METH TIPOCKTy pPO3PI3HSAIOTH KibKa THITIB MOOUTPHUX JOAATKIB, BKIIOYAIOUU
KOPIOPaTHBHI, KOHTEHTHI, YTWIITH Ta irpu. | came po3mMpeHuid pUHOK MOOLIBHUX
JIONATKiB, 30KpeMa IrpoBHX, CTaB KJIIOYOBHM apryMEHTOM il BHOOpY TeMH
DOCNiOXXEeHHS.

Po3poOka MoOiIIBPHUX HOAATKIB Ajsl omepaniiiHoi cuctemu Android € ogHuM 3
MOMYJISIPHUX HANpsIMKIB cydacHuX [T-TexHomoriid. 3anutT Ha MOPTATHBHI MPUCTPOT Ha
PHHKY TEXHIKH 3pOCTa€, TOMY pPO3POOHHKH aKTHBHO CTBOPIOIOTH IMHUPOKUH CHEKTP
npodeciitaux moxatkiB i mux mwiatgopm. OC Android BcTaHOBIICHa Ha MUTbIOHAX
MIPUCTPOIB, TAKUX K cMapT(OHU, KOMYHIKaTOPH, TUIAHIIETH, HETOYKH 1 6araro iHIIUX.
OpuumMm 3 ocHOBHHMX mepeBar Android € foro BiZKpHTICTH Ta O€3KOIITOBHICTB, IO
JIO3BOJISIE KOXKHOMY KOPHCTYBaue€Bi BCTAHOBIIIOBATH PI3HOMAHITHI OAATKH, BKIHOYAIOUH
irpu, Gi3HEC-3aCTOCYHKH, MPOTPaMH JJIsl CIIJIKYBaHHS, BiJJ€O3B'S3KY, Meia-pecypcis,
3MI ta onmaiiH-pecypciB. Bubip gomartkiB maibke HeoOMexenuit. Kpim Toro,
PO3pOOHHMKH HAJAIOTh 3pyYHUH HaOip IHCTPYMEHTIB U CTBOPEHHS JONATKIB 1 00pe
nokymenroBane SDK (Software Development Kit).

OO0’€KT HOCTIUKEHHSI: METOOM, WiAXoau Ta iHGOpPMAaLidHI TEXHOJOTII,
BHUKOPUCTOBYBaHI ISl PO3POOKH irpOBOTO MPOrPaMHOTO 3a0e3MeUeHHs ISl IPUCTPOIB,

110 mpamtooTh Ha iargopmi Android.
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IIpeaMeT MOCTiIZKEHHS: TIPOIICCH CTBOPEHHS JBOMIPHOTO irpPOBOTO 3aCTOCYHKY
aHpy "mrytep" s minargopmu Android.
Meta po6oTH - aHaNI3 METOIB 1 TEXHOJIOTIH po3poOku KoMIT'toTepHOi 2D rpu
quts iatgopmu ANDROID.
J1Jist TOCSITHEHHSI TIOCTABIIEHOT METH HEOOX1IHO BUPIIIUTH HACTYIIHI 3aBIAHHS:
1. CdopmyimroBaTi KOHIICTIIIIIO TPH;
2. TlpoBectu aHani3 Ta oOpaTu mporpamHe 3a0e3nedYeHHs s peanizarii
koMIT 1oTepHoi 2D rpy;
3. Pospobutn moGinmeamit nomarok OC Android xomm’torepHoi 2D rpu
3acobamu Microsoft Visual Studio.
MeToau q0CTiTKEHHS - TEXHIKO-SKOHOMIYHUH 3 BUKOPHCTAHHAM KOMIT'FOTEPHUX
TEXHOJIOT1i, TEXHIYHUI aHaJi3, METOI MOJICIIOBaHHS iH(QOpMAaLiHHUX IPOLIECIB.
[Mepmmii po3in BU3HAYa€ MOHATTS KOHIEMIii. Ha OCHOBI CTATUCTUYHUX TAHUX
no mpopaxax OyB oOpaHMi »aHp MOOUIPHOI TpH 1 JlaHa OI[iHKAa MOIYJISPHOCTI
MOOUTEHOT TUTaThOpPMHU, TiA SKy BeleThes po3poOka. CraTUCTHUHI JaHi HamaHi
JIOCHITHUMHA 1 KOHCAJITHHIOBUMH KOMIIAHISIMH, IO CIEI[ali3yl0ThCsl HAa pPUHKaX
iH(pOpMaLiTHUX TEXHOJIOTIH:
- Gartner;
- SurveyMonkey Intelligence;
- Shared2you.
Jpyruii po3ain npucBsiueHuid BUOOPY HEOOXiAHOTO MPOTrPaMHOro 3a0e3MeYeHHs
Ut po3pobku rpu. [Ipu BuGopi BpaxoByBamucs psa Bumor ao 10 i oOmexeHHs, sKi
Haknazae chopMynboBaHa B MEPILIOMY PO3/IiTI KOHIIEHIIISI TPH.
VY TpeTbOMy pO3[illi, IPUCBIYECHOMY MPOEKTYBAHHIO Ta KOHCTPYHOBAaHHIO TpH,
Oynu BuJUIEHI jonaTkoBi mig3afadvi. [Ipu BupimeHHI Takux mig3anad, sk «peajizaris
IrpOBOTO INTYYHOTO IHTEJEKTY» 1 «po3poOKa OCHOBHOTO IrpoBOTO LUKIY» OyiH

MOPYIICH] aCMeKTH 3 IHIINX 00JIacTel 3HaHb: POOOTA 3 BEKTOPAMHU 1 3TJIa/IXKYBaHHSL.
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PO3IILJI 1
O CTAHY IMTAHHSA TA JETAJIIBALISA 3AJJAY PO3POBKHM
[Ipu ctBopeHHi irop Ha MOOIBHI IUIATQOPMU Ha IOYATKOBHX eTarax
MIPOEKTYBAaHHS HEOOXITHO UITKO omucath KoHuenmiro rpu. Konmemmis mpoekty [1] -
Horo omwc, 110 Jae iHGopMaIliio Mpo Te, K B 33JJaHUX YMOBAX MPOEKT 33J0BOJHHHUTH
Hpe'sBICHAM 0 HhOr0 BUMOraM. KoHIlemIlisi, B CBOKO Yepry, pO3KpHBAaE TaKi MOHATTS,
SK irpoBa MexaHika (reiMIuieii) - irpoBUi TpoleC 3 TOYKH 30pY TPaBIsl 1 CETTUHT
(oOctanoBka). Takok I PO3YMIHHS TEMH HEOOXiHO BU3HAYHMTH KiTach(ikamii
MOOUIBHUX ITOp 32 XKaHPaMHU 1 1O MIaTHOopMi.
Takum YHHOM, Tepe] CTBOPCHHSIM IMPOrPaMu JJsl YITKOro (hOPMYITIOBaHHS
3aBJIaHHS, HEOOXiJHO JaTH 00'€KTHBHY OLIIHKY PUHKY JBOMIPHHUX irop, a came:
- OIIiHKA ITOMYJISIPHOCTI XKaHPIB;
- OLiHKa MOMyJIsIpHOCTI MOOLIBHOI 1atdopmu Android;
- OIIiHKA MIO3UTHBHUX 1 HETATUBHUX CTOPIiH OOpaHUX YKAHPIB;
- OIHKA aKTyaJIbHOCTI irop.
To6T0, MOTPIOHO MPOBECTH aHAII3, SIKUI TaCTh MOXIIUBICTD BUPILIHUTH, TPy SKOTO
JKaHpy HaWKpalle CTBOPIOBATH, a TAKOXK C(OPMYITIOBATH YiTKY KOHIICTIIIIFO.
1.1. Anaji3 mo0inbHOI iIarpopmu Google Android System
Android - omepariiiHa cucteMa AJs CMapTQOHIB, IUIAHIIETIB 1 HETOYKiB, AKY
xomraHist Google npundana y po3poOHuKa nporpamHoro 3abesneueHHs Android Inc. y
2005 pomi. Lls omepamiiiHa cucrema Oaszyerbcsi Ha MoaudikoBanoMmy siapi Linux.
[Miznime Google ta immi yuacamkm Open Headset Alliance cmiBmpamroBamu Hanx
CHIILHOIO pO3po0OKOr0 1€l HOBOI omepanidHOi cuctemu. Jlns MATPUMKH Ta
MOJANIBIIIOT0 PO3BUTKY Iiardopmu Oymno ctBopeHo mnpoekT Android Open Source
Project (AOSP). ¥V Android icHye Benuka CHiibHOTa PO3POOHUKIB, SIKI PO3LIMPIOIOTH
(hyHKIIOHANBHICTH TPUCTPOIB.
Onepariiina cucrema Android Mae cBiit odimiiinuii Marasun noxartkis - Android
Market. B HboMy TpeacTaBIIeHI K IUIATHI, TaK i O€3KOMITOBHI mporpamMu. Ha nanwii

MOMEHT yKpalHCHKMM KOPHUCTyBauaM JOCTYITHI JinIIe Oe3KOIITOBHI MPOTpaMH Ta irpu.
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3aBasaku BiakpurocTi Android, KOpUCTyBadi MOXKYTh 3aBaHTA)XKyBaTH JOAATKHU 13 1HIIMX
nxepen.

Po3pobuuku mig Android mepeBakHO BHKOPHCTOBYIOTH MOBY IMPOTpPaMyBaHHS
Java Ta KopucTyroThCs Oi0Omiorekamu, pospoOieHnmu Google, ans kepyBaHHS
NMPUCTPOEM.

OdiniitHo npo omepauiliny cucremy Android crano Bizomo 5 mucromaga 2007
poky, komu Oyno oronomeno crBoperHss Open Headset Alliance - koHCOpIiyMy, IO
o0'eqraB 80 xommaHnii. Bemwka gyactuaa koxy Android Oyna BHITyIICHA ITiJT JIIIICH31€0
Apache.

VY cepnri 2005 poky Google mpugdana xommanito Android Inc., micns uoro
Android Inc. crana nigposninom Google. Ilicnsa nokynku Exni Py6in, Piu Maitnep 1
Kpic Vaiit 3amummmucst B Android Inc. 3'sBunucst yytku B IHTEpHeTi mpo Te, 1o
Google mae HaMip yBiliTH Ha pUHOK MOOITBHHX TenedoHiB micist npuadanas Android
Inc.

ITicns orpumanns minTpuMku Bixm Google, komanma mix kepiBHHITBOM EHmi
Py0ina novana po3poOKy omepariiiHoi cucreMu Ha 0a3i sapa Linux. Y rpyani 2006
pOKy 3'sBHIHCS 4yTKH mpo Te, mo Google miiaHye BHITYCTHTH CMapTQOH MiJl CBOIM
openmom, Bimomuii sk "T'yrnodon".

Koxna Bepcis onepauiiinoi cucremu Android mae Ha3By necepry. [louaTkosi
OyKBH Ha3B BepCiii BIANOBIAAIOTH JIiTEpaM JIATHHCHKOTO anaBiTy 1Mo NOPSIKY.

Android Market - me iHTepHeT-Mara3uH JOJAaTKIB Uil CMapTQOHIB, IO
MPaIIOIOTh Ha omnepauiiHiil cucremi Android, i € iHimiaTuBoio anmbsiacy Open Handset
Alliance (OHA), 3 Google Ha youi. Bin Bkitouae B cebe MIMPOKUI CIIEKTP JOAATKIB,
TaKMX K IrpH, KIIEHTH COLIaJbHUX MepeXk, O(hicHI mporpamu, HOBHHHI JONATKH,
(hbiHaHCOBI IHCTPYMEHTH Ta 0arato 1HIIHX.

Google oronocmna TpoO BIIKPUTTS ITHOTO OHJIAWH-MaraswHy JJOAATKIB IS
Android 22 xostas 2008 poky. Criouatky B YKpaiHi BiCyTHi# OyB odiliiinuii Mara3ux
JI0AaTKiB Ha cMapTdoHax, ane 12 ciunsg 2010 poxy Samsung Ykpaina rnosizoMuna mnpo

Horo 3amyck, i misHime Android Market 3'sBuBcs 1 y BeHmoOpiB, Takux sk Motorola,
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HTC, LG i Sony Ericsson, 1o 3Ha4H0 3011bIIMIIO iHTEpeC 10 cMapTdoHiB Ha Android B
YKpaiHi.

[porpamu mis Android po3pobnsitoThes y cnenudiyHOMy OalT-KOAI JUIs
BipTyanbpHOI MammHu Dalvik, mo € HecTrangapTHUM [T TpaauLiitHoro Java.

Google Hagae OE3KOUITOBHO JOCTYNMHUI Halip IHCTPYMEHTIB AJIsi PO3POOKHU
Android (Android SDK), sikuii MoOXHa BHKOPHUCTOBYBaTH Ha X86-mardopmax 3
omnepauiiiaumu cuctemamu Windows XP, Windows Vista, Mac OS X (Bepcis 10.4.8 abo
Buma) i Linux. [{ns po3podku motpidHa Bepcis JDK 5 a6o JDK 6. [lnst cTBOpeHHS
nonatkiB muis Android MoykHa BUKOPUCTOBYBaru MoBY Java (He Huk4e Bepcii Java 1.5).
Juist po3po6ku Ha rutatdopmi Eclipse moctynuumii marin "Android Development Tools"
(ADT), axuit cymicHuid 3 Bepcisimu Eclipse 3.3-3.5. Takox icHye ruiarid s Intelli]
IDEA, sxuii cnopomye po3pooky  Android-momartkiB.  Hapasi  po3po0iieHO

eKCIIepIMEHTAFHIN TUIATiH A7 cepenoBuina po3podku NetBeans IDE.

Puc. 1.1. Apxurekrypa OS Android
- PiBens monatkis ( Applications):
VY cknan Android BriIrOYeHO HAOIp OCHOBHHX JIOJIATKIB, SIKI BKIIFOYAIOThH KIIEHTH
eJIEKTPOHHOT momuTy Ta SMS, KajeHaap, pisHOMaHITHI KapTH, Opay3ep, mporpamy uis
YIpaBIiHHS KOHTAaKTaMH Ta iHIII (yHKIIOHAIBHICTE. Bei momarky, siKi MpaIfoloTh Ha

rutatgopmi Android, po3po0iieHi Ha MOBI porpamyBaHHs Java.
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PiBenp kapkaca monatkis ( Application Framework ):

VY Android icHye MOXJIHBICTh BHKOPHCTOBYBATH IOBHUH (yHKLioHAN API, sikuii

BUKOPUCTOBY€THCS B OCHOBHHX JOJaTKaX. ApXiTekTypa IiatdopMu nodygoBaHa TaKUM

YUHOM, IO OYAb-SIKHIA TOJATOK MOXE BUKOPHCTOBYBATH B)KE HASBHI MOXUIMBOCTI 1HIIHX

MporpaM, SIKIO OCTaHHI HAJAIOTh JOCTYII 10 CBOET (QyHKIIOHATBHOCTI. TaKuM YHHOM,

apxiTekTypa IaTQoOpMH CHpUse 0araropasoBOMy BHKOPHCTAHHIO KOMITOHCHTIB

OTepaliiHol CUCTEMHU Ta AOAATKIB.

OCHOBOIO BCiX JTOATKIB € Ha0Ip CUCTEM 1 CITykKO.

L.

Cucrema ysBieHp ( View System ) - me posmmpeHuid HaOip ined, sAKuid
MiCTHTh Oaratuii HaOlp QYHKIIOHAJILHOCTI IJIi CTBOPEHHS 30BHIIIHBOTO
BUTTISIAY OJAATKiB. BiH BKITIOUae pi3sHOMaHITHI KOMITOHEHTH, TaKi SIK CIIHCKH,
TaOJINLI, TI0JI BBEACHHS, KHOIIKHM Ta 1HII €JIEMEHTH.

Kontent - mposaitnepu (Content Providers) - 1e cepsicu, fKi T03BOJIIOTH
JOlaTKaM OTPUMYBAaTH JOCTYH 10 JaHUX, L0 HaleXaTh 1HIIMM J0JaTKaM, a
TaKOXX HaJaBaTH JOCTYII 0 CBOIX BIIACHHUX TAaHHX.

Menemxep pecypciB (Resource Manager) mnpusHaueHUH Ui OTPUMAaHHS
JIOCTYITy 1O PI3HOMaHITHUX PECypCiB, BKIIOYAIOYH TEKCTOBI, TpadiuHi Ta iHMI
THUMN.

Menemxep crosimieHs ( Notification Manager ) 3a0e3neuye MOXIMBICTb OyIb-
SAKOMY JIOAATKy BiJOOpakaTH TOBIIOMJICHHS MJJIsi KOPUCTyBaua y pSIOKY
cTaTycy.

Menemxkep mir ( Activity Manager ) Kepye >KUTTEBUM IMKJIOM JOMATKIB 1
3a0e3mneyye CUCTeMY HaBirailii, 1110 JI03BOJISIE BiICTEXKYBATH ICTOPIIO B3a€MOZIT
3 I0AaTKaMH Ta iX JisIMH.

