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MiHicTepCTBO OCBITU | Haykn YKpaiHu O3
& LUnTuposarus: 0% id: 1
«JlyraHCbKUn HauioHanbHUA YHIBEPCUTET iMEHI Tapaca LWeBYEHKa»

DakynbTeT TEXHOJOriN Ta iHpopMaLinHMX cMCTeM (Ha3Ba haKybTeTy, IHCTUTYTY)
IH(hopMaLINHUX TEXHONOTIN Ta cucteM (HasBa Kadenpu) MNMoAacHOBaNIbHa 3anMckKa 40
annaoMHoro nNpoekTy (pobotmn) BAKAJIABPA (0CBiTHbO-KBaslipiKaLiNnHNI piBEHb) Ha TEMY:
PO3POBKA CMAPT-BPACJIETA HA BA3I -TEXHOJIOTIN 13 TAKTU/IbH/AM 3BOPOTHUM 3B'A3KOM
I719 NPOCTOPOBOI HABITAL|IT TA MOMNEPEOYXEHHSA NPO HEBE3MEKY NKOAEW 3 BAOAMU 30PY
BukoHaB: CTyAeHT 4 Kypcy, rpynu___ HanpsMy NigroToBky (cnewianbHocTi) 123

B LnTnposaHuns: 0% id: 2
«KoMn’'toTepHa iHXXeHepia»

(wundp i Ha3Ba HanpaMy NiIAroTOBKM, cneuianbHOCTI) Camonnos O. O. (Npi3BuWe Ta iHiuiann)
KepiBHuk [JoH4YeHKo B. 0. (npi3BuLLe Ta iHiuiann) PeueH3eHT _ Ko3y6 tO. I'. (npi3BuLLe Ta
iHiLianwn) JlybHm - 2026 poky 3MICT 3MH. Apk. No nokym. MNignuc Oata Apk. 2 ITC.4KI1.0426.03-MN3
Po3po6. Camonnos O. O. KepiBHUK JoH4yeHKO B.HO. Peuens. Ko3y6 HO.I. H. KoHTp. 3aB. Kad.
CemeHoB M.A. 3MICT Jlit. AkpywiB 2 JIHY Kacdegpa ITC, I'p.4KI . BCTYMN4 PO341JT1 1. AHANI3
METO[IB TA 3ACOBIB MPOCTOPOBOI OPIEHTALLIT OCIE 13 MOPYLUEHHAMW 30PY9 1.1. CeHcopHa
KOMMEHCaUisi Ta KOrHITUBHI MexaHi3Mun opieHTauii y npocTopi9 1.2. CTaH Ta NnepcneKkTmsem
PO3BUTKY aCUCTUBHUX TEXHOJONiN ANS HaBirauii B YKpaiHi26 1.3. TpaguuinHi meToamn Hasirauii
Ta 6ap'epu iXx BUKOPUCTaAHHA B MiCbKOMY cepenoBnili29 1.4, IHHoBaLiMHi aCUCTUBHI TEXHONOTI:
BiA MobifIbHNX goOaTKiB 40 -MPUCTPOIB Ta KOMN'IOTEPHOro 3o0py37 BncHoBKM 00 po3adiny47
PO3/1/1 2. BAMOI'/ TA BUEIP OBJIAOHAHHS 019 CMAPT-EPACJIETY HA BA3I |0 T-TEXHOJIOT I 13
TAKTUIbHM 3BOPOTHUM 3B'A3KOM [1J19 MPOCTOPOBOI HABITALLIT49 2.1 OCHOBHi efleMeHTu
CUCTeMun opieHTaLIl B npocTopi Ang cninux49 2.2. O6rpyHTyBaHHsA Bubopy obnagHaHHS ons
cMapT-bpacneTy Ha 6a3si -TEXHOJIOTIN i3 TAaKTUAbHUM 3BOPOTHUM 3B'A3koM51 2.2.1.
MikpokoHTponep51 2.2.2. YabTpa3BykoBMN AaT4nk58 2.2.3. Moaynb 60 2.2.4. Mooy nb

62 2.2.5. CtabinizaTtop Hanpyru Ha ocHOBI L[V1259663 2.2.6. 3ymep 65
2.2.7. Macus MikpogoHiB68 BucHoBku oo posainy72 PO341J1 3. PO3POBKA
AMAPATHOIO TA MPOITPAMHOIO 3ABE3MEYEHHAT75 3MH. Apk. e pokyM. Mignnc JaTta Apk. 3
ITC.4KI1.0426.03-NM3 HA3SBA JOKYMEHTY HA3BA NJOKYMEHTY 3.1. Po3pobka anapaTHOro
3abe3nevyeHHA75 3.2. Po3pobka nporpamHoro 3abe3nedyeHHA84 3.3. [pOEKTyBaHHSA CMapT-
6pacneTty90 PO341/1 4. EKCMEPUMEHTANIbHI OOCNIOMXEHHSA96 4.1. MogentoBaHHSA B 96
4.2. MogentoBaHHSA BNAMBY nepewkoanl04 BucHosku go po3ainyl06 BUCHOBKMN108 CIMMNCOK
BUKOPUCTAHUX OXEPEM111 OOOATOK A119 BCTYI Y cy4acHoMy cycninbCTBi npobrnema
3abe3nevyeHHs MobinbHOCTI Ta 6e3nevyHOro nepecyBaHHS NOAEN i3 NOPYLWEHHAMN 30py HabyBae€
0cob11BOi akTyanbHOCTI. BTpaTa abo obmMeXXeHHs 30pOBOi PYHKLiT CYTTEBO YCKNaOHIOE npoLec
Opi€HTaLIl y MpoCTOopi, 3HNXKYE piBEHb aBTOHOMHOCTI JIIOANHN Ta CTBOPIOE A0AATKOBI TPYAHOLLL
nifg Yac NOBCAKAEHHOro nepecyBaHHsA. OcobMBO CKNagHMMUN € YMOBU MICbKOr0 cepefoBuLLa, e
Be/IMKa KiNbKiCTb AWHAMIYHUX NepeLlKos, TPaHCMOPTHUX MOTOKIB i LUYMOBOIr0 HaBaHTaXeHHS
noTpebye WBNOKOro pearyBaHHs Ta NOCTINHOIro aHani3y HaBKOJINLLIHLOIO CEPefOBULLA. 3MH.
Apk. Ne pokym. Mianuc OaTta Apk. 4 ITC.4KI1.0426.03-M3 Po3pob. CamonsioB O. O. KepiBHUK
HoH4yeHko B.HO. PeueH3. Ko3y6 HO.I. H. KoHTp. 3aB. kad. CemeHos M.A. BCTYN JliT. AkpywiiB 5
JTHY Kadenpa ITC, I'p.4KIl . TpaauuinHi 3acobu opieHTauii, Taki sk 6ini TpocTUHK Ta cobaku-
NoBOAMPI, 3a/ULLAI0THCA BaXXJIMBMMUW iIHCTPYMEHTaM1 AOMOMOrn NlOASAM i3 BagamMu 30py, O4HaK
X PYHKUiOHaNbHI MOXXJIMBOCTi € o6MexxeHnMn. BoHn He 3aBxan 3abe3nedvyoTb CBOEYACHE
BUABNIEHHSA nMepeLkon, 0cobmBo Ha piBHI FOJ10BU, @ TaKO)XX HE A03BOAAOTb OTPUMYBATU
pOo3LUMPEHY iIHOPMaLLiI0 NPO HABKOJINLLHE cepeoBuLLe. Y 3B'A3KYy 3 LUM 3pocTae notpeba y
CTBOPEHHI Cy4YaCHMX aCUCTUBHUX TEXHOJIOTIN, 34aTHUX NiABULLMTU piBeHb 6e3neku, MobBinbHOCTI
Ta He3aJIeXXHOCTi KOpUCcTyBayiB. CTPIMKNN PO3BUTOK MIKPOENEKTPOHIKN, CEHCOPHUX CUCTEM,
ungpoBoi 06pobkn curHanis Ta BOy[oOBaHUX CUCTEM BiAKPUBAE HOBI MOXKJIMBOCTI 418 CTBOPEHHS
OOCTYMHUX i PyHKUIOHaNbHUX MPUCTPOIB OOMOMOIM OpiEHTaULl.
@AI generated text detected: ChatGPT 5.3, : 56,76% id: 3
CyyacHi TexHosoril 403BOMAITb NOEAHYBATN OAaTHYUKN BiACTaHi, ayaiocucremu,
MiKPOKOHTpPOJIEpY Ta airopuTMu 06pobKM CUrHanNiB y €ANHI IHTErpoBaHi CUCTEMU, 34ATHI

aHanizyBaTW HAaBKOJINLLHE CEPENOBULLE B PEXMMI peasbHOro Yacy Ta HaJaBaTu KOPUCTYBaYveBi
HeobXxigHy iH(hopMaLitlo Y 3py4Hin opMi. AKTyanbHICTb AAHOI OMMNJIOMHOI pob0TK Nonasrae y
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HeobxiaHOCTi po3p0bKM AOCTYMNHOI, KOMNAKTHOI Ta ePeKTUBHOI CUCTEMMN OO0MNOMOrN OpiEHTaLLi B
NPOCTOPI 4214 NloAen i3 NopyLeHHAMM 30py, aka 6 NnoeaHyBana PyHKLUIT BUABIEHHSA NepeLuKos, i
BU3HAYeHHS HaNpPAMKY HaAX0O)XEeHHS 3BYKOBUX CUTHANIB.

OcobnumBy yBary npuaineHo BUKOPUCTAHHIO HEAOPOrnx Ta eHeproepeKkTUBHNX KOMMOHEHTIB, L0
003BOJIE CTBOPUTU CUCTEMY 3 MOTEHLia/IoM /15 LUMPOKOIr0o MPaKTUYHOIr0 3aCTOCYBaHHSA. 3MH.
Apk. Ne gokyMm. Mignnc Oata Apk. 5 ITC.4KI1.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY
O6'eKT OoOCNiAXXEeHHS - NpoLEeCc NPOCTOPOBOI OpiEHTaUII, HaBirauii Ta 6e3KoOHTaKTHOro
DeTeKTyBaHHSA nepeLKkon y MiCbKoMy cepefoBuLLli Ansa ocib i3 nopyweHHamu 3opy. MNpegmeT
DoCnig»XeHHs - anapaTHO-NporpamHi 3acobu, anropnTMum o6pobkn CEHCOPHUX AaHUX Ta
MaTeMaTWU4Hi MoAeni TaKTWUIbHOIro 3BOPOTHOIO 3B'A3KY B CKiafdi cMmapT-bpacneTa Ha 6a3i -
TexHonorin. MeTa gocnig)xeHHs - po3pobka Ta anapaTHO-NMPorpaMHa peasisauis cMapT-
bpacneTta Ha 6a3i -TEXHOJIONiN i3 TAaKTU/IbHMM Ta 3BYKOBMM 3BOPOTHUM 3B'SI3KOM A1
3abe3neyvyeHHs 6€3KOHTaKTHOI MPOCTOPOBOI HaBiraLii, BUSBJIEHHA NepeLwwKon Ta Nnonepea>XeHHs
npo Hebe3neky noaen 3 BagamMmn 30py. 1S AOCArHEHHS NMOCTaBJIEHOT MeTU HeobxiaHO BMPILINTY
TaKi 3aBAaHHA: MpoaHai3yBaT Cy4aCHMN CTaH aCUCTUBHUX TEXHOOTIN oA niogen i3
NOPYLUEHHAMW 30pY; [OCNIANTM TPaAULiNHI Ta iIHHOBaLUiMHI MeToAN NPOCTOPOBOI OPIEHTALIT;
obrpyHTyBaTun BUbip enemeHTHOI 6a3n Ta chopMyBaTu CTPYKTYPHY N eIeKTPUYHY CXEMY
ACUCTUBHOIO KOMMJIEKCY Ha OCHOBI MiKpOKOHTpoONepa ; po3pobuTn NporpamHe
3abe3nevyeHHs ans iHTenekTyasnbHOi 06pobKKN CUrHaniB fanekoMeTpii, iHTerpauii moaynis

/ Ta AAaTYMKIB HAaBKOJINLLHLOIO CEpefoBULLa; CMPOEKTYBATU Ta peasisyBaTu aBTOHOMHUN
HOCMMWIA AeBancC y Burnaai bpacneta ona akTUBHOIO CKaHyBaHHSA NPOCTOpY 3 KaNibpyBaHHAM
ONTUMaNbHOrO TaKTULHOIO BiATYKY; MPOBECTU KOMM'IOTEPHE MOAEOBAHHSA a/IfTOPUTMIB OLLIHKK
HanpsaMKy NpubyTTsa 3BYKOBOro curHany ( ) Ta AOCAIANTU BMNAMB 30BHILLHIX NepeLwKos Ha
TOYHICTb JIOKaNi3auil g)xepena 3BYKYy B CEpenoBuLLi . MeToamn pnocnipg»xeHHs. Y poboTi
BUKOPMCTaHO MeToaun LuncdpoBoi 06pobkn curHanie gna inbTpauii Ta aHanisy gaHux
hanekomeTpii, MeToam Kpoc-KopensauinHoOro aHasisy Ta OUiHKMW Pi3HULI Yacy npuxoay XBWJlb
( ) ANS BU3HAYEHHS HanpsMKY 3BYKY, METOOM €KCMOHEeHLUialbHOro 3rinag)XyBaHHA CUrHaniBe
ONa MiHiMi3auii WymMiB, @ TaKoXX MeToAM KOMMN'IOTEPHOr 0 iMiTauinHOro MogesitoBaHHS B
cepenoBULL . 3MH. Apk. e gokym. Mignuc OaTta Apk. 6 ITC.4KI1.0426.03-MNM3 HA3BA
OOKYMEHTY HA3BA OOKYMEHTY MNpakTu4yHe 3Ha4YeHHSA OTPUMaHUX pe3ynbTaTiB NONArac y
CTBOPEHHI 3aBepLUEHOro, EKOHOMIYHO JOCTYMHOMO Ta BUCOKOTEXHOJIONYHOM0 aCUCTUBHOIO
KOoMMJiekcy cMmapT-bpacneTta Ha ba3si -TEXHOJIOTIN i3 TAaKTUNbHUM 3BOPOTHUM 3B'A3KOM A1
NPOCTOPOBOI HaBiraLii Ta nonepen)xeHHs Npo Hebe3neky noaen 3 Bagamm 3opy. CNpoekToBaHa
OpYyKOBaHa niaTa, NporpamMHi anropuTMm HesliHINHOrO KepyBaHHA TaKTU/bHUM BiAryKOM Ta
iHTerpoBaHa yHKLiA -TPEKiHry A03BONATb CYTTEBO NiABUWMNTK 6e3neKy IoKoMouii
HEe3PAYUX, 3HU3UTU IXHE KOTHITUBHE HaBaHTa)XeHHA Ta 3abe3neynTu onikyHiB iHCTPYMEHTOM
ONCTaHLUINHOMO MOHITOPUHIY KOOPAUHAT B EKCTPEHUX CUTyauisX. 3anponoHOBaHe pPilleHHS
MO>X€ CTaTW OCHOBO AJ19 NOAAJNbLLUOIN0 PO3BUTKY iHTENEKTYaNbHUX aCUCTUBHUX CUCTEM i3
BUKOPUCTAHHSAM TEXHOJIOTIN WTYYHOr0 iHTEeNEKTY, MoBinbHUX cepBiciB Ta 6&€34p0TOBUX
KOMYHiKauin. Y nepwomy po3gini gunnomHoi pobotun 6yno npoBefeHo TeOPETUYHNIA aHani3
npobsieM NpPoCTOPOBOi OpPiEHTaUIT Ntoaen i3 BagaMn 30py.

(A Al generated text detected: ChatGPT 5.3, : 61,36% id: 4

DocnigeHo 0cobnMBOCTI (POPMYBaHHA MEHTaJIbHUX KapT NPOCTOPY Ha OCHOBI C/YXOBUX,
TaKTWIbHUX Ta HIOXOBUX CEHCOPHMX KaHaniB. PO3rigHYyTO Npouec aganTalil alogen i3
MopyLUEeHHAMN 30pY A0 HAaBKOJIMLLIHBLOrO cCepefoBuLLla Ta TPYAHOLL, L0 BUHUKAOTb Nif Yac
rnepecyBaHHs y 3HaNOMOMY N HE3HANOMOMY MPOCTOPi. TaKoXX Y po3A4isi NnpoaHanizoBaHoO
Cy4YaCHWUI CTaH i MepCrneKTUBM PO3BUTKY aCUCTUBHUX TEXHOJIOriN B YKpaiHi Ta cBiTi. OcobnmBy
yBary npuaineHo TpaguuinHum 3acobam Hagirauii, Takmm gk 6ini TpocTnHM, cobakn-noBoAUPI
Ta CUCTEMU 3BYKOBUX NiJKa30K, a TaKOX CyYaCHUM TEXHONOriAM — -HaBirauii, MobinbHNM
fjofatkaMm,  -MPUCTPOSAM, CUCTEMAM KOMM'IOTEPHOro 30py Ta PiLUEHHAM Ha OCHOBI LLUTYYHOr O
iHTenekTy. Y pe3ynbTaTi aHanisy 6yno BU3Ha4YeHO OCHOBHiI HEOONIKW iICHYIOUYNX CUCTEM Ta
ChOpMOBaHO BMMOIM A0 PO3pObKM [OCTYMNHOI 1 eheKTMBHOI CUCTEMU JOMOMOrUN OpiEHTaLIi B
npocTopi. 3MH. Apk.  gokyM. lMignuc JaTta Apk.

7 ITC.4K1.0426.03-MN3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Y aopyromy po3saini 6yno

34incHeHo Bnbip anapaTHUX KOMMOHEHTIB CUCTEMN [ONOMOrK OpieHTaLil Ta obrpyHTOBaHO
OOUINBbHICTb IX BUKOPUCTAHHS.

(&) Al generated text detected: ChatGPT 5.3, : 62,57% id: 5
OcHoBOW cncTtemMm 06paHO MiKPOKOHTpPONEP 3aBASKM MOr0 KOMMAKTHOCTI,
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OOCTYMHOCTI Ta [OCTaTHIN (byHKUIOHANbLHOCTI 414 peanisauil nocTaBsieHnx 3agay. Onsa
BUSABNIEHHSA NepeLwKkos 6yno BUKOPUCTAaHO AAaTHMK BiACTaHi, SKNA LO3BONSE BU3HAYATH
AVCTaHLUio 0o 06’'ekTiB y peanbHOMy Yaci. [lna nepepadi iHhopMaLii KopucTyBady peani3oBaHoO
CUCTEMY 3BYKOBOIO Ta TaKTUJIbHOFO CMOBILLEHHSA Ha OCHOBI 3yMepa Ta BibpomoTopa. Kpim Toro,
y MeXax po3gainy 6yno iHTerpoBaHo MiKpOOHHMWIA MacuB Ha 6a3i umdppoBmX -
MikpodoHiB 69 130. Lle no3B0aWI0 peanidyBaT PYHKLiO BU3HAYEHHSA HAaNpaMKy
HaOXO0O)XEeHHS 3BYKOBOIro CUrHasy, WO 3HAa4YHO PO3LWMPUIIO PYHKLLIOHAIbHI MOXXKJIMBOCTI
cuctemu. Takoxx 6yno po3pobsieHO CTPYKTYPHY Ta PyHKLIOHAIbHY CXEMU NPUCTPOIO, ONMUCAHO
MPUHLMM B3AaEMOAIT Mi>K anapaTHUMN MOOYSIMN Ta BU3HA4YeHO aJiropuTMu obpobkn curHanie. Y
TpeTboMy po3Aifi 6yno peanizoBaHo nporpamMHe 3abe3nevyeHHs A1 KepyBaHHA CUCTEMOLO
Aonomoru opieHTauii. Po3po6s1eHO anropuTMm 34NTYBaHHS AaHUX i3 AaT4YMKa BigCcTaHi, 06pobku
iH(bopMaLii Ta (OpMyBaHHS CUrHaNiB OMOBILLEHHA A1 KopucTyBaYa. [na BUABAEHHSA
rnepeLuKko peasnizoBaHO aJropuTM aHanisy AUCTaHLUii o 06’eKTIiB i3 NnofanblLLUNM reHepyBaHHAM
BibpaLiNHNX i 3BYKOBUX CUFHaNIB 3a/ieXKHO Bif BiacTaHi Ao nepelwkoaun. Lle 3abe3neynno
onepaTuBHE iH(OPMYBaHHSA KOPUCTYBaya Npo Hebe3dneyHi 06’eKTN Ha MapLUpPyTi NepecyBaHHS.
Tako>x 6ysl0 peanizoBaHO aJIrOPMTM BU3HAYEHHSA HAaNpPAMKY 3BYKY Ha OCHOBI MiKpOGOHHOro
Macusy . Ana ubOro BUKOPUCTAHO MeTOoA aHani3y YacoBOl 3aTPUMKU Mpuxony
CUrHany Mk MikpooHaMn Ta aIfOPUTMU KPOC-KopensLlii. Ha 0CHOBI OTpUMaHUX AaHUX
cucteMa o064MCIIOE OPIEHTOBHUIA HAMPAMOK AXXepena 3BYKY. Y Mexxax po34iny npoBeneHo
HaJlalWTyBaHHSA NPOrpaMHOro cepefoBunLLa , iHTerpauito 6ibniotek gnsa poboTun 3
CeHCOpaMu Ta peasi3aLito NIorikM B3aEMOil MiXX yCiMa KOMNOHEHTaMU CUCTEMUN. 3MH. ApK.

nokym. Nignuc OJata Apk. 8 ITC.4KI1.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA LOKYMEHTY Y
yeTBepTOMy po3aini 6yno nposeneHoO TeCcTyBaHHA po3pobneHOl CMCTEMN B Pi3HUX YMOBaXxX
ekcnayaTauii. NMepeBipeHo Npaue3naTHICTL AaTYuKa BiACTaHi, BibpomoTopa, 3ymepa Ta
MiKPO(OHHOro MacuBy. Y XOL4i €KCMePMMEHTIB OLiHEHO TOYHICTb BUSIBJIEHHSA MepeLlKos,
LWBNAKICTb pearyBaHHsA CUCTEMU Ta e(peKTUBHICTb BU3HAYEHHSA HaNPsSMKY 3BYKOBOI0 CMIrHay.
BcTaHoBMEHO, LLO CMCTEMa 34aTHa CTabinbHO NMpauoBaTh B yMOBaX peasibHOro cepeoBumula Ta
3abesnevyyBaTn KOpucTyBada HeobxigHo iHpopMaLieo ona 6e3neyHoro nepecyBaHHS.
Pe3ynbTaTun TeCTyBaHHA NiATBEPANAN AOUINBbHICTb BAKOPUCTAHHSA 3aNpOnoOHOBaHOI apXiTeKTypu
CNCTeMn Ta ePEKTUBHICTb MOEAHAHHA CEHCOPHUX TEXHOMOTIN, TAKTUbLHOIO | 3BYKOBOI0
3BOPOTHOrO 3B’A3KY. TaKOX BM3HAYE€HO NEepPCneKTUBU MOAasbLLIOrO BAOCKOHANIEHHA CUCTEMU
WASAXOM iHTerpauii 6e3a4poToBUX TEXHOMOTIN, -HaBirauii Ta anropMTMIB LUTYYHOr O iIHTENEKTY.
PO3.I1J1 1. AHANI3 METOZLIB TA 3ACOEIB MPOCTOPOBOI OPIEHTALLIT OCIB 13 MOPYLLUEHHAMMU
30PY 3MH. Apk. e gokyM. Mignnc JaTa Apk. 9 ITC.4KI1.0426.03-MN3 Po3pob. Camonnos O. O.
KepiBHnK OoH4eHKo B.HO. PeueHs. Ko3y6 HO.I'. H. KoHTp. 3aB. kap. CemeHoB M.A. PO311J1 1.
AHANI3 METO/JIIB TA 3ACOBIB MPOCTOPOBOI OPIEHTALLIT OCIB 13 MOPYLUEHHAMW 30PY JliT.
AkpyuwiB 39 JIHY Kadegpa ITC, I'p.4Kl . 1.1. CeHCOpHa KOMMEeHCaUid Ta KOFHITUBHI MexaHi3Mun
OpieHTaLIil y npocTopi Y cy4acHOMY coLia/ibHO-TEXHOJI0MYHOMY CcepenoBULLi BisyallbHa
iH(bopMaLis € LOMIHYIOYMM KaHasIoM CAPUNHATTSA HaBKOJIULLHBLOMO CBITY ANS N04en 3
HOpPMaJIbHMM 30POM.

@AI generated text detected: ChatGPT 5.3, : 59,13% id: 6

Came 3a OMNOMOrol0 30pOBOr0 aHani3aTopa JAnHa 34aTHa po3ni3HaBaTU KOJbOPMU,
reoMeTpPUYHi XapaKTePUCTUKMK, MPOCTOPOBiI B3AEMO3B'A3KN Ta TEKCTYPHI 0ocobamnmBocTi 06’eKTiB,
wo 3abe3nevye WBNOKY Ta EPEKTUBHY OPIEHTALLIO B MPOCTOPi. 30p0OBE CNPUNHATTA OPMYE
OCHOBY [OJ19 KOFHITMBHMX NPOLLECiB, COLiafbHOI B3aeEMofii, NpodecinHOoi 4iSNbHOCTI Ta TBOPYOI
camMmopeani3auii. BoagHo4ac ans ocib i3 noBHO abo YaCTKOBO BTPATOlO 30pYy AaHMN KaHas
CANPUNHATTS € 06Me)XeHUM abo NOBHICTIO HEAOCTYMHMM, LLIO CYTTEBO YCKJIAAHIOE MpoLec
MPOCTOPOBOI OpieEHTaUIi. Jltoan, SKi € HE3PAYNUMU Bif HAPOOKEHHA BHAC/IOOK FTEHETUYHUX
rnopyLlueHb abo BHYTPILLHbOYTPOOHNX (haKTopiB, HE MatlOTb CHhOPMOBaHMX BisyasibHUX 0bpasis
npegMeTiB HaBKOJIMLLIHBbOIrO cepenoBumula. Y Takmx yMoBax NPOBiAHY poJib Y Mi3HaHHI NpocTopy
BiAirpaloTb afibTEPHATUBHI CEHCOPHI CUCTEMU, 30KPEMA CNYX, TAKTU/IbHA YYTJIMBICTb i HIOX.
Opi€eHTauis 3AINCHIOETLCA HA OCHOBI aHasi3y akyCTUYHUX CUrHaniB, aKTypu MOBEPXOHb,
TemnepaTypHUX BigYyTTiB Ta 3anaxiB, WO A03BOSE (DOPMYBaATN YSABAEHHS MPO HABKOIMNLLHE
cepepnoBuLle 6e3 BUKopuUCcTaHHA 30py [1]. IHWa cnuTyauia xapakTepHa Aasa ocib, ski BTpaTnam
30pOoBY (hyHKLitO MOCTYNOBO. BOHW BOMOAIIOTL HAKONMYEHUM 3amacoM BidyasibHMX CROradis npo
06’eKTN, NPOCTIp i Ntoaen, SKi oTovyBaauM ix paHiwe. NMpoTe 3 NJNMHOM Yacy, 3a BiACYTHOCTI
MO>XJINBOCTi MOCTINHOIrO NiAKPIiNJeHHS Lumx 06pasiB 30poBMMK CTUMYTaMu, BinbyBa€eTbCS ix
MoCTynoBa Aerpajauis.



https://plagiarism-detector.com 6/36

3HMKYETBLCA 30aTHICTb BigTBOPOBATU APiOHI AeTani, TOYHI KONbOPOBI BiATIHKM abo TEKCTYpPHI
ocobnmBocTi NnpeamMeTiB. Tak, 3arasbHi yaBaeHHA Npo dopmy 0b6’ekTa MOXYTb 3bepiraTucs,
0OHAK KOHKPETHI Bi3ya/lbHi XapaKTEPUCTUKN CTaloTb HEYITKMMM ab0o MOBHICTIO BTPaYatloTbCA.
3MH. Apk. e gokyM. Mignnc OaTta Apk. 10 ITC.4KI1.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY Hanbinbw cknagHUM NCUXOO0riYHO Ta KOFHITMBHO € Npouec aganTtauii onda aonen,
AKi BTpaTWUAN 3ip y 3pifioMy BiLi. HaABHI Bi3yanbHi 06pa3n 61n3bknx ocCib, 3HanoMmx Micub 4um
06'eKkTiB i3 YacoM MepecTaloThb BiAMOBiAaTN peasibHOMY CTaHy pevyen. Lle CTBOPIHOE 4OOATKOBI
TPYLHOLLi Y CMPUAHATTI colianbHOro cepenoBuula Ta (GOPMYBaHHI aKTyasibHOI KAPTUHM CBITY.
Kpim Toro, npupoaHi BiKOBi 3MiHM LLleHTpasIbHOT HEPBOBOI CUCTEMU MOXKYTb NMPMU3BOOANTM 00
MOCTYMNOBOr0 CTUPaHHA 30POBMX CNOrafiB i 3HMXKEHHSA 30aTHOCTI 40 iX AeTasIbHOro BiATBOPEHHS
[2]. BogHo4ac y ocib i3 nopylueHHAMMN 30py BifOyBa€ETbCA iIHTEHCUBHUIN PO3BUTOK
albTEPHATUBHUX CEHCOPHUX MEXaHi3MiB CMIPUNHATTA. 30KpeEMa, CZlyXxOBa CUCTEMa 3a3HaE€
hYHKLIiOHaNbHOT KOMMEHCaLT, Lo NPOABASETLCS Y NiABULLEHIN YYTAMBOCTI A0 3BYKOBUX
CUrHaniB Ta 34aTHOCTI PO3PI3HATU HEe3HAYHi aKyCTUYHI BiAMIHHOCTI. He MeHLW Ba)kKNMBY poJib
Biflirpa€e TakTUNbHE CIPUNHATTS, SKe A03BONSAE iAeHTUDIKYBaTU 06'EKTK WASXOM aHani3y ix
reoMeTpu4HOI hopMu, hakTypu NOBEPXHi Ta MaTepiany BUroTOBAEHHSA (AMB. pUCYHOK 1.1).
HioxoBa 4yTAMBICTb TaKOXX MA€ iCTOTHE 3HAYEHHS, OCKIJIbKWN 3anaxu MOXYTb CAyryBaTu
OpPIEHTUPaMK Yy MPOCTOPI, CAPUATK BNi3HaBaHHIO MiCUb Ta hOpMyBaHHIO acouiaTUBHUX 3B A3KIB i3
HaBKOJIMLWIHIM cepepoBuLleMm [3]. Puc. 1.1. Jlioan 3 Bagamu 30py MatoTb Aobpe po3BUHYTI opraHu
4yyTTS TakuM YMHOM, NOMpu Te, Lo BTpaTa 30poBOi PyHKLIT € CyTTEBUM hi3i0N0OriYHUM Ta
couiasibHUM BUKJIMKOM, OpPraHi3Mm NiogNHN OEMOHCTPYE BUCOKUIN pPiBEHb adanTauinHuUX
MOXXIMBOCTEN. KoMneHcauia aediynTy 30py LWASXOM MOCUEHON0 PO3BUTKY iHLLIUX CEHCOPHUX
KaHaniB 3abe3nevyye MOXKJIMBICTb aKTUBHOI XUTTERIANbHOCTI, ePEKTUBHOI aganTauii oo
HaBKOJINLLHbLOIO cepenoBMLLa Ta POPMYBaHHSA aNlbTEPHATUBHUX cNocobiB Ni3HaHHS 06'EKTUBHOI
peanbHOCTI. 3MH. Apk. No nokyMm. Mignnc Oata Apk. 11 ITC.4KI.0426.03-M3 HA3BA OJOKYMEHTY
HA3BA OOKYMEHTY Ons ocib i3 HabyToto abo BpoO)XeHO CJIiNOTO OOHIED 3 KJTIOYOBUX
KOMMEHCaUiNnHUX PYHKLiN € cnyxoBe CcpunHATTA. Came CilyX BUCTYMAa€E OCHOBHUM iIHCTPYMEHTOM
NMPOCTOPOBOI OpiEHTaLl, [,O3BONAOYN OTPMMYBATK iHpOPMaLLilO NPO CTPYKTYpPY CcepenoBuLla,
HasIBHICTb NepeLwKkon, pyxomi 06'eKTu Ta AMHaAMiKy NpocTopy. AKYCTUYHI CUTHaNN CrpusiioTb
hopMyBaHHIO yABIEHb MPO BiACTaHb, HANPSAMOK Ta NPOCTOPOBE po3TallyBaHHA 06’ekTiB 6e3
BUKOPUCTaHHA 30p0OBOro aHasizatopa. CayxoBi CTUMY/IN BUKOHYIOTb (PYHKLiIO CBOEPIAHUX
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aKi 3abe3nevytoTh: OUiHIOBaHHS BiACTaHi 00 06'eKTiB. AHani3 3BYKOBUX XBWJb, LLLO BigOUBaOTHLCS
Bif, Pi3HUX NOBEPXOHb (CTiH, MebniB, apxXiTEKTYPHUX KOHCTPYKLiN), fa€ 3mory npnbnmsHo
BMW3Ha4YaTW BigAasneHiCTb 06’eKTiB. [laHNIA MeXaHi3M Ma€ NeBHY CXOXKICTb i3 MPUHLMMNOM
exosioKauil, n[puTaMaHHUM TBapWHaM, Xo4a Yy JII0ANHW BiH peani3yeTbCs Ha iHWOMY
HenpodgisionorivHoMy piBHi. JTokanizauito gxepen 3ByKy. He3spsadi ocobu 34aTHI TOYHO
BM3Ha4YaTM HanNnpsMoK HabnvxeHHs noaen, TeapuH abo TpaHCNopTHUX 3acobiB, WO A03BOJISE
opieHTyBaTUCA y npocTopi 6e3 6e3nocepe/HLOr0 TaKTULHOIO KOHTAKTY 3 06’ekTamu.
AKYCTUYHY ifeHTudikauito 06’ekTiB. Pi3Hi NpeaMeTn Ta ABMLLA XapaKTepu3yloTbCs
crneungivyHUMmM 3BYKOBMMIN O03HaKaMu. Hanpukniag, TpaHCNOPTHI 3acobun MatoTb YHiKabHi
aKYCTUYHI XapakKTepnCcTukm poboTun ABUryHa, TOAI 9K NOOCbKI KPOKW BiAPI3HAIOTLCS 3@ PUTMOM,
CWJI010 3BYKY Ta TUMOM MOBEPXHIi, No aKin BinbyBaeTbcsa pyx. Ocobnneoro sHavyeHHs HabyBaloTb
roJIOCOBi NapamMeTpu SK OCHOBHUN 3acib iaeHTUdikauii 3Hanommx ocib. Y npoueci perynsapHoi
KOMYHiKaUii He3paYi ntoan GopMyloTb 34aTHICTb LWUBUAKO PO3Mi3HaBaTu CNiBPO3MOBHUKIB 3a
TembpoM, iHTOHaUIE Ta pUTMOM MOBJIEHHSA. [l0AAaTKOBO MOXXYTb BUKOPUCTOBYBATUCSH
iHOVBIAYanbHi HECNOBECHI aKyCTUYHI CUrHanM, 30kpeMa ocobnmeocTi xoam abo xapakTepHi pyxu
(amB. pucyHok 1.2) [4]. 3MH. Apk. o gokyM. MNianuc OaTa Apk. 12 ITC.4KI.0426.03-1N3 HA3BA
OOKYMEHTY HA3BA OOKYMEHTY Puc. 1.2. 3aci6 npocTopoBoi 06i3HaHOCTI: ciyx 3a yMOB
BiICYTHOCTI abo 3Ha4yHOro obme)xeHHs 30poBOI iIHPopMaLii cnyx HabyBa€ NPOBIAHOI0 3HAYEHHS
Ta XapaKTePU3YETbCA NiABULLLEHOK YYT/IUBICTIO A0 aKyCTUYHUX cTUMyiB. Ocobu 3
MOpYyLIEeHHAMN 30pY 30aTHi CNpUAMaTK Ta aHani3yBaTu TOHKI BiAMIHHOCTI 3BYKiB, iKi 3a3BuYal
He ikcyloTbCs NoabMn 3i 36epexxeHnM 30poM. Lle 3abesnevye MOXXNMBICTb: ornepaTUBHOI
opieHTauil y nobpe 3HaNOMUX NPUMILLEHHSAX; CBOEYACHOIO BUSABJIEHHA MOTEHLUINHUX 3arpos,
30KpeMa HabnmxeHHsA TPaHCMOPTHMX 3acobiB abo pi3KMX 3BYKOBUX CUTHaniB; (DOPMYyBaHHS
MPOCTOPOBOr0 ySABJIEHHSA NPO HAaBKOJIMLLIHE CepeaoBULLLE Ha OCHOBI aKyCTUYHOI iHpOpMaUil HaBiTb
3a BiACyTHOCTI 6e3nocepeHbLOr0 TaKTUNLHOMO KOHTAKTy 3 06’ekTamMun. Pa3oMm i3 TuM cnyxoBse
CMPUNHATTSA Ma€ HN3KY PyHKLiOHaNbHNX obMeXeHb. Y cepenoBuLlax i3 nigBULLEHNM PiBHEM



