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1. Tema pobotu: «IHdpopmariitna cucrema CUMYISILIT TOIBOTY POIO IPOHIBY
3aTBepkyto HakazoMm o Cym/lY Bin
2. Tepmin 31aui 3100yBayem kBamidikaniinoi podotu do 09 uepsnsa 2023 poxy
3. BxinHi nani g0 kBamidikamiiinoi podoTu
4. 3MICT po3paxyHKOBO-TIOSCHIOBAJILHOT 3aMMCKH (MEpeiK MUTaHb, IO iX HAJEKUTh PO3POOUTH)

1) Ananiz npobremu npeomemmuoi obnacmi, nNOCMAHOEKA U _(HOpMYBaAHHS 3060aHb OO0CIIONCCHHS.
2) O2ns0 ananolivHux npoekmis, w0 ece ichytomo. 3) Poszpobnenns ingopmayinnoi cucmemu
nonvomy. 4) Auaniz pezyiomamis.

5. Ilepenik rpadiunoro Marepiany (3 TOUYHUM 3a3HAYCHHSIM 000B’I3KOBUX KPECIICHD )

6. Koncynsrantu 10 mpoekty (poOOTH), 13 3HAYEHHSIM PO3JILITIB MPOEKTY, IO CTOCYETHCS 1X

. [Tigmuc, mara
Po3nin Koncynprant —
3aBrnaHHd BUIAB 3aBgaHHS TPUIHSB
7. JlaTa Bumadi 3aBJaHHS « » 20 p.
3aBaHHs IPUMHSB 10 BAKOHAHHS KepiBHuk
(minmc) (mignmc)
KAJIEHAAPHUMU IIJIAH
No . Cie o Tepmin .
Ha3pa eramniB kBamidikariiitHoi poooTH P [TpumiTka
n/m BUKOHAHHS
Ananiz npobremu npedmemnoi obracmi, NOCMaHo6Ka 1 popmyeanms

1 3A80aHb 00CHIONHCEHHS

2 020 anano2ivHux npoeKmis, ujo 8xce iCHyms

3 Pospobnenus inghopmayitinoi cucmemu nonvomy

4 Ananiz pezyromamie

5 Ogopmaennst nosacH08aANbLHOI 3anucku 00 Keanigikayilinoi pobomu
3100yBad BHINOI OCBITH KepiBank

(minmc) (mignmc)



AHOTALISA

3anucka: 41 ctp., 32 puc., 5 nogatkiB, 17 BUKOPUCTAHUX JIKEPEN.

OOrpyHTYBaHHSl aKTyaJbHOCTI TeMu podoru — Temy KkBamidikaiiHol
poOOTH MOKHA BBaXKaTH JOBOJI aKTyalbHOIO, TAaK AK Ha TAHUH MOMEHT Yacy iCHye He
Tak 0araro came CHMYJIAIIN TOJIBOTY PO JPOHIB, MPOTE ICHYE AOBOII Oararo
CUMYJISILIIM U1 yNpaBIliHHS OJHOTO APOHA JJs TOro abu OTpUMaTH HAaBUYKH HOTO

M1JI0TYBaHHS.

O06’€eKT 10CTiIZKEHHS] — TIOJIT POIO JIPOHIB Y CUMYJIbOBAHOMY CEPEIOBHIIIL.

Merta podotu — po3poOka 1H(OPMALINHOI CUCTEMU CUMYJISLII TOJBOTY POIO

JIPOHIB.

Metoau JOCTigKeHHSI — CTBOPEHHS BIJNOBIOHOI 30HM CUMYJSALII Ta
CTBOPEHHSI B HIW MEPEIIKO/ Ta 33JaHHs MOYATKOBUX Ta KIHLIEBUX TOYOK SIKUX JIPOHH

MOBUHHI JJOCSTHYTH.

Pe3yabTaTu — po3pobneHo iHopmalliiiny cucteMy, sika CTBOPIOE BIJATMOBIIHE
CepeloBUIIIE JUIsl CUMYJISAIIT Ta MPU MEpPEeMIlIeHH] TPOHIB BUBOAUTH BCl iX AaHI, 5Kl
MOTIM 3aHOCATHCS JO JIOTIB, TAaKOX JIO OKPEMHUX JIOTIB 3aHOCSATHCS CTaHH CaMOIO

CepeIOBHIIA

IHOOPMALIIMHA CUCTEMA, CUMYJIALISA, JPOHU. PIi1 IPOHIB, C++,
0[0)11
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BCTVYII

AkTtyanbHicTh. Temy kBamidikamiiiHOi poOOTH MOXKHAa BBa)XKaTu JOBOII
aKTyaJIbHOIO, TaK SIK Ha JaHWUH MOMEHT 4acy ICHY€ He Tak 0araro came CUMYJISIIN
MOJILOTY POIO JPOHIB, MPOTE ICHYE JOBOJII Oarato CUMYJIALIMN /ISl yIIPABIIHHS OJHOTO
JIpOHA JTsl TOTO AW OTPUMATH HaBUYKH HOTO TJIOTyBaHHS.

006’exT nociimkenns. [lomiT poro APOHIB y CUMYILOBAHOMY CEPEIOBHUIIL.

Ipeamer pocaimxenns. Ilpouecc moapoTy NpU 3alaHUX IIOYATKOBUX Ta
KIHIIEBUX TOYOK.

I'inote3a. Bizyamizamito CTaTUCTUYHUX JaHUX Ta KEPYBaHHS HUMU MOXHA
JOCATHYTH HUISIXOM 3aCTOCYBaHHSI 1H(OPMAIIHOT TEXHOJIOTII, 0 peasli3ye CEpBIC
JUUISL PO3MIIIEHHS IOAATKIB sIKI BUKOHYIOTb 111 (PYHKIT].

HaykoBa noBu3zna. Onucane y JaHiid poOOTi MporpaMHe PIillIeHHs 103BOJIUTh
3pO3yMITH Ha JI0BOJ1 0a30BOMY piBHI 3a SKOIO JIOTIKOIO JAPOHU 3I1ACHIOIOTH
NepeMIIICHHS Ta OTPUMATH JI0BOJII 0a30BY Bi3yasi3alliio IIbOTO MPOIIECY.

Crpykrypa. Jlana poboTa CKIamaeTbcsl 31 BCTYIY, AHAJIITHYHOIO OIVISIAY,
MOCTAHOBKM 3a/ladi, BUOOPY METOAY PpO3B’SI3aHHS TMIOCTABJICHOI 3ajayi, OMUCY
nporpaMHoro  3abe3medeHHs  1HQOpPMAIIHHOT CUCTEMH, BHCHOBKIB, CITHCKY

BUKOPUCTAHUX JKEPEN Ta TOAATKIB.



1 AHAJITUYHUH OIUISI]
1.1 AmnHaui3 aHAJOTIYHHMX MPOEKTIB

[Ipu moyaTKOBOMY MOIIYKY aHAJOTIB OyJ0 BUSABIEHO, IO caMe JIJISl CUMYJIALIT
MOJILOTY POIO JIPOHIB HE Ma€ BIAMOBITHUX aHAJOTIB, MPOTE ICHYE JIOBOJII Oararo
TaKUX fAK1 JO3BOJSIOTH MOBECTH CaMe€ CUMYJISIIIO MOJbOTY OJHOTO IPOHA JUIS TOTO
abu oTpuMaTH JesiKi HABUYKU KepyBaHHS HUM.

Takox BapTO 3a3HAYUTH IO XO4Ya € 1 BIAMOBIJAHI CHMYIATOpE, MPOTE TAKOXK
ICHY€ MOMKJIUBICTh BUKOPUCTATH CUMYJISILIL JJI TOJIbOTIB JIITAKIB, aje JOCBIJ TAKOTO
KepyBaHHs Oy/ie 3HAUHO BIJPI3HATUCS BiJ CHEIiali30BaHUX MPOEKTIB SKi Mpea3HaYeHI
JUTSL LIBOTO.