PiBens 6i0mioTek ( Libraries ):

Y mrardopmi Android BriroueHo Habip 6i0mioTek C/C++, sIKi BAKOPHCTOBYIOTHCS

PI3HUMH KOMIIOHEHTaMHU OIepaliiiHoi cucremu. Po3poOHHKAM HAMa€ThCs JOCTYI 10

¢ynkuin mux Oibmiorexk uyepe3 BukopuctaHHs Application Framework. Ocp kinbka

MPUKIAIIB IUX 010Ti0TeK:
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1. System C library - BSD - crangaptHa cucremHa 6i6miorexa C (libc) s
BOYIOBaHMX MPHUCTPOIB, SIKI MPAIOOTh HA 0a3i onepaiiitnol cucremu Linux,
peaitizoBana B miardopmi Android.

2. Media Libraries - 6i6mioTexn, siki 6a3zyrorecst Ha PacketVideo's OpenCORE,
BUKOPUCTOBYIOThCS JUIA 3a0e3MeueHHs MiATPUMKH IIPOTPaBaHHS Ta 3aIlHCy
MOMYIISIPHUX ayfio- Ta Bimeodopmaris, Takux sk MPEG4, H.264, MP3, AAC,
AMR, JPG, PNG Ta ifmm.

3. Surface Manager - MeHeKep TIOBEPXOHb YIIPABIISIE JOCTYIIOM JIO MiJCHCTEMH
BigoOpaxkeHHst 2D - 1 3D- rpadiuHux mapis.

4. LibWebCore - cydacHuii IOBIDKOK web -Opaysepa, SKMH Hagae BCIO Millb
BOynoBaHoro Android- Opay3epa.

5. SGL - gmxok s po6otu 3 2D -rpadikoro.

6. 3D libraries - gBmxok mist pobotu 3 3D - rpadikoro, 3acHoBannii Ha OpenGL
ES 1.0 APL

7. FreeType - 6i0mioTeka, mpr3HaveHa 1t poboTH 31 mpudTamu.

8. SQLite - MOTY>KHHIA JIETKOBATOBHIA ABMKOK JJIsl poOOTH 3 persiiiinnmu BJ1.

- PiBens cepemoruma BukoHaHHs ( Android Runtime ):

Android mae B cBoemy cknaai HaOip OIOMIOTEK sypa, sSKi HAJAIOTh 3HAYHY
yacTUHy (yHKIIOHAJIBHOCTI, aHAJIOTiYHy Oi0mioTekam sapa MoBH Java. Y turatdopmi
BUKOPUCTOBY€EThCS BipTyanpHa MammHa Dalvik, ska onrtumizoBana mns pobota 3
peecTpoM, Ha BiZIMIHY Bijl CTAHJAPTHOI CTEK-OPi€EHTOBAHOI BIpTyaJbHOI MalvHU Java.
KokHa mporpama 3alyCKaeTbcsi B OKPEMOMY MPOLECi 3 BIACHHM EK3eMILIIPOM
BipTyanbHol MammHu. Dalvik BukopucroBye ¢opmar Dalvik Executable (*.dex), sxuii
ONITHMIi30BaHHH I €hEKTHBHOTO BUKOPUCTAHHS MaM'sTi nopaTkamu. Lle mocsraerses
3aBIsIKM 0a30BUM (QYHKIISAM siipa Linux, TakuM siK opraHizailis TOTOKOBOT 00poOKH Ta
HU3BKOpIBHEBE KepyBaHHs mam'aTTio. baiit-kon Java, Ha skoMy HamucaHi Barii
MPOrpaMu, KOMIIUTIOETbCS B hopmar dex 3a JomoMorow yTuiitu dx, ska BXOAUTH IO
CKJIaay Habopy iHCTPYMEHTIB po3poOku (SDK).

- PiBens sagpa Linux (Linux Kernel):

11

Bunyyexunn
TeKCT

CX0XiCTb LUutatn MocunanHa F A NigmiHa cumsonis KomeHTapi

O>xkepena Ha uin cTopiHui: 1-2, 4


https://unicheck.com

ID banny:

Haszea pokyMmeHTa: Fpy3iH PoMaH OnekcaHApoBUY - Konif (2) 1015737121

Android 6a3yerbcst Ha Bepcii 2.6 onepariitHoi cucremu Linux, mo aae miardopmi
JOCTYII JO PI3HUX CHUCTEMHUX CIYXO sapa, TaKMX SK YIPaBIiHHSA HaM'sATTIO i
npoliecamu, 3a0e3nedeH s 0e3neKu, podoTa 3 Mepexero i ApaiBepamu. Kpim Toro, sipo
BUCTYIAE SIK 1ap abCTpakilii MiXK arapaTHUM 1 MPOrpaMHNM 3a0e3MeUeHHSM.

1.2. Buoip sxanpy Mo0inbHOI rpu

3apa3 icHye BelHKa KUTBKICTh PI3HOMAHITHUX KOMI'IOTEPHHUX irop, i ix TBOpIi
MOCTIHHO BUITyCKaroTh HOBi. OCKIIBKM CTBOPEHHS KOMIT'FOTEPHHUX Iirop IOB'SI3aHO 3
PO3BaXATBHOO ceporo, iX Kirach(ikalis He Taka IMPOCTa, K MOXKE 37JaTHUCS Ha MePIIuid
noriisi. JKanpu irop gopMyBanucs 0e3 NeBHOT CTPYKTYPH Ta HA OCHOBI IHTYITHBHOTO
MiAX0Ay TIPOTATOM TpPUBAIOrO Yacy. Po3poOHHMKHM irop TPOBOIWINM  CMIJIHBI
eKCIIEPHMEHTH, JOCTI/UKYIOUM HOBi irpoBi MexaHiku. HeBmammm excrepuMeHTaM He
npuaisuiocss OaraTo yBard, a YCHIIIHI IrpM  CTaBalyd MPHUKIAAOM Ui IHIIHX
po3poOHHKIB. PO3p0OHIKH KOMIIOBaIH MOIYJSIPHY IFPOBY MEXaHIKy, JOIaBaJIM CBOI i1ei,
1 TaKMM YMHOM HAaBKOJIO HAWMOMYJISPHIIIUX IrOp YTBOPIOBAJIMCS ITI KIACH CXOXKHX
irop, sIKi OTpUMaJi Ha3By KaHPIB.

[Moxin Ha xaHPH € Ty*XKe KOPUCHUM Ha NPaKTHLI. Irpu MeBHOTO jXaHpy BXKE MalOTh
CBOIO 3alikaBieHy ayauTopio. Ko po3poOHMK oromomrye, 1o BHITyCKae TPy B
MEBHOMY JKaHpi, TPaBIli BXXE MAaIOTh YSBJICHHS NP0 Te, L0 BiJ0OyBaTUMETHCS B IPI,
HaBiTh 0€3 OJIaTKOBHX IIOSICHEHBb BiX PO3pOOHMKIB. YacTo po3pOOHHMK KOMITaHisi HE
MOXKE OHO3HAYHO BU3HAYUTH XKaHP HOBOI IPH, OCKIJIBKH OaXkae MPOJAaTH LEH MPOIAYKT
SIKOMOTa OUNBIIIA KiBKOCTI KOPHCTYBauiB, i TOMy HE XO4€ OOMEXyBaTU IOTCHIIHHY
AyAUTOPII0 TEMATHYHHMH PaMKaMH.

3a3Buuail irpu KkiIacuQikyroThCS 3a JKaHpaMH 1 KUIBKICTIO TpaBliB. BoHu
TTOJUISAIOTHCS Ha KiJIbKa THITIB, TaKi SIK KBECTH, eKIIH, poiboBi irpu (PIIT), daltuary,
CTpaTerii, CUMYJIIOJISITOPH, JIOTIYHI Ta a3apTHI irpu, a Takox iHmi. L{s kmacudikais
JIOTIOMAara€e rpaBIIM IIBHJIIE 30pi€HTYBaTHUCS B CBiTi irop. Hampukman, skmo rpa
BIJTHOCHUTBCS JI0 KaHPY KBECTY, IPaBili MOXYTh O4iKYBaTH PO3B'SI3aHHS T'OJOBOJIOMOK 1
MOIIYK MPEIMETIB IS MPOJOBKEHHS CIOXKETY. 3 1HIIOro OOKY, SKIIO Ipa BiIHOCHTHCS

JI0 J)KaHPY EKIIHY, IPaBIsIM MOXke OyTH LIKaBUM IIBUIKUA TEMI I'PH Ta aKTHBHI OUTBU.
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Knacudikaniss Takoxx gormomarae po3poOHHKaM irop BH3HAYHTH CBOIO ILTLOBY
AyJUTOPIIO Ta 3aJyYUTH OUIBIIE TPABIIB, MPOMOHYIOYH iM ITPOBHH JOCBIiJ, SKHH BOHU
B)KE 3HAIOTH 1 JIIOOJATH y IEBHOMY JKaHi.

OTxe, MOAIN Irop Ha JXKaHPH € BAXJIMBUM 1 KOPUCHUM IHCTPYMEHTOM JUIS
po3ymiHHsl Ta kiacuikamii komm'torepHux irop. lled miaxix momomarae rpaBLsM
3HAWTH IrpH, SKI BIAMOBIAIOTH iXHIM BHNOJZOOAHHSIM, a PO3POOHMKAM — 3ally4UTH
OiTbIie TPABIIIB HIISIXOM MPOMO3HILIT irop Y B)KE BU3HAUYEHHX JKaHpaX.

Binpme TOro, kmacudikamis irop 3a jkaHpaMH JIO3BOJISIE CTBOPUTH 3pY4HY
CHCTEMY JUISl CIIPUHAHATTS Ta OOTOBOPEHHS irpPOBOTO KOHTEHTY. I paBIli MOXYTB JIETKO
CMIJIKYBaTUCS Ta OOMIHIOBATHCSA BpPXCHHAMH TIPO  ITPH, BHUKOPHCTOBYIOYH
3araJbHONPUIHATI TEPMiHM 1 )KaHPOBI BU3HaYeHHs. Hampukiaz, SKIIo XTOCh KaXKe Ipo
"poranuk", iHII rpaBlli Bipa3y po3yMilOTh, IO HAETHCS PO POILOBY TPy 3i CIIydaitHO
TeHEPOBaHUMH PIBHSMHM Ta HMOCTITHUM PO3BUTKOM IepCOHa)ka. Taki 3arajbHi TEpMiHU
Ta aHPOBI YSBICHHS CHPUSIOTH OOMiHY iH(OpMaIli€lo, MOPIBHIHHIO irop Ta BUOOPY
HOBHX irop s Tpy.

3BiCHO, BapTO 3a3HAYMTH, IO ITPOBI JKAHPU HE € KOPCTKUMH i HETOPYITHUMHU
KaTeropissMu. barato cy4acHuMX irop NOE€IHYIOTh €JIEMEHTH 3 pI3HHUX JKaHpiB i
BUKOPHCTOBYIOTH TiOpuHi MexaHiku. Lle 103Bossie po3poOHIKaM eKCIICPUMEHTYBATH Ta
MPOTIOHYBaTl HOBI iHHOBamii B irpoBiii iHgycTpii. Taki TiOpuaHi irpu MOXYTb
BUKJIMKATH HOBI JKaHPOBI MIOXOAW Ta PO3MIMPUTH MOXJIHMBOCTI JAJsI CTBOPEHHS
VHIKQJILHOTO irPOBOTO JTOCBITY.

3arayiomM, Kimacudikamis irop 3a >KaHpPaMH € BaXIJIMBOIO CKJIAJOBOIO PO3BHUTKY
irpoBoi inayctpii. BoHa qonomarae rpaBusM 30pi€HTYBATUCS B IIMPOKOMY BHOOpI irop
Ta 3HAXOMUTH Ti, SKI BIAMOBIJAIOTH iXHIM BIOMOO0aHHSM. PO3pOOHWKH X MOXYTh
BHUKOPHCTOBYBATH >KaHPOBY KiIacU(iKallito JUIsl MPOCYBaHHS CBOIX irop Ta MPUBEPTAHHS
IUTBOBOI ayauTOpii.

VY GiNbIIOCTI BUNAAKIB IrpU KIACU(IKYIOTHCS 32 )KaHPaMU Ta KUIBKICTIO IPaBIiB.
JKanpoa kmacudikamis BKIO4a€ KBeCTH, eKmH, ponboBi irpu (PIII), daiitunray,

CTparterii, CAMYJISATOPH, JIOTi4HI, a3apTHi Ta iHIIi (300pakeHi Ha pUCyHKY 1.2).
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Puc. 1.2. Tumu irop
Po3nisiHeMO HaHNOMYJNSPHILII XKaHPH Irop, SKI HA CHOTOAHIILIHIN JIEHb € HIMPOKO
nownpeHnmMn:
1. KBectu - 1e irpu, B SIKHX OJUH a00 KiIbKa MEPCOHAXKIB MOJOPOKYIOTH 3
METOI0 JIOCSITHEHHsI TTOCTABJICHOT METH, MOJMONAHHS Pi3HUX TPYIHOIIIB i

PO3B'SI3aHHS TOJIOBOJIOMOK.

Puc. 1.3. [TimxaHpu KBeCTH
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2. ExmH (action) - 1ie mOMyJISIPHUHA JKaHp, IO BKITIOYAE OPOAMIKU-CTPLISITKA
BiJl mepIIol 0coOu, B SIKMX TOJOBHHI aKIIEHT 3pOOJCHUN HA HIBHIKICTh,

peaxiiiro Ta 60iloBi BMIiHHS.

Puc 1.4. Ilimxanpu Action
3. Ponwosi irpu (PIII') - B mux irpax rpaBeup NpUIIMa€e pojib MEBHOTO
MePCOHAXA i BUKOHYE IMOCTABJICHI Mepe/l HUM 3aBIAHHS, PO3BHBAIOYH HOTO

HaBUYKM, 30Upalouu  eKimipyBaHHsS Ta B3a€MOJIIOYM 3  IHIIMMH

NnepcoHa)kamu.

Puc. 1.5. ITipxanpu poiaboBUX irop
4. Crparerii Ta JIOTi4HI iTpH - L irpH HACTIYIOTh AiSIBHICTH YIIPABIIHIS, /1€
rpaBellb MpUAMaE PIllIeHHs, PO3B'sI3y€ TOJIOBOJIOMKH Ta IIaHY€E CBOI il 3

METOXO TOCSITHEHHS YCITiXY.
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Puc. 1.6. [Timxaunpu crparerii
5. CuMynaTopH - 1e irpH, o iMiTyIOTh KepyBaHHS aBTOMOO1JIEM, KOCMIYHIM
kopaOiem, JiTakoM Ta IHIKMU o00'ekTamu. BoOHM chpsMoOBaHI Ha

peaJticTUYHe BiITBOPEHHS IIEBHOTO BU/Y JiSUTBHOCTI.

Puc. 1.7. limxanpu Cumyssitop/Menemxepu
6. A3apTHi 1 IOTI4HI ITPH - Il ITPHU COPUSIOTH PO3BUTKY PO3YMOBUX HABHYOK i
BUMAaralmTh Bil TpaBld JOTYHOTO MHCJCHHS Ta CTPaTEeriyHOro

nJaHyBaHHA.
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IcHye Oararo ruraTHHX 1 O€3KOIITOBHUX irop, A€ 3yCTPIdaloThCs Pi3HI KaHPH,
Bkitouaroun ekmH, PIII, neski Buam crpareriii, KBECTH Ta IHMON. Y TakuX irpax
MPUCYTHI PI3HOMaHITHI TEPCOHaXi Ta TEHMIUICHHI € JIeMEHTH, SIKi 3aJiekaTbh Bif
KOHKpeTHOI Tpu. Lle 103BoIsIe TpaBIsIM 3HANTH irpy, siKa HaiKpale BiAMoBiiae IXHIM
iHTepecaMm i BIOAOOaHHSIM.

Takum 4WHOM, HE3AJICKHO BiJ TOTO, Y II¢ IUIaTHA YM OE3KOLITOBHA Ipa, irpoBi
JKAaHPH MPOTOHYIOTh PI3HOMAaHITHICTh BapiaHTIB AJsl TpaBiliB. BoHH MOXyTh oOparu
SKIIH-TIPUTO/IH, B AKUX JOCIIIKYIOTh CBIT Ta OOPIOTHCS 3 BOPOraMH, a00 MOTPY3UTHCS
y rubokwuit croxer PIIT 1 BiguyTu cebe repoeM aHTacTUIHOTO CBITY. BUOIip kaHpy
JIOTIOMAarae TpaBIsSIM 30PIEHTYBATHCS B CBITI irop Ta 3HAXOIMTH irpH, sIKi HaKOLIbIIE 1X
3aXonJilnkThb.

Irpu Ge3 nmepcoHaxa, Taki SK JIOTi4HI 1 CUMYJISITOPH, BiIPI3HSIFOTBCS BiJICYTHICTIO
CIOKETY Ta HE BHKJIHMKAIOTh CHJIBHOI €MOLINHHOI 3aJIe)KHOCTI a00 BIUIMBY Ha MCHXIKY
rpaBit. Lli TMnM irop 4acTo NpPOMOHYIOTh IHTENEKTyaslbHI 3aBIAHHS, IO CHPHUSIOTh
PO3BUTKY MUCJICHHS.

VY crpareriyHuX irpaX TakoXK BIJICYTHI MEPCOHAXI, a TpaBellb YIPaBIse IPOrO 3i
cBoro o0muays. OHAK, OCOOMBICTIO CTPATETIH € cHCcTeMa BHYTPIIIHIX (aKkTOpiB, IO
perynioioTh revimiuieii. [paBerp npuiiMae pillieHHS Ta CIIOCTEPIrae 3a ix HaCHiKaMH,
100YyI0BYIOUH JIOTIKY ITOJANBIINX 1.

