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BCTYI

CroronHi cMapTGOHH CTaIW HEBIJI'€MHOIO YaCTHHOIO KHUTTS Cy4acHOI JFOMUHH i
3aJI0BOJILHSIFOTS ii Haiinepini moTpedu. 1i MoOLIBHI IPUCTPOT HAAAIOTh MOXKIIMBICTH ON-
line crminkyBanHs Ta AocTymy 1o IHTepHeTy, aje iX BHKOPHCTaHHS HE OOMEXYETHCS
nune UUMHU acriekTamu. ChorogHi cMapT(OHH TO3BOJAIOTH HABYATHCA, PO3BAXKATHCS,
CTeX)KUTH 32 3JI0POB'AM 1 MMOYyBarucsi KOMQOPTHO B CBITI BHCOKHX TEXHOJOTIH, IO
NOKPAIIYIOTh SKICTh KUTTA. KpiM TOro, BOHH IONOMAararTh 3a0MIQAWTH Yac, L0 €
Ha/I3BUYAHO BRXXIIUBUM. YCE€ 1€ CTAE MOXIIMBUM 3aBISKH MOOIJTBHUM 3aCTOCYHKaM -
MIPOrpaMHOMY 3a0€3IEeUeHHIO, PO3pOOICHOMY Il POOOTH Ha MOOUIBHUX IPHCTPOSX,
Takux K cMaptdoHu Ta rutanmeTy. [leprn MoOUTBHI 3aCTOCYHKH BUKOPHCTOBYBAJIHMCS
MEePEBAXKHO ISl IEPEBIPKU €IICKTPOHHOT MOIITH, ajie X MOMY/ISPHICTh Ta BHKOPUCTAHHS
PO3LIMPUIIKCS B PI3HUX cepax, BKIIOYAIOUHN iTpH, po3Baru Ta 6i3Hec. B 3anexHOCTI Bix
METH TPOEKTy PO3PI3HSIOTH Kilbka THIB MOOUIBHMUX JIOAATKIB, BKIIOYAIOUH
KOPIIOPATHBHI, KOHTEHTHI, YTHUJIITH Ta irpu. | came po3mMpeHuil pUHOK MOOITBHUX
JIONIaTKiB, 30KpeMa IrpOBHX, CTaB KJIIOYOBUM apryMeHTOM JUis BUOOpY TeMHu
JOCNIOXKEeHHS.

Po3poOka MOOULTBHUX HONATKIB Ui omepaniiHoi cuctemMu Android € omHuMm 3
MOMYJISIPHUX HampsIMKIiB cydacHUX IT-TexHororiid. 3amuT Ha MOpPTaTHUBHI MPUCTPOI HA
PUHKY TEXHIKH 3pOCTa€, TOMY PO3POOHUKH aKTHBHO CTBOPIOIOTH IIUPOKUH CHEKTp
npodeciinux nonatkiB st mux mwiatrgopm. OC Android BcTaHoBiIeHa Ha MiTbHOHAX
MPUCTPOIB, TAKHUX K CMapT(OHH, KOMYHIKATOPH, IJIAHIIETH, HETOYKH 1 0arato 1HIIHX.
OpuuM 3 ocHOBHHMX mepeBar Android € Horo BiZKpHTICTH Ta O€3KOIITOBHICTB, IO
JIO3BOIISIE KOXKHOMY KOPHUCTYBaueBl BCTAHOBIIIOBATU PI3HOMAHITHI JOJATKH, BKIIOUAIOUN
irpu, 0i3HEC-3aCTOCYHKH, MPOTPAMHU JJIs CIUIKYBaHHS, BiJICO3B'SI3KY, Media-pecypcis,
3MI Ta ounaiiH-pecypciB. Bubip nomaTtkiB Maibke HeoOMexeHuit. Kpim Toro,
PO3pOOHHMKH HAJAIOTh 3pYYHUI HAOIp IHCTPYMEHTIB Ul CTBOPEHHS AONATKIB 1 j100pe
nokymenToBane SDK (Software Development Kit).

O0’€KT AOCHIXKEHHS: MPOLECH CTBOPEHHS IBOMIPHOTO irpOBOTO 3aCTOCYHKY

aHpy "mrytep" s miaardopmu Android.
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IIpeamer pociizKeHHsI: METOAM, MiAXoAW Ta iH(OpPMalidHI TEXHOJOTI],
BUKOPUCTOBYBaHi JUIsi pO3pOOKH irpOBOTO MPOrPaMHOro 3a0e3NedYeHHs Uil PUCTPOIB,
110 npaitoroTh Ha riardopmi Android.

Meta pobotu - po3podka mobinpHOTO Aonarky OC Android xommtoreproi 2D
rpu 3acobamu Microsoft Visual Studio.

Jlist NOCSITHeHHSI TOCTABJICHOI METH HEOOX1IHO BUPIIIUTH HACTYIIHI 3aBIaHHS:

1. ChopmymroBaTy KOHLEMLIIO TPH;

2. Tlpoectu aHaii3 Ta oOparu mporpaMmHe 3a0e3reueHHs IS peastizaiii
koM ’1otepHoi 2D Tpu;

3. Po3pobutu mobGineHui noxatok OC Android xomm’torepHoi 2D rpu
3acobamu Microsoft Visual Studio.

MeToau A0CTiIZKEHHSI - TEXHIKO-€KOHOMIYHUI 3 BUKOPUCTAHHSM KOMIT'TOTEPHUX
TEXHOJIOTIH, TEXHIYHAN aHaJIi3, METOIHN MOJICITFOBaHH iH()OPMAIiTHIX TPOIIECIB.

[epmii po3ain Bu3HA4Ya€e NMOHATTS KoHIemnmii. Ha OCHOBI cTaTMCTHYHMX JaHUX
mo mpojakax OyB oOpaHMiA >XaHp MOOUTRHOI TPH 1 JaHa OIliHKA MOMYJISIPHOCTI
MOOITBHOT IUIaTGOpMH, Wi SKY BeleTbes po3poOka. CTaTHCTHYHI JaHI HagaHi
JIOCHITHUMHA 1 KOHCAJITHHTOBUMH KOMIIAHISIMH, WIO CIILIiaNi3yl0ThCsi HA pPUHKaX
iHpOpMaLiTHUX TEXHOIOTIH:

- Qartner;
- SurveyMonkey Intelligence;
- Shared2you.

Jpyruii po3ain npucBsueHuil BHOOPY HEOOXiIHOTO MPOrpaMHOro 3a0e3redeHHs
Juis po3poOku rpu. [lpu BuOOpi BpaxoByBamucs psia BuMor a0 110 i oOMexeHHs, sKi
HakJaaa€e CPOPMYIIbOBAHA B IIEPIIIOMY PO3IUTI KOHIEIIS TPH.

VY TpeTboMy pO3Iiii, MPUCBIYEHOMY TPOEKTYBAHHS I KOHCTPYIOBAHHS I'pH, Oyiu
BHUIUICHI J0maTKoBi min3azadi. [Ipw BupimieHHI TakMx Mmin3agad, sSK «peajtizaiis
ITPOBOTO INTYYHOTO IHTENEKTY» 1 «pO3po0Ka OCHOBHOTO IrpOBOTO LHUKIYy» Oymn

TIOPYIIEH] aclleKTH 3 iHIIUX o0yacTeil 3HaHb: po0O0Ta 3 BEKTOPAMH 1 3TI1aKyBaHHSI.
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PO3I1JI 1.
oA CTAHY IUTAHHSA TA AETAJI3ALIA 3A1AY PO3POBKHU
[Ipu crBopeHHI irop Ha MOOUIbHI IUIATPOPMHU Ha TOYATKOBUX eTanax
MIPOEKTYBAaHHS HEOOXiHO YiTKO ommcaTH KoHuemuito rpu. Konmenmist mpoexty [1] -
Horo omuc, 1o aa€e iH(GOpMAIlilo PO Te, SIK B 33/IaHUX YMOBAaX MPOEKT 3a0BOJIBHHUTH
npe'ABICHAM JI0 HhOrO BUMoraM. KoHIemnIlisi, B CBOKO Yepry, pO3KpHBAa€E TaKi MOHSTTS,
SK irpoBa MeXaHika (redMIuieii) - irpoBHil MPOIEC 3 TOYKH 30py TIPaBIs 1 CETTUHT
(obcraHoBka). Takok Ui PO3YMiHHS TEMH HEOOXIJHO BU3HAYMTH Kiacupikamil
MOOULTBHUX ITOp 3a XKaHpaMH 1 0 IIaThopmi.
TakuM uMHOM, Hepe] CTBOPEHHAM IPOrpaMH Ul YITKOTO (opMyIroBaHHS
3aBIaHHs, HEOOX1THO JaTH 00'€KTHBHY OLIHKY PUHKY ABOMIPHHX irop, a came:
- OIIiHKA MTOMYJISPHOCTI )KaHPIB;
- OLiHKa IMOMyJIsipHOCTI MOOiNBHOI Targopmu Android;
- OIiHKA MIO3UTHBHUX 1 HETATUBHUX CTOPIH OOpPaHUX XKAHPIB;
- OILIiHKa aKTyaJbHOCTI irop.
To6T0, MOTPIOHO MPOBECTH aHAMI3, SKHI JACTh MOXJIMBICTh BUPIIIUTH, TPY SKOT'O
JKaHpy HAWKpalle CTBOPIOBATH, & TAKOXK CPOPMYITIOBATH YiTKY KOHIICTIIIFO.
1.1. Anani3z mo6inbHoi niargopmu Google Android System
Android - omeparmiiina cuctema s cMapT(OHIB, IUIAHIICTIB i HETOYKIB, SKY
xomnanig Google nmpundana y po3poOHuKa nporpaMHoro 3adesneueHHs Android Inc. y
2005 poui. Lls omepamilina cuctema 0Oa3yerbcss Ha MomudikoBaHoMy sapi Linux.
[Miznime Google Ta inmi ydacauku Open Headset Alliance cmiBmpamoBamu Han
CHIILHOIO PO3pOOKOI0  Iiel HOBOI omepamiiiHoi cuctemMu. Jlias MIATPUMKH —Ta
MOAAJBIIOrO PO3BUTKY IuIaThopMu Oyno crtBopeHo mpoekT Android Open Source
Project (AOSP). ¥ Android icHye Benuka criibHOTa pPO3POOHUKIB, SIKI PO3LIMPIOIOTH
(DyHKIIIOHANBHICTH IPUCTPOIB.
Onepariiina cucrema Android mae cBiit odiiitnuii marasus noxarkis - Android
Market. B HbOMy TipezcTaBieHi SIK IJIaTHI, Tak 1 0e3KOmTOBHI mporpamu. Ha nanwii

MOMEHT yKpaiHCHKHM KOPHCTyBadaM JOCTYIIHI JIMIIE OE3KOIITOBHI MPOTpaMH Ta irp.
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3apnsku BiakpuTocTi Android, KOprCTyBaui MOXYTh 3aBaHTaXKYBaTH JIOAATKH i3 1HIIUX
nxepen.

Po3pobuuku mig Android mepeBakHO BHKOPHCTOBYIOTH MOBY IPOrpamyBaHHS
Java Ta Kopuctylorbcs OiOmioTexamu, po3pobmenumu  Google, A KepyBaHHS
NMPUCTPOEM.

OdiniitHo npo onepariiiny cucremy Android crano Bimomo 5 nmcronama 2007
poky, kosu Oyio oroxomeHno crBopeHHs Open Headset Alliance - xoHCOpUiyMy, 11O
o0'enmnaB 80 xommaniii. Bennka yactuHa komy Android Oyma BuIyleHa Imif JTiEH3i€0
Apache.

VY cepnni 2005 poky Google mpundana xommnanito Android Inc., micns uoro
Android Inc. cranma migposninom Google. Ilicns nokynku Enpi Py6in, Piu Maiinep i
Kpic VYaiir 3amummnucs B Android Inc. 3'sBunmcs dytku B [HTEpHeTi mpo Te, 110
Google Mae Hamip yBiiTH Ha pUHOK MOOLTHHUX TenedoHIB michs mpundoanas Android
Inc.

[Ticns orpumanns minTpuMku Bix Google, xomaHnma mif KepiBHUITBOM EHII
PyGina movana po3poOky omnepauiiiHoi cuctemu Ha 6asi sapa Linux. ¥ rpyzai 2006
POKy 3'siBHIIHCSA YyTKH mpo Te, mo Google miaHye BHIYCTHTH cMapTOH i CBOIM
OperznoM, Binomuii sk "T'yrmogon".

Koxna Bepcist omeparniitnoi cucremu Android mae Ha3By npecepty. [loyarkosi
OyKBM Ha3B BepCii BIAMOBIAIOTH JITEPaM JIATHHCHKOTO ayI(haBiTy O TOPAIKY.

Android Market - me iHTepHET-Mara3uH JMAOJATKIB Ui CMapT(OHIB, IO
MPaIIOIOTh Ha omepaniiiHiid cucremi Android, i € iHimiarnBoro anmbstacy Open Handset
Alliance (OHA), 3 Google Ha 4omi. Bin Bkitouae B cebe MIMPOKHN CHEKTP JOIATKIB,
TaKuX K irpH, KIIEHTH COIaJIbHUX MepeX, odicHi mporpaMu, HOBUHHI JOAATKH,
(hiHAHCOBI IHCTPYMEHTH Ta 0araro iHIIKX.

Google oromocuia TPoO BIAKPUTTA IHOTO OHJIAHH-Mara3wHy JOMNATKIB s
Android 22 sxoetas 2008 poxy. Criouatky B YKpaiHi BincyTHii OyB o(illiifHUI Mara3uH
JIoaTKiB Ha cMapTdoHax, ane 12 ciuns 2010 poky Samsung YkpaiHa moizomMuiia mpo

fioro 3amyck, 1 misHime Android Market 3'sBuBCst 1 y BeHIOpiB, Takux sk Motorola,
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HTC, LG i Sony Ericsson, 110 3#a4H0 30u1b1ImII0 iHTEpec 10 cmapTdoHiB Ha Android B
YKpaiHi.

[porpamu mnst Android po3pobisitorbest y cneuupidHOMy OaWT-KOII st
BipTyansHoi MammHK Dalvik, 1110 € HecTaHmapTHUM 15 TpaauiiiHoro Java.

Google Hamgae OE3KOIITOBHO JOCTYIHHI HaOIp IHCTPYMEHTIB Jisi PO3pOOKH
Android (Android SDK), skmii MoXHa BHKOPHUCTOBYBaTH Ha Xx86-minardopmax 3
omnepauiiaumu cucremamu Windows XP, Windows Vista, Mac OS X (Bepcis 10.4.8 a6o
Buma) i Linux. [nsg po3poOku notpibna Bepcist JDK 5 a6o JDK 6. [nsg cTBOpeHHS
nonatkiB st Android MoXXHa BUKOPHCTOBYBAaTH MOBY Java (He Hipk4e Bepcii Java 1.5).
Juist po3po6ku Ha ruiardopmi Eclipse moctynuuii miarin "Android Development Tools"
(ADT), axwuii cymicauit 3 Bepcissmu Eclipse 3.3-3.5. Takox icuHye maria s Intelli]
IDEA, sxuii cnopomye po3pooky  Android-momatkiB.  Hapasi  po3pobneno

eKCTIepHMEHTAILHIN TUIariH s cepenoBuina po3podku NetBeans IDE.

Puc. 1.1. Apxurektypa OS Android
- PiBens monarkis ( Applications):
V¥ cknax Android BkitoueHO Habip OCHOBHUX JIOJATKIB, SIKi BKIIIOUAIOTH KIIIEHTH
eJIeKTpOHHOT mowty Ta SMS, KajeHnap, pi3HOMaHITHI KapTH, Opay3ep, mporpamy st
YIpaBIIiHHS KOHTAKTaMH Ta iHIIN (QyHKIiOHAJIBHICTE. BCi momarkw, siKi MpamioloTh Ha

ruiardopmi Android, po3pobieni Ha MOBI ITporpamyBaHHs Java.
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- PiBens kapkaca nonarkis ( Application Framework ):

¥ Android icHy€e MOXIJIMBICTh BUKOPHUCTOBYBaTH MoBHUH (hyHKmioHan API, skuit
BUKOPHCTOBYEThCSI B OCHOBHHUX JI0JaTKaX. Apxitektypa miardopmu moOyJoBaHa TAKHM
YHHOM, 1[0 Oy/Ib-SIKHI TOTATOK MOYKE BUKOPHCTOBYBATH BXXE HASIBHI MOYKJIMBOCTI 1HIIUX
MpoTrpaM, SIKIO OCTAaHHI HA/IAI0Th JOCTYI JI0 CBOET PyHKI[IOHANBHOCTI. TakuM 4nWHOM,
apxXiTekTypa IuaTGopMu crpusie 6araropasoBOMy BHKOPHCTAHHIO KOMITOHCHTIB
OTepaLifHOT CUCTEMH Ta JOAATKIB.

OCHOBOIO BCiX 0AATKIB € Ha0ip cucTeM i ciyxO.

1. Cucrema ysBueHb ( View System ) - me po3lIUpeHuil HaOip ined, sKuit
MicTHTh Oaratuii HaOip (QYHKIIOHAJIBHOCTI MJIsi CTBOPEHHS 30BHIIIHBOTO
BUIVISTY JONaTKiB. BiH BKIIFOYa€e pi3HOMAaHITHI KOMIIOHEHTH, TaKi SK CIIUCKH,
TaOIHUIl, IO BBEACHHS, KHOIIKM Ta 1HII €JIEMEHTH.