SIk BKe 3a3Ha4yanocs, CUMYJALIl IPOHIB 3arajJoM BHUKOPUCTOBYIOTH JIJISI TOTO
abu KopucTyBau OTpuMMaB 0a30BI HaBUYKH KepyBaHHsS HuUMH. Cepen Takux
cuMyJIATOpiB MoxkHa 3a3HaunTh Taki sk DJI Flight simulator[1], DJI Virtual flight[2],
Zephyr Drone Simulator[3], Tak sk BOHM € JOBOJI MOMYJAPHUMH Cepel

KOPUCTYBAuIB.

1.2 O nepBUHHOTO KOAY CUMYJISAIL

B ocHOBI 111€1 poO0OTH BUKOPHCTOBYBaJIaCh KypcoBa po0oTa 3 2 Kypcy 3 TEMOIO
«Cumynsuisg MonboTy JpOHIB». B HIM moTpiOHO Oyno CTBOPUTH Mporpamy sika
aBTOMAaTUYHO MPOBEJIC JPOHIB Bijl MOYATKY JO KIHIIS.

Hani OynyTh HaBeJleH1 CKPIHILIOTH BUKOHAHHS IOYaTKOBOTO KOAY MPOTrpaMu SIKY

OyJ10 CTBOpEHO it KypcoBoi pobotu. (pucyHok 1.2.1 — 1.2.4)

W EA\Diploma\cmake-build-debug\Diploma.exe

Enter amount of charging zone

Pucynok 1.2.1 - [ToyaTrkoBe BIKHO SIK€ TTPOXA€ BBECTH KUIBKICTh 30H JJISI MiA3aPSIKH



W E:\Diploma\cmake-build-debug\Diploma.exe

Enter amount of charging zones 5
Centre of charge zone located in
Centre of charge zone located in
Centre of charge zone located in
Centre of charge zone located in
Centre of charge zone located in 5,
Jlna NpoAONXeHWA HaxkMUTe nwbyw knaeuwy . . .
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Pucynok 1.2.2 - BikHoO miciist TOTO SIK MiATBEPAMIN KUTbKICTh 30H JIJIS 3apS KU

N [l E:\Diploma\cmake-build-debug\Diploma.exe

Drone type: Commander

Battery char
fControl type:

ADrone type: Communicator
Id: 2

Speed: 2

Current x,y: 22
fDestination:

Battery char
QCommunication Range:

fDrone type: Carier

fDestinatio
Battery char
fCarrying capicity:

_ﬂﬂﬂ npoaoonXeHUA HaxMuTe ﬂmﬁym Knasuuwy .

Pucynok 1.2.3 - [TouaTkoBi NO3ULiT APOHIB Ta iX 3aps



W EADiploma\cmake-build-debughDiploma.exe

Commander with id 1 located in 32
Curent destination 9 48

Communicator with id 2 located
Curent destination 36 40

Carier with i1d 3 located in 36
Curent destination 18 40

Carier with id 4 located
Curent destination 30 40

' JOAOMKEHMNS *¥MUTE Ntoby 4 awy .. .
,.I[I,.-"I;-l npogonxeHMA HaxXMuTe -"IH]'E"}.-'H]' KNaBHLY

Pucynok 1.2.4 - [lepemirieHHs Ta BUBIJT OCTaTOYHOI TOUKH ITPU3HAYEHHS

S N E:\Diploma\cmake-build-debug\Diploma.exe

Drone type: Commander
MId: 1

Speed: 2

Current x,y: 32,3
iDestination: 9,40
Battery charge: 49
8Control type:

iDrone type: Communicator

Battery charge:
HCommunication Range:

iDrone type: Carier

Id: 3
§Speed: 1
Current x,vy:
iDestination:

iDrone type: Carier
Id: 4

Speed: 1

Current x,y
QDestination:

Battery charg .
QCarrying capicity: 15

/1na npoaoo/I¥eHUMA HaxXMUTEe IIIﬂEJ_\_v’Iﬂ Knaguury .

Pucynok 1.2.5 - Pe3ynbrar micis nepeMilieHHs



Bl E:\Diploma\cmake-build-debug\Diploma.exe

Commander with id 1 located in 9 26
Curent destination 9 40

Communicator with i1d 2 located in
Curent destination 36 48

Carier with id 3 located in 24 14
Curent destination 18 48

Battery charged + 5
Carier with id 4 located
Curent destination 30 48

[lnA npogomKeHHA HaxMMTE .-"IHZI'E'}.-"H]' Knaguuy . . .

Pucynok 1.2.6 - [ToBiqOMIIEHHS ITPO T€ IO JPOH MOTPAINUB HA 30HY 3apPsAJIKH

} N E\Diploma\cmake-build-debug\Diploma.exe

Drone type: Commander
Id: 1

Battery charge: 37
iControl type:

fDrone type: Communicator

jCommunication Range:

: Carier

24,14
18,48

jlna NpofOnXeHUA HaxMuTe .J'IIDE!_\_-’H} Knaedwy . . .

Pucynok 1.2.7 - HoBuii 3aps 6arapei micis HOTparuIsiHHS Ha 30HY IMiI3apsIKu



N

\Diploma\cmake-build-debug\Diploma.exe
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Commander with id 1 located in 9 48
Curent destination 9 48
Commander drone with id 1 reach destination

Communicator with id 2 located in 36 48
Curent destination 36 48
Communicator drone with id 2 reach destination

Carier with id 3 located in 18 21
Curent destination 18 48

Carier with i1d 4 located in 30 21
Curent destination 30 48

lna npoaooTHeHWA HaXMWTE ﬂmﬁym KnaBudury . . .

Pucynok 1.2.8 - [1oBigoMIIeHHS PO MPUOYTTS APOHIB y KIHIIEBY TOUKY

W EA\Diploma\cmake-build-debug\Diploma.exe

Commander with id 1 located in 9 40

Curent

destination 9 48

Commander drone with id 1 reach destination

Communicator with id 2 located in 36 48

Curent

destination 36 A8

Communicator drone with id 2 reach destination

Carier
Curent
Carier

Carier
Curent
Carier

[lna npoaocn¥KeHna HaxmMuTe ﬂmﬁym Knaguury . . .

with id 3 located in 18 48
destination 18 A8
drone with id 3 reach destination

with id 4 located in 30 48

destination 30 A8
drone with id 4 reach destination

Pucynok 1.2.9 - ITpuOyTT4 BCiX pOHIB HAa KIHIEBY MO3UIIIIO
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M | E\Diploma\cmake-build-debug\Diploma.exe

Drone type: Commander

Current x,y: 9,40
Destination: 9,480
Battery charge: 31
Control type:

Drone type: Communicator

Current x,y: 5
Destination: 36,48
Battery charge: 31
Communication Range:

Drone type: Carier

Current x,y: 18,48
Destination: 18,48
Battery charge: 79
Carrying capicity:

Drone type: Carier
Current x,y: 30,48
Destination: 30,48
Battery charge: 49

Carrying capicity: 15

[lna npoacmKeHHA HaxXMHuTE .-"II'IZI'E.:J}"H]' Knaguuy . . .