Takum unHOM, irpu 6€3 mepcoHaxa, Taki siK JIOTIYHI 1 CHMYIISTOPH, ITPOIIOHYIOTh
IHTENeKTyaJIbHI 3aBJJaHHsI, COPUSIOUN PO3BUTKY MHUCIIEHHS, TOII SIK CTpATeriuHi irpu 3
BIZICYTHICTIO ITEPCOHAXKAa MAIOTh OCOOJIMBY CHCTEMY BHYTPIIIHBOITPOBUX (hakTopiB, e
rpaBellb IpUMaE pillieHHs Ta Oy/Iye€ JIOTiKYy CBOIX JIiHi.

Ponpogi irpu (PIIT), a Takox OKpeMi eKITH i KBECTH, € HAHBIIOMIIINMH irpamH,
Jie TpaBlieBl HajgaeThcsi cBoOoma BHOOpy. ['paBenb camocTiiiHO oOupae mepcoHaxa,
oJisira€e Moro Ta HaIUIA€e PI3HUMH 3A10HOCTIMH. [ 0JI0BHA 0COONMBICTH IIUX irop HonsTae
B TOMY, III0 TpaBellb Ma€ BEIUKY CBOOOMY Iii, sIKi BIUTMBAIOTh HA XiJl Ta Pe3yJbTaT IPH.
Ipatu B Takuif THI irop MOXe BHKIHKATH CTiKE 3aXOIUICHHS, OCKIJIbKH TpaBellb
CIIIBIIEPE)KUBAE CBOEMY IMEPCOHAXKY, PO3BUBAE HOTO BIJIOBIIHO IO CBOIX ymonoOaHb i

CTa€ AaKTUBHMM YYacCHMKOM irpoBOro cBiTy. IrpoBuil mponec copuiiMaeTscs sK
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peanbHicTh, a OaratboM PIII-irpam mozmiOHiCTP 3 (aHTACTHYHMMHU KHHTaMHU 3
MOXJIMBICTIO KEpyBaHHS TOJOBHUM TE€pPOEM CTaHOBHTH OCOONMBHI IHTEepec s
Iro0HUTeINiB YUTaHHA. 3aXOIUICHHS TaKMMH irpaMi MOJKHA TTOPiBHATH 3 IIPUCTPACTIO 10
KHUT, BOHO HE Ma€ IIKIIJMBUX HACTI/AKIB, @ HaBIaK{, CIPHUI€E DPO3BUTKY (aHTa3ii,
3aXOILTIOE MI3HAHHIM ICTOPIH Ta BiJOOpaKEHHIM PEabHOCTI.

Irpu 3 MiHIHHAM CIOKETOM, TaKi SK CTPIISUIKH, HE IMepen0avaroTh BUOOPY TpaBIIs.
I'paBenp ineHTU(IKYETECS 3 TOTOBUM MEPCOHAXKEM, SIKUH BXE Mae BHU3HAYCHI
XapaKTepUCTHKH. PO3BUTOK CIOKETY B TaKHX irpax 3alieKHTh HE BiJl BHOOpPY TpaBIls, a
BiJ ycrixy a0 BHNAIKOBOCTI. Jlesiki CTPUISIKK J0O3BOJSIIOTh TPaTH KOMaHIOw. Taki
irpy HaJAI0Th EMOIIiHE PO3CTabIeHHs, a YCilIHe MPOXO/DKEHHS YacTo 3aJIeKHTh Bijl
MIBUJIKOI PeaKI(ii rpaBIis.

Ha nepeTuHi ponboBUX irop i crparteriii 3HaXOqUThCs MOHATTS "abcrpakuis”. e
NpOTHIEKHICTE  "OoWoBHKaM", siKi OOpIOTBCS 31 CKYKOIO 32  JIOIIOMOTOIO
CHEKTaKyIspHOCTI. Irpu, 1m0 HalexaTh 10 i€l Kareropii, MalwThb CXEMaTUYHUN
xapaxTep, 0OMekeHy CBOOOTY, BiICYyTHICTh PEaTiCTUYHOCTI Ta Bi3yaJbHOTO IIIOY.

VY cTpareriuHux abCTPAaKIisSX TOJOBHUM 3aBAaHHIM € JOCATHEHHs "1imi", Tol sSK
Yy POJIOBHX aOCTpaKIisiX BaXIUBUM € "mianopsakyBaHHs". B pe3ymbrari orpuMyeMo
CUTYaIlil0, JIe TPABELb MiJKOPSIETHCS Ty)KUM IIUISIM 1 BUKOHYE HYIHY poborty. [Ipu oMy
MOXYTh BinOyBaTHCs MOAI{, fKi paHille HE TPAIUIIMCS, aje BCE OAHO TIpaBellb
3MYIICHUHA MiIKOPATHCS BOJNI IHIMMX (IIé OCHOBHA BiIMIHHICTH Bix "OymeHHOCTI").
LenTpanbHiM €NeMEHTOM € TOHSTTS paOcTBa 1 Oe3yMOBHE BUKOHAHHS HakasiB. Taki
ACTIEKTH HE MAIOTh HIYOTO CITIIFHOTO 3 TPOFO.

Cknan BizmeoirpoBoi manitpu "ByneHHicTs" mependauac MOEIHAHHS EIEMEHTIB
cTpateriii i OoioBuKiB. Ha mepeTnHi nuX >KaHPiB 3HAXOJUTHCS MOHATTA "cHMYISLis'”
(muB. "pucynok 1.8"). Ile moBHa MPOTHUIIEKHICTH "POJILOBUM irpaM", siKi MPOTHUCTOSTH
"OymeHHOCTI" 3a JIOIOMOTOXO IIiKaBOTO "CIOKETY".

Irpu, o Hanexkarb M0 1i€i Kareropii, XapakTepU3yOTHCS IMITAIEI0 peabHUX
MPOIIECiB, OOMEKCHOI0 CBOOOJOI, BIJICYTHICTIO HOBH3HHM 1 TIOBHICTIO BIJICYyTHIM

CIHOXKETOM.
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Puc. 1.8. Mexa dakropiB xaHpy irop

3 momIAAy CTpaTerii y CUMYIISLIsSX HaHOIIbII BaXKIIMBUM € caM "miporiec’. 3 60Ky
OOMOBUKIB HAroJIOUIYEThCS Ha "peallicTHYHOCTI", sika BIITBOPIOETHCS Ha ekpaHi. B
pe3yaBTaTi OTPUMYEMO PEATICTHUYHY IMITAIliI0 TPOIECY, sKa BimoOpaskae 3BHUAiTHE
KUTTA. B rpi icHYe KilbKa MOBTOPIOBAHUX MOJiH, aje HiY0ro HOBOTO HE 3'SBISETHCS.
LleHTpanbHUil €IEMEHT HE BUKOPHUCTOBYETHCS, OCKUIPKH TOBHA PEANiCTHYHICTH HE
JIOCSKHA Y BiJIeoirpax, a Tako 0araro XTO He IIYKa€e TOYHY KOIII0 PeasbHOCTI B Ipi,
sKa BKE ICHy€ y peajlbHOMY JKHUTTI.

Ha nepeTtuHi ponpoBHX irop i 0OHOBHKIB pO3TAIIOBYEThCS KOHLENT "cBoGOma'.
Ile npoTuneXHicTh CTpATerisM, AKi, B CBOIO Yepry, HaroJIOUIyIoTh Ha "caMOTHOCTI" Ta
"kepiBHALTBI" Hajx YHCICHHUMH mimnernumu. (Baprto 3ayBaxkmTH, mo crparterii He
OOpIOTHCS 3 CAMOTHICTIO B 3BUYAIfHOMY PO3YyMiHHI, ajieé BOHH BiJTBOPIOIOTH BIAJy SIK
HalimommpeHimy (GpopMy CHUTKyBaHHS).

Just irop, siki 3HAXOISTHCS Ha IbOMY MNEPETHHI, XapaKTepHI BEIHMKI BiIKPHTI
CBITH, BIJICYTHICTb ITOBHOI CUMYJISIIi peallbHOCTI, BIZICYTHICT HOBU3HU Ta BIICYTHICTB
KOHTPOJIIO HaJl IHIIUMH YYaCHUKAMH.

3 00Ky poipOBHX irop B "irpax cBOOOIHM'" OCHOBHUM € BiJICYyTHICTH TOTOBHX
POJILOBHUX 3B'S3KIB Ta MOXKJIMBICTH CAMOCTIHHOTO BUOOPY, TOOTO "posboBa cBoOOIA".

3 60Ky 060H0BHKIB criocTepiraeThes "CIIpOLIEHHs" pealbHUX MOAIN Ta IPOLECiB y
TTOPIBHSAHHI 3 CUMYISATOPAMH.

VY3aranpHIOIOUM, pE3yJabTaTOM € pOJIbOBa CBOOOIA B CIPOUICHIH MoJeni

peanpHOTO cBiTy. CBOOOMA OMHIET 0COOM 3aBEPITYETHCS TaM, J¢ MOYMHAETHCA CBOOOIA
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iHIIOI, TOMY MakKCHMaJbHa TOYKa CBOOOOM - II¢ TIOBHA CaMOTHiCTh. Haibinbin
CIPOIIEHA TOYKA BUSBISIETHCS Y TOPOXKHBOMY CBITI, € € cBOOOza mpoctopy. HaiiOinpm
BIIBHOIO JI€I0 € CTBOPEHHS YOr0Ch aOCOIIOTHO HOBOTO. 3arajioM, IEHTPaJIbHOIO TOUYKOIO
bOTO EJIEMEHTa € IMOBHA CaMOTHICTh y MOPOXXHBOMY CBITi, J€ MOXXHAa TBOPUTH -
penakrop piBHiB. [IpsiMo mix Yyac rpyu MOXKIIMBOCTI pearyBaHHs HE BUKOPUCTOBYIOThCS,
aJie OKpeMi eJIEMEHTH MPOLECy CTBOPEHHS MPHUCYTHI B irpax.

3a JOMOMOTOI0 IBOTO HIECTUKYTHUKA JIETKO PO3YMITH HANBAXIIMBIII aCHEKTH
MIEBHUX BUJIB irop Ta KOMIIPOMICH, 3 SKHMH PO3POOHUKH irop CTHKarOThCs. BiH Takox
MOKa3ye, M0 € HEJOMYCTUMHUM Y Irpax 1 10 MOXHa KOMOIHYBaTH MiX CO0OI0, a 1[0 He
M1 I1a€ThCS 3MIIIAHHIO.

Jns 3rmamKyBaHHS NEPEXOIiB MK TPaHSMH, PO3POOHHKH MOBHHHI TIIATEIBHO
IpopaxyBaTH TeWMIUIed - caM Ipolec IpU 3 IHONIAAY TIpaBld, SKMH € OCHOBOIO
3aIiKaBJICHOCTI Ta MPUBAOIMBOCTI TpH. [elMIUIel BKIIOUa€ pi3HI ACHEKTH, BKIIOYAIOUH
TEXHIYHI acleKTH, TakKi SK BHYTPIIIHbOIIPOBA MeEXaHiKa, METOIU B3aEMOIl Mix
"MTy9HUM iHTENEeKToM TpHu'" Ta TpaBueM Ttomo. OnmHak, cam TepMiH "reimrei" €
3araJbHUM Ta 3a3BHYail BUKOPUCTOBYETHCS AJISl ONMUCY BIOYYTTiB, OTPUMAHUX IIiJ] 4ac
TpH, MiJ] BIUIMBOM TakuX (hakTopiB, SIK Tpadika, 3ByK Ta CIOKET. ToMy IpiOpUTETOM €
MpOpaxyBaHHs MOJIENI MMOBEIIHKY, IO € (YHAAMEHTAIBHUM JUISl JKaHPY I'PH, a MOTIM
BJIOCKOHAJTIOBATH Ta MOJIIMIIYBaTH B3aEMOJIIO 3 TPaBIIEM.

1.3. CTBopeHHs1 KOHUenuii MOGiNbHOI rpu

Konnenmis 3a3Buyail BKIII0OYa€e ONMUC IIILOBOI ayAUTOpii, CETTHHIA 1 XKaHPY I'pH,
KJIIOUOBHX (MOXKJIMBO, YHIKQJIBHUX) OCOOJIMBOCTEH TreiMImies, METOOUK pPO3POOKH,
IHCTPYMEHTApII0 1 TEXHOJOTIYHHUX PIllleHb, PHHKIB 30yTy, MiATPUMYBaHHUX ILIATHOPM.
OpHUM 3 KITIOYOBUX (DAKTOPIB YCHIXy Ha JAHOMY €Talli € aHaji3 MOTOYHOI CUTyarlii Ha
PHUHKY - BIJICTE)XXEHHsI ICHYIOUMX TPEHJIIB, OIJIS]] HAHOLIbII YCIIIIHUX MPOEKTIB, BUOIp
HOBHX IHCTPYMEHTIB PO3POOKH IS OCBOEHHSI.

Buxonsuu 3 xaHpy, 0cOOIMBOCTI TPU 1 MOXKIIMBOCTEH PO3pOOHMKA, Oy10 00paHO
Ha3By - «Ckaxkeni kymi» (The Crazy Bullets). /lana Ha3Ba BimoOpakae YyHiKaJbHY
0cOoONMUBICTh TpH. AKIEHT POOHMTBCS Ha PEaKLilo TPaBLs: SK IIBUAKO BiH 3MOXeE

BIIOpATUCA 3 KYJIISIMH, IO JICTATH B HBOTO. A BIIOpATUCA MOXHa ABOMa criocodamu -
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YXWIATHCS 200 BIIOWTH CBOIM IOCTPiNIOM, 3MIHHMBIIHM TPAEKTOPIIO MOJBOTY Kyumi. Jlis
NPOCTOTH po3poOKu Oyna oOpaHa ABOBHMipHa rpadika, TAKHM YHHOM, L€ JTBOMIpHHH
(2D) mryTep 3 BugoM 3BepXy Ha mnardopmy Android B pesxumi oiHOTO.

Konnent-apt (Concept design [4]) repos npencrasneno Ha pucynkax 1.9 ta 1.10.

Puc. 1.9. MoznentoBaHHS TOJIOBHOTO Tepos

Puc. 1.10. Bir Ban3

Crnuparovnuch Ha TOTOBMH KOHIIENT-apT repos 1 OOpaHWil >kKaHp, MOXHa
chOopMyITIOBaTH iCTOPitO TOJOBHOTO reposi: «lepoii - OpyTanbHUIl YOJIOBIK B caMOMy
PO3KBITI CBOIX CHJI - CTaB Ha CTEXKKy BiiiHM. HeoOXiIHO JOTIOMOITH T'epolo IIEPEeMOTTH
HEeLIaJHOTO IoBeHTeNs apeHn». OCHOBHA iJies TPH - IPOTUCTOSHHS IPABIs Ta irPOBOTO
mryyHoro inrenekty (II).

IIpu BuOOpi irpoBOi MEXaHIKM BpaxoByBajacs CKJIQAHICTh IPOrpamMyBaHHS,
MOXITUBOCTI PO3poOHMKa 1 Au3aiiHepa. YHIKaJbHOIO PHUCOIO reimMiuiess Oyae noOpe
cnpoektoBaHui irposuii 1.

VYnpasniaHs Oyzne JOCUTHh MPOCTHUM. 3 OIVISIy HAa aJanTUBHICTh TPU O Pi3HOT
po3minbHOI 37aTHOCTI Ta TIMOWMHHM eKpaHa, HeoOXiJHO BHOpAaTH 3pydYHUH BapiaHT
VIpaBIiHHS TEPOEM, SIK ISl IUIAHIIETa, TaK 1 st MOOLIbHOTO TeneoHy. 3pa3KoBe
YIpaBIiHHS TEPOEM MIPEJCTABICHO HA pUCYHKY 1.11.
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Puc. 1.11. Ynpaninus repoeM
JliBa OKpYXHICTh BiJIOBiZla€ 3a pyX INepcoHaka. [Ipy HaTUCKaHHI Ha HBOTO,
OOUYHUCITIOETBCSI BEKTOP IHIBUIKOCTI, SIK PI3HMI MiX TOYKOIO JOTHKY 1 IIEHTPOM KOJIa,
npasa - 3a cTpisiHUHY. [Ipy HaTHCKaHHI Ha TIPaBy KOJIO Tepoi CTPLISE.
XapakTepu3yro4H HiJbOBY ayJUTOPIIO, MEPII 3a BCE, TOTPIOHO YiTKO BU3HAYUTH ii
knacudikamito (puc. 1.12). 3 oy Ha kaHp 1 IPOCTOTY TPH, BOHA OpIEHTOBaHA Ha

KazyaJbHY ayAUTOPIIO IS IPUEMHOTO POBOKEHHS Yacy.