https://plagiarism-detector.com 7/36

WyMy, TaKUX K FPOMaAcCbKi MPOCTOPU, TPAHCMOPTHI BY3/1 abo ByuULi 3 iIHTEHCUBHUM PYXOM,
e(eKTUBHICTb OpPIEHTALIl CYyTTEBO 3HUXKYETbLCA. HaaMipHUA hOHOBUI WLIYM MPU3BOANTL A0
rnepeBaHTa)XeHHSA C/IYXOBOro aHanizaTopa, WO YCKNaAHIOE: audepeHLuiaLiio 3HavyLLnx
aKYCTUYHNX CUIFHaNiB cepen 3arasibHOro LWyMOBOro (pOHY; onepaTuUBHE pearyBaHHS Ha 3BYKOBI
MapKepu, KpUTUYHO BaXKnBi Ana 6esneyHoi HaBirauii. Y Takmx ymoBax ocobu 3 nopyLLUeHHAMU
30py 3MYLUEHI BUKOPUCTOBYBATW 00AATKOBI CTpaTerii opieHTaUil, 30KpeMa akKTUBHiLLE 3aay4aTun
TaKTWU/bHI Big4yTTs abo 3aCTOCOBYBaTUM AOMOMIXKHI TeXHiYHi 3acobu. [10 HUX HanexxaTb
TPOCTWUHW, 3BYKOBI iIHOMKATOPW Ha MilLOXiAHNX Nepexodax, a TakoxX creuiasizoBaHi HaBirawuinHi
MPUCTPOI, NPU3HaYeHi ANnsa NigTPUMKNM NpocTopoBoi 06i3HaHOCTI. 3MH. Apk. o gokymMm. Mignuc
HaTa Apk. 13 ITC.4KI1.0426.03-M3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY Onda nogen i3
MopyLUeHHAMU 30pY TaKTWUJIbHa iH(OpMaLia € O4HUM i3 KJIIOYOBUX KaHaNiB OTPUMaHHA OaHUX
NMpoO HaBKOJINLLIHE cepeaoBulle (ANB. pUCYHOK 1.3). TakTuabHe cnpunHATTS 3abesneyye
6e3nocepenHin KOHTAKT i3 i3nYHUMN 06’€EKTaMm Ta NOBEPXHAMM, A03BOJIAOYM BUHAYATU IXHIO
dhopMy, CTPYKTYpPY, TBEPAICTb i MPOCTOPOBE po3TallyBaHHA. OcobnMBO Ba)kKIMBOIO LIS CEHCOPHA
CUCTeMa CTa€ y CUTYyaLisax, KOJIKU C/IyXOBe CPUNHATTA obMexxeHe 4Yepes BUCOKUIN PiBEHb LLUYMY
ab0 HagMipHY KiNbKiCTb OA4HOYACHMX 3BYKOBUX CTUMYAIB, WO POOUTb TaKTUNLHUIA KaHan
HadiMHUM IHCTPYMEHTOM KOMIMeHCcaLil BiACyTHbOI Bi3yasbHOI iHdopMmauii [5]. Puc. 1.3. 3acib
NpocTopoBoi 06i3HAHOCTI: AOTUK TakTUNbHa iH(hopMaLisa 3abe3nedye CNPUNRHATTA i3UYHUX
XapaKTEPUCTUK HABKOJINLLIHBLOIO CEPedoBULLA Ta € OOAHMM i3 KJIKOYOBUX MEXaHi3MiB NMPOCTOPOBOI
opieHTaUii ocib i3 nopyweHHAMN 30py. 3aBAAKN TaKTUIIbHOMY KOHTAKTY CTa€ MOXXJIMBUM
BUKOHAHHSA HU3KN Ba)KJIMBUX HaBirauimHux yHKUin [5]: Po3ni3HaBaHHA TUMiB NOBEPXOHb. 3a
ngoroMoroto 6esnocepeaHbOro 4O0TUKY abo BUKOPUCTaHHSA 6inoi TPOCTUHM He3pAYdi Ntoan 34aTHI
AundepeHLiioBaTn pi3Hi NOKPUTTS, 30KpeMa actanbT, 6eTOoH, FPYHT, TpaBy 4u rpasin. Le
003BOJISE BU3HAYaTU MeXXi NilloXigHMX OOPiXKOK, CBOEYACHO BUSABIATU BiAXWUIIEHHS Bif
6e3neyHoro MapLpyTy Ta KOPUryBaTu HAaNpsaMoK pyxy. 3MH. Apk. Ne gokym. Mignuc OJaTta Apk.
14 ITC.4KI1.0426.03-N3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY BusBneHHs nepeLwuKkom i
HepiBHOCTeN. BUKOpPNCTaHHA TPOCTUHW CNPUSIE CBOEYACHOMY BU3HAYeHHIO BopalopiB, CXOAMNHOK,
AaM, NigBuLLeHb abo iHWKX 06’eKTIB, AKi MOXYTb CTAaHOBUTMK MOTEHUINHY Hebe3neky. Taka
iH(bopMaList Ja€e 3MOTy YHUKATU TpaBMaTUYHUX CUTYaLin | nigTpuMmyBaTh cTabinbHy NnpocTopoBy
opieHTaUit0. laeHTudikauia GyHKUiOHanbHUX 06’€KTiB i 30H. TaKTUJbHI HaBirauinHi enemMeHTH,
30KpeMa pefibedHi BKa3iBHUKM, CneLianizoBaHi TEKCTYPOBaHi NOKpUTTA nignorn abo TakTuibHa
MJNTKa, BUKOPUCTOBYIOTbLCSA A1 NO3HAYEHHS Ba)kKJIMBMX JIOKALLIN, TakuX K Bxoawn go bynisesnb,
nilwoxiaHi nepexoan 41 30HN 04iKyBaHHS. EQEKTUBHICTb TaKTUSIBHOIO CAPUAHATTSA 3HAYHOO
Mipoto MiABULLYETLCS 3a YMOBUW 3aCTOCYBaHHS crneuianizoBaHMx 3acobiB Ta opieHTUpIB (AMB.
pucyHok 1.4) [6-7]: bina TpocTnHa ik 6a30BUI IHCTPYMEHT HaBirawii. TPOCTUHa BUKOHYE
YHKLUIO NPOAOBXKEHHSA TaKTUJIbHOrO CNPUNHATTSA, 003BOJIAKOYN 3aBY4aCHO OTPUMYBaTU
iHopMaUito Npo 06’eKTN Ta NOBEPXHI, WO 3HaxX0AATbCA nonepeay. Yepes BibpauinHi Ta
MeXaHiYHi CUrHaAM KOPUCTYBay OTPUMYE YSBIEHHSA MPO BiACTaHb, POPMY Ta TEKCTYpPY
nepewkon. TaKTWUJbHI OPIEHTUPN B rpoMaACcbKoMy NpocTopi. CneuianbHi penbedHi enemMmeHTNn
iIHPPACTPYKTYpPM, 30KpeMa TaKTWU/bHa MJINTKa 3 HanpsaMHUMK abo nonepen>xyBasibHUMU
Bi3epyHKaMu, 3aCTOCOBYIOTLCA A1 (POpMYyBaHHA Be3nevyHnX MapLUpyTiB NepecyBaHHA Ta
MoJIErleHHS BU3HAYEeHHS HaNpPsaMKy pyxy. TEeKCTYpHi 0cobaMBOCTiI MOBEPXOHb. Y pa3i
6e3nocepenHLOro KOHTAKTY CTOMNKM 3 MOBepxHel (Hanpukiag, nig 4ac nepebyBaHHSA 6OCOHIXK)
NIoaNHa MoXKe Y4iTKO po3pi3HATK MaTepiann, Taki Ak aepeBo, Nicok abo KaMiHb. Lle 3abe3neuye
000aTKOBY NPOCTOPOBY iH(pOpMaLLito Ta NiABULLYE TOYHICTb OpiEHTALIi MOPIBHAHO 3 iHWMMN
CEeHCOpHUMU KaHanaMmn. 3MH. Apk. Ne gokyM. MNignuc Oata Apk. 15 ITC.4KI1.0426.03-MNM3 HA3BA
OOKYMEHTY HA3BA JOKYMEHTY Puc. 1.4. IHCTpyMeHTU Ta A0OaTKOBI aTpubyTun ons
npocTopoBoi 06i3HaHOCTIi OQHUM i3 KJIIOYOBUX OOCATHEHb Yy chepi 3abe3neyeHHsA OOCTYMHOCTI
nns ocib i3 NopyLeHHAMKN 30py € BMNPOBaaXeHHA WpudTy Bpannsg, aknn dpyHKLIOHYE 5K
yHiBepcaJibHa TakTUibHa MOBa AJ18 YUTaHHA Ta NPOCTOPOBOI OpieHTaLil. BUKOpUCTaHHSA AaHoi
CUCTEMU 3HAYHO PO3LLUNPIOE MOXKIIMBOCTI CaMOCTINHOI B3aEMOLil HE3PAYNX N04en 3
iHOpMaUiNHUM i i3nYHUM cepenoBuLLEM (OAMB. pUCYHOK 1.5) [8, 11]. 3acTocyBaHHSA wpudTy
Bpanng 3abe3nevye: OpieHTaLil0 B HABKOJIMLWLHbOMY CepenoBuLLli. TaKTUIbHI HAaNUCK WPUPTOM
Bpanns HaHOCATbLCSA Ha 06’'EKTU iIHPPACTPYKTYPU MiaBULLEHOT BaXXKJIMBOCTI, 30KpeMa KHOMKW
nigpTiB, iHopMaLinHi TaBANYKKM B rpOMaACbKNX MicUSX, ABepi YCTaHOB, 0hiCHUX NpuUMiLLeHb abo
TOproBesibHUX 3akagis. Lle no3Bonde nognHi ineHTndikyBaTn BlacHe MicLLe3HaX0OXKEHHS,
BM3Ha4YaTyW NPU3HAYEHHSA NPUMILLEHb | CAaMOCTIMHO 3HaxoanTn HeobxigHi 06’ekTn. JocTyn Ao
TEKCTOBOI iH(popMaUii. PenbeHO-KpankoBe NMMCbMO Ha4a€E MOXKJINBICTb OTPMMYBaTW iHopMaLito
LWJISIXOM OOTUKY, WO € KPUTUYHO Ba>KJIMBUM Y CUTYyaUifax BiACYTHOCTI cynposoay abo
aNbTepHaTUBHUX OXKepen iHpopMauii. 3aBAAKN TaKTUIbHOMY YNTaHHIO 3abe3nevyyeTbCca [oCTyn
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00 OCBITHiIX MaTepianiB, IHCTPYKUiA, nonepen>XyBaJibHUX NOBiAOMJIEHb | HaBirauUinHNUX OaHUX.
3MH. Apk. e gokyM. Mignnc OaTa Apk. 16 ITC.4KI1.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY Puc. 1.5. lpudT Bpainsg gk 3acib YntaHHA Ta CNPUNHATTA iHpopMaLii Yepe3 fOTUK
Monpun BUCOKY 3HAYYLWLIiCTb TaKTUNbHUX KaHaniB, ePeKTUBHICTb iX BUKOPUCTAHHSA 3HAYHOIO Mipoto
BM3HAYaETbLCA YMOBaMUN HAaBKOJINLIHLOIO CepeioBuLLLA. 30KpeMa: y pa3i HaaAMipHOT O4HOPIAHOCTI
MOBEPXOHb 3HVKYETbLCA 34aTHICTb A0 iX AndepeHLiauii; BioCyTHICTb abo HeperynsapHe
PO3MilLEHHS TaKTU/IbHNX BKa3iBHUKIB Y HOBUX 4YX HE3HAMOMMX MPOCTOPax MOXe yCKaaHoBaTu
npoLec Hagirauii Ta NPOCTOPOBOro OpiEHTYBaHHA. HioxoBa iH(hOpMaLlis BUKOHYE AOMOMIXKHY,
NpoTe BaXkJIMBY PYHKLO B CMCTEMi OpieHTaUii 0Cib i3 nopyLlleHHAMKN 30py. X04a HIOXOBI CTUMY N
BUKOPUCTOBYIOTLCSA pifLle NOPiBHAHO 3i C/IyXOBMMU abo TaKTUAbHUMN CUTHaNaMu, BOHU CYTTEBO
OOMOBHIOKTb 3arajibHy KapTUHY CAPUAHATTS HAaBKOJIMLWIHBLOMO CEpPeAOoBMLLA. 3anaxy MOXYTb
C/yryBaTu iHOMKaTOPaMM NeBHUX Micub abo 06’eKTiB, CMpUATY BNi3HaBaHHIO 3HANOMUX NIOKaLil
Ta OPMYBaAHHIO acoLiaTUBHNX 3B'A3KIB i3 MPOCTOPOM (AMB. pUCYyHOK 1.6) [9]. 3MH. Apk.

OokymMm. NMignuc OJaTta Apk. 17 ITC.4KI1.0426.03-1N3 HA3SBA OJOKYMEHTY HA3BA OOKYMEHTY Puc.
1.6. Hiox sk 3acib dpopmyBaHHS NpocTopoBoi 06i3HAaHOCTI HIOXOBI CUFHaNM MOXYTb BUCTYNaTuH
O)XKepesioM 0o00aTKoBOi iHhopMaLii Mpo HasiBHICTb NeBHMX 06’eKTiB abo yHKLIOHaNbHWUX 30H, L0
XapaKTepu3yTbCa cneundivyHnMm 3anaxamn. a4 ocib i3 nopyLIeHHAMW 30py TaKi CUrHaam
30aTHi BUKOHYBaTW POJib OPIEHTALIMHNX MapKepiB HAaBKOINLWHLOIO cepefoBuLla. [10 03HakK, Wo
0O03BONIAIOThL iAEHTU(DIKYBaTU XapaKTepUCTUKK NMPOCTOPY, HanexaTb: IHaonkaTopu
HaBKOJINLLHbLOIO CepenoBuLLA: 3anax cBixocnevyeHoro xniba abo KoHanTepCcbknx BMpobiB, WO
MO>X€e CBiAYUTN NPO PO3TallyBaHHS NEKAPHI YM 3aKaafy xapdyBaHHA nobnusy; apomMaTu
nepeBuHN, TpaBu abo KBITIB, SKi 3a3BMYal acoLilolOTbCA 3 NapKamMun, ckBepamu abo iHWnMn
3e/1eHUMN 30HaMU; XapaKTepHi 3anaxn rpOMaACbKOro TPaHCMOpPTY, 30KpeMa BUXJIOMNHI ra3m abo
NPOAYKTU 3ropsiHHSA NaJIbHOro, WO BKa3ylTb Ha 61M3bKiCTb aBTOOYCHOT 3yNMHKKN, TPaMBaNHOI
konii abo »xBaBoro nepexpectsa. OcobnmMBOCTi PYHKLIOHALHOIO NPM3HAYeHHSA MiCLLEBOCTI.
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3anaxu 6eH3nHy, MacTua abo TexXHIYHMX PigUH MOXYTb ByTM MapkepaMu po3TallyBaHHSA
aBTO3arnpaBHUX CTaHLiN, aBTOMaNCTEPEHb abo NPOMUCIOBUX OO’ EKTIB.

B ymoBax MiCbKOro cepefoBuLLLa HIOXOBI CTUMYJ/IN YaCTO € IHTEHCUBHUMM Ta Pi3HOMaHITHUMN, WO
[03BOJISIE NIOAAM i3 BafaMu 30py Binbll TOYHO BU3Ha4YaTW BACHE MiCLE3HaX04)KEeHHS. 30KpeMa:
3MH. Apk. No gokyM. MNMignuc OaTta Apk. 18 ITC.4KI1.0426.03-1N3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY TpaHCNOPTHI By3/1u1 Ta 3ynUHKK. CTilka NPUCYTHICTb 3amaxiB BUXJIOMHWX ra3iB Bif
aBTObYCiB i MapWpPyTHNX TPAHCMOPTHUX 3acobiB CUrHani3ye Npo Habav>XKeHHs 00 30HU
rPOMaAcCbKOro TPaHCMOPTY, HaBiTb 6&3 3ayyYeHHs iHWKWX CEHCOPHUX KaHaniB. MybniyHi Ta
TOproBesibHi NPoCTopu. Y TOProBux LeHTpax, Ha puHkax abo B 30Hax rPOMaZiCbKOro XxapyyBaHHS
3anaxu ki, cneuin Ynm NpoayKTiB 0O3BOAAIOTE iAeHTUdIKyBaTU OKpeMi PYHKLIOHaNbHI AiNSAHKN
abo To4kM npofaxky. Pa3om i3 TUM HIOX HE MO>Xe pPO3rnA4aTUCs 9K OCHOBHE O)XXepeso
iHdbopMaLii 019 NPOCTOPOBOI OpiEHTaLii Yepe3 HU3KY 0bMe)XyBanbHUX hakTopiB: HecTabinbHICTb
HIOXOBUX CUIFHanNIiB. IHTEHCMBHICTb Ta MOLWMPEHHS 3anaxiB iCTOTHO 3ase)aTb Bif MOrogHMUx ymos,
HanpsaMKy BiTpy Ta Yacy Aobun. CeHCoOpHa KOHKYpPeHLis. Y MiCcbKoMy cepefoBuLLi 3anaxu 4acTo
3MiLUYIOTbCS, WO YCKNAOHIOE iX TOYHY ifeHTudiKauito. ObMe)xeHa NMpoCTOPOBO-KiIbKICHA
iHOopMaTMBHICTb. HIOXOBI curHanm He 3abe3nevyoTb TOYHOI iHhopMaUil WoAo BiACTaHi 4o
06’ekTa abo NOro KOHKPETHUX XapaKTepUCTUK. Hanpuknag, 3anax BUXJOMNHUX rasie Moxe
BKa3yBaTW Ha HasIBHICTb 3yMMHKW, MPOTEe He A03BOJISIE BU3HAYUTN HOMep abo Tun
TpaHcnopTHOro 3acoby. 3 ornsaay Ha 3a3Ha4veHi obMe)KeHHs, ehbeKTUBHE OpPIEHTYBaHHSA 0Ci6 i3
NOPYLLUEHHSAMUN 30pY 3a3BMYal FPYHTYETLCA Ha KOMBiHYBaHHI HIOXOBOI iHbopMaULii 3 iHWKMK
CEHCOPHUMM KaHanamu [6-9]: TakTunbHI opieHTMpKN. BukopucTaHHa 6inoi TpoctnHm abo
penbePHUX eNneMeHTIB iIHPPaACTPYKTYPU CNPUAE BU3HAYEHHIO BXOAIB, MEXX 30H Ta HaMpsMKIB
pyxy. CnyxoBe CNpUnHATTSA. AHani3 3ByKiB TpaHcnopTy abo BepbasibHa KOMYHiKaLis 3
OTOYYHUYMMU A03BOJSIAOTL YTOYHIOBATW TUM | HANPAMOK PyXy TpaHCNOPTHUX 3acobiB. 3MH. Apk.
nokym. NMignuc OaTa Apk. 19 ITC.4KI.0426.03-N3 HA3BA OJOKYMEHTY HA3BA JOKYMEHTY
IHbopMaUinHi eneMeHTU cepenoBuLla. JoaaTKOBI HaBirauinHi 3acobun, 30KkpeMa Hanucu
wpndpToM bpanns, nigcnnioloTe ePEKTUBHICTb CIIYXOBUX i HIOXOBUX CMrHaniB. CeHCopHa
KOMMEeHCcaLis € NPMPOAHMM adanTauilHM MexaHi3MOoM, Lo 3abe3neyye NpPMCTOCYyBaHHSA 0Cib i3
NOPYLLUEHHSAMIN 30pY A0 YMOB HAaBKOJINLLHBLOIO CepeoBuLLa LLAAXOM YHKLIOHaNbLHOMO
NMOCUIE@HHS IHLWWUX CEHCOPHUX CUCTEM — CJIYXOBOI, TAKTUJIbHOI Ta HIOXOBOI (ANB. PUCYHOK 1.7).
3aBAAKM LLbOMY MexaHi3My (DOPMYETbLCA asibTePHATMBHA MOAEsb CAPUNHATTS NPOCTOPY, AKa
003BOJISE 36epiraTn CaMoCTIiNHICTb, 6e3neKky nepecyBaHHS Ta couiasibHY aKTUBHICTb HaBiTb 3a
noBHOI abo 4acTKOBOI BiACYTHOCTI 30poBoi iHpopMaluii. Puc. 1.7. CeHcopHa KoMneHcauis 5K
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MeXaHi3M aganTauii loAnHN 00 BTpaTu 30py Y pasi noBHOI abo 4YacTKOBOI BTpaTu 30p0OBOI
PYHKLUIT B LLEHTpaJIbHIN HEepPBOBIN cucTeMi BiabyBaeTbCA Npouec PyHKLiOHaNbHOI peopraHisauil,
nig 4ac SKoro Mo30K rnepeopieHToBYy€E 06p0obKy iHhopMaUii Ha anbTepHaTMBHI CEHCOPHI KaHann
[10]. 3okpema, NiABULLYETbLCA YYTAMBICTb CIYXOBOro aHasisaTopa, WO A03BOJSE NHOANHI
po3ni3HaBaTW ManoOMNOMITHI aKyCTUYHI CUFHaNW, SKi 3a3BMYail He IKCYIOTbLCSA NI0ObMU 3i
36epe)KeHnM 30poM. AHANIOMYHO MOCUJTIOETLCHA TaKTUbHE CAPUNHATTS, Wo 3abe3neydye GinbLu
TOYHE OTPUMaHHSA iHOopMaUil Yepe3 AOTUK A0 NOBEPXOHb abo Mif Yac BUKOPUCTaHHS
OOMNOMiIXKHUX 3acobiB HaBirauii, Takmx sk 6ina TPoCTUHa. 3aBOSAKN TakUM aganTauinHUM
MexaHizMaM ocobu 3 NopPYLUEHHSAMUN 30pY 34aTHI edheKTUBHILLe iHTepnpeTyBaTu CUrHaAun
HaBKOJINLLHbLOIO CepenoBuLLa, GOPMyOYN LislicHe YABIEHHS NMPO NPOCTIP i KOMMEHCYH4N
nediunT BisyanbHOI iHpopmMaLii. CeHCOpHa KOMrMeHcalisa BUCTyNa€e Ba>kJIMBOIO nepenymMoBOo
36epeXxeHHs camMoCTinHOCTI, 6e3nekn nepecyBaHHSA Ta CoUiasbHOT aKTUBHOCTI. 3MH. ApK.
Ookym. Mignuc OJaTa Apk. 20 ITC.4KI.0426.03-N3 HA3BA OJOKYMEHTY HA3BA JOKYMEHTY
KorHiTuBHe KapTyBaHHSA siBNsi€ coboto npouec opMyBaHHSA BHYTPILLHIX MEHTaNIbHUX Moaenen

MPOCTOPY Ha OCHOBI iHTerpauii AaHWX, OTPUMaHUX Yepes3 CAIYXOBi, TaKTWU/bHI Ta HIOXOBI CTUMY N,
TaKi KOrHITUBHI

u LintnposaHus: 0% id: 9
«KapTu»

003BOJIAOTb JIIOANHI OPIEHTYBATUCSA Y HABKOJINLLHLOMY CEpenoBULLi, HaBiTb 3a BiACYTHOCTI
nonepenHbLOro BidyasbHOro AOCBigy abo y BMNagkKax, KoM BiAMOBIAHA /IOKALUIA HIKON paHille
He cnocTepiranacs 30poBo (AnB. pucyHkK 1.8-1.9) [11]. ®opMyBaHHSA KOrHITUBHUX KapT €
CKJIaOHMM KOTHITUBHUM MPOLECOM, SIKUIA BKJIIOYAE aHai3 MPOCTOPOBUX B3aEMO3B A3KIB,
3anaM’'ATOBYBaHHSA NOCNIAOBHOCTI OPIEHTUPIB Ta iX (DYHKLIOHaNIbHOrO 3Ha4YeHHs. ng ocib i3
MOPYLUEHHAMMN 30pY LEN MexaHi3M € pyHOaMeHTalbHUM eNleMEHTOM HaBirauii Ta OCHOBO 44
e(heKTUBHOIr0 BUKOPUCTAHHSA AK TpaguLUinHNX, Tak i Cy4aCcHUX TEXHONOriYHnX 3acobis
NPOCTOPOBOI opieHTauii. Puc. 1.8. MeHTanbHi KapTu 3MH. ApkK. e gokym. lMignuc OaTta Apk. 21
ITC.4KI.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Puc. 1.9. MeHTanbHa (TakTuabHa)
KapTa 2-noBepxy Hanpuknag, nognHa Moxe 3adikcyBaTn y naMm’aTi NpoCTOPOBE po3TallyBaHHS
neBHOro o6’ekTa, 30KkpeMa KaB'sipHi, BU3HAUYMBLUW, LLIO BOHA 3HAaX0AMNTbCS Ha BiACTaHIi KilbKOX
KBapTaniB Big XXUTNa Ta MEXYE i3 3e1eHO0t0 30H0t0. OpieHTaUia Npyn LbOMY 34INCHIOETLCS Ha
OCHOBI CYKYMHOCTI afibTEPHATUBHNX CEHCOPHUX MapKepPiB: XxapaKTepHUX aKyCTUYHUX CUTHANIB
(O3BiH OBepen 3akaay, WyM JNCTSA OepeB), TaKTUIbHUX 03HaK (TN TPOTYapHOro MOKpUTTSA) Ta
HIOXOBUX CTUMYNIB (CTiNKUIA apoMaT KaBu). Y npoueci 6aratopa3oBoro BiABiAyBaHHSA TaKnXx
NoKauin chopMoBaHi MeHTasIbHi MPOCTOPOBI YABAEHHSA NOCTYNOBO AeTaNi3yloTbCs Ta
YTOYHIOIOTbLCH, WO CNPUSAE 3POCTAHHIO BNEBHEHOCTI Y NepecyBaHHi Ta NiABULLEHHIO PiBHSA
CaMOCTINHOCTI. Pa3om i3 TuM (hopMyBaHHSA KOMHITUBHUX KapT 3HAYHO YCK/IALHIOETbCA B YMOBaX
NigBNLEHOrO CEHCOPHOr0 HaBaHTaXXEHHSA, XapaKTepHOro A8 MiCbKOro cepenosuLLa 3
iIHTEHCMBHUM TPAHCMOPTHUM NOTOKOM, BEJIMKOK KiNbKICTIO NI0AEN Ta BUCOKMM piBHEM (DOHOBUX
LWYMIB. Y TakuUx CUTyaLifX CNyxoBe nepeBaHTaXKeHHSA NnepeLlkoa)Xa€ afekBaTHOMY CMPUNHATTIO
peneBaHTHUX CUIrHasliB, WO MOXXe NPU3BOANTU 00 Ae30pi€EHTaLil, 3pOCTaHHA KOrHITUBHOIO
HaBaHTa)XeHHS Ta NCMX0eMOoLiNHOT BTOMUK, 0C0611BO Mif Yac nepebyBaHHS y HOBMX abo
He3HanomMumx npoctopax [11-12]. Hanpuknag, y winbHO 3abynoBaHNX panioHax i3 6e3anepepBHUM
PYXOM TPaHCMNOPTY Ta CKYMYeHHAM MillOXOAiB CTA€E CKAAAHO BULINATU 3HaYyLWi aKyCTUYHI abo
TaKTWJbHI OpiEHTMPYN, HeobXigHi ona NobynoBu cTabifibHOT KOrHITUBHOI KapTW. 3a TakKUX yMOB
NI0AMHa 3 NOPYLUEeHHAMN 30pYy MOXXe TMM4YacoBO BTpavaTu NMPOCTOPOBY OpieHTaLilo abo
Big4YyBaTWU NiABULEHUNN piBEHb CTpecy. 3MH. ApK. No fokyMm. Mignuc OaTa Apk.

(A Al generated text detected: ChatGPT 5.3, : 55,6% id: 10

22 ITC.4KI.0426.03-MN3 HA3SBA JOKYMEHTY HA3BA IOKYMEHTY He3Ba)katoun Ha 3a3HayeHi
TPYZAHOLLi, PO3BUTOK KOFHITUBHOIO KapTyBaHHA 3a/IMLLAETLCA OOAHUM i3 KJ/IKOHOBUX YNHHUKIB
nigBULLLIEHHA PiBHA He3aneXHOCTi Ta aganTauii ocib i3 nopyLleHHsAMU 30py. 3i 3pOCTaHHAM
NPaKTUYHOrO AOCBIAY Ta HAKOMUYEHHAM CEHCOPHUX AaHUX MeHTaslbHi KapTu cTatoTb BinbLu
CTPYKTYPOBAHNMU, AeTasi30BaHUMN Ta ePeKTUBHUMN OJ19 BUKOPUCTAHHSA B Pi3HNX
cepeposuLax. Ocobu, AKi BTpaTuam 30poBY (hyHKLLO MOCTYNOBO, MaldTb MOXXJIUBICTb
afanTyBaTMCA 4O 3MiH 3@ PaXyHOK aKTUBHOIO BUKOPUCTAHHSA NaM’aTi Ta paHiwe cchopMOBaHOro
MPOCTOPOBOro A0CBiAY. X OpiEHTALiA y NPOCTOPI 3HAYHOK MIPOI0 FPYHTYETHLCSA HA PYTUHHIX
nisgx i MapwpyTax, 3aCBOEHMX Y nepioa 36epexxeHoro 3opy.

TakKi 3BUYHI LLUIAXW MepecyBaHHA CTaloTb 6a3ncom gna dopMmyBaHHSA HOBUX HaBirawinHUX
CTpaTerin B yMoBax CEHCOpHOI nepebynosu. Y LuboMy npoueci naMm’'aTh Bifirpae NpoBigHy posib,
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OCKiNbkK noamnHa 36epirae y CBifoMOCTi NOCNiI[OBHICTb MOBOPOTIB, NepexoAiB i 06’'eKTiB, AKi
paHille BUKOHYBaM PYHKLiO BizyalbHUX OpiEHTUPIB. Micaa BTpaTu 30py Ui OPiEHTUPYU
3aMiHIOIOTLCS C/TYXOBMMU, TaKTUNbHUMMK ab0 HIOXOBUMU CUFHanaMn. TakuM YNHOM, HOBI
CEeHCOpPHi Bpa)KeHHA iHTerpyrTbCa 3 HaKoNU4YeHUM A0CBIAOM, POPMYIOYM afanToBaHy CUCTEMY
HaBirauii. Lle, y CBOIO 4epry, CNpUSE 3HNXKEHHIO KOMTHITUBHONO HaBaHTaXXeHHS, OCKifIbKN l0ANHa
CMNPAETLCA Ha 3HANOMI PYTUHHI Aii, AOMNOBHIOKYM iX aslbTEPHATUBHUMN O)KepeniaMu CEHCOPHOI
iHopMauii (amB. pucyHok 1.10) [11-13]. 3MH. Apk. e gokyMm. Mignuc OaTta Apk. 23
ITC.4KI.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Puc. 1.10. IHTerpauis CEHCOpPHUX
KaHaniB y npoueci popMyBaHHSA MEHTasIbHUX NPOCTOPOBUX KapT OQHUM i3 KNIOYOBUX aCMeKTIiB
afanTauii ocib i3 mopyLIeHHAMM 30pY € 30aTHICTb eheKTUBHO BUKOPUCTOBYBATW CEHCOPHI
OPIEHTUPW Mig Yac nepecyBaHHA. OpieEHTUPaMN MOXXYTb BUCTYMaTn Byab-aKi 06’ekTn abo asunua,
O CMPUAMAlOTbCA aJibTEPHATUBHMMKM OpraHaMm 4yTTS Ta MaloTb CTabiflbHI XapakKTePUCTUKN y
npocTopi, 30kpemMa: CnyxoBi OpiEHTUPU: NOCTiNHI ab0 NepiognYHi 3ByKKW, Taki Ak poboTa
BEHTUALINHNX CNCTEM, LUYM KOHAWMLIOHEpPaA, 3BYKOBUI CUFHaN ABEPEN YN MEXaHi3MiB. TaKTUbHI
OpiEHTMPU: 0COBNMBOCTI MOBEPXOHb i KOHCTPYKLL, 30KpeMa TeKCTypa TPOTyapHOi NNTKN,
dopMa nMopy4HiB, Nnepenaan BUCOTM abo 3MiHa MaTepiany NOKPMTTA Nig Horamu. HoxoBi
OPIEHTUPU: XapaKTEPHi 3aNaxn 3akK/adiB xap4yyBaHHS (NeKapeHb, KaB'AipeHb), TEXHIYHUX 06'EKTIB
abo NpnpoaoHUX eNneMeHTiB, TaKUX K POCANHHICTb. BUKOPNCTaHHSA Taknx CEHCOPHUX MapKepiB
003BOJISIE hopMyBaTKM CTINKI acoliaTUBHI 3B"A3KN MiXK KOHKPETHUMMN CUrHaslaMun Ta BiAMNOBI AHUMMN
Nokauismu. Hanpuknapg, perynspHe npoxXoa>XeHHs MapLipyTy, LLO BK/KOYA€E OiNIAHKY 3
XapaKTepHUM 3anaxom abo aKyCTUYHMM (HOHOM, CMIPUSAE 3aKPIiNJIEHHIO MPOCTOPOBUX YABJIEHb Ta
(POPMYBaHHIO MEHTaJIbHMUX KapT. [NOBTOPIOBAHICTb MapLUPYTIiB Yy MOEAHAHHI 3 YiTKUMU
OpPIiEHTUPaMK NiOBULLYE BMNEBHEHICTb NEpPeCcyBaHHA Ta 3HUXXYE PiBEHb KOIHITUBHOIO
HaBaHTa>XeHHS.

@AI generated text detected: ChatGPT 5.3, : 56,86% id: 11

Onsa niognHn, ka BTpaTuia 30poBY hYHKLUIO, HaBiTb Aobpe 3HaoMuin NpocTip NoTpebye
MOBTOPHOIr0 OCBOEHHS 3 ypaxyBaHHAM 3MiHEHUX CEHCOPHUX YMOB. EpeKTUBHICTb OpieHTaLiT y
TaKUX CUTYyaLifX 3aNeXUTb Bif 30aTHOCTI nepebynyBaTn NMpoLec CIPUAHATTA Ta aKTUBHO
3a/lyYUTU CIIYXOBI, TaKTU/bHI N HIOXOBI KaHanW. Tak, y MeXXax BJIaCHOI0 XXMUTJIOBOr0 NPOCTOpPY
N0ANHA 3 NOPYLUEHHAMMN 30pY, Malo4y CPOPMOBAHY BHYTPILLIHIO MOAE/b PO3TallyBaHHSA
npenMeTiB, MoXXe 6e3nevyHo NepecyBaTUCA HaBiTb 3@ MOBHOI BiACYTHOCTiI OCBIT/IEHHS.
HaTomicTb ocoba 3i 36epe)xeHnM 30poM Yy MoAibHMUX yMOBaX YaCTO CTUKAETbLCA 3 TPYAHOLLAMN
Opi€HTaLIl Ta pU3UKOM TpaBMyBaHHS. 3MH. ApK.  OOKYM.