2. Kontenr - mposaiinepu (Content Providers) - me cepicH, sKi TO3BOJISIIOTh
JoIaTKaM OTPHMYBAaTH JOCTYH IO JaHUX, IO HANeXaTh IHIIUM JOJaTKaM, a
TaKOXK HAJIABATH JOCTYII IO CBOIX BJIACHUX JAHHX.

3. Menemkep pecypciB (Resource Manager) mpu3HaueHHid Ui OTPHUMAaHHS
JIOCTYIY JI0 Pi3HOMaHITHUX PECypCiB, BKJIIOYAIOUH TEKCTOBI, rpadiuHi Ta iHIIi
THAMNN.

4. Menemxep crioBimens ( Notification Manager ) 3a0e3nedye MOKIHUBICTb Oy/Ib-
SKOMY JIOJIaTKy BiJoOpakaTd MOBIZOMIICHHS JJIsi KOPUCTyBa4a y PSAKY
cTaTycy.

5. Menemkep niii ( Activity Manager ) Kepye >KUTTEBHM IMKIIOM JONATKIB i
3a0e3neuye CUCTeMy HaBirailii, 1o JJO3BOJISE BIJICTEKYBATH 1CTOPIIO B3a€MOJIT
3 IoAaTKaMH Ta iX JisIMH.

- Piens 6ibmiotek ( Libraries ):

VY mnardopmi Android BriroueHo HaGip 6i6miorexk C/C++, siKi BHKOPHCTOBYIOTBCS

PI3HHMMH KOMITIOHEHTaMH oOlepamiiHol cucTteMu. Po3poOHHMKaM Hama€eThCs IOCTYH JIO0
¢ynkuiii mux Oibmiorex uvepe3 BukopucTaHHs Application Framework. Ocp Kinbka

MPUKJIaIiB IUX 010Ti0TeK:
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1. System C library - BSD - cranpgapraa cucremHa 6iomiorexka C (libc) mms
BOyIOBaHUX TIPUCTPOIB, SAKi MPAIIOIOTh Ha 0a3i omepamniiHoi cuctemu Linux,
peaitizoBana B ruiatgopmi Android.

2. Media Libraries - 6i6miorexu, sxi 6a3ytorscst Ha PacketVideo's OpenCORE,
BUKOPUCTOBYIOThCS JUIA 3a0€3MeUeHHsl MIATPHMKH IIPOTPABaHHS Ta 3aIHCy
MOMYJISIPHUX ayaio- Ta Bineodopmaris, Takux sk MPEG4, H.264, MP3, AAC,
AMR, JPG, PNG Ta iHmIi.

3. Surface Manager - MeHekep II0BEpXOHb YIPABIISE€ JOCTYIIOM JI0 HiACUCTEMHU
BigoOpaxeHHs 2D - 1 3D- rpadiuHux mapis.

4. LibWebCore - cywacHuii JBWXKOK web -Opay3epa, SKMH HaJa€ BCIO Millb
BOymoBanoro Android- Opay3sepa.

5. SGL - gemwxok st pobotu 3 2D -rpadikoro.

6. 3D libraries - aBmxok mist podoru 3 3D - rpadikoro, 3acHoBarui Ha OpenGL
ES 1.0 APL

7. FreeType - 6i0mioreka, mpu3HaueHa 11t poOOTH 31 mpupTamu.

8. SQLite - MOTy>KHHIA JTETKOBAaroBUH IBMYKOK JUIsl poO0TH 3 pensimidaumu b1

- PiBenb cepenoruimna BukoHanHs ( Android Runtime ):

Android mae B cBoeMy ckiani Habip Oi0mioTek sapa, sSKi HAJAIOTH 3HAYHY
4acTUHY (YHKI[IOHAIBHOCTI, aHaJoTiuHy OibiioTekaMm siapa MoBH Java. Y ruiatdopmi
BUKOPHCTOBY€ThCS BipTyaipHa MammHa Dalvik, sika omrmmizoBana s pobotn 3
peecTpoM, Ha BIIMIHY BiJl CTAaHJAPTHOI CTEK-OPIEHTOBAHOI BIpTyaslbHOI MalmuHu Java.
KokHa mporpama 3amyCKaeTbCsl B OKPEMOMY MpOLECi 3 BIACHUM EK3EMILISPOM
BiptryanbHoi mammmuu. Dalvik BukopuctoBye dopmar Dalvik Executable (*.dex), sikuii
ONTHMI30BaHHUH JUIS €()EKTUBHOTO BUKOPHCTAHHS mam'ati mpoxarkamu. Lle mocsraerbes
3aBIsIKK 0a30BUM (YHKISAM sifpa Linux, TakuM sik opraHizaifisi mOTOKOBOT 00pOOKH Ta
HU3BKOPIBHEBE KepyBaHHs mMam'sTTio. baiit-kox Java, Ha sSKOMy HamMCaHi Balili
nporpamu, KOMIUTOeTsCst B popMar dex 3a nomomororo yTwiniTe dx, sika BXOJHTH IO
cKkiany Habopy iHcTpyMeHTiB po3pooku (SDK).

- PiBens saapa Linux (Linux Kernel):
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Android 6a3yerncst Ha Bepcii 2.6 onepauiiiHoi cuctemu Linux, o nae ruiardopmi
JOCTYI 1O PI3HUX CHCTEMHHX CIYyXO siipa, TakuxX SK YHOPABIIHHS TaM'sATTIO i
npoliecamu, 3abe3rnedeHHs Oe3nexku, podoTa 3 Mepexero 1 apariBepamu. Kpim Toro, sapo
BUCTYIAE SIK Iap abCTpakIlii Mi>K arlapaTHUM 1 MPOTPaMHUM 3a0e3MeYSHHSIM.

1.2. Buoip kanpy Mo0inbHOI rpu

3apa3 iCHye BeJlMKa KiUJIbKICTh Pi3HOMaHITHMX KOMI'IOTEpPHHX irop, i ix TBopi
NOCTIMHO BHITyCKaloTh HOBI. OCKIUJIBKH CTBOPEHHS KOMI'FOTEPHHX irop IOB'S3aHO 3
PO3BaXKAIBHOIO ceporo, X Kinacudikallist He Taka IMPoCcTa, SK MOXKE 37aTUCS Ha MTEePUIHA
o, JKaHpu irop ¢opmyBaiics 6e3 MeBHOI CTPYKTYPH Ta HA OCHOBI iHTYITHBHOTO
MiAXOMy TIPOTATOM TPHUBAJIOro 4Yacy. Po3poOHUKM irop NpPOBOAWIM CMUINBI
eKCIIePUMEHTH, JIOCHTI/KYIOYM HOBi irpoBi MexaHiku. HeBmammm excriepuMeHTaM He
NpUAUIOcs 0araTo yBard, a YCHIIIHI IrpU  CTaBalld MPHKIAJAOM JUIS IHIIAX
po3poOHHKiB. PO3p0OHMKH KOIIiFOBAIH MOITYISIPHY irpOBY MEXaHIKY, J0JaBajy CBOi ifef,
1 TAKUM YMHOM HABKOJO HAWUMOMYJISPHIMIUX IrOp YTBOPIOBAJIHMCS LTI KJIACH CXOXKUX
irop, sIKi OTpUMaJIH Ha3BY >KaHPIB.

[onin Ha kaHPH € Ty’Ke KOPUCHUM Ha IPAKTHULI. IrpH EBHOTO KaHPY BXKE MalOTh
CBOIO 3alikapieHy ayauTopiro. Komu po3poOHMK oromourye, 10 BHIYCKae Ipy B
MEBHOMY JKaHpi, TpaBli BXE MArOTh YSBJIEHHS PO Te, IO BiAOyBaTUMETHCS B TPi,
HaBiTh 0€3 J0JaTKOBUX MOSCHEHb BiJl pOo3poOHUKIB. YacTo po3pOOHHMK KOMIIaHisi He
MO)KE OJIHO3HAYHO BU3HAYUTH XKaHP HOBOI I'PH, OCKIJIBKH Oakae Mpojatu el MpoayKT
sIKOMOTa OUIBIIIH KUTBKOCTI KOPUCTYBadiB, 1 TOMy HE XO4e OOMEXyBaTh MOTCHLINHY
AyJUTOPII0 TEMATHYHUMH PaMKaMH.

3a3Buuail irpu KJIACHU(IKYIOTBCS 3a JKaHpaMHM 1 KiJIbKICTIO TpaBiiiB. Bonu
TIOAUISIOTHCS Ha KiJIbKa THIIIB, TakKi SIK KBECTH, eKUIH, poiboBi irpu (PIIT), daiituHry,
CTpaTerii, CUMYJIOISITOPH, JIOTIYHI Ta a3apTHi irpu, a Takox iHmm. s kiacudikaris
JIOTIOMArae TpaBIsIM IIBHIIIE 30Pi€HTYBaTHUCS B CBiTi irop. Hampukian, skimo rpa
BITHOCHUTBCS /10 JKaHPY KBECTY, IPaBLi MOXXYTb OYiKYBaTH PO3B'SI3aHHS T'OJIOBOJIOMOK 1
HOIIYK MPEAMETIB IJIs MIPOJOBKEHHS CIOKEeTy. 3 IHIIOro OOKY, SKIIO I'pa BiTHOCHTHCS

JI0 YKaHPY EKIIIHY, TPaBIIM MOXKe OyTH I[iIKaBUM IIBUIKWNA TEMIT TPU Ta aKTHBHI OUTBH.
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Knacudikaisi Takoxx qoroMarae po3poOHUKaM irop BHU3HAUUTH CBOIO ILIBOBY
AyJUTOPIIO Ta 3aJy4YUTH OiNbIIE TPaBIiB, MPOMOHYIOYH iM irpOBHUIl IOCBiM, SKUH BOHU
BXKE 3HAIOTH 1 JIIOOJATh y IEBHOMY JKaHpI.

OTxe, TOAIN Irop Ha JKAaHPU € BAXUJIMBUM 1 KOPUCHUM IHCTPYMEHTOM JIJIst
po3yMmiHHs Ta kiacudikamii Komm'torepHux irop. lled migxin gomomMarae TpaBisiM
3HAWTH IrpH, SKi BiIOBIAAIOTH IXHIM BIIOJOOAaHHSM, a PO3POOHMKAM — 3aJTy4YUTH
OiJTbIlIe TPABIIIB MIISIXOM ITPOMO3HUIIIT Ir0p y BiKe BUBHAYCHUX KAHPAX.

binpme Toro, knacudixaimis irop 3a KaHpaMH J03BOJISE CTBOPUTH 3py4HY
CHCTEMY Ul CIPHUAHSTTS Ta OOTOBOPEHHS irpOBOTO KOHTEHTY. [paBlli MOXYTH JIETKO
CHIIKyBaTUCSI Ta OOMIHIOBATHUCS BPAXEHHSMH [P0  irpH, BUKOPHCTOBYIOYU
3araJbHONPUIHATI TEPMIiHH 1 )KaHPOBI BU3HaUeHHs. Hanpukian, sIKIO XTOCh KaXKke MPo
"poranuk", iHIII TpaBIli Bipa3y po3yMilOTh, 0 HAETHCS PO POIBOBY TPy 31 CIy4YailHO
TeHEPOBAHUMH PiBHAMHM Ta IOCTIHHUM PO3BUTKOM IEepCOHaXka. Taki 3araibHi TEpMiHU
Ta AHPOBI YSIBJICHHS CHPUSIIOTH OOMiHY iH(OpMaIli€to, MOPIBHIHHIO irop Ta BHOOPY
HOBHX irop Juis TpH.

3BiCHO, BapTO 3a3HAYUTH, IIO irpOBi KaHPH HE € KOPCTKHMH 1 HEIOPYLIHUMHU
KareropisMu. bararo cydacHHX irop MNOE€JHYIOTh €JEMEHTH 3 PI3HHX >JKaHpiB 1
BUKOPHCTOBYIOTh T10pnaHI MexaHikd. Lle 1o3Boinsie po3poOHIKaM eKCIIEPIMEHTYBATH Ta
MPOTIOHYBaTl HOBI iHHOBaIii B irpoBii iHaycTpii. Taki TiOpuaHI irpu MOXYTh
BUKJIMKATH HOBI JKaHPOBI IJIXOOM Ta PO3IIUPHUTH MOXIUBOCTI JUIA CTBOPEHHS
YHIKQJIBHOTO iIrPOBOTO JIOCBIY.

3aranoM, xmacuikaris irop 3a jkaHpamMH € BaXXIIMBOIO CKIIAJIOBOIO PO3BUTKY
irpoBoi iHAycTpii. BoHa JomomMarae rpaBisiM 30piEHTYBATUCS B IIUPOKOMY BHOOpI irop
Ta 3HAXOOUTH Ti, SKI BIANOBINAIOTH IXHIM BHOAOOAaHHSM. PO3pOOHHMKH K MOXYTh
BHKOPHCTOBYBATH JXaHPOBY KJIaCH(]IKaIlito /Uil MPOCYBAHHS CBOIX irOp Ta MPUBEPTAHHS
ITBOBOT ayAuTOPii.

VY 6inpIIocTi BUNAAKIB irpu KIacuikyroThCs 3a daHPAMH Ta KUIBKICTIO IPaBIIiB.
JKanpoBa kmacudikaiiss BKIOYae KBeCTH, eKmiH, ponboBi irpu (PIIT), daiitunry,

CTpaTerii, CHMYJISTOpH, JIOTI4HI, a3apTHI Ta iHIi (300pakeHi Ha pUCYHKY 1.2).
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Puc. 1.2. Tumnu irop
PosrissHeMo HaWnoOMyNsApHILII XKaHPH irop, sAKi Ha ChOTOAHIIIHIN A€Hb € HIMPOKO
nownpeHnmMn:
1. KBectn - me irpu, B SIKUX OOWH a00 KiJbKa NMEPCOHAXKIB MOTOPOXKYIOTH 3
METOI0 JIOCSATHEHHsI TIOCTaBJICHOT METH, MOAOJIAHHS PI3HUX TPYIHOILIB 1

pOSB‘H3aHH${ T'OJIOBOJIOMOK.

Puc. 1.3. [limxanpu kBectn
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2. Exmn (action) - 1e MONYJISIPHUHN KaHP, 10 BKIHOYAE OPOAMIKH-CTPLUISIKA

BiJl mepInoi ocoOu, B SKUX TOJOBHHM aKIEHT 3pOOJCHHNA HAa IIBHIKICTH,

peaxiiiro Ta 00itoBi BMiHHSI.

Puc 1.4. Tlimxaapu Action
3. PompboBi irpu (PII') - B mmx irpax rpaBelp MNpUHAMA€E pOJIb TMEBHOTO
MepCOHaXa i BUKOHYE MMOCTABIICHI Mepe]] HUM 3aBJaHHs, PO3BUBAIOYH HOTO
HABUYKM, 30MpaAlOuu eKImipyBaHHS Ta B3aEMOMIIOYM 3  IHIIUMH

nepcoHa>kamu.

Puc. 1.5. [Timxanpu ponbpoBUX irop
4. Crparerii Ta JIOTI4Hi irpH - i irpH HACHIAYIOTh IiSUTBHICTD YIPABIIHIS, J1€
rpaBellb MpUIMaE PIlICHHsI, PO3B'A3y€e TOJIOBOIOMKH Ta IJIaHy€e CBOI il 3

METOIO IOCSATHEHHS YCIIiXY.
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Puc. 1.6. [imxanpu crparerii
5. CuMynaTopH - Iie irpH, IO iMITYIOTh KepyBaHHSA aBTOMOO1JIEM, KOCMIYHUM
KopabneM, JiTakoM Ta IiHIIUMH oO'ekramu. BoHM chopsMoBaHi Ha

pealicTHYHE BiITBOPEHHSI IEBHOTO BUY AisTIBHOCTI.

Puc. 1.7. limxanpu Cumynsitop/MeHemxepu
6. A3apTHi 1 JIOTi4HI iTpH - Il IrpH CIPHUSIFOTH PO3BUTKY PO3YMOBHX HABHYOK 1
BUMAaraioTh BiJA TpaBLd JIOTIYHOTO MHCIEHHA Ta CTPaTeriyHoro

nJjaHyBaHHA.
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IcHye Oararo rulaTHUX i OE3KOIITOBHUX Irop, Jie 3yCTPIiYaroThCsl Pi3HI JKaHPH,
Bkitoyaroun exmrH, PIIL, geski Buam crpareriid, KBecTH Ta iHOIN. Y TakuWxX irpax
NPUCYTHI PI3HOMAHITHI TMEPCOHAaXI Ta TEHMIUICHHI € JIeMEHTH, sIKi 3aJexaTb Bij
KOHKpeTHOI TpH. Lle 103BoNsE rpaBIsiM 3HAWTH irpy, sSKa HaWKpaiie BiMOBinae iXHIM
iHTepecaM i BHOJTOOAHHSIM.

TakuM YMHOM, HE3aJEXKHO BiJ| TOTO, YH II€ IUIATHA YM OE3KOIITOBHA Tpa, irpoBi
JKQHPH TMPOTMOHYIOTh PI3HOMAHITHICTh BapiaHTIB JUis TpaBiiB. BoHM MOXyTh 0oOparu
EKIIH-IIPUTOJIM, B SKUX JOCIIIXKYIOTh CBIT Ta OOPIOThCSA 3 BOpOramu, abo HOIPy3UTUCS
y mmbokuit croxker PIII i BimuyTn cebe repoem ¢anTacTHIHOTO CBiTy. BHbip Xxanpy
JIOTIOMAara€e TpaBIsIM 30PIEHTYBATUCS B CBITI irop Ta 3HAXOAMTH iIpH, SIKi HAHOLIbIIE TX
3aXonJinkThb.