Puc. 1.12. Knacudikaris ninboBoi ayautopii
1.4. Ornsig aHa10ra NPOEKTOBAHOI MOOITBHOT IpH
Ha croropHimHiil ieHb ICHY€E BEJMKA KIJIBKICTh irop ®aHpy uryTep. Y KOHTEKCTI
JaHoi poboTH Oyle PO3MISHYTO OJMH 3 HAWMOMYNSPHIIIMX aHAJOTIB HAa MalIaHUYUKY
Google Play: Age of Zombies Big Halfbrick Studios.
VY naniii rpi po3poOHUKN CKOHCTPYIOBAIIH IiKaBy MOJIEJIb, 3aCHOBAaHY Ha KPaCHBIH

rpadimi, TUHAMIYHIA IrpoBi MexaHil, JacToro 3MiHOIO cueH. I'pa ckiamaeTbes 3
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BEJIMYC3HOI KUIBKOCTI piBHIB, KOXEGH 3 SKHX JOCHUTh pisHoMaHiTHuUH. Illo ©
YPI3HOMaHITHATH TPy, OCHOBHHM >KaHpoM OyB oOpaHunii xanp «mpurozaa». Lle i moxxna
BBa)KaTH OCOOJIMBICTIO IaHOT TPH.
I'pa «Age of Zombies» (puc. 1.8) rutatHa. TakuM YHHOM, TITFOCH TPH:

- TpUEMHA JieTalli3oBaHa rpadika;

- BiJMiHHA iTpOBa MEXaHIKa;

- JyXXe IMHAMIYHa;

- IikaBa atMocdepa;

- IHTYITHBHE YIIPaBIiHHS;

- XOPOIIMH CIOXKET;

- MOXIIMBICTh PO3BUBATH T'€POS.

MiHyCK:
- TUIBKHM IUIaTHA BepCis;

- 3aHaaTo npoctuii irposuii 11I.

Puc. 1.13. I'pa «Age of Zombies»
Buxozstan 3 IumociB 1 MiHyCiB JaHOT I'pH, MOKHA 3HANTH cI1a0Ki MiCIIst IPOrpamHy,
32 PaxXyHOK SKHMX MOXKHAa 3 HHMM KOHKYpyBaTH. TakuMU HEHOJIKaMH € BiICYTHICTb
MynbTHITIeEpa 1 cnadki 11, mo koMneHcyeTses iX KUTBKICTIO.

TakuM unHOM, OyNH MMpOaHai30BaHi CTATUCTUYHI JIaHi:
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- TIONYJIIPHOCTI MOOUTPHHX TUIATQOPM - HAWNOMYISIPHIIIUMH IIaTGopMaMu B
2022 poxy BusBwics: Android i10S;

- TIOMYJISIPHOCTI JKaHPOM irop it cMapT(OHIB - HANMOMYISPHIIIMMU KaHPaMHU
BUSIBHJIHCS: apKaJIH, TOJIOBOJIOMKH, CTPIISIIKH.

Buxonsun 3 aHamizy CTAQTUCTUYHUX MJaHHUX, INPEICTABICHUX MPOBITHUMHU
KOHCAJITHHIOBUMH KOMITaHisiMH, OyB OOpaHHMil >KaHp - JBOMIPHUI LIyTep 3 BUIOM
3Bepxy. Tak camo Oyna copMysboBaHa i PEICTaBICHA KOHIIETIis TPH.

1.5. BucHOBKHM 10 Po3Iiay

[epimii po3ain «aHami3 mpeaMeTHOI 00acTi» BH3HA4Ya€e MOHATTS KoHuemnii. Ha
OCHOBI CTaTHCTHYHHUX JaHUX MO Tpojaxax OyB oOpaHHWil skaHp MOOUTBHOI TpH 1 AaHa
OLIIHKA MOMYJISIPHOCTI MOOITBHOT IuTaTdopMH, mif AKy BeAeThest po3podka. CTaTHCTHYHI
JlaHi HaJaHi JOCTIJHUMH | KOHCAJITHHIOBUMH KOMIIaHISIMH, IO CHELIaNi3ylThCs Ha
puHKax iHGOPMAIIMHNX TEXHOIOTIH]:

- Qartner;
- SurveyMonkey Intelligence;
- Shared2you.
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PO311JI 2
BUBIP [TIPOT'PAMHOTI'O 3ABE3INEYEHHSA J1J151 MOBLJIBHOI'O JOJATKY
OC ANDROID KOMIT’FOTEPHOI 2D I'PH

Bubip nporpamuoro 3abe3nedenns (I13) € BaxMBOO CKI1aI0BOIO NEPIINX ETAIliB
pO3poOKH TpOeKTY. Bubip SKICHOrO MPOAYKTY MOXKE 3HAYHO 3MEHIIMTH 3YyCHILISL
nporpamicTa. SIK mpaBuII0, HAHOLTBII BasKIIMBI BUMOTH, SIKi pO3IIISLAAIOTHCS IIPH BHOOPi
CHCTEMH, 11e:

- TIPU3HAYEHHH JJIs1 KOpUCTYBada iHTepgeiic;
- YIOPaBITiHHS TaHUMU;

- MEXaHi3M IJIaHYBaHHS;

- 3a0e3MedYeHHs CIiIbHOT pOOOTH.

Hns  anamizy mnporpamuoro 3abe3nedeHHst ([13) HEOOXiIHO pO3KPUTH Take
moHATT Ak JineH3is MIT. Jlimensis MIT - minensis BIOKPUTOTO TMPOTPAMHOTO
3a0e3neyeHHs, po3podiieHa MaccauyyceTcbKuM TeXHoJoriuHuM iHcTuTtyToM (MTI).
Jlinensis MIT € onmHi€0 3 HAMOLIBIT paHHIX BITPHUX JIIEH31H, TaK SIK BOHA BiJTHOCHO
MpOCTa 1 UIIOCTPYyE AesKi 3 OCHOBHHMX NMPHHIUIIB BUILHOTO JilleH3yBaHHs [5]. BoHa €
JIO3BUIBHOI JIIIEH31€10, TOOTO AO3BOJISIE IPOTPaMiCTaM BUKOPHUCTOBYBATH JIIIEH30BaHUI
ko1 B 3akputomy 13 3a yMOBH, 110 TEKCT JineH3ii HagaeThes pasom 3 num I13. Ha
nymKy Free Software Foundation, mana mineHsis Oubll TOYHO HaszmBaeTbes X11
License, Tak six B MunytoMy MIT BHKOpHCTOBYBaB 0araro JileH3ii, i B IOTOYHOMY
BUIISAAI BoHa Oyna Hanucana it X Window System. Bukopucranus [13 abo roroBux
PpIIIeHB 3 €O JIMEH31€r0 He 30UThIIyE KiHIIEBY BapTICTh MPOIYKTY, IO PO3POOIIIETHCS.
Benuka vactuHa BUKOpHcTOBYBaHOro [I3 B po3poOui manoi MoOunbHOI Tpu Oyie
TTOIIMPIOBATHCS CaMe IIi[ i€l0 JIIEH3IE0.

it po3poOku irop, NporpaMicTH BUKOPUCTOBYIOTh TOTOBI PillIeHHS - (ppeiiMBOpK
(framework). ®peiimBopk (framework) - mporpamna 1iatdopma, sSKa BH3HAYAE
CTPYKTYpY IPOrPaMHOI CUCTEMH; MPOrpaMHe 3a0e3MeUeHHs], IO MOJIETIye Po3poOKy i
o0'emHaHHS PI3HUX KOMIIOHEHTIB BEJIMKOTO MPOTPaMHOr0 TPOeKTy. (OCHOBHOIO

ocoOnmuBicTIO (peiiMBOpKa € CHIBHMH BIUIMB Ha apXiTeKTypy nporpamu. bimbm
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00'eMHUM 1 (YHKIIOHAIBHUM 3aco00M pO3pOOKM € IBWXKOK. Ha BiaMiHy Bifg
(hpeliMBOpKa, KK MOJIETTIIy€E pOOOTY MPOTPaMICTy, ABHKOK «POOHTS 11 32 HHOTO».
Bubip mporpamHoro 3abe3leYeHHs € Ba)KIMBOIO CKJIQJOBOIO IEPLIMX €TalliB
po3po06ku npoexty. Ha Bubip I13 BrumHymu Taki ¢pakTopy sK:
- BapTICTh 1 sKicTh [13;
- ¢ynkuionansHicts 13, TOOTO 37arHiCTE  BUpINIyBaTh
MIOKJIaJIeHI Ha HbOTO 3aBIaHHS;
- 3pYYHICTh BHUKOPHUCTAHHS, HAMPUKJIAJ, HASBHICTb IMOTYXHOI
TEXHOJIOT11 aBTOJIONOBHEHHS B CEPEIOBHILII PO3POOKH, 110 BILUTUBAE HA Yac
po3pobku;
- Pi3HI TEXHIYHI XapaKTEPUCTUKH.
13 xnacudixoBaHo 32 NPU3HAUCHHAM, I CIIPOILEHHS BUOODY:
- U1t poboTH 3 Tpadhikoro;
- JUTSE POOOTH 3 KOJIOM;
- JUT poOOTH 3 (HiI3UIHUM CBITOM;
- JUTSE pOOOTH 3 TIPOEKTOM.
2.1. Bu6ip nBuskka nis1 podotu 3 rpadikxoro
3 ypaxyBaHHsAM o00paHOi mIaTGOpPMHU 1 MOBH MPOTpaMyBaHHs, BHOIp Mix
cepeoBUILAMH i 3ac00aMu pO3pOOKH 3HAUHO 3BY3UBCs. J{J1st poOOTH 3 rpadikoro MoXKHA
BUJIUIATH HACTYIHI iHCTpyMeHTH: cocos2dx, Marmelade sdk i Unreal Engine 4 (UE4).
Y 2016 poui Marmelade maB Ge3xomroBHy Community JilieH3it0o, HE3HAYHO
0o0MexXyroun IporpamicTa B HabOpi BUKOpHCTOBYBaHUX 3aco0iB. Marmelade SDK maB
CBill 30Mpay MPOEKTY, CXOXKHIl Ha 3Ha4HO crpolnieHy Bepcito CMake [6], i qoknanHy
JOKyMeHTamio. Tak camo mumocoM Oyia HasBHICTh JOJATKOBHUX IHCTPYMEHTIB IS
penaryBaHHsS KapT, CHUMYISTOpa JEBaiCiB 1 MpocTa oOprasizamidHa CTPyKTypa
po3pobmseTbes. Ane B 31 6epesns 2017 poky Marmelade OyB BUKYIUICHUH STTOHCHKOIO
KOMITaHi€ro, i minensis Community 3uukia. Bapricts ninensii inai-po3pobuuka - 600 $
B DIK.
Binminnoto ansrepraruBoro juis Marmelade SDK craB ¢peiiMmBopk cocos2dx

(puc. 2.1). Cocos2dx - e kpoc-mnardopmeHHuii pperiMBOPK 3 BIAKPUTHM KoaoM [7].
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Cocos2d-x 103BOJIIE€ PO3POOIIATH iTpH U Pi3HHUX TUIATGOpM, BKItodaroun i0S,
Android, Windows, Mac OS X i Linux, BUKOPHCTOBYIOYH OJIMH 1 TOH e KOJIOBY 0a3y.
Bin miarpumye ™moBu mporpamyBanHs C-++, JavaScript i Lua, 1mo j03Boise
PO3pOOHMKAaM BHKOPUCTOBYBATH CBOO YIFOOJICHY MOBY JJIsl CTBOPEHHS irop.

OcHoBHi ocobnuBocTi Cocos2d-X BKIIOYAIOT!

1. Bucoxosikicua 2D-rpadika: Cocos2d-x mae motyxHi 3acoou uist poboTu 3
2D-rpadikoro, BKIHOYAIOYHM MiATPUMKY CIPAWTIB, aHiMallii, YAaCTUHOK Ta
ecbekTiB.

2. Posmmpeni MmoxxnuBocTi (izuku: OpeliMBOPK BKIIIOYAE (PI3UUHUI BUTYH
Box2D, 110 103B0JIs€ CTBOPIOBATH pealicTUUHI (Di3MUHI e()EeKTH B irpax.

3. Aymio ta Bimeo: Cocos2d-X miaTpUMy€e BiITBOPEHHS ay/Iio Ta Bifeo (auis,
110 JI03BOJISIE CTBOPIOBATH 3BYKOBi €DEKTH Ta BiJICOIHTETrpaIliio B irpH.

4. Posmmpenns: € Oararo po3MIMpeHb, SKI PO3POOHUKH  MOXYTh
BUKOPHUCTOBYBATH IS PO3LIMPEHHS (PYHKIIOHAIBHOCTI (pEeHMBOPKY, Taki
SIK po0OTa 3 peKJIaMOI0, COIIaTbHUMHU MEPEKaMH, aHATITHKOIO TOIIO.

Cocos2d-x € monynsspHEM BHOOPOM cepell pO3pOOHHKIB irop, 0COOIMBO THX, XTO
MPAIoE HAJl KPOCIIaTPOPMOBUMH TMPOEKTAMHU, OCKUIBKH BIiH JO3BOJSIE C€(PEKTUBHO
BHUKOPHCTOBYB aTH KOJ| 1 pecypcu MiX pisHumH mardopmamu. OKpiM TOro, BiH Mae
BEJIMKY CHUIBHOTY PO3pOOHHMKIB, SIKa HaJa€ MiATPUMKY, TOKYMEHTAII0 Ta MPHUKIAAN
Konay.

OcHoBHi nepeBaru BUKopuctanusa Cocos2d-x BKII0OYaIOTh:

e KpocmrarpopmoBicte: Bu Moxere po3poOusaTH irpu  ans  pi3HHX
w1atopM, BUKOPHCTOBYIOYHM OAMH 1 Toil ke koi. lle 3meHurye 3atparu
Yacy Ta 3yCHJIb IIPH ITOPTYBaHHI TPH HA Pi3HI IIIAT(HOPMH.

e IlBuaxicte Ta epextrBHicTh: Cocos2d-x O6azyerbest Ha CH++, 110 103BOIISIE
OTpPUMAaTH BUCOKY NPOJYKTHUBHICTH Ta e(heKTHBHICTh. BiH onTHMi3oBaHMHA
Ui poboTu 3 rpadikor0 Ta OOpOOKOK MOIii, 110 3a0e3rneuye IUIaBHY
poboTy irop.

e Posmmpeni  moximBocti:  PpeiiMBopk  Mae  Oararuit  Halip

(YHKIIOHANBHOCTI, TAKU SIK aHiMalis, ¢i3uka, aynio, YaCTUHKH, poOOTa 3
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Mepexero Ta OaraTo iHmoro. Bu Moxkere CTBOPUTH Pi3HOMaHiTHI THIH
irop, Bil MPOCTUX apKaIHUX irop A0 CKJIAJHUX CTPATETIYHHUX MPOEKTIB.

e Benuka cninbHota: IcHye akTHBHA criyibHOTa po3poOHuKiB Cocos2d-x, ska
HaJla€ MiATPUMKY, JOKYMEHTALII0 Ta PHKIaIi Koay. Bu Moxere orpumaru
BIJINIOBIJII HAa CBOI MUTAHHS, NOAUTUTUCS JIOCBIZIOM Ta OTPUMATH JJONIOMOTY

BHpIIIEHHS po0IIeM.

Puc. 2.1. Apxitektypa cocos2dx

[epeBaroro po3podOku 3a mornomoror UE4 e HasBHICTH BeNWYE3HOT KiJIBKOCTI
IHCTPYMEHTIB 1 IIa0JIOHIB, AKi Habararo mpocTinie BUKOPHCTOBYBATH, HIX (ppeiiMBOpK.
UE4 nae MOXIHMBICTb CTBOPIOBATH I'PH HE MPOrpaMyloyH, & MaHIMyJIOIOUH pecypcaMmHy,
CyTHOCTSIMH 1 3B'si3kamu (puc. 2.2): Blueprint - peqakTop Bi3yanbHOTO CKpHUNTHHTA [8].
TexHiYHO HEe MOTPIOHO MHCATH JKOJHOTO psiaKa kofy. Lle myke 3pydHO Uit CTBOPEHHS
MIBUIKUX MPOTOTHIIB abo irop. Takox 2 Oepe3ns 2015 poxy Unreal Engine 4 cras
0E3KOLITOBHUM, ajie PO3POOHUKH irop, MOBHHHI NepenaBaTH 5% Big MpHOYTKY TpH

kommaHnii Epic Games, 3a yMOBH, 1110 TOXOJIM TpH ckiIanaroTh 6imbine $ 3000 3a kBapTa.
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Puc. 2.2. Po3pobka Ha UE4 cepenoBumiem Blueprint

He nuBnsunce Ha Bei MoxxkimBocti Unreal Engine 4, #oro npsiMe Ipu3HaYeHHS -
po3pobka 3D irop. [IpoGiiema, 3 sikor0 HaluacTille CTUKAIOThCs po3poOHuKH 2D irop Ha
UE4 - Benmka Bara cCKoMIijasoBaHoi ¢aiimy. Takum gyrnHOM, 7151 ipoctoi 2D rpu 3 BugoM
3BEpXY 1 BIJICYTHICTIO JIOBIOIO CIOXKETHOT JIiHIT HeMae HeOOXiJHOCTI BUKOPHUCTOBYBATH
UE4, i qns peamizarii rpu OyB o0paHuii cocos2dx.

2.2. Bubip cepenoBuiia po3pooxu

Cepen HONyISPHUX CEPEAOBHIL PO3POOKH MiATPUMYIOTh MOBY mporpamyBanHs C
++ cranmapty 2020 roaa [9] i poboTy 3 cocos2dx BuainsitoTh: Microsoft VS22, Eclipse i
CLion. [Tpu BubOpi cepenoBuina po3poOKH BaXKJIMBUMH ITapaMeTpaMH BUOOPY € TOCBiJ
pobotu 3 cepenoBuineM, (PYHKI[IOHAIBHICTh, MIATPUMKA 3aCO0M KOHTPOJIO BepCii,
MOTYXHAW MEXaHi3M aBTOAONOBHEHHS 1 0€3KOIITOBHA JIIIEH3Is.

st po3poOku porpamu OyJie BUKOPUCTOBYBaTHUCs cepenosuiie Microsoft Visual
Studio 2022 [10] (puc. 2.3).