Nignuc OaTa Apk. 24 ITC.4KI1.0426.03-1N3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY lNocTynose
HaB4YaHHA Ta 6araTopa3oBe NMOBTOPEHHS PyXiB Y 3HANOMOMY cepefloBULLI CIPUAIOTb
hopMYyBaHHIO TOYHOI KOrHITUBHOI KapTy NPOCTOpPY, WO 6a3y€eTbCsl Ha CEHCOPHUX BiAYYTTAX.
Takun npouec € hyHOaMeHTOM MoaafbLIoi aganTauil Ta 3abe3nevyye MOXXNMBICTb KOMGOPTHOIO
Ta 6e3nMe4yHOoro NoBCAKAEHHOr0 XUTTS 6€3 BUKOPUCTaHHA 30p0OBOro aHasizatopa. Ana ocib, sKi
BTPATWAN 3ip Yy Npoueci XuTTsa, nepebyBaHHs y HOBOMY abo HeE3HAMOMOMY MPOCTOPi € 3HAYHUM
ajanTauiiHUM BUKJIMKOM. Y MUHYJIOMY X NPOCTOPOBE OPIiEHTYBaHHA 'PYHTYBasOCs Ha
Bi3yasibHMX obpa3ax Ta CQOpPMOBaAHNX MEHTAJIbHUX KapTax, AKi 3abe3nevyyBanm WBNAKE
CTBOPEHHSA HOBMX MapLUPYTiB. Y HE3HANOMOMY CepeoBULLi Taka MOXKJIMBICTb iCTOTHO
0BMeXXYeTbCA Yepes BiACYTHICTb 30pOBOi iHhopMalLLil, Lo YCKNaAHE NobyA0BY NEPBUHHNX
MPOCTOPOBUX yaBNeHb [5-13]. BigCyTHICTb yCTaNeHNX MapLUpPyTIiB i 3HAMOMUX CEHCOPHUX
NigKa3oK MOXKe NpM3BOANTM A0 CTaHIB Ae30pieHTaUil, KON NI0ANHA HE MA€E YiTKOro yaBJIeHHS
NMpo po3TallyBaHHSA 06’€KTIB HAaBKOJ10. ¥ TaKNX yMOBaX BUHMKAE HEOOXiAHICTb MOBHICTIO
MoKJlagdaTUCs Ha CJIyXO0Bi, TaKTUJIbHI Ta HIOXOBI CMFHa X, NOCTYNOBO AOCAIAXKY04YM NPOCTip. Llen
npoLec BMMara€ 3Ha4HUX KOrHITUBHMX 3yCUJb i YaCOBUX PeCcypciB, LLO YaCTO CYNMPOBOAXKYETLCS
NigBULLEHNM PiBHEM CTPECy Ta TPUBOXHOCTI [14]. Y He3HanoMoMy cepenoBuLli ocobun 3
MOPYLUEHHAMW 30pY 3MYLUEHI PYHKUIOHYBaTU 3a NPUHUMNAMU, XapaKTEPHUMWU ONa Nogen is
BPOO KEHOI0 CNiNOTOo: BiAMOBAATUCS Bif paHiwe cqyOpMOBaHMUX Bi3yasibHO 3yMOBJIEHUX
CTpaTerin opieHTauii Ta BbyaoByBaTW HOBi MeHTaJIbHi MPOCTOPOBI KapTy NPaKTUYHO 3 HYJS.
Monpu Te Wo 3 YacoMm afanTaLis CTaE MOXXJIMBOIO, NMpoLLeC NPOCTOPOBOr0 HaBYaHHA € TPMBAIUM,
NnocTynoBuM i NnoTpebye baraTopa3oBoro NMOBTOPEHHSA Ai Yy peasibHUX yMoBaX. 3MH. ApK.
Aokym. NMignuc Oata Apk. 25 ITC.4KI.0426.03-M3 HA3BA OJOKYMEHTY HA3BA JOKYMEHTY
Cy4acHi uncpoBi TEXHONOTIT ICTOTHO PO3LLNPIOITL MOXXJMBOCTI NPOCTOPOBOI OpPIiEHTaLIi And
Joaen i3 nopyweHHAMMU 30py, 0cob/IMBO B HE3HANOMUX NIOKaLisax. PO3BUTOK HaBirauinHux
cucTem, MobinbHUX AO0AATKIB | CEPBICIB i3 MiATPUMKOIO ayAioiHTepdency A03BOJISE OTPUMYBaTH
aKTyaNlbHYy iH(pOpMaLito Npo MapLpyT Ta HaBKOJIMLLHE cepenoBulle. OCHOBHI nigxoan Ao
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nigBULEHHS ehEKTUBHOCTI OpiEHTaLiT BKIOYalOTh: BUKopUcTaHHSA -HaBirauii. HasirauinHi
cepBicu Ha OCHOBI rNobasibHNUX CNCTEM MO3ULIIOHYBaHHS, 30KpeEMa , OCHalleHi
hyHKLIiSAMM rO10COBOro CynpoBoAy MapLupyTy. AyfiioHaBirauia Haga€e NOKPOKOBI iIHCTPYKLi
LoA0 HanMpsaMKY pyXy, BiocTaHi 4O NOBOPOTIB Ta iHPOPMYE NPo HabBAMXKEHHS 00 KJII0YOBUX
opieHTupiB. Lle nae 3mory ocobam i3 nopyweHHAMN 30py BMNEBHEHO NepecyBaTUCs HaBiTb y
cepenoBuLLax, 3 AKMMM BOHW CTUKaOTbCs Bnepue. PopMyBaHHSA HOBUX KOMHITUBHUX KapT
npocTtopy. MoeaHaHHSA HaBirauinHUX TEXHOJIOTIN i3 CEHCOPHMMW KaHalaMn CAOPUNHATTS —
C/TYXOM, LOTUKOM i HIOXOM — CMpUSAE CTBOPEHHIO BiNbll AeTaNbHUX | HAAIMHNX MeHTaNbHUX
MoJeNen HOBOro NPocTopy.

@AI generated text detected: ChatGPT 5.3, : 56,76% id: 12

AKYCTWYHIi CUFHaM TPAHCMNOPTHOIr0 MOTOKY, TaKTWUJIbHI 0COB/IMBOCTI MOKPUTTS, @ TaKOX
XapaKTepHi 3anaxuy HaBKOJINLLHIX 06'€KTIB OOMOBHIOIOTL iH(OPMaLLilo, OTpUMaHy 3 -
HaBirauii, Lo 003BOJISE KpaLLe YCBIAOMIIOBATMN CTPYKTYpPY CEpPenoBULLA Ta MigBULLYE TOYHICTb
npocTopoBOi opieHTauil. Puc. 1.11. TexXHONOrIiT K iIHCTPYMEHT NOKpaLLEHHSA B3aEMOLil 3
HaBKOJIULLHIM cepefoBuLLeM HaBiTb HaMCy4acHiILLi TEXHOJIOriYHI 3aC0bu MOXYTb hopMyBaTu
JNIMLIE YMOBHI, KKPUXKi» KOFHITUBHI KapTu, AKLLO BOHM HE MigKPINAKTLCS AaHUMW Big
CEeHCOpPHUX KaHaniB JIOONHWN.

IOna HaginHOro 3aCBOEHHSA NMPOCTOPOBOI iHopMauii ocoba 3 MopyLLleHHsAMU 30py NoTpebye
6araTopa3oBOro MNOBTOPEHHS MapLUPYTY, WO A03BOJISIE 3aKPIiNUTN OTPUMAHI AaHi i iHTerpyBaTwu
iX y BlAaCHY MeHTasibHY KapTy. 3a/eXHiCTb BUKJIIOYHO Bif TeXHOsOrin 6e3 nigTpuMKun
CEeHCOpPHOro AOCBiAY CTBOPIOE NOTEHUINHUA PU3UK Ae30pieHTaLil Yy BUNagKy TEXHIYHUX
HecnpaBHOCTeNn abo BiACYTHOCTI 4OCTYNy A0 UMGPOBUX cucTeM. 3MH. ApK. No gokyM. Mignnc
HaTta Apk. 26 ITC.4KI1.0426.03-NM3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY 1.2. CtaH Ta
nepcnekTUBU PO3BUTKY aCUCTUBHUX TEXHOJIONIN ANs HaBirauii B YKpaiHi 3acTocyBaHHSA CUCTEM
[0MoMOrn opieHTauii B MpocTopi 415 ocib i3 nopyweHHAaMn 30py B YKpaiHi € BaXJIMBUM
HaMpPsMOM Cy4YaCHUX TEXHONOrIiN, WO CNpsAMOBaHi Ha NiABNLWEHHSA aBTOHOMHOCTI Ta AKOCTI XUTTA
uux nogen. 3a gaHMMmM BcecBiTHLOT opraHisauii oxopoHu 3a0poB’s (BOO3), y CBiTi HaniyyeTbCA
npnban3Ho 285 mMnH ocib i3 nopyweHHAMN 30py, 3 AKUX 6a13bKO 39 MAH € cninumun. MNepeBakHa
BinbWicTb UUX NOOEN NPOXXMBAE B KpaiHaX i3 HU3bLKMM i cepeaHiM piBHeM goxony, Ae AoCTyn A0
MeOUNYHUX NOCAYT i Cy4aCcHUX TeXHONOorin obMexxeHnn. B YKpaiHi BNpoBagXeHHSA cucTeM
OOMOMOrn opieHTaLil 4N1s CNinux € BIGHOCHO HOBUM TEXHOJIOMIYHUM pPilLEHHAM, IKe NMOCTYMOBO
HabyBa€e MonNynspHOCTI, 0AHaK Noro MmacwTabHe 3aCcToCyBaHHSA We nepebyBa€ y cTaaii po3BUTKY.
OAHWM i3 BiAOMUX NPUKNAAIB € MPOEKT

u LintnposaHus: 0% id: 13
«Cnyxato4da cmcteMa opieHTaLii»,

pPO3p06sIEHNIN KOMMAHIED . Llen npncTpi cTBOpeHUn Ang NigTpuMKM ocib i3 Bagamm
30pYy, 30KpeMa TUX, XTO CTpa)Kada€ Ha OiabeTu4Hy peTmHonaTito. CuCTeMa OCHalleHa AaTYuKamu,
AKi (PiKCYOTb HEPIBHOCTI 4OPOXKHLOIO MOKPUTTSA Ta iHLWWI NepeLlKoan, nonepeakato4m
KOpUCTYyBada NpPo MOXKJIMBI Hebe3nekn 3a A0MNOMOro 3BYKOBUX CUrHaNIB. Lie niaBuilye piBeHb
6e3nekn Ta KOMOPTY Nig Yac nepecyBaHHSA. LLle oAHMM NpUKNA[OM € CMifIbHUA NPOEKT
HauioHanbHOro TeXHIYHOro yHiBepcuTeTy YKpaiHu

&4 Lintuposarus: 0% id: 14
«KWIBCbKNI NOAITEXHIYHUIA IHCTUTYT>»

Ta KOMNaHii

&4 LUnTuposarus: 0% id: 15
«ManctepHsa CeiTna».

Po3pobka nepenbavae TpocTnHy 3 BOyJOBaHMM €KpPaHOM AJ19 BU3HAYEHHS BiACTaHi Ao
nepewkoa Ta -MOoAyNieM NS BiACTEXEHHS MicLe3HaXo4XKeHHs KopucTyBada. Cncrema
TaKoXX 3[laTHa NepefasaTy iHQopMaLito 6NM3bKNM Y pa3i eKCTpeHol cuTyauii, Wo NiaBuLLyE
piBeHb 6e3nekn nepecyBaHHA. 3MH. ApK. e aokyM. Mignuc OaTta Apk. 27 ITC.4KI.0426.03-N3
HA3BA JOKYMEHTY HA3BA JOKYMEHTY AKTyanbHOIO € iHiLiaTuBa

u LintnposaHus: 0% id: 16
«HasiraTop»

(2023 p.), sKa NOEQHYE TeXHONOTIi , YNbTPa3BYKOBi ceHcopyu Ta MobinbHUI AooaToK Ons
HagaHHA KOpMUCTyBa4aM iHoOpMaLii Npo HAaBKOJIMLLHE CEPefOBMLLE B peasibHOMY Yaci. MpoekT
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peanizyeTbCa y cniBnpavi 3 opraHizauisamu, Wo NiaTpMMyoTb Jlo4en i3 BagamMu 30py, 414
TecTyBaHHS Ta BOOCKOHaleHHA PYHKLIiOHaNy TPOCTUH Y Pi3HUX perioHax YKpaiHu.
MNepcnekTnBHUM € CTapTan

m LintnposaHus: 0% id: 17

« »

(3acHOBaHuM y 2022 p.), LLO NMpaLOE Hag 3HMXKEHHAM BapTOCTi BUPOOHULITBa CUCTEM OpPiEHTaLIi
yepes BUKOPUCTaHHA TEXHONOriN 3D-APYKY Ta BiAKPUTUX anapaTHO-MPOrpamMHUX pillieHb.
He3Ba)katoym Ha [OCArHEHHS B PO3BUTKY CUCTEM A0OMNOMOru opieHTauii, B YKpaiHi 36epiratoTbca
CYTTEBI NepeLwKoan oNs iX WNPOKOro BNpoBaa>XeHHA. OCHOBHUMU npobneMamm € BiACyTHICTb
YiTKMX CTaHOapTIiB po3p0obKK Ta TeCTyBaHHA TakKMX MPUCTPOIB, @ TaKOXX BUCOKa BapTiCTb, LLO
obMe)xye [oCTYyn A0 HMX BiNbLWOCTI NOTEHLINHMX KOPUCTYBaYiB.

@AI generated text detected: ChatGPT 5.3, : 64,26% id: 18

Ona nogonaHHa unx 6ap’epiB ypan YkpaiHm y 2023 poui po3noyaB po3pobKy nporpam
NiATPUMKN TEXHOONI A55 0Ci6 3 06Me)XXEHNMMU MOXKJIMBOCTSAMU, MPOMOHYOYN FPaHTU Ta
cybcmaii onsa cTuMynioBaHHSA PO3BUTKY BiAMOBIAHMX iHiLiaTMB. BaxknnBo TakoxX 3abe3sneunTtu
KOPUCTYBaYiB HaBYaJlbHUMK NPOrpamMamMu WO A0 NPaBuIbHOrO BUKOPUCTAHHSA CUCTEM OpieHTaLi
Ta HajaBaTW iM MOCTINHY TEXHIYHY NIATPUMKY. IHTEpeC 00 TakKnX TEXHOJIOrN cepel yKpaiHuiB 3
BaZlaMn 30pY 3POCTAE, OCKINIbKN BOHW He nuLle NiaBuLLyoTh 6e3neky nif Yac nepecyBaHHS, a 1
3abe3nevyloTb AOCTYN A0 LNMPOBUX CEPBICIB, L0 CNpUSE BiNbLLIN aBTOHOMHOCTI KOPUCTYBaYiB.
MpoTe, Ha CbOroAHi BiNbLLICTL CUCTEM OpiEHTALLT 3a/IULLAETHLCA HEAOCTYMNHO Yepes iXHIo
BMCOKY BapTIiCTb i HE4OCTAaTHbO PO3BMHEHY IHPPACTPYKTYPY A5 IXHbOIr0 3aCTOoCyBaHHA. OgHUM
i3 NpiopMTeTHUX 3aBAaHb € afanTauia TEXHONOrIN A0 YKPaiHCbKMUX peaniil Ta JIoKaabHe
BUPOBHMLITBO TPOCTMH i HaBirawinHNX MPUCTPOIB, L0 A03BOJINTbL 3HU3UTN BUTPATU Ta
PO3LWNPUTU AOCTYMNHICTb ANA 6iNbLIOI KiNbKOCTI 0Ci6 3 MopyLIeHHAMKX 30pY. 3poCcTatoya
Mi>XHapoAHa cniBnpaus YkpaiHu 3 EBponencbkM CO30M Ta MiXXHAPOOHUMU TEXHOJIOFiYHUMMU
KoMNaHigaMn y 2025 poLi cnpusie BNpoOBaLXXEHHIO HOBUX pilLleHb Yy cdhepi NiaTpUMKKN noaen i3
BagaMu 30py. CnifibHi NPOEKTY Ta piHaHCYBaHHS A03BOJIAIOTL peasli3oByBaTW iHHOBALiNHI igei
Ta iHTerpyBaTu NnepenoBi TEXHOMOrII HA HaLiOHa/IbHOMY PiBHi.

Kpim Toro, rpoMafcbki opraHisauii, 3o0kpema
(] UnTtmnpoBaHusa: 0% id: 19
«Acouiauisa cninux YkpaiHu»,

aKTVBHO NPOBOASATb OCBITHIO Ta NPOCBITHULbLKY AOisiNIbHICTb, OPraHi30BYIOTb TPEHIHIM AN
KOPMCTYBa4iB CMCTEM OpieHTaLIl Ta NiABMLWYIOTb 3arasabHy 06i3HaHICTb CyCniNbCTBA LWOAO
notpeb i BUKNNKIB, 3 AKUMN CTUKAIOTLCA NOAN 3 BagaMum 30py. 3MH. ApkK. OokymMm. Nignuc OaTa
Apk. 28 ITC.4KI.0426.03-NM3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Monpu HasBHi BUKANKN,
BMpOBad)XeHHHA CMCTEM A0MNOMOruM OpieHTaLUIil B YKpaiHi Ma€ 3Ha4YHU NoTeHWian ona NigBULLEHHS
AKOCTI XXNTTA 0oCib i3 BagaMum 30py. Xo4a Ui TEXHONOrII AEMOHCTPYIOTb NEPCMNEKTMBHICTb, Y KpaiHi
DOCi BiACYTHI YiTKi CTaHZapTW WOL0 BUKOPUCTAHHA Ta TeCTyBaHHA CUCTEM OpieHTaUIl, LWo
YCKJIaAHIOE iXHE LUMPOKE 3anpoBafXeHHS. BUCcoKa BapTiCTb NPUCTPOIB 0BMeXXy€e A0CTYM A0 HUX
BiNbWOCTI Ntoaen i3 NopyLLeHHAMN 30pY.

@AI generated text detected: ChatGPT 5.3, : 61,28% id: 20

[Ons 3abe3neyeHHs MaCOBOro BUKOPUCTaHHA TaKMX TEXHOJIOTiN HeobXiAHa CKOOPANUHOBaHa
poboTa oep>xaBu, 6i3HeCy Ta rpOManCbKMX OpraHi3auini, BKJAKYHO 3 po3pobKot nporpam
HaBYaHHS KOPUCTYBaYiB i HAAaHHAM TeXHIYHOT NiATPUMKN. Baxknneo 3any4aTtu ocib i3 Bagamu
30py 40 po3pobkn nporpamMHOro 3abesneyeHHs Ta PYHKLIOHaNbHUX MOX/IMBOCTEN TPOCTUH,
wob cucTteMn MakcMMasibHO BignoBigann notpebam KopucTyBadiB. 3arajbHUN iHTepec o
CucTeM opieHTauii B YKpaiHi 3pocTag, WO CBiAYMTb MPO 3HA4YHUIM MOTEHLUian LMX TEXHOJOrIN Ans
BUPILLEHHSA aKTyanbHUX Npobnem Ao aen i3 nopyLleHHaMu 3opy. CNCTEMU OpIiEHTALLIT MOXYTh
eheKTUBHO MoNeryBaTn NepecyBaHHs B MPOCTOpPI, NiABMLLYBaTK piBeHb B6e3nekn Ta
3abe3nevyyBaTy 4OCTYN A0 iHQOpPMaLIi N pi3HUX nocayr. OQHMM i3 KJIIOYOBUX HaMNpsMmiB
PO3BUTKY € afanTaLid TaKUX TEXHOMOTIA A0 YKPAiHCbKMX YMOB, LLO rnepenbayvyac 3HNKEHHS
BaApTOCTi NPUCTPOIB Ta CTBOPEHHSA BiAMOBIAHOI iHPPACTPYKTYpW A4 iX 3aCTOCyBaHHSA. Baxxnnso
po3pobnaTn 6inbw OOCTYNHI MoAeni, 34aTHi CTaTU MacoBMMU, WO A03BOANTb 3abe3neynTtu
Binblly KiNbKICTb Ntogen 3 BagamMn 30py HeOOXiAHUMU IHCTpYyMeHTaMn AN KOMGOPTHOro
XUTTA. Hapa3si cuctemum opieHTaLil 3a1MLLAI0TLCSA TEXHOJIONIED 3 0OMeXXeHNM NOLUNPEHHSAM B
YKpaiHi 4epes3 BUCOKY BapTIiCTb Ta HELOCTATHIN PO3BUTOK iHppacTpyKTypwu.
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MpoTe, 3 ypaxyBaHHAM Cy4aCHUX TEHAEHLIN, Y NE€PCNeKTUBI MOXK/IMBE 3HAaYHE PO3LUMPEHHS
IXHbOr0 3aCTOCYBaHHS 3aBASKN 30eLUeB/IEHHI0 BUPOOHNLUTBA, PO3BUTKY HOBUX TEXHOJIONIN Ta
niaTpuMLi 3 60Ky Aep>KaBu i FPOMaACbLKMX OpraHi3auin. PO3BUTOK iHHOBaLiN y cdepi
OOMOMIDKHUX TEXHOJIOTI ANa NoAen i3 BagaMm 30py Ma€ CcTpaTeridyHe 3Ha4YeHHs ans
hopMyBaHHS iHKJIIO3MBHOIO CYCNiNbCTBA Ta NiABULLEHHS AKOCTI XXUTTSA LUMX ntogen. 3MH. Apk.
nokym. Mignuc Oata Apk. 29 ITC.4KI.0426.03-N3 HA3SBA OOKYMEHTY HA3BA JOKYMEHTY 1.3.
TpaauuinHi MmeToam HaBirauii Ta 6ap'epu iX BUKOPUCTaHHA B MiCbKOMY cepeaoBsumili Ans
ajanTauil B HABKONINLIHBOMY CepefoBULLI N0AN 3 BafaMun 30py BUKOPUCTOBYIOTb He e
CEeHCOpPHI KaHann (cnyx, AOTUK, HIOX), @ N AONOMIXKHI iIHCTPYMEHTHU, Wwo 3abe3nevyoTb BinbLly
aBTOHOMHICTb, MOBINbHICTb | HE3anexXHicTb [5-10]. TpaanuinHuMm Ta edpeKTUBHUMM 3acobamu
opieHTauii € 6ini TpocTNHK, cobakn-NoBOANPI Ta 3BYKOBI CUrHann. KoxkeH i3 umnx 3acobiB Mae CBOI
ocobamBoCTI, a IXx KOMbBiHOBaHe 3aCTOCYyBaHHSA MiaBULLYYE e(heKTUBHICTb NepecyBaHHs [6]. bina
TPOCTUHA € NPOCTUM, ajie HaA3BUYaNHO e(PEKTUBHMM iIHCTPYMEHTOM ANa OpieHTauii ocib i3
BagaMu 30py (AMB. PUCYHOK 1.12). BUrOTOBAAETBLCA 3 IErKUX MaTepianiB (AepeBo, NAacTukK) i
3a3BMYail OCHALLYETHLCSA NYMOBMMW HaKNaAKaMU A5 3pYYHOCTI BUKOPUCTaHHSA. [ OBXWHa
PO3pPax0OBYETLCA Tak, Wob gocsraTu Big Tanii KOpUCcTyBava A0 NOBEPXHI 'pyHTY, 3abe3nevyoun
TaKTWIbHNI 3BOPOTHUN 3B'A30K Yepe3 NocTyKyBaHHA abo 3maxyBaHHA. Puc. 1.12. TpaauuinHnn
IHCTpYMeHT opieHTauii: 6ina TpocTuUHa TPOCTUHA A03BOJISE KOPUCTYBAYy: BUABIATY NMepeLlKkoam
Ha piBHi 3emni (cxoaun, bopalopn, HEPiBHOCTI); po3ni3HaBaTy Nepexoamn MixK NoOBEPXHAMN
(Hanpuknag, i3 TpoTyapy Ha gopory). 3MH. Apk. Ne nokym. MNignuc OaTta Apk. 30
ITC.4KI.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA LOKYMEHTY BukopucTaHHa 6in10i TpoCTUHM
BapIlOETLCA 3aJ1I€XKHO Bi YMOB cepefioBuLLa: NOCTIMHNN KOHTAKT - 3aCTOCOBYETbLCS Ha HEPIBHUX
noBepxHAX Ang 6e3nepepBHOro OTpUMaHHSA iHPOpPMaLlii NPo NepewwKoan; ABOTOYKOBUN AOTUK -
ONs piBHMX WAAXIB i3 piaKicHUMK nepelwkogamu. MNepesarn 6inoi TpoCcTUHK: JOCTYMNHICTb -
MpPoCTa KOHCTPYKLia 3abe3nedye HN3bKY BapTiCTb MPUCTPOIO; HafinHicTb - He noTpebye
cknagHoro obcnyrosyBaHHSA; ABTOHOMIS - 3abe3nevye opieHTaUilo 6e3 CTOPOHHBLOIT AonoMoru;
CurHan ans oTouytumx - 6ina TpocTMHa iHPOPMYE IHLWIMX NPO HAABHICTb Y KOPUCTYBa4a
NOpYyLLUEeHb 30pY, CNPUAOYN couianbHin NiaTpuMui. OBMeXXeHHS TPOCTUHU: BUSABASE NuLLe
Ha3eMHi NepeLwKoamn, He 3axuLLaE Bia 06'eKTIB Ha piBHI rON0BK (FiNKKW, 3HAKN, BUCTYNN);
eheKTUBHe BUKOPUCTaHHA noTpebye HaBYaHHA Ta NPaKTUKKM, 0cobAnBO AN ocib, AKi HepaBHO
BTPATWUN 3ip; OPiEHTALiSt BUKJIIOYHO 32 TaKTUJIbHUM 3BOPOTHUM 3B'A3KOM Y LUIYMHUX abo
AONHaMivyHUX cepenoBullax Mmoxe 6yt cknagHot. Onsg 6aratbox KOpMCTyBadiB 6ina TpocTuHa €
He NnLie IHCTPYMEHTOM OpieHTaLii, @ CUMBOJIOM He3aNneXHOoCTi Ta 6e3nekun. BoHa no3sonse
BilMyBaTV aBTOHOMIlO, MiATPUMYE BNEBHEHICTb Yy NepeCcyBaHHIi i CAYrye iHCTPYMEHTOM couiasibHOI
iHTerpauii, CMrHasi3yto4m OTOYEHHIO Mpo NoTpebun noanHmM 3 Bagamm 3opy. Cobakn-nosoaunpi -
Le cneuianbHO HaBYeHi TBAapUHU (AUB. PUCYHOK 1.13), AKi BUKOHYIOTb POJib CYNYTHUKIB i
HaBirauinHMX NOMIYHUKIB ON4 AoAen i3 mopylweHHammn 30py [15]. 3MH. Apk. Ne gokyM. Mignnc
HaTa Apk. 31 ITC.4KI.0426.03-M3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Puc. 1.13
TpaauLiNHUN IHCTPYMEHT opieHTaL,l: cobakn-noBoauUPI IX MYHKLIT BUXOOATh faneko 3a Mexi
NPOCTOI AOMOMOIM y NepecyBaHHi: pearyioTb Ha KOMaHAM Ta YHMKaOTb NepeLwKkon; npunmMaoTb
ABTOHOMHI pilleHHA ons 3abe3neyvyeHHs 6e3nekn BAACHUKA; BUKOHYIOTb POJb EMOLINHOI
MigTPUMKM, NigBULLLYIOYX BMNEBHEHICTb Ta aBTOHOMHICTb mtognHn. LLLo6 ctaT NOBHOUIHHMM
NOMiI4YHMKOM, cobaka NPOXOANTb IHTEHCMBHY MiAFOTOBKY MPOTArOM KiflbKOX MicsiLiB. OCHOBHI
efleMeHTUN HaBYaHHSA BKAoYaloTb [15]: CNyxHSAHICTL - TBapWMHa pearye Ha KoMaHau, Taki K

n UnTtmnpoBaHunsa: 0% id: 21
«NiBOPYY»,

n UnTtmnpoBaHunsa: 0% id: 22
«rpaBopyy»,

n LnTnpoaHus: 0% id: 23
«Bhnepen»

; YHUKHEHHA nepelwwkof - cobaka BYMTbLCSA 6e3ne4yHo BeCTU NIOANHY HaBiTb Y CKAagHUX YMOBaX;
Po3yMHa Henokopa - HaBWK BigMOBU BiA BUKOHAHHA KOMaHAW, SKLLO L& MOXXe 3arpoXxyBaTu
6e3neui BnacHMKa (Hanpuknag, yTpuMaHHa Bif nepexony A0POru, Ae PYXa€ETbCA TPAHCMOPT).
Onsa epekTnBHOI B3aeEMoAii Mixk cobakoto Ta BlaCHUKOM HeobxiaHO BCTaHOBUTMK O0Bipy Ta
B33aEMOPO3YMIiHHSA, OCKiNbKUW YCMILLHICTb pO60TN 3aNeXXUThb Bif IXHiIX CTOCYHKIB. NepeBaru
BUKOPUCTaHHA cobak-nosoaunpis [15]: MobinbHICTb Ta aBTOHOMHICTb AOMOMaratoTb JILOAWHI
BMEBHEHO OPIEHTYBATUCA B MPOCTOPI, aKTUBHO YHUKAIO4YMN NepeLwKon; 3HNKYIOTb KOrHITUBHE
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HaBaHTa)XeHHS Ha BNlaCHMKa, 003BOJIAI0YM 30CEPEaMTUNCS Ha pyxax cobakun, a He Ha aHanisi
cepenoBuula; 3MH. Apk. nokyM. Mignunc Oata Apk. 32 ITC.4KI.0426.03-MN3 HA3BA JOKYMEHTY
HA3BA OOKYMEHTY 0co611MBO KOPUCHI B LWWBUAKMKX, WYMHUX abo BaraToniogHUX yMmoBax.
EMouinHa niaTpnMKa 3MeHLWYTh BigYyTTS i300140i1; CTBOPIOOThL BiayyTTa 6e3nekn Ta
CYNpPOBOOXKYIOTb BJIaCHUKA He nuLle i3nyHo, a 1 MopanbHO. ObMeXXeHHS Ta BUKJIMKN: BapTicTb
Ta AOCTYMHICTb HaBYaHHA cobaku-nosoanps KowTye Big $20,000 oo $60,000 (paHi CLUA);
BUTPaTW 3a3BMYal MOKPUBAKOTb HEKOMEPLINHI opraHi3auii abo gep>xaBHi Nporpamm, Lo CTBOPIOE
obMe)XeHy AOCTYMHICTb. HaB4YaHHSA BAacHMKa N0ANHA 3 NOPYLUEHHSAM 30pYy NOBUHHA NPONTU
niaroToBKy A8 NpaBUJIbHOI B3aEMO/Ii 3 cobaKolo; Le BUMarae 4yacy, TEpPMiHHSA Ta NPakTUKN.
PerynapHuin pornan cobaka notpebye roayBaHHs, isv4HUX BNpas, fornaay Ta MeanyHoro
KOHTPOJ1I0. OBMe)XeHHS Y rpOMaACbKMX MiCLAX HE3Ba)XKatloyM Ha 3aKoHO4aBYi rapaHTii, cobaku
MOXXYTb CTUKaATMCA 3 BiAMOBOI Yy AOCTYMi A0 neBHUX 06’'ekTiB abo Heba>kaHO yBaroto.
TpuBanicTb cnyxbu cobakn-nosoampi npauotoTb 611M3bK0 8-10 poKiB, NICAA YOro BAACHUKY
OOBOANTBLCS LIYKATW HOBOro nomivyHuka. Cobakmn-noBoaunpi - Le He nue NpakTUYHi MOMIYHUKN,
a napTHepwu, aKi 3abe3nevyoTb MOBINBHICTb, aBTOHOMHICTb Ta €MOUINHY NiIATPUMKY NOAAM i3
BaZaMu 30py. He3Baxkao4uun Ha (piHAHCOBI, YaCoBi Ta opraHi3auinHi BUKJINKK, IXHA POSb Y XUTTI
KOPUCTYBa4YiB € HE3aMiHHOIO, OCKiJIbKM BOHU CMPUSAIOTb MigBULLEHHIO BNEBHEHOCTI Ta
He3aJ1eXXHOCTi. [0/710COBI Ta C/IYXOBi CUrTHaNN € BaXKNMBUMM 3acobamMu opieHTauil onsa nogen i3
BaZlaMu 30pY, LLLO CPUSAITb NiABNLLEHHIO MOBINLHOCTI, aBTOHOMHOCTI Ta 6e3nekn y
NOBCAKAEHHOMY XWUTTi. Ha BiaMiHY Bif iHCTpyMeHTIB, aki noTpebyoTb ocobucToro npuadaHHS 4n
HaBYaHHSA, Taknx aK 6ini TpocTuHM abo cobakum-noBoANPI, Ui CUrHaAM 3a3BUYal BE3KOLWTOBHI Ta
LUMPOKO AOCTYMHi y rpoMaacbkmx mMicusax (ame. pucyHok 1.14) [16]. 3mH. Apk. e gokym. Mignunc
HaTta Apk. 33 ITC.4KI1.0426.03-MNM3 HA3SBA JOKYMEHTY HA3BA JOKYMEHTY Puc. 1.14. NonoMixHi
IHCTPYMEHTW Opi€EHTaLl: F0J10COBI Ta C/yX0Bi MigKa3ku [0/10COBI Ta CNYXOBi CUCTEMU HadalThb
iHpopMaLilo Npo HaBKOJIMLLHE cepefoBuLLe Yepes 3BYKM abo rosocoBi NoBiAOMAEHHSA. BoHuN
[onomaralTb JII0AAM i3 BagaMuy 30py BU3HAYaTU HANPSMOK PyXy, OPiEHTYBATUCA Y NPOCTOpPI Ta
agjanTyBaTUCS 40 3MiHHUX yMOB [16]. OCHOBHI chepun 3aCTOCyBaHHSA CIYXOBUX CUFHaslIB:
niLWoxiaHi Nnepexonun; rpoMaACbKUA TPAHCMNOPT; NepexpecTs Ta iHWi Micus 3 IHTEHCUBHUM PYXOM.
OOHuM i3 HanmbinbLWw NOLWKMPEHUX 3aCTOCYBaHb € IHTErpaLis 3BYKOBUX CUFHaNiB Ha NiLLOXigHWUX
nepexofax. BoHn noBifoMnaoTb, KON MOXXHa 6e3ne4vyHo nepenTn gopory, abo nonepen)kaTb
Mpo 3MiHy curHany ceiTnogopa. MpuHunnu pobotun curHanie [16]: Tunu 3ByKiB: perioHanbHi
BiAMIHHOCTI y curHanax (CTPeKOTiHHSA, KOPOTKi MenoAil, r0/1I0COBi BKa3iBKU:

ﬂ LnTtupoBaHus: 0% id: 24
«[epexin A03BONEHO>,
n LUnTtnpoBaHunsa: 0% id: 25

«YepBoHe CBiTN0»