Pucynok 1.2.10 - KinueBuii pe3ynbTaT miciig JOCATHEHHS BCIMa JPOHAMH KIHIEBHUX

W EA\Diploma\cmake-build-debug\Diploma.exe

All drones reach destination

Pucynok 1.2.11 - OcraTtoyne moBiAOMIICHHS T1ATBEPIKEHHS TPUOYTTSI IPOHIB
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1.3 TIlocTraHoBKa 3amga4i

MeTtoio poOOTH € CTBOPEHHS CUMYJIII IMOJIbOTY POI0 JAPOHIB Yy 3ajaHii
o0nacTi
JI1st fOCSATHEHHS MOCTaBJICHOT METH HEOOX1THO BUPIIIMTH HACTYIIHI 3a/1a4i:
1) OOpaTti Ta BUKOPHCTATH IHIIY MOBY NPOTpaMyBaHHs a00 3aJUIIUTH ii TIE€rO
camoxo;
2) IlepenmcaTy MOYATKOBHIA KO 0 OUTBIII BUIIOTO CTaHAAPTY;
3) IlepeBipuTH HOBHIA KOJ HA HOTO BiAMOBIIHICTH JIO IIOCTABICHUX 3a]1ad,

4) 3aBepIIUTH OCTAHHIO BEPCIIO KOy Ta MEPEBIPUTH 11 HAa HASIBHICTh TTIOMHUJIOK
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2 BUBIP METOAY PO3B’SA3AHHS 3A1AUI
2.1 BuOip MoBHU nporpamyBaHHs

Tak sik BUOIp MOBH IpOrpaMyBaHHSI MOXE 3ajie)aTd Bij O6ararbox (akTopis,
OyJ10 BUpIIIEHO O0paTu OJIHY 3 HAHOUIBII MOMYISAPHUX Ta Ty 3 KOO € OUTbII-MEHII
JOCBIJT TIpAITi.

3a JaHMMHU JOCTI/DKCHHS TPOBEACHMMHU OHJIaiH mnoptasom DOU[4],
onutyBanHs 9060 pecrioHIeHTIB OyJ10 OTPUMAHO OCh TaKuii CrUCcoK. (puc. 2.1.1)

flkolo MoBOIO NULWeTe ANnA p060TH 3apas3

Javascript [EERE
Java [ —
python KX —
c EEEN.

Typescript EEE——
PHp A
Kotiin EZZNN
c+ EEN
DB XN
Swift
Go
Ruby
Dart
Scala 08
Apex 07

[ 07
c 04
Groovy 03
Rust 02
Elixir = 0.2

Pucynok 2.1.1 - Pe3ynbraT OnuTYBaHHS PECHIOHCHTIB

Opnpasy momiTHO mo Taki MoBu sik JavaScript, Java, Python, C# e nmomoui
NOMYJISIPHUMHU CEpeJl Cy4aCHUX TEHJIEHIIIN y CBITI nmporpamyBaHHs. KoxkHa 3 HUX Mae
CBOI IepeBaru Ta HeloJIKH, K1 BIUIMBAIOTh Ha IXHIO MOMYJISIPHICTb.

[Ipore MoBor0 mporpamyBaHHs Oyiao oOpaHo C++ OCKUIBKM BOHAa € TaKOX
JIOBOJII BIJOMOIO Ta € JOCTaTHhO MIBUAKOIO Ta edexkruBHOW0. Hacammepen obGpanHs
MOBHU OyJi0 3yMOBJICHE TUM IO TIOYATKOBHMM KOJI TaKoX OyB HAIMCAHWM Ha IiH ke
MOBI, III0 B CBOIO YEpry J03BOJII€ NOCTaTHbO LIBUAKO NEPETBOPUTH LW KOA Mix

NOTPiOHI CTaHIAPTH, 110 B CBOIO YEPry HE 3MYIIyBaTUME MEPENUCyBaTh HOro 3aHOBO
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sKOM Oys710 OOpaHO iHITY MOBY HpOrpaMyBaHHs. TakoX Ba)XJIMBO 3a3HAYUTH IO Y
C++ € goBom Garato 6i107i0TEK sSKI MOXYTh JONOMOITH B TOJANbIIINA po3poOIl

iH(opMaIiiftHOT CUCTEMH.

2.2  CepenoBuiie po3pooku

OOpanHs cepenoBuIlla po3poOKM MOXKE 3alekard BiJl Oaratbox (HakTopis.
[TounHatoun BiJZ MOBHM MpPOrpaMyBaHHs, THUIY IMPOEKTY, 3aKIHIYIOYH 3pPYYHICTh
iHTepQeiicy Ta MATPUMKOIO Pi3HHX IHCTPYMEHTIB TakuX sk Git.

Cepen pizaux IDE 6yno min yBary morpanumu CLion[5], Visual Studio[6] Ta

Notepad++[7]. KoxHe 3 mux cepemoBHI Mae CBOI BJIacHI IMepeBaru Ta HEIOMIKH SKi

HaBeJieH1 y Tabmui 1.1.

Tabmuis 1.1 — [HopiBusauns pizaux IDE mis po3poOku

Ha3zBa IlepeBaru Henoutiku O3HallOMJICHICTH
cepeIoBHINA

CLion byia crBopena € miatHo, NpoTe [IpucyTtus
CHEIIaJIbHO 7l MOBH | iCHy€ 0€3KOIITOBHA 03HAMOMJIEHICTB 3
nporpamyBanus C++. | Bepcis Community IHIIIMM [IPOTYKTOM BIJ{
Mae s Hel 1oBoJI Edition. LOT'0 CaMOr0
pO3LIUPEHY € nosoui PO3pOOHHKA —
HiATPUMKY. pecypcomictka, o B | JetBrains. Tooto Bci
Mae noBoJi rapHi CBOIO UEPTy MOXKE OCHOBHI €JIEMEHTHU
IHCTPYMEHTH IS CKa3zaTHucs Ha poOOTI | yIpaBIliHHSA yKe
pedokTopy Kofy, Ta Ha crapux abo 3HalOMI.
aHaJIi3y MOMMJIIOK. CJIabKuX
Icnye cucrema KOMIT FOTEPAX.
KepyBaHHS BEPCIIMHU,
Takumu 5K Git.

Visual Studio [IpucyTHiit goBOMTI JloBomi [Ipucyrns
3HAYHHK HaOIp pecypcomicTKa 1o B 03HAHOMJICHICT,
IHCTPYMEHTIB AJIs1 CBOIO UEPry MOKE OCKUIBbKH Ha
po3po0KH Ha 10BOII CHOBIJIbHIOBATH MOYaTKOBUX Kypcax
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po0OOTy MEHII

OCHOBHI TIPOEKTH

[Iponokenns tabm. 1.1

pi3HUX MOBax
porpaMyBaHHs,
takux sk C++, C#,
Python Ta inmi.
IIpucyrns
IHTerpoBaHa BiJIaiKa
sIKa Ma€ T0BOJII
0araTto MOXKJIMBOCTEH.
[pucytHiii goBoi

IUPOKUI BUOIP

IIOTYKHHUX IIPUCTPOIB.
Hesiki ¢pyHkii Ta
pas3IIMpEeHHs AOCTYIIHI
JIMIIE B IJIATHUX
BEpCIsiX.

Icnye miarpumka
nmie st Windows,
110 ICTOTHO OOMEXY€
HaIMCaHHS MPOEKTIB

JUTst Oy Ib-SIKH1 1HIITHX

OyJu HarMcaHi came B

OMY CEPEIOBHILLI.

IJIariHiB Ta maThopM.
PO3IIMPEHb JIIsS
JOJTATKOBOTO
byHKITIOHATTY.
Notepad++ Cepenouie sike € Oo0OMmexeHa O3HaOMIIEHICTD

BUKOPHUCTOBYE JOBOJI1
MaJio CUCTEMHUX
pecypciB.

[IpucyTHs miaTpUMKa
TSI 6araThboX MOB
MPOrpaMyBaHHSI.
Bbe3komToBHA Ta Ma€e
BIJIKpUTHUH KOJI, TAKOXK
Ma€ JI0BOJII aKTUBHY
CHUIBHOTY

KOpHCTYBadiB

(yHKIIIOHAJIbHICTH B
MOPIBHSIHHI 3 IBOMa
nonepeanimu IDE.
BincyTtHi BOynoBaHi
IHCTPYMEHTH ISt

BIJIJIAJIKU TTPOTPaM.

MaiiKe B1JICyTHSL.

O3HalloMUBIIMCH 3 TepeBaraMyd Ta HeNONIKaMu Oyj0 MNPUWHSATO PIIICHHS

BUKOPHUCTOBYBaTH cepeoBulle po3pooku CLion, OCKIIBKM 3a OCTaHHI Mapy pOKIB
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O3HAHOMJICHICTh 3 MOTO aHAJIOrOM JJIi MOBM IporpamyBaHHs Java Oylia Ha JOBOJII

BHCOKOMY PiBHI.