Microsoft Visual C++ (MSVC) — iHTerpoBase cepefoBHUIIEC PO3POOKH TOTATKIB
Ha MoBI C++, mo pospobnene ¢ipmoro Microsoft 1 MOCTaBISETbCS SK YaCTHHA
koMmIutekcy Microsoft Visual Studio 2022.

Visual C++ 2022 Hafae moTy»He i THYYKe CEpEIOBHIIE PO3POOKH, IO JO3BOIISE
CTBOpIOBaTH aonatku s Microsoft Windows 1 monmatku, 3acHoBaHi Ha Microsoft .NET.
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Le cepenoBuIle MOXKHA BUKOPHUCTOBYBATH SIK IHTETPOBAHE CEPEIOBHIIE PO3POOKH, TaK i
B SIKOCTI OKpeMuX 3ac00iB. Visual C++ CKIIaga€eThes 3 HACTYITHUX KOMITOHCHTIB!

e Komminsitop C++: Visual C++ mocradaeTbcss 3 KOMIUISTOPOM, SIKHIA
nepeTBoproe kox Ha MoBi CH++ y MammMHHUE Kof, SIKUM MoOxe OyTn
BHUKOHAHH OMEPaLifiHOI0 CHCTEMOIO.

e InterpoBane cepenoBuile po3podku (IDE): Visual C++ mae mortyxHe
inTerpoBane cepenouiie po3podku (IDE) mix HazBoro Visual Studio. Le
CEepeIOBUIIE HAZIAE€ PO3IIHPEHI MOXIIUBOCTI [Tl pO3POOKH, HATArODKEHHS,
TECTyBaHHA Ta KEPyBaHHs MpoekTaMu Ha MOBi C++. BoHO Mae iHTepdeiic
KOpHCTyBaua 3 OaraTbMa (QYHKIISIMH, TaKHUMH SK PEIakTop KO.Y,
BiJUTaYHUK, CHCTEMA KOHTPOJIIO BEPCil, IHCTPYMEHTH TECTYBaHHS Ta 6araro
iHWoro.

e biomioreku Windows API: Visual C++ Hamae moctym mo 6araThox
6i6miorek Windows API, siki 103BOJNSIOTH PO3POOHMKAM B3aEMOJISTH 3
oreparniitHoio cucremoro Windows. Lli 6i6miorexkn HagaroTh QyHKIIT A7
KEepPYBaHHSI BIKHAMH, OOpPOOKH MOJiH, MEpPEKEBOro B3aEMOJIii, poOOTH 3
(hatimamu Ta Gararto iHIIOTO.

e bBi6aiorexu crangapry C++: Visual C++ Biimtodae Gi0nioTeKy cTaHIapTy
C++, Taxi sk STL (Standard Template Library), siki HamatoTh peamizamii
PI3HHX aJTOPHUTMIB, KOHTEHHEpPIB Ta IHIINX KOPHUCHUX KOMITOHEHTiB. Lli
0610J1i0TEeKH MOJIETHIYIOTh po3po0Ky mporpam Ha MoBi C++ i 3a0e3meuyIoTh
MIEPEHOCHUMICTh KOy MiXK PI3HUMH ITaThOpMaMHu.

e IHcTpyMeHTH /IUIsl HANATOMKeHHA Ta npodiaoBanHs: Visual C++ Hamae
pI3HOMAHITHI IHCTPYMEHTH JUIS HAJaro/KeHHA Ta MNpoQuIoBaHHSI
nporpam. Lle BKiIouae TOUKOBHIA Hajarokysad (debugger) st BUsABIECHHS
Ta BUIPABICHHS TOMMIOK, aHANI3aToOp MaM'sATi JUIS BHSBJICHHS BHUTOKIB
nam'aTi.

e Ilakerm po3podknm (SDK): Visual C++ Mae pi3HOMaHITHI MaKETH
po3podku (SDK), siki 103BOJISIOTH PO3POOHHUKAM CTBOPIOBATH IPOTPaMHU

JUIL  KOHKpeTHHX TuiathopMm abo QyHkuioHanbHOCTe. Hanpukian,
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Windows SDK Hasmae Habip iHCTpyMEHTIB Ta 0i0iioTek AJsl PO3pOOKH
mporpam mizx onepauiiiny cucremy Windows.

e IncrpymenTn 1Jsi po3podku rpadiunoro intepgeiicy: Visual C++ mae
Habip 1HCTPYMEHTIB ISt po3poOKH rpadidHoro iHTepdeicy KopucTyBada.
Britouaroun — gmsaiiHep  ¢GopMm, SKHH  JI03BOJSIE  CTBOPIOBATH 1
HQJIAIITOBYBAaTH BIKHA, KHOINKHM, IIOJII BBEACHHS Ta IHII EJEeMEHTH

iHTepdency.

L1i KOMITOHEHTH pa30M CTBOPIOIOTH MOTYXKHE CEPEOBHILE PO3POOKH LIS IPOrpam
Ha MoBiI C++, M03BONSIOUM PO3POOHMKAM CTBOPIOBATH PIi3HI THIK MporpaM 3
BUKOPHCTaHHSM IIMPOKOTO HA0OPY IHCTPYMEHTIB Ta 0i0IioTeK.

Mosa C++, o € HaWMOMYJISIPHIIIOO Y CBiTI MOBOIO piBHS cucTemH, 1 Visual C++
pa3oM HagarTh PO3POOHMKOBI BHCOKOKJIACHHUM 3aci0 CBITOBOTO PIiBHS AJisi MOOYIOBH

HpOFpaMHOFO38663H€q€HHH.

Puc. 2.3. Microsoft Visual Studio 2022
[Iporpama peanizoBana Ha MoBi nporpamyBanHsi C++ B cepenoumiVisual C++
2022. Bubip cepenoBuIa MporpaMyBaHHS OOYyMOBJICHHH BiJHOCHOIO IPOCTOTOIO

peaizariii rpadiuaoro intepdeiicy kopucryBada (GraphicUserInterface — GUI).
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2.3. Bubip ¢izuuHoro 1pm:kka

Tak $K yHIKaJbHICTIO TPH € CHMYJLALIS 1/I€aJIbHO TPYXKHHUX 3ITKHEHb KYIb,
HEoOX1THO BHKOpPUCTOBYBaTd (izuuHuil aBmxok. Diznynuii apmwkok (physics engine
[11]) - xomm'IoTepHA Tporpama, sika BUPOOJIsiE KOMITIOTEpPHE MOJIEIOBAHHS (Pi3MUHUX
3aKOHIB pEalbHOTO CBITY B BIPTyalbHOMY CBITi, 3 TUM a00 IHIIMM CTyNEHEM
anpoxcumanii. OCHOBHIMH BUMOTaMH JI0 BUOOPY JIBMXKKA OyJi: O€3KOIITOBHA JIIICH31s
1 HasIBHICTh HEOOX1HOT (PYHKIIIOHATBHOCTI JUIS CUMYJISIIIIT 3ITKHEHb.

Icuye nBa jerko iHTerpyiomi B cocos2dx nBmkka, e Chipmunk [12] i Box2d
[13]. OOuzaBa nBMKKA € OE3KOLITOBHUMH, 3 BIIKPHUTUM KOJOM, IIBUAKHMH 1 TIPOCTI y
BUKOpHCTaHHI, B moOpiBHAHHI 3 3D nBurynamu. Takox, oOuaBa miATPUMYIOTH
NpOMalibOBYBaHHS B pexuMi HanaromkeHHs. [Ipote, y Chipmunk € onuH Henomik: npu
JIOCSTHEHHI 00'€KTOM TMEBHOI MHIBHJIKOCTI PyXy, HE BHUKIIOYCHO, KOJW BiH Oyje
«TIPOXOIUTH» Kpi3h iHIIN 00'ekTH. [yl yCyHEHHS 1IIbOro pu3uKy OyB oOpanmii Box2d
[14].

2.4. Buoip incTpyMeHTiB po3po0ku /151 po6OTH 3 pecypcamMu

Jljisi CTBOpPEHHS POCTUX KapT 3 OJHOT0 abo rpymnu crpaiitiB, Oy oopanuii Tiled
Map Editor (puc. 2.4) 3 Oe3KOmITOBHOK IilleH3iero. [IporpamMa mae MOXIIHBICTH
CTBOPIOBATH KapTH 3 «IUIMTOK» Ta OTPUMYBATH Ha BUXO.i ¢aitn dopmary tmx, skuii

HiATpUMy€eThcs cocos2dX.
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Puc. 2.4. Inrepdeiic Tiled Map Editor
Hdns  orpumanHs Qairy plist s 3py4HOrO CTBOpEHHs aHiMamii OyB
Bukopucranuii Texture Packer (puc. 2.5). JlaHa mporpama MicTHTh ABI JIeH3IT -
6e3komroBHa 1 mmarHa (pro). OCHOBHOIO BIIMIHHICTIO JILEH31Hi € BHUKOPHCTaHHA
JIOAATKOBUX aJTOPUTMIB JUISI CKOPOYCHHSI KUTBKOCTI MOJITOHIB, HEOOXiMHUX cocos2dx
JUISl IPOMAJTbOBYBaHHs cripaidTy. s 3aBaaHHs 1aHOT poOOTH TOCHUTH OE3KOLITOBHOTO

peEXnMy.

Puc. 2.5. Texture Packer

Jus monermieHHss poOOTH 3 KOJOM 1 MOMJIMBOCTI CT@XKHTH 3a HOTO 3MIiHOMO,
HEOoOXiTHO BUKOPHCTOBYBAaTH 3acid KOHTpouto Bepciil. CucTemMa KOHTPOJIO Bepcii
(CKB) - e cucrema, sika peecTpye 3MiHH B OTHOMY a00 JeKUIBKOX (daiinax 3 THM, o0
Hajgani Oynga MOXIIMBICTH IIOBEpHYTHCS A0 IIEBHHX IOIEpenHiX Ioro Bepcii Lux
tdaiini. CKB Git [15; 16] € nobpe TOKyMEHTOBaHOI, MOMYIISIPHOI, (PYHKIIIOHAIBEHOI Ta
0E3KOIITOBHOIO CHCTEMOIO KOHTPOJIIO BEPCiii 3 BIAKPUTHM BUXIIHUM KOJIOM.

Taxum 4rHOM, A1 pO3POOKK MPOrpaMU BUKOPHCTOBYIOTBCS TaKi IHCTPYMEHTH,
sk Microsoft VS 2022 poky, Cocos2d 3.14, Box2d, Tiled, Texture Packer, GitHub. Bce
nporpamHe 3a0e3NeyeHHs € OE3KOIITOBHHUM a00 BHKOPHCTOBYETHCS JIMIIE HOTO

oOMexxeHui (ByHKIIOHAT, IKHii He MOTpeOye MOKYIKHU IUIATHIN Bepcii IpoIyKTy.
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2.5. BHCHOBKH 10 po3aiity
Jpyruit po3ain npucBsUeHUH BUOOPY HEOOXiAHOTO MPOrpaMHOro 3abe3neyeHHs
Juist po3pobku rpu. [Ipu BuOOpI BpaxoByBanucs psia Bumor jao [10 i oOMexeHHs, siKi

HakIaaae chopMyTbOBaHA B TIEPIIIOMY PO3JILIII KOHIICTIIIS TPH.
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PO311J 3
MNPOEKTYBAHHSA TA KOHCTPYIOBAHHS 2D I'PA

[pu po3poOb1ii mporpamu JyIst CIPOLICHHS YNTaHHS KOy 1 HOro MacuTaboBaHOCTI
Oynu BHKOpPHCTaHI IaTepHH MPOEKTyBaHHS. [laTepH NPOEKTYBaHHA B pPO3poOIi
MPOTPaMHOTO  3a0E3MEUYEeHHs] - [OBTOPIOBAHA AapXITEKTypHA KOHCTPYKIisl, IO
MPEACTABIISIE COOOK PIICHHS MPOOIEMH MPOEKTYBAHHS B PaMKaX AESKOr0 KOHTEKCTY
[17; 18; 19].

Jns posmmpenHs QyHKmioHanbHOCTi kimacy b2World nBmwkka Box2d 06e3
BHECEHHS 3MiH JI0 HOT0 Koy, OYB BUKOPHCTAaHHUI NATEPH MPOEKTYBaHHs Jekopatop [18]
(Decorator). IlarepH nexopaTop TUHaMi4HO Aonae HOBI 000B'sI3KH 00'ekTy. [lekopaTopu
€ THYYKOI  aIbTePHATHBOI  IOPOMKCHHS  MIAKIACIB IS PO3LIMPEHHS
¢yHkuionanpHOCTI. [IpuKiagoM Horo BUKOpUCTaHHS € Kiac-o0roprka PhysicsSystem.
Bin mae MOXIHMBICTH NMpoaHali3yBaTH pi3HI HMiAXOAW JO BUPILIEHHS NPOOJIIEMH PYyXy
MepcoHaXka 1 CMHXpOHi3alil Gpi3nyHOro CBiTy 3 rpadivyHoi CKJIa10BO1.

Buxopucranns mnarepry npoektyBaHHs Cinriron (Singleton) HeoOXigHO uIst
MOXITUBOCTI JIOCTYIY JIO peCypciB 3 Oylb-sIKOT TOYKH cUCTeMH. JIJisi YUCTOTH KOy Ta
mo0asbHOI BUAMMOCTI, BiAMOBIMIHO 10 pekoMeHnaniii Ckorra Maiiepca [20] i CriBa
MakxkonHemna [21], BHKOpHCTaHHS JaHOTO NATEpHY NPOEKTYBAHHS 3BOAUTHCSA JO
MiHIMyMY.

Takox omHUM i3 cHIOCOOIB KOHTPOIIO irpoBoro city, € napamerp FPS (Frames
Per Second) - KkinmbKiCTh KaIpiB B CEKYHIy Ha €KpaHi, SIKI BHJAIOTHCS MPOTPaMHHM
3a0e3MeyeHHsIM BiJleOKapTH. PO3KPUTTS JaHOTO BU3HAYCHHS BiJirpae 3HaYHY POJIb MPH
BUPILICHHI POOJIEMH HETIABHOTO, TIEPEPUBYACTOTO PYXy Teposl.

IIpu mpoextyBanHi cucremn Oymu Bukopuctani UML-miarpamu  (Unified
Modified Language 3a cranmaprom OMG 2015 ropa [22]) craniB (State Machine
diagram) - miarpamMa cTaHiB TIOKa3ye, K 00'€KT MEPEXOAUTh 3 OAHOTO CTaHY B iHIHH 1
miarpama misibHOCTI (Activity diagram) - giarpama, Ha sikid nokaszani gii. ITig
IISUTBHICTIO  pO3yMi€Thesl  crienudikallisi BUKOHYBAaHOTO TIOBENIHKM Y  BHIIIIL
KOOPAWHOBAHOTO MOCIIIOBHOTO 1 NapajeIbHOr0 BUKOHAHHS MIAJICIINX eJIEMEHTIB.

[Tix yac po3poOku rpu Oysiv BUJIIIEH] TOAATKOBI Mi/13a0a4i:
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- MIPOEKTYBaHHS iHTep(eiicy;

- 3IJ1aJPKYBaHHS CHHXPOHI3aL] (hi3U9HOTO 1 rpadiqHOrO ABHKKA;

- ajianTarlis TpH Iif] pi3Hi 103BOIH IPUCTPOIB;

- MIPOEKTYBAHHS IrPOBOTO 1HTEJIEKTY;

- HaJlarog>XeHH4;

- TeCcTyBaHHS.

MMigxix mo po3pobku OyB oOpaHuii iTeparuBHUil. Po0oTa BuKOHyBamacs 3
Oe3mepepBHUM aHANI30M OTPUMAHUX PE3YNbTATiB 1 MOBEPHEHHSIM O IOMEPEaHIX
eTanis.

3.1. Onuc inTepeiicy rpu

Iurepdeiic Tpu criamaersest 3 9 cued. Jliarpama 3B'S3KIB 1 MepexofiB CIEH

npezcraBieHa Ha pucyHky 3.1 UML niarpamoto craHis.

Puc. 3.1. [diarpama cranis rpu
KittouoBi cTanu po3po0iieHoT rpu npeAcTaBieHi Ha pucyHkax 3.2 - 3.5. TonoBHe
MeHIO (puc. 3.2) cKIIaIaeThes 3 TPhoX KHOMOK: nouatu rpy (Play), moOynysatu (Build) i

Buiitu (Exit).

36

Bunyyvernn . . .
CX0XiCTb LUuTtatn MocunanHs F y A NiomiHa cumsonis KomeHTapi

TeKCT


https://unicheck.com

] . ID nny:
HasBa pokyMeHTa: Fpy3iH PomaH OnekcaHApoBuY - Konis (2) 102::7:\;1

Puc. 3.2. Kapkac roioBHOTo MeHI0

Knonka «Buiitm» (Exit) mae MoxnmBicTh BHHTH 3 TpH. IpaBeus mepeine no
pexxuMy OyIiBHMITBA KapTW NMPH HATHCKaHHI Ha KHOMKY «mnoOymyBarm» (Build). Ha
JAaHUH MOMEHT DPEXHM «OyIiBHHITBa» ayXe€ CHpPHH 1 MOTpedye JOONparoBaHHS.
Kuomnka «mouaru rpy» (Play) mo3Bossie mepelTH Ha HACTYNHY CIIEHY BUOOpPY piBHS
(puc. 3.3). InTepdeiic MeHIO BHOOPY PIBHS CKIIAJAa€ThCS 3 IBOX CTPUIOK 3 OOKIB, JUIs
MePEropTaHHs PIBHIB, OMKC CaMOTO PIBHS 1 JIBl KHOIIKK: Ha3a]l - IOBEPHEHHS B TOJIOBHE
MEHIO 1 BIlepes - mepexia Ao crajiii rpu (BuOip moTouHoro piBHs). TekcT Ha cnaiini

nepefaeThes 3 haity json popMmary, o OMKUCy€e PiBEHb.