). Hac i TpuBanicTb CUrHany: aganToBaHi 40 WUMPUHN Nepexody; YAM LUMPLUIWA nepexia, TUM
DOBLUMIA CUrHan. IHhOPMATUBHICTb: AOMOMaralTb OLIHUTN MaclwTab nepexpecTs, iIHTEHCUBHICTb
PyXy Ta OpPIiEHTYBaTUCA B NpoCTopi. 3MH. ApK. e gokym. Mignuc Oata Apk. 34 ITC.4KI.0426.03-
N3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY be3 3ByKOBMX CUrHaNiB Nepexig MoXe CcTaTu
Hebe3ne4yHVM On5 nnen i3 BagamMu 30py, L0 NigBULLYE PU3UK Ae30pieHTauii abo 3aTpuMKn.
ObMe)XeHHSs: y MicUsX i3 HEBENIMKMM TPaHCNOPTHMM NMOTOKOM abo 6e3 ceiTnodopiB curHanise
3a3BMYal HeMaE; y nigs3emMHux abo HaseMHMxX nepexonax 6e3 3ByKOBOro CynpoBOAYy OpieHTaLis
YCKNaaHETbCA. CyXxoBi NigKa3ky y rpoMagCbKOMy TPaHCNOPTi Ta rpPOMaACbKMX NPUMILLLEHHSAX.
CyYacHi TpaHCNOPTHI CUCTEeMN aKTUBHO BUKOPUCTOBYOTb FOJIOCOBI MOBIJOMMEHHS A5
naca>kupis i3 Bagamum 3o0py [16]. ®yHKLUiT: OpieHTaLis B MPOCTOPi: Oro/I0WEHHS NPo NOTOYHY Ta
HaCTYMHY 3YNWHKW; iHPOPMaLis NMpo BiAKPUTTSA Ta 3aKPUTTSA ABEPEN; NonepearKeHHS rnpo
KiHUeBY 3ynunHKy. be3neka: 3abe3neyeHHa [OTPUMaHHSA NpaBua y METPO Ta Ha3eMHOMY
TpaHcnopTi; 3anobiraHHsa Hebe3nevyHUM cuTyauiaMm. MNepeBarn cuctem: HesanexHicThb:
KOPUCTYBa4di MOXYTb CaMOCTINHO OpieEHTYBaTKCs 6€3 CTOPOHHLOI gonomMmorun; AganTauisa go
LWYMY: CAFTHaIM HaNalWToOBaHi TakK, Wob ByTn YyTHUMKM Yy LYMHOMY CEPEenOBULL;
YHiBepCaibHICTb: BMPOBaA XY TbCHA Y HA3€MHOMY Ta Nig3eMHOMY TPaHCMOpPTI, Xo4a y
MapLUPYTKax MpakTUKa MeHW nowunpeHa. CnyxoBi CACTEMU Y FPOMAACLKMUX NPUMILLLEHHAX: 3MH.
Apk. Ne gokyM. Mignnc OaTta Apk. 35 ITC.4KI1.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY marasuHu, nikapHi, TOproBefbHi LeHTpU, BOK3aan, aepornopTu; CUCTEMU FYHHOro
3B'S13KY MOBIiAOMAAIOTL NPO HANPSAMOK, MPpUbyTTA Ta BiANpaBAeHHA TPAHCNOPTY; KHOMKMW
E€KCTPEHOro BUKANKY, obnagHaHi wpudTom bpanns, 4o3BOMAIOTb OTPUMaTX AONOMOry
nepcoHany. 3Ha4YeHHs ANna nogen i3 sagamm 30py: 36iNbLIEeHHS aBTOHOMHOCTI: BNEeBHEHILWe
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rnepecyBaHHS Yy HE3HAaNOMOMY CepefoBULLi, 3MeHLEHHS cTpecy. MiaBuleHHS piBHA Be3neku:
wBMAKe pearyBaHHA Ha Hebe3neyHi cuTyauil 3aBAsSKM aydionigka3kaM Ta KHOMKaM BUKJTUKY.
CouianbHa iHTerpauia: CTBOpeHHs AOCTYMNHOro Ta KOM(OPTHOro CepefoBuLLa ANs1 B3AEMOAIi 3
HaBKOJIMLWIHIM cBiTOM. CnyxO0Bi MigKa3sKu BiAirpatoTb BaXk/IMBY posib y 3abe3neyvyeHHi opieHTau,il
nogen is Bagamm 30py B MiCbKOMY cepefoBuLli. NMpoTe ix epeKTUBHICTL 0bMe)KeHa NeBHMMU
hakTOpaMuy, WO MOXKYTb CTBOPIOBATK A0OaTKOBI TpyaHoui [16]. 1. ObMe)xeHa AOCTYMNHICTb y
nesknx micuax Y baratbox sloKauifx, TakKNxX 9K HEBENUKI MicTa, nepudepinHi panoHn abo okpemi
30HM BENIMKUX MICT, CJIYXOBIi NiAKa3KM BiACYTHI. Lle 0co611MBO KPUTUYHO Y MiCLIAX i3 BUCOKUM
piBHEM LWWIYMY, HaNpuUKaaa: TPAHCMNOPTHI PO3B’'A3KKN; BaraToNtogHI PUHKW; rPOMaAcChbKi naoLli. B
Takux ymMOBax JiloAMHa 3 BafaMun 30py MOXKE JIerko Oe30pPiEHTyBaTUCA Ta Big4yBaTu NiABULLEHNNA
piBeHb cTpecy. 2. NoTpeba B foAaTKOBIN NigTpUMLi. BioCyTHICTb CMrHaniB yCKNagHIOE
CaMOCTiHe NnepecyBaHHSA, TOMYy Ba)k/JiMBa NiaTpuMKa 3 6oKy oTouyo4nx. Hanpuknag, iHwi aogn,
MOMITMBLWM NtoANHY 3 6ifol0 TPOCTMHOK Y1 COBaKo-NOBOONPEM, MOXKYTb 3anpornoHyBaTH
nonomory y opieHTauii abo cynposoai Ao noTpibHoro micus. 3. MobiNbHICTb | CAaMOCTINHICTb.
BaraTo ntogen i3 BagaMmu 30py NparHyTb 3aaUWATUCA MOBINIBHUMK Ta HE3aNI€XXHUMU, HaBITb
AKLLO PiHAaHCOBI MOXXNMBOCTIi obMexeHi. Mocnyrn poctaBkn abo cynpoBoay He 3aBXAW AOCTYMHi
yepes BUCOKY BapTicTb. CaMOCTiliHe NepecyBaHHS AOMNOMara€ NigTpuMyBaTy BNEBHEHICTb Y
BNIACHUX CUNAX Ta aKTUBHUIA CNOCi6 XXUTTA. 3MH. Apk. e pokym. MNignuc OaTa Apk. 36
ITC.4KI.0426.03-M3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY 4. lNcuxonoridyHni acnekT. BTpaTa
30py € cepo3HuUM BMNpobyBaHHAM, NpoTe baraTo noaen ycnilHoO afanTyoTbCa A0 HOBUX YMOB.
Ba>xknumeo, wob cycninbCTBO CpUAIO0 iHTEerpauii Takmx fnaen Ta CTBOPOBaSIo KOMMOPTHI yMOBU
rnepecyBaHHS, Wo gornoMarae€ 36epiratv No3NTUBHUIN HACTPIN Ta YHUKATN OENPECUBHUNX CTaHIB.
BiocyTHiCTb cTaHAapTM3auii Ta obcnyrosyBaHHA LLle oaHielo npobnemoto € BiACYTHICTb EANHUX
CTaHOapTiB OS89 3BYKOBUX CUTHasIB, WO 3HUXYE IXHI0 eDEKTUBHICTb Ta CTBOPIOE NyTaHUHY [16].
1. HecTayva y3roa>eHocCTi. Y pi3HUX MiCUAX 0QHAKOBI CUTHAIN MOXKYTb MaTW pi3HE 3Ha4YeHHS.
Hanpuknapg, 3ByK, SKNU y 04HOMY MiCLi NO3Hava€e nepexig ons niloxoais, B iHLWOMY MOXXe
CUrHanizyBaTu Npo iHWYy Aito. Taka HENOC/IAOBHICTb AE30PIEHTYE KOPUCTYBaYiB, 0CobnBO TUX,
XTO 3BMK 00 NMEBHUX 3BYKOBMX acouiauin. 2. HegocTaTHE BpaxyBaHHS NoTpeb KopncTyBadis.
BaraTo cnctem CTBOpPIOKOTL 0CObU, AKi CaMi He CTMKalTbCA 3 Nnpobnemamm 30py. Lle moxe
NPU3BOANTU [0 HEBIANOBIAHOCTI CUrHaNIB peasibHUM NoTpebaM KOPUCTYBaYdiB, 3HMXKYOYN
e(heKTUBHICTb opieHTaUii. 3. HeobxigHiCTb perynsipHoro o6cnyrosyBaHHsA. 3BYKOBi cucTeMun
noTpebyloTb TEXHIYHOrO gornsaay. HecnpaBHi abo HekanibpoBaHi CUrHaANM MOXKYTb He uLle
0Ee30piEHTyBaTN KOpUCTyBa4a, a 1 CTBOPIOBATU NOTEHUiNHO Hebe3neYHi cuTyauii (Hanpuknag, Ha
niwoxigHnx nepexopnax). BiacyTHICTb HaAIMHOCTI Ta CTaHA4apTU3aUil CIYXOBUX MiAKA30K MOXXe
npu3BecTn A0 TOro, Lo JAN 3 BaAaMun 30py NepecTaHyTb NOKAaAaTUCA Ha Ui cuctemu, Wwo
0BMeXXUNTb iXHI0 MOBINLHICTE Ta y4acTb Y CyCMiIbHOMY XWUTTi. AN NigBULEHHA eDEKTUBHOCTI
cucTeM HeobxigHo: po3pobuTn eAVHI CTaHOapPTW OS19 3BYKOBUX CUIHasliB; BpaxoByBaTu notpebun
KOPUCTYBaYiB Nif YaC CTBOPEHHSA CUrHaniB; 3abe3neynTun perynspHe TexHiYHe 06CcyrosyBaHHS
cucTteM. 3MH. Apk. \o gokyMm. MNignuc OaTta Apk. 37 ITC.4KI1.0426.03-MN3 HA3BA JOKYMEHTY
HA3BA JOKYMEHTY 1.4. IHHOBaLiNHi aCUCTUBHI TEXHOJOTIi: Big MOBiNbHUX O0OATKIB 40 -
MPUCTPOIB Ta KOMN'IOTepHOro 30py CbOroAHi TeXHOOrIT BiAirpatoTb BaXX/INBY POJib Y Pi3HUX
chepax XUTTS, 30KpeMa y NMoKpalleHHi yMOB An5 A04en i3 BagaMmun 30py. ICTOPUYHO OCHOBHUMU
3acobamu opieHTauii bynn TpaauuinHi iHCTpyMeHTHN, Taki K 6ini TpocTnHM Ta cobakn-noBoaMpi.
BoHW 3annwaoThCs akTyalbHUMM | CbOroAHi, ane ix pyHKLUioHaNnbHIi MOXXNMBOCTI obMeXKeHi, a
BMPOBaAXKEHHS Cy4aCHUX TEXHONOrIN 3HA4YHO PO3LUMNPIOE CAEKTP AOCTYMHMX pilleHb Ta NiABULLYE
aBTOHOMHICTb KOpUCTYyBayiB [6, 15-16]. TpaauuinHi 3acobu bini TpocTuHM Ta cobaku-nosoamnpi
JgoroMaratTb YHMKATU Qi3YHUX MepewKod i OpiEHTYBAaTUCA B NPOCTopi. MpoTe ixHin
yHKUIOHaN € 6a30BMM i He 3aBXXAW LO3BOJISE LWWBNAKO OTPMMYBaTWU AeTasbHY iHpopMaLito npo
HaBKOJIMLLHE cepepnoBuLle. Lle obmexye MOBiNbHICTL | piBeHb HE3aNEXXHOCTI JIIOANHN B
cy4acHomy ypbaHizoBaHoMy cepegoBuLli. CyHacHi TexHonorii BnpoBag)XeHHA TeXHONOorin
KapAWHaIbHO 3MIHWI0 CUTYaLito, NMPONOHYIOYN HOBI IHCTPYMEHTH, AKi MONerwyoTb OpieHTaLUIito
Ta nepecyBaHHs fogen i3 Bagamum 3opy. Cepen Hanbinbw nowmpeHux piweHsb [17]: 3BykoBun
3BOPOTHMI 3B'30K Ayaioniakasku 3abe3nevyoTb onepaTUBHY iHhopMaLlito MPO OTOYEHHSA B
peanbHOMY Yaci. [103B0ONSAIOTb BU3HAYaTU MicLLe3Haxoo)XeHHA npeaMeTiB abo nonepenxatoTb
Mpo NepeLwwKoan Ha MapLpyTi. JaT4ynkn Ta NPUCTPOI NPOCTOPOBOro OPiEHTYBaHHA BuasnatoTb
i3nyHi Nnepewkoan Ta gonoMaratoTe 6e3rnevyHo nepecyBaTUCS Yy Pi3HUX yMoBaX. MOXyTb
iHTerpyBaTucs B TPOCTUHUN, oKynsapu abo MobinbHi gooaTkuy, WO NiaABULLYE ePEKTUBHICTb
opieHTauii. LUTy4YHU iHTENeKT i MallMHHE HaBYaHHA AHaNI3yl0Tb OTOYEHHS, PO3Mi3HaTb
06’'€EKTN, YNTAOTb TEKCTU Ta iAeHTUDIKYIOTb 061mn44s. 3MH. Apk. o gokyM. Mianunc daTta Apk. 38
ITC.4KI.0426.03-MNM3 HA3BA LOKYMEHTY HA3BA JOKYMEHTY Hanpuknag, oeski nogatku 3gaTHi
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HaMMcKu Ha OOPOXKHiIX 3Hakax abo nonepen>kaTn Npo cBiTA0dopY, WO CYTTEBO NiaBnye 6esneky
nepecyBaHHS. Puc. 1.15. TexHonorii y opieHTauii: MobinbHi nofatkm Cyy4acHi TEXHONOrIT 3HAYHO
NiaBULLYOTb MOBINIbHICTb, aBTOHOMHICTb Ta piBeHb KOMGOPTY A9 J0OAEN i3 BagaMu 30py.
3aBAAKN HUM BOHWN MOXKYTb aKTUBHIiWeE 6paTn y4acTb y CyCMisIbHOMY XWUTTIi, nerwe
OpPIEHTYBATUCSA B HE3HANOMMX MPOCTOPaX Ta OTPUMyBaTK OOCTYN A0 iHopMauil, AKa paHille
byna HepoCs)KHO. EnekTpoHHI 3acobun opieHTyBaHHA CyYacHi HaBirauinHi TexHonorii, 3okpemMa
(rnobanbHa cucteMa NO3nNLLIOHYBaHHS), CTaan BaXKJIMBUM iHCTPYMEHTOM A5 MOJIErLEeHHS
rnepecyBaHHSA Nl0aen i3 Bagamum 30py. BoHM 003BONAIOTL OPIEHTYBAaTUCS Ha MiCLLEBOCTI,
njaHyBaTX MapLUpyTV Ta NiABULLYIOTb piBeHb HE3aNeXXHOCTi. BogHo4ac, K i byab-gKa
TexHosoris, Ma€ CBOi NnepeBarn Ta obme)xeHHs, sKi cnig BpaxoyBaTu [18]. 3MH. Apk.
Ookym. NMignuc Oata Apk. 39 ITC.4KI.0426.03-M3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY Puc.
1.16. B3aemogais NnpuCTpoOiB 3i cMncTeMamun 05 Hagirauii y 3aKpuTmnx NpuMiLLLeHHSAX -cuctemMm
nMpauolTb Yepes B3aEMOLi0 MPUCTPOI0 3 CynyTHMKaMU. Hanpuknag, cMapTgoHn 3 -
MOAYJIEM, BUKOPUCTOBYOUYM O0OATKN, TaKi AK , 34aTHi HafaBaTyK MOKPOKOBI
IHCTPYKUIT ANa Hagirauii. a9 KopucTyBadiB i3 BagaMu 30py Ui iIHCTPYKUIi aganToBaHi y Burnagi
3BYKOBUX MifgKa30K, AKi MOBIAOMAIOTL: MapLPyT 40 NYHKTY NPU3HAYEeHHSA; Ha3BW BYINLb;
BiICTaHb 40 HAaCTYMNHOro NoBOpoTY; iHhopMaLito Npo 06’'eKTH, WO 3HaxoAATbCA Nobnunsy.

CneuianizoBaHi gogaTKn AN opieHTaUi Ha[a€ roJjIoCoBi NiAKa3Ky, LLLO
AonomaralTb JIIOAUHI CNigyBaTM MapLLUPYTOM. Ta MponoHyThb 6inbLu
heTanbHi 3BYKOBI IHCTPYKLUIi, cneuiasbHO aganToBaHi ans noTpeb noaen i3 nopyweHHAMN 30py
[19-20]. iHTerpyeTbcsa 3 i 32 4,OMNOMOrOl0 rON0COBUX MifKa30K

OMUNCYE HABKOJINLLHE cepenoBuLle (AMBUCE PUCYHOK 1.17) [19]: Ha3BM By nLb; Micusa Ta 06'ekTun
nobam3y; MapwpyTn 00 KOHKPETHUX To4oK. Puc. 1.17. CneuianizoBaHi 4ogaTKy 01 OpieHTaUl:
3MH. Apk. Ne pokyM. Mignuc JaTta Apk. 40 ITC.4KI.0426.03-MN3 HA3BA OOKYMEHTY
HA3BA JOKYMEHTY TakKoXX NiATpUMY€E poboTy 3 HaBYLLUHUKAMM Ta CMapT-
oKynsapamMu, AKi aHani3ylTb HAaBKOJINLWIHE CepefoBuLLE 3a AOMNOMOIrol0 KaMep i nepedatTb
KOPUCTYBaYy 3BYKOBY iH(popMaLilo Mpo nepeLxKoan. ( ) BAKOPUCTOBYE
TexHosorio 3D-ayaio, CTBOPKOKYM NPOCTOPOBI 3BYKOBI NigKa3kn. KopucTtyBay BigyyBa€e
HaMpsMoOK 3aBAAKN 3MiHEHUM 3BYKOBUM CUIHasaM, fKi BKasylTb, Kyau pyxaTucs. Lle nossonse
OPIEHTYBATUCS IHTYITUBHO, HE 0BMEXYIOUYNCh NNLLIE FOJIOCOBUMU KOMaHAaMK, a pearytym Ha
TpuBMMIipHe ayaio (anencb pucyHok 1.18) [20]. Pnc. 1.18. CneuianizoBaHi goaaTkn gas
opieHTaUl: ( ) NepeBarn BUKOPUCTaHHS ONna ngen i3 Bagamm 30py
Mo6inbHICTb | HE3aNEXHICTb - KOPUCTYBa4y MOXXe nepecyBaTucs 6e3 nocTinHoi gornomMmoru
CTOPOHHIX. IHTYITUBHa Opi€EHTaLiA - 3BYKOBi NiAKa3KM Ta NPOCTOPOBE aydio A03BONIAIOTL LWBUOKO
agjanTyBaTUCA OO HE3HANOMOro cepeaoBuLla. 3MH. Apk. \o gokyM. MNignuc daTta Apk. 41
ITC.4KI1.0426.03-NM3 HA3SBA JOKYMEHTY HA3BA OOKYMEHTY LOeTani3auis iHpopMaLii npo
MapLipyT - -A00aTKWN AOoMnoMaratloTb YHUKATU HEMNOTPIOHMX nepeLluKkon i MpornoHyTb
onTUManbHUN MaplpyT. ObMe)xeHHS TeXHONOoril TOYHICTb | AOCTYNHICTb CUTHaNy y
ryctoHacesneHumnx paloHax abo cepepn BUCoTHUx byaisesb curHan Moxke cnabwaTn, Wwo
3HMXKYE TOYHICTb BU3HAYEHHS MiCLEe3HaX0O)KeHHS;
-y BigfaneHnx MicLeBOCTSAX i3 MOraHMM MobiIbHUM NOKPUTTAM CMCTEMA MOXKE NpaLtoBaTu

HecTabinbHO. BigCyTHICTb peasnbHOro Yacy BUABJIEHHS NEpPELLIKOL He BU3Ha4Ya€ i3nYHi
6ap’epun, Taki 9K HEPIBHOCTI Ha A0OpPO3i 4YM pyxoMi 06’ekTn. ObmexeHa aganTauisa goaaTKiB 40
notpeb nopen i3 BagaMmum 30py - CTaHAAPTHI 0AaTKKU, HanNnpuknag , OpPiEHTOBAHI Ha

Bi3yaJZibHe BMKOPUCTaHHS i He BPaxoBYOTb cneuundiyHi notpebu uiei aygntopii. Ans
MaKCUMaNbHOT ePeKTUBHOCTI NOAN 3 BafaMu 30pYy 3a3BMYall NOEAHYIOTh: TPaAULLiNHI
iHCTpyMeHTU (6ini TpocTnHK, cobakm-noBoaupi); cneuianizoBaHi 4oAaTKM AN HaBirauii;
(POPMYBaHHS KOFHITUBHOI KapTX MapLIPYyTy Ha OCHOBI BJIACHOIrO A4OCBiAy nepecyBaHHSA [6-13, 17-
20]. Take KOMMNJIEKCHEe MOEOQHAHHA TEXHOJIONiN Ta iIHCTPYMeHTIB 3abe3nevye Hankpally
ajanTauilo 0o cepenosuula, NiaABULLLYYE aBTOHOMHICTb Ta 6e3neky KopucTtyBadis. Hocumi

MPUCTpPOI Ta faT4nKM. Cy4acHi CMapTgOHN Ta NMaaHWeTN 3a3BMYal OCHALLEHI -Mooynsamu,
L0 003BOJIAKOTb OPIEHTYBATMUCA Ha MiCLEBOCTI 3a JOMOMOIOK CYyNyTHUKOBUX CUIrHaniB. [aHi
4YaCTO IHTErpywTbCs 3 KapTorpagiyHMMM cepBicamMmmn, Hanpuknag — BiAKpPUTOIO

nnaTdopMOIo, Ha OCHOBI K0T CTBOPIOETLCA BaraTo KapT i HaBirauimHMX cucteM. 3MH. ApK.
Aokym. Mignuc OJata Apk. 42 ITC.4KI.0426.03-1N3 HA3SBA OOKYMEHTY HA3BA OOKYMEHTY lpoTe
MOXJINBOCTI obMeXxeHi: BiH MoXKe npokKfiagaTn MapLUpyTy Ta NOBIAOMAATU, KON | KyAn
noTpibHO NoBepTaTKn, ajie He 3a4aTeH NonepeanTn NPo isnYHI NepewWwKoan Ha WASXyY, Taki aK
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bopatopun, cxoam abo HU3bKO po3TalloBaHi rinku. Ans nogen 3i cnabkmm 3opom abo cninux
He[OoCTaTHLO 3HaTKW NnLe HanNpPsMOoK pyxy. Baxxnmeso oTpumysaTu iHopmMaLito Npo 06’'ekTu,
AKUX CNig yHUKaTK, wob 3anobirtm TpaBmMaMm. Y Taknx BUNaAKax CTaHAaApPTHUNA He
3abe3nevye NoBHOI 6e3neKkn, TOMy KOPUCTYyBa4i 4aCcTo KOMBiHYHOTb NOro 3 TpaguLuinHnMmn
iIHCTpyMeHTaMu, Hanpuknag, 6inuMu TpoCcTUHaAMU, SKi MeXaHi4YHO BUSABASAIOTbL MepeLLKonmn, Xxo4a 1
He € TeXHOJoriYHUMKU npucTposamMn. Puc. 1.19. NMpoToTunmM HOCUMUX NPUCTPOIB ANS Noaen 3
BagaMu 3opy Cy4acHi TeXHONOrii cnpusaan NosBi crneuialbHUX HOCMMUX MPUCTPOIB, LLLO
[OMOBHIOKTb MOXJINBOCTI i 3HAYHO PO3LMPIOTL PYHKLIOHAN TPaAULINHUX IHCTPYMEHTIB
[21-22]: Po3yMHi rooguHHUKK Ta 6pacneTn. Lli npucTpoi ocHalleHi AaTynKaMu, sKi CKaHYyTb
NMpoCTip HAaBKOJIO KOpUCTYyBa4va. BoHn nonepea>katoTb NPO NepeLIKOAN 3a AOMOMOrol 3BYKOBUX
curHanie abo TakTUIbHMX BiBpaLUin, WO A03BONSE ONepaTUBHO pearyBaTu Ha Hebe3neyHi
06’'ekTn. laT4nNKM HaBKOMLIHLOIO cepeaoBuLla. Cy4acHi MpUCTPOi 3aCTOCOBYIOTb TEXHONOTI
yfbTpa3ByKYy, iHHPpPavYepBOHOro BUNpoMiHioBaHHA abo BbynoBaHi Kamepu A5 TOYHOIro
BM3HaYeHHSA po3TallyBaHHA nepewkon. IHTerpauisa 3 . HocmMi npucTtpoi noeaHytoTh
CYNYTHUKOBI AaHi 3 iHpopMaLi€to Bif, CeHCopiB, CTBOPIOOYM BiNbLl MOBHY KapTUHY
HaBKOJINLLHBLOIO cepenoBuLla. 3MH. ApK. nokyM. Mignnc OaTta Apk. 43 ITC.4KI.0426.03-M3
HA3BA JOKYMEHTY HA3BA OOKYMEHTY Taki npucTpoi A03BOAAIOThL JILOASM i3 BadaMun 30pyY:
OTpMMYyBaTK AeTaNbHilWy iHpOpMaLilo NPO HAaBKOULLHE cepenoBuLLe; NiaBuLLyBaTn 6e3neky nig
Yyac nepecyBaHHS; NodyyBaTMCA BiNblU HE3a1eXXHUMN HaBiTb Y CKJIaAHUX YMOBaX, Hanpuknag y
LIYMHOMY MiCbKOMY cepefoBULLi. [lesaKi HOCMMi MPUCTPOi afanTyloTbCA A0 iIHAMBIAYaIbHUX
noTpeb KopucTyBaya, HaNpUKNag, BiATBOPOOYN CMPOLLEHY

u LUnTtnpoBanunsa: 0% id: 27
«Bi3yaJIbHy»

KapTWUHY Yepes ayaiocurHanm abo iHwi 3py4Hi cnocobu, wo ocobnmBo KOPUCHO ONas nogen, aKi
MalTb TPYLAHOLLI 3 BUKOPUCTAHHAM C/yxy abo AOTUKY B yMOBaX MiCbKOro Lymy. Puc. 1.20.
Po3pobneHunin MpoToTUN HOCUMOro NPUCTPOID: PO3YMHA TPOCTUHA OaTymkm HabnmxeHHs Ta
YNIbTPa3BYKOBiI MPUCTPOI € CYYAaCHUMW iIHCTPYMEHTaMM, L0 3HAYHO NiABULLYIOTb piBEHb
MOBiNbHOCTI Ta 6e3nekun. BoHM npauloloTb 3a MPUHLUMOM BUNPOMIHIOBAHHS 3BYKOBUX XBWUJIb, AKi
BinbmBaroThCA Big 06'ekTiB. MpUCTpinn 064MCNIOE BiACTaHb A0 NepewKon Ta IXHE po3TallyBaHHS
Ha OCHOBI BifBUTUX XBWb. HOCMMI NpUCTPOI 3a3BUYal MOPTaTUBHI N MOXYTb ByTn NpuKpinaeHi
00 Pi3HMX YacTKH Tina abo BUKOHYBaTU (PYHKLiIO OKPEMOro ragxeTa (AnB. pucyHkm 1.19-1.20)
[21-23]: 3an’sdAcTa (bpacneTn) — nepenatoTb iHpopMaLito Npo BiACTaHb A0 06’eKTIB Yepes
Bibpauii: Yum 6amxxye 06'eKT, TUM IHTEHCUBHILWI Ta YacTiwi curHann. 3MH. Apk. Ne gokym. Mignuc
HaTa Apk. 44 ITC.4KI1.0426.03-NM3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY XuneTtun 4n pemMeHi —
3abe3ne4yyoTb CKaHyBaHHSA NpocTopy 6e3 HeobXiAHOCTI TpMMaTK NPUCTPIN Y pyKax. Ak npuknaa,

— YyNbTpa3BYKOBUIM BpacneT, SK1iA LO3BOJISE BUSBAATU NepPELLKOAN Ha BiACTaHi
KiJIbKOX MeTpiB i nepenac€ iHpopmMauito Yyepes Bibpauii, wo 3abe3nedye eheKTUBHUN 3BOPOTHUN
3B'A30K (AMB. pUCYHOK 1.21) [23]. Puc. 1.21. NpoMnUCnoBMiA 3pa3oK CEpPiNnHOro BMpobHMLTBa:
bpacneT-HaBiraTop 3 iHTErpoBaHMM Yy/ibTPa3ByKOBUM cOHapoM PyHKLiOHaIbHI nepeBaru
yJIbTPa3BYKOBUX cuCTeM: EDeKTUBHICTb Yy CKNafHMX cepefoBuLLax: 3abesnevyeHHs geTekuii
nepewkon y guHaMivyHuUX ymoBax (MiCLs MacoBOro CKyn4eHHs atogen, iHTEHCUBHUN LOPOXKHIN
pyXx), Oe TpaauuinHi MeETOAN OPIEHTYBAHHA MOXYTb ByTu HegocTaTHIMN. PopMyBaHHS
MPOCTOPOBUX penpeseHTalin: CNPUAHHSA PO3BUTKY KOMHITUBHOIO KapTorpadyBaHHS
HaBKOJIMLLHLOIO CEPeAOBULLA, WO O03BOJISE KOPUCTYBady BMOy[OBYBaTU LiNiCHY MEHTa/IbHY
Moaenb npocTtopy. CBiTNOBa iHBapPiaHTHICTb: CTabiNbHICTb PYHKLIOHYBaHHSA HE3aNEeXHO Bif
PiBHA OCBITNEHOCTI, OCKiNIbKU (Pi3NYHI MPUHLMMN NOLWNPEHHA YbTPa3BYKOBUX XBUJIb HE
KOPEJOI0Th i3 Bi3yaslbHOK BUAMMICTIO. TEXHIYHI Ta eKcnyaTauinHi obMeXxeHHs:
EHeprosaneHicTb: HeOBXiAHICTb perynsapHoi pereHepaLii 3apsagy akymynatopa. Pantose
BUYEpPMNaHHS eHepropecypcy B KPUTUYHUX CUTYaLisiX CTBOPIOE PU3UK Ae30pieHTauil cyb'ekTa.
3MH. Apk. e gokyMm. Mignuc JaTta Apk. 45 ITC.4K1.0426.03-N3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY KorHiTvBHe HaBaHTa)KeHHS Ta adanTauinHui nepioa: notpeba y Tpusaaomy
HaBYaHHiI 0N KOPEKTHOI iHTeprnpeTaulii TakTUabHUX (BibpauinHnx) abo akyCTUYHNX CUTHaNIB, WO
reHepylTbCA NMPUCTPOEM. ONTUYHI CUCTEMU Ta TEXHOOriT KoMn'toTepHoro 3opy CMapT-oKynapu,
OCHalleHi BigeoceHcopaMu, NpeacTaBsioTb BUCOKOTEXHOJIOMNIYHUI cerMeHT peabiniTauinHnx
3aco6iB. DyHKLiOHYBaHHS Taknx cMcteMm 6a3yeTbCa Ha NOEAHAHHI BifeodikcaLii B peasibHOMY
Yaci Ta aNropuTMIB iIHTENEKTYaIbHOr0 aHasi3zy OTPUMaHUX faHUX. 3rigHO 3 AOCAIAXKEHHAMMN [25-
26], cepen Hanbinbll penpe3eHTaTUBHUX 3Pa3KiB BUOINAOTh: . Mnatdopma, Wo peanisye
KoHLUenuito
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u LnTnpoaHuns: 0% id: 28
«BigJasIEHOr0 aCUCTEHTa»,

[e KOpUCTyBay 4Yepes oKynsapu oTpmmye BepbasibHMN ONUC cepefoBULLLa Bif, ornepaTopa B peXXuMmi
peanbHOro 4acy (ause. puc. 1.22). . BUCOKOTEXHONMoriYHNM NPUCTpPIN, CNPSMOBaHNN Ha
ONTUMI3aLilo 3a/INWKOBUX 30p0BUX PyHKLiN. LLUnaxom ungpposoi 06pobkn 306parkeHHsa cucTeMa
NiABULLYE YiTKICTb | KOHTPACTHICTb 06'€KTIB, LLO CAPMSAE IX KpaLLoMy po3ni3HaBaHHO (AMB. puc.
1.23). Puc. 1.22. Okynsipu Puc. 1.22. Okynsapu 3MH. Apk. \o gokyM. MNignuc OaTa Apk.
46 ITC.4KI.0426.03-N3 HA3SBA JOKYMEHTY HA3BA OOKYMEHTY ®yHKUiOHaIbHI MOXXJIMBOCTI Ta
BepudikaLia cmcteM Ha 0OCHOBI KOMM'IOTepHOro 3opy CUCTeMU CMapT-OKYIAPIB Ta iIHTErpoBaHMX
BigeoceHcopiB 3abe3nevyoTb BUCOKUIN PiBEHb aBTOHOMHOCTI KOPUCTYBa4a 3aBAAKN HACTYMHUM
KNO4OBUM PYHKLiAM: O6'eKTHa ineHTUdiKauia: aBToMaTU4YHe po3ni3HaBaHHA Ta Knacudikauis
efleMeHTIiB HaBKOIMLLHBbOIro cepefosumLla. ONTuyHe po3nizHaBaHHSA CUMBONIB ( ): 34NTYBaHHSA
TEKCTOBOI iH(hopMaLii Ta Tl BoKasi3auia B peanbHOMY 4aci. HaBirauinHa nigTpumka: epekTueHe
nepecyBaHHS Y CKJaAHNX aKyCTUYHUX YMoBax abo 30Hi iHTEHCUMBHOIro Tpadiky, Ae 3BYKOBI
nigKaskm MoXXyTb ByTn nepekpuTi wWymom. ObMeXXeHHS Bife0CEHCOPHUX CUCTEM: EKOHOMIYHUI
b6ap’ep: BMCOKa BapTicTb 06s1afHaHHA 3HAa4YHO 0BMe)Ky€E NOro MacoBy AOCTYMHICTb. EHepreTnyHa
ABTOHOMHICTb: IHTEHCMBHI 064MCIOBasIbHI MpoLecy WBUAKO PO3pALAXKaTb akyMynaTop. ETuko-
NnpaBoBi acneKkTu: NOCTiNHa Biaeomikcauia akTyasnisye NUTaHHA KOHMIAEHLINHOCTI Ta 3axXuUcTy
NepCoHaNbHUX OAHUX, LLLO MOXKe BUKJIMKaTK couiasibHe 3aHENOKOEHHS abo lopuanNYHiI CKNaaHOLL.
BucHoBKM 40 po3ainy 3MH. Apk. OokyMm. NMignuc OJaTa Apk. 47 ITC.4KI1.0426.03-N3 HA3BA
OOKYMEHTY HA3BA OOKYMEHTY Y nepwwomMy po3A4ifi BAKOHAaHO KOMMJIEKCHUA aHani3 NpuHUMNIB
Opi€eHTaLIii Ha MiCcLUEeBOCTI ANnsa Naen 3 BagaMmm 30py 3 No3unLil BUKOPUCTaHHA CEHCOPHUX
KaHaniB, TpaauuinHMx 3acobiB Ta CydaCHUX TEXHOJONYHUX pilleHb. NoKa3aHo, Wo e)eKTUBHa
HaBirauis 3a BigCyTHOCTiI 30p0BOi iH(hopMaLii 6a3yeTbCA Ha iHTerpauii CyXoBUX, TaKTUIbHUX i
HIOXOBMX OaHUX, @ TaKOXX Ha BUKOPUCTAHHI TEXHIYHNX CUCTEM MiATPUMKIN OpiEHTaLLI.
BcTaHOBAEHO, LLLO C/IYXOBi CUITHAJIM € OCHOBHUM O)XepesioM NpoCTOpPoBOl iHhopMauil ans
He3pPAYNX KOPUCTYBAYIB i LUMPOKO 3aCTOCOBYOTbLCS B TEXHIYHUX CUCTEMaX OpieHTaUil y Burnagi
roJIOCOBUX MNigKa30K, aKyCTUYHUX MasikiB Ta 3D-aynio.
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Pa3omMm i3 Tum goBefeHo, Lo epeKTUBHICTb C/IYXOBMUX KaHaniB CYTTEBO 3HMXKYETbLCA B YMOBaX
BMUCOKOro piBHSA hOHOBOro LwyMy, Lo 06ymMoBntoe HeObXiAHICTb NOEQHAHHSA ayAioiHTepdenciB i3
TaKTUIbHMMM Ta BibpauUiHMMKN MexaHi3MaMy 3BOPOTHOIr0 3B'A3Ky. [poaHani3oBaHO poJib
TaKTUbHUX 3aCc0biB opieHTaLii, 30KkpeMa 6innx TPOCTUH, TAaKTUJIbHUX NMOBEPXOHb Ta LLIPUATY
Bpanns, aki 3abe3nevyoTb HAAINHWUA i3NYHNIA 3BOPOTHUIN 3B'A30K | BUCOKY CTabinNbHICTb
po60TK He3aNe)XXHO Bif 30BHIiLLHIX YMOB. BooHO4YaC BM3HA4Y€HO, WO TPaguLiNHi TaKTUbHI
3acobu MalTb 06MeXXeHNNn PYHKLIoOHaN LWOAO BUSBJIEHHSA MEpeLLKOo Ha PiBHi FON0BM Ta He
3abe3nevyoTb MNonepenXyBasJibHOI iHOPMaLlii Ha BiACTaHI, WO CTBOPKOE NepenyMoBu s ix
MOOepHi3aLii LWNSXoM iHTerpalil eneKTPOHHUX CeHcopiB. OKpeMy yBary NpuaieHo Cy4aCHUM
€NIeEKTPOHHUM i MPOrpaMHNUM CUCTEMaM OpPiEHTALLi, 30KpeMa NPUCTPOSM Ha Ha3i
yJIbTPa3BYKOBUX CEHCOPIB, -HaBirauii, Mo6iflbHNX 3aCTOCYHKIB i CUCTEM LUTYYHOIr O
iHTeneKkTy. BCTaHOBNEHO, L0 BUKOPUCTAHHS -Opi€EHTaUIl Ta aydioOHaBirawinHMX anropuTMiB
[03BOJISE (HDOPMYBATW MOKPOKOBI MapLUpyTW, iBeHTUDiKyBaTu 06’'€KTN HAaBKOJINLLIHLOIO
cepefoBuLLa Ta NiABULLYBATM aBTOHOMHICTb KOPUCTYBaYiB. Pa3oM i3 Tum -CUCTEMU MAlOTh
obMeXXeHH$s LWoA0 TOYHOCTI NO3ULLIOHYBaHHS, 0COBNMBO B LLLiINIbHIN MiCbKin 3abyaoBi Ta
3aKpUTUX NPUMILLLEHHSAX, LLLIO BUMAra€ 3aCTOCYBaHHA ribpuaHux HaBirauinHNX pilleHb.
Po3rngaHyTo npouec popMyBaHHS KOFHITUBHUX KapT MPOCTOPY AK pe3ynbTaT iHTerpauii
CEeHCOPHUX JaHUNX | TeEXHIYHUX NigKa30K.