Irpu Ge3 mepcoHaxa, Taki SK JOTIYHI 1 CUMYJISTOPH, BiAPI3HIIOTHCS BiJICYTHICTIO
CIOKETY Ta HE BHKIJIMKAIOTHh CHJIHOI €MOLINHOI 3aJIe)KHOCTI ab0 BIUIMBY Ha ICHXIKY
rpaBi. Ll TUMM irop 4acTo MpPOMOHYIOTh IHTENEKTyallbHI 3aBIAHHS, IO CHPHUSIOTh
PO3BUTKY MHUCJICHHS.

VY crpaTeriyHuX irpax TakoXX BiICYTHI IEPCOHaXi, a TpaBelb YIIPaBIsIE IPOIO 3i
cBoro obsmuust. OnHaK, OCOOJHMBICTIO CTpATEriii € cucTeMa BHYTPILIHIX (akTopiB, 110
perymnrooTh reiMiuiell. I'paBens mpuitMae pillieHHs Ta CIIOCTEPIrae 3a iX HaciiAKaMHu,
MOOY0OBYIOYH JIOTIKY MOJANBIINX HiM.

Takum yrHOM, irpu 6€3 MepcoHaxa, Taki AK JIOTIYHI 1 CUMYIISITOPH, TPOMIOHYIOTh
IHTENeKTyalbHI 3aBJIaHHS, CIPHUSIOYH PO3BUTKY MHUCIIEHHS, TOJI K CTpaTeriuHi irpu 3
BiJICYTHICTIO TIEpCOHAKa MAIOTh OCOOJHBY CHCTEMY BHYTPINTHBOIIPOBUX (DAKTOpiB, ne
rpaBellb MPUKAMAE PillieHHs Ta OyAy€E JOTIKY CBOIX Jii.

Pombogi irpu (PIIT), a Tako)k OKpeMi €KIIH i KBECTH, € HAHBIJOMIITUMH irpaMH,
Jie TpaBlLIEBI HaJgaeThcsl cBoOoma BHOOpY. ['paBenb camoOCTiiiHO o0Mpae mHepcoHaka,
oJIsITae WOTO Ta HAMUIAE PI3HUMH 3410HOCTSIMH. [ 0JJ0BHA OCOOIUBICTD ITUX irop MOJISATAE
B TOMY, III0 TPaBEIlb MA€ BEJIMKY CBOOOAY MiH, SIKI BINIMBAIOTH HA X1/ Ta PE3yabTaT IPH.
I'patu B Takuif TUI irop MOXKe BHUKIMKATH CTIHKE 3aXOIJIEHHS, OCKLIBKU TIPaBellb
CITIBIIEPEIKUBAE CBOEMY TIEPCOHAXKY, PO3BHBAE HOTO BiIOBIIHO JO CBOiX ymomoOaHsb i

CTa€ aKTUBHUM YYaCHHKOM IrpoBOTro CBIiTy. IrpoBuii mpolec cnpuiiMaeTbcs SK
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peanbHicTh, a OaratboM PII[-irpam mnoniOHicTh 3 (AHTACTUUHUMHM KHUTAMH 3
MOXXJIUBICTIO KEpyBaHHS TOJIOBHUM T€POEM CTAaHOBHTh OCOONMBHU IHTEpec IS
JOOUTENIB YUTAHHS. 3aXOIUICHHS TAKMMH IrpaMH MOXKHA TOPIBHSATH 3 HPUCTPACTIO JI0
KHUT, BOHO HE Ma€ IIKIJJIMBUX HACIiJKiB, a HaBIAKW, CIPHsIE€ PO3BUTKY (aHTasii,
3aXOILTIOE Mi3HAHHIM ICTOPIH Ta BiJOOPaKEHHSIM PEabHOCTI.

Irpu 3 NiHIAHAM CEOXKETOM, TaKi K CTPUISIIKA, HE TIepeadadatoTh BHOOPY TrpaBIIs.
I'paBenp  imeHTH(DIKYETECA 3 TOTOBHM IEPCOHAXKEM, SKUH BKE Mae BHU3HAYCHI
XapaKTepUCTHKU. PO3BUTOK CIOKETY B TaKHX irpax 3aJie)KHUTh HE BiJ BUOOpY rpaBiis, a
BiJl ycmixy a0o BHITamkoBOCTI. JlesKi CTPUISIIKH JO3BOJSIOTH TpaTh KOMaHAO. Taki
irpU HaJalTh eMolliliHe po3ciallieHHs, a YCIIIIHE MPOXOHKEHHS YacTo 3aJeKHUTh BiJ
MIBUKOT peaKIlii TPpaBIIs.

Ha mepetuHi ponboBUX irop i cTparerii 3HaXoAnuThes MOHSTTS "abcTpakuis". Le
MPOTWICKHICTh  "OoioBHKaM", sKi OOpIOTBCS 31 CKYKOIO 3a  JIOTIOMOTOIO
CHEKTaKy/sIpHOCTI. Irpu, 1O HalexaTh O Ii€l KaTeropii, MaloTh CXEMaTHYHHIA
xapaxrep, 0OMeKeHy CBOOO/TY, BiICYyTHICTh PEaicCTUYHOCTI Ta Bi3yaJbHOTO IIOY.

VY crpateriuHux abCTPaKIlisgX TOJOBHUM 3aBIAHHSM € JOCSATHEHHS "1imi", Tomi K
y ponbOBUX aOCTpakmisiX BaXIMBUM € "mianopsakysaHHs". B pesynbrarti orpuMmyemo
CHUTYaIIiI0, JIe TPaBeIb MIAKOPIAETHCSA Ty KUM IIJISIM 1 BUKOHYE HyAHY poOoTy. [Ipu ipomy
MOXYTh BiJIOyBaTHCs TMOAil, sIKi paHille He TPaIUBLIMCS, ajle BCE OIHO TIpaBellb
3MYIIEHUH MiIKOPATHCS BOJI iHmMMX (Il OCHOBHA BIAMIiHHICTH Bif "OymeHHocTi").
LeHTpanbHiM €IIEMEHTOM € MOHATTS pabcTBa i 6€3yMOBHE BHKOHAHHS HakasziB. Taki
ACMEKTH HE MAIOTh HiYO0TO CHIJIBHOTO 3 IPOXO.

Cknan BimeoirpoBoi mamitpu "BynmeHHicTs" mnependavae MoeTHAHHS €IEMEHTIB
cTpateriii 1 6oiioBukiB. Ha mepeTnHi ux *aHPiB 3HAXOAMTHCS MOHATTS "cUMyIsis'
(muB. "pucynok 1.8"). Lle moBHa NPOTUIEKHICTH "PONBOBUM irpam", siIKi IPOTUCTOSITH
"OyneHHOCTI" 32 JOMIOMOTOIO [IKaBOTO "CIOKETY".

Irpu, mo HanexaTh 10 i€l Kareropii, XapakTepHU3yIOThCs IMITAIIEI0 PeaTbHUX
npoIieciB, OOMEKEHOI CBOOOIOI0, BIJCYTHICTIO HOBHU3HH 1 TMOBHICTIO BiJCYTHIM

CHOXKEeTOM.
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Puc. 1.8. Mexa dakropis xaHpy irop

3 momsAy cTpareriii y CUMyIISILIsIX HaiOUTbII BaXKITMBUM € caM "mporec”. 3 60Ky
OOMOBUKIB HAroJIOUIYEThCS HA "peallicTUYHOCTI", siIka BINTBOPIOETHCS Ha ekpaHi. B
pe3yibTaTi OTPUMYEMO PEANTICTUYHY IMITAIliF0 TPOIeCy, sKa BigoOpa)kae 3BUYANHE
KUTTA. B Tpi icHye Kilbka MOBTOPIOBAaHHMX MOJIiH, aie HIYOro HOBOTO HE 3'SBISETHCS.
IleHTpanbHUi €IEMEHT HE BHUKOPUCTOBYETHCS, OCKUIBKH TOBHA PEANiCTHYHICTh HE
JIOCSDKHA y BIAEOIrpax, a TakoK 0araTo XTO HE IIyKae TOYHY KOIIIO PEaslbHOCTI B Ipi,
sKa BKE ICHY€ y pealbHOMY JKUTTI.

Ha nepernni ponpoBux irop i O0MOBHUKIB po3TamIoByeThCSl KOHIENT "cBoOOma".
Ile nmpoTunexHICTb CTpaTerisiM, SIKi, B CBOIO 4Yepry, HaroJomlIyioTh Ha "caMOTHOCTI" Ta
"kepiBHAITBI" HaJX YHMCICHHUMH mimernmumu. (Baprto 3ayBakuTH, 1o crparerii He
OOpIOTHCS 3 CAMOTHICTIO B 3BHYAaHOMY PO3yMiHHI, aje BOHH BiIITBOPIOIOTH BIay SK
HalromupeHimy GopMy CIiIKYBaHHS).

Juns irop, sKi 3HaXOJAThCS HA I[bOMY MEPETUHI, XapaKTepPHI BEJHKI BiIKPHTI
CBITH, BIACYTHICTb ITIOBHOI CUMYJISLIT peajbHOCTI, BIACYTHICTh HOBU3HH Ta BiJICYTHICTh
KOHTPOJIIO HaJl IHIIMMH YYaCHHKaMHU.

3 Ooky poiboBUX irop B "irpax cBoOOAH" OCHOBHHM € BIJICYTHICTH TOTOBHX
POJIEOBUX 3B'SI3KiB Ta MOXKIIUBICTH CAMOCTIHHOTO BUOOPY, TOOTO "poimboBa cBOOOIA".

3 Ooky 00iOBUKIB criocTepiraeThes "CrpomieHHs" peaabHuX MOofiil Ta IpoleciB y
TIOPIBHSHHI 3 CUMYJISITOPAMH.

VY3aranbHIOIOUM, pe3yJIbTaroM € pojiboBa CcBOOOAa B CIHpOIIEHIH Mozaemi

peanbHOTO CBiTy. CBOOOMA O/HIET OCOOW 3aBEpPIIYETHCS TaM, i€ MMOYNHAETHCS CBOOOIA
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iHIIOT, TOMY MakcMMallbHa TOYKa CBOOOJM - II€ IIOBHAa CaMOTHICTh. HaiiGinbin
CIPOII[EHA TOYKA BUSBISIETHCS Y TIOPOKHBOMY CBITI, Jie € cBoOoaa mpocTopy. Haiibinpm
BIJIBHOIO JIIEI0 € CTBOPEHHS YOr0Ch a0COJIIOTHO HOBOTO. 3arajioM, HEHTPAIbHOK TOYKOIO
IIBOTO €JIEMEHTa € IOBHAa CaMOTHICTh y IOPOXXHBOMY CBITi, Ji¢ MOXXHa TBOPHUTH -
penakrop piHiB. [IpsiMo 1 yac rpyu MOXKIMBOCTI peAaryBaHHS HE BUKOPHCTOBYIOTHCSI,
ajie OKpeMi eJIEMEHTH IPOLECY CTBOPEHHSI ITPUCYTHI B irpax.

3a JONOMOTOI0 IIHOTO HIECTHKYTHHKA JIETKO PO3YMITH HaHBa)KJIMBIIII aCHEKTH
HEeBHUX BUIB irop Ta KOMIPOMICH, 3 SKMUMH PO3POOHUKH irop CTUKarOThCs. BiH Takox
MOKAa3ye, 110 € HEJOMYCTHMHM Yy irpax 1 10 MO)XKHa KOMOiHyBaTH M c0o00t0, a 10 He
MiAAA€THCA 3MILLIAHHIO.

Jnst 3rimaKyBaHHS TEPEXOiB MK TPaHSMH, PO3POOHUKH MOBHHHI TIIATEIBHO
MpopaxyBaTH TelMIUIell - caMm Mpolec Tpud 3 MODSIAY TpaBLs, SKUA € OCHOBOIO
3aI[KaBIICHOCTI Ta MPHUBAOIMBOCTI Tpu. [elMITICH BKITIOUAE Pi3HI aCTIEKTH, BKIIOYAIOYH
TEXHIYHI acCleKTH, TakKi SK BHYTPIIIHBOIrPOBa MeXaHiKa, METOAM B3aEMOJIIT MiX
"MTy4HUM iHTEeNeKToM Tpu" Ta TpaBueM Tomo. OmHak, cam TepMiH 'reimruiei” €
3araJbHUM Ta 3a3BHYall BUKOPHCTOBYETHCS JUIA OMHUCY BiIYYTTIB, OTPUMAHUX MiJ Yac
I'pH, Mij BIULIMBOM Takux (akropis, sk rpadika, 3ByK Ta ciokeT. ToMy HpiOpUTETOM €
MIPOpaxyBaHHs MOJEINI TMOBEIHKH, M0 € (QyHAaMEHTAIbHUM Ui )KaHPY TPH, a MOTIM
BIIOCKOHAJIIOBATH Ta MOJMIIIIYBaTH B3a€MOJIIO 3 IPaBLEM.

1.3. CTBOpeHHs1 KOHUENUii MOOiTbHOI rpu

KoHnenisi 3a3BU4aii BKIIIOYA€ OMUC LIIBOBOI ayJUTOpIi, CETTHHIA i )KaHPy TpH,
KITFOYOBHX (MOXKITUBO, VHIKAJIbHHX) OCOOTMBOCTEH TEWMILICS, METOTUK PO3POOKH,
IHCTPYMEHTApII0 1 TEXHOJOTIYHHUX PIllIeHb, PUHKIB 30yTy, MIATPUMYBAHUX ILIAT(OPM.
OxHUM 3 KII0Y0BUX (DAKTOPIB YCHIXy HA IaHOMY €Talli € aHalli3 MOTOYHOI CUTYyalii Ha
PHUHKY - BiJICTeXKCHHS ICHYIOYMX TPEHJIIB, OIVISA] HAHOUIBII YCHIIIHUX MPOEKTIB, BUOIp
HOBHX IHCTPYMEHTIB PO3POOKH TSI OCBOEHHSI.

Buxonsau 3 xaHpy, 0COOIMBOCTI TpU 1 MOXKIHBOCTEH po3poOHHKa, Oyiio oOpaHO
Ha3By - «Ckaxeni kymi» (The Crazy Bullets). Jlana Ha3Ba BimoOpakae yHIKaJIbHY
0COONMBICTH TPU. AKIEHT POOHMTHCS HA pEaKmio TpaBms: SK MIBHIKO BiH 3MOXeE

BIIOpATHCA 3 KYJISIMH, IHO JIETATH B HBOTO. A BIIOpATHUCA MOXHa ABOMa crocodamu -

Matches Quotes References F Ignoredtext A Replacement Comments

Sources on this page: 4-5, 8


https://unicheck.com

File name: Kval_rab_JopocdeeB — konus (1) File ID: 1015070782

19

YXWIATHCS 200 BiAOUTH CBOIM MOCTPIJIOM, 3MIHUBIIA TPAEKTOPIIO MONBOTY Kyimi. J{is
MIPOCTOTH Po3poOku Oyna oOpaHa IBOBHMIipHA rpadika, TAKUM YHHOM, II€ JTBOMIpPHHUH
(2D) myTep 3 BuI0M 3BepXy Ha miatdopmy Android B pexuMi oHOTO.

Konnenr-apt (Concept design [4]) repost npesncTaBneHo Ha pucynkax 1.9 ta 1.10.

Puc. 1.9. MozaenroBaHHS TOJIOBHOTO I'epos

Puc. 1.10. bir BHU3

Cruparounuch Ha TOTOBHM KOHLENT-apT Tepost 1 OOpaHWid »KaHp, MOXHA
c(hopMyITIOBaTH ICTOPIF0 TOJOBHOTO Teposi: «lepoi - OpyTaabHUA YOJOBIK B CAMOMY
PO3KBITI CBOTX CHII - CTaB Ha CTEeXKY BiliHH. HeoOXiZHO JOMOMOITH Trepoio MepeMOITH
HEI[aJJHOTO MoBeuTeNs apeHn». OCHOBHA iJiest TPH - IPOTHCTOSIHHS IPaBIIs Ta iIrPOBOTO
mryuHoro intenekty (I1).

[Ipu BuOOpi irpoBOi MEXaHIKM BpaxoByBaslacsl CKJIAIHICTh NpOrpamMyBaHHS,
MOXXJIMBOCTI pO3pOOHMKA 1 Ju3aiiHepa. YHIKaJIbHOKW PHCOI0 Teiimiuies Oyne moOpe
cnpoektoBanwuii irposuit 1111

VYnpasiiaHs Oyne DOCHTh NMPOCTHM. 3 OISy Ha afanTHBHICTH TPU 10 PI3HOI
PO3IUIBHOT 3AaTHOCTI Ta DIMOMHM €KpaHa, HEOOXIJHO BHUOpaTH 3pydYHUIl BapiaHT
YIpaBIiHHS TE€POEM, K IS TUIaHIIeTa, Tak i1 Uil MoOLIbHOTO TenedoHy. 3pa3KoBe

YIpaBIiHHS TEPOEM MPEICTABICHO Ha pUCYHKY 1.11.
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Puc. 1.11. Ynpaninus repoem
JliBa OKpYXHICTh BiIOBiZa€ 3a pyX InepcoHaxa. llpm HaTMCKaHHI Ha HBOTO,
OOUYHUCITIOETBCST BEKTOP INBUAKOCTI, SIK PI3HUISI MiX TOYKOIO JIOTUKY 1 LIGHTPOM KOJa,
npasa - 3a CTpisIHUHY. [Ipy HaTHCKaHHI Ha TIPaBy KOJIO Iepoi CTpiise.
XapakTepu3yrodH LTbOBY ayAUTOPIiI0, MEPII 3a BCE, IMOTPIOHO YITKO BU3HAYMTH 1l
knacudikamito (puc. 1.12). 3 ommsagy Ha aHp 1 IPOCTOTY I'pH, BOHA OpPiEHTOBaHA Ha

KasyaJbHY ayUTOPIIO AJIsl IPHEMHOTO NTPOBOPKEHHS Hacy.