Puc. 3.3. Kapkac MeHto BUOOpy piBHs
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[epen mepexomoM 10 IPH, MiJKIOUAETHCS JTOJATKOBHH MOTIK, KUl 3aBAHTAXKYE
pecypcu: BenmuKi 300paxkeHHs 1 cami ysBIeHHs piBHA B json ¢opmari. Ilig gac
3aBaHTXEHHS pECypCiB, Ha €KpaHi 3'IBUTbCS BIKHO 3aBaHTaxeHHs (puc 3.4).
HeoOxixHicTh MOMEpenHBOTO 3aBaHTAXKEHHS pECypciB B ONEpaTWBHY Mam'sTh
oOyMOBJIeHa THUM, 10 Ha OUCTPOpPAbOTAIOUIIX MPHUCTPOSX TEKCTypH MOXKYTh

3aBaHTaXUTHCS NOBLIBHIIIE, HI’XK GPU 00poOuTh BUKINKY rpadivHuX QYHKIIIH.

Puc. 3.4. Expan 3aBaHTa)XEeHHS
Inrepdetic camoi rpu (puc. 3.5) ckanaeTbes 3:
- IHAWKATOpa XHUTTIB y BUIISAAL 4 Cepaenpb - BOHH 3HUKAIOTH IPY OTPUMaHHI
KOO W;
- KEpOBAHOTO Tepos, MPEICTAaBICHOTO HA0OPOM aHIMaIliT;
- JBOX CEHCOpIB YIpPAaBIiHHS: JIIBUH - KepyBaHHS pPyXOM, IpaBUH -
CTPINAHNHOIO.
Takox eneMEeHTaMU T'PH € CTiHH, Kyl (KyJii), IPHUILLI - BKa3ye HAPSMOK CTPiIbOU
1 cMyra mepe3apsakd - 3'SBISEThCS Michas mocTpiry. Kapra mpencramieHa TpyIorO

OJHAKOBHX TEKCTYD.
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Pu. 3.5. CkpiHuiot 3 rpu
KepoBanuii repoil mpexacraBieHWid § TpymamMH CHpaiTiB, € KOXHa TIpyra
MPEJCTaBIsIe aHIMaIlil0 pyXy B omHy 3 8 crtopin. Ha pucynky 3.6 mpeacraBieHHii
Y4OpHOBUI1 BapiaHT aHiMauii repos. Ha nanuii MOMEHT B rpy He BBeI€HO 30pOl0 Ha piBHI
rpa¢igHoi JacTUHH. 30posi 3aMiHIOE YEPBOHHMM HPHIIJI, HA MICIi SIKOTO 3'SBISIFOTHCS

Kyni.

Puc. 3.6. YopHoBuii BapiaHT aHiIMallil pyXy repos

39

Buny4yeHuin
TekcT

CxoXicTb Untatn MocunanHs F A NiomiHa cumsonis KomeHTapi


https://unicheck.com

ID banny:

Haszea pokyMmeHTa: Fpy3iH PoMaH OnekcaHApoBUY - Konif (2) 1015737121

3.2. Peaizaiiss 0CHOBHOIO irpoBOro HUKJIY

IrpoBmit WK - TPUHITAT, 3TITHO 3 SIKUM ITpOBi TU3alHEPH 3a1al0Th TOJOBHUI
€JIEMEHT IrpoBoi MexaHikH, AKkuil BU3Hauae (QyHAaMEeHTaIbHUH ROCBin rpaBld. OauH
ITpOBHH WK SBJISIE cOOOIO IO TPABIS, PE3yNbTaT L€l JIii B irpOBOMY CBITi, peaxiiro
TpaBIlsl HA Pe3yJbTar i 3alUT TPHU Ha MOBTOPEHHS HOBOT il [23].

[Ipu noxasanHi ¢iznuyHoro npmxka Box2d i cuHxpoHizauii #ioro 3 rpadidaoro
YaCTHHOIO BHHHUKJIA NpobiemMa - pyX IepcoHaka CTaB HepepuB4acTuM. I[IpuuuHOIO
npoOJieMH € Pi3HWI 4Yac, 10 HAJXOJWTh Ha BXiJ JUIA TOHOBJCHHS KOXXHOTO KPOKY
¢isnunoro aBmwxka. Ha pucynky 3.7 mnpencraBnenuil rpadik, 10 BigoOpaxkae

OYiKyBaHH Yac JJIsl TOHOBJICHHS 1 (PaKTHYHHH.

Puc. 3.7. I'padix ouikyBaHOTO 1 BXiTHOTO Yacy IUisl IIOHOBJICHHS irpOBOTO CBITY
Hns  BupimeHHs 3aBmaHHs OyB  peamizoBanuid  kmac  PhysicsSystem,
MIPEACTaBICHNUIA B JOAATKY B, sk maTepH MpoeKTyBaHHS IEKOPaTop.
3.2.1. 3MiHHUIT THMYACOBHI KPOK
Jo Toro, sk BUHHMKIIA ITpodiieMa CHHXPOHI3aLii (hi3MIHOTO 1 TpadidHOrO ABIIKKA,
OyJ0 BUKOPHCTAaHO HAWIIPOCTIIE PIMICHHS - BUKOPUCTAHHS 3MIHHOTO THMYacOBOTO
KPOKY.
Jlictuar 3.1 - TlceBmokoa METOAY TMOHOBJICHHS IPOBOTO LMKIY 31 3MIHHUM
KPOKOM.
// time_to consume - 4ac, SIKM{ IPOMIIOB 3 MOMEPEIHHOTO OHOBJICHHS
// OHOBUTH (i3UYHY YACTHHY
update physics(time to consume);

// oHOBUTH TpadiuHy YaCTHHY
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update graphics with physic(time to consume, physics);

[10o3UTHBHUMH CTOPOHAMH JAaHOTO MiIXOMY €:

- Bce IepelaHe AJIs IOHOBJIEHHS 4yacy (time to consume) BUKOPHUCTAHO, IO
no3Bonsie  ismuHOMy IBIXKKY (Box2d) cumHXpoHHO chmimyBatm 3a
rpagiuaum (cocos2dx);

- cnocib mpocTuii B peaizarii.

HepnonikamMu BUKOPHCTaHHS 3MIHHOTO KPOKY € BHYTPIIIHS Mpo0jeMa 004nciIeHb
¢izngynaOTO NBIKKA BOx2d, pi3ki pyxwu B 3B's31i 3 Box2d.

Pi3ki pyx# - y’ke cepiio3HHit HEIOMIK, 1[0 BUKIIOYAE MOXKIIMBICTh BUKOPUCTAHHS
JTAHOTO CIOCO0Y.

®dikcoBaHMIA THMYACOBOI KPOK.

BuxopucroByBaru (ikcOBaHMI YacOBHH KPOK paauTh OdiliiiHa JOKYMEHTAIlis
irpoBoro (izuuHoro nBMkKa Box2d [24]. dikcoBaHMI THMYACOBOI KPOK B TPl TOPIBHIOE
1/60, mo Bigmosizae 60 kagpam B ceKyHIy. TakuM 4YHMHOM, TICEBJOKO] MOHOBJICHHS
IrPOBOTO IIUKITY MPEJICTaBICHUH B JICTUHTY 3.2.

Jlictunar 3.2 - TlceBaokoa MeTOMy MOHOBIECHHS IrPOBOTO HUKIY 3 (HiKCOBAHUM
KpOKOM 0e3 3ri1a/PKyBaHHs

// fixed_time_step dikcoBaHUil YaCOBUIT KPOK

fixed time step =1/ 60.f;

// time_to_consume 4ac, SIKHii TPOHIIOB 3 MONEPEAHBOT0 OHOBJICHHS
// OHOBUTHU (Hi3NUHY YACTUHY

update physics(time to consume);

// oHOBUTHU TpadiuHy YaCTHHY

update graphics with physic(fixed time step, physics);

Ipu Takiéi peamizauii (mictuHr 3.2) BUHMKae iHImIA Tpobinema - (Gi3W4HUE 1
rpadivHui IBMKKH OHOBJIOIOTHCS HECHHXPOHHO. IIpy HM3BKIHM 4acToTi 3MiHHM KaJpiB
(di3uyHUi CBIT OyJe OHOBJICHO paHillie HAa BEJIMKY KUIbKICTh (PIKCOBAHMX THMYACOBUX
KPOKIB, IIpY BHCOKIiH - i3U4HUI CBIT Oye BifCcTaBaTH.

Hdns toro, mo © Oyna BiICyTHS BeJIMKa PI3HULS MK 4YacoM (i3HYHOTrO i

rpagiuHOrO CBiTiB, MPUIHATO BUKOPHUCTOBYBATH 3MiHHY JJIs 30€peKeHHs 4acy, sIKy He
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BUKOPHCTAHO /IS TOHOBJIEHHSI (pi3nyHOTO CBIiTY. Y Kiaci PhysicsSystem 11e BnacTuBiCTh

m_FixedTimestepAccumulator. Ilpu HakomuuYeHHI IOCTaTHBOI KUIBKOCTI dacy Juist

OJTHOTO a00 JIEKITBKOX KPOKiB, (Pi3HUHUI CBIT OHOBIIOETHCS NSteps pas.

Jlictuar 3.3 - O04HCcaeHHS KUTBKOCTI KPOKIB IMTOHOBIJICHHS (hi3WYHOTO CBITY

int nSteps = static_cast<int> (

std::floor(std::abs(m_FixedTimestepAccumulator) / MC::FPS)

)i
m_FixedTimestepAccumulator -= nSteps * MC::FPS;

Tak BmaeTbcst 30epiraTé CHHXPOHHICTh JIBUXKKIB B MEXax OTHOTO (hiKCOBAHOTO

TAMYAaCOBOI'0 KpOKY. KinpKicTb MakCUMAaJIBHO MOMKJIMBHX KpOKiB 06Me>1<eHa, 1o )

YHUKHYTH «CIIpajli CMEpTi» - 3araJIbHONPUHHSATE TOHSTTS U TIO3HAUYCHHS CUTYalii,

NIPY SIKiF KUTBKICTh KPOKIB, sIKe HEOOX1THO 3p00UTH (DiI3UYHOTO CBITY HACTUILKU BENHKE,

10 1X BMKOHAHHS BIIMBA€ HA MPOAYKTHUBHICTb, IO TSATHE 32 COOOIO e OLTBIIMK Yac

3aTpUMOK [25 ].

Jns  BukopuctaHHs 3anumky Bix yacy B m_FixedTimestepAccumulator,

BBOUTHCs BractuBicTh m_FixedTimestepAccumulatorRatio, sike mokasye siky yacTUHY

qacy 1o BiZ[HOHleHHIO a0 (biKCOBaHOFO KPOKY HC BUKOPUCTAHO.

Takum 4MHOM, aNTOPHTM CKIIQIAETHCS 3 4 MyHKTIB:

- BHKOPHUCTOBYIOUH qac, nepeaane JUJIA OHOBJICHHSA

KaJzpy, 1

m_FixedTimestepAccumulator (MuHyne HeoOpoOieHe, HakONMMYEHHH dYac),

BBa)KAEMO IIiJIE YHUCIIO KpOKiB JOBXHWHHU (I)iKCOBaHOFO THUMYaCOBOI'0 KpPOKY

(MC::FPS), sxe moBHHHO OyTH 3MOIEIhOBAaHE. 3aJHIIOK 30epiracTbcs B

nakonnuysadi (m_FixedTimestepAccumulator);

- O0YHMCITIOEMO YacTHHA Bij HEOOPOOJIEHOTO Yacy mI010 AOBXHWHH (HiKCOBAHOTO

TUMYACOBOTO KPOKY i 36epiraemo ioro B m_FixedTimestepAccumulatorRatio;

- MOJAEII0EMO HEOOXi/THE YUCIIO KPOKiB (Di3UIHOTO CBITY;

- 3MJaJDKYEMO MO3UIIIO 1 KyT (DI3UYHUX TIII.

3rnakyBanHs (smoothing [26]) BHKOPHUCTOBYETHCS, 1100 YCYHYTH HasiBHICTh

BisyanbHMX JeeKTiB pyxy. Moro MoxHa peamisyBaTH JIBOMA

criocobamu:

IHTEepHoALi€to 1 ekcTpanoisiero. OduaBa ciocoOr MaroTh MEPEBary i HEAOMIKH.
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[areprionsuist [27] 0OUUCTIOETHCS 110 ABOM BiIOMHM cTaHaM (i3UYHUX Tid (pucC.
3.8 puc. 3.8): 1o cumymanii Kpoky (touka A, puc. 3.8) i micns (touka C,). Pesymbrar

3T KYBaHHS MTPEJCTaBIeHHH Ha Touli B pucynka 3.8.

Puc. 3.8. [Ipuknan 3mmamKyBaHHs

VY nawniii po0OoTi aHanizyBanocs JABa TUNM iHTeprnosii [28]: miHiiiHa, ne alpha -
m_FixedTimestepAccumulatorRatio (srictuar 3.4), 1 MeTOIOM KOCHHYca (JIiCTHHT 3.5).
Jlyis MOCSATHEHHSI MAKCUMAJTbHOT TUIABHOCTI TaK caMo OOUUCIIOEThCs «smoothstepy [28]
a00 «IUTaBHUIA KPOK» - BenmmanHa Mixk 0 1 1, sika BUKOPHCTOBY€ETHCSI IPH IHTEPIIOJIALL.

Jlictunr 3.4 - TlceBmokox MiHIAHOT IHTEPITOIALIT

state = currentState * alpha + previousState * (1-alpha);

Jlictuar 3.5 - [aTepnonsmist METO0M KOCHHYyCa

float smoothstep(const float& x) {

return (3 -2 *x) *x * x;

}

const float mu2 =
(1 - cosf(smoothstep(m_FixedTimestepAccumulatorRatio)*MC::PI)) / 2.1;

m_SmoothPosition = (1 - mu2)*m_PreviousPosition + mu2 * b->GetPosition();

[lepeBara BUKOPUCTAHHS IHTEPHOJSAIIl TOJNAra€ B JOCATHEHHI IUIABHOCTI 1
3MEHIICHHI KUIBKOCTI BiyalbHHX JAe(eKTiB. AJie Ipu IbOMY BHUHHUKAE HEBEJIMKa
3aTpUMKa MK cTaHoM (isumyHOro cBity i rpadigroro. Ile BuaHO Ha MamoHKY 3.8, 1€

3MIIA/DKeHI KOOPJAMHATH Ui BiOOpaxkeHHs Tpadikud Ha eKpaH, He 30iraroTbcs 3
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KIHIEBUM TOJOXKEHHsIM (¢izndHoro Tina. Tak camo, KUIBKICTh Bi3yaJdbHUX HE(EKTiB:
CKa4yKH, pUBKH, 301IBIIYE TOH (aKT, IO TIJIO PyXaETHCS HE MO MPAMIH JIiHii.

Hpyruii crioci® BUIpaBieHHs BizyalbHUX AedekTiB - ekcTpanomsuis [29]. dns
JIOCSTHEHHS 3T1aKyBaHHs 1 00po0ku, mo 3anumuBees B m_FixedTimestepAccumulator
EKCTpaNoJIAList TPYHTYEThCSI Ha «Iepe0adeHH» MOJOKEHHs Tija, 3HAI0YM OCTaHHE
BiJToMe CTaH Tijia (JTicTuHr 3.6).

Jlictunr 3.6 - [lceBnokon excTpanonsii

state = currentState + currentStateDerivative * alpha

[lepeBaro0 BUKOpPHCTaHHS EKCTPAIOJNil € MpocTroTa peanizamii 1 MOBHA
CHUHXPOHHA po00Ta IBOX JBUTYHIB. HeoikoM Takoro miJIxony € MOKJIMBE iIrHOPYBaHHS
3iTKHEHb (TOMONMAHHSA TEpemKox Oe3 OIMOBIMIEHHS NPO 3ITKHEHHS), M0 BUKIIOYAE
MOXKJIMBICTh BUKOPHCTaHHS LbOTO METOAY UId JaHoi rpu. Tak camMo, BUKOPUCTaHHS
METONy eKCTpamojsmii mie OLTbII HEeTOYHO, HDXK IHTEpHOJSLis Juis OO0'€KTIiB, IO
PYXaloThCs HE 110 MPSIMIi JTiHii.

PesynberaT 3acToCyBaHHS METOJIB Ha TPAKTHUIN TOKa3aB, MO HAaHKpaIIUi crocio
VHUKHYTH BI3yallbHUX Je(QEeKTIB BUKOPHCTOBYIOUHM (DIKCOBAHHMI YACOBUH KpOK 1
30epertu FPS 60 xanpiB B cekyHmy - iHTepnoisiis. [lepeBaror maHOTO METOAY € Te,
IO BCi MepejaHe JUlsi MOHOBJICHHS 4Yac BHKOPUCTAHO 1 (izuunuit asmwxok (Box2d)
CHHXPOHHO OHOBITIOETKCS 3 TpadivHuM (cocos2dx).