lMoKasaHo, Lo HaBiTb 3a HAABHOCTI BUCOKOTEXHOJIOMYHUX HaBIirawimHNX CUCTEM KOPUCTYBaY
notpebye NOBTOPIOBAHOI0 CEHCOPHOro MiATBEPAXKEHHSA MapPLUPYTY A8 CTBOPEHHS CTIMKNX
MeHTaIbHUX Mogenen npoctopy. Lle ceig4mTb Npo Te, WO TexHiYHi 3acobn MaloTb AOMNOBHIOBATH,
a He 3aMiHBaTN NPUPOLHI MexaHi3Mun opieHTauii. 3MH. Apk. Ne gokyM. Mignnc JaTta Apk. 48
ITC.4KI.0426.03-MNM3 HA3BA JOKYMEHTY HA3BA LOKYMEHTY lNpoaHanizoBaHO CTaH
YyNpoOBaAXXEHHS CUCTEM LOMNOMOrM opieHTaUIl 4na noaen 3 sagamm 30py B YKpaiHi. BuasneHo, wo
iCHyto4i po3pobku nepebyBatloTb Ha eTani obMe)xeHOro BNpPoBaAXXEHHS Ta CTUKaKTbCA 3
npobaemamMu BifCYTHOCTI CTaHAapTM3aLii, BUCOKOI BApTOCTi anapaTHUX KOMMOHEHTIB i
HeOOCTaTHbOrO PiBHSA iHTerpauii 3 MiCbKO iHPaCTPYyKTypoto. BogHo4ac BCTaHOBNEHO, LLO
BUKOPMCTaHHA MOOY/IbHUX anapaTHO-NPOrpaMHUX PillleHb, BIiAKPpUTMX NaaTgopM i MoBinbHUX
TEeXHOJI0TiN € NepCNeKTUBHUM HAaNpPAMOM 019 3HUXKEHHSA BAapTOCTi Ta NigBULEHHS AOCTYMNHOCTI
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TakKUx cncTeM. Y pesynbTaTi MpoBeAeHOro aHanidy 3pobseH0 BUCHOBOK, LLO Hanbinbl ehekTUBHI
CUCTeMU OpieEHTaUIl o419 noaen 3 BagaMu 30py NMoBUHHI byayBaTuCS 3a NPUHLMMOM
6araToceHCOpHOi iHTerpauii, MOEQHYIOYN TPaONLUINHI TaKTUAbHI 3aC0bn 3 eNeKTPOHHMMN
CeHcopaMu, MOBINIbHMMK 3aCTOCYHKaMU Ta iHTeNeKTyalbHUMM anroputMamm o6pobkun gaHux.
PO3[I/1 2. BAMOI'M TA BUBIP OBJIAOHAHHSA 019 CMAPT-EPACJIETY HA BA3I [0 1-TEXHOJIOI I 13
TAKTUJIbHUM 3BOPOTHUM 3B'A3KOM OJ19 MPOCTOPOBOI HABIFALLIT 3MH. ApK. o JOKYM.
Mignnc OaTta Apk. 48 ITC.4KI.0426.03-M3 Po3pob. Camonnos O. O. KepiBHMK [oH4YeHKO B.HO.
PeueHs. Ko3y6 HO.I. H. KoHTp. 3aB. kag. CemeHos M.A. PO3[1J1 2. BUMOI' TA BUBIP
OBJIALIHAHHSA 019 CMAPT-BPACJIETY HA BA3I 10 1-TEXHOJIOT I 13 TAKTUIbHMM 3BOPOTHUM
3B'A3KOM [J19 MPOCTOPOBOI HABIFALIT NliT. Akpywis 25 JIHY Kadeapa ITC, p.4Kl . 2.1.
OCHOBHIi eneMeHTU cncTemMm opieHTauil B npocTopi anga cainnx CyyYyacHi aCUCTUBHI KOMMJIeKCH
MPOCTOPOBOI OPiEHTaLil € BUCOKOTEXHOJIOTNIYHUMW PilLEHHAMMU, O PO3p0obAATLCA 3 METO
MaKcuMi3auii MOBiNbHOCTI Ta aBTOHOMHOCTI 0Ci6 i3 rNMMBoKUMN NOPYyLLUEHHSAMMN 30POBOI PYHKLLI.
Kn040BOKO 03HAKO TakKUX CUCTEM € BUCOKMN piBEHb afanTUBHOCTI Ta MOAY/IbHOCTI
apXiTeKTypu. BiacyTHICTb CyBOPO (hikCOBaHOI anapaTHOI KOHQirypaLii yMOX/INBAIOE FHy4Ke
HanalwTyBaHHA KOMMJAEKCY Nif iHouBiAyasnbHi aHTPONMOMETPUYHI, COMaTUYHI Ta KOMHITUBHI
noTpebn KOHKPETHOIr0 KOPUCTYyBaya. 3aJ1Ie)XXHO Bif LiJIbOBOro NpuU3Ha4YeHHs, iHTerpoBaHa
CTPYKTYypa NpuUCTpoto Moxke 06'egHYBaTMN CEHCOPU PYXY, Y/IbTPa3BYKOBI Y1 iHPpavyepBOHi faBadi
Habnn>xeHHs, Mmoayni CynyTHUKOBOT HaBirauii ( ), BUCOKOMPOAYKTUBHI MIKPOKOHTpOEpH,
aBTOHOMHI A>Xepesa XXMBMEeHHS, a TakoXX 3acobu aydianbHOro Ta TakTuabHOro (BibpauinnHoro)
3BOPOTHOrO 3B’A3KY. YHiBepCasbHICTb KOHLUENLIi 403BONISAE 3aCTOCOBYBATH ii Ansa peabiniTauii
ocib6 He nuwe 3 gediunToM 30pYy, a 1 i3 CYyNyTHIMN COMaTOCEHCOPHUMMN NOPYLLUEHHAMM.
DyHKLiOHaN NpUCTpoto 3abe3neyye NpeBeHTMBHE AETEKTYBaHHA NepeLlkos, ynepeaXXeHHs npo
MOTEeHUiNHI 3arpo3n Ha MapLpPyYTi Ta ONTMMIi3aLito B3aEMoAii KopnucTtyBada 3 ypbaHizoBaHUM
cepeposuLeM. Bucoka maclutaboBaHiCTb CUCTEMM rapaHTYeE il NepMaHeHTHY MoJepHi3aLlito
BiAMOBIAHO [0 PO3BUTKY TEXHOJOrIN. 30KpeMa, 6a30BUI anapaTHUN CKag MOXXe
PO3LUMPIOBATUCA LUAAXOM iHTerpauii 4OAaTKOBMX CEHCOPHUX MaTpULb, aJIrOPUTMIB FrOJ1I0COBOI0
KepyBaHHS abo 6ioMeTpuyHUX MOAYNIB AN MOHITOPUHIY (Pi3NYHOrO CTaHy (AeTeKTOopiB YacToTKH
CepLUeBUX CKOPOYEHb, aKCeiepoOMEeTPUYHNX KPOKOMIpPIB TOLO). MOXAUBICTb anrpenay
BiAMOBIAHO 4O PO3BUTKY -TeXHOJIorin 3abe3nevye TpMBaJINUN XXUTTEBNIN LUK NPUCTPOLO Y
3MiHHOMY TE€XHOJI0MYHOMY cepenoBuLLi. [0JIOBHOK METOK MPOEKTYBAHHA € AndepeHLuinoBaHnin
niaxing, e npiopuTeT 3MIllYETbCS 3 YHiIPiIKOBAaHOro MacoBOro BUpobHMLUTBa Ha CTBOPEHHS
KaCTOMIi30BaHMX aCUCTUBHMX pilleHb. Hanpuknag, 419 ogHiel KaTeropii KOpUCTyBaydiB KPUTUYHO
Ba)KJZIMBOO € BNMXKHS SIOKaLis Ta AeTeKTyBaHHSA i3nvHNX Bap'epiB y peasibHOMY Yaci, ToAdi 9K
ONS iHWKX NpiopuTeTOM BUCTYNAE MaKpOHaBirayis i3 MOKPOKOBMM FOSI0OCOBUM CyNpOBOAOM.
CuHXpOHi3auia koMmnaekcy 3 MOb6iNbHUMM 3aCTOCYHKaMWN CYTTEBO PO3LLUMNPIOE NOro
YHiBepCa/ibHICTb. 3MH. Apk. o gokyM. Mianuc OaTta Apk. 50 ITC.4KI.0426.03-MN3 HA3BA
OOKYMEHTY HA3BA OOKYMEHTY OTxxe, po3pobstoBaHUA aCUCTUBHUIA KOMMJIEKC € He
CTauioHapHMM HabopoM enemMeHTIiB, @ ANHAMIYHOIO EKOCUCTEMOLO IHCTPYMEHTIB.
IHOMBIAYyani3oBaHWU NiAXi4 Ta afanTUBHICTb apXiTEKTYPWU 403BOAAIOTb pagnKaibHO NigBULWLNTHY
6e3neKy, iHK/3MBHICTb Ta AKICTb MOBCAKAEHHOIO XXUTTA HE3pAYMX. Y NOPIBHAHHI 3 KNaCU4YHOO
TaKTUJIbHOK 6ifI00 TPOCTMHOWK, MOXKJINBOCTI KOOI 0BMeXXeHi KOHTaKTHUM BUSIBJIEHHSIM Ha3eMHUX
rnepeLKkos, iHTenekTyasabHa CUCTEMa NPOCTOPOBOI HaBiraLii NPonoHye 6€3KOHTaKTHUN
NPeBeHTMBHUI aHani3 cepenosuLla, 3abesneyyoun BULLKIA piBeHb cBO6OAM Ta NCUXONOriYHOT
BMEBHEHOCTI Nig Yac okoMouii. CTpyKTypHa apxiTeKTypa KOMMJEKCHOI CUCTEMU MPOCTOPOBOI
Opi€EHTaLIT MiCTUTb HN3KY B3aEMOMOB'A3aHMX Ba30BMX KOMMOHEHTIB, WO BU3HA4YaloTh ii 3arajbHy
PYHKLIOHa/IbHICTb: JaT4ymnk BiacTaHi. Llern mogynb Npu3HavYeHUn Oas BU3HAYEHHSA ONCTaHLUIiT MiXK
KOPUCTYBayeM i HaBKONULWLHIMK 06'ekTamm abo nepewwkonamu. Anga poboTn MOXYTb
3aCTOCOBYBATMUCh Pi3Hi TEXHOMOrIT, 30KpeMa yNibTPa3BYKOBI, iHppa4YepBOHi Y Nna3epHi ceHcopu.
3aBAAKN BMCOKIN TOYHOCTi BMMIPIOBaHHSA OATHYMK 003BOJISE CBOEYACHO BUABNAATU Hebe3neyHi
00’eKTK Ta nonepen)XaThn KOPUCTyBada NPO MOXKMBE 3iTKHEHHSA. 3yMmep abo ayaiomoaynb.
3yMmep (anHamik) 3abe3nevye 3ByKOBUIN 3B'A30K MiX>K CUCTEMOIO Ta KOpUcTyBadeM. BiH BiaTBOploE
nonepen)KyBasibHi CUrHaAN, rON0COBi NOBiAOMAEHHS abo iIHCTPYKLIii WoA0 NOAANbLLOIO PYXY.
BuKopucTaHHS ayhiocnoBileHb Aa€E 3MOry onepaTuUBHO iHpopMyBaTK KOpPUCTYBaYa npo
Hebe3neky, 3MiHY MapLUPyTy Y1 iHLWWi Ba)KJUBi NOAIT B HABKOJIULLIHBOMY CepeoBULL.
Mikponpouecop abo MiKkpokoHTponep. Lleinl KOMMOHEHT € LEHTPasIbHUM €/IEMEHTOM CUCTEMMU,
KW BianoBigae 3a 06pobky iHpopMaLil Ta KepyBaHHS BCiMa il PyHKUigAMK. Mikponpouecop
aHani3ye AaHi, OTpUMaHi Bif AAaT4MKIiB, BU3HA4Ya€ HeObOXiQHY peaKLilo CUCTEMN Ta KOOPOMHYE
poboTy iHWMX MoayniB. Came BiH 3abe3neyye WBNAKE MPUAHATTS pilleHb i cTabinbHy poboTy
BCbOro NpUCTpoto. 3MH. Apk. Ne gokyM. Mignmnc OaTta Apk. 51 ITC.4KI.0426.03-N3 HA3BA
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OOKYMEHTY HA3BA OOKYMEHTY Bi6pomMoTop. BibpoMOTOp CTBOPIOE TaKTUJIbHI CUTHaNN y
Burnagi Bibpauin, ski gonomaraloTb KOPUCTYBady OTpUMyBaTK iHpopMaLito 6e3 BUKOPUCTaHHS
cnyxy. IHTeHcmBHICTbL abo YacToTa BibpaLii MoXe 3MiHIOBAaTUCS 3a5eXHO Bif piBHA Hebe3nekn 4um
TNy nosigoMneHHs. Takuin crnocibd cnoeilweHHs € 0CO6MBO KOPUCHUM Y LUYMHOMY CcepenoBULLI
abo ona nogen i3 nopyweHHaMn cnyxy. CeiTnoBi iHAuKaTopu. CeiTnoAiogHi iHAnkKaTopwu ( )
BUKOPUCTOBYIOTLCA AJ15 Bi3yasbHOro BifobparkeHHS CTaHy cMcTeMu. Pi3Hi KOTbOPU MOXKYTb
CUrHanizyBaTu Npo neBHi nogii abo pexxumm poboTn: Hanpuknag, YEPBOHUI KOJip Nnonepen>xae
npo Hebe3neky, 3eneHnin NiaTBepAXYE 6e3nevyHnn HanNnpPAMOK PyXy, a XKOBTUN BKa3lyeE Ha
HeobxigHiCcTb NniaBuLeHOiT yBaru. Lle pobuntb B3aemogito i3 cnctemotro 6inbLl 3po3yMinoto Ta
3py4yHoto. besgpoToBuin Moaysb 3B’43Ky. Mogyni abo \Wi-Fi 3abe3nevytoTb 6e3gpoToBy
nepefaydy AaHUX MK CUCTEMOIO Ta 30BHILIHIMU NPUCTPOSAMU, TAKUMKN K CMapPTQOHMN, NAaHLWeTn
4n KoMM'IoTepn. 3aBAsSKN LLbOMY KOPUCTYBay MOXKe 34iNCHIOBAaTU ANCTaHLUINHE HanalTyBaHHS
CUCTEMU, OHOBJIIOBATM NpOorpaMHe 3abe3neyeHHs, CUHXPOHI3yBaTU AaHi abo iHTerpyeaTu
MPUCTPIN 3 IHWWUMK UNDPOBUMIN Ta MeONYHUMU cepBicamun. 2.2. ObrpyHTyBaHHS BUbopy
obnagHaHHA ona cmapT-bpacneTy Ha 6a3i |0 T-TexXHONOoriN i3 TaKTUIbHUM 3BOPOTHUM 3B'A3KOM
2.2.1. MikpokKoHTposiep MiKpOKOHTpOJIep ABASE COH0I0 KOMMAKTHY iIHTErpasbHy MiKPOCXEMY, L0
MOEOHYE B OQHOMY KOpNyCi LieHTpasbHe ob4yuncaoBanbHe a4p0, NaM'aTb Ta MPOrpamMoBaHi
nepugepinHi 3acobu BBefeHHSs | BuBeaeHHSA. OCHOBHMM MNPU3Ha4YeHHAM MiIKPOKOHTPOIEPIB €
peasni3auif KOHKPeTHUX aNropmTMiB KepyBaHHS Ta 06pobkun AaHuX y cknagi BOyaoBaHMX CUCTEM.
Ha BigMiHYy Big npoLecopiB 3arasbHOro NpM3Ha4YeHHs, MiKkpOKOHTPONEPN ONTUMI30BaHI AN1S
poboTn B peanbHOMY Yaci Ta XapaKTEPU3YIOTbCA HN3bKMM €HEPrOCMOXKUBAHHAM, ManMun
rabapmtamm i BUCOKOIO EKOHOMIYHO eheKTUBHICTIO. 3MH. Apk. o gokyM. Mignnc OaTta Apk. 52
ITC.4KI1.0426.03-NM3 HA3SBA JOKYMEHTY HA3BA NJOKYMEHTY Bubip MikpokoHTponepa € O4HUM i3
KJII0YOBUX eTaniB nig Yyac po3pobsieHHss aBTOMAaTU30BaHOI CUCTEMM CynpoBoayY JloAeN y BUrnsai
PO3YyMHOI TPOCTUHW. [lna peani3auii nocTaBneHux yHKLin 6yno obpaHo MiKPOKOHTpPONEpHY
nnaty (prcyHOK 2.1), ka HaneXXnTb A0 HanbinbLW NOWMPEHNX | AOCTYMHMX pilleHb
Ha Cy4YaCHOMY pUHKY. [0 mepeBar ui€i naaTu caig BiAHECTU KOMMNAKTHI pO3Mipu, HasBHICTb
HeobXxigHUX iHTepdencis BBEAEHHA-BUBEAEHHS, @ TAaKOXX NPOCTUN i iHTYITUBHO 3p03yMinui
iHTepdenc nNporpamMmyBaHHS, LLLO 003BOJISE CYTTEBO CKOPOTUTMK 4ac po3pobKKM Ta HaNaroa>XeHHs
npucTpoto. Puc. 2.1. 30BHiWHIN BUrNa4 nnatu [19] TexHi4YHi XapakTepuUCTUKn
nnaTn HasedeHo B Tabnuui 2.1. Tabnunui 2.1. TexHiYHi XapaKTepPUCTUKKN NaaTu
MapameTp 3Ha4yeHHA MiKpOKOHTpoONep 328PF ApxiTekTypa , 8-6iTHa TakTOBa 4YacToTa
16 MI'y Pobo4a Hanpyra noriku 5 B BxigHa Hanpyra »XnBneHHs ( ) 7-12 B XXuBneHHsA yepes

5 B CnoxuBaHun cTpym oo 40 mA -nam’aTb 32 Kb (=2 Kb - ) 2 Kb

1 Kb KinbkicTb undposux |/O 14 KinbKicTb -BUX0naiB 6 KisibKiCTb aHA/OroBmux
BXoAiB 8 Po3pinbHa 3paTHicTb ALUM 10 6iT IHTepdenc 1 IHTepdenc 1 IHTepdenc 12
( ) 1 Taimepn 2 x 8-6iTHi, 1 ¥ 16-6iTHMN MakcnmanbHuUn cTpym ogHoro /O niHy 40 MA
MakcnManbHUn cyMmapHum ctpym /O 200 MA PexxnMn eHeprosbepexeHHs , - ,
- , ®i3nyHi po3mipm nnatn 45 x 18 mm Maca nnatu = 7 1 IHTepgenc

nporpamMyBaHHS , CepepnosuLe po3pobku MoBa nporpamyBaHHsA C/C++
( ) MNnaTa nobynoBaHa Ha 6a3i MiKpOKOHTpoOsIEpa 328
Ta 3abe3nevye OOCTaTHI anapaTHi pecypcn onsa nigkalyYeHHs nepndepinHnx KOMMNOHEHTIB
cuctemu. MiKkpokKoHTponep Ma€ 22 NiHii BBeAEHHA-BUBEAEHHS, 3 AKUX 6 MiATPUMYIOTb PeXUM
WNPOTHO-iMNyibCHOI Mmoaynsauii (LUIM), wo 0o3Bons€ peanizyBaTh KepyBaHHSA BUKOHaBYMMN
MPUCTPOAMU Ta iHTepdEeNC 3 Pi3BHOMAHITHUMKM AaTYMKAMU i KHOMKaMn KepyBaHHA. 3MH. ApK.
nokyM. Mignuc JaTta Apk. 53 ITC.4KI.0426.03-MN3 HA3BA OOKYMEHTY HA3BA JOKYMEHTY Kpim
TOro, nJjata ocHaleHa 8 aHa/IoroBMMN BXoA4aMun, AKi BUKOPUCTOBYIOTLCSA AJ18 ounpyBaHHS
aHaNOroBMX CUrHasiB, 30KpeMa AaHuX Bif iH(hpaYepBOHMX AANEKOMIPIB Ta iHLWIMX aHal0roBmX
ceHcopig [19]. 3MH. Apk. Ne gokyM. Miannc OaTa Apk. 54 ITC.4KI.0426.03-1NM3 HA3BA JOKYMEHTY
HA3BA OOKYMEHTY Puc. 2.2. Onuc nniatu CxeMy po3TallyBaHHS BUBOLIB NiaaTu
HaBeAeHOo Ha PUCYHKY 2.3. 3MH. Apk. o gokyM. MNignnc OaTta Apk. 55 ITC.4KI.0426.03-MNM3 HA3BA
OOKYMEHTY HA3BA JOKYMEHTY Puc. 2.3. Cxema po3TallyBaHHS BUBOAIB MaaTwn
[19] Onuc BmBoAiB Ta iHTepdencis nnaTu : - 3araJjibHi KOHTaKTW, WO
3abe3neyyoTb 3aMUKaHHS eNEKTPUYHOr0 KoJla Ta € CriJIbHUM JIOFiYHMM OMNOPHUM piBHEM A5
BCiX KOMMOHEHTIB cxeMu. 5V i 3V3 - KOHTaKTN gNsa cTabini3oBaHOro XXMBJIEHHSA 30BHILLIHIX
npucTtpoiB Hanpyrot 5 B Ta 3,3 B sBignosigHo. DO (RX) i D1 (TX) - undpoBi KOHTaKTN oNs
nocsigoBHoro obmiHy gaHumm ( ), Ae npumnMae, a nepegae iHdhopMauito. -
KOHTaKT OJ11 anapaTHOro CKNAaHHSA MiKpOKOHTponepa. (AO-A7) - aHanorosi BXoAN ANs
MNiAKJIOYEeHHSA CEHCOPIB, NEPETBOPIOOTL aHaI0roBi CUrHanu y undposuii opmMmaT vyepes
BbynosaHunn ALUIM. D2-D13 - undposi Bxoan/smuxoam; D11-D13 BUKOPUCTOBYIOTHCA A5
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iHTepdency ( , , ), @ D10 - KOHTaKT (CS) ansa subopy nignernoro NnpucTpoto.
13 TakoXx nigknw4veHun oo BbygoBaHoOro ceitnogioaa. ( ) -

CUHXPOHHU NPOTOKO ANA 0O6MiHY AaHUMUK MiXK FOJIOBHUM ( ) Ta nignernnumm
MPUCTPOSMMU. (D12) - nepenava gaHuxX Big Nignersaoro 4o rojlOBHOro NPUCTPOI0. 3MH. ApK.

Aokym. Nignuc Oata Apk. 56 ITC.4KI.0426.03-N3 HA3BA OJOKYMEHTY HA3BA JOKYMEHTY

(D11) - nepenada paHux Bi4 rosIOBHOrO A0 NiANErsI0ro NPUCTPOIO. (D13) - TakTOBUN

CUIrHan ons CUHXPOHI3auii obminy. (D10) - Bubip mignernoro NpuCcTpoo oNs KoOMyHikauii. 12
(A4 - , A5 - ) = ABOMHINHNN NPOTOKO ANS 3B’A3KY KiJIbKOX MPUCTPOIB Ha OAHIN LUWHI.
Ko>XeH NpucTpin Ma€ yHikanbHy agpecy, a JiHil: - TAKTOBWUW CUTHa, - nepenava gaHux.
XXUBNEHHA nnaTu: Yyepes -B (5 B, no 500 MA), 4yepe3 (30BHiWHE gXxepeso 7-12 B),
yepes KOHTaKT 5V ang ctabinizoBaHOro XXMBEHHS 30BHILLHIX MOAyniB. Mpn XXUBMEHHI Yepes
BMKOPUCTOBYETbLCA HinM 232RL gna obMiHy gaHUMM Mi>K KOMM'IOTEPOM Ta . Mpn
30BHILUHbOMY XWBMEHHI 3,3 B Big CTA€E HEAKTUBHMM, LLO MOXXE BUKJIMKATN MEPEXTIHHSA
ceiTnoaionis RX/TX npn BUCOKOMY PiBHiI curHany Ha D0/D1. i PO3’EMU XKUBNEHHS
3abe3ne4yyoTb 4OCTYN A0 MPOrpaMyBaHHS Ta 30BHILUIHbOMO XXUBJIEHHS 6e3 AeMOHTaXy naaTu.
KHonka 0O03BOJISE anapaTHO Nepe3anyCcTuTu . MpnHUMNOBa enekTpnYHa
CXeMa MJjaTu HaBedeHa Ha pUCyHky 2.4. 3MH. Apk. e gokym. Mignuc OaTta Apk. 57
ITC.4KI1.0426.03-1N3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Puc. 2.4. EnekTpu4Ha npuHUMNoBa
CXeMma nnaTtu [19] 3 TexHi4HOT TO4YKM 30pY, € HafinHWM Ta
[OCTYMNHNM MIKPOKOHTPOJIEPOM i3 MPOCTUM iHTepdencom, Lo NOBHICTIO BiANOBiAAE BMMOram A5
CTBOPEHHSA CUCTEMU OPIEHTYBAHHSA Yy MPOCTOpPI Nt04eN 3 BafaMm 30py Y BUrIa4i
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Noro o64ncnioBabHi pecypc, MOLNPEHICTb Ha PUHKY, LUMPOKa NiATPUMKA CAiNbHOTU Ta
CYMICHICTb i3 pi3HOMaHITHUMN MOAYNAMN PO3LWIMPEHHS 3abe3neyyoTb epeKTUBHY peani3auito
PYHKUIOHaNbHUX 3aBAaHb NPOEKTY. 2.2.2. YbTPa3ByKOBUA faTHYUK 3MH. ApK. Ne aokyM. TMignumc
HaTa Apk. 58 ITC.4KI.0426.03-MNM3 HA3SBA JOKYMEHTY HA3BA JOKYMEHTY OgHuM i3 HanbinbLu
PO3MNOBCIOAXKEHUX | HAAINHNX YNbTPA3BYKOBUX AANIEKOMIPIB, KM YaCTO 3aCTOCOBYETLCH B
cucTeMax cynposogy Jlogen 3 sagamu 3opy, € HC-SR04 (pncyHok 2.5). Llen
MOAYJ1b BUPI3HAETHCA BUCOKOIO MOMNYNAPHICTIO Ta LUMPOKOIO AOCTYMNHICTIO Ha PUHKY,
3abe3neYyyoym TOYHI BUMIpIOBaAHHSA BiACTaHI 3a [OMNOMOroK ybTPa3ByKOBMX XBUJb. Puc. 2.5.
-5R04 [12] OaT4mk -S5R04 yHKLIOHYE 3@ MPUHLWIMOM BUMPOMIHIOBAHHS
y/bTPa3BYKOBUX XBUJb | MOAANLLUOIO BUMIPIOBAHHA Yacy, 3a AKUM Biabutuin curHan
noBepTa€ETbCA Nicns BiadbUTTA Big 06’eKTa. AHani3yl4M YacoBy 3aTPUMKY MiXK Nnepedaydeto Ta
MPUAOMOM CUTrHasy, MOAY/b BU3HA4Ya€E BiACTaHb A0 nepewkoan. Anroputm poboTn gaTyuka:
dopMyBaHHSA TpUrepHoro curHany. Ha exig MOAAETHCA KepYyYnin iMMynbC BUCOKOIO PiBHSA
TpumBanicTio 611M3bko 10 MKC. F'eHepauia ynbTpa3ByKy. [1icns oTpUMaHHSA TPUFEPHOro iMMyJibCy
[ATYUK BUMPOMIHIOE NaKeT 3 8 yNbTPa3BYKOBUX KONMBaHb YacToTOo 40 KIu. MpuinMaHHSA
BinbMTOro curHany. Y pasi HasiBHOCTi 06’eKTa Ha LWINAXY NOLINPEHHS XBUI YNIbTPa3BYyK
BiAONBaETLCA Ta PIKCYETLCA NPUNMaSIbHUM e/leMeHTOM. BUMipioBaHHS YaCOBOi 3aTPUMKMU.
KoHTakT YTPUMYETLCS Y BUCOKOMY NIOFiYHOMY PiBHiI MPOTAroM 4acy, HeobxigHOro ans
MPOXOO)KEHHS yNbTPa3BYKOBOI xBuNi A0 06’ekTa Ta Ha3aa. O6b4ymncneHHs BiacTaHi. BigcTaHb
PO3pPaxoBYETLCA 3a (hOPMYOLO: Ae LWWBUAKICTb 3BYKY B MOBITPi CTaHOBUTbL NpnbansHo 343 M/cC.
3MH. Apk. e gokyMm. Mignuc JaTta Apk. 59 ITC.4K1.0426.03-N3 HA3SBA JOKYMEHTY HA3BA
OOKYMEHTY Puc. 2.6. HC-5R04 npautoe: Bua 3sepxy Puc. 2.7. -5R04 npuHuunn poboTtm Came
Luen ynbTpa3ByKoBUi aanekomip 6yno obpaHo 3aBOSKN NOro 34aTHOCTIi BUKOHYBaTU
BMMIipIOBaHHSA BiACTaHi 40 06’eKkTiB y Aiana3oHi Big 2 0o 400 cM 3 BUCOKOK pPO34iJiIbHOIO
30aTHICTIO Ta TOYHICTIO A0 MiniMeTpa. Moaynb HC-5R04 BiA3HAYa€ETLCA MPOCTOTOO NiAKAOYEHHS
Ta ekcnayaTauii, OCKiIbKKU Ma€ nuLie 4YoTMpPWU OCHOBHI BMBOOW: ( ) -
KOHTaKT XXUBMEHHSA faTyMKa, SKUA NiAKII0YaETLCA A0 A)Kepea NOCTIMHOT Hanpyru ons
3abe3nevyeHHs noro poboTy; ( ) - 3a3eMJII0BasIbHUI BUBIA, WO CJYryE OMOPHUM
HYJIbOBMM MOTEHLia/ioM Ta 3abe3nevyye 3aMMKaHHA esIeKTPUYHOIro Koa; ( ) - BXigHWI
KOHTaKT 3anycKy, Ha KU NOAAETLCA KOPOTKUM iMMNYyNbC A5 iHILitOBAaHHSA BUNPOMIHIOBaHHS
yNbTPa3BYKOBOI XBWI; - BUXiOHUN KOHTAKT, WO GOPMYE CUIMHa, TPUBANICTb IKOIro
BiAMOBIQA€E Yacy NMPOXOOXXEHHA yNbTPa3BYKOBOI XBUi 40 06’eKTa Ta Ha3afd, Ha OCHOBI 4Oro
BM3HAYaETbCA BiACTaHb. 3MH. ApK. nokyM. Mignnc Oata Apk. 60 ITC.4KI.0426.03-M3 HA3BA
OOKYMEHTY HA3BA JOKYMEHTY YnbTpa3ByKOBUN OaTUUK -5R04 TpmBanMnM vac
npeacTaB/IEHMA HA PUHKY Ta LUWPOKO AOCTYMHUA Y MarasnHax eieKTPOHIKM N Ha OHNaNH-
nnaTdopmMax. Mloro HeBMCOKa BapTICTb y MOEAHAHHI 3 HAAINHICTIO Ta 4OCTaTHLOK TOYHICTIO
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BUMIipIOBaHb pobuTb Len Moaynb A0LUiNnbHUM BUOOpOM A5 peani3aLii AUNJIOMHOIro NPoeEKTY. Puc.
2.8. MNigkno4YeHHs -SR04 po 2.2.3. Mogynb Onsa peanisauii cncremm byno
obpaHo -Mo Oy b -6V (pUCYHOK 2.9), OCKiNbKN BiH HaNeXnTb A0 HanbinbL
PO3MOBCIOAXKEHUNX, TOYHUX | HAAiINMHMX pilleHb Y CBOEMY Knaci. Moaynb 3abe3neyvyye BUCOKOTOUYHE
BU3HAYE€HHSA KOOPAWHAT KOPUCTYBaya Ha OCHOBI AaHuX raobanbHOi HaBirawinHoi CynyTHUKOBOI
cuctemun. 3MH. Apk. e pokyM. Mignnc JaTta Apk. 61 ITC.4KI.0426.03-1N3 HA3BA JOKYMEHTY
HA3BA JOKYMEHTY -6Vl NigTPMMYE AeKiNbKa NPOTOKONIB 0OMiHY AaHMMK, 30KpeEMa ,
Ta , LLLO CMAPOLLYE iHTerpawito 3 MiKkpOKOHTPOEPHUMU NaaTdopMamMn. Kpim Toro, BiH
OCHaLLeHNN BNlAaCHUM pe3epBHUM aKyMyJ1TOpoM i BOyg0BaHOLO -nam’aTTio 4Nna
36epe)xeHHs KOHirypauinHnx napaMmeTpiB, a TaKoX NiIATPUMYE PEXUM LLIBUOKOIO CTApPTY, AKUA
3abe3nevye onepaTmMBHEe Ta CTabiflbHe OTPUMaHHSA reosiokauinHoi iHgopmauii. Puc. 2.9.
30BHIiLWIHIN BUrNsg Mmoayns -6Vl MpuCcTpin xapakKTeEPM3YETbCA HU3bKNM
€HEepProcrnoXXnBaHHAM, WO pobnTb NOro AoLUiIbHUM ONS BUKOPUCTAHHA B MOBiNbHUX Ta
ABTOHOMHUMX CUCTEMaX i3 XXUBJIEHHAM Bif akymynsaTopa. NigTpumMka giana3oHy Hanpyr
XuneneHHs 3,3-5 B 3abe3nevye CyMiCHICTb i3 pi3HMMN TUNAaMN MiIKPOKOHTPOJIEPIB i CEHCOPHUX
nnatgopm. Puc. 2.10. Moaynb -6/M'Y uinomy -MoAyJ b -6 € HaQINMHWUM, 3pYYHUM
B iHTerpauii, TOY4HUM i EKOHOMIYHO OOCTYMHUM PilLEHHAM AN peani3auil pyHKUin rnobanbHoro
MO3WLLIOHYBAHHS B PI3HOMAHITHUX NPOEKTaX. MIoro dyHKLiOHaNbHI MOXAMBOCTI Ta NiATPUMKa
KiNlbKOX MPOTOKOJiB 06MiHY AaHMMKU pobnaTb MoAyJ b AOLUiNIbHMUM BUBOPOM ANs OaHOI po3pobKku.
3MH. Apk. e gokyMm. Mignuc JaTta Apk. 62 ITC.4K1.0426.03-N3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY Puc. 2.11. CxemMa nigkato4eHHsA -mMo4ynsa Ao 2.2.4. Mogynb ona
peani3zauii pyHKLUIil nepegaBaHHA CUrHay TPMBOMM Ta MOBiAOMJIEHb MPO HEOOXIAHICTL 4OMNOMOrU
BUKOPUCTOBYETHLCA MOAYb CTiNIbHUKOBOIO 3B'S13KY / , nobynosaHnm Ha 6a3si 800L.
BiH npautoe B aianasoHax / 850/900/1800/1900 MIu, wo 3abe3nevye NigTPUMKY
6inbLIocTi MOBINIBHMX MepeX Yy pi3HUX perioHax CBITY Ta CYMIiCHICTb i3 LUMPOKUM CNEKTPOM
onepaTopiB CTiJIbHNKOBOro 3B'A3Ky. Mooy b 800L niaTpnMye nepefady gaHUX 3a
TEeXHOJIOTIE ( ), WO Oa€ 3MOry 34iNcHoBaTM 06MiH gaHUMK
yepes Mepexy IHTepHeT. Lle BiAKpMBaE MOXXMBOCTI A/19 B3aEMOAIi 3 BigganeHMMun cepeepamu,
HaAcunaHHA iHpopMauii Ha XxMapHi cepBic abo opraHisauii 3B’A3Ky 3 iIHLUMMK NPUCTPOSMU
CUCTEeMU. 30BHILLHIN BUrNS4 MOAYIS HAaBEAEHO Ha PUCYHKY 2.12. 3MH. Apk. e gokyM. Mignuc
HaTta Apk. 63 ITC.4KI1.0426.03-NM3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY Puc. 2.12. Moaynb
800 3 mo3Ha4YeHHAM BMXoAiB Po3nnHyBaHHS -MoAayns 800L. Moaynb 800
OCHalleHNn 12 KOHTaKTaMu, aKi 3abe3nedyoTb NiAKAOYEHHA A0 MIKPOKOHTPOsIEpPa, a TakoX A0
MiKpogoHa i AnHaMika. Po3TallyBaHHSA KOHTAKTIB Ta IX NpU3HaYeHHA TaKki: — BMBIA oNnsa
MigKAO4YeHHS cnipasibHOT aHTeHN; — XKUBJEHHA Moayn4, Hanpyra 3,4-4,4 B; ( ) —
KOHTaKT OJ19 CKUAAHHSA MOAYNSA; ( ) — KOHTaKT NpUinoMy gaHnxX OS89 NOCig0BHOro
3B'A3KY; ( ) — KOHTaKT nepegadi gaHux ansg nocnmosHoro 3B'A3KY; —
KOHTaKT 3a3eMJ/IeHHS, WO NiAKII0YAETLCA A0 Ha ; — BMBIJ iHOANKaTOpPa
BXiAHOIO A3BiHKa; — KOHTaKT KepyBaHHSA aKTMBALLED Ta AeaKTUBALLIED PeXNMY CHY;
— BXOAM ANA NiAKIIOYEHHS MiIKPOOHa; — BUXOAM ANA NigKAYeHHSA AWHaMika. [ns
cTabinbHOro hyHKULIOHYBaHHA MoOyns 800 HeobxioHe XXMBNEHHSA 3 Hanpyroto Big 3,4 oo 4,4
B (onTumanbHo - 4,1 B) i MakcuManbHUM poboynM cTpyMoM Ao 2 A. [I>KepesioM XXUBJNIEHHS MOXKe
CNyryBaTu NiTiN-iOHHWA aKyMynaTop EMHICTIO He MmeHwe 1200 MA-rop abo ctabinizaTtop Hanpyru
Ha 6a3i LM2596. 2.2.5. CtabinizaTop Hanpyrun Ha ocHoBi | V12596 MNepeTBoptoBay Hanpyru DC-
2596, NnpeacTaBneHUn Ha PUCYHKY 5.10, € LLMPOKO 3aCTOCOBYBaAHUM i eDEKTUBHUM NPUCTPOEM
onsa ctabinizauii BUxigHoi Hanpyru 3 6inbl BUCOKOI BXigHOT Hanpyru. BiH NigTpuMye BXiaHy
Hanpyry B Aiana3oHi 4,5-40 B, a 3a gonomoroto BbyaoBaHOro peryasitopa 403BOJISIE
HanawTyBaTW BUXiAHY Hanpyry B Mmexax 1,23-37 B BianoBigHo Ao noTpeb KOHKPeTHOro
NPOEKTY. 3MH. ApK. o gokyM. Mignuc OaTta Apk. 64 ITC.4KI.0426.03-MN3 HA3BA JOKYMEHTY
HA3BA OOKYMEHTY Puc. 2.21. 30BHilWHIN BUrnsag nepetsoptoBadva Hanpyru LIV2596 Y
aBTOMaTU30BaHOI CUCTEMN OPIEHTYBAHHSA Y NPOCTOPI Nto4en 3 BagaMu 30py Y BUrNA4i
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2596 mo)xe 3acTocoByBaTuUCS Ans ctabinizauii Hanpyrun, HeobxiaHoi ans poboTn Moayns
800L abo iHWNX KOMMOHEHTIB, WO NoTpebyoTh NEBHUX NapaMeTpiB XXUBJIEHHS.
BukopuncTaHHSA LbOro NnepeTBOpoBaYa A03BOISAE OTPUMaATK CTabinbHe Ta HadiHe XXNBJIEHHSA Bif,
n>xepena 3 6iflblL BUCOKOK BXiAHO HAMpPyrow, Wo € KPUTUYHO Ba)KJINBMM OJ19 KOPEKTHOI
poboTu npucTpoto. Puc. 2.22. Nigknto4eHHA Moy ns 800L no 2.2.6. 3ymMep
3MH. Apk. o gokyM. Mianuc OaTa Apk. 65 ITC.4KI.0426.03-MNM3 HA3BA
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OOKYMEHTY HA3BA OOKYMEHTY 3yMepu (3ByKOBUMNPOMIHIOBa4i) — Le esIeKTPOHHI KOMIMOHEHTN,
MPM3HaYveHi 4asa reHepauii 3ByKOBMX CUIHaNiB, WO HanyacTile npauoTb Ha OCHOBI
N'€30eN1eKTPUYHOro abo eNleKTPOMarHiTHOro eeKTiB. IX LWMPOKO 3aCTOCOBYIOTL B anapaTHUX
KOMIJieKkcax, -cncTemMax Ta poboToTexHili A9 3BYKOBOro OMNoBilleHHs abo BigTBOPEHHS
NpoCcTuUx Menogin. 3a cnocobom KepyBaHHS 3yMepu NMOAINAITHCA Ha ABa OCHOBHI TUMN: AKTUBHI
3ymepun: OCHalleHi BOByOBaHUM reHepaTopoM (oCcumnaTopomM). [na novYaTKy BiATBOPEHHS 3BYKY
OOCTaTHBbO NOAATU Ha HUX MOCTIMHY HAaNPyry »XMBJIEHHSA. BOHN MakCcuMManbHO NPOCTi B
iHTerpauii, NpoTe reHepyTb CUrHAN nLe OOHI€El iKCOBAHOI YaCcTOTK, WO pobuTb ix
ineanbHUMM ans 6a30BUX TPUBOXKHUX CMOBILLEHb. [MacnBHi 3ymMmepun: He maloTb BOYAOBaHOroO
reHepaTopa. BoHM PyHKLIOHYIOTb SK MiHiaTIOpHI AMHaMiKn i NoTpebyloTb 30BHILLHBLOIO
Kepyt4oro curHany (Hanpuknag, WIM-curHany BifL MikpOKOHTpoJsiepa) ANS CTBOPEHHS 3BYKY.
3MIiHIOYM YaCcTOTy BXiAHOr0 CUrHasny, NaCMBHUN 3yMep 34aTHUIN BiATBOPOBATU CKaaaHi menogaii
Ta TOHaJbHiI CUTHaNW pi3HOi BUCoTW. Ang poboTn 3 Ha3py4Hille BUKOPUCTOBYBaTK
KOMMOHEeHTM abo roToBi Moayni, SKi NpautooTb Big Hanpyru 5 B i MaloTb HU3bKE CNOXXNBAHHS
cTpyMmy (go 20-30 MA). Lle no3sonse nigkayaTtn ix 6eznocepeaHbo A0 ungposnx smsogis (1/0)
MIKPOKOHTpOJIepa. 3aJIeXXHO Bif Norikn poboTu NnpmucTpoto, BapTo obpaTh O4AUH i3 ABOX
BapiaHTIiB: 1. AKTUBHUN 3yMmep (A58 NPOCTUX 3BYKOBUX CUTHAIB Ta TPUBOIK) AKLLO MPUCTPOIO
NoTpPiBbHO NPOCTO NoJaBaTK NEPIOANYHI 3BYKOBI CUrHanu (Hanpukaagn, MOHOTOHHUA MUCK Npwu
CrpauloBaHHi AaTYMKa 4/ aBapiliHe CMOBiWEHHSA), HaMKpalle Niginae akTUBHUN 3ymep.
MonynsapHa moaenb: 12205 abo rotosuin mogynb KY-012. Ak npautoe: He noTtpebye
MPOrpaMHOro reHepyBaHHsa 4acToTu. [OCUTb MoAaTn Ha MiH JIOFiYHY 0ANHULIO ( (pin,
)) — i BiH ogpa3y 3a3By4nTb. MiHycC: YacToTa 3ByKy pikcoBaHa (3a3Bu4al B panioHi 2.3 Kl'y),
3MIHUTWN TOHaNbHICTb He BUNAe. 3MH. Apk. e nokym. MNignmuc OaTa Apk. 66 ITC.4KI1.0426.03-M3
HA3BA OOKYMEHTY HA3BA OOKYMEHTY 2. MacueHWin 3ymep (oNa Menoain Ta iHTepdencHux
3BYKIiB) AKLLO NPUCTPI Ma€e BMAaBaTy Pi3HI TUNKN CUrHaniB (Hanpuknag, KOPOTKUN KAiK npu
HaTUCKaHHIi KHOMKW, BUCXiOHWNA 3BYKOBUI TOH MPW YBIMKHEHHI abo NOBHOLHHY Menogito),
HeobXxigHUM NnacneHUM 3ymep. MonynspHa Mogens: Fonnin N'e30BMNPOMiHIOBaY (Hanpukiag,
diameTpom 12 mm) abo mogynb KY-006. 9k npautoe: KepyeTbes 3a gonomoroto LLIM abo
BOynoBaHOI yHKLT (pin, ). 3MiHIOOYYM YaCTOTY B KOfi, B/ NMOBHICTIO KOHTPOJIIOETE
BNUCOTY 3BYKY. MiHycC: MoTpebye nocTinHoi poboTn npouecopa Ang reHepauii YacToTu Nig yvac
3ByYaHHSA. Tabnnus 2.2. MopiBHAHHA rOTOBMX MOAYIB 415 LUBUAKOIO MPOTOTUNYBAHHSA