Puc. 1.12. Knacudikarist niiboBoi ayautopii
1.4. Oriisig aHa/10ra NPOEKTOBAHOI MOOIJILHOT IpH
Ha cporomuimHiii 1eHb iCHY€E BeMKa KUTBKICTH irop JKaHpy IIyTep. Y KOHTEKCTI
JaHol poOoTH Oyze PO3MISTHYTO OJUH 3 HAWNOMYJISPHIIINX aHAJIOTIB Ha MalIaHYHKY
Google Play: Age of Zombies Big Halfbrick Studios.
VY nawiii rpi po3poOHUKH CKOHCTPYIOBAIIH 11iIKaBy MOJIENb, 3aCHOBAaHY Ha KpacuBii

rpadimi, TUHAMIYHIA IrpoBiif MexaHili, yacToro 3MiHOIO creH. ['pa ckiamaerscs 3
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BEJIMYE3HOT KUIBKOCTI PIBHIB, KOXKEH 3 SKHX JOCUTh pisHoMaHiTHuHiA. Illo 6
YPI3HOMaHITHUTH TPy, OCHOBHUM aHpPOM OyB 0OpaHMii >kaHp «npuroga». Lle i MmokHa
BBa)KaTH OCOOJIMBICTIO JJAaHOT TPH.
I'pa «Age of Zombies» (puc. 1.8) mnarna. TakuM YUHOM, TUTIOCH TPU:

- TpUEMHA JeTali3oBaHa rpadika;

- BiJMiHHA irpOBa MEXaHIKa;

- JyXXe TUHAMIYHA;

- uikaBa aTMocdepa;

- IHTYITHBHE YIIPaBIiHHS;

- XOPOIIMH CIOXKET;

- MOXJIMBICTH PO3BUBATH I'eposl.

MiHyCK:
- TUIBKY TUIaTHA BEPCis;

- 3aHanaTo npoctuil irposwuii HII.

Puc. 1.13. I'pa «Age of Zombies»
Buxonsuu 3 TutiociB i MiHyCiB 1aHOi Ipy, MOXKHA 3HAWTH cIa0Ki MICIIs TpOrpaMH,
32 pPaxyHOK SKHX MOXXKHA 3 HHM KOHKypyBard. TakuMH HEIONIKaMHU € BIICYTHICTh
MynbTHILIeEpa 1 caadki 11, mo KoMITeHCYEeThes X KiJIBKICTIO.

Takum unHOM, Oy/M POAHATI30BaHI CTATUCTHYHI JIaHi:
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- MOMYJSIPHOCTI MOOUIbHHMX TIAT(GOpPM - HAWNOMYNISAPHIMUMH TUIarGopMaMu B
2022 poky BusiBrucs: Android i 10S;

- TOMYJIIPHOCTI JKaHPOM irop uis cMapT(oHIB - HAWNOMYJISPHILIMMHU XKaHPAMHU
BUSIBHJIHCS: apKaJIH, TOJIOBOJIOMKH, CTPUISIIKH.

Buxomsun 3 aHamizy CTaTHCTHYHUX JaHUX, MPEACTABICHUX MPOBITHUMH
KOHCAJITHHIOBUMH KOMIAHiSIMH, OyB OOpaHHM{ >KaHp - JBOMIpHHH WIyTep 3 BUIOM
3Bepxy. Tak camo Oyna chopMyibOBaHa 1 MpeCTaBICHA KOHIICIIIIIS IPH.

1.5. BucHoBKH 10 po3aity

[Mepmmii po3nin «aHami3 MpeaMeTHOI 00MacTi» BU3HAYa€e MOHATTS KoHIemntii. Ha
OCHOBI CTaTHCTHYHHX IaHUX IO MpoAaxax OyB oOpaHuWil kaHp MOOUILHOI I'pu 1 JaHa
OIIiHKa OMYJIIPHOCTI MOOUTBHOI TuIaTdGopMu, i SKY BeAeThes po3podka. CTaTHCTHIHI
JlaHl HaJlaHi JTOCHIIHUMH 1 KOHCAJTHHTOBUMH KOMIIAHISIMHU, IIIO CIIEI[ialli3yl0ThCsl Ha
pHHKax iHQOPMALIHHUX TEXHOJIOTIH:

- Gartner;
- SurveyMonkey Intelligence;
- Shared2you.
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PO3/LJ 2.
BUBIP [TIPOTPAMHOTI'O 3ABE3INNEYEHHA IS MOBIJIBHOI'O JOJATKY
OC ANDROID KOMIT’FOTEPHOI 2D I'PH

Bubip nporpamuoro 3abe3neucHus (I[13) € BaXKIHBOIO CKIIAJI0OBOIO TIEPIIHNX CTAITIB
po3poOKku TpoekTy. BuOip SKICHOrO MPOAYKTY MOXE 3HA4YHO 3MEHIIUTH 3YCHILIS
nporpamicTa. SIK npaBI10, HAHOLIBII BaXKJIMBI BUMOTH, SIKi pO3IIISIAI0THCS TIPH BHOOPi
CHCTEMH, 11e:

- MpU3HAYCHUH [T KOPUCTyBaJa iHTepdeiic;
- YIIPaBIiHHS JaHUMHU;

- MEXaHi3M IUIaHyBaHHS;

- 3a0e3Me4YeHHs CIiJILHOT pOOOTH.

Hus  anamizy mnporpamuoro 3abesmedeHHst (I13) HeEoOXigHO pPO3KPUTH Take
moHsaTTs sk jinens3is MIT. Jlinensis MIT - mineH3is BiZKpUTOTO TMPOTPAMHOTO
3a0e3nedyeHHs, po3pobieHa MaccadyceTChKUM TeXHOJOTiYHUM iHCcTUTyTOM (MTI).
Jlinensis MIT e omgHiero 3 HAWOLIBII PaHHIX BUTBHHX JIIEH3iH, TaK SK BOHA BiJIHOCHO
MPOCTa 1 UTIOCTPYE JICSAKI 3 OCHOBHUX HPHUHIIMIIB BUIBHOTO JineH3yBaHHs [S]. BoHa €
JIO3BUIBHOI JIIIIEH31€10, TOOTO J03BOJISIE IPOTPaMicCTaM BHKOPUCTOBYBATH JIiLIEH30BAHHMA
koJ B 3akputoMy I13 3a yMOBH, 110 TEKCT JileH3ii HagaeThes pasom 3 1M [13. Ha
nyMky Free Software Foundation, mana mimeH3is Oiunbln TOYHO HasuBaeThes X11
License, Tak six B MmuHynomy MIT BukopucToByBaB 0Oarato JiIeH3iH, i B HIOTOYHOMY
BUDIIsAAI BOHA Oyna Hamucana ;uis X Window System. Buxopucranus I13 abo rotoBux
PIIICHE 3 €0 JIIEH3I€I0 HEe 30UIBITY€E KIHIICBY BAPTICTh MPOIYKTY, IO PO3POOIISIETHCS.
Benuka wactuna BukopuctoByBaHoro I[13 B po3poOmi maHoi MoOUIEHOI TpHu Oyre
MOLIMPIOBATHUCS caMe i LI€I0 JIIEH3I€lO.

Jiist po3poOku irop, MporpamicTd BUKOPUCTOBYIOThH TOTOBI PillIeHHS - (hPeMBOPK
(framework). ®peiimBopk (framework) - mporpamHa iatrgopma, sKa BH3HAYae
CTPYKTYpY IPOTPaMHOI CUCTEMH; MPOrpaMHe 3a0e3MeUeHHs, 0 MOJIETIIyE PO3POOKY i
o0'€elHaHHA pI3HUX KOMIIOHEHTIB BEIUKOIO IPOrPaMHOrO IHPOeKTy. OCHOBHOIO

ocoOnuBicTIO (ppeliMBOpKa € CHIBHMH BIUIMB Ha apXiTEeKTypy mporpaMu. bimbmm
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00'eMHUM 1 (YHKIIOHAIBHUM 3acO00M po3poOKM € ABWXOK. Ha BinMmiHy Bin
(pelimBOpKa, KU MOJIETIIYE POOOTY MPOTPAMICTY, IBUYKOK «POOUTS ii 32 HHOTO».
Bubip mporpamMHOro 3a0e3rnedeHHs € BaXKJIMBOIO CKJIAJOBOIO IIEPIIUX ETalliB
po3po6ku npoexty. Ha BuGip 13 BrummHynmu Taki ¢akropy sk:
- BapTicTh 1 siKicTh [13;
- ¢yukuionaneHicte 13, TOOTO 37aTHICTH  BHpIlIYBaTH
MIOKJIaJICHI Ha HHOTO 3aBIaHHS;
- 3pYUHICTh BHUKOPHUCTAHHS, HAMPUKIAJ, HASBHICTH MOTYXHOI
TEXHOJIOTii aBTOOTIOBHEHHS B CEPEIOBUINI PO3POOKH, 110 BIUITMBAE HA Yac
po3pobku;
- Ppi3HI TEXHIYHI XapaKTEPUCTUKH.
13 knacudikoBaHO 3a MPU3HAYCHHSM, ISl CIIPOIICHHS BHOOPY:
- U1t poOoTH 3 Tpadikoro;
- JUTSE pOOOTH 3 KOZIOM;
- Ut poO0TH 3 (Di3UYHUM CBITOM;
- IU1s1 pOOOTH 3 IPOEKTOM.
2.1. Bu6ip nBu:kka 15151 podotH 3 rpagikoro
3 ypaxyBaHHSAM oOOpaHoi IUIaTGopMH i MOBH NpOrpamyBaHHsS, BHOIp Mix
cepeoBUILAMH i 3ac00aMu PO3pOOKH 3HAYHO 3BY3HBCS. J{J1st poOOTH 3 Tpadikoro MOXKHA
BUAUTUTH HAacTYITHI iHCTpyMeHTH: cocos2dx, Marmelade sdk i Unreal Engine 4 (UE4).
Y 2016 poui Marmelade maB Ge3komroBny Community JIEH3110, HE3HAYHO
oOMeXxyro4H mporpaMicta B HabOpi BUKOPHCTOBYBaHHMX 3aco0iB. Marmelade SDK maB
CBill 30Mpay MPOEKTY, CXOXKHII HAa 3HAYHO crpolieHy Bepcito CMake [6], i mokiaany
JIOKyMeHTalio. Tak camo IurocoM Oyina HasBHICTH JONATKOBHX IHCTPYMEHTIB JUIS
penaryBaHHsS KapT, CHUMYJISTOpa JEBalCIB 1 MpocTa oOprafizamidHa CTpyKTypa
po3pobnsiersesi. Ane B 31 6epesnst 2017 poxy Marmelade OyB BUKYIUICHHI SITOHCHKOIO
KOMITaHi€to, 1 inensis Community 3HuKIa. BapTicTs nineHsii inni-po3podHuka - 600 $
B DIK.
BinminHoto ansrepratuBoro st Marmelade SDK craB ¢peiiMmBopk cocos2dx

(puc. 2.1). Cocos2dx - 1ie kpoc-margopMeHHu# GppeiMBOPK 3 BIAKPUTHM KOJ0M [7].
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Cocos2d-x mo3Boisic po3poOusiTH irpu i pizHux 1uiardopm, Briodatoun i0S,
Android, Windows, Mac OS X i Linux, BUKOPUCTOBYIOUYHM ONMH i TOH K€ KOIOBY 0Oa3y.
Bin migtpumye wmoBu mnporpamyBanHsi C++, JavaScript i Lua, mio mosBomsie
PO3pOOHMKAM BHKOPUCTOBYBATH CBOKO YITIOOJICHY MOBY UIsi CTBOPEHHSI irop.

OcHoBHi ocobmuBocTi Cocos2d-X BKIIOYAIOT!

1. Bucoxosikicaa 2D-rpadika: Cocos2d-x mMae motyxHi 3aco0u aisi podoTH 3
2D-rpadikoro, BKIIOYAIOYM MIATPUMKY CIPAUTIB, aHiMaIlii, YACTHHOK Ta
edekTiB.

2. Posmmpeni MoxmBocTi ¢izuku: OpeiiMBopk BKIro4ae Qi3HUHUI TBUTYH
Box2D, 110 no3Boiisie cTBOproBary peanicTiuyHi pizuuHi ehekTH B irpax.

3. Aymio 1a Bineo: Cocos2d-x miaATpuMye€ BIATBOPEHHS ay/io Ta Bixeo (aiinis,
110 JI03BOJISIE CTBOPIOBATH 3BYKOBI €(DEKTH Ta BiZICOIHTETPAIIiO B irpH.

4. Posmmpenns: € 0arato po3OIMpeHb, SIKi PO3POOHMKH  MOXYTh
BUKOPHCTOBYBATH U PO3LIMPEHHST (DYHKI[IOHANBHOCTI (hpEUMBOpPKY, Taki
SIK poboTa 3 PEKIAMOI0, COLIATbHUME MEPEKAMH, AHATITHKOKO TOIIIO.

Cocos2d-x € nomyssipHIM BHOOPOM cepesl pO3pOOHHKIB irop, 0COOIMBO THX, XTO
MPAIIOE HAJl KPOCILIAaT(POPMOBUMHU IMPOEKTAMH, OCKUIBKH BiH I03BOJISE CPEKTHBHO
BUKOPHCTOBYB aTH KOJ 1 pecypcu Mix pisHHMHE Iuiatdopmamu. OKpiM TOro, BiH Mae
BEJIMKY CITIIBHOTY PO3POOHUKIB, sIKa HaJae MiATPUMKY, JOKYMEHTAII0 Ta MPUKIaIH
Kony.

OcHoBHi nepeBaru Bukopuctants Cocos2d-X BKIIOYAIOTh:

e KpocmrarpopmoBicte: Bu Moxere po3poOmsaTé irpu uig  pi3HHX
wiaThopM, BUKOPUCTOBYIOUHM OOMH 1 Toi ke koA. Lle 3meHmrye 3atpatu
Yacy Ta 3yCHJIb IIPH OPTYBaHHI Ipy Ha Pi3Hi 1aThOpMH.

e IlBuaxicte Ta edexruBHicTh: Cocos2d-x 6asyerbest Ha C+t, 1110 103BOJISIE
OTpPUMAaTH BUCOKY NMPOAYKTHBHICTh Ta €(eKTHBHICTh. BiH onTnmizoBaHMiA
Ui pobotu 3 rpadikor0 Ta OOpOOKOK MOil, 110 3a0e3lneduye IUIaBHY
poborty irop.

e Posmmpeni MOXKITUBOCTI: OpeiimBopk ~ Mae  Oaratmii  Habip

(YHKIIOHAIBHOCTI, TAKUH K aHiMarlis, (i3uka, ay/io, YaCTHHKH, poboTa 3
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Mepexero Ta Oarato iHmoro. Bu Moxkere CTBOpUTH PI3HOMAHITHI THUITU
irop, BiJl MPOCTUX apKaJHUX irop /0 CKIaJHUX CTPATEriYHUX MPOEKTIB.

e Benuka cninbHora: IcHye akTuBHa criibHOTa po3poOHuKiB Cocos2d-X, sika
HaJla€ MiATPUMKY, JOKYMEHTAIII0 Ta MPHUKIaIi Koay. Bu MoxxeTe oTpumaTu
BIJIMIOBIJIl HA CBOI MUTAHHS, MOJITUTHCS TOCBIJIOM Ta OTPHUMATH JIOTIOMOTY

BHpILIEHHS IPO0IIeM.

Puc. 2.1. Apxitektypa cocos2dx

[epeBaroto po3podOku 3a gomnomororo UE4 € HasBHICTh BEeIMYE3HOI KiIBKOCTI
IHCTpYMEHTIB 1 m1a0oHiB, sIKi HabaraTo MpOCTillle BUKOPUCTOBYBATH, HXK (peHMBOpK.
UE4 nae MOXJIMBICTH CTBOPIOBATH I'PU HE NMPOTPAMYIOUH, a MAHIIMYITIOI0YN PEeCypCcaMH,
CyTHOCTSIMH 1 3B's13kamu (puc. 2.2): Blueprint - penakrop Bi3yaJbHOTO CKpUNTHHTA [8].
TexHIYHO HE MOTPIOHO MUCATH >KOIHOTO psaKa Komy. Lle myxe 3pydHO It CTBOPEHHS
MIBUJKUX MPOTOTHINIB abo irop. Takox 2 Gepe3ns 2015 poky Unreal Engine 4 cras
OE3KOITOBHUM, ajieé PO3POOHMKH irop, MOBHWHHI mepenaBatn 5% Bix mpuOyTKy Tpu

kommaHnii Epic Games, 3a yMOBH, 1110 TOXOIH I'PH CKiIaaat0Th Oiabmie $ 3000 3a kBaprai.
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Pucynoxk 2.2. Po3podka Ha UE4 cepenoBumiem Blueprint

He muBnsances Ha Bei moxkmmBocti Unreal Engine 4, fioro npsiMe nmpu3Ha4eHHS -
po3pobka 3D irop. [Ipobnema, 3 sikot0 HaifuacTille CTUKAIOTHCS po3poOHUKH 2D irop Ha
UE4 - Benuka Bara ckoMiiboBaHoi ¢aitry. Takum unHOM, U1 ipoctoi 2D rpu 3 BUIoM
3BEpXY 1 BIJICYTHICTIO JOBIOIO CIOJKETHOT JIiHIT HEMa€e HEOOX1THOCTI BUKOPHCTOBYBATH
UE4, i qns peanizanii rpu Oy oOpanuii cocos2dx.