2.3 Bubip cucreMu nmomyky muisixy

Tax sk HaMm TOTPiIOHO a0M APOHU AOJETUTH MO KIHIIEBOI TOYKH, BOHU TOBUHHI
3HAWTH NUIAX 3a SKUM BOHU OyAyTh TYAHM J0OUpaTucs, TOOTO iM IMOTpiOHA Jorika
MOBEIIHKH KOO BOHU OyIyTh KEPyBaTHCS JJIs1 JOCSITHEHHS METH.

Jlnia Toro abu AOCATHYTH KIHIIEBOi TOYKHM ICHy€ Oarato ajJropuTMIB MOIIYKY
HUIIXy, ToMy Oyio posmisiHyTo HactymHi: A*[8], DFS(Deep First Search)[9],
BFS(Breadth First Search)[10], Ta modaTkoBWii KOJ IS MOIIYKY ILIAXY (IUB.
Homnarok A). [lepBaru Ta HeIOIIKK HaBeAeH1 aam y Tadmuin 2.1.

Tabmuis 2.1 — [TopiBHAHHS AJITOPUTMIB MOIIYKY HUISIXY

Hasga [TepeBaru Henoniku
A*( A-star) JoBomni epextuBHuit anroputm | [lpucytHe obuncnenus
MOIIYKY, SIKU KOMOiHYy€ eBPECTHHOT PYHKIIT 115t
HaWKpaIyy eI X 3 KOKHOI'0 BY3JIa, 1110 B CBOKO
BUKOPHUCTaHHS €BPUCTUYHOL 4yepry BeJie JI0 TOro 110 BiH €
GyHKII. JTIOBOJI peCypCHOMICTKHUM.
[IpucyTHs onTuManbHa He rapanroBana Haii0OinbI1a

BJIACTUBICTH 1[0 O3HAYAE, IO | MPOAYKTUBHICTH HA BEITUKUX
3HaiifieHni X Oyne rpagax

HaNKOpOTIINM, SIKIIIO
eBpucTUYHA QYHKIIis Oyne

HOPMaJIbHOIO

DFS(Deep First Search) JloBOIIi MPOCTHIA aNTOPUTM He rapantoBano 3HaX0MKEHHS

KOTpUH BUKOPHCTOBYE HAMKOPOTIIIOTO NUIIXY,
TITMOMHHUH TTOTITYK JIJIS OCKIJTBKH MOYE ITOTPAIUTH Ha
MIOITYKY MUISAXY. TUIKY KOTpa HE BeJIe J0 IIiJIi.
I"apHo mpaiitoe Ha BETUKUX He nmigxoauts nist rpadi ae

rpagax, ado Tam Jie MOTPiOHO | KOXKHOMY pedpy MpHUCBOEHA

MEePEBIPUTH BC1 MOKITUBI Bara.
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HIIAXH.

BFS(Breadth First Search)

Jlo3BoJI€ 3HaX0AUTH

HaWKOPOTIIMIA TUIAX B rpadax

€ 10BOITI PECYPCHOMICTKHM.

He edextuBHuii Ha rpadax 3

[Tponowxenns tadm. 2.1

3 OJHAKOBHMMM BaramMu pe6p
Mo:xHa BUKOPUCTOBYBATH JIA

3HaXOIKCHHA BCIX MOJIMBHX

LUIAX1B y BIJIMOBITHOMY
JiamasoHi  BiJ  CTapTOBOTO
By3J1a

BEJIMKOIO KIJILKICTIO BY3JIiB.

Cepen IMX YOTUPHOX TPH 3 HUX OKPIM MOYATKOBOTO KOAY BUKOPUCTOBYIOTh JJIS

noIryKy nuisixy rpagu. ToOTo BOHU MEepeTBOPIOIOTh MOYATKOBY 30HY B Ipad, B AKOMY

MOTIM 1 MPOBOASATH OOUYMCIICHHS JUisl Halikpamoro nuisixy. IIpore mpu ix anamisi

BUABUIIOCH IO MaiKe HEMOXKJIUBO 3pO6I/ITI/I TaK aOHW MICJIS TOTO SIK 3HAUIIIOBCS IIAX,

abu 1o HHOMY pyXaJHCsS 3 BIANOBIAHOIO MIBUAKICTIO, pyX BiOyBaBcs Juie Ha 1

«BY30J1», 1110 HE BIAMOBIAAJIO MOTPIOHMM yMOBaM pyXy, aJKe KOXEH 3 JIPOHIB MaB

MOKJIMBICTh MaTH 1HITY MIBUKICTb, III0 B CBOIO YEPry 3MYIIIYBajl0 BUKOPUCTOBYBATH

IHIIMI METOA MOUTYKY HUISIXY Ta MOT0 JOCSTHEHHS.
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3 IHd)OPMAHIfIHE TA IPOI'PAMHE 3ABE3INEYEHHSA CUCTEMUA
3.1 TIloHATTH 30HH MOJIHOTIB

Tak sik B mouaTKoBii Bepcii APOHM JIITadd B JIBOBUMIPHOMY MacuBi, TO OyJ0
BUPIIICHO IO IIe TaK 1 3aJUIIUThCA. Takok Oyja0 MpUHHATO PIICHHS MPO Te abu
nepeMilieHHsl IpoHiB BigoOpaxkanochk rpadiuno. Ha pucynky 3.1.1 moxazaHo

crpouieHu# rpadik SK BUINISIIa€ MACKUB 30HU TOJIbOTY.

Pucynok 3.1.1 - CxeMaTH4HUN PUCYHOK TSI IPEICTABICHHS IBOBUMIPHOTO MAaCHBY

He X — 11e Homep psiKy, a Y — HOMEp CTOBMYMKA y JTBOBUMIPHOMY MAacCHBI, 1110

BIJIMIOBIIa€ 3araJilLHOMY BHU3HAYEHHIO ABOBUMIpHOTO MacuBy (puc. 3.1.2 [11])
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Coll Col2 Col3 Col4

Rowl

Row2 Arr[1][2] | Arr[1][3]

Row3 Arr[2][0]1 Arr[2][1] | Arr[2][2] | Arr[2][3]

e

Pucynok 3.1.2 — CrangapTHHiA BUTTIS TBOBUMIPHOTO MacHBY

Row4

Takox nist Toro abu rpadivune BigoOpaskeHHs Oyino O MPUEMHUM OKYy OyJi0
oOpaHO BapiaHT B SIKOMY JPOHHU PYXarOThCS 3 HAHUOUIBIIOTO PSAy JO HAWMEHIIOTO.

(pucyHok 3.1.3)

>

A

HaNPAMOK pPyxXy APOHIB

V

Pucynok 3.1.3 - Crpomiene 300pakeHHsI HAPSMKY PyXy JPOHIB
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3.2 Omnmc nporpaMHoi peasi3zaiii

Crouatky Oyn0 CTBOPEHO CTOpIHKY 3allyCKy B KOTpI NPUCYTHI Ha3Ba Ta

niceBno aHimartis (puc. 3.2.1) (kox nuB. Jlomarok b).

W | E\tryed\cmake-build-debug\Dip_dop.exe
><DRONE SIMULATION><

L N LN

e oo \| 2

N\ /__J

1/ \\

[PRESS ENTER TO START]

Pucynok 3.2.1 - [HTpo sike 6aunuTh KOPUCTYBay IPH 3aIlyCKy MIPOrpamMmu
[Ticns toro sik kopuctyBad HatucHe kinasimry ENTER iioro nepananpaButh 10
MEHIO B KOMY HOMY 3allpOIOHYIOTh Ha BUOIp OJUH 3 ABOX BapiaHTIB, a TAKOXK HoMy

NOBIJOMJIATh IO I TOro abM 3aKpUTH MporpaMy MOKHAa HATHCHYTH KJIaBlIIy

ESCAPE(puc. 3.2.2).