XapakTepuctumka

& Lytuposanus: 0% id: 32
"Tonun"

aKTUBHUIN 3yMep(KOMNoHeHT 6e3 nnaTun) 3.3-5 (3 TpaH3ncTopom)
MacmBHM Moaynb(Hanpuknag, KY-006) Tun 3ByKOBOro curHany MoHOTOHHUIM NUCK (oaHa

dikcoBaHa YacToTa) MOHOTOHHMN NMUCK (0OQHa hikcoBaHa YacToTa) Menogii, TOHasNbHi CUrHan,
3BYKW pi3HOI BUCOTN Poboya Hanpyra ®PikcoBaHa (nepeBa)xHo 5 B) YHiBepcanbHa (3.3 B - 5 B)
YHiBepcanbHa (3.3 B - 5 B) CTpyM Ha undposomMy MiHM Bucokunnm (~20-30 MA) € pn3nk
nepeBaHTa)KeHHA NopTy MiHiManbHun ( 1 MA) CTpyMm 6a3m TpaH3ncTopa — abconoTHo 6e3neyHo
CepepHin (~15 MA) ObMexxeHnn BbygoBaHMM pe3ncTtopoM MpuHumnn KkepyBaHHA MNodadva

YKUBJIEHHSA Ha Npsamy Mogadva NoridyHoro curHany ( / ) Ha Kepytouunn niH (1//O) Moaava
NPAMOKYTHOr0 curHany 4actotu (LUIM) MporpamMHa cknagHicTb MiHiManbHa ( ()
MiniMmanbHa ( ()) CepenHs (BUKOpUCTaHHA QYHKLIT ()) CymicHicTb 3 iHWKMNK
ObmexeHa (noTpebye nooaTKoOBMX eneMeHTIB Ang 3.3-BonbToBUX naaT) MoBHa (nigxoanTb oas

, 32, 32, ) MoBHa Onda peanisauii PyHKLUIT 3ByKOBOro CMNoBILLLEHHS B
MPUCTPOI 3aCTOCOBAHO MOAYJIb aKTMBHOIO 3BYKOBUMPOMIiHIOBa4Ya
& Lytuposanus: 0% id: 33
«3.3-5 ».

3MH. Apk. e gokyMm. Mignuc JaTta Apk. 67 ITC.4K1.0426.03-N3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY OCHOBHI TexHi4Hi xapakTepnctukm moayns [14]: HYactoTa 3BykoBoro curHany: 2300
500 l'u; Pobo4a Hanpyra »xkuBseHHs: 3,3-5 B; CTpyMm cnoxxuneaHHs: 10-15 MA. Cneundika
NiAKAOYEHHA Ta KepyBaHHA: Moayb iHTerpyeTbca 6e3nocepenHbo 3 LngposuM BuBoaoMm (1/0)
MiKpOKOHTposiepa. ObrpyHTyBaHHA BUBOpYy KOMMNOHeHTa: Bnbip akTMBHOro 3ymepa 3yMOB/IEHUN
HasABHICTI0O BOyJOBAaHOIro BHYTPILLHLOr0 reHepaTtopa. Ha BiAMiHY BifL MaCMBHUX aHanoriB, Len
KOMMOHEHT He noTpebye NnporpamMHoOro opmMyBaHHSA YaCTOTHOro curHany (LLUIM) 3acobamu
MiKPOKOHTpoJsiepa. AKTMBALLiSt 3BYyKOBOIO OMOBILLEHHSA BiAOYyBa€ETbCA LWISAXOM 3BUYaMNHOI noaavi
JIOriYHOro piBHA Ha Kepy4uin MiH, WO MiHiMi3y€e ob4YncnioBanbHe HaBaHTaXXeHHS Ha npoLecop.
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Puc. 2.23. 3.3-5 [15] 3MH. Apk. Ne gokymMm. Mignnc JaTta Apk. 68
ITC.4KI.0426.03-MNM3 HA3BA LOKYMEHTY HA3BA JOKYMEHTY Puc. 2.24. Nigknio4YeHHA Mogy s
ho 2.2.7. Macus MiKpOOoHiB IHTerpauis
MiKPOGYOHHOIr0 MacumBy 0118 BU3HAYEHHS HanpsaMKy HaaXOO )XEeHHS 3BYKOBOIro
curHany. Onsa nigBuLLeHHA e(heKTUBHOCTI CUCTEeMU NPOCTOPOBOI OpiEHTaLIT Ang nogen i3
MopyLUEeHHAMU 30pY OO0UiSIbHO iHTerpysaTn MiKPOOHHUA MacuB . BukopuctaHHs
Takoro MacmBy Oa€ 3MOry peasisyBaTu aJlfOPUTMU BU3HAYEHHSA HAaNpPSaAMKY HagX04XKEHHS
3BYKOBOro curHany ( , ), WO 3HA4YHO PO3LIMPIOE PYHKLIOHANbHI
MOXXJINBOCTI CUCTEMU. 3aBOSAKN LLbOMY KOPUCTYBA4Y 3MOXXe Kpalle OpiEHTYBaTUCA Yy MPOCTOpI,
CNpUNMaloYM 3BYKOBI CUIHaAN Bif, Pi3HUX AXKepen HAaBKOMULIHbLOro cepefosuLla. MikpooHHUI
MacumB 3abe3nevyye ogHOYaCHE 34NTYBaHHS aydioCUIHANIB i3 KiJIbKOX MiKPO(OHIB Ta iX moganbLuy
06pobKy 019 BU3HAYEHHSA MicUs pO3TallyBaHHSA a)kepesa 3ByKy. MpuHuun poboTtn 6a3yeTbCcA Ha
aHani3i pisHWLi Yacy Npuxoay 3BYKOBOI XBWi A0 KOXXHOIM0 MikpohoHa MacuBy. Ha OCHOBI Linx
4YaCOBUX 3aTPUMOK CUCTEMA OBYMCIIIOE KYT HaAX0AXKEHHS 3BYKY. 3MH. ApK. o gokyMm. Mignuc
HaTa Apk. 69 ITC.4KI1.0426.03-M3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY OcCHOBHi eTanu
06pobku curHany: 36ip ayniogaHnx. MikpooHn Mmacuey pPO3TaLLOBYIOTbCA Ha
ikCcoBaHin BigCTaHi 0gunH Big 04HOr0, WO CTBOPIOE HEOBXiAHY reoMeTpUNYHy OCHOBY OJ15
BU3HAYE€HHS YaCOBUX 3aTPUMOK MiXK OTPUMaHUMWN CUrHanamMun. Taka KOHQirypauis A03BONSE
CUCTEMI OLiHIOBATM HaMPsMOK NOLLINPEHHS 3BYKOBOI xBUAi. Obpobka curHanie. Ona aHanisy
OTpPMMaHUX ayAiofaHuUX 3aCTOCOBYOTbCA METOAN KPOC-KOpeNsLii Ta anropuTMmn BU3Ha4YEHHS
4aCoBOI 3aTPUMKWU ( , ). Lle pa€e 3Mory o64mMcanTu pisHnLIO Mix
MOMEHTaMN HaAXOOXEHHA CUrHany 40 KOXKHOro MikpotoHa. BusHadyeHHSa HanpsMKy 3ByKY. Ha
OCHOBI OTPMMaHMX YaCOBMX 3aTPMMOK BUKOHYIOTbLCA TPUrTOHOMETPUYHI 064NCNeHHA KyTa
npubyTTsa 3BYKOBOT XBWUJIi. N9 NiABULLEHHS TOYHOCTI MOXKYTb 100aTKOBO BUKOPUCTOBYBATUCS
MeToAM aHani3y ha3oBOro 3CyBy Ta LndpoBoi inbTpauii curHanis. HeobxiaHi KOMMNOHEHTH
CUCTeMU: MacuB MiKPO(oOHiB — [n4 360py aydiocMrHanis; MiKpoKoHTpoNep
— ANS 34MTYBaHHA OaHUX, nonepeaHboi 06pobku curHaniB Ta 064YNCNEHHS YaCoBUX
3aTPUMOK; LM pPoBi MikpodhoHM [M690130 — K OCHOBHI CEHCOPW 3BYKOBOIO CUTHany.
BukopucTtaHHsa MikpodoHis |M1690130 Ona peanizauii cMCTeMU BU3HAYEHHA HAaNpsAMKY 3BYKY
obpaHo yndgposi -MikpogoHu |M69D130, aki 3abe3nevyoTb BUCOKY AKICTb 34MTYBaHHA Ta
06poBKU ayiocnrHanis. IXHi TEXHIYHI XapaKTEPUCTUKM POBAATL Ui MiIKPOMOHN ONTUMabHUMM
Ons CNcTeMm OornoMoru opieHTauii y npoctopi. OcHoBHi nepeBarun [1M1690130: Bucoka 4yTAMUBICTb i
HN3bKUWIA piBEHb WYMY. MiKpooHN 30aTHI epeKTUBHO NpaLloBaTV HaBiTb y cepenoBuLLax i3
HWU3bKWUM pPiBHEM 3BYKOBOIO CUrHany. Lle nigBULLYE TOYHICTb BU3HAYEHHSA HaMpPAMKY g)xepena
3BYKY Ta nokpaluye ctabinbHicTe poboTn cnctemun. 3MH. Apk. Ne gokym. MNignuc OaTta Apk. 70
ITC.4KI1.0426.03-NM3 HA3BA JOKYMEHTY HA3BA NJOKYMEHTY Uundposun iHTepdenc
HasaBHicTb UngpoBoro iHTepdency CMPOLLYE iHTerpauito 3 MiKkpOKOHTpOJIEPaMM, 30KpEMa
, Ta 3abe3neyvye WBNAKY Nepenavy ayaiogaHnx 6e3 cyTTeEBMX BTpPaAT SAKOCTI.
LLnpokunin YacToTHMIN Aiana3oH. MikpodoHn 34aTHI po3ni3HaBaTU LUMPOKUA CNEKTP 3BYKOBUX
4acTOT — BifA HU3bKNX A0 BUCOKMX. Lle 103BONISIE CUCTEMiI KOPEKTHO aHanizyBaTu Pi3HOMaHITHI
3BYKM HaBKOJIMLLHLOIO CEPeAOBULLA Ta TOYHIWE BU3HAYaTW iXHE po3TallyBaHHSA. MNepeBarun
iHTerpauii. lMoegHaHHA MiIKPOOHHOI 0 MacuBy i3 MmikpocdoHamm |1V1690130 Ta
anropnTMaMun BU3HaYEeHHS HanpsaMKy 3BYKY 3abe3nedye BUCOKY TOYHICTb MPOCTOPOBOr0 aHanily
aygiocurHanie. Y pe3ynbTaTi cucteMa opieHTauii cTae 6inbll iHDOpMaTUBHOW, afanTMBHOW Ta
3PYYHOIO Y BUKOPUCTaHHI 415 Nofen i3 NopyLeHHAMN 30pY, WO CYTTEBO NOKpaLLye 6e3neyHicTb
i KOM(pOpPT NepecyBaHHSA Yy HAaBKOJIMLLHbLOMY cepefosuuli. Puc. 2.25. [24] 3MH. ApK.
Ookym. NMignuc OJata Apk. 71 ITC.4KI1.0426.03-N3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY Puc.
2.26. MikpodoHn [M69D130 [25] Puc. 2.27. EnekTpudHa npuHumnnosa cxema [M690130 3MH. Apk.
Aokym. NMignuc OJaTta Apk. 72 ITC.4KI1.0426.03-1N3 HA3BA OOKYMEHTY HA3BA JOKYMEHTY
Puc. 2.28. Nigknio4eHHa moaynsa V690130 go [MepeBaru 3acTocyBaHHA
MacuBy: IHTerpauisa MmacmBy MikpOOHIB AO3BOJISE CUCTEMI OpiEHTALIT A8 CNINNX OPIEHTYBATUCS
Ha OCHOBI 3BYKOBMUX CUIHaJIiB, WO 3HAYHO MiABULLYE ii TOYHICTb. BUCHOBKN 00 po3ainy Y Mmexax
LUbOro AOCAiOXXEeHHS 018 po3pobKmM CMcTeMn LOMOMOrM NMPOCTOPOBOI OpiEHTaUIi Ans noaen is
rnopyLueHHsaMu 30py byno obpaHo nnatgopmy , daTyuK BiacTaHi, BibpomoTop,
3ymep Ta MiKPOPOHHMN MacuB . Bubip came unx KOMMNOHEHTIB 3yMOBJIEHWUI iIXHbOIO
OOCTYMHICTIO, HEBUCOKOIO BaApPTICTIO, MPOCTOTO iHTerpauii Ta BianoBigHICTIO PYHKLIOHANbHNM
BMMOraM npoekTy. OCHOBOI CuCTeMn CTasa niaTa , IKa NOEQHYE KOMMAKTHI
pO3Mipu, AOCTaTHIO 064YNCNIOBAaNIbHY MOTYXHICTb | WWMPOKUIA Habip chyHKLIN. He3Ba)katoumn Ha
Masi rabapuTin, BoHa 3abe3neyvyye MOXXJIMBOCTI, aHaNOriYHi , o pobunTs i
ONTUManbHUM pillEHHAM A8 CTBOPEHHS NOpPTaTUBHOI cMCTeMU opieHTauii. Kpim Toro,



https://plagiarism-detector.com 25/36

Ma€ 3HaYHy NiATPUMKY 3 BOKY CMiIbHOTK PO3POBHUKIB i CyMiCHa 3 BEJIMKOIO KiNlbKIiCTIO
nepundepinHnx Mmoaynis.

@AI generated text detected: ChatGPT 5.3, : 52,4% id: 34

[Ons BUABMEHHS NEPELUKO Y HAaBKOIMLLHbOMY CepedoBULLI BUKOPUCTOBYETLCA AAaTHYUK BiACTaHI.
Mloro ocHoBHe NpU3Ha4YeHHA — BUMIipOBaHHA ANCTaHLUIi 0 06’€EKTIB Ta CBOEYACHE BUABJIEHHS
MOTEeHLiNHO Hebe3nevyHnX NepeLlkon Ha WXy KOpUCTyBaya.

OTpuMaHi AaHi 4O03BONAIOTb CUCTEMI ONEepaTUBHO pearyBaTu Ha 3MiHWU B OTOYEHHI Ta
nonepen)XaTun KOpuUcTyBada Npo Hebesneky. 3MH. Apk. nokyMm. Mignuc OaTta Apk. 73
ITC.4KI1.0426.03-NM3 HA3BA JOKYMEHTY HA3BA NOKYMEHTY 4k 3acobu B3aeMogii 3
KopuctysadeM byno obpaHo BibpomoTop i 3ymep. BibpomoTop 3abesnedye TakTubHE
CMoBILLEHHSA 3a AonoMoroto Bibpalii, wo € 0cobnrMBO Ba)KMBUM OS5 LUBUAKOIO N iHTYITUBHOIO
iHOPMYBaHHS MPO HasABHICTb Nepewkoa abo 3MiHy CTaHy cMcteMu. 3yMep, CBOEKD HYEProlo,
BUKOPMCTOBYETbLCA A1 reHepaLii 3ByKOBUX CUIMHaniB, AKi MoXXyTb AybnoBaTn abo oonoBHIOBaTHU
BibpocurHanm, NiaBuLLYyYN ePpeKTUBHICTb CNOBiLLEeHHs. Y npoueci BAOOCKOHANEHHSA cucTeMn Ao ii
cknapy 6yno nonaHo MiKpoOHHNIA MacuBs , KNI 3abesneyvyye MOXXUBICTb
BW3HAYeHHS HaNpPSAMKY HaAX0O>XKEHHS 3BYKOBOI0 CUrHaly. 3aBOSIKN LlbOMY CUCTEMA MOXXe
aHani3yBaTu 3ByKOBE CepefoBuLLE Ta OPIEHTYBATUN KOPUCTYBaYa BiAHOCHO O)Xxepen 3BYKY, Takux
AK aBTOMObGiNbHI curHanu, ronocu nogen abo iHWiI Ba)kKAuBi aygionogii. Lle 3Ha4YHO po3wmptoe
hYHKLIOHaNbHICTb NPUCTPOIO Ta NiABULLYE piBeHb 6e3nekn KopucTyBaya Mnifg Yac rnepecyBaHHS.
BukopuncTaHHA MiKpOOHHOIr0 MacMBY TaKOXX CTBOPIOE NepenyMoBn 019 BNPOBaL4XKEHHS
CyYacCHUX anropuTmis LumMdpoBoi 06pobkM cUrHanis, 30KpemMa MeTOAIB BU3IHAYEHHS HANPSAMKY
3BYKY ( , ), Kpoc-Kopensuil Ta inbTpauii wymis. Lle 0o3BONSE NigBULLNTYA
TOYHICTb SIOKani3auii AXepes 3BYKY HaBiTb Y CKJlaAHUX YMOBaX MiCbKOro cepeaoBuLLa.
Ba>knneoto nepeBaroto o6paHNX KOMMNOHEHTIB € NiATPUMKa BiAKPUTOro NporpamMHoro
3abe3nevyeHHs Ta HasABHICTb BENMKOI CMiIbHOTN KOPMUCTYBaYiB i po3pobHukis. Lie 3abe3nevye
OOCTYM A0 3HAYHOI KiNbKOCTi TEXHIYHOI oKyMeHTauii, roToBux 6ibnioTek, Nnpuknaais
MPOrpaMHOro Ko4y Ta peKkoMeHaauin woao iHTerpauii KOMNOHEHTIB. 3aBAAKM LbOMY npoLec
pPO3p0bKN CNCTEMIN CTAE WBNALWINM, €EPEKTUBHILLNM i MEHLU BUTPATHUM. Y pe3yfbTaTi
NnpoBeOeHoro gocnig)XeHHs Ta BMbopy BiANOBIAHMX anapaTHUX KOMMNOHEHTIB 6yno cdhopMoBaHO
HaAinHy, AOCTYNHY Ta PYHKLiOHaNbHY CMCTEMY AOMOMOrM OpiEHTALLl B NpOoCTOopi Ang niogen i3
NopyLUeHHAMN 30py. Po3pobreHunin NpucTpin 34aTHUA NiABUWNTU PiBEHb CAMOCTINHOCTI
KOPUCTYBa4iB, MOKPaLLMTKY TXHIO MOBiNbHICTL | 3abe3neuynTn goaaTkoBy 6e3neky nig Yac
nepecyBaHHSA. 3MH. Apk. o gokyMm. Mignuc OaTta Apk. 74 ITC.4KI.0426.03-MN3 HA3BA JOKYMEHTY
HA3BA OOKYMEHTY Moaanblunini po3BUTOK MPOEKTY MOoXKe nepenbavaTtn po3LIMPEHHS
hYHKULIOHaNbHUX MOX/INBOCTEN CUCTEMUN LLUNAXOM iHTEerpauii 4o0aTKOBUX CEHCOPIB,
6e34p0TOBUX MOAYNIB 3B'A3KY Ta CUHXPOHI3auii 3 MOBINbHUMK NpUCTposaMU. MNepcnekTUBHUM
HanNpPsAMOM TaKO>X € BNPOBAaA>KEHHSA TEXHOON i WTYYHOro iHTEeNeKTYy Ta MalWMHHOIO HaBYaHHSA
ONs iHTenekTyaslbHOro aHani3y HaBKOJIMWHLOIO CepenoBmLLa, po3ni3HaBaHHA TUNIB NepewkKkos i
NigBNLLEHHA TOYHOCTI poboTK cncTeMmn B peanbHUX ymoBax ekcrinyaTauii. PO341J1 3. PO3POBKA
AMNAPATHOIO TA MPOITPAMHOIO 3ABE3MEYEHHA 3MH. Apk. e nokym. MNignuc OaTa Apk. 75
ITC.4KI1.0426.03-M3 Po3po6. Camonnos O. O. KepiBHnkK [loH4eHKOo B.1O. PeueHs. Kozy6 HO.IM. H.
KoHTp. 3aB. kap. CemeHoB M.A. PO311J1 3. PO3POBKA AMAPATHOIO TA NMPOrPAMHOIO
3ABE3MEYEHHSA NiT. Akpywis 21 JIHY Kaceppa ITC, 'p.4Kl . 3.1. Po3pobka anapaTHOro
3abe3nevyeHHs OCHOBHE 3aBAaHHA NPUCTPOIO MOJAraE y BUSABJIEHHI NEPELLKOA Mif Yac pyxy, a
TaKOX BU3HaYeHHI MicLe3HaxooXeHHS KopucTyBada. [Ang peanisauii cnctemum 6ynm BUKOpucTaHi
TaKi KOMMOHEHTU: NaaTa , YNIbTPa3BYKOBUIM AaTuyuK BiacTaHi HC-5R04, BibpomoTop,
3ymep, -MoA4yJb -6V, -MoAayJb 800, nucnnen 16 <2 , Moaynb |12C Ta gaTyumk
BOIOrOCTi. Ha OCHOBI LNX €/1eMEHTIB i [ONOMIXHUX KOMMOHEHTIB 6yno nobyaoBaHO NOBHOLIHHY
cucTeMy opieHTauil. PyHKUiOHaNbHa cxeMa po3pobnieHoi cucteMmmn HaBegeHa Ha puc. 3.1. Puc.
3.1. dyHKLUiOHa/bHa CXeMa CUCTEeMUN OpiEHTaLil KO NOACHUTK NPOCTiwWe, yCi faTYNKM Ta
MOAYAi NiAKAKYATLCA 00 LEHTPaNIbHOrO efieMeHTa NPUCTPOD — MIKPOKOHTpoepa

, 9K 0bpobnse oTpuMaHi aaHi Ta kepye poboTtot cncrtemmn. PospobneHa cncrema
Opi€EHTaLIil CKNnapa€eTbCs i3 NaaTu , daT4YnKa BiacTaHi, BibpomoTopa, 3ymepa, -
Ta -MOLYNiB, O)Kepesia XXUBJIEHHS | BUMMKaYda. BoHa npu3HayvyeHa a4 niaBueHHsa 6e3nekn
Ta NMojlerweHHs nepecyBaHHs Aogen i3 Bagamm 3opy. MNpuHumn poboTn cuctemm 6asyeTbCs Ha
BUSIBJIEHHI NepeLKo Y HAaBKOIMWHbLOMY CepefloBULLI Ta NOBiIAOMJIEHHI KOpUCTyBa4a 3a
OOMOMOrow 3BYKOBUX i BibpauinHux curHanis. 3MH. ApK. nokyM. Nignunc Oata Apk. 76
ITC.4KI.0426.03-N3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Kpim uboro, cnctema gae€
MOXXJIMBICTb BiACTEXYBaTUN MiCLLE3HAaX0OXKEHHSA KOPUCTYyBaya Ta NnepefaBaTy Ui AaHi OMiKYyHY.
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MpucTpin Npautoe 3a TaKUM NPUHUKMNAOM: [aT4yuK BiACTaHi. YNbTpa3ByKOBUIM fgaTymk HC-S5R04
BCTAHOBJIKOETbLCS Y BEPXHIN YaCTUHI CUCTEMU Ta BUKOPUCTOBYETLCS A/ BU3HAYEHHS BiACTaHi oo
06’ekTiB Nnonepeny.

@AI generated text detected: ChatGPT 5.3, : 52,62% id: 35

PoboTa gaTuynKka FPyHTYETbLCS HA BUKOPUCTAHHI Y/IbTPa3BYKOBUX XBWJIb, 3a JIONOMOIO SKUX
BM3HAYAETbCA HAABHICTb Ta BigAaNeHiCTb NepeLLKoa.