2.2. Bubip cepenoBuina po3podku

Cepen NOMyISIPHUX CEPETOBHUII PO3POOKH MiATPUMYIOTh MOBY mporpamyBanHs C
++ cranmapty 2020 roza [9] i poboty 3 cocos2dx Bunmistors: Microsoft VS22, Eclipse i
CLion. [Ipu BubOpi cepenoBuina po3poOKH BaXKIMBIMYU NapaMeTpaMy BUOOPY € AOCBiA
pobotu 3 cepemoBuineM, (YHKIIOHANBHICTH, MIATPUMKA 3aCO0M KOHTPOIIO BEPCii,
MOTY)KHUH MEXaHi3M aBTOIOTIOBHEHHS 1 OE3KOIITOBHA JIIIEH31.

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

Microsoft Visual C++ (MSVC) — iHTerpoBaHe cepeoBHIlEe PO3POOKH TONATKIB
Ha MoBi C++, mo pospobiene ¢ipmoro Microsoft i mocraBinseTbCs SK YaCTHHA
xomiiekcy Microsoft Visual Studio 2022.

Visual C++ 2022 Hajgae MOTY)KHE 1 THyYKE CEPEIOBHIIE PO3POOKH, 110 T03BOJISIE

CTBOpIOBaTH JoAatku anst Microsoft Windows i mogarku, 3acHoBaHi Ha Microsoft .NET.
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Lle cepenoBuIlle MOKHA BUKOPHCTOBYBATH SIK IHTETPOBaHE CEPEIOBHUIIE PO3POOKH, TaK 1
B SIKOCT1 OKpeMuXx 3aco0iB. Visual C++ ckilana€eTbest 3 HACTYITHUX KOMITOHEHTIB:

e Komminsitop C++: Visual C++ mocradaerbcss 3 KOMIUISITOPOM, SIKHIA
nepeTBoproe kox Ha MoBi CH++ y MamMHHUE KOa, SIKUH Moxe OyTH
BHUKOHAHHIA OTIEPAIifHOI0 CHCTEMOIO.

e TInrterpoBane cepenosuimie po3pooku (IDE): Visual C++ mae moTyxHe
iHTerpoBane cepenoBuuie po3pooku (IDE) min wHazporo Visual Studio. Lle
CepeIOBHIIEC HATA€ PO3IIMPEHI MOXKIIMBOCTI [Tl pO3POOKHU, HANATOMKCHHSI,
TECTYBaHHS Ta KepyBaHHs IpoekTtamu Ha MoBi C++. BoHo Mae inTepdeiic
KopucTyBada 3 OaraThbMma (QYHKIISIMH, TakuMH SIK DPEIAaKTOp KO,
BiJUTaYHUK, CHCTEMA KOHTPOJIIO BEPCil, IHCTPYMEHTH TeCTyBaHHs Ta O6arato
iHWworo.

e biomiorekm Windows API: Visual C++ nHamae moctym mo Oaratbox
6i6miorek Windows API, siki 103BOJSIFOTE pO3pOOHHMKAM B3aEMOJISTH 3
ornepauiiinoro cucremoro Windows. Lli 6i0miorekn HamaroTh QyHKIIT IS
KEePYBaHHS BIKHAMHU, OOpOOKHU MOJii, MEpekeBOro B3aemonii, poboTu 3
(hatimamu Ta 6ararto iHIIOTO.

e bBi6aiorexu crangapry C++: Visual C++ Brutodae 6i6nmioTekn cTaHAApTY
C++, taki sixk STL (Standard Template Library), siki HamaroTh peamizamii
pI3HUX aNTOpPUTMIB, KOHTEHHEpPIB Ta IHIIMX KOPHUCHHUX KOMMOHEHTiB. Lli
010J1I0TEKH MOJNETIYI0Th PO3poOKy mporpaM Ha MoBi C++ i 3a0e3neuyoTh
MEPEHOCHUMICTh KOAY MiX Pi3HUMH IUIaTPOPMaMH.

e IHcTpyMeHTH /ISl HAJIATOIKEHHSI Ta nmpodinoBanusa: Visual C++ Hanae
pi3HOMaHITHI IHCTPYMEHTH Uil HAJNAro[UKeHHS Ta TpodiTroBaHHS
nporpam. Lle BKiItodae TOUKOBHH Hanmaro;pkysad (debugger) uist BUSBICHHS
Ta BHUIPABJICHHS TMOMWJIOK, aHANI3aToOp MaM'sTi /s BHUSBJICHHS BHTOKIB
nam'aTi.

e Ilakern po3podku (SDK): Visual C++ wmae pi3HOMaHITHI makeTH
po3pobku (SDK), siki 103BONSIOTH pO3POOHMKAM CTBOPIOBATH MPOTPaMH

JUIE  KOHKpeTHUX IuiatdopMm abo dyHkuioHanpHOCTeH. Hampukian,
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Windows SDK Hapnae Habip iHCTpyMeHTIB Ta 0iOmioTeKk Iuis po3poOKu
mporpam mij onepauiiiny cuctemy Windows.

e IncrpymenTn st po3podku rpadiunoro inrepdeiicy: Visual C++ mae
Habip 1HCTPYMEHTIB Il po3poOku rpadidHoro iHTepdeiicy KopucTyBaya.
Britouatoun  jguzadiHep  ¢opM, SIKME  JTO3BOJISIE  CTBOPIOBATH 1
HANAIITOBYBAaTH BIKHA, KHONKH, TIOJSl BBEJCHHS Ta IHII EIEMEHTH

iHTepdency.

L1i KOMIIOHEHTH pa30M CTBOPIOIOTH NOTYKHE CEPEAOBHIIE PO3POOKH AT IpOrpam
Ha MoBi C++, J03BOJSIFOMM PO3POOHMKAM CTBOPIOBATHM Pi3HI THIM TIpOrpaM 3
BUKOPHCTaHHSM IIIUPOKOTO HAOOpy IHCTPYMEHTIB Ta 010mi0TeK.

Moga C++, o € HalIOMyYJISIPHILIOO Y CBiTI MOBOIO PiBHS cucTeMH, i Visual C++
pa3oM HaJIarTh PO3POOHMKOBI BHCOKOKIIACHHMK 3acCi0 CBITOBOTO PIBHS sl MOOYIOBH

ImporpaMHoOro 3a0€e3meYeHHS.

Puc. 2.3. Microsoft Visual Studio 2022
[Iporpama peamizoBaHa Ha MOBi nporpamyBanHsi C++ B cepenopumi Visual C++
2022. Bubip cepenoBuina NporpaMyBaHHsS OOYMOBICHUH BIJHOCHOIO MPOCTOTOO

peautizanii rpadiynoro iHTepdeticy kopucryBaya (GraphicUserInterface — GUI).
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2.3. Bu6ip ¢izuuHOro 1BM:KKA

Tak $K YHIKaJBHICTIO TPH € CHMYJIIIS 1/1€albHO TPYXKHUX 3ITKHEHb KYJlb,
HEoOX1IHO BUKOpHCTOBYBarH (iznuHuil aBmwxok. Diznunuii aBmxkok (physics engine
[11]) - xomm'oTepHa Tporpama, sika BUPOOIIsie KOMIT'IOTEpHE MOJENIOBaHHS (i3WIHUX
3aKOHIB pEaAlbHOTO CBiTy B BIPTyaJllbHOMY CBITi, 3 THM a00 IHIIUM CTyleHeM
anpoxcuManii. OCHOBHUMH BUMOT'aMH 110 BUOOPY JBIMKKA Oyin: O€3KOIITOBHA JIIEH31s
1 HasIBHICTh HEOOX1IHOT (DYHKIIOHATBHOCTI JUIsl CUMYJISIIIT 3iTKHEHb.

IcHye nBa nerko iHTerpyiomi B cocos2dx aBmkka, e Chipmunk [12] i Box2d
[13]. ObunBa mBIKKa € OS3KOIMITOBHUMH, 3 BIIKPUTHUM KOIOM, IIBHIKAMH 1 TPOCTI ¥
BUKOpDHCTaHHI, B mopiBHAHHI 3 3D pBurynamu. Takoxk, oOuaBa NiATPUMYIOTH
MIPOMaJbOBYBaHHS B pexxnMi HajaromkeHHs. [Ipore, y Chipmunk € onun Henonik: npu
JIOCSTHEHHI 00'€KTOM TEBHOI MIBHIKOCTI pPyXy, HE BHUKIIOUYEHO, KOJIM BiH Oye
«TIPOXOAUTH» Kpi3b iHII 00'ekTH. s yCyHEeHHS 1hOTO pu3nKy OyB oOpanmii Box2d
[14].

2.4. Bubip incTpyMeHTiB po3po0Kku i po0oTH 3 pecypcamMu

Jlyis CTBOpPEHHS IPOCTUX KapT 3 OMHOrO abo TpymH crpaiitie, Oy oopanwuii Tiled
Map Editor (puc. 2.4) 3 0e3koImTOBHOIO JineH3iero. [Iporpama mae MOXIHBICTH
CTBOPIOBATH KapTH 3 «IUIMTOK» Ta OTPHUMYBaTH Ha BHXo.l Qain ¢opmary tmx, sKuit

MiATPUMYETHCS cocos2dx.
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Pucynok 2.4. Inrepdetic Tiled Map Editor
Hus  orpumanHs ¢aitmy plist s 3pydHOro CTBOpeHHS aHiMmamii  OyB
Bukopucranuii Texture Packer (puc. 2.5). Jlana mporpama MicTUTh JBi JileH3il -
Oe3xomToBHA 1 TuTatHA (pro). OCHOBHOKO BiJIMIHHICTIO JIIEH3IH € BUKOPHCTaHHS
JIONIATKOBUX aJTOPUTMIB JUISi CKOPOYEHHS KiJIbKOCTI MOJITOHIB, HEOOXITHUX cocos2dx
JUIS TIPOMAaJIbOBYBaHHs cripaiTy. [y 3aBmaHHs 1aHOT poOOTH JOCHUTH GE3KOIITOBHOTO

peXnmy.

Pucynok 2.5. Texture Packer

Jns monermieHHss poOOTH 3 KOIOM 1 MOXJIMBOCTI CTEKHTH 3a HOTO 3MIHOMO,
HEOoOXiTHO BUKOPHUCTOBYBaTH 3aci0 KOHTpoNto Bepcii. Cucrema KOHTPONIO Bepcid
(CKB) - ne cucrema, sika peecTpye 3MiHH B OTHOMY a00 JEKIIbKOX (ailiax 3 ThM, 100
Hajam Oyna MOXJIMBICTh TMOBEPHYTHCS JO MEBHHX IMOMEPEIHIX WOro Bepcii Iux
¢aitnis. CKB Git [15; 16] € nobpe m0KyMEHTOBaHOi, TOMYJISIPHOI, (GYHKIIOHAIBHOI Ta
0E3KOIITOBHOIO CUCTEMOIO KOHTPOITIO BEPCiii 3 BIJKPUTUM BUX1THUM KOIOM.

Takum 49rHOM, JUIs PO3POOKH MPOTrpaMH BUKOPUCTOBYIOTHCS TaKi iHCTPYMEHTH,
sk Microsoft VS 2022 poky, Cocos2d 3.14, Box2d, Tiled, Texture Packer, GitHub. Bce
nporpamHe 3a0e3redeHHs € OE3KOIITOBHUM a00 BHKOPHUCTOBYETHCS JIMIE HOro

oOMexeHHNI (yHKIIOHAT, IKUi He TOTpeOye MOKYIKHU IUIaTHIN Bepcii MPOmyKTy.
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2.5. BUCHOBKM 10 PO3/iiy
Jpyruii po3ain nprucBsYeHuil BHOOPY HEOOXiTHOTO MPOrpaMHOro 3a0e3MedeHHs
Juis po3poOku rpu. Ilpu BuOOpi BpaxoByBanucs psia BuMor a0 110 i oOMexeHHsl, sKi

HaKJaaa€e CPOPMYIIbOBAHA B IIEPIIIOMY PO3IUTI KOHIIETIIIS TPH.
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PO31L1 3.
NPOEKTYBAHHSA TA KOHCTPYIOBAHHS 2D I'PU

[pu po3poO1ii nporpamu Jyist CIPOLICHHS YATAHHS KOAY 1 HOro MaciuTaboBaHOCTI
Oynu BHKODHUCTAHI TaTepHH NPOEKTYBaHHsA. [laTepH NpPOEKTyBaHHS B PO3poOIi
NpOrpaMHOr0  3a0e3MeYeHHsl - IIOBTOPIOBAaHA apXiTEKTypHAa KOHCTPYKINs, IO
NPENCTABISAE COOOK PIlICHHS MPOOJIEMH MPOEKTYBAHHS B paMKaX JEsSKOro KOHTEKCTY
[17; 18; 19].

Hdns posmmpenHs QyHKUioHanbHOCTI kiacy b2World nBuwxka Box2d 6e3
BHECEHHS 3MIH JI0 HOT0 KOy, OyB BUKOPUCTAHHH ITaTePH NPOEKTYBaHHS AekopaTop [18]
(Decorator). [1aTepH aexkoparop IMHaMi4HO JOfa€ HOBI 000B'sI3KM 00'ekTy. JlekopaTopu
€ THYYKOI  QIBTEPHATUBOIO  TOPOMKCHHS  MIAKJIAciB Ui PO3UIMPEHHS
(yHukionansHocTi. [IpuKiIanoM Horo BUKOpUCTaHHS € Kiac-ooroprka PhysicsSystem.
Bin mae MOXNMBICTH NpoaHaNi3yBaTH Pi3HI IMIJIXOMW O BUPILMICHHS MPOOJIEMH DPyXy
MEepCOHaXKa 1 CMHXPOHI3aIlil Ppi3MYHOro CBiTY 3 rpadivuHOi CKJIaI0BO1.

Buxopucranus marepny mnpoektyBanHs CiHrnToH (Singleton) HeoOximHO mist
MOXJIMBOCTI JIOCTYIY 0 pecypciB 3 Oyab-sKOi TOUKH CHCTeMH. J[IS YHCTOTH KOmy Ta
100aJIbHOT BUAMMOCTI, BIAMOBITHO 0 pekoMeHpnariii Ckorra Maiiepca [20] i Cria
MakkonHemuia [21], BUKOpHCTAaHHS JAHOTO TATEpHY MPOEKTYBAHHS 3BOJHUTHCS [0
MiHIMyMY.

Takox OJHWM i3 CIOCOOIB KOHTPOIIO irpoBoro cBiTy, € mapamerp FPS (Frames
Per Second) - kinbKicTh KaipiB B CEKyHIY Ha €KpaHi, sKi BHIAIOTHCS MPOTPAMHUM
3a0e3MeYeHHSIM BifleOKapTH. PO3KPUTTS JaHOrO BU3HAYCHHS Bilirpa€e 3HAYHY POJIb MPH
BUPIIICHHI MPOOJIEMH HETJIABHOTO, IEPEPUBIACTOTO PYyXY TEPOsL.

I[Ipu mnpoextyBanHi cuctemu Oynu Bukopucrani UML-nmiarpamn  (Unified
Modified Language 3a cranmaprom OMG 2015 roma [22]) craniB (State Machine
diagram) - miarpama cTaHiB IOKa3ye, SIK 00'€KT MEPEXOIUTH 3 OMHOTO CTaHy B IHIIWH i
miarpama mismpHOCTI (Activity diagram) - miarpama, Ha skii moxaszani mii. Ilix
JUSUTBHICTIO  po3yMieTbesi  cnen@ikaiiisi BHKOHYBAHOTO TOBEIIHKH y  BHUINISIL
KOOPAWHOBAHOTO TOCIIIJOBHOTO 1 MapajelbHOr0 BUKOHAHHS MJIETIINX eJIEMEHTIB.

[Tix yac po3poOku rpu OyaM BUIIEH] JOAATKOBI Mijg3aaadi:
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MIPOEKTYBaHHs iHTEpDEHCY;

3T DKyBaHHSA CHHXPOHI3amii (i3n9HOTO 1 rpad)ivHOTO ABHIKKA;
ajianTailis TpH Iij pi3Hi 103BOJIM IPUCTPOIB;

MIPOEKTYBAHHS IrPOBOTO 1HTEJIEKTY;

HaJlarog>xeHH4,

TeCTyBaHHA.

MMigxig m0 po3pobku OyB oOpaHuii itepatuBHuii. PoOora BHKOHyBamacs 3

Oe3nepepBHUM AaHAJII30M OTPUMAHHUX PpE3YJbTarTiB 1 NOBEPHEHHSAM [0 IONEpeaHixX

eTanis.

3.1. Onmc inTepdeiicy rpu

Iarepdetic rpu cxiamaerses 3 9 croen. Jliarpama 3B'SI3KiB 1 TepexoniB CIEH

npezcraBieHa Ha pucyHky 3.1 UML niarpamoto craHiB.

Pucynoxk 3.1. [liarpama craHiB rpu

KitrouoBi cTanu po3poOiieHol rpu MpeacTaBieHi Ha pucyHkax 3.2 - 3.5. TonoBHe

MeHIo (puc. 3.2) CKIIaIaeThes 3 TPhOX KHOMOK: modaru rpy (Play), mooyaysaru (Build) i

Buiitu (Exit).