3.2.3. ®inbpTpanis THMYaCOBOIr0 KPOKY

XopomuM BapiaHTOM JUIs BUPINICHHS JaHOl mpobiemu € Qimprparis BXiTHOTO
JUI TIOHOBJIeHHs 4acy. [lanmii crioci® peanizoBanuii B ABWXKY BitSquid. Anropurm
CKJIaJa€ThCs 3 4 MyHKTIB:

- 30epiraté B iCTOpif0 KOXKHE BXIiJHE JJIs TIOHOBJICHHS dac uis 11
OCTaHHIX KaJpiB;

- BHUKJIIOYHUTH 3 OOYKCIIEHb [Ba 3 HAWOLIBIIMM 1 ABa 3 HaHMEHIINM
yacom;

- OOYHCITUTH CEPEeHE 3HAUCHHS ISl PELITH CEMH 3HAYCHb;

- IHTepHOJIIOBaTH BiJg 3HAWAEGHOrO CEPEeIHBOTO 3HAYCHHS IO

OCTaHHBOT'O KaJ[py JUIS JOJIaBaHHsI OLIBIIOL CIIIaKEHHOCTH.
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Buxonsun 3 anroputMmy, MOXKHa CKa3ary, 1o e (GiIbTp HUKHIX Y9acToT - QiIbTp,
II0 HE TPOIYCKA€ YaCTOTH HIDKYE 1 BHIIE IIEBHUX 3Ha4YeHb. DUIBTp aganToBaHUi s
poboTH 3 uYacoM OHOBIEHHA Kajpy. Peamizamis anropuTMmy MpeAcTaBiIeHa KJIAcOM
TimeFilter, matepn CiHIITOH, B 107aTKy A.

Ha npaxTuiti, [uis Tina, sike MOYe 3MIHIOBAaTH HAIMPSIMOK 1 IIBUKICTh KOXKEH KaJp,
Halikpame cebe mokaszaB anroput™ Qinerpamii gacy. CriiaXeHHOCTh BiH JoOcCsrae 3a
paxyHOK OOUHCIICHHS CEepellHbOI BEIWYMHU 4Yacy MOHOBIEHHS ocTaHHIX 11 kaapiB i
JIONATKOBOI IHTEPIONALIi MK JBOMa KaapaMu. Takok BaKJIMBOK IEPEBAror0 IbOro
croco0y € BHCOKa e(EeKTUBHICTh MPH POOOTI 3 Mepexer. Tak K B JOBrOCTPOKOBIH
MEPCIEKTHBI Tpa MPUITyCKAa€e HAasIBHICTh 0Aarato peKMMIB, PIIIEHHS Ha KOPHCTh I[LOTO
BapiaHTYy.

3.3. AnanTauis mia pizui po3aiyibHi 31aTHOCTI MOOITHHIX NPHCTPOIB

Mob6inpHa rpa «CkaxkeHi Kyii» Opi€HTOBaHa Ha BEJMKY KUIBKICTh PI3HOMaHITHHX
MIPUCTPOIB 3 PI3HUMHU PO3IUTFHIUMY 3[JaTHOCTSIMH Ta IITMOMHOIO eKpaHy. be3 minrtpumkun
PI3HUX PO3IUTBHUX 3MAaTHOCTEH rpa Oyae BUIVISIATH HA PI3HUX MPHUCTPOSIX MO-Pi3ZHOMY,
HaNpUKJIal, sIK IPeICTaBIeHO HA pUCYHKY 3.9. i miATPUMKH NEKIIBKOX PO3IUTBHUX
3IaTHOCTEH eKpaHiB HEOOXiJIHO BH3HAYUTH: NO-TIEpINE, 3 SKUM CITiBBiJHOIICHHIM
CTOPIH €KpaHy MpaIlOBaTH, MO-APYyre, BU3HAYUTH PO3IIIBHY 3[aTHICTh PO3POOKH -
DesignResolutionSize. [To-Tpete, cTBopuTH HabOpHU pecypciB sl BCIX MiATPUMYBaHUX
po3niIpHMX 31aTHOCTEH. LIS mpakThKa AeTanbHO omucyeThes B mxepenax [7; 30; 31;

32].
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Puc. 3.9. BinoOpaxeHHs 6e3 pirieHHs
Byno BupimeHo mnpamroBaTé 3 CIHiBBIIHOUIEHHSM cTOpiH 1.5 1 po3ninbpHOIO
3matHiCTIO  po3poOku  480x320. Jlnst BCIX MOXIMBUX PO3IUIBHUX 3AaTHOCTEH
CTBOPIOBATH OKpeMi HabOpu pecypciB HeMae HEOOXiJHOCTI, JIOCUTh CTBOPUTH TPH
TMAnKA U1 PO3JUTBHUX 3AATHOCTEH SIKi 3HAYHO BiNPI3HSAIOTHCS ONWH BiJl OMHOTO. Y
nporpami Iie nanku assets / small, assets / normal i assets / large. Po3inbHa 31aTHICTB,

sIKa BIIIIOBiIa€ pecypcaM KOKHOI HaIlky, MpUBeAeHO B Tadmwmi 3.1.

Tabmuus 3.1
OcHoBHI KaTeropii posninbuux 3naruocrei
KoedilieHT
Po3ninbHa 3a0aTHiCTD MMupuna Bucora MacmradyBanHs (Scale
factor)
assets/small 480 320 1
assets/normal 1024 768 2,4
assets/large 2048 1536 4.8
LinpoBa po3ainpHa 480 320 1
3JaTHICTb
(design resolution)
PozninbHa 30aTHICTH 768 480 2,4

TECTOBAHOTO Tese(OHy
Ha pucynky 3.10 mpencraBieHa rpa 3 MiATPUMKOIO PI3HUX PO3AUTBHUX

3natHocTeil.  3a  gomomororo  DesignResolutionSize  otpumyemo — koediuieHT
macmTaOyBaHHS - 4HCIO, sKe HEoOXigHO mepematn B Merox  Director::

setContentScaleFactor, 1110 6 IBHXKOK Mir KOPEKTHO MacIITa0yBaTu:
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- 3HaAueHHA MicUs PO3TallyBaHHS 00'€KTIB Ha EKpaHi;
- pO3MipiB WIPUQTIB;

- PO3MipiB pecypciB 300paXkeHb.

Puc. 3.10. CrieHa 3 BUKOPHUCTaHUM pPilIEHHSIM
dparMeHT BUXIJHOTO KOMY, SKHW BIAMOBIA€E 3a peani3allifo MyJabTipa3pelieHis,
MpeJICTaBICHUH B 10aTKy B.
3.4. Peanizauisi irpoBoro mTy4Horo iHTejJeKkTy
IrpoBuit mtyynmii intenekt (Game artificial intelligence, Al) - me HaGip
NPOrpaMHUX METOIUK, IO 3aCTOCOBYIOTBCS B KOMITFOTEPHUX irpax Jjis CTBOPEHHS
BP@KEHHS 1HTEJIEKTyaIbHOI TOBEIIHKH KOMITIOTEpPHO-KEPOBaHKX MepcoHaxiB [33; 34].
st po3poOku irposoro 11 Oymu BuKopucTaHi:
- pmiarpamu gisuibHOCTI (Activity Diagram) juist onucy anroputmy Jii;
- miarpama mpereneHTiB (User Case Diagram), 1mo T03BOJISE OIUCATH
MoxJHBocTi 11.

MosknuBi aii 6ota npencTaBieHi Ha giarpami 3.11.
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Taxum unHOM, JUTs pearnizanii npeueaeHTy «birtim» HeoOXiHO peaizyBaTu

PpO3IMHPSIOYi HOTO TpereneHTH. TooTo, Oy peaizoBaHi Taki TUITN TOBEIIHKH:

- Breua (flee behavior);

- roHuTBa (pursuit behavior);

- yxunenHns (avoid behavior);

- OmykanHs (wander behavior);

- nocTpin.

Taka noBexninka Ha3uBaeThest Cripinr (steering [35]) 1 wacto 3ragyerbes

CriBenom Pabinom [36]. [leranpHmii ommc peami3allii IpeleAcHTIB 3poOIecHO

®epnangio besinakkya [37], ane 3 BUKOPUCTAHHSIM BEKTOPA CHIIH.

[Ipu peamizamii apxitektypa irpooro Il Oyma posaminena Ha 3 4acTHHH

(puc. 3.12):

- Oi3HeC-JIoTiKa: He3aJIe)KHUH Bl iHMMX KiaciB Tuir Logic;

- ocHoBHUiI1 kiac Enemy: Bigmosimae 3a rpadiky 1 iHimiamizamiro Logic i

EnemyBody kiacis;

- knac EnemyBody, inkancymoe tino II (kmac b2Body 3naxomutbes y

BiJHOCHHAX koMmo3uuii 3 EnemyBody).
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Puc. 3.12. [liarpama kmaciB, 1o peami3yloTh IFPOBHHA IHTEIEKT
Knac Logic HaBeneno B ¢aiini Logic.h B nonatky I. 3aBnanus tumy Logic -

ynpaBiminHs, 3MiHa cra”Hy II. Logic iHKamcymoe nadi, Imo BimoOpaxaroTh
MIOTOYHHH cTaH OoTa:

- WBUOKICTb;

- no3uuis;

- TO3WMis METH (IJIs CTaHy « YXUJICHHS»);

- TOKaX4HK Ha 00'ekT Kiacy Entity: CyTHICTB, sIKy HEOOXiTHO YHUKHYTH;

- TOYKa JOTHKY, HOPMajb /IO TOYKH JOTHKY B3a€MOIIIOYMX OO0'€KTIB (s

CTaHy « YXulieHHs»). [Hilami3yeThes Mpu nonaaanHi o0'exra (KyJi, reposi) B CEHCOP;

- TUT LTl YIS CTPLIBOH;

- TOKaX4HK Ha 00'eKT Kiacy Entity: CyTHICTB, B IKy HEOOX1HO BUCTPIJIUTH.
Juns peanizanii CTaHiB BUKOPHCTOBYETBCS 1liesl MAaTEpHY MPOEKTYBAHHS CTaHY

(puc. 3.13).
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Puc. 3.13. UML-ngiarpama kjaciB cTaHiB
Peamnizanist BIZIpi3HAETHCS BiJ| TATEPHY CTaHY THM, 10 MOXKE OyTH aKTHBHO
KiJIbKa cTaHiB opHo4acHO (Tab. 3.2). Ilpu mepexoxi B CTaH «CTPUISHUHA», BCE
aKTHBOBaHI CTaHy BiJKIIIOYarOThCs. CTaH «yXHJICHHS» 3MIHIOE TPAEKTOPIIO PyXy

IHIIUX CTaHIB.

Tabmums 3.2
CyMicCHicTb cTaHis noriku irposoro Ii
Cran Cyw™icHi cranu
Crpinsba (Shot) Hewmae cymicHux
Breua (Flee) Yxunenns (Avoid)
[orons (Pursuit) Yxunenns (Avoid)
Vxunenns (Avoid) Breua (Flee), [Torons (Pursuit), birykanns (Wander)
Bayxanns (Wander) Yxunenns (Avoid)

[puunna miei momudikaiii MOSCHIOETHCS THUM, IO B OCHOBHOMY JlaHI CTaHy
MPAIFOIOTh 3 IOTOYHOT BEKTOPHOIO BemmurHo miBuakocti 1. Hanpuknan, 3a3nanerias
«MOOAYUBIINY MEPEIIKO/IA JI0 MOTOYHOT IBUAKOCTI MOCTYIIOBO OY/I€ 0/1aBATUCS BEKTOP
IIBHJIKOCTI, [0 0OXOJUTH MEPEUIKOY, 110 3MiHIO€ HanpsiMok pyxy II. Ha pucynky 3.14

BiToOpakeHui MpHUKIIaa poOOTH 3 BEKTOpAaMHU IIBHIKOCTEH B pearizarii.
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Puc. 3.14. TIpuknan poGOTH 3 BEKTOPOM IIBHIKOCTI
KoxHuii ctan mo cBoeMy MoAH(iKye BEKTOp IIBHIKOCTI. 3arajJbHUI aIrOpUTM
pobotu II mpencrasienuit Ha pucysky 3.15. [HBapiantom crany Il Oyne cran OxykaHHS.
II He GaunTh TpaBLs, HE 3HAE A€ BiH 1 MPOCTO OIyKae B MeKax KapTH.
st B3aemoii 3i CBITOM OOT Ha/IUICHUH IBOMAa CEHCOPAMHU:
- CEHCOp BEIIMKOTO pajiycy, 10 pearye Ha HOsBY Kyii;

- CEHCOp MaJICHBKOTO pajiiyca, [0 pearye Ha MosiBy IpaBls, CTIHU 1 KYIIi.
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Puc. 3.15. UML-giarpama 3arajipHOro ajiroputmy rnonosnenHs Il

[Ipu B3aemonii 3 ceHcopaM¥ BHKIMKAIOThCA BiAmoBimHi ¢yHKiii: ContactBegin,
ContactEnd, PostSolve, PreSolve, siki 3MiHIOIOTH cTaHy wMopeni (OI3HEC-TOTIKH)
BHUKIIMKOM METOiB Kiacy Logic. Meromu npecTaBiieHi Ha pucyHKy 3.13.

3a ojiHE OHOBJICHHS T'PH OHOBIIIOIOTHCS BCI BKIIIOUEHI CTaHy 1 BKJIFOYAIOTHCS a00
BIJJKJTIOYAOTHCS HOBI BiJIIIOBIZTHO JI0 aITOPUTMY Ha PUCYHKY 3.15.

Koxnwmii cran nepeonpenenser meroq Update, B SKOMY BUIIAIKOBHM YHHOM (CTaH
Wander) abo Ha oOcHOBI oTpuMaHMX JaHuX (cTtaH Prusuit) CTBOPIOETBCSI BEKTOP
MBUAKOCTI. Anroput™M pobotn crany Wander mpencraBieHuii Ha puCyHKY 3.16.
CTBOpeHa MIBUIKICTh HE JOAETHCS Bipa3y 10 noTouHoi mBuakocti 1. s toro, mo 6

pyx i MNOBOPOTHU 3AaBAJIMCA IUIABHUMH, BCKTOP IHBI/I,HKOCTi p036I/IBa€TBCH Ha KIiJIbKa
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YacTHH, 1 10 TOTOYHOI IIBUAKOCTI TOAA€THCS YaCTUHA 3r€HEPOBAHOI PaHiIIe MIBUIKOCTI
- m_VelocityToConsume. Cxoka TexHiIKa 3DIAJKyBaHHS BHKOPHCTOBYETHCSI B

peaitizaiisix iHIIUX CTaHiB.

Puc. 3.16. Anroputm podorn Wander: Update

TakuM 4YHHOM, BHKOpUCTaHa pealisallis J0MoMara€ aBTOHOMHHUM
MePCOHAXAaM PyXaTUCS PEaNiCTUYHHM YHMHOM B HAaBKOJMIIHBOMY CEpPEIOBHIII.
Inest He 3acHOBaHAa Ha CKJIAAHUX OOYMCIICHHSX, a BUKOPHCTOBYIOTH MiHIMyM
JoKanpHOT iH(opMarii, Mo PoOUTH aNTOPUTM MPOCTHM i JIETKO Peai30BaHUM.
[pore, pyxy Il MOxxyTh OyTH JOCUTH CKJIaIHUMHU 1 HenepeaOadyBaHUMU. MiHyCH
JAaHOi peamizallii - HelepenOadyBaHa MOBEAIHKA TPH 3iTKHEHHI 3 T-momioHnMu
nepewkKogamMmun.
3.5. HajaromkeHHs

HanaromkeHHs Tpu peatizyeThes Micis KOMIUIALIT 3 nparnopoM «-debugy i

3aImycK TpHU Ha jeBaiice uepes iHTepdetic Android Debug Bridge (adb). Jocurs
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GPU;

TITBKK JIO3BOJIMTH HanaromkeHHs depes USB Ha nemaiici. Tak camo €
MOXJIMBICTh MIJKITIOYAaTUCS 10 JAeBaiicy depe3 mepexxy WiFi. Ommagunk Visual
Studio m03BOJISE BECTH CHOCTEPEKEHHS 3a IMOBEIIHKOI MNPOTrpaMH IiJ yac
BUKOHAHHS 1 BUSABIATH npobOnemu. Tak camMo Bimmaauuk moOpe Tparroe 3
cocos2dx. 3a JOMOMOror0 BiIJIaJYMKa MOXKHA IepepuBaTd abo MPHITUHITH
BUKOHAHHS IMPOrpaMH 3 METOK IepeBIpKH KOy, OOYKCIIOBATH 1 pelnaryBaTu
3HA4YEHHs] 3MIHHMX MPOTPaMH, BIJCTEXKYBaTH CTaH PETiCTPiB, MNeperIsagaTu
IHCTpYKIii, CTBOpEHi 3 BHXIJIHOTO KOAY, a TAKOXK NepersiaaTi obJacTh mam'sTi,
sIKa BUKOPHCTOBY€EThCS gonatkoM. Omraguuk Visual Studio miaTpumMye mOKpoKOBY
HAJIArOJKCHHsI Ta TOUKHU 3YMIMHKH BUKOHAHHSI 3 33/IaHOK YMOBOIO.