BN BuiSpats EA\tryed\cmake-build-debug\Dip_dop.exe

::MAIN MENU::

USE DEFAULT INFO
FOR CLOSING SIMULATIOM PRESS ESCAPE

Pucynok 3.2.2 - Mento BuOOpy KoprcTyBaua
BaxnuBo 3a3HaYMTH 110 MOXJIMBICTH 3aKpUTH IPOrpaMy 3a JOIOMOTOIO
kiapim ESCAPE npucyTHs TUIBKM 10 MOMEHTY 3allyCKy caMoOi CHUMYJISAIIi, TOOTO
HICJIs 3aIyCKy IOJIbOTY 3aKpUTH MpOrpaMmy MOXIMBO Oyie JHIle 3a JOMOMOIOI0
HAaTUCKaHHA Ha XPECTHUK y MPAaBOMY KyTi BIKHA [IPOTrpamu.
S0 KOpUCTyBay BUPIIIUTH 00paTH CTaHJAPTHI AaHi, TO oMy noTpiOHO Oyne

HAaTHCHYTH Ha KJaBlaTypl KiaBilly BHM3 abu oOpatu 110 (YHKIIO, MICHsS IBOTO
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nporpamMa MepeHece HOro a0 HACTYMHOIO MEHIO Ta IMOBIIOMUTh PO T€ WIO

CTaHJapTHI JaHi OymayTh BUKOpUCTOBYBaTucs(puc. 3.2.3, puc. 3.2.4).

B E:\tryed\cmake-build-debug\Dip_dop.exe

DEFAULT INFORMATION WILL BE USED!

Pucynok 3.2.3 - [ToBIJOMJIEHHS PO BUKOPUCTAHHS CTAaHJAPTHUX JAaHUX

EXtryed\cmake-build-debughDip_dop.exe
::MAIN MENU: :

OBSTACLE TREE

Pucynok 3.2.4 - Mento BUOOpY Mepemiko

Axmo K KopucTyBau 3a0a)kae caM yBECTH JaHl JUisl JPOHIB KOTo

nepeHarpaBuTh Ha BIMOBIIHY cTopiHKy(puc 3.2.5, puc 3.2.6).

EAtryed\cmake-build-debugh\Dip_dop.exe
INPUT COMMUNICATOR ID :

Pucynok 3.2.5 - ITouatkoBuii Bumisig popmu

BN E:\tryed\cmake-build-debug\Dip_dop.exe

INPUT COMMUNICATOR ID : 15
INPUT COMMUNICATOR TYPE: Radio
INPUT COMMUNICATOR RANGE: 50
INPUT CARRIER[1] ID: 23

INPUT CARRIER[1] TYPE: Heavy
INPUT CARRIER[1] CAPACITY: 100
INPUT CARRIER[2] ID: 8

INPUT CARRIER[2] TYPE: Fragile

INPUT CARRIER[2] CAPACITY: 75

INPUT COMMANDER ID: 11

INPUT COMMANDER TYPE: ALL

INPUT COMMANDER GPS TYPE: GPS

INPUT COMMANDER CONTROL TYPE: Hivemindg

Pucynok 3.2.6 - Burnisan dopmu misicd ii 3ariOBHEHHS
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BaxxnnBo 3a3HaYMTH 10 BC1 MOJISI BUBOAATHCS MOCTYIOBO 1 TUIBKH MICIIS TOTO
SIK KOPUCTYBAY BBIB SIKICh JIaHl. TakoX BaKJIMBHUM € T€ 1[0 CHCTEMa He J03BOJIUTh
KOPHUCTyBauy BBeCTH ojiHakoBi1 ID niis npoHiB, a mpucBoiTh oMy HacTymHui 1D stkumit
HE BKa3aHHi B OCHOBHHX JaHHUX, TOOTO 5.

B mento Bubopy nepenikon(puc 3.2.4) mpeacTaBiIeHo 1Ba BapiaHTH, KOXKEH 3
SKMX OyJe BIAPI3HATHCS KUIBKICTIO Ta rpadiunuM BuaoM mneperikoan. (aas Building
nuB Jlonatok B, ms Tree nus. Jlogatok I')

[Ticnst BUOOpPY O6a’kaHOTO TUITY MEPENIKO KOPUCTYBad Oyie repeHanpaBlieHUd

Ha HacTyIHEe 1 ocTanHe MeHto(puc 3.2.7).

BN E:\tryed\cmake-build-debug\Dip_dop.exe
::MAIN  MENU: :

PRINT IMFO ABOUT DROMES

Pucynok 3.2.7 - OcTaHHe MEHIO Mepes1 3aIyCKOM CUMYJISIIT
k1o KopucTyBay 3a0akae MepenisiHyTH BCIO 1H(OpMAILIiio SKa BigoMa Mpo
JIPOHIB TO BiH IMOBUHEH 00paTH 3a JOTIOMOTOI0 CTPLIOYOK Jpyruit myHKT. [licis Toro
K BIH Oyzie oOpaHuil, 3’ IBUTHCS BIKHO B IKOMY OyZyTh BCl JJaHi1 PO APOHU Ta JaHi

npo oOpanuii Tum nepemkoa(puc 3.2.8, puc 3.2.9).
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[ E\tryed\cmake-build-debug\Dip_dop.exe

COMMANDER ID: 11
COMMANDER TYPE: ALL
COMMANDER VELOCITY: 2
COMMANDER GPS TYPE: GPS
COMMANDER CONTROL TYPE: 1

COMMUNICATOR ID: 15

COMMUNICATOR TYPE: Radio
COMMUNICATOR VELOCITY: 2
COMMUNICATOR COMMUNICATION RANGE: 4@

CARRIER ID: 23

CARRIER TYPE: Heavy
CARRIER VELOCITY: 1
CARRIER CAPACITY: 5

CARRIER ID: 8

CARRIER TYPE: Fragile
CARRIER VELOCITY: 1
CARRIER CAPACITY: 5

Obstacle: Building
PRESS ANY KEY TO START SIMULATION

PucyHnok 3.2.8 - [laHi sK1 BBOJIUB KOPUCTYBad

EAtryed\cmake-build-debug\Dip_dop.exe

COMMANDER ID: 4

COMMANDER TYPE: COM
COMMANDER VELOCITY: 2
COMMANDER GPS TYPE: GP5
COMMANDER CONTROL TYPE: 1

COMMUNICATOR ID: 1

COMMUNICATOR TYPE: RAD

COMMUNICATOR VELOCITY: 2
(COMMUNICATOR COMMUNICATION RANGE: 40

CARRIER ID: 2
CARRIER TYPE: CARR1
[CARRIER VELOCITY: 1
CARRIER CAPACITY: 1
|

CARRIER ID: 3
(CARRIER TYPE: CARR2
CARRIER VELOCITY: 1
ICARRIER CAPACITY: 2

Obstacle: Tree
PRESS ANY KEY TO START SIMULATION

Pucynok 3.2.9 - CrannapTHi 1aHi 3 BUOpAaHUM THUIIOM TIEPEIIKOIN ree
[Ticnst TOro SIK KOPUCTYBA4 MEPEKOHABCS Y TIPABAMBOCTI JaHO1 iH(pOpMaIIii BiH

MOBUHEH HATUCHYTU OYJb-SKY KJIABIIIY JJIsl TOrO0 a0W 3ayCTUTH CUMYJIALI0, a00 XK
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SKIO BiH HE 3axoue ii mepeBipsatu Ta odepe oapazy START SIMULATION iioro

nepeHecy oApa3y Ha €KpaH CUMYJIIl APOHIB SKa OJpa3y K MOYHEThCSA (PUCYHOK
3.10).