Quotes on this page: 2
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Pucynok 3.2. Kapkac rolnoBHOro MeHIo

Knomka «Bmiiti» (EXit) mae MOXIUBICTH BUHTH 3 rpu. [paBerns mepeiiae 1o
pexxumy OyIiBHHMIITBA KapTH NMPH HATHCKAHHI HA KHOMNKY «moOymyBati» (Build). Ha
JAHUH MOMEHT pEeXUM «OymiBHUITBa» IyXe CHUpHH 1 moTpeOye I0OmpalfoBaHHS.
Kuomnka «mouaru rpy» (Play) no3Boisisie mepeiTH Ha HACTYIHY CIIEHY BHOOpPY piBHs
(puc. 3.3). Inrepdeiic MeHIO BUOOPY PIBHS CKJIAJA€ThCS 3 JABOX CTPLIOK 3 OOKIB, IS
NeperopTaHHs PiBHIB, OIIC CaMOTO PiBHS 1 JBI KHOIIKH: Ha3aJl - IOBEPHEHHS B FOJIOBHE
MEHIO 1 BIIEpe] - mepexix no craaii rpu (BuOip motoyHoro piBHs). TekcT Ha cnaiini

nepefaeThes 3 paiity json GpopMmary, o OIMHCYE PiBEHb.

Pucynok 3.3. Kapkac MeHio BUOOpy piBHs
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[epen nepexomoM A0 TpH, MiJKIHOYAETHCS TOAATKOBUI TMOTIK, KU 3aBaHTaXye
pecypcu: BenmuKi 300pakeHHsT 1 cami ysBIEHHS piBHS B json copmari. Ilix dvac
3aBaHTAXEHHS PECypCiB, Ha €KpaHi 3'IBUTbCS BIKHO 3aBaHTaxkeHHS (puc 3.4).
HeoOXiHiCTh TOMEPEHbOT0 3aBAHTAXKECHHS PECYpCiB B ONEPATUBHY MaM'sITh
oOyMOBJIeHa THUM, [0 Ha OUCTPOPAOOTAIONIIX MPUCTPOSIX TEKCTYpH MOXYTh

3aBaHTaXUTHCS TOBLIBHIIIE, HIXK GPU 00po0uTh BUKINKH IpadivHuX QYHKIIIH.

Pucynoxk 3.4. ExpaH 3aBaHTa)XeHHS
Inrepdetic camoi rpu (puc. 3.5) ckinagaerses 3:
- IHAWKaTopa )KWUTTIB y BUNISAL 4 cepaenb - BOHW 3HUKAIOTh IPY OTPHMaHHI
LWKOOWU;
- KEpOBAHOTO reposi, MPEICTABICHOTO HAOOPOM aHiMallii;
- JIBOX CCHCOpIB YIPAaBIiHHS: JIBUM - KEpyBaHHS pPyXOM, MpaBUil -
CTPINAHNHOIO.
Takox eeMeHTaMHU TPHU € CTiHH, KyIi (KyJIi), IPUILI - BKa3y€e HalpsMOK CTPiTbOn
1 cMyra mepesapsnkd - 3'SBISETbCS Micis mocTpiny. Kapra mpencrasieHa rpynoro

OJTHAKOBUX TEKCTYP.
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Pucynok 3.5. CkpiHIIOT 3 rpu
KepoBanuii repoii mpencraBieHHid 8 TpymaMu CHpaiTiB, e KOXHa Tpymna
MpeACTaBiIsIe aHIMaIlilo pyxXy B omHy 3 8 crtopiH. Ha pucyHky 3.6 mpencraBieHHH
YOPHOBHI BapiaHT aHimarlii reposi. Ha nanuii MOMEHT B rpy He BBEJIEHO 30pOI0 Ha piBHI
rpadiunoi wacTuHU. 30p0os 3aMiHIOE YCPBOHUIU MPHIIUI, HA MICIli SKOTO 3'SBISIOTHCS

Kyni.

Pucynok 3.6. YopHoBuii BapiaHT aHIMaIlil pyXy repost
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3.2. Peanizanisi 0CHOBHOI0 irpoBOro HMKJIY

IrpoBuii IMKJ - PUHIMIL, 3TiJHO 3 SKHM irpOBi JAW3aifHEpU 3aar0Th TOJOBHUI
€JIEMEHT IrPOBOi MEXaHiKH, SIKWi BHU3Hauae (QyHAaMeHTalbHUI aocBia rpaBus. OauH
ITPOBUI MUK SIBJISIE COOOIO IO TPABIIA, PE3yJbTaT i€l JIii B irPOBOMY CBITi, pEaKIIito
TpaBIlsl HA Pe3yJIBTarT 1 3aMUT rpy Ha MOBTOPEHHs HOBOT Aii [23].

[Ipu nonaBanHi ¢iznyHoro amwxka Box2d i cuuxponizanii #oro 3 rpadidHoro
YaCTHHOIO BHHHUKIA MpolieMa - pyX IEepCcOHaka CTaB IMepepUBYACTHM. [IpH4mHOIO
npoOyieM € pi3HUHA 4Yac, 0 HaAXOIUTh Ha BXIiJX JUIS TOHOBJIEHHS KOXXHOTO KPOKY
¢izngaoro gBmwkka. Ha pucysky 3.7 mpencraBneHmi Tpadik, Imo BimoOpakae

OYiIKYBaHHI Yac JijIsi IOHOBIICHHS 1 (haKTHYHHH.

Pucynoxk 3.7 - I'padix ouikyBaHOTO i BXIJHOTO 4acy ISl IOHOBJIEHHS iIrPOBOTO
CBIiTY

Jis  BupimeHHs 3aBHaHHsS OyB  peamizoBaHuit kimac  PhysicsSystem,
NpeACTaBICHUH B IONATKy B, sk maTtepH MpoeKTyBaHHS JEKOPaTop.

3.2.1. 3MiHHUI THMYACOBHIi KPOK

Jo Toro, sik BUHKKIIA Ipo0IeMa CHHXPOHI3allii (i3UYHOro 1 rpadhiuHOrO JBUKKA,
OyJ0 BHUKOPUCTAHO HAWMPOCTINIC DPIllICHHS - BHKOPHCTAHHS 3MiHHOTO THMYaCOBOTO
KPOKY.

Jlictuar 3.1 - TlceBaokox MeTOAY TOHOBJICHHS i'POBOTO LUKIY 31 3MIHHUM
KPOKOM.

// time_to_consume - 4ac, IKWi MPOMHIIOB 3 ONEPETHHOTO0 OHOBJICHHS

// OHOBUTH (i3NYHY YACTUHY

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

[To3uTHBHUMHU CTOPOHAMH AAHOTO MiIXOAY €:

- BCe IepeaHe JUIsl MOHOBJICHHS 4acy (time to_consume) BUKOPUCTAHO, IO
nos3ponsie  pizmuHomMy nBWKKY (Box2d) cuHXpoHHO cimigyBaTH 3a
rpagigaum (cocos2dx);

- cnocib mpocTuii B peaizariii.

Henonikamu BUKOPHCTaHHS 3MIHHOTO KPOKY € BHYTpILIHS IpoOieMa oO4KMCIeHb
¢iznaHOTO NBMKKA Box2d, pi3ki pyxu B 3B's31i 3 Box2d.

Pi3ki pyx# - Ty>xe cepio3HHiA HEOMIK, 1[0 BUKIIOYAE€ MOXKIIMBICTh BUKOPUCTAHHS
JTAHOTO CTI0CO00Yy.

dikcoBaHU THMYaCOBOT KPOK.

BuxopucroByBat (ikcoBaHMH YacOBHH KPOK PaguTh OdiliifHa JOKyMEHTAaIis
irpoBoro ¢iznuyHoro nBrkka Box2d [24]. dikcoBaHUit THMYACOBOT KPOK B I'pi JOPIBHIOE
1/60, mo Bigmosimae 60 KagpaM B CEKyHIy. TaKUM YHHOM, IICEBIOKOI MOHOBJICHHS
IrPOBOTO IUKITY MPEJCTABICHU B JTiCTUHTY 3.2.

Jlictuar 3.2 - TlceBnokox MeETOMy HOHOBJIEHHS IrpOBOTO LMKIY 3 (DiKCOBaHUM
KpPOKOM 0e3 3rIapKyBaHHS

// fixed_time_step dikcoBaHUIT YaCOBUI1 KPOK

fixed time step =1/ 60.f;

// time_to_consume 4ac, KA MPOUIIOB 3 MONEPEIHHOTO OHOBIICHHS
// OHOBUTH (i3NUHY YACTUHY

update physics(time to_consume);

// oHOBUTH TpadiuHy YaCTHHY

update graphics_with_physic(fixed time_step, physics);

[pu Takiét peanizamii (ictuHr 3.2) BUHHKae iHImIA TpoOiema - (i3MYHUH 1
rpadiyHAil IBMKKHA OHOBJIOIOTHCS HECHHXPOHHO. [IpM HU3BKIH 4acTOTi 3MIHM KaJpiB
(isnyHMi CBIT OyJe OHOBJICHO paHillle Ha BEIHMKY KUIbKICTh ()IKCOBAaHMX THMYAaCOBHX

KPOKIB, TIPX BHCOKIH - i3UUHUI CBIT Oyae BiJCTaBaTH.
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Hus Toro, mo 6 Oynaa BiICYTHS BeNMKa PI3HUI MiDK 4acoM (izumyHOro i
rpa¢i9HOTO CBITIB, MPUHHATO BUKOPHCTOBYBATH 3MiHHY Ul 30€peXeHHs dacy, Ky He
BUKOPHCTAHO JIJIsl TOHOBIIEHHS (hi3ndHOTO CBITY. Y Kiaci PhysicsSystem 1ie BinacTuBicTh
m_FixedTimestepAccumulator. IIpy Hakonw4YeHHI AOCTAaTHBOI KINBKOCTI dHacy JuIst
OIHOTO 200 JIEKIJIBKOX KPOKIB, (Di3MYHUI CBIT OHOBIIOETHCS nSteps pas.

Jlictuar 3.3 - O04HCIeHHS KUTBKOCTI KPOKiB TIOHOBJICHHS (Di3UYHOTO CBITY

int nSteps = static_cast<int> (

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

)i

m_FixedTimestepAccumulator -= nSteps * MC::FPS;

Tak BmaeTbcst 30epiraTé CHHXPOHHICTH JBIDKKIB B M€XaxX OJHOTO (PiKCOBAHOTO
TUMYACOBOr0 KpoKy. KilbkicTh MakcMMallbHO MOJMJIMBUX KpOKiB OOMeXeHa, mo O
YHUKHYTH «CIIpaii CMepTi» - 3aralbHONPUIHATE MOHATTS JJIsl MO3HAYECHHS CUTYaIlil,
MIPY SIKIF KUTBKICTh KPOKIB, sIKE HEOOX1THO 3pOOUTH (Hi3UYHOTO CBITY HACTLILKU BEIUKE,
10 iX BUKOHAHHS BIUIMBAE HA MPOAYKTHBHICTh, IO TATHE 332 COOOK Iie OLMbIIMN Yac
3aTpUMOK [25 ].

Jns BukopucraHHA 3aiqumiky Big dyacy B m_ FixedTimestepAccumulator,
BBOAMTHCA BiacTuBicTh m_FixedTimestepAccumulatorRatio, ske moka3ye siky 4yacTHHY
Yacy 110 BIJHOLIEHHIO 10 (piKCOBAHOTO KPOKY HE BUKOPUCTAHO.

TakuM YHHOM, aNITOPHTM CKITQAAETHCS 3 4 YHKTIB:

- BHUKODHCTOBYIOYUM  dYac, IlepelaHe  IJIi  OHOBJIGHHA  Kajapy, 1
m_FixedTimestepAccumulator (MuHyne HeoOpoOieHe, HaKONMUYEHHH dac),
BB2)KAEMO I[JIE YHCIO KPOKIB JOBKHHH (PIKCOBAHOTO THUMYACOBOTO KPOKY
(MC::FPS), sxe moBHHHO OyTH 3MOJCJILOBaHE. 3aJUIIOK 30epiraeTbcs B
nakonnuysaui (m_FixedTimestepAccumulator);

- O0YHMCITIOEMO YacTHHA BijJ HEOOPOOJIEHOTO Yacy IIOJ0 JTOBKUHH (iKCOBAHOTO
TUMYacOBOI0 KPOKY i 30epiraemo ioro B m_FixedTimestepAccumulatorRatio;

- MOJIEIOEMO HEOOXiTHE YMCIIO KPOKiB (Di3UYHOTO CBITY;

- 3DIaJPKYEMO MO3MLIIO0 1 KYT (i3UYHUX TiJI.
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3rnapkyBanHs (smoothing [26]) BHKOPUCTOBYETHCS, 1100 YCYHYTH HasiBHICTh
BisyanbHHMX JeQekTiB pyxXy. Moro MoxHa peamisyBaTH JBOMAa  CIOCOGAMH:
IHTEepHOoJALIEtO 1 ekcTpanoisinieto. O0uaBa CriocoOr MatOTh MEPEBary 1 HEOJIKH.

TaTepronsmist [27] 06UnCITIOETHCS IO IBOM BiIOMHUM cTaHaM (i3MUHHUX Tid (puc.
3.8 puc. 3.8): no cumynsiii kpoky (touka A, puc. 3.8) i micas (touka C,). Pesynbrar

3MIa/KyBaHHS MIPpeCTaBIeHui Ha To4ni B pucynka 3.8.

Pucynoxk 3.8 - Ilpuknaz 3maKyBaHHS

VY nawniii pobori aHamizyBasnocs 1Ba TunM iHTeprosiuii [28]: niniitHa, ne alpha -
m_FixedTimestepAccumulatorRatio (sictuar 3.4), i MeTogoM KocuHyca (JicTuHr 3.5).
Jyis NOCSITHEHHST MaKCUMaJIbHOT TIAaBHOCTI Tak caMo o0uHcioeThest «smoothstepy [28]
a00 «IUTaBHUM KPOK» - BenmmanHa Mixk 0 1 1, sika BHKOPHCTOBY€ETHCSI ITPH IHTEPITOJIALII.

Jlictunr 3.4 - [lceBnoko JTiHIHHOT IHTEPIONSIIT

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

Jlictunr 3.5 - [aTepmomnsiis METOIOM KOCUHYCa

float smoothstep(const float& x) {

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

}

const float mu2 =
(1 - cosf(smoothstep(m_FixedTimestepAccumulatorRatio)*MC::PI)) / 2.f;

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

[lepeBara BHKOPUCTAHHS IHTEPHONAIIl TONArae B JOCSTHEHHI IUIABHOCTI 1

3MEHIIEHHI KUIBKOCTI Bi3yalbHHUX He(eKTiB. AJle NpH LOMY BHHHUKAE HEBEIIMKa
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3aTpUMKa MK cTaHoM (i3ndHOro cBity i rpadiynoro. lle BuaHo Ha ManmoHKy 3.8, 1e
3MIaDKCHI KOOPAMHATU i BimoOpakeHHA rpadiku Ha eKpaH, He 30iraiotecs 3
KIHIEBUM MOJIOKEHHSIM (izuuHoro Tina. Tak camo, KUIBKICTh Bi3yallbHHX Ie(eKTiB:
CKauKH, PUBKH, 30UIbIIy€E TOH (aKT, IO TiIO PyXa€ThCS HE IO MPSIMIH JIiHi.

Jpyruii crioci® BUIpaBiIeHHS Bi3yalbHHUX JAe(eKTiB - excTpanonsis [29]. dus
JIOCSTHEHHS 311 KyBaHHs 1 00poOky, nio 3ammmBes B m_FixedTimestepAccumulator
EKCTPAIOJIAISl TPYHTYEThCS HA «Iepen0adeHH» MOJMKEHHS Tia, 3HAKOYM OCTaHHE
BiJloMe CTaH Tina (JricTuHr 3.6).

Jlictunr 3.6 - TIceBmoKom eKCTPaTOISAIIil

state = currentState + currentStateDerivative * alpha

[lepeBaroro BHKOPHCTAaHHsS EKCTPANOJALii € TPOCTOTa peaji3amii i MOBHA
CHUHXPOHHA po00Ta IBOX JBUTYHIB. HEOIIKOM Takoro miIXony € MOXJIMBE ITHOPYBaHHS
3ITKHEHb (TIOJIOJAaHHS TEpeIIKoy 0e3 OIMOBIIEHHS MPO 3ITKHEHHS), 10 BHKJIIOYAE
MOXKJIUBICTh BUKOPHCTAHHS LIOTO METOAY I JaHOi rpu. Tak camo, BUKOPHCTaHHS
METONly eKCTpamoJisilii e OibIl HETOYHO, HDXK IHTEpHOJALis Juis 00'€KTiB, HIO
PYXalOThCs HE TI0 MPSIMIi JTiHii.

Pesynprar 3acTocyBaHHS METOIB Ha MPAKTHII MMOKA3aB, 10 HAWKpauui crocio
YHUKHYTH BI3yaJIbHUX Je(EKTiB BHUKOPHUCTOBYIOUM (DIKCOBAaHMH YaCOBHH KpOK 1
30epertu FPS 60 kaapiB B cekynay - iHtepnomsiis. [lepeBaroto nqanoro merony € Te,
IO BCi MepegaHe sl MMOHOBJICHHS Yac BUKOPUCTAaHO 1 ¢izuunumii nBmkok (Box2d)
CHUHXPOHHO OHOBJIIOETHCS 3 rpadiuHuM (cocos2dx).