Jnst monryKy i BUITpaBIICHHS TIOMIJIOK B «(i3HYHOMY CBITi» I'pH HEOOXiTHO
ycmaakoByBarn knmac 2bDraw B Box2d i mepeBM3HaumTH HOTrO BipTyalbHi
¢ynkuii. le qacte MOKIMBICTH MOOAYUTH YU 30IrarOTHCSI PO3MIPH 1 IOJIOKESHHS
¢iznyHMX TiN 1 iX rpadiunmi Bursia. Tak camo citiji BpaxyBaTH, IO MaJTIOBaHHS
MMOBUHHO OyTH B MEXKaxX BEPXHBOTO IIapy.

[lo 6 YHHUKHYTH NOAATKOBUX BUTpAT 4acy OyB BUKOPHUCTAaHHWW CTOPOHHIN
Moxynb [38] mis cocos2d-x 2.1.2, BukopucroByroun XCode 4.4 mif JineHsiero
MIT, i 3mineHuid s cymicHocTi 3 cocos2d-x v3.14 i Visual Studio 2022.
I'padiune mnpencraBnenHs (i3uuHUX TN 300pakeHO Ha MamoHKy 3.17.
3alITpuXxoBaHi eJeMeHTapHI Girypu (IpsSMOKYTHHK, TPHKYTHHK) IIPEICTaBISIOTH
(i3nyHI TiNA: KIHEMaTHYHI, CTATUYHI 1 TUHAMIYHI.

VY niBOMy HMKHBOMY KYTKY BHUBOJHTBHCS JIOJIaTKOBA iH(OpMALis CHpHsE
BUSBJICHHIO 0ariB 1 HAJIArOHKEHHI:

- GL verts - KiUTBKICTb BEPIIIMH Ha CIICHI;

- GL calls - kinbKicTh BUKIUKIB rpadidHuX (YHKIIH nepenaHux ajis oOpoOKu

- YKCIIO TIepe] clieleM - Kutbkicts FPS B nanwuit yac;

- YHCIIO MICIIA CJeIa - 9ac IIpOMaJIbOBYBAHHA OAHOI'O Kaapy.
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Puc. 3.17. Cuena mij 4ac HaIaroKeHHs TPy

HonatkoBuM 3aco0oM Hamaro/mkeHHs MokHa BBaxkarn Android Logcat

Command-line Tool (puc. 3.18).

Puc. 3.18. Po6ora Logcat
Logcat - me iHCTpyMEHT KOMAaHIHOTO psJKa, SKUH BimoOpakae KypHa
CHCTEMHHUX MOBiIOMJICHb, BKIIOYAIOYM TPACyBAaHHS CTeKa, KOJNH IPHCTPId BHIAE

MOBiJOMJICHHSI TIPO ITOMMWJIKY, 1 ITOBIIOMJICHHS, SIKI HalMCaHi 3a JOMOMOTOI0 MaKpocy
CCLOG.

3.6. TectyBaHHs
[lix wac po3poOku Tpu Oyn0 HANHMCaHO KiNbKa HE3aJeKHHX Bia TpadidHOi
yactuHu MomyniB. OmHuM 3 Takux moxayidiB € kimac LevelHolder i mos'sizani 3 HuUM

Npu3HaueHi s KopucrtyBada Tumu paHux. Kimac LevelHolder Bigmosimae 3a

55

Bunyyvernn . . .
CX0XiCTb LUuTtatn MocunanHs F y A NiomiHa cumsonis KomeHTapi
TekcT


https://unicheck.com

ID banny:

Haszea pokyMmeHTa: Fpy3iH PoMaH OnekcaHApoBUY - Konif (2) 1015737121

3aBaHTaXeHHs, 00poOKy Ta penaryBaHHs (aiiniB B json Gpopmarti. [Ticns #oro peamizamii
JUIA BUSBICHHS 1 yCYHEHHS INPHXOBaHMX NpoOJieM Ha PaHHBOMY €Talll po3poOKH
HeoOXiHO MPOBECTH TeCTyBaHHA MoAynsa. Kpalum BapiaHTOM AJIs TECTyBaHHS MOy
Oy7I0 BUKOPHCTAaHHSI CTOPOHHIX 0i0miorek 1 ¢peiimMBopkiB, Hanpuknan, Google C ++
Testing Framework (Google Test). Google Test - 6i0Omioreka i MOAYIBHOTO
tectyBaHHsa Ha MoBi C ++. IlepeBaramu nporo ¢peiiMBOpka € HasBHICTH POCIHCBHKOI
JokymeHTarii 1 inensis BSD, To0To 1ie BibHE MporpamHe 3a0e3rneueHHs.

ANe JAnsl TECTYBaHHS MOIYNS 3 JIECATKOM (YHKIIH J0JaBaTH B TMPOEKT
JonatkoBuil  (peiiMBopk He Mae ceHcy. [IpoGnema Oyna BuUpillieHA peatizalliero
nmonatkoBoi omuHuIl TpaHcisanii MapLoaderTest.h 1 MapLoaderTest.cpp, ne 3a
noromororo makpocy IS EQUEL (X, y) HOpIBHIOIOTBCS OAEp)KyBaHI 1 OUIKyBaHI
pesynbratd  pobotu QyHKIHiiH. ToOTO, METO CTBOPEHHS OAMHUIN TPaHCIALIT
MapLoaderTest.h 6ymo noka3 KOpeKTHOCTI KOIy.

Takox mim vac po3poOku Trpu 3'sBisIacs HEOOXIMHICTh TECTyBaTH MPOMiXKHI
pe3ysibTaTH Ha JeBaiicax 3 pI3HHM J03BOJIOM €KpaHy, IIMOMHOIO IIKCEINiB, BEPCI€i0
ornepaiiitHoi cuctemu i APL.

I'pa Oyna npoTecToBaHa Ha TIaThopMax:

- LG D325 Android 7.1.1;

- Lenovo s90 Android 7.2.0;

- Wileyfox Storm Android 7.2.0;

- ITmanpmer Tab 702 Android 4.2.2;

- ITmanmer Samsung Galaxy Tab A SM-T355 Android 5.0;
- Lenovo A6010 Android 5.0.2;

- Lenovo A536 Android 4.4.2.

I'pa BimMiHHO mpaifoBana Ha BCiX TECTOBAHHMX MPHUCTPOSIX, MOKA3HUK CEPEIHBOT
KIJIBKOCTI KaJIpiB B CeKyHIY - 60. KpUTHYHUX TOMUIIOK HE BUSIBIICHO.

3.7. Ilinnuc rpu

[pu xoMmissinii MporpamMu Ui HOro TECTYBAaHHS 1 3alyCKy CIOYaTKy HeOoOXiIHO
foro mianmucaru. Y pexuMi Halaro/PKEHHs IOAATOK mignucyerbes debug wimrodem.

Tepmin nii debug - xiroya HeoOMexxeHuWil. Ane mis myOmikauii qogarka Android y
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Google Play abo mns 3amycky release Bepcii rpu HEOOXiZHO CTBOPHTH CBil KIIOY i
mianucaT iM JOAaTOK. Bynb-skuil TOOATOK, BUKJIAJAEMO B Mara3uH, MOBUHHO MAaTH
mianucannii  ceprudikar. Ceprudikar go3Boise ineHTU(IKYBaTH Bac SK aBTOpa
mporpamu. SIKI0 XTOCh cHpoOye BUKIACTH HPOrpaMy 3 TaKHM K€ MOBHHUM HAa3BOO
MakeTa JIo/laTka, oMy Oy/ie BiIMOBIICHO Yepe3 KOH(IIKT iMEH.

[Mignuc rpu, npu xomminsmii Release-30ipku, 311HCHIOETBCS IHCTPYMEHTaMH Bif
Java Runtime Environment (ckop. JRE; poc. BukonaBua amnst Java) ytumiitoro jarsigner.
Ilepen TuM sk migmMUcaTH MOJATOK HEOOXiTHO CTBOPHUTH yTHIITOIO keytool. OO6muBi
YTUIIITH € OE3KOIITOBHUMH 1 BCTAHOBIIOIOTHCS pa3oM JRE.

3.8. BucHoBkH /10 po3aity

VY TpeTboMy pO3AiNTi, MPUCBSTYCHOMY MPOEKTYBAHHS 1 KOHCTPYIOBaHHS I'pH, OyIin
BUALUICH] jgonmarkoBi mimzanmayi. [lpum BupilleHHI Takux mMmig3agad, sSK «peaizaris
IrPOBOTO INTYYHOTO IHTEIEKTY» 1 «pO3poOKa OCHOBHOIO IrpoBOTO LHUKIY» OymiH

MOPYIICH] acleKTH 3 iHIINX 00JIacTell 3HaHb: POOOTa 3 BEKTOPAMHU 1 3TIIa/IKYBaHHL.
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BUCHOBKN

Y maructepchkii po0oTi Oyl10 pO3NIAHYTO aHadi3 METONIB 1 TEXHOJOTIH
po3pobku komm'torepHoi 2D rpu mis mardgopmu ANDROID.

B po6oTti mpoBexeHO aHali3 CTaTUCTUYHHX [aHWX, IOB'SI3aHAX 3 PO3POOKOIO
MOOUTIbHUX IrOp, a TaKOX BUKOHAHO TMPOEKTYBAaHHS 1 po3poOka JBOMIpHOI rpu Ha
MoOUTEHY TuTaTdopmy Android.

B xozi ananizy Oyno 1aHO OILIHKY MOMYJISIPHOCTI XaHPIB 1 MOOLIBHUX Marhopm
Ha OCHOBI [aHWX CYYaCHHX CTAaTUCTUYHHX KOHCAITHHTOBHX KommaHii: Gartner,
Shared2you, SurveyMonkey Intelligence. Ha ocHOBi o6panoro sxaHpy (urytep - Tom 3
ckauyBaHUX aHpiB B 2023 pori), Oyna copMyaboBaHa KOHIIEMIIiSI pO3po0IsIeMOi IpH.
Konuernist 3akpimiroe miardhopmy, *KaHp, Ha3By, CTHIIb Tpadiku, Aa€ KOPOTKHIA OITUC
inef i refMILIest Tpy 1 BUIUISE HITBOBY ayJUTOPIIO.

Jo crazmii mpoekTyBaHHS 1 HpOrpaMyBaHHS, NMpoOTrpaMHe 3a0e3nedeHHs Oyio
knacu(ikoBaHO 3a TpU3HA4YeHHsM: pobora 3 rpadikoro (cocos2dx, Marmelade sdk,
Unreal Engine 4), po6orta 3 xomom (Microsoft VS22, Eclipse, CLion) i po6ota 3
¢iznuaum cBitom (Chipmunk, Box2d). 3 ommsimy Ha oOMexeHHs, BimoOpaxkeHi B
KOHIIETIIi TPH, OCHOBHUMH BHMOTaMH OyJIM BapTiCTbh, (D)YHKIIOHANBHICTH 1 3py4YHICTD
BUKopHcTaHHs. Jlyist MiHIMi3aMii yacy po3poOku Oynu oOpaHi JTOJATKOBI iIHCTPYMEHTH
Jutst pobotu 3 pecypcamu (TexturePacker) i 3 Buxinaum koznom (GitHub). Takum unHOM,
IUISL PO3POOKH IPOrPaMi BUKOPHCTOBYIOTBCS TaKi IHCTpYMeHTH, ik Microsoft VS 2022
poky, Cocos2d 3.14, Box2d, Tiled, Texture Packer, GitHub.

st epexTrBHOT po3poOKu Oyiu BUIIIEH] 1 BUPILICHI HACTYITHI MiJg3a1adi:

- TPOEKTyBaHHs iHTepdeiicy;
- po3poOKa OCHOBHOTO irpOBOTO IHUKIY;
- aJanTailis IpH Mij pi3Hi JO3BOJIM MPUCTPOIB;
- TPOEKTYBaHHS IrPOBOTO iHTEIICKTY;
- HaNlarog>XeHH4;
- TeCTyBaHHA.
[Tpu BupinieHHi 3a1a4i PO PO3POOKY OCHOBHOTO irpOBOTO LUKITY OYyIIH MOPYIIEH]

TaKi aCHEKTH 3 IHIINX 00J1acTell 3HAHD, SIK:
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- ¢ineTp HIWKHIX YacToT (low pass filter);
- 3IVIAJUKYBaHHS 32 JIOTIOMOTOIO IHTEPIOJIALIT Ta eKCTPATOIISALII].

Hns peamizanii nmkiny OyB BHUKOPUCTaHWMH QUIBTp HIDKHIX dacToT. KoxkeH
PO3TISIHYTH B POOOTI acmeKT sBIs€ COO0I0 HE3aleKHE CaMOCTIHHE pIlICHHS
MOCTaBJICHOI Miji3ajaaui, 3akpimuieHuid B 3aroioBku PhysicsSystem.h i mMoxe Oytn
BUKOPUCTAHHH U1 OOPOOKH OTPUMAHOTO 4Yacy MOHOBJICHHS irPOBOTO IMKJIY B IHIIUX
npoektax. Tema cuHXxpoHi3amii (i3uyHOro 1 rpadiuHOro JBMXKKIB MOMyNspHA 1
MEepPCIICKTHBHA B PO3BUTKY, TaK SK ii aKTyalbHICTh 3pOCTa€ 3i 30ULIBIICHHAM
MOMYJISIPHOCTI irop.

OcobnuBy yBary Oyno MpHIiIeHO ajanTaiii rpu mix pi3Hi npuctpoi. ['padivni
pecypcu Oyau po3iiieHi Ha TpH Kareropii: assets / small, assets / normal i assets / large
JUIE 3MCHIICHHS BTPaTH SIKOCTI 300pakeHb Npu MaciutaOyBaHHi. B pesymbrari, 3
MiHIMaJTHHO MOXJIMBUM 301UTBIIEHHSM HEOOX1THOI MaM'sTi IS TPH, BAAIOCS OTPUMATH
sIKiICHE 300payKeHHs Ha JieBaiicax 3 pPi3HUM J03BOJIOM eKpaHy. PillleHHs, BUKOPHCTaHE B
JlaHiii poOOTi, aKTUBHO 3aCTOCOBYETHCS 1 IHIIUMH PO3POOHUKAMH.

Jljisi CTBOpEHHS 1ITPOBOTO IITYYHOTO 1HTENEKTY, OyJI0 BUKOPUCTAHO 1 aJIallTOBaHA
iZles yOpaBliHHS pyXoM 0o0Ta BIUIMBOM HAa HBOTO JOJATKOBHMH BEKTOPHHUMH
BEJIMYMHAMH - MIBUAKICTIO (B pamMKax Iiiel poboTu). Bukopucrane pilieHHs € KOPOTKHUM,
MPOCTHM, IIBUAKHM (BHKOPHCTOBYE MIiHIMaJbHO KUIBKICTh JAHHMX) 1 PEaJiCTHYHUM:
YHUKAE MEPEIIKOAN, MOXKe MePEeCIiyBaTH i TIKaTH BiJl METH, CTPIJISE B LLJIb 1 KyJIi, O
JETATh B HHOrO. 3aBASKHM BHKOPHCTAaHHIO IIaTEpPHY IPOEKTYBAHHS CTaHy 1 TEXHIKH
oAy JToTik| 1 Tpadiku peanizamis I erko miaTpuMyBaHa i pO3MNPIOETHCS.

[Ipu HanaromkeHHi nporpaMu OyB KJIOHOBaHHMU 1 ajantoBaHuil mig cocos2d-x
v3.14 i Visual Studio 2022 nezanexHUii MOIYNb UISI poOOTH 3 (Pi3SHYHUM IBHKKOM
Box2d - DebugDraw. Bin 103Boisie mpoMalibOByBaTH MOTOYHUI CTaH (Pi3MYHKUX TLT HA
€KpaH, [0 3HAYHO MPHCKOPIOE HANAro/pKeHHS. Moayib Moe OyTH BUKOPHCTAHHH B
IHIINX TPOEKTAX.

Takum YHHOM, pe3yJIbTATOM BHKOHAHHS 3aBJaHHS PO3POOKH JBOMIPHOI I'pH Ha
wiaropmy Android crana rpa «CkakeHi Kyii» 1 1Ba HezanexxHux Moayist: DebugDraw

i PhysicsSystem. Pobota rpu Oyna ycrmimHo npotecroBana mij cucremy Android 4.2.2 i
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Bumie. CTBOpeHa Ipa Y3TO/KYEThCS 3 OINMCAHOI KOHIICTIIEID 1 BOJOAIE TaKHUMHU
XapaKTepHUMH PUCAMHU:

® BiJCYTHICTh HEOOXiJHOCTI B HABYAHHI;

® MBUAKWH 1 YHIKQTBHUN TeHMILICH;

® [pOCTe YIPAaBIiHHS;

® MOXIIUBICTb CTBOPEHHS PiBHS;

® mpocTui 1 3po3yminuii inTepdeiic;

* Herepen0avYyBaHICTh MPOTHBHUKA.

[Monanpimii pO3BUTOK MPOEKTY BKIIIOYAE MOMIMIICHHS (QYHKIIIT J01aBaHHs PIBHIB,

JIONABaHHs SCKpaBOro rpadivHOro Iu3aiiHy, JOJaBaHHS MY3HYHOTO CYNPOBOMY 1

BBCACHHS CTAaTUCTHKH yCHiXy TpaBus.
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