BN Bui6pats E\tryed\cmake-build-debug\Dip_dop.exe

co ALL[X] :DP: [@][28] :CP: [37][1@] :BC: [99%]
:: Radie["] DP: [@][@] :CP: [39][36] :BC: [1@0%]
1t Heawy[*] :DP: [@][9] :CP: [39][37] :BC: [1@8%]
: Fragile[*] DP: [@][21] :CP: [39][1] :BC: [1@e%]

Pucynok 3.2.10 — [Toyarok cumysmsiii
Baxxnuo 3a3HauuTH 10 QIrypH siKi O3HAYEHI K # e ¢iHaJbHA TOYKa B SIKY
NOTpiOHO TPHWIIETITA JpoHaM, a (irypu sKi MO3HAYeHI sk B 1e mepermkogm ski

BiAnoBigaroTe Ty Building , B Toii wac, ¢irypu siki OyayTh mo3HaueHi sk T OyayTh
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BIIMOBIHO TIepemkoaMu Tuiy Tree. Takok BaXJIUBUM € TOW (akT 10 MpHU
MOTPAIUITHHI Ha TEPEIIKOAY APOH Oyle BBaKATHUCS 3HUIICHUM, 11O B CBOIO YEpry
B1IOOpakaTUMETbCsl TUM III0 BiH 3HMKHE 3 TpadiyHOro BITOOpaKeHHS Ta HOTO

KOOpJMHATH Ta 3apsia He OyayTh 3miHtoBaTucs (puc.3.2.11, puc 3.2.12).

Bl Bui6paTh E\tryed\cmake-build-debug\Dip_dop.exe

0006000000000000000000000RABEREEEEREREANRABEREERBREEANAREEEREEREEERRRROBRRBE

1 COM[X] :DP: [@][3] :CP: [31][29] :BC: [96%]
:: RAD["] :DP: [0][28] :CP: [33][28] :BC: [97%]
:: CARR1[*] :DP: [B][22] :CP: [36][30] :BC: [94%]
:: CARR2[*] :DP: [B][36] :CP: [36][35] :BC: [94%]

Pucynok 3.2.11 — JIpoH noTpanuB Ha NEPEIIKOTY
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BN Bui6pats E\tryed\cmake-build-debug\Dip_dop.exe
PEEPE0RRROPEEROEREPEERERENREREREEPENERRODERPRENREPEEREEPECRERODERPRLERERDEEBRA!

2 S S
BB
BB
.BBBB.
e e e .. BBBB .
BBBBBEB . .BBBB .
BBBBBB .
...BBBBBEB.
.BBBBBBBB.
.BBBBBBBB.
.BBB
BBBBB .
BBBBB .
BBEBBB . |
BBBBB . .. :
: BB . . B
BBB e e e .. BB . . B
BBB .BBBBBB. BB .
.BBBBBB. BB . .
.BBBBBB. BB X .
.BBBBBB.
.BBBBBB .
.BBBBBB.

alajalaletetolelalale e lalalatatatatetate e ala e alalalatatatatate s o la e s lalalalalatalatately s a ol s a e o atatutate ool e o el e la alalatate o o]l

.+ COM[X] :DP: [0][3] :CP: [31][29] :BC: [96%]
:: RAD[*] :DP: [0][28] -CP: [31][28] :BC: [96%]
.- CARR1[*] :DP: [0][22] :CP: [35][29] :BC: [92%]
.+ CARR2[*] :DP: [0][36] :CP: [36][35] :BC: [94%]

PucyHnok 3.2.12 - JIpoH BBa)a€eTbCs 3HULIEHUM
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Takoxk sk MoxHa Oauuth Ha pucyHky 3.2.10 ta pucynkax 3.2.11-12
MICIICTIONIOKEHHS TIEPEITKOJ] 3MIHIOETHCSI 3 KOXKHUM HOBHUM 3aITyCKOM, 3MIHIOIOTHCS
TaKo 1 CTApTOBI IMO3WINI Ta KIiHIEBI, TOOTO Mai’ke HEMOXJIMBO OTPUMATH MBI
OJTHAKOB1 CUMYJIAIIIT SKIIIO 3BICHO HE 3MIHIOBATH KOJI.

Taxuil BUITISA Ma€ BIKHO KOJIM YC1 JPOHU SIKI 3aTMIIMINCH JOJETLIN O CBOTO

MiCIl Ipu3HaYeHHs (prcyHOK 3.2.13).

BN Buibpats Etryed\cmake-build-debug\Dip_dop.exe

BBBBBBBBBBBBBBB6BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

11 COM[X] :DP: [0][3] :CP: [29][27] :BC: [95%]
:: RAD[*] :DP: [0][28] :CP: [31][28] :BC: [96%]
:: CARR1[*] :DP: [0][22] :CP: [@][22] :BC: [22%]
:: CARR2[*] :DP: [8][36] :CP: [1][36] :BC: [24%]

Pucynok 3.2.13 - KinneBuii BUTIISA CUMYIISIIITT



28

[Ticiast TOro sIKk CUMYJISILIS 3aBEPIIUTHCS 3 IBUTHCS IOBIJOMIIEHHS B SIKOMY Oyzie
Hanucano SIMULATION IS OVER!, micas nporo mnporpama aBTOMAaTUYHO
3aBEPUINTH CBOE BUKOHAHHS.

Takoxx mpu BUKOHaHHI Mporpama CTBOPIOE JIOTH MOJBOTY Ta JIOTH CaMOi 30HU
JUTS TIOJIBOTY IO JO3BOJMTH MEPEBIPUTH MIEPe]l HACTYITHUM 3aITyCKOM JIaHi KOTpi Oysu

B OCTaHHi# pa3. (puc. 3.2.14-3.2.17)

_| log.txt — BnokHoT

Main lNpaeska Qopmat Bwa Cnpaeka

COM[X] DESTINATION: [@][3] POSITION: [37][35] BATTERY: [99%]
RAD[~] DESTINATION: [@][28] POSITION: [37][28] BATTERY: [99%]
CARRL[*] DESTINATION: [@][22] POSITION: [38][32] BATTERY: [98%]
CARR2[*] DESTINATION: [@][36] POSITION: [38][33] BATTERY: [98%]
COM[X] DESTINATION: [@][3] POSITION: [35][33] BATTERY: [98%]
RAD[~] DESTINATION: [©][28] POSITION: [35][28] BATTERY: [98%]
CARRL[*] DESTINATION: [@][22] POSITION: [37][31] BATTERY: [96%]
CARR2[*] DESTINATION: [@][36] POSITION: [37][34] BATTERY: [96%]
COM[X] DESTINATION: [@][3] POSITION: [33][31] BATTERY: [97%]
RAD[~] DESTINATION: [@][28] POSITION: [33][28] BATTERY: [97%]
CARRL[*] DESTINATION: [@][22] POSITION: [36][30] BATTERY: [94%]
CARR2[*] DESTINATION: [©][36] POSITION: [36][35] BATTERY: [94%]
COM[X] DESTINATION: [@][3] POSITION: [31][29] BATTERY: [96%]
RAD[~] DESTINATION: [@][28] POSITION: [31][28] BATTERY: [96%]
CARRL[*] DESTINATION: [@][22] POSITION: [35][29] BATTERY: [92%]
CARR2[*] DESTINATION: [0][36] POSITION: [35][36] BATTERY: [92%]

Pucynok 3.2.14 - 3aransHuil BUIVISLA JIOTY TOJBOTY
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| flight zone.txt — BnokHoT

MNpaska @opmar Bwa Cnpaeka

Darn

= m

[as]

BEBEBEBE
BEEBEBEBE
BEEBEBEBE

EBEEEBEEBB

EBEEBEBB

EBEEBEBB
EBBEBEBEBEBB

BEBBBBBEBB

B BB

BBBBB
BBBBB
BBBBB
BBBBB

=~ R == e a R a ya s
R == = s s s A Ja a

EBEEBEEBEEBEB
EBEEBEEBEEBEB
EBEEBEEBEEBEB

EBEEBEEBEEB

EBEEBEEBEEB

EBEEBEEBEEB

Pucynok 3.2.15 - BianoBigHu#t jJ0ry NOJbOTIB JIOT 30HU CUMYJIALIT
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_| log.txt — BnokHOT