3.2.3. @inpTpanisa TUMYACOBOTO KPOKY

XopomuM BapiaHTOM IJisi BHpIIIEHHS TaHOl MpoOineMu € (inbrpaiis BXiTHOTO
JUls TIOHOBIIeHHS 4Yacy. [laHuii croci® peanizoBaHuii B ABWXKY BitSquid. Anroputm
CKJIaJIA€ThCSI 3 4 MyHKTIB:

- 30epiraTy B ICTOPiIO KOXKHE BXiJHE JUIS TOHOBICHHS 4ac s 11
OCTaHHIX KaJpiB;

- BUK/IIOYHATH 3 OOUMCIIEHb JBa 3 HAWOUIBINIMM 1 JBa 3 HaWMEHILIUM
4yacowm;

- obuucauTH CEPCAHE 3HAYCHHS AJI pEIUTU CEMHU 3HAUCHD,
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- IHTEpHONIOBaTH BiJ 3HAWIEHOTO CEpPEeNHbOrO 3HAYEHHS JI0
OCTaHHBOTO KaJIpy LTS TOAaBaHHS OLTBIIOT CIIIAKCHHOCTH.

Buxopsuu 3 anroputMy, MoXKHa CKa3aTH, 110 1ie (iIBTP HIKHIX 4acToT - GUIBTP,
IO HE MPOITyCKA€ YaCTOTH HMXKYE 1 BHUIIEC NMEBHUX 3HAaueHb. DUNBTp aanTOBaHUM JJIst
poboTu 3 YacoM OHOBICHHs Kajapy. Peainizaiiiss anropuTMmy MpeCTaBICHA KIIACOM
TimeFilter, matepn CiHriToH, B 1ogaTky A.

Ha npaxTuii, [uis Tina, sike MOKe 3MIHIOBaTH HAMPSIMOK 1 IIBHIKICTh KOKEH Kajp,
Halikpaiie cebe mokasaB anroput™ ¢insrpanii yacy. CraxeHHOCTb BiH JOcsrae 3a
paxyHOK OOYHCIICHHSI CEpeJHbOI BETMYMHHM 4Yacy IOHOBIEHHsS ocTaHHIX 11 kampiB i
JIOIATKOBOI 1HTEpHoNsLii MK JBOMa Kaapamu. TakoK BaXKJIMBOIO MEPEBArol0 IbOro
croco0y € BHCOKa e(EeKTHBHICTh IpU poOOTI 3 Mepexero. Tak K B JOBrOCTPOKOBIN
MEepPCIEeKTHUBI Ipa MPUITYCKAE HASBHICTh 0araro pexHuMiB, PIlICHHS Ha KOPUCTH IHOTO
BapiaHTYy.

3.3. AnanTauis mia pizHi po3ainbHi 31aTHOCTI MOOITBLHUX NPHUCTPOIB

Mo0GinbHa rpa «CKakeHi Kyli» OpIEHTOBAHA HA BEJIMKY KUTBKICTh Pi3HOMAaHITHUX
MIPUCTPOIB 3 PI3SHUMH PO3AUIPHUMH 3IaTHOCTAMH Ta IIIHOMHOIO eKpaHy. be3 miarpuMku
PI3HUX PO3JUILHKX 3laTHOCTEH rpa Oyae BUIVISAATH HA PI3HUX HPUCTPOSIX MO-Pi3ZHOMY,
HANPHUKIAM, SIK TIPEACTaBICHO HA PUCYHKY 3.9. Jns MATPUMKH IEKITBKOX PO3ILTBHUX
3aTHOCTEHl eKpaHiB HEOOXiAHO BH3HAYMTH: MO-IEpLIe, 3 SKUM CIiBBIIHOILCHHIM
CTOpIH €KpaHy INpalIoBaTH, MO-IPyre, BH3HAYHTH PO3IIIBHY 30aTHICTH PO3POOKH -
DesignResolutionSize. ITo-Tpete, cTBOpUTH HA0OPU pecypciB st BCIX MiATPUMYBAHHX

PO3AUTEHUX 3maTHOCTEH. Ll mpakThka neTanbHO OMHCYeThes B okepenax [7; 30; 31;

32].
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Pucynok 3.9. BinoOpaxeHHs 0e3 pilieHHs
Byno BupimeHo mpaiioBard 3 CHIBBIAHOIIEHHAM CTOpiH 1.5 1 po3AiIBHOIO
3natHicTIO po3poOku  480x320. [ns BCIX MOXIMBHX pPO3IAUIBHUX 3AaTHOCTEH
CTBOPIOBAaTH OKpeMi HabOpu pecypciB HeMae HEeOOXiJHOCTi, JIOCUTh CTBOPUTH TPH
ManKA IS PO3MIIBHUX 3MATHOCTEH sIKi 3HAYHO BINPI3HAIOTHCS ONWH BiX OTHOTO. Y
nporpami 1ie nanku assets / small, assets / normal i assets / large. Po3ninbHa 31aTHICTS,

sIKa BIJITIOBi1a€ pecypcaM KOXKHOI IaIlku, MpuBeAeHo B Tabmumi 3.1.

Tabmums 3.1
OcHoBHI KaTeropii posninsuux 3xatHoCTEN
KoediuieHT
Po3aisibHa 30aTHiCTD MMupnna Bucora macmradyBannsa (Scale
factor)
assets/small 480 320 1
assets/normal 1024 768 2,4
assets/large 2048 1536 4,8
LinsoBa po3ninbpHa 480 320 1
30aTHICTb
(design resolution)
Po3zainbHa 34aTHICTD 768 480 2,4

TECTOBAHOTO TeNePOHY
Ha pucynky 3.10 mpeacraBmeHa rpa 3 HIATPUMKOIO PI3HMX PO3IUTBHUX

3narHocteil. 3a  gmomomororo  DesignResolutionSize  orpumyemMo — koedillieHT
MacmtabyBaHHS - 9YHCIIO, SKE HEOOXigHO Tepegatd B wmeronm Director::

setContentScaleFactor, 1110 6 1BMXOK MIT KOPEKTHO MacIiTaOyBaTH:
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- 3HaAuEeHHS MiclUs PO3TallyBaHHs 00'€KTIB Ha €KpaHi;
- po3MipiB mpudTiB;

- PO3MipiB pecypciB 300paxkeHb.

Pucynok 3.10. CrieHa 3 BUKOPUCTaHUM PillIEHHAM
@parMeHT BHXIIHOTO KOy, SIKMH BiJIOBIAa€ 3a peaizaiilo MybTipa3pemieHis,
MpeJCcTaBIeHUH B 1onaTKy B.
3.4. Peanizanis irpoBoro mTy4Horo iHTejJeKTy
IrpoBuii mryunwii intenekr (Game artificial intelligence, Al) - me Habip
MPOrpaMHUX METOAWK, IO 3aCTOCOBYIOTHCS B KOMITIOTEPHUX Irpax HJisi CTBOPSHHS
Bpa)KEHHSI IHTEIEKTYaJIbHOT MIOBEIIHKU KOMIT'FOTEPHO-KePOBaHUX MepcoHaxiB [33; 34].
st po3poOku irposoro 11 Oynu BukopucTaHi:
- miarpamu gisutbHOCTI (Activity Diagram) juist onmucy anroputMmy Jiif;
- npiarpama mpeueneHtiB (User Case Diagram), mo J03BOJISIE OMHUCATH
MoxuBocrti 11

MosknuBi fii 6ora npeacrasieHi Ha giarpami 3.11.
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Pucynok 3.11. Ommc moseninku 11
Takum unHOM, JUIs peanizauii npeueaeHTy «birtm» HeoOXinHO peanizyBaTu
PpO3MIHPsIOYl HOTOo mpereneHTH. TooTo, Oyiu peari3oBaHi TaKi THITH TOBEIIHKH:
- Breua (flee behavior);
- ronuTBa (pursuit behavior);
- yxuenHs (avoid behavior);
- Omykanns (wander behavior);
- nocTpin.

Taka noseninka HazuBaetTbess CripiHr (steering [35]) 1 yacto 3ramyerbes
CriBenom Pabinom [36]. [leranpHmii ommc peami3ailii IpeleacHTIB 3pOOICHO
®depnangio besinakkya [37], ane 3 BUKOPUCTAHHSM BEKTOpPa CHIIH.

[Ipu peamizanii apxitekrypa irposoro II Oyma posminena Ha 3 uyacTuHUH
(puc. 3.12):

- Oi3Hec-JIoTiKa: He3aleXHUH Bij iHIIUX KiaciB Tun Logic;

- ocHOBHHWI1 knac Enemy: Bimnomimae 3a rpadiky i iHimiamizaniro Logic i
EnemyBody kiacis;

- kmac EnemyBody, inkancymroe Timo II (xwrac b2Body 3nHaxomuThest y

BigHOCHHAX koMmo3uiii 3 EnemyBody).
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Pucynok 3.12 - [liarpama kiacis, 10 peatizyloTh irpoBUil iHTEJIEKT
Knac Logic HaBeneno B ¢aiini Logic.h B nonarky I'. 3apnanns tuny Logic -
ynpaBiinas, 3MiHa craHy II. Logic inkamcynroe pani, Imo BimoOpakaroTh
MMOTOYHUH cTaH 6oTa:
- WBUOKICTb;
- no3unuis;
- TO3MIIISE METH (IUIsl CTaHy « YXHUIICHHS»);
- TOKaX4HK Ha 00'eKT Kimacy Entity: cyTHICTB, SIKy HEOOXiTHO YHHKHYTH;
- TOYKa JOTHKY, HOPMajb JIO TOYKH JOTUKY B3a€EMOJIIOUMX OO0'€KTIB (JIst
CTaHy « YXWICHH). [HiMiami3yeThCs TPy MomaiaHHi 00'ekTa (KyJIi, Tepost) B CEHCOP;
- TUI Ui YIS CTPLIBLOH;
- TOKaX4HK Ha 00'eKT kiacy Entity: cyTHICTB, B IKy HEOOXi/THO BUCTPIJIUTH.
Jns peanizamii cTaHiB BUKOPHUCTOBYETBHCS 1/iesl MaTepHY MPOEKTYBAaHHS CTaHy

(puc. 3.13).
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Pucynoxk 3.13 - UML-niarpama kiaciB cTaHiB
Peanizarisi BIIPI3HAETHCS BiJ] MATEPHY CTaHY THUM, 1110 MOXKE OyTH aKTUBHO
KiJIbKa CTaHiB opHo4acHO (Tab. 3.2). Ilpu mepexoai B cTaH «CTPUISHHHA», BCE
AKTHBOBaHI CTaHy BiAKIIO4arOThCS. CTaH «yXWJICHHS» 3MIHIOE TPAEKTOPIIO PyXy

IHIIKX CTaHIB.

Tabmurs 3.2.
CyMiCHIiCTb CTaHiB noriku irposoro Il
Cran CyMicHi cTaHn
Crpinsba (Shot) Hemae cymicHux
Breua (Flee) Vxunenns (Avoid)
[Torons (Pursuit) Yxunenns (Avoid)
Vxunenns (Avoid) Breua (Flee), [Torons (Pursuit), biykanus (Wander)
Biryxanas (Wander) Yxunenns (Avoid)

[Ipuunna 1iei Mommdikamii MOSCHIOETECA THM, IO B OCHOBHOMY JaHI CTaHY
MPAIIOIOTh 3 MOTOYHOT BEKTOPHOI BesmunHO mBuakocti 1. Hanpuknan, 3aznanerinb
«TOOAYUBIINY MIEPEIIKO/IA /10 MOTOYHOI MIBUIKOCTI TOCTYIIOBO Oy/Ie I0aBATHCS BEKTOP
IIBHKOCTI, 110 OOXO/UTH MEPEIIKOY, 1110 3MiHI0€ HanpsiMoK pyxy 1. Ha pucynky 3.14

BiZJOOpa)keHMI NPUKJIIa] poOOTH 3 BEKTOPaMH IIBUAKOCTEH B peastizariii.
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Pucynoxk 3.14 - [Ipuknan poOOTH 3 BEKTOPOM HIBHIKOCTI
Koxuwmit ctan o cBoeMy MonudiKye BEKTOp MIBHUAKOCTI. 3arajbHUN aJTOpHTM
pobotu Il nmpencrasienuii Ha pucynky 3.15. [uBapiantom crany Il Oyne cran GmykaHHS.
IT He 6aunTh TpaBIl, HE 3HAE JIe BiH 1 IPOCTO OIyKae B MEKaX KapTH.
Juist B3aeMofii 31 CBITOM OOT Ha/IJICHUI TBOMA CEHCOPaMHU:
- CEHCOp BEIIMKOTO pajiycy, 0 pearye Ha MOsBY KyIli;

- CEHCOp MaJICHBKOTO pajiiyca, 10 pearye Ha MosiBy IPaBIis, CTiHU 1 KYJIi.
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Pucynok 3.15 - UML-aiarpama 3arajabHOro airoputMy noHosieHHs 11

[Ipu B3aemozii 3 ceHcopaMH BHKJIMKAIOTHCS BiamoBiaHi ¢yHKuii: ContactBegin,
ContactEnd, PostSolve, PreSolve, siki 3MiHIOIOTH cTaHy Mojeni (OI3HEC-TOTIKH)
BUKJIMKOM MeTO/iB Kiacy Logic. MeTonu npeacrasieHi Ha pucyHky 3.13.

3a oIHE OHOBJICHHS IPU OHOBJIIOFOTHCS BC1 BKJIFOUEHI CTaHY 1 BKIIFOYAIOTHCS a00
BIJIKJTFOYAIOTHCS HOBI BiJIIIOBIZTHO JI0 QJITOPUTMY Ha PUCYHKY 3.15.

Koxwunit cran nepeonpeznemnser meron Update, B SKOMy BUIIaJKOBUM YHHOM (CTaH
Wander) a6o Ha ocCHOBI OTpUMaHuX HaHuX (cTaH Prusuit) CTBOPIOETHCS BEKTOP
MBUAKOCTI. Anroput™m pobotu crany Wander mpejcTtaBneHWid Ha pHCYHKY 3.16.
CrTBOpeHa HMIBUIKICTh HE I0JA€ThCS Bipasy 10 nmotouHoi meuakocti 1. J{ns toro, mo 6

pyx 1 MOBOPOTH 3JaBajiuCs IINIaBHUMH, BEKTOP IHBI/IZ[KOCTi p0361/IBa€TI)CSI Ha KiJIbKa
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YaCTHH, 1 JI0 TOTOYHOI HIBUJKOCTI IOJIA€THCS YaCTHHA 3r€HEPOBAHOI PaHIIIe HIBUIKOCTI
- m_VelocityToConsume. Cxoxka TexHIKa 3IVIaJ)KyBaHHS BHUKOPHCTOBYETHCS B

peatizaisx iHIIUX CTaHIB.

Pucynok 3.16 - Anroputm podotu Wander :: Update

TakuM 4YHHOM, BHKOPDHCTaHA peamizallisi J0MOMara€ aBTOHOMHHM
MePCOHAXKAM PYXaTUCA PEaTiCTHYHHM YHHOM B HABKOJHIIHBOMY CEpPEIOBHILI.
Iness He 3acHOBaHa Ha CKJIAQJHUX OOYMCIIEHHSIX, 2 BHUKOPHCTOBYIOTH MiHIMyM
JIOKaJbHOI iH(OpMaIii, 10 poOUTH aJIrOPUTM MPOCTHM 1 JIETKO PEai30BaHUM.
[pote, pyxy Il MOXyTh OyTH TOCHUTH CKJIAIHUMHU 1 HenepeadadyBaHuMU. MiHycH
JaHOi peami3allii - HerependadyBaHa TOBEIIHKA TpH 3iTKHEHHI 3 T-momiOHUMU
nepewkoanamMmn.
3.5. HanaroxkeHHs

HanaromkeHHst rpu peani3yeThes Micis KOMIUIAIIT 3 mpanopoM «-debugy i

3aIycK rpu Ha jeaiice yepe3 iHTepdeiic Android Debug Bridge (adb). JJocuts
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TIIBKM J03BOJMTH HajaromkenHs uepe3 USB Ha pesaiici. Tak camo €
MOXITUBICTD MiJKITIOYATHCS 10 AeBaiicy uepe3 mepexy WiFi. Ormaguuk Visual
Studio m03BONSIE BECTH CIIOCTEPEIKEHHS 3a MOBEMIHKO MPOTpaMu IMijJ Yac
BUKOHAHHS 1 BUSBIATH TpoOimemu. Tak camo Bimmaguuk mo0pe Tparoe 3
cocos2dx. 3a mOMOMOroro BIUTaJUMKa MOXKHA TNepepuBatd ab0 TMPHUIUHATH
BUKOHaHHS TPOTPaMH 3 METOI0 IMEPEBIPKU KOMYy, OOYMCIIOBATH 1 peAaryBaTH
3HAYEHHsI 3MIHHHMX TPOTPaMH, BIJICTEXKYBAaTH CTaH PETICTPIB, MeperiisaaT
IHCTpyKLii, CTBOPEHi 3 BUXIZHOTO KOAY, @ TAKOX INepersiaTd o0iacTh mam'sTi,
sIKa BUKOPHUCTOBY€EThCs fopaTkoM. OTiaquuk Visual Studio migTpumye mokpoKoBy
HaJIaroJDKEHHS Ta TOYKH 3yITMHKM BUKOHAHHS 3 33[]aHOI0 YMOBOIO.

Jist monryKy i BUNpaBIeHHs! TOMIJIOK B «()i3MYHOMY CBITI» TpH HEOOXiTHO
ycrmaakoByBard kiac 2bDraw B Box2d 1 mepeBu3HauuTH HOTrO BipTyaibHI
¢ynkuii. e macTs MOXIUBICTD TOOAYNTH YU 30iTalOTHCSI PO3MIPH 1 TTONOKEHHS
¢bi3nyHEX Tin 1 iX rpadiunmii BUDsiA. Tak caMmo Citifi BpaxyBaTH, [0 MaTFOBaHHS
MOBUHHO OyTH B MEKaxX BEPXHBOTO LIAPY.