MnaTa BUKOHYE POJib OCHOBHOIO KEPYIOYOro efleMeHTa cucTtemMmun. BoHa oTpuMye
CWUrHaNM Bif OATYMKIB, aHaNi3y€E iX Ta NPUAMAE pilLEHHS WOA0 Nodanblwnx gin. MikpokoHTponep
3anporpaMoBaHnUn TakUM YNHOM, WO6 pearyBaTu Ha Pi3Hi CUTyaUil, SKi MOXYTb BUHUKATU Nig,
Yyac pyxy KOpucTyBada. 3ymMep. 3ymep 3aCTOCOBYETbLCA A4 MOAaudi 3ByKOBUX CUTHANIB. 3aieXHo
Bif, OTPUMaHNX OAHUX i 3anporpamMoBaHMX YMOB, BiH MO>Xe Bi4TBOPIOBATU Pi3Hi 3BYKU ANA
rnornepen)xeHHsA KopucTyBada Npo nepewkoan abo iHwi Ba)xnuei nogii. BibpomoTop. BibpomoTop
CTBOpPIOE BibpauiHi cMrHanu, ki NnepefatoTbCa KOPUCTYBaYvy Yepes TpoCcTuHy abo Kopnyc
npucTtpoto. Takni cnocib crnoBilleHHSA € A0AAaTKOBUM MEeTOA0M iHpopMyBaHHSA NMpo Hebe3neky 4n
3MiHY YMOB nepecyBaHHSA, Hanpukaag npo HabanmxeHHa 0o nepewwkoaun. )xepeno XNBJeHHs.
Ons 3abe3neyeHHs poboTn BCiX KOMMNOHEHTIB BUKOPUCTOBYETLCA BaTapes abo iHWe KOMMakKTHe
n)xepesno )nenieHHs. BoHo noBuMHHO ByTn [OCTaTHLO aBTOHOMHUM 418 TPUBaIOro BUKOPUCTAHHSA
npucTpoto. 3MH. Apk. Ne gokymMm. MNignuc Oata Apk. 77 ITC.4KI1.0426.03-NM3 HA3BA JOKYMEHTY
HA3BA JOKYMEHTY -MoAyb. -Moay b -6V NpMrUMaEe CUrHanan i3 CynyTHUKIB Ta
BW3HA4Ya€ KOOPANHATM KOPUCTYBaYa, WO A03BOJISE BiACTEXXYBATUN NOr0 MiCLLE3HAaXOL4XKEHHS.
-MOAYNb. -MoAYyJ b 800 3abe3nevye nepenayvy gaHnx 4yepes MobinbHy Mepexy. Ans
poboTn moaynsa HeobxigHa -KapTa MobinbHOro onepaTopa. 3aBAAKM LibOMY MOLOY /O
KOOPAMHATU KOPUCTYBaydya MOXYTb NepefaBaTUCS OMikyHy abo pogndam. BuMmnkay. Bumumka
NPU3Ha4YeHUn 018 KePYBaHHSA XUBNEHHAM NPUCTPOIO. 3@ NOro 4OMNOMOIro KOPUCTYBAY MOXKe
BMUKaTU abo BUMMKaTM cuctemy 3a notpebu. 3aranbHunii npuHumn pobotun pospobneHoi
CWUCTEMW OpiEHTAaUIl NoNsArae y BU3Ha4YeHHi BiaCTaHi 4O HaBKOJIMLLHIX 06'EKTIB 3a AOMOMOroto
OaTyYuKiB BiaCTaHi, moganbLwin obpobui oTpMMaHUX aHUX MiIKPOKOHTPOJIEPOM Ta
nepefadvi KOpMCTyBa4y BiAMNOBIAHUX CUIHaNIB Yepe3 3ymep i BibpoMoTop. 3ByKOBI Ta BibpaLinHi
CMOBILLEHHA AonoMaratoTb JIIOONHI CBOEYACHO BUABASATU NepewwKoan Nig 4ac nepecyBaHHS.
[00aTKOBOW (PYHKLIEID CUCTEMU € BiACTEXEHHSA MiCLLEe3HaxX04XKEHHSA KOPUCTYBaYa Ta nepegada
KOOPAWHAT OMiKyHY Yy BUrnaai nocunaHHsa. Taka MOXKJIUMBICTb € 0CO6/IMBO KOPUCHOIO Yy BUNaaKax,
KOM NI0AUHI MOXKe 3HanobutTncsa ctopoHHsA gornomMmora abo BUMHMKae Hebe3neyHa cuTyauis.
3aBAAKN LbOMY KOPUCTYBay oTpuMyeE Binblue BeBHEHOCTI Ta 6e3nekn nig Yac nepecyBaHHA y
He3HanoMoMy cepepnosuLli. CxeMa NigKAOYEHHA NPUCTPOIO HaBedeHa Ha puc. 3.2. 3MH. ApK.
Ookym. NMignuc OJaTta Apk. 78 ITC.4KI1.0426.03-M3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY Puc.
3.2. CxeMa nigKNto4YeHHS KOMMOHEHTIB cuctemMmn Y OaHin cucteMi niaTta BUKOHYE
PYHKLiO LeHTpalbHOro Kepytodoro 610Ky, aknin 0bpobnsae curHanum Big ycix nigkao4yeHnx
OaTyumKiB Ta moaynie. KoXXeH yNbTPa3BYKOBMIA AaTHYUK BUKOPUCTOBYETLCA A1 BUMIPIOBAHHSA
BiACTaHi 00 06'eKTIB Y pi3HUX HanpsMKax. daTymnk 1 (BepxHin niBnn): — MigKa4YeHnn oo
niHy 5 ; — 1o ; — [0 uncposoro niHy D2; — [0 umndposoro niHy D3.
JaTumk 2 (HW>XXHIin nisnin): — ao 5v; — o ; — po D4, — po D5, JaT4yuk 3
(HVXKHIM NpaBun): — no 5Y; — [0 ; — 100 D6; 3MH. Apk. nokymM. Mignnc
HaTa Apk. 79 ITC.4KI1.0426.03-N3 HA3BA IOKYMEHTY HA3BA OOKYMEHTY — po D7. -
MOAY /b 800 -MOAYyJIb BUKOPUCTOBYETLCA OS5 Nepenadi faHux yepes MobinbHYy Mepexy,
30KpeMa 4118 HagCcunaHHA -nosigomMneHb abo 34iNCHEHHA O3BiHKIB. MNigKAOYeHHA Moayns:
— NiAKJKYEeHUA 40 BUXoay + DC- nepeTBoOptoBaYa, Skuin 3abesnevye ctabinbHy
Hanpyry 5V; — [0 3araJibHoOro ; — [0 D8 yepes pe3ncTop 4J18 3HNXKEHHSA Hanpyru;
— po D9. -MOAY/b -MOAYJb BigNOBiAa€ 3a BU3HAYEHHA KOOPAMHAT
MiCcUe3HaxodXXeHHS KopucTyBada. Migknto4eHHs: —no5 ; — no ; — [0
1 yepes ; — po RX1 . Mooynb BUMiptoBaHHS BOJIOrOCTi
[aTynK BONOroCcTi BAKOPUCTOBYETHLCSA ANt BU3HAYEHHSA PiBHSA BOJIOroCTi abo BUSIBNEHHSA AOLLY.
MigkaAlYeHHS: NO3UTUBHUN KOHTAKT (+) — 40 aHanoroBoro niHy A7; HEraTUBHUN KOHTaKT (-) —

no . KHonka 3 - pe3ncTtopoM KHOMKa BUKOPUCTOBYETHLCA A1 B3aEMOAii
KOpUCTYyBaya i3 CUCTEMOIO, Hanpukiag aAnsg akTuBauil okpeMux pyHKLUiN. MNigKI0YeHHsS: O4WH
KOHTAKT KHOMKN — A0 NiHy D10; iHWNN KOHTaKT — A0 yepes pe3uctop 10 kKOMm. DC-

MOHMXYIO4YMI NepeTBoptoBay 3MH. Apk. Ne nokymMm. MNignuc OJaTa Apk. 80 ITC.4KI1.0426.03-13
HA3BA JOKYMEHTY HA3BA OOKYMEHTY [aHnn KOMMNOHEHT BUKOPUCTOBYETbLCA ONa ctabinizauii
HaNpyru XXWBNEHHSA -moayn4. MigkntoveHHs: [N+ Ta |N- — 0o g>kepena XMUBJEHHS
(akymynsTopa abo naBepbaHka); + — 3abe3neyvye cTabinbHi 5V gna -MOAYNIS; -—



https://plagiarism-detector.com 27/36

no . 2KnBneHHsa nnatu 30INCHIOETBCA Yepes -kabenb, K1 Moxxe ByTK
nigknYveHun oo naBepbaHka abo iHWoOro gxepena xueseHHd. Tabamusa 3.1 - Cuctema
nonomoru opieHTauii Tabnuusa 3.1 Cneundikania anapaTHUX KOMMOHEHTIB CUCTEMU OpiEHTaLi
3/n Ha3Ba koMnoHeHTa KinbKicTb MNMpusHadyeHHs B cucteMi 1 MiKkpokoHTposiep 1 wr.
LeHTpanbHuin 610K 06pobKn faHMX Ta KepyBaHHA CUCTEMOIO 2 YAbTPa3BYKOBUA AATUYUK
-S5R04 3 wT. BuaBneHHs nepewkon y hpoHTa bHiN Ta 60KoBMX 30HaxX 3 -Mogynb 800
1 wT. Nepepnaya -NoBiAOMJIEHb Ta 3B'A30K 3 OMiKyHOM 4 -MoAayNb -6V 1 wT.
Brn3HavyeHHA KOOpAMHAT MiCLEe3HaxoaXeHHS KopucTyBada 5 DC-DC nepeTBoptoBay LIV12596 1 wiT.
Crabinizauis Hanpyru >XMBNeHHs -Moaynsa 6 atymk BonorocTi (aowy) 1 wT. BusasneHHs
BOJIOrM Ta onafiB 7 TakToBa KHomMka 1 wT. AKTnBauia pyHKUin cnctemun 8 Pesnctop 10 kOm 1
wT. Ctabinizauia curHany KHonku ( - ) 9 BibpomoTop 1 wT. TakTUbHE CMOBILLEHHS
kopucTtyBada 10 3ymep 1 wiT. 3ByKOBE CMOBilLEHHSA KOpUCTYyBaYa licna eTany NpoeKkTyBaHHS
anapaTHOI YaCTUHKM Ta po3pobkun Tononorii gpykoeaHoi niaaTtu (puc. 3.3), byno pospobneHo
MporpamMHUIA anropuTM, akuin 3abesneyvye iHTenekTyanbHy 06pobkKy AaHuMX. 3MH. ApK. o OOKYM.
Nignnc Oata Apk. 81 ITC.4KI.0426.03-M3 HA3BA OJOKYMEHTY HA3BA OOKYMEHTY A) B) Puc. 3.3.
Po3pobka opykKoBaHOI N1aTn NPUCTPOLO: @ - CXEMa eNeKkTpuYyHa npuHunnosa; 6 - Tononorisa
PO3MilLLEHHA KOMMOHEeHTIB AnropuTm pobotun cnctemu MpuHuun poboTn po3pobneHoi cuctemmn
MO>XHa ONUCaTU y AeKiflbka OCHOBHUX €TaniB: Y/bTPa3BYKOBi 4aTYMKN NOCTIMIHO BUMIPIOIOTb
BiACTaHb 40 NEPELIKOA Y TPbOX HanpsMKax Ta nepeaaloTb OTPUMaHI AaHi Ha nnaTy
Ans nofanbluoi 06pobkn. 3MH. Apk. Ne gokyMm. MNignuc OaTa Apk. 82 ITC.4KI1.0426.03-MN3
HA3BA JOKYMEHTY HA3BA JOKYMEHTY -MO4Yy/lb BU3HAYAE MOTOYHE MiCLE3HaX0OKEeHHS
KOpUcTyBada Ta hOpMYyE KOOpAMHATN. -MoAy/ib 3abe3neyvye nepenady Ta OTPMMaHHA
noBigoMneHb. Y pasi HeobXigHOCTi CUCTeMa MOXXe HaACUNaTh KOOPOUHAaTN KOPUCTYBaYva ONiKyHYy
abo iHWin BignoBiganbHin 0cobi. [laTyMK BONIOrOCTi KOHTPOJIOE pPiBEHb BOJIOIM B HABKOJNLLHBOMY
cepefoBULLi, HANPUKAaL MOXXe CMrHani3yBaTun nNpo Aol abo Mokpy noBepxHio. KHomMKa
BUKOPUCTOBYETLCA OJ18 B3aEMOIT KOPUCTYBaya i3 CUCTEMOIO Ta aKTUBaLIl OKpeMunx hyHKLUIN.
aHani3ye BCi OTPUMaHI daHi Ta BUKOHYE BiAMOBiAHI Aii: akTUBYE 3ByKOBi abo
BibpaLinHi cMrHanu, a TakoXX Nnepepac iHopMadlito Yyepes -MOAYJb. -TPeKiHr (
) aBNsie coboto TEXHOMOri0 BU3HAYEHHSA KoopanHaT 06’ekTa 3a
[0MOMOrol CUrHanis -CYNYTHUKIB. Y MeXax [aHOoi CUCTeMU opieHTaLil -TPeKiHr
BUKOPUCTOBYETLCA A5 BiACTEXEHHS MiCLLe3HaX0 KEeHHSA KOpUCTyBaYda Ta 3abe3neyeHHs
noanaTkoBoi 6e3nekn. OCHOBHUI NpuHUMN poboTn nonsarae y Tomy, Lo -npunMay oTpUMye
CUrHanN Bif CYyNYTHUKIB i Ha iX OCHOBI BU3HAYa€ TOYHI KoopAMHATW NpUCTpoto. Micna uboro AaHi
MOXXYTb NepefaBaTUC Ha CMapTgOoH abo iHWNIA NPUCTPIN, Ae KOPUCTYBAY Y1 OMNiKYH OTPUMYE
iHpopMaLito Npo MicLe3HaxoOoXeHHS NoANHN. BUKOpPUCTaHHSA -TPEKiHry y cuctemi 4onomMoru
Opi€eHTaLIil 3Ha4YHO CNPOLLYE NMepecyBaHHA NOAEN i3 NOPYLUEHHAM 30pY, NiABULLYE pPiBEeHb IXHbLOI
6e3nekn Ta A03BOJISE Kpalle OPIEHTYBATUCHA Y HE3HANOMOMY cepenoBuLli. licnsa 3aBepLUEeHHS
MigKAOYEeHHS BCiX KOMMOHEHTIB HeobxiaHo 3aBaHTaxkmMTn 6ibnioTekn Ta nporpamMHuin Kopg y
MiKPOKOHTposiep. Mpu HanawTyBaHHI cucteMn NOTPiIGHO BKasaTn HoMep TenedoHy onikyHa, Ha
AKUA ByayTb HAAXOAUTU NOBIAOMIEHHS 3 KOOPAUHATaAMN KOPUCTYBa4va. 3MH. ApK. o flOKyM.
Nignnc Oata Apk. 83 ITC.4KI.0426.03-M3 HA3BA JOKYMEHTY HA3BA OOKYMEHTY Puc. 3.4.
KoH@pirypauinHnm dpparMeHT Kogy A1 HaNallTyBaHHS agpecaTa CroBiweHb Y gogatky A
HaBeAEeHO NPOrpaMHUin Ko oNnsa peanisauii -TpeKiHry. MpuHumn poboTn NONArae y ToMy, Lo
Ha TesnedoH onikyHa HaaAXxoauTb -MOBIAOMIEHHSA 3 MOCUNAHHAM Ha , e
BifoBparKaeTbCA NOTOYHE MiCLLe3HaX0AXKEeHHA KOpUcTyBaya. IHTerpadis
Ons po3wmnpeHHs QYHKLIOHaNbHNUX MOXKIMBOCTEN cMcTeMn By0 PO3rAaHYTO iHTerpauito
Moayns Ha 6aa3si . JogaBaHHSA MiKpOhOHHOIr0 MacuBy
[03BOJISIE CUCTEMi NpMAMaTK Ta aHani3yBaTu 3BYKOBI CUTHaNW, WO MoXXe ByTn KOPUCHUM ans
BM3HAYeHHSA HaNpsMKY AXKepena 3ByKY Ta MOoKpaLLEeHHS OpieEHTaLil KOpUCTyBada y NpocTopi.
Nigknio4eHHS Monaynb BUKOPUCTOBYE CTAaHAAPTHUN 12-KOHTaKTHUN
iHTepdenc , 3 AKOro 3aCTOCOBYIOTbCA TaKi CUrHaAu: — XXWBNEHHS MOAYNS,
nigknYaeTbCa go niny 3.3V abo 5V nnaTtwn 3aJ1e)XKHO Bif, XapaKTePUCTUK Mooy ns;
— 3arafibHUI Nposig, NiAKJYeHUA 10 ; _ — TaKTOBMWW CUTHaN
CUHXpPOHiI3auii poboTu MiKpooHiB, MigKNOYAETLCA 00 -BMBO4Y, Hanpukniag D9; B
— UMPPOBUN BUXILHUA CUTHaA MIKPO(OHHOI0 MacuUBY, SKUIA NiAKAIOYAETLCA A0 aHa/I0rOBOIro
abo umndposoro exony , Hanpuknag A5. MpuHuMn poboTn MiIKPOOHHOIr0 MacmBy
MikpooHHUIN MacnB NPUNMAE 3BYKOBI XBUJ1i Ta MEPETBOPIOE iX y undpoBuin cnrHan dopmaTy
( ). Y uboMy cbopmaTi iH(hopMaLis Npo aMmnaiTyay 3BYKY
nepenaeTbCs Yepes WifbHICTb iMMNyAbCiB. POPMYE CUHXPOHI3YHO4YNA TaKTOBUNA
CUrHan _ HeobxigHOT YacToTuK. AN LbOro BUKOPUCTOBYETLCH -CUrHan, aKnn



https://plagiarism-detector.com 28/36

reHepyeTbCsA BHYTPILLHIM TalMepoM MiKpOKOHTposiepa. OTpnMmaHumn -CurHan obpobnseTbcs
MiKPOKOHTPOMEPOM AJ19 MOAAJIbLLIOIO MEePeTBOPEHHSA Y -CUrHal — CTaHdapTHUN cbopmaT
LMpoBOro 3ByKy. 104 LbOro BAKOPUCTOBYOTLCSA aNropuTMn eKoayBaHHS Ta inbTpauii AaHnX
Yy pexxunMmi peanbHoro 4acy. 3MH. Apk. Ne gokyM. Mignuc Oata Apk. 84 ITC.4KI.0426.03-MN3 HA3BA
OOKYMEHTY HA3BA OOKYMEHTY Mpu BUKOPUCTaHHI AeKiNbKOX MiKPOOHIB MOXKHa pearni3zyBaTu
aNropuTM BU3HAYeHHS HanNpsAMKY A)kepena 3ByKy. Mloro poboTa 6a3yeTbca Ha aHanisi pisHULL
Yacy HaAXOO)XEHHS 3BYKOBMX XBWUJIb 0,0 KOXXHOI0 MikpogoHa ( —

). IHTerpauia MikpotOHHOro MacuBy B cMCcTeMy BMKoOpuUCTaHHA

OOMOBHIOE (PyHKUIOHaN yNbTPa3BYKOBUX AaTHUKIB Ta / -MoAyniB i HaJa€e cMCTeMi
[00aTKOBI MOXKJIMBOCTI: BUSHAYEHHS A)Kepes 3BYKY A1 NOKpaLLeHHSs NMpoCTOPOBOI OpieHTaLl;
kombiHoBaHa 06pobka AaHMX i3 MiIKPO(OHIB Ta Y/IbTPa3BYKOBUX CEHCOPIB A5 NiABULLEHHS
TOYHOCTI CUCTEMU; MOXXJINBICTb pearyBaHHSA Ha aBapinHi abo He3BMYalHi 3BYKOBI CUTHaNM 3
nogasbLUOK Nepenavelo iHopmMauii yepes -MOAY/b. 3MiHWN B eNIeKTPUYHIN cxeMi Ons
NigKNOYeHHA MiKpohoHHOro Macney HeobxigHO BpaxyBaTu TaKi 3MiHU: BUKOPUCTAHHSA
[00aTKOBUX BUBOLIB (D9 pna curHany _ Ta A5 onsa _ ); NnepeBipky
CYMICHOCTI XMBNeHHA Moayna 3 Hanpyroto 3.3V abo 5V; pogaBaHHA MporpamMHoro 3abesnevyeHHs
ONSa gekoayBaHHSA -CUrHany y -cbopmMmaT. 3.2. Po3pobka nporpamHoro 3abesneyeHHs

€ 3pYYHOI0 NIaTHOPMOI0 A1 CTBOPEHHSA €/IEKTPOHHUX NPUCTPOIB, KA NOEAHYE

anapaTHy Ta NporpamMHy 4acTUHW. BOHa LWWMPOKO BUKOPUCTOBYETHLCA AK cepef NoYaTKiBLiB, TaK i
cepen OocBigvYeHUx po3pobHUKiB 3aBAAKM MPOCTOTIi BUKOPUCTAHHSA Ta BEJINKIN KiIbKOCTI
OOCTYMHUX IHCTPYMeHTIB. NnaTdopma [03BOSSAE WBUAKO CTBOPIOBATW Ta TeCTyBaTU Pi3HiI
€NeKTPOHHI MPoekTN 6e3 HeobxigHOCTI rMMBOKOro BUBYEHHS MIKPOKOHTPOJIEPIB Ha MOYaTKOBOMY
eTani. NMporpamyBaHHS BUKOHYETbLCS 3a AOMOMOroi0 MOBMU abo

, iKa 6a3yeTbca Ha C/C++. 3aBASKM LbOMY KOPUCTYBaYi, SKi BXXe MatoTb 6a30Bi 3HaHHSA
MOBU C++, MOXYTb AOCUTb LUIBUAKO OCBOITU NPUHLMNAM pobOoTK 3 NnaTdopMoto. Pa3oM i3 Tum

Ma€e BnacHi 6ibnioTekn Ta cnpouweHi QyHKLUIT, WO 3HAaYHO NOJIErWYIOTb HaNMCaHHS

nporpam AJjs MiKpokKoHTpoJsiepiB. 3MH. Apk. Ne gokyM. Mignuc OaTta Apk. 85 ITC.4KI1.0426.03-M3
HA3BA JOKYMEHTY HA3BA OOKYMEHTY byab-aka nporpama ans CKJNIaJa€ETbCA 3 ABOX
OCHOBHUX (QYHKLIN: () Ta (). DyHKUiA () BUKOHYETbCS NInLWIEe OAWH pa3 nicns
3anycky abo nepesaBaHTaXeHHS nMaaTW. Y Hih 3a4al0TbCA NOYaTKOBI MapamMeTpu poboTu
CuUcTeMu, HanalToOBYIOTbCA BXOAW Ta BUXOAM, @ TaKOX iHiLiani3yoTbCa Nigkao4YeHi Moayni n
naT4mku. OCHOBHa JIorika Nporpamm peanisyeTbcs y QyHKLil (), 9ka npayto€e UNKAIYHO
NPOTArOM yCbOro Yacy poboTtu npuctpoto. Came y Uil YaCcTUHI nporpamun BiabyBaeTbCS
34YMTYBaHHA AaHUX i3 AaTYUKIB, aHaNi3 OTpUMaHOI iHopMaLii Ta BUKOHAHHS BiAMNOBIAHMX 4in,
Hanpuknapg yBiMKHeHHs BibpomMoTopa, nofada 3BYyKOBOro curHany abo HaacuMnaHHA KoopanHaTt

yepes -MoAyJib. ,D,J'Iﬂ CTBOPEHHA Ta 3aBaHTaX>XXeHH4A nporpamMm BMKOPUCTOBYETbLCA CcepenoBuLLe
pO3pobKu .

@AI generated text detected: ChatGPT 5.3, : 65,44% id: 36
BoHO 003BONISE NMCaTW NPOrpaMHUN KoL, KOMMIIIOBaTX MOro Ta 3aBaHTaXkyBaTu
H6e3nocepenHbLO Ha MIKPOKOHTpoJiep. KpiM Liboro, MICTUTb IHCTPYMEHTW AN
TeCcTyBaHHSA Ta HajJlaro4>XeHHa poboTu nporpamu, Lo € 0Co6aMBO BaXKIMBUM MNig 4ac po3pobku
cknagHnx cuctem. OOHI€o 3 rOJIOBHUX Nepesar € HasIBHICTb BEJINKOI KiSIbKOCTi FOTOBUX

6ibnioTek. BoHM A403BONSAOTL LWBUAKO OpraHisyBaTn poboTy 3 pisHUMU AaT4YUKaMU, AUCAIEAMU,
MOAYISIMUN 3B'A3KY Ta iHLWWMUN €IeKTPOHHUMUN KOMMNoHeHTaMn. 3aBasku 6ibnioTtekam HeMae
HeobXigHOCTi CTBOPIOBATU NPOrPaMHUN KOA A1 KOXXHOI0 NPUCTPOIO 3 HYNS, OCKiNIbKK
Binbwictb 6a30BUX PYyHKLIN y>Ke peanizoBaHa po3pobHukamu. MNnatdhopma TaKOX MaE€
BEJIMKY CMiSIbHOTY KOPUCTYBaYiB. Y BiOKPUTOMY AOCTYMi MOXKHa 3HaNTU 3HA4YHY KiNbKiCTb
NnpUKNagis NporpamM, HaB4YaJIbHUX MaTepianiB Ta FOTOBUX pilleHb A5 Pi3HUX NPOEKTIB. Lle
3Ha4YHO CrpOoLLY€E NpoLiec HaBY4aHHA Ta AOroMarae€ WauLle BMpilyBaTu Npobaemun, aKi MOXXYTb
BUHWKATK Mif Y4ac po3pobKku.

Ona poceBifgvYeHnx KOpucTyBadis € 3PYYHOI0 3aBASAKN CBOIN MHYYKOCTI Ta MOXXJIMBOCTI
BUKOPUCTOBYBaTU MOBY C/C++ Onsa peanisauil cknagHiwmnx anroputMmie. MNnatdopma NigTpumMye
iHTerpauito cTopoHHix 6ibnioTek i MoayniB, WO AO3BONSE PO3LLUNPIOBATN hYHKLIIOHAbHI
MOXXJINBOCTi cuctemun. Came Tomy BUKOPUCTOBYETLCA He NnLe OJ19 HaBYaJIbHUX
NMPOEKTIB, @ N Y cMCTeMax aBToMaTum3auil, poboToTexHiui Ta iHWNUX TeXHIYHMUX po3pobKax. 3MH.
Apk. No pokym. Mignnc OJata Apk. 86 ITC.4KI.0426.03-M3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY Taknm 4uHowMm, € YHiBEpCasibHO N1aTPOPMOLo, SKa MOEQHYE MPOCTOTY
BUKOPUCTaHHS, LUMPOKI MOXJIMBOCTI NpOrpaMyBaHHA Ta NiATPUMKY BEINKOT KiIbKOCTI
€NEeKTPOHHNX KOMMOHEHTIB. 3aBASKN LLbOMY BOHA 3aJIMWAETLCA OAHUM i3 HAWMOMYAAPHILWLINX
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pilleHb 05 CTBOPEHHA eNeKTPOHHNX CUCTEM Pi3HOI CKAagHOCTI (puc. 3.5). Puc. 3.5. IHTepgeinc

cepenosuLa po3pobku nig Yac HanawTyBaHHA CUCTEMU Ta npouec
nporpamMyBaHHA CUCTEMN ( ) € oiLinHUM
cepenoBuLLEM Po3pobkn ona nnatdopMu , ike 3abe3nevye BCi HeobXigHi iIHCTpyMeHTH

018 HanNnMCaHHSA, KOMMiNALUil Ta 3aBaHTa>KeHHA nporpam 6e3nocepefHbO Ha MiIKPOKOHTpPOJIEPU.
Lle kpocnnaTgopMHe cepenoBmuLe, SKe MOXKe npauoBaT Ha onepauinHux cuctemMmax ,
Ta BUPI3HAETLCA NPOCTMM Ta iHTYITUBHO 3p0O3yMiNINM iHTepdencom,
afie BOAHOYAC Ma€ LWUNPOKNN Habip pyHKLi Ana po3pobkn. OOHIEI0 3 OCHOBHUX Nepesar €
3pYYHUIA pefakTop Koay 3 NiAcBiYyBaHHAM CMHTAKCUCY Ta YHKLIE aBTOAOMOBHEHHS, LLLO
3HaA4YHO CrpoLyE HanncaHHsa nporpamM. CepenoBunile aBTOMaTUYHO BUKOHYE KOMMINALIO KOA4Y Ta
MOro 3aBaHTa)XeHHA Ha NnaTy, WO LO03BOASAE WBNAKO NEPEBIPATY NMpaue3faTHICTb NporpaMmn Ta
BUMPaBAATN NOMWUJIKM LLE Ha eTani po3pobkun. 3MH. Apk. AokyM. MNMignuc Oata Apk. 87

ITC.4KI.0426.03-MNM3 HA3BA LOKYMEHTY HA3BA JOKYMEHTY Takox nigTpuMye
poboTy 3 CepiiHMM NOPTOM, LLIO AA€E MOXXJIMBICTb BiACNiAKOBYBaTWU AaHi B peasibHOMY 4aci.
(&) Al generated text detected: ChatGPT 5.3, : 57,64% id: 37

Yepes HbOro MOXXHa BMBOAUTU 3HAYEHHS 3MiHHMX, OTPMMYBATW NOBiIAOMJIEHHS Ta 34iACHIOBATH
B3aEMOAII0 3 NpOrpamMoto Nif Yac il BAKOHaHHSA Ha MiIKPOKOHTpoJsiepi. OKpeMoto nepesaroto
cepepnoBuLla € BbyaoBaHa cucTeMa KepyBaHHA 6ibnioTekaMmn. 3aBOSKN il MOXXHa NIErKO
nonaBaTu HOBI dyHKLIiT abo migkntovaTy 30BHILWHI Moayi 6e3 cknaaHoi py4yHOi KoHdirypadiii.
CninbHOTa CTBOpWUJIIA BEJINKY KiNbKiCTb roTOBUX BibnioTek, SKi BCTaHOBJIOIOTLCA
OyKBasibHO B AeKisbKa KNikiB. KpiMm Toro, y cepenoBuLLi OOCTYMHI Npuknaan nporpam Ta
JeTajibHa JOKYMeHTaLlis, Lo AoroMarae€ Wwanalle po3ibpaTnucs 3 MOXKAMBOCTAMU MAaTHOPMU.
ONns Hanarog>XeHHsa Koay Ha[a€ 3pyYHi IHCTPYMEHTN, SKi 403BOMSAIOTb NEPEBIPATHU
BUKOHaHHA NporpamMu, aHasidyBaTu NOMUJIKU Ta BiACTEXYBaTW MOBEAIHKY CUCTEMU.
3aBaHTa>KeHHSA NPorpamMm Ha NaaTy 34iNCHIDETLCA Yepe3 -nigkNto4YeHHS abo iHwWnn
iHTepdenc 3B’A3Ky i € [OCTAaTHLO NPOCTMM HaBITb 419 MOYaTKIBLiB. /15 3anNyCcKy cuctemMu
opieHTaUil B NpoCcTOpi A4 cAinux HeobXiAHO CMoYaTKy 3anporpamMmyBaTy niaTy )
sKa BiAMOBiJA€ 3@ KepyBaHHA BCiMa eleMeHTaMn CUCTEMU.

Ha nepwomy eTani cnif 3aBaHTaXUTW Ta BCTAHOBUTHU 3 opininHoro canty. Le
H6e3koWwToBHE cepenoBuLLEe, MPU3HaYeHe Ans po3pobku nporpam Ans . Hani
NigKJIOYaETbCA A0 KOMMN'IoTepa 3a A0MNOMOr o0 -kabento. Micnga nigkn4yeHHA HeobXigHO
rMepeKkoHaTUCH, WO CMCTEMa KOPEKTHO po3ni3Hasa NpUCTpin i BCTaHOBMUIa HeobxigHi gpaneepu.
Y cepepnoBuLLi noTpibHo obpaTu BiANOBIAHY NnaTy —

&4 Lintnposarus: 0% id: 38

« »,
a TakKoXX NOPT NiAKIOYEHHSA Yepes3 MeHI0

u LintnposaHus: 0% id: 39
«|HCTpYMEHTU»

( ). Micna HanawTyBaHHA cepenoBuLLLA MOXKHA NepexognTn A0 HanMCaHHSA NPOrpaMHoOro
koay. MNporpama NoBMHHa 3abe3nevyyBaTn 34NTYBAHHA AaHWUX i3 AaT4UKKIB, ix noganblly 06pobky,
NPUNHATTSA pilleHb Ta KEPYBAHHSA BUKOHABYMMUN €/IeMEHTaMN CUCTEMU, TaKUMK K BibpomoTopun
Ta 3BYKOBI curHanizaTopu. 3mMH. Apk. e gokym. Mianuc OaTta Apk. 88 ITC.4KI.0426.03-MN3 HA3BA
OOKYMEHTY HA3BA NJOKYMEHTY lepepn 3aBaHTa)KeHHAM KOLY Ha niaTy peKOMEeHAYETbCA
BUKOHATW NepeBipKY Ha HasBHICTb MOMUJIOK 3a 40MNOMOrol BOyn0BaHOI (hyHKUIT KoMMinAuii B

. 9KLLL0 NporpamMa ycnilHO CKOMMiNbOBaHa, il MOXKHa 3aBaHTaXXUTW Ha
MIKPOKOHTPOJIEP HATUCKAHHAM KHOMKMW

u LintnposaHus: 0% id: 40
« ».

Micns 3aBaHTa)KeHHA NporpamMHoro 3abesnevyeHHs HeOBXiAHO MiIAKNIOYNTY BCi AaTUYMKKN Ta
BWKOHaBYi NPUCTPOI BigNOBIAHO 00 €eKTPNYHOI CXeMU NPOEKTY (puc. 3.6). Ha 3aBepwanbHOMy
eTani NpPoBOANTLCA TECTYBAHHA CUCTEMU A1 NEPEBIPKN KOPEKTHOCTI 34MTYBAHHSA OaHUX,
06pobku iHdopMaLii Ta B3aeEMoLil 3 30BHiLLHIMKM KOMMOHeHTaMu. Puc. 3.6. MNMpouec
nporpaMmyBaHHSA naaTu 3a 4ONOMOroK Onwnc poboTun NporpaMHOro
3abe3nevyeHHs [aHuni NporpaMHUN Kog npusHavYeHnn ons peanisauii iHTerpoBaHOi CUCTEMUN Ha
6asi , IKa NOEQHYE KilbKa PYHKUIOHANbHUX MOXKJINBOCTEN: BUABJIEHHA NEPELLKOL 3a
[0MOMOroI0 Y/IbTPa3BYKOBUX [AaTUYMKIB, BU3HAYEHHS reorpadivHmMX KOOpAMHAT Yepes -
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MOAY/b Ta nepepnavy rnoBifOMAEHb i3 BUKOPUCTAHHAM -3B’A3KY. Jl04aTKOBO B CUCTEMI
BUKOPMCTOBYETbLCA KHOMKA KepyBaHHA Ta AaTHYUK AOLLY OS5 PO3WMPEHHSA hyHKLUioOHany. Y
dyHKUIT () BUKOHYETbLCA MOYaTKOBA iHiLiani3aLia BCiX MigKAOYEeHUX KOMMNOHEHTIB. 3a
[ornoMorot pyHKLT () HanawWTOBYOTLCS MiHM YNbTPA3BYKOBUX AATHUKIB K BXOAWN Ta
BMXOAWN, @ TAKOXK BM3HAYAETbLCHA PEXUM POBOTM KHOMKKM Ta iHWKWX eNeMeHTiB iHanKauil.
MapanenbHO iHiLiani3ylTbCA BCi NOCAIAOBHI 3’ €AHAHHSA: , (ons -MoAyns) Ta

(pns -Moayns) 3i CTaHAApPTHOK WBUAKICTIO Nepeaadi gaHuUx 9600 6it/c. Micns
3anycKy CMCTeMa BUBOAUTb OiarHOCTMYHI NOBIAOMJIEHHS, AKi NiATBEPOXYIOTb ii FOTOBHICTb A0
poboTu. 3MH. ApkK. nokyM. Mignnc OaTta Apk. 89 ITC.4KI.0426.03-N3 HA3BA JOKYMEHTY
HA3BA OOKYMEHTY OcHoBHa norika poboTun peanizoBaHa y yHKLii (), sKa BUKOHYETbLCHA
6e3nepepBHO. Ha NoYyaTKy LMKy yNbTPa3BYKOBI AaTYMKN BUMIPIOOTb BiACTaHb A0 HAaBKOJMLLHIX
06’ekTiB. N1 LbLOro Ha BUBIA MOAAETbLCA KOPOTKUIN iMMYbC, MNiCAS YOro 3a A4OMNOMOroto
yHKLIT () BUMIpIOETLCA YaC NOBEPHEHHS CUIHAy Ha BiAMNOBiAHUNA . Ha ocHosBi
OTPUMAHUX AaHUX PO3PaxXOBYETLCA BiACTaHb A0 NepewKkoan. AKLWO BiACTaHb CTAE MEHLUOK HiX
15-20 cM, aKTUBYETbLCA Nonepea)KyBasibHUA CUrHaA Ha BUXIAHOMY MiHi, MPUYOMY iIHTEHCUBHICTb
abo 4YacToTa CUrHany 3MiHIETLCA 3aN1eXKHO Bi 6M3bKOCTI 06'ekTa. OKkpeMo cuctema obpobnse
OaHi 3 gaTyMkKa gouly, NigKJYeHOro 4o aHasoroBoro sxony A4. Y pa3si BUsAB/IeHHA BOMOM K
hopMYETbLCA NonepenXyBasibHe NOBIOOMIEHHS TUNy

n LnTnpoaHunsa: 0% id: 41

n n
’

a TAKOXX aKTUBYETbCS 3BYKOBWUI CUMHAN A1 AOAATKOBOrO iHPOPMYBaHHS KOPUCTYBaYa.