Main [lpaska Qopmat Bwg Cnpaeka

COM[X]
RAD[*]
CARR1[*]
CARR2[*]

DESTINATION: [@][14]
DESTINATION: [@][21]
DESTINATION:
DESTINATION:

COM[X]
RAD[~]
CARR1[*]
CARR2[*]

DESTINATION: [@][14]
DESTINATION: [@][21]
DESTINATION:
DESTINATION:

COM[X]
RAD[*]
CARR1[*]
CARR2[*]

DESTINATION: [@][14]
DESTINATION: [@][21]
DESTINATION:
DESTINATION:

COM[X]
RAD[*]
CARR1[*]
CARR2[*]

DESTINATION: [@][14]
DESTINATION: [@][21]
DESTINATION:
DESTINATION:

[e][36]
[e][32]

[e][36]
[e][32]

[e][36]
[e][32]

[@][36]
[e][32]

POSITION: [37][28] BATTERY
POSITION: [37][23] BATTERY
POSITION: [38][32]
POSITION: [38][1]

POSITION: [35][26]
POSITION: [35][21]
POSITION: [37][33]
POSITION: [37][2]

POSITION: [33][24]
POSITION: [33][21]
POSITION: [36][34]
POSITION: [36][3]

POSITION: [31][22]
POSITION: [31][21]
POSITION: [35][35]
POSITION: [35][4]

Pucynox 3.2.16 - Jlor iHIIIOTO MOJIBOTY

BATTERY:
BATTERY:

BATTERY:
BATTERY:

BATTERY:
BATTERY:

: [99%]
: [99%]

BATTERY:
BATTERY:

[98%]
[98%]

BATTERY:
BATTERY:

[97%]
[97%]

BATTERY:
BATTERY:

[96%]
[96%]

BATTERY:
BATTERY:

[98%]
[98%]

[96%]
[96%]

[94%]
[94%]

[92%]
[92%]
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;I flight zone.txt — GaokxoT

Dain [paeka ©®opmar Buma Cnpaeka

- T T
T . T
. TTT T TT
T T T T - . .
TTT TTT TTT TT
T . T T TTTT
T TT
TTT
T
T .. T . T
TTT. .TTT TTT
T .. T . TTT .
. T . T T
TTT T TTT
. T TTT T
. T
T .
TTT . T
T T . T TTT
TTT T TT T
T . T
*........................A....X*

Pucynok 3.2.17 - BinnoBigHa oMy 30Ha CUMYJISLIT
3.3 donarkoBa iHdopmauis

BaxxnuBo 3a3HauMTH 1O 1ed MPOeKT € Oararo (aillioBUM, 110 B CBOIO YEpry

Mae CBOT IUIIOCH, TaKl K:
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e Bijbll JOTIYHO PO3AUIMTH Pi3H1 YACTUHU CUMYJIALIT, III0 B CBOIO YEpry
CIPOIILY€ OpraHi3aIlito BCboro mpoekTy. [lonermenns po3yMiHHS KOy
TaKOX € JOBOJI BOXKJIMBUM JIOJATKOM JI0 IIHOTO. TakoX KOKEH (aili
MICTHTh CBOi BJIaCHI (PYHKIIIT Ta KJaCH TUM CaMHUM 3a0€3Ieuyoun
BIJIMIOBI/IHY 1€papXito Ta JIETKICTh PO3IIKUPEHHS KOJIy TPOCKTY.

e € MOXJIHBICTh IOBTOPHO BUKOPUCTOBYBATH MEBH1 (DYHKIII1, KTacH,
010J110TEKH TOIIO, aJKe iX MOXKHA CTBOPUTH B OJTHOMY OKpeMoMYy (aiii
Ta TMICIS I[OTO BUKOPUCTOBYBATH 1X B PI3HUX YaCTHHAX MPOEKTY.

e Takox IIe 1onoMarae pyu TeCTyBaHHI, aJ)ke MO>KHA TECTYBaTH OKpeMi1
GbyHKIIIT, IO B CBOIO YepTy BEE /10 TOTO IIO MICIs 3HAXOKEHHS
MIOMUJIKA MOXKHA Oy/ie IOCUTh IIBUKO 3HAUTH 11 IPUUHHY.

Takok BaKJIMBO 3a3HAYMTH IO BC1 TUIIU JPOHIB MOXOATH Bijl 0aThKIBCHKOTO
kiacy Drone, To6To BoHM BC1 MalOTh J€sKiI OTHAKOBI KJIACH, aJIe TAKOX KOXKEH 3 HUX

Ma€ TaKOX CBOI YHIKaJIbH1 (DYHKIII1 SIK1 BIAMIOBIAAIOTH 1X MOXJIHBOCTSIM.
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BUCHOBKH

B pesynaprari BukoHaHHS KBamidikamiitHoi pobotm Oyao po3pobieHo Ta
peanizoBaHo 1HGOpPMaLIHY CHUCTEMY CHUMYISIIT MOJLOTY poro JpoHiB. Cucrema
MOKJIMKaHa JaTh 0a30Be pO3yMIHHS IMOJILOTY POIO JPOHIB, a TAKOXK JaTH MPUOIU3HE
rpadiuHe po3yMiHHS MOJIBOTY.

[Ipy BukoHaHHI OyJ0 MpPOAHANI30BAaHO AaHAJOTIYHI TPOAYKTH Ta OJIU3BKI
MPOAYKTH 10 TEMH, TaKi K CUMYJIITOPU HaBYAHHS YIIPABIIHHAM JPOHIB.

Bbyno mpoananizoBaHO MOBHU MpOTrpamMyBaHHSA Ta CEPEJOBHINA PO3POOKH, Ta
micasi boro Oyjo BUPIMIEHO CKOpUCTATHCS MOBOIO C++ OCKUIBKM BOHA € JIOBOJI
NPOAYKTUBHOIO, HAJa€ JOBOJI IIMPOKI 1H(POpPMALIHI MOXIMBOCTI a TAaKOX Ma€e
JIOBOJI1 BEJIMKOIO KUTBKICTIO cTaHaapTHuX 616miorek. 1llogo cepenoBuia nporpaMHoi
po3pobOKu Oys10 odparo CLiON, 0CKiTbKKM 03HAHOMIIEHICTh 3 HOTO aHAJI0rOM JIJI MOBH
porpamMyBaHHs Java € HalOIbIIOK0.

[Ipu BuKOHaHHI OyJ0 MpOAHANTI30BAaHO Ta CTBOPEHO IpadiyHe BiAOOpaKeHHS
30HH TOJBOTY 1[0 B CBOIO YEPTY J03BOJISIE HATISAHO MMOKA3yBaTH MEPEMIIICHHS, 1110 B
CBOIO UEpry CIIPOILY€E PO3YMIHHS LILOTO MPOIIECY.

Takoxx Oyno0 CTBOpEHO MEHIO BHOOpY pI3HUX TNEPEMIHHUX IS TOrO abu
HaJAIITyBaTH CUMYJISIIIIO 1] TOTPIOH1 YMOBH.

Takox Oys10 BHpIIIEHO 1110 TPOEKT Oyzae 6arato (aityloBUM, ajpKe 1€ JOToMarae
OUIBII JIOTIYHO PO3AUISITH KOJ HAa CErMEHTH, 110 B CBOK YEPry MOJETIIUTh HOro
pO3yMiHHS Ta opradizamito. llle onuH miroc B TOMy 110 NpU 3MiHK ab0 peJaryBaHHI
daiinu mMaiibke He BIUTMBAIOTh OJIMH HA OJTHOTO.