[Ilo 6 YyHUKHYTH JOJATKOBHX BHUTpAT 4acy OyB BUKOPHUCTAHWUN CTOPOHHIN
monyib [38] mns cocos2d-x 2.1.2, BukopucroBytoun XCode 4.4 min mineHsiero
MIT, i 3minenuit juis cymicHocTi 3 cocos2d-x v3.14 i1 Visual Studio 2022.
I'padiune mnpencraBneHHs QI3UYHUX Tl 300pakeHO Ha MamoHKY 3.17.
3amTpuxoBaHi eneMeHTapHi ¢Girypu (IpSAMOKYTHUK, TPUKYTHHK) HPEACTaBIISIOTH
(i3nyHI TiNA: KIHEMaTUYHI, CTATHYHI 1 JMHAMIYHI.

VY niBOMy HIDKHBOMY KYTKY BHBOJHTBHCS JOIATKOBa iH(OpMalis CrpHse
BUSBJICHHIO 0ariB 1 HAJIATOIKEHHI:

- GL verts - KUTbKICTb BEPIIKH Ha CIICHI;

- GL calls - kinbKiCTh BUKIHKIB rpaiuHUX (QYHKINH MepeJaHux aias o0poOku
GPU;

- YUCJIO TIepe] ciemeM - KimbkicTe FPS B nanmit wac;

- YHCIIO MICIIA CJeIIa - Yac IMpoMaJIbOBYBaHHS OJHOIO Kaapy.
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Pucynok 3.17 - Cuena mij yac HaJlaropkeHHs TpH
HonatkoBuM 3aco00OM Hajaro/pkeHHsT MokHa BBakatn Android Logcat

Command-line Tool (puc. 3.18).

Pucynoxk 3.18 - Po6ota Logcat

Logcat - 1e IHCTpYMEHT KOMaHAHOIO psAKa, SKUM BinoOpakae >KypHail
CHCTEeMHHX TOBiJIOMJICHb, BKJIIOYAIOYH TPACyBaHHA CTEKa, KOJIM MPUCTPIA BHIA€
HOBiIOMJIEHHS IIPO NOMMIIKY, 1 IOBiIOMJICHHS, SIKI HallMCaHi 3a JOIOMOTOI MaKpoCy
CCLOG.

3.6. TectyBanus

Ilig wac po3poOku Tpu OyJI0 HAMHCAHO KidbKa HE3ANEKHHX BiJ rpadidHoi
yacTiHU MonyniB. OmHuMm 3 Takux monyniB € kinac LevelHolder i mos's3ani 3 HuM

Npu3HaueHi st KopucTyBada Tunu JaHuX. Kimac LevelHolder Biamosimae 3a
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3aBaHTaXXeHHs, 00poOKy Ta peparyBaHHs ¢aiinis B json ¢opmari. [Ticns Horo peanizaii
JUIS BUSIBIICHHS 1 YCYHEHHsS NPHXOBaHUX NpOOJIeM Ha PaHHBOMY eTami pO3poOKH
HeoOXiHO MPOBECTH TeCTyBaHHA MoAy/s. Kpammm BapiaHTOM 11 TECTYBaHHS MOy
OyJ10 BHKOpPHCTaHHS CTOPOHHIX OiOmiorek 1 ¢peiimMBopkiB, Hampukiaaa, Google C ++
Testing Framework (Google Test). Google Test - G6iGmioTeka uis MOAYIBHOTO
TectyBaHHs Ha MoBi C ++. [lepeBaramMu 11poro GpeiiMBOpKa € HasBHICTH POCIHCHKOT
JoKymeHTalii i inensis BSD, To0To 11e BiibHE porpaMHe 3a0e3MeUeHHSI.

Ayie A7sl TECTYBaHHS MOIYJIS 3 JECATKOM (YHKIIH [TofaBaTé B TMPOEKT
JIONATKOBUIT (peiiMBOpK He Mae ceHcy. IlpoGnema Oyna BHpilleHa peai3alicro
nonatkoBoi oxuuumi TpaHcasnii MapLoaderTest.h i MapLoaderTest.cpp, ne 3a
noromoroto Makpocy IS EQUEL (x, y) MOpiBHIOIOTBCS OJIEpXyBaHi 1 OYiKyBaHi
pesynsratn  poboTH (QyHkmid. ToOTO, METOI0 CTBOPEHHS OIUHHMIN TPAHCIAIIT
MapLoaderTest.h Oymmo moka3 KOPEKTHOCTI KOJY.

Takok mig yac po3poOku Tpu 3'SBIsUIacCS HEOOXIMHICTH TECTYyBAaTH MPOMIDKHI
pe3yibTaTH Ha JeBaiicaXx 3 PI3HUM JIO3BOJIOM CKpaHy, TTHOWHOIO IIIKCEINiB, BEPCI€r0
omepariitHoi cucremu 1 APL.

I'pa Gysa mpoTtecToBaHa Ha miaTGopmax:

- LG D325 Android 7.1.1;

- Lenovo s90 Android 7.2.0;

- Wileyfox Storm Android 7.2.0;

- IImanmer 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 BiAMiHHO MpalfoBalia Ha BCIX TECTOBAHUX MPUCTPOSX, MOKA3HUK CEPEIHBOT
KiJIBKOCTI KaJIpiB B cekyHy - 60. KpUTHYHUX MOMHIOK HE BHSIBIICHO.

3.7. Ilignuc rpu

[pu xomminswii mporpamu JJist HOTO TECTYBaHHSI 1 3aIlyCKy CIIOYaTKy HEeOoOXiJTHO
foro mignmucatd. Y peXUMi HalaroMKEHHS JOAATOK miamucyerbes debug kimodem.

Tepmin nii debug - kinroua HeoOMexkeHUit. Ane ans nyoOmikamii mogarka Android y
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Google Play abo s 3anmycky release Bepcii rpu HEOOXiHO CTBOPUTH CBiil KIIOY i
mianucaT IM J01aToK. Bynb-sKuid TOZAaTOK, BUKIAJaEMO B Mara3vH, MOBUHHO MaTH
mianucanuit  ceprudikar. CeprudikaT m03BoJsE€ IACHTH(IKYBaTH Bac SK aBTOpa
mporpamu. SIKIo XTock crpoOye BHKIACTH MPOrpamy 3 TaKAM JK€ MOBHHM Ha3BOIO
nakeTa JIoJlaTka, oMy Oy/ie BiIMOBIICHO Yepe3 KOH(IIIKT iMEH.

MMignuc rpu, npu kommisnii Release-30ipku, 3A1HCHIOETBCS IHCTPYMEHTaMHU Bif
Java Runtime Environment (cxop. JRE; poc. Bukonasua mist Java) yruniToro jarsigner.
Ilepen Tum sk mianmucaty AoHaTok HeoOXigHO cTBOpHTH yTwWiiTolo keytool. OOmnBi
YTHIITH € OE3KOIITOBHUMH 1 BCTAaHOBIIOIOTHCS pa3oM JRE.

3.8. BucHoBkmu 10 po3ainy

VY TpeTboMy poO3IiNi, MPUCBIYCHOMY MPOEKTYBAHHS i KOHCTPYIOBaHHS T'pH, Oynn
BUJICH]I JonarkoBi mimzagadi. Ilpuw BupilleHHI TakuxX Min3afad, SK «peaizailis
IrpOBOTO INTYYHOTO IHTENEKTY» 1 «pO3po0Ka OCHOBHOTO IrpOBOTO LHUKIYy» Oynn

MOPYIICH] aCTIeKTH 3 IHIIUX obnacTell 3HaHb: poOOTa 3 BEKTOPAMH 1 3TI1aKyBaHHSI.
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BUCHOBKN

Y mumnomHi poboti Oyno po3misHyTO po3poOky MobimpHoro gomarky OC
Android komm’toreproi 2D rpu.

B po6oTti mpoBeseHO aHali3 CTATUCTUYHHX [aHHWX, MOB'A3aHUX 3 PO3POOKOIO
MOOUTFHUX IrOp, a TakoXX BUKOHAHO TMPOEKTYBaHHS 1 pO3poOKa JBOMIPHOI TpU Ha
MoOuTbHY Tutardopmy Android.

B xoxi anami3y Oynio JaHO OILIHKY MOMYJISIPHOCTI KaHPIB 1 MOOLIBHUX TIAT(HopM
HA OCHOBI [aHWX CYYaCHHX CTATHCTHYHHMX KOHCAITHHTOBHX Kommadii: Gartner,
Shared2you, SurveyMonkey Intelligence. Ha ocHoBi oOpaHoro xaHpy (urytep - Tom 3
cKauyBaHUX >kaHpiB B 2022 pori), Oyna chopmyaboBaHa KOHIIETIS pPo3po0sieMoi rpu.
Konnenmist 3akpirumoe miatgopmy, skaHp, Ha3By, CTWIb Ipadikd, Ja€ KOPOTKUH OIHC
inef i refiMILIest TPy 1 BULISE HUTBOBY ayITUTOPIIO.

Jdo cranil mpoekTyBaHHs 1 MPOrpaMyBaHHs, MpoOrpamHe 3abe3nedeHHs Oyio
knacu(ikoBaHO 3a TpU3HAYCHHsAM: pobora 3 rpadikoro (cocos2dx, Marmelade sdk,
Unreal Engine 4), pobora 3 komom (Microsoft VS22, Eclipse, CLion) i pobora 3
¢iznuanM cBitoM (Chipmunk, Box2d). 3 ormsimy Ha oOMexeHHs, BimoOpaxkeHi B
KOHLIENLii I'pX, OCHOBHUMH BUMOTaMu Oy/lM BapTicTh, (PYHKLIOHANBHICTh 1 3py4YHICTh
BUKOpHUcTaHHA. [y MiHiMi3awii yacy po3poOku Oyimu oOpaHi JOOAaTKOBI iHCTPYMEHTH
Juist pobotu 3 pecypcamu (TexturePacker) i 3 Buxigaum komom (GitHub). Takum unHOM,
JUT po3poOKH MTpOTrpaMy BUKOPHCTOBYIOTHCS Taki iHCTpyMeHTH, sk Microsoft VS 2022
poky, Cocos2d 3.14, Box2d, Tiled, Texture Packer, GitHub.

st epexTrBHOT po3poOku Oyiy BUAIICHI 1 BUPIIIEH] HACTYIHI Mij3anadqi:

- TpPOEKTyBaHH: iHTep(deiicy;
- po3poOKa OCHOBHOTO irpOBOTO IIUKITY;
- aJanTailis IpH Mij pi3Hi JO3BOIU MPUCTPOIB;
- TPOEKTYBaHHS irPOBOTO iHTENIEKTY;
- HaNlaroa>xeHH4,;
- TeCTyBaHHA.
[Tpu BupimieHHi 3a1a4i Ipo po3poOKy OCHOBHOTO IrPOBOTO LUKy OyIJIH MOpyIIeHi

TaKi aCHEKTH 3 IHIIHUX 00JaCTEeN 3HAHB, SIK:
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- ¢ineTp HIWKHIX yacToT (low pass filter);
- 3MIAJDKYBaHHS 32 TOTTOMOTOO THTEPIOSAIIT Ta eKCTPAIIONSALIII.

Jus peamizanii uukiny OyB BHKOpUCTaHMH (UIBTp HMXKHIX dYacToT. KoxkeH
PO3MIIHYTHIA B POOOTI acIeKT sBIsSE COOOK HE3aICKHE CaMOCTIHE pIMICHHS
MOCTaBJICHOI Mii3ajaayi, 3akpiruieHuid B 3arojoBku PhysicsSystem.h i moxe Oytu
BUKOPUCTAHUH JUI OOPOOKH OTPHMAHOTO Yacy IOHOBICHHS irpOBOTO IMKIY B iHIIHMX
npoektax. Tema cuHXpOHI3amii (isuyHOro i rpadivyHOro MABKKKIB MOMyaspHa 1
MEepPCeKTHBHA B PO3BHUTKY, TaK SIK ii aKTyalbHICTh 3pocTae 3i 30iIbIICHHAM
TIOIYJISIPHOCTI irop.

Oco0iuBy yBary Oyino NMpHIUIEHO ajganTaiii rpu mia pizHi npuctpoi. [padiuni
pecypcu Oynu po3aisieHi Ha Tpu Kareropii: assets / small, assets / normal i assets / large
JUI 3MEHIICHHS BTPAaTH SIKOCTI 300pakeHb NpW MacmitaOyBaHHi. B pesynbrari, 3
MIHIMAJTBPHO MOXJIMBUM 301TBIIICHHSAM HEOOXiTHOT MaM'sTi IS TPH, BIAIOCS OTPUMATH
sIKICHE 300pa)KeHHs Ha JieBalicax 3 Pi3HUM JIO3BOJIOM eKpaHy. PillieHHsI, BUKOpHCTaHE B
JlaHiii poOOTi, aKTUBHO 3aCTOCOBYETHCS 1 IHITMMH PO3POOHUKAMH.

Jlyisi CTBOPEHHS ITPOBOTO MITYYHOT'O IHTENEKTY, OyJ0 BUKOPUCTAHO 1 aJlaliTOBaHa
iZles ymOpaBiiHHS pyxoM Oo0Ta BIUIMBOM Ha HBOrO JOAATKOBUMH BEKTOPHUMHU
BEIMYMHAMH - IIBUAKICTIO (B pamMKax Iii€l poboTn). Bukopucrane pilieHHs € KOPOTKUM,
MPOCTHM, IIBUAKHM (BHKOPHCTOBYE MIHIMaJbHO KUIBKICTh JaHHMX) 1 PEaJiCTUYHUM:
YHHKA€ TIEPEIIKOAN, MOXKE MTEPECTiTyBaTH 1 TIKaTH BiJl METH, CTPIJIsiEe B LU 1 Ky, IO
JETATh B HHOTO. 3aBISKM BUKOPUCTAHHIO MAaTepHY NPOEKTYBAaHHSA CTaHy 1 TEXHIKH
TOALITY JIOTIKY 1 rpadiku peanizamis I erko miaTpuMyBaHa i pO3MINPIOETHCS.

[Ipu HanaromkeHHi nporpamu OyB KJIOHOBaHWI 1 ajganToBaHuil mijg cocos2d-x
v3.14 i Visual Studio 2022 He3anexxHUI MOAYNb JUIs poOOTH 3 (i3UYHUM JBHKKOM
Box2d - DebugDraw. Bin no3Boiisie mpomMaabOByBaTy MOTOYHUEN CTaH (pi3UYHUX T HA
€KpaH, 1[0 3HAYHO MPUCKOPIOE HATAroLKCHHsA. MOoIyiab MOXe OyTH BHKOPUCTaHUIN B
IHIINX MPOEKTAX.

TakuM yMHOM, pe3ynbTaTOM BHKOHAHHS 3aBIaHHSA PO3POOKH IBOMIpHOI I'pH Ha
tardopmy Android crana rpa «CkaxeHi Kyii» 1 1Ba HeanekHUX Moxyist: DebugDraw

i PhysicsSystem. PoGora rpu Oyna ycminrHo nporectoBana mifg cucremy Android 4.2.2 1
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Bumie. CTBOpeHa rpa Y3rODKYEThCS 3 OINMCAHOK KOHLENIIE 1 BOJOMIE TaKUMH
XapaKTepPHUMH PHCAMH:

® BIiJCYTHICTh HEOOXIHOCTI B HABYAHHI;

® MBUIKUH | YHIKATBHAN TeHMITICH;

® [pOCTE YIPABIIHHS;

® MOXJIMBICTh CTBOPEHHS PiBHS;

® mpocTuii 1 3po3yminuii inTepdeiic;

¢ HemnependadyBaHICTh IPOTHBHUKA.

[Tomanpmuii pO3BUTOK MIPOEKTY BKITIOUAE MOJINIIEHHS (QYHKIIT 10aBaHHs PiBHIB,

JIOIaBaHHsI SICKPaBOro rpadivyHoro u3aiiHy, JOJaBaHHS MYy3WYHOI'O CYNPOBOLY 1

BBCACHHA CTAaTUCTHKH ycr[ixy rpaBid.
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1 Google Hapae 6e3KOLITOBHO A,0CTYNHUM HaGip iIHCTPYMeHTIB Ana po3po6ku Android (Android SDK), AKu# MOXKHa
BUKOPUCTOBYBATH Ha x86-nnaTdopmax 3 onepauinHuMmu cuctemamm Windows XP, Windows Vista, Mac OS X (Bepcia 10.4.8 abo
BMLWA) i Linux.

2 3.2) cknapa€eTbCcs 3 TPbOX KHONOK: noyaTu rpy (Play), no6ypaysaTtwu (Build) i BUiATH (EXit).

3 3.4.Peanisauin irpoBoro WTy4HOro iHTeneKkTy IrpoBuii LUTY4YHU iHTenekT (Game artificial intelligence, Al) - ue Habip
NPOrpaMHUX METOA MUK, LLLO 3aCTOCOBYIOTbCA B KOMM'IOTEPHUX irpax AJiA CTBOPEHHSA BPa>keHHs iHTeNeKTyanbHOoi
noBeiHKM KOMN'IOTEPHO-KEePOBaHUX NepCcoHaXxiB [33; 34].

4 «lepo# - 6pyTanbHUIA Y0OOBIK B CAMOMY PO3KBITi CBOiX CUJI - CTaB Ha CTeXKY BiiiHM. Heob6xiaHO AonoMorTu repoio
nepeMorTu HelLLlaAHOro NOBEJINTEsS apeHn»
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