Ba)knmBmMM enemMeHTOM KepyBaHHS € KHOMKa, NigK/t04YeHa A0 3MiHHOI .Y pasiii
HaTUCKaHHSA BUKJIMKAETbLCA PYHKLUIA (), AKa iHiLito€e BioNpaBKYy eKCTPEHOro -
MOBiAOMJIEHHS Yepe3 -Moaynb. [10 MOBiAOMAEHHA 40OA0TLCA MOTOYHI KOOpOAUHATHU
KopuCTyBa4a, aKi OTPUMYIOTbCS 3a 4ONOMOroto pyHKUiT get ops(). PyHKuia get_gps() Bignosinae
3a 34YNTYBaHHA OAaHUX i3 -MOAYISA Yepe3 NporpaMHUn NoCNigoBHUI MOPT. Y BUNagky
OHOBJIEHHS KOOPAWHAT BOHM 36epiratoTbCs y 3MiHHUX Ta i Hagani
BUKOPUCTOBYIOTLCA ANs hOpMyBaHHS NoBigoMneHb abo nepenadi yepes . OyHKUIA get ()
3abe3nevye 06pobKy BXiOHMX KOMaHA -Moayns. 30Kpema, y pa3i OTpMMaHHSA KOMaHau

[ 7 LinTuposaHus: 0% id: 42

cucTemMa aBTOMaTUYHO HaACWAE NOTOYHI KOOPAMHATU KOPUCTYBa4a y BiAnoBiab, nonepenHsLo
OTpUMaBLUK iX Yepes -MoAynb. 3MH. Apk. \e gokyMm. Mignuc OaTta Apk. 90 ITC.4KI1.0426.03-MN3
HA3BA JOKYMEHTY HA3BA OOKYMEHTY ®yHKuUis () peanisye BignpaskKy
€KCTPEHOro rnoBigOMJIEHHA 3 TEKCTOM

n LnTnposaHuns: 0% id: 43
« »

Ta NOTOYHUMKM KOOPpAUHATaMU MiCLLe3HaXOOXKEeHHS. Mepepnava 30iNCHIOETLCA 3a AOMNOMOr oK -

KOMaHA, -MoOyns, 30KpeMma + =1 nna nepexony B TEKCTOBUN pexum Ta AT+
0015 BiAnNpaB/eHHS Ha 3afaHuNN HOMep. 3aBepLUEHHS Nepedaydi NOBiAOMIEHHA 3M4INCHIOETHLCSA
CMMBOJIOM +7( 26), AKNIN CUrHaNi3ye MOAylo Npo KiHeub TeKCTy. 3.3. NPOEKTYBaHHA

cMmapT-6bpacneTy 3anponoHoBaHa HaBirauinHa cucTeMa BUKOHaHa Ha OCHOBI BiAKPUTOro
NporpaMHOro Koay Ta 3D-ApyKOBaHOro Kopnycy. BoHa peanizoBaHa y BUrnsafi ABOX BapiaHTIB
bpacneTa: 3 ogHMM Ta 3 gBOMa BibpauinHUMu apuryHamm. OCHOBHOI MeTO MPUCTPOLO €
fornomora fAsaM i3 NopyLUEeHHAM 30pY Y BU3HAYeHHI BiACTaHi 40 00'€KTIiB Ta YHUKHEHHI
nepewkon y npocTopi. B ocHOBi poboTn CuCTEMU BUKOPUCTOBYETLCA 5V yAbTPa3ByKOBUIA AAaTUYUK

-S5R04, 9KMn Npauloe 3a NPUHLUMNOM ( — 3BYyKOBa
HaBirauis i BU3Ha4YeHHSA BiACTaHi). MpUCTPi BUMIPIOE BiACTaHb y Aiana3oHi npnbansHo 0,02-4 m
i3 KyToM ornsay 6am3bko 15°. BiH 34aTHUIA BUSBASTU NEPELLKOAN Ha Pi3HI BUCOTIi — Big piBHSA
3eMJli 00 BEpPXHbOI YaCTMHU Tifla KOpUCTyBaYda, 3abe3nevyoym TakMmM YNHOM BiNnbll NOBHE
OXOMJEHHS NPOCTOPY. 3BOPOTHUI 3B'A30K peanizyeTbcsa Yepes 10-mM BibpalinHnin ABUTYH, KU
reHepye KoJIMBaHHSA Pi3HOI YacTOTM Ta aMNAiTyAn 3aJieXXHo Bif BiacTaHi o ob’ekTa. Le
[03BOJISIE KOPUCTYBAYy iHTYITMBHO OUiHIOBaTU 6M3bKICTb Nepewwkoan 6e3 BizyasbHOro
KOHTpoJt0. KepyBaHHS poboTolo AaTuyMKa Ta BibpomMoTopa 34iINCHIOETLCS MIKPOKOHTPONEPHUM
610KkOM BiAMNOBIAHO A0 aJropuTMy, peasizoBaHOro y BUrasai NporpaMHoOro Koay Ha MoBi C ans

. MpucTpin Mo>ke po3MilLlyBaTUCS SK Ha NpaBili, Tak i Ha NiBin pyui, He obMeXxyr4un

PYHKLIOHa/IbHICTb KUCTi Ta He 3aBa)kalo4y BUKOHAHHIO MOBCAKAEHHUX Air. TaKUM YNHOM
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peani3yeTbCSA MPUHLMM aKTUBHOIMO CKaHYBaHHS MPOCTOPY, KOJIM KOPUCTYBa4y NOCTINHO OTPUMYE
iHOpMaLilo NPo HAaBKOJIMLIHE cepenoBuLle. 3MH. Apk. Ne gokym. Mianuc OaTta Apk. 79
ITC.4KI.0426.03-1N3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY Puc. 3.7. KOHCTpPYKTUBHE
BWKOHaHHSA BpacneTa 3 iHTEerpoBaHOO HaBirawinHow NiATPUMKO KOMMNOHEeHTHa CTPYKTypa
NPUCTPOIO BKOYAE 3D-MoAenb KOPNyCy, eIeKTPOHHI Moayni, BapiaHTu 3 ooHUM abo ABOMa
BibpauinHUMK OABUTrYHaMUN, iKCYtOYi eneMeHTn, CEHCOPHUN 610K Ta eNeMeHTU CKNagaHHa (amB.
puc. 3.7). ooaTKOBO MO)Xe BUKOPUCTOBYBaTUCb DC- MNigBULLYIOYNIA NepeTBoptoBad 5V, akuin
cnpuse ctabinizauii »XmnBsneHHA Ta 36iNbLIEHHIO YaCcy aBTOHOMHOI poboTn NpUCTpOlo.
YNbTpa3BYKOBUIM AATUYMK NpaLOE Ha YacToTi 61m3bko 40 KU, BUNMPOMIHIOYN aKyCTUYHI
iMNyNbCK, AKi BiabnBaloTbCA Bif 06'€KTIB Y 30HIi Aii. KoXXeH LKA BUMipoBaHHSA BKJIOYa€E Nogady
TPUrepHoro iMnyfbcy TpmBanicTio 6/M3bko 10 MKC Ta ()OpMyBaHHS 3BYKOBOIrO CUrHany 3
noaanblinM NPUMoMoM BigbuUToro exo-curHasy. TpMBaniCTb LbOr0 CUrHasy 3MIHIOETbCHA B MeXax
npubnmsHo 150 MKC - 25 MC | NpAMO 3aneXUTb Bif BiACTaHi 40 NepeLwwKoan. 3anexHIiCTb MixX
4aCoM ex0-CUrHany Ta BiACTaHHIO OMNCYETLCSA POPMYJIOHD: [k =D (3.1) pe: —
TpMBaniCTb exo-iMnynbCy (MKC), 3MH. ApK. Ne gokyM. Mignnc JaTta Apk. 92 ITC.4KI.0426.03-13
HA3BA OOKYMEHTY HA3BA OOKYMEHTY D — BiacTaHb Ao o6’ekta (cm),

— KoediuieHT nepepaxyHKy (6an3bko 58 mkc/cm). Yac ogHOro BUMiptoBasibHOrO LIMKITY

3a0a€TbCA NMPOrpamMHoO B Ta NoBUHeH ByTn He MeHwWwe 60 MC 019 KOPEKTHOI

poboTu gaTymka. Po3paxyHOK BiACTaHi 34iINCHIOETLCS 3a 3aTPUMKOLIO MiXK BiANMPaBKOIO Ta
OTPUMAHHAM CUrHany. a8 3MeHWeHHS BNAMBY LWYMiB 3aCTOCOBYETLCA €KCMOHEHUia/IbHe
3raag)KyBaHHa curHany: (3.2) de: St — noTo4YHe 3raag)xeHe 3Ha4YeHHs, 1 — nonepepnHe
3Ha4yeHHsA, Vi — HOoBe BUMIipsSHe 3Ha4deHHs, o = 0.5 — KoeiuieHT 3rnag)xxyBaHHA. MakcumaibHa
3aTpUMKa MOLLUNPEHHS CUrHaNy B NOBITPi BU3HAYaETLCA AK: (3.3) e =4mM—
MaKCUMaJibHa OaibHICTb BUMIPIOBAHHS, = 340 M/C — WBNAKICTb 3BYKY B MOBITPI.
BuMipsiHa BiACTaHb MepeTBOPIETLCA Y CUFHa KepyBaHHS BibpaLi€io Ta nepefaeTbCsa B
peanbHOMY Yaci K 3Ha4YeHHsi pobo4voro unkny ( ) 3 MiKPOKOHTpO1Epa . 3aNexHo Big
BiiCTaHi A0 06’eKTa 3MIHIOETLCA XapakTep BibpauiiHOro BiAryky: npm guctaHuii 0o 35 cm
NPUCTPIN POPMYE YaCTi MOOAVNHOKI iIMAYNbLCU 3 BUCOKOIO iIHTEHCUBHICTIO, LLLO CUTHANI3yE Npo
6113bKy Hebe3neky. Y giana3oHi 150-250 cm Bibpauisa cTae 6inbli pigkoto Ta cnabwioto, a npu
BiACTaHi NnoHaa 250 cM BMKOPUCTOBYIOTLCA NOABINHI iMNYNbCU, AKi BKa3lyloTb Ha be3neyHy
BiACTaHb 00 nepewkoan. 3MH. ApkK. AokyM. MNignuc Oata Apk. 93 ITC.4KI1.0426.03-13 HA3BA
JOKYMEHTY HA3BA OOKYMEHTY Puc. 3.5. OcHOBHi Aiana3oHu BiacTaHen Puc. 3.6.
KanibpyBaHHsA onTuManbHoro poboyoro unkny Mig 4ac HanawTyBaHHA cucteMun 6ysio BUKOHaHO
cepilo eKcnepuMeHTiB i KanibpyBaHb, Yy pe3ysbTaTi AKMX BU3HA4YeHO fAeKifSibKa BapiaHTIB
3a/1eXKHOCTEN MiX BiACTaHHIO Ta 3Ha4YeHHAM poboyoro umkay: Ha ocHoBi npoBegeHux
pocnigxeHb 6yno nigibpaHo onTuManbHy PYyHKLUIO KepyBaHHS AN Hanbinbw poboyoro
diana3oHy BiacTtaHen 35-150 cM. BOHa ONNCYETLCA HAaCTYMHUM BUPa30M: 3MH. ApK. o JOKYM.
Nignuc OaTa Apk. 79 ITC.4KI.0426.03-M3 HA3SBA OJOKYMEHTY HA3BA OOKYMEHTY (3.10) pe m =

127,k =70, b = 35 — napameTpwu, nigibpaHi ekcnepumeHTanbHO; ) — BUMipsiHa BiACTaHb Y
Mexax 35-150 cm; — 3HaYeHHs -CUrHany B gianasoHi 0-255. aHa mopens 6a3yeTbea
Ha BUKOPUCTaHHI rinepbonivyHoi TaHreHc-yHKLIT ( ), WO O03BOISIE OTPUMATN NJIABHY 3MiHY

iHTeHCMBHOCTI Bibpauii 6e3 pizkux cTpnbKiB, pobnsa4n TakKTUAbLHUA 3BOPOTHUIN 3B'30K BinbLu
NPUPOOHUM i 3pO3yMiSIMM ONA KOPMUCTyBa4va. 3anponoHoBaHa po3pobka O03BONIAE NIOAAM i3
nopyLleHHAM 30py eddeKTUBHO BUKOHYBaTK 6a30Bi 3adaydi HaBirawii, opieHTaLUil Ta BUSSBNEHHS
nepewkon po3mipom noHag 0,5 M? K HEpYXoMUX (Ha BiACTaHi 40 4 M), Tak i pyxomunx o6’ekTiB 3i
wenakicto no 0,5 m/c (Ha BiacTaHi 4o 1 M). OTpMMaHUn TaKTUJbHUA 3BOPOTHUNIN 3B 30K €
iHTYITUBHMM Ta WUBNAKO 3aCBOKETHLCA MiCAs1 KOPOTKOro nepiongy npakTuku. MNpuctpin moxxke byTtn
peanizoBaHUI AK NOBHICTIO aBTOHOMHE pilleHHS abo K [0OaTKOBUIN efleMeHT [0 iCHYHYNX
3acobiB AOMNOMIXKHOI HaBirauii, 3okpema Ao 6inoi TpocTHN. BucHoBKK oo po3ainy 3 Y npoueci
BUKOHAHHSA NPaKTUYHOT YaCTUHM poboTn By10 CMPOEKTOBAHO Ta peani3oBaHO KOMMIEKCHY
CUCTEMY CEHCOPHOI NiATPMMKMK, CNPSMOBAHY Ha NiABULWEHHS PiBHA aBTOHOMHOCTI Ta 6e3nekn
Joaen i3 rnmboKMMmM NMopyLLEHHSIMIN 30pY.

@AI generated text detected: ChatGPT 5.3, : 60,8% id: 44

OTpuMaHi pe3ybTaTu A03BOJIAOTb 3p0OUTK KiflbKa y3arajlbHEHMX BUCHOBKIB LOA0
po3pobsieHoro pilleHHs. PeanizoBaHa cuctema nobyaosaHa Ha 6a3i MikpokoHTponepa

, SKU BUCTYMNAE LEHTPANbHUM eNneMeHToOM 00pobKn gaHunx i 3abesnevye B3aEMoAito 3
yCimMa nNigKIioYeHUMU MoaynsaMu. 1o CUCTEMU iIHTErPOBaHO Y/IbTPa3BYKOBI AaTUYMKW, -
npunmad Ta -MOAYJib, WO A03BOJINIIO OpraHizyBaTu cTabinbHmn 36ip, 06pobKy Ta nepenavy
iHchopMauii. ObpaHa apxiTeKTypa Noka3asia AOCTaTHIO LWBMAKOAI Ta HAAINHICTb, LLO €
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BaXJMBUM A poboTn B yMOBax peanbHOro cepenosuiia. 3MH. Apk.  gokyMm. MNignuc OaTta
Apk. 95 ITC.4KI.0426.03-MN3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY Y Mme)xxax poboTu Takox
peanizoBaHO My/IbTUMOLAJIbHWUA 3BOPOTHUN 3B’'A30K, AKUIA NOEAHYE 3BYKOBY iHOAMKALIO Ta
TaKTWJbHI cMrHanan. BukopuctaHHS BibpaLinHOro Ta 3ByKOBOIro OMNoBilLeHHA 003BOJINI0
3abe3neuynTu BiNbL AOCTYMNHE CIPUNHATTS iIHOPMaLii kopucTyBavyeM. [JooaTKOBO
3aCTOCYBaHHS HeJiHIMHOT Moy ALl CUFHaiB Ha OCHOBI (PYHKLIT 3abe3ne4ynsio NnaBHy
3MiHY iIHTEHCMBHOCTI CMOBILLLEHb 3aJIEXXHO BiA BiACTaHi 4O NepewKoau, Wwo 3pobnno B3aEMoLito 3
cucTemoto 6inbL iIHTYITUBHOW. BaXKIMBMM pe3ysibTaToOM € peasni3auia hyHKLUin 6e3nekn Ta
TeneMeTpii. 3aBASKN BUKOPUCTaHHIO Ta -MOoAYy/liB CNCTEMa OTpUMasia MOXJ/INBICTb
BWU3Ha4YaTu KOOPAMHATU KOPMUCTYBaYva Ta nepefaBaTu iX y BUrisa4i NOBiAOMJIEHb Ha Tesed)oH
onikyHa. Lle no3BONSE 3QiNCHIOBATU ANCTaHUINHUA KOHTPOJIb Ta 3abe3nevyye onepaTmBHe
pearyBaHHS y BMNagKax BTpaTu opieHTauii abo BUHNKHEHHSA Hebe3nevyHux cutyauin. Okpemo
CNif BiA3HAYMTU PO3LIMPEHHA PYHKLIIOHAIbHUX MOXXJIMBOCTEN CUCTEMM 3a PaXyHOK iHTerpauii
00OaTKOBUX CEHCOpPIB, 30KpeMa MiKPOOHHOI0O MacuBy Ta faTyMKa BOJIOrocTi. Lle
[,03B0JINAO0 PO3LLUNPUTIY iHhOpMaLLito NPO HAaBKOJIMLLHE CEpenoBMLLE, O0OABLUM MOXKJINBICTb
aHani3y aKyCTUYHUX CUTHaNiB Ta BUSABJIEHHSA NOrOAHMX YMOB, LLO MiABULLYE 3arajbHy
eheKTUBHICTb CUCTEMN OpPiEHTALLT.

Tako>X 6yno po3pobieHo [ooaTKOBUIN HOCUMNI MOAY b Y BUrnagi 6pacneTta, SKMn BUKOHYE
(DYHKLIiIIO pe3epBHOro NPUCTPOIO Y BUMAAKY BUXOAY 3 lady OCHOBHOI cucTemu. Moro
aBTOHOMHICTb, KOMMAKTHICTb Ta MOXXJIMBICTb BUKOPUCTAHHA pPa30oM i3 TPaAULiNHOI TPOCTUHOLO
3abe3nevyyoTb AOAATKOBUIM pPiBEHb HAZIMHOCTI Ta NPAKTUYHOCTI. Y NiACYMKY CTBOPEHUN
anapaTHO-NPOrpaMHNN KOMMJIEKC € 3aBepLUEHUM iHXEHEPHUM pPilLeHHAM, WO NPOMLLIo eTan
HafnawTyBaHHA Ta KanibpyBaHHSA | MOXXe ByTn pekoMmeHAoBaHe A0 NOoAaNbLIOro TeCTyBaHHA Ta
anpobauii B peanbHNX yMoBax ekcnayaTauii. PO341J1 4. EKCNEPUMEHTANIbHI OOCNIOXXEHHA
3MH. Apk. o gokyM. Mignnc OaTta Apk. 96 ITC.4KI.0426.03-MN3 Po3po6. Camonnos O. O. KepiBHUK
HoH4yeHko B.1HO. PeueHns. Ko3y6 HO.I. H. KoHTp. 3aB. kac. CemeHos M.A. PO311J1 4.
EKCNEPUMEHTANBbHI OOCNIOXXEHHA NiT. AKpywis 12 JIHY Kacdegpa ITC, 'p.4Kl . 4.1.
MopentoBaHHA B ( ) — ue nporpamMmHe cepefoBuLLE BUCOKOI0
PiBHA, SKe NMpU3HayYeHe AN5 BUKOHAHHS YNCENbHUX PO3PaxyHKiB, MOOEI0BaHHA NPOLECIB Ta
Bi3yanisauii oTpuMaHux gaHux. [laHa nnaTgopmMa aKkTUBHO BUKOPUCTOBYETLCA Y Chepi HayKOBUX
DocCnio»XeHb, iHXeHepii Ta po3pobkKn anropnTMiB 3aBASKN LLMPOKOMY Habopy BOyaoBaHMX
IHCTPYMEHTIB, NigTpMMLUIi poboTn 3 MaTpUUSAMN, CUTHAIaMU Ta MOXKJIMBOCTAM rpadivyHOro
npeacTaBNeHHS pe3ynbTaTiB. 115 BUKOHaHHA ANMNAOMHOI poboTu 6yno obpaHo yepes
HWU3KY nepeBar. Hacamnepep cepenoBuLle Ma€ 3pyyHi 3acobu gna poboTwn i3 cMrHanamm, Wo €
Ba>KJINBMM MpW peanizauii CMCTEMM BU3HAYEHHS HAaNpPSAMKY MPUXoay 3BYKY ( ). Takoxx
3abe3nevyye eheKTUBHE BUKOHAHHA MaTeMaTUYHMX 064YMCNEHDb, 30KpEMa MaTPUYHNX
onepauin Ta YNCeNbHUX MeTOAIB, AKi HeobXiaHI A1 po3paxXyHKY YaCOBUX 3aTPUMOK i KyTa
HaOX0O )XeHHS curHany. OKpeMoo NepeBarol € MOXAMBICTb NOByA0BM rpadikiB Ta cxeMm ans
aHanizy pesynbTaTiB poboTn anropmTMmie. Kpim uboro, MiCTUTb Benmnky 6ibnioTeky
roToBMX PYHKUIN gna obpobku cnrHanis, KOpensAuimnHOro aHasisy Ta OUiHIOBaHHA NapaMeTpiB
CWUrHanis, WO 3HAa4YHO CNPOLLYE NpoLuec po3pobku cnctemun. Y Mexxax gUnNaomMHoi pobotun
3aCTOCOBYBaBCS A1 CTBOPEHHS Ta NepeBipKM aIfOPUTMY BM3HAYEHHSA HAMPAMKY HaOX0OKEeHHS
3BYKY. Po6oTa BUKOHYBanach y Kilbka eTanis. Ha nepwomy eTani 6yno 3moaenLoBaHo
AKYCTUYHY CUCTEeMY Ta BU3HA4YeHO NOJIOXKEHHS AaTYUKIB Y NpPoCTOpi. [ANa Luboro ABa AaTHUKK
po3TawyBanun Ha BiacTaHi 0,05 m oguH Big ogHoro: d = 0.05; % BiacTtaHb MiXK gaTymkamu y
mMeTpax Lani 6yno cTBOpeHO TECTOBI 3BYKOBiI CUIrHaNWN CUHYCOifanbHOI popmun. OOnH curHan
BUKOPUCTOBYBABCH K OCHOBHWUM, a APYrni — K MO0 KOMis i3 4aCcoBOK 3aTPUMKOIO: 1=
(2 * pi ¥ T *1); % CurHan Ha nepwoMy gatyuky 3MH. Apk. \Ne nokyM. MNignuc OaTta Apk. 97
ITC.4KI1.0426.03-N3 HA3BA JOKYMEHTY HA3BA LOKYMEHTY 2= ( 1, )
% CurHan Ha ApyroMy AaTuyuMKy i3 3aTPUMKOI 3aBAAKM LLbOMY BOAJI0CA 3MOLEN0OBATU CUTYaLIO,
KOJIM 3BYK HaAXO0OUTb A0 AAaTYUKIB Yy Pi3HUA MOMEHT Yacy 3aJIeXXHO Bif KyTa po3TallyBaHHA
o)xepena curHany. 1ns BU3Ha4YeHHA 4acoBOI 3aTPUMKUM MiXK CUrHanamm 6yno BUKOpUCTaHo
MeTop rnepexpecHoi kopenauir: [ ~ val, 1= ( 2, 1); [~, 1=
( ( _val)); % Nowyk MakcuManbHOI Kopensauii _ = (Idx) /1 Fs; %
Ob4ncneHHs 3aTpMMKN Y pesynbTaTi 6ys0 3HaNAeHO MaKCMMalibHe 3Ha4YeHHA Kopensuii, ake
BiAMOBIOA€E YaCOBIN Pi3HMLI HAOXOOXXEHHS CUrHaniB A0 AaT4uKiB. icnsg uboro BUKOHyBaBCS
pO3paxyHOK KyTa npuxony 3ByKy 3a OpMyJiolo: B = (( . * )/
); TaKNM YNHOM 3AiNCHIOBANIOCh BU3HAYEHHS HaNpsaMKy [A)Kepesa 3ByKOBOro CUrHaly Ha OCHOBI
OTpUMaHOI 3aTpUMKK. Ons 6inbly HAOYHOro NpeacTaBsieHHs poboTn cuctemun 6yno nobynoBaHo



https://plagiarism-detector.com 33/36

rpagivyHy Mmoaenb po3TallyBaHHA AATYMKIB Ta HAaNpsMy NOLNPEHHS 3BYKY: ([0 d1, [0 O], "ro',
' ', 10, Y 2); (0, 0, ( ), ( ), 0.5, ', Y 2);
('BiocTaHb (M)'); ('BiocTaHb (M)'); ('Po3TallyBaHHS AaTYMKIB Ta HaMpPsAMoK
3BYKY'); ; OTpuMaHa Bi3yanisalis 003BosInJ1a NEPEBIPUTU NPaBUbHICTL poboTun
anropuTMy Ta MigTBEPAUTUN KOPEKTHICTb BUKOHaHMX o64ncnenb (puc. 4.1). 3MH. ApK. o OOKYM.
Nignuc OaTa Apk. 98 ITC.4KI1.0426.03-M3 HA3SBA OJOKYMEHTY HA3BA OOKYMEHTY Puc. 4.1.
MogentoBaHHA CUCTEMU B Cnctema BU3Ha4YeHHS HanNpsAMKY Ha O)Xepesio 3BYKY €
BaXKJ/INBOIO CKNaJ0BOK CydYaCHMX 3acobiB opieHTaLUii 414 noaen i3 NopyLUeHHAMY 30pY.
BUKOpPUCTaHHSA TakKNX TEXHOJIOrIN A03BOJIAE CTBOPIOBATM NPUCTPOI, SKi JonoMaratoTb
KOPUCTYBaYvy Kpallie OPiEHTYBATUCS Y NPOCTOPI, BUABAATY NepeLlKoan Ta BU3Ha4YaTu
po3TawyBaHHA 06'ekTiB HaBK0J10. MpuHUKMN poboTn NoaibHUX cnctem basyeTbCsA Ha aHanisi
pPi3HMLI Yacy Npuxody 3ByKOBOIrO CUrHasy A0 KilbKOX AaTHYUKIB. AKLO 3BYKOBa XBUJIS
HagxoauTb Nig MEeBHUM KYTOM 0 CUCTEMU 3 ABOX AATHUKIB, TO Yepe3 obMeXXeHy WBUAKICTb
MOLINPEHHSA 3BYKY CUFHaNA NoTparnse Ha OAWH AaT4YMK paHile, HiXK Ha iHwwnn. Came us pisHUUSA
y Yaci A03BOJISE BU3HAYUTUN HAMPSMOK Ha O)Kepesio 3BYKY. 3HA0UM WBUAKICTb NOLUMPEHHS 3BYKY
B MOBITPi, BiACTaHb MiXK AaTYMKaMM Ta YaCOBY 3aTPUMKY MiXK CUTHaNaMU, MOXXKHa 004UCINTN KyT
npuxoay curHany. PisaHnusa yacy npuxoay curHany /At BU3Ha4da€eTbCsa 3a hopmynoto: (4.1) ae: 3MH.
Apk. Ne pokyMm. Mignnc Oata Apk. 99 ITC.4KI1.0426.03-M3 HA3BA JOKYMEHTY HA3BA
OOKYMEHTY d — BiaCcTaHb MiXK OaTYNKaMWU;

— KYT MpuXo4y CUrHany;

— WBUAKICTb 3BYKY B MOBITPI, AKa 3@ HOPMaJIbHUX YMOB CTaHOBUTb NpnbnansHo 343 m/c. Ana
BM3HA4YeHHS YaCoBOI 3aTPUMKMN MiXK CUrHaNaMn BUKOPUCTOBYBABCSH MeTo Kpoc-kopensuii. Moro
MPUHLKM NOAArAE Y NOPIBHAHHI ABOX CUMHaNIB LWISXOM MOCTYMOBOro 3CYyBY OLHOIr0O BiAHOCHO
iHLIOro. Y MOMEHT, KOJIM CXOXIiCTb CUIMHasiB CTAa€E MakKCUMasIbHOW, BU3HAYaETbCA 3aTPUMKa MiX
HUMK. CaMe Lie 3Ha4YeHHSA BUKOPUCTOBYETLCA A9 NOAANbLUIOr0 064MCNEeHHS KyTa NPUXoay 3BYKY.
Mig 4yac mogoentoBaHHA CUCTEMU Y 6ynn 3apaHi Taki mapaMeTpu: WBNAKICTb 3BYKY c=343
M/C; 4acToTa curHany f=40 kl'y; BiagCcTaHb MiXK gaT4nkamm d=0,05 M; 4acToTa ANCKpeTun3auii

=1 Mly; KyT npuxoay curHany 6=30-. [1nga imiTauii 38yKoBoi xBUni 6yno cCTBOpeHoO

CuHycoiganbHuUn curHan: £ = (0:1/7s:1e-3)'; % 4acoBui BEKTOP = (2*pi*T*0);, %
CUHycoiganbHU curHan Micns uboro 6yno po3paxoBaHO YacoBY 3aTPUMKY A8 APYroro
JaTyuka: =d* ( )/ C; % 3aTpuMKa y ceKyHaax _ = ( *15); %
3aTPUMKA Y Bignikax _ (,2)=1 ( . , 1);

(1: - _ )1; Y pe3ynbTaTi BAanocsa 3MoAentoBaTu CUrHan, SKUA HaAXOAUTb Ha
OPYrnuin faTyumK i3 NEBHOK 3aTPMMKOIO 3aJ1I€XKHO Bif KyTa po3TallyBaHHA O)Xepena 3BYKY (puc.
4.2). Dani onsa 3Haxo4XXeHHS 4YaCcoBOro 3CYyBY BUKOPUCTOBYBaslacb YHKLIA , IKa peanisye
KPOC-KOpensauinHnii aHanis: [ _corr, 1= ( , _ (-, 2)); [~, _idx]
= ( _corr); _ _est= ( _1dx) /s; % ouiHKa 3aTPUMKM 3MH. ApK. o JOKYM.
Nignnc Oata Apk. 100 ITC.4KI.0426.03-N3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY _est =

( _ _est* c /d); % obymncneHHsa KyTa (['OuiHeHun KyT NnpubyTTS: ',

2str( _est), 'rpapycis'l); Puc. 4.2. AMnniTyfa cMrHanis Ha fatymkax PesynbTtatun

MO ENOBaHHSA NOKa3anu, Wo alropuTM KOPEKTHO BU3HAYaE KYT MPUXoay 3ByKOBOr0O CUrHany.
Ona kpaworo aHanizy pobotu cuctemm bynm Takoxx nobygoBaHi rpadiku curHanie, oTpuMaHuXx
Ha 060X paT4yuKax: (2,1,1); (L, ); ('CurHan Ha nepwomy faTymky');

(2,1,2); (L, _ (:, 2)); ('CurHan Ha gpyromy gaTymKy 3 3aTPMMKOIO');
MobyaoBaHi rpadiku 4O3BOAMAN HAOYHO NOBAYUTU PiISHULIIO MiXK CUTHalaMKU Ta NigTBEPANTH
HasIBHICTb YacoBOi 3aTpUMKU. OTpuMaHi pe3ynbTaTn CBiAYaTb NPO Te, L0 HaBiTb CUCTEMA 3 ABOX
OaTyuKiB 34aTHa AOCTAaTHbO TOYHO BM3HA4YaTM HAaNPSMOK Ha AXepesio 3ByKy. Y noganbLiomy
TaKy CUCTEMY MO>XXHa BAOCKOHANNTN LLAAXOM BUKOPUCTaHHA BinbLUOil KiflbKOCTi AaT4ukis abo
3aCTOCYBaHHS CyYacCHiLWINX anropmTmiB 06pobku curHanis, Hanpukiag 4n . Takox
nepcneKTUBHUM € CTBOPEHHSA peasibHOro anapaTHOro NPUCTPO0 Ha OCHOBI po3pobieHoro
aNropnTMy 3 NOAasblLUNM TECTYBaHHAM Yy peasibHMX yMoBax. Lle niaTBepaKye NepCcnekTUBHICTb
BMKOPUCTaHHA NodibHnx cnctem y 3acobax opieHTauil gna nogen is nopyweHHAIMn 30py. 3MH.
Apk. No pokyM. Mignnc Oata Apk. 101 ITC.4KI.0426.03-N3 HA3BA OJOKYMEHTY HA3BA
OOKYMEHTY Ons 6inbll Hao4HOro npencTaBsieHHS poboTn CMCTEMM BU3HAYEHHS HanpsMKy Ha
n>xepeno 3ByKy 6yno cTtBopeHo rpadivHy giarpamy (puc. 4.3), Ha AKi NOKa3aHO po3TallyBaHHSA
DATUYUKIB Ta HaAMPSAMOK MOLUMPEHHS 3BYKOBOIrO CUrHasny. Y MOAeNi BUKOPUCTAHO ABa AaTHMKW,
SIKi pO3MilLleHi Ha rOPM30OHTaNbHIN OCi Ha BiACTaHi 5 cM oauvH Big ogHoro, Tob6To: d = 0.05; %
BiacTaHb MK gaTyMkaMm y meTpax Ha giarpami gaT4nmkum no3HayvYeHi 4epBOHUMU KOJlaMu.
Mepwunin AaT4ymK 3HaxoanTbea y Touui (0,0), a apyrun — y Touui (0.05,0). Ana nobynosm ix
rpadgivyHoro Bignobpa>keHHA BUKOPUCTOBYBaJlaCb KOMaHAaa: ([0 d], [00], o', " ', 10,
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' ', 2); LLo6 noka3aTn HanNnpsMOK MpuXoay 3ByKOBOI XBWJIi, Ha cxeMi 6yno AoAaHo CUHIN

BEKTOP, KU MOYMHAETBLCA 3 MOYaATKY KOOPAMHAT Ta CPSAMOBaHWUA Mig KyToM O: (0, 0,
( ) ( ), 0.5, 'b', ! ', 2); Takox 6ina BekTopa BiAobparKka€ETbCA 3HAYEHHS
KyTa Mpuxoay CUrHany: ( ( )/2, ( )/2, ['\ =" 25t ( ), '], ...
' L, 12, ', 'b'); Ang nokpalleHHsa 30BHIWHBLOrO BUrNaAy Aiarpamu 6ynu noaaHi
NiANnUCKM OCen, CiTKa Ta 3arosioBOK: ('‘BigcTaHb (M)'); ('BigcTaHb (M)');
('Po3TawlyBaHHA OaT4YMKiB Ta HANPAMOK 3BYKY'); ; ; 3MH. ApK. No OOKyM.

Nignnc Oata Apk. 102 ITC.4KI.0426.03-N3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY Puc. 4.3.
Hiarpama po3TalwyBaHHSA gaTynkis CTBOpeHa AiarpaMa O03BOJIAE Kpalle 3p0o3yMiTh NpuHLMn
poboTn cncTemun Ta Bi3yasbHO OLIHUTM HaNPsSMOK MOLUMPEHHS 3BYKOBOIr0 CMrHany. BiacTaHb MixX
DATYNKaMU € OOHUM i3 FOSIOBHUX MapaMeTpiB CUCTEMU, OCKiNIbKM CaMe BOHa BMJIMBAE Ha
TOYHICTb BU3HAYEHHA KyTa NpmMxoay 3BYKY. HaaTo Mana BiACTaHb 3MEHLIYE Yy T/INBICTb CUCTEMMU
[0 YaCoBOi 3aTPUMKU, @ 3aHAaATO BEJIMKa MOXXe NPU3BOAMTY A0 NoXnbok npm obpobui curHanis.
OuiHKa HanpsMKy NpubyTTs 3BYKY ( , ) (puc. 4.4) € 0QHNM i3 KTIOYOBUX
eTanis poboTn cMcTeMmn NPoCTOPOBOi OpieHTaLLi. OCHOBHUI NPUHLWM MONATa€E Y BU3HAYEHHI
KyTa, Nig SKUM 3BYKOBUA CUrHaM HaAX0AUTb A0 MacuBy AaTHUKIB. [Na LbOro aHani3yeTbCcs
pi3HMLUSA Yacy npuxony curHany ( , ), SKa BUHNKAE 4Yepes pi3He
MOJNIOXKEHHA AaTYMKIiB y npocTopi. Y MO EN0BaHHS 3[4iNCHIOBANOCH LLUNSAXOM
reHepauii 4BOX CUrHaniB, AKi iMiTYI0OTb MPUAOM 3BYKY Ha KOXXHOMY 3 AaT4YuKiB. s CTBOPEHHS
4aCOBOI 3aTPUMKUN BUKOPUCTOBYBasacCb PyHKLIS : % leHepauisa cnrHanie 3 ypaxyBaHHSAM
pi3HMUI Yacy 1= (2 * pi * T *1); % CurHan Ha nepwomMy AaTYUKY 2=

( 1, )'; % CurHan Ha Apyromy gaTyuKy i3 3aTPUMKOIO Ae: 3MH. ApK. o LOKyM.
Nignnc Oata Apk. 103 ITC.4KI.0426.03-N3 HA3BA JOKYMEHTY HA3BA JOKYMEHTY 1—
CUrHas, OTPUMaHNIA NepPLIUM AaTYNKOM; 2 — CUrHan gapyroro gaTyuKa i3 3aTPUMKOIO T=
[ns ouiHKKN YacoBOi 3aTPUMKN MiXK CUFHaslaMn BUKOPUCTOBYBaBCSA KOPENALinHUIA aHanis:
[ , 1= ( 2, 1); [~, 1= (abs( ~val)); % MNowyk MakCUManbHOI

kopensauii _ = (idx) / Fs; % OuiHka 3aTpuMKK Y uboMy oparMeHTi Nporpama

3HaXoAUTb MaKCUMMaJsibHe 3HAaYeHHS KPOC-Kopensauii MiXK cMrHasnaMn Ta BU3HAYaE BiAMoBiaHy
4acoBy 3aTPUMKY. Micas 3HAX0O)KEHHSA 3aTPUMKUN BUKOHYETLCS 064YNCNIEHHS KyTa npuxoay

3BYKY: _ = (( _tau* ) /d); Dani oTpMMaHe 3Ha4YeHHs NOPIBHIOETLCH
3 TeopeTu4Ho 3aJaHnUM KYTOM: ('TeopeTn4HUN KYT: %.27°, OuiHeHNN KYT: %.27°\n', ,
); Puc. 4.4. Ouinka HanpaMky npubyTTsa curHany ( ) OTpuMaHi pe3ynbTaTu

003BOJINAN OUIHUTU TOYHICTb PO6OTM aNropuTMy Ta BUSHAYUTU MOXKJINBI MOXNOKKN, SKi MOXYTb
BUHMKATK Yepe3 BMNJIMB LUYMIiB, HETOYHICTb AnckpeTm3auii abo ocobnmBocTi 06pobkn curHanis.
Ha To4YHICTb BM3HAYEHHA KyTa BNJIMBAOTb KiJSibka PaKTOpPiB: BiACTaHb MiXK AaT4YMKaMu, 4YacToTa
3BYKOBOIO CUrHany, WBUAKICTb NOLMPEHHSA 3BYKY Ta YacToTa AuUCKpeTusauii cuctemu. 4.2,
MopaenioBaHHA BNAMBY Nepewkoan 3MH. Apk. nokymM. Mignuc Oata Apk. 104 ITC.4KI.0426.03-
N3 HA3BA JOKYMEHTY HA3BA NOKYMEHTY Y xo4i BUKOHaHHSA AWNA0MHOI poboTun 6yno
npoBefeHO MOOEIOBaHHSA BMAMBY NEPELIKOAN Ha NPOLLEC BU3HAYEHHSA HaMpsAMKY NpnbyTTs
3BYKOBOIr0 CUrHany ( ) y cepenoBuLi . OCHOBHOIO METOl0 O0C/iOXEHHSA CTaslo
BMBYEHHSA TOro, K 3MiHa MNOJIOXKEHHS MepeLIKoan BMNAMBAE Ha XapaKTEPUCTUKN OTPUMAHOro
CUrHanNy Ta TOYHICTb BM3HAYeHHA KyTa npuxoay 3ByKy. lig 4ac mogentoBaHHSA
BUKOPUCTOBYBA/INCA OABa aKyYCTUYHI AaT4YMKW, po3TalloBaHi Ha BiacTaHi 0,05 M oguH Big ogHoro.
Mepewkona nepemiwyBanacb y Mmexxax Big -0,2 m go 0,2 M B340BXX OCi MiXK gaT4ymkamu. lges
MoAeni nonsrana y BiATBOPEHHI cUTyaLil, KOJIM CTOPOHHI 06'EKT 4YaCTKOBO NepekpuBac
MOLLUNPEHHS 