Hanani nnaHyeTbest CTBOPUTH 1€ O1IbINE MEPEMIHHUX JUIsl TOTO abu MOXKHA
OyJI0 HaJIaAITOBYBaTH CUMYJIAILIIO OUTHIT TOYHO. TaKOXK TUTAHY€ETHCS CTBOPUTH O1TBIII
Kparie MeHI0 BUOOpPY. TakoX MIaHy€eThCS 3HAWTH Ta aJanTyBaTH OUTBINI BiAMOBITHUMA
ITOPUTM TONIYKY WUIAXY, IS TOro abu JpOHU MOTIM OMHHATH TEPEIIKOAU Ta

BIJIOBITHO B KOXHIN CUMYJISIIIT MOTPAIJISATH A0 KIHIIEBOT TOYKH.



34
CIIMCOK BUKOPUCTAHHUX JIKEPEJI

1. DJl Flight Simulator - DJI. DJI Official.
URL.: https://www.dji.com/global/simulator (nara 3Bepuenns: 18.05.2023).

2. DJI Virtual Flight - Download-Center - DJI.DJI Official.
URL.: https://www.dji.com/global/downloads/djiapp/dji-virtual-flight (nata
3BepHeHHs: 18.05.2023).

3. Zephyr Drone Simulator. Zephyr Drone Simulator. URL.: https://zephyr-

sim.com/ (mara 3BepuenHs: 18.05.2023).
4. DOU: Peiitunr MOB IporpaMyBaHHs 2023. URL:
https://dou.ua/lenta/articles/language-rating-2023/ (nara 3Bepuenns 20.05.2023)

5. CLion: ymHas kpocc-miargpopmennas IDE JetBrains gus C wm
C++. JetBrains.  URL: https://www.jetbrains.com/ru-ru/clion/ (natra  3BepHEHHS:
18.05.2023).

6. Visual Studio: IDE and Code Editor for Software Developers and

Teams. Visual Studio. URL: https://visualstudio.microsoft.com (mata 3BepHEHHS:
18.05.2023).

7.  Notepad++. Notepad++. URL.: https://notepad-plus-plus.org/ (mara
3pepHenHs: 20.05.2023).

8. A* Shortest Path - Neo4j Graph Data Science. Neo4j Graph Data
Platform. URL.: https://neo4j.com/docs/graph-data-

science/current/algorithms/astar/ (nara 3sepaenns: 21.05.2023).
9. Depth First Search or DFS for a Graph -
GeeksforGeeks. GeeksforGeeks. URL.: https://www.geeksforgeeks.org/depth-first-

search-or-dfs-for-a-graph/ (nara 3sepuenns: 21.05.2023).
10. Breadth First Search or BFS for a  Graph -
GeeksforGeeks. GeeksforGeeks. URL.: https://www.geeksforgeeks.org/breadth-

first-search-or-bfs-for-a-graph/ (mara 3Bepaenns: 21.05.2023).
11. Sneh. Two Dimensional Array in C++. DigitalOcean | The Cloud for

Builders. URL.: https://www.digitalocean.com/community/tutorials/two-



https://www.dji.com/global/simulator
https://www.dji.com/global/downloads/djiapp/dji-virtual-flight
https://zephyr-sim.com/
https://zephyr-sim.com/
https://dou.ua/lenta/articles/language-rating-2023/
https://www.jetbrains.com/ru-ru/clion/
https://visualstudio.microsoft.com/
https://notepad-plus-plus.org/
https://neo4j.com/docs/graph-data-science/current/algorithms/astar/
https://neo4j.com/docs/graph-data-science/current/algorithms/astar/
https://www.geeksforgeeks.org/depth-first-search-or-dfs-for-a-graph/
https://www.geeksforgeeks.org/depth-first-search-or-dfs-for-a-graph/
https://www.geeksforgeeks.org/breadth-first-search-or-bfs-for-a-graph/
https://www.geeksforgeeks.org/breadth-first-search-or-bfs-for-a-graph/
https://www.digitalocean.com/community/tutorials/two-dimensional-array-in-c-plus-plus

35

dimensional-array-in-c-plus-plus (mara 3sepaenns: 01.06.2023).

12. VYuacuuku 1npoekTiB  BikiMmenia. Anroput™m  momyky A*  —

Bikinenist. Bikineois.

URL.: https://uk.wikipedia.org/wiki/Anroputm_nomyky A* (gara 3BEPHEHHS:
22.05.2023).

13. Contributors to Wikimedia projects. Depth-first search -
Wikipedia. Wikipedia, the free encyclopedia.
URL.: https://en.wikipedia.org/wiki/Depth-first_search (mara 3BEpHCHHS:
22.05.2023).

14. Contributors to Wikimedia projects. Breadth-first search -
Wikipedia. Wikipedia, the free encyclopedia.
URL.: https://en.wikipedia.org/wiki/Breadth-first_search (mara 3BEPHCHHSI:
22.05.2023).

15. Microsoft C/C++ Documentation. Microsoft Learn: Build skills that

open doors in your career. URL.: https://learn.microsoft.com/en-

us/cpp/?view=msvc-160 (aara 3Beprenns: 30.04.2023).
16. Kak 3amgarh pa3Mep OKHa KOHCOJBHOTO MNpHIOKeHHs c++. Stack

Overflow wna pycckom. URL: https://ru.stackoverflow.com/questions/41324/Kaxk-

3aJ1aTh-pa3Mep-0KHA-KOHCOJIBLHOTO-TIpUIIoyKeHus-C (nara 3sepHenHs: 10.05.2023).

17. C++ | daitnoseie noroku. OtkpeiTe u 3akpeitue. METANIT.COM -
Caum o npoepammuposanuu. URL: https://metanit.com/cpp/tutorial/8.2.php (mara
3BepHeHHs: 25.05.2023).



https://www.digitalocean.com/community/tutorials/two-dimensional-array-in-c-plus-plus
https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%BF%D0%BE%D1%88%D1%83%D0%BA%D1%83_A*
https://en.wikipedia.org/wiki/Depth-first_search
https://en.wikipedia.org/wiki/Breadth-first_search
https://learn.microsoft.com/en-us/cpp/?view=msvc-160
https://learn.microsoft.com/en-us/cpp/?view=msvc-160
https://ru.stackoverflow.com/questions/41324/%D0%9A%D0%B0%D0%BA-%D0%B7%D0%B0%D0%B4%D0%B0%D1%82%D1%8C-%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%80-%D0%BE%D0%BA%D0%BD%D0%B0-%D0%BA%D0%BE%D0%BD%D1%81%D0%BE%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE-%D0%BF%D1%80%D0%B8%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F-c
https://ru.stackoverflow.com/questions/41324/%D0%9A%D0%B0%D0%BA-%D0%B7%D0%B0%D0%B4%D0%B0%D1%82%D1%8C-%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%80-%D0%BE%D0%BA%D0%BD%D0%B0-%D0%BA%D0%BE%D0%BD%D1%81%D0%BE%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE-%D0%BF%D1%80%D0%B8%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F-c
https://metanit.com/cpp/tutorial/8.2.php

_JIOJATOK A
MMOYATKOBUI BUIVISIT KOXY MOJILOTY

Drone: :Move (
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cout endl

cout

(

cout
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JNONATOK B
MCEBJO AHIMALIS

string

cout

thread opening (menuSound)
smoothPrint (str )
opening.detach ()

endl
endl
endl

endl

endl

endl
endl
endl

endl
endl
endl

endl

endl

endl
endl
endl

cout
cout
cout

D n n n 0 »u n

cout
cout

0)]
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JIOJIATOK B
BUILDING

Building {

setBuilding( -
isBuilding ( X 4 AREA

Building: :setBuilding(
= AREAﬁS IZE /
= + rand ()

+ rand ()
+ rand ()




TOJATOK I
TREE

setTrees ( areal[] [AREA SIZE])
isTree ( 4

Trees::setTrees (
= AREAfS IZE /
= + rand ()

[
[
[
+

Trees::isTree (
(areal 1
areal 10
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_ JIOJATOK 1
HOBMIA KOJI 1JI51 PYXY JPOHIB

Drone: :move ( area[] [AREA SIZE])
> 0) |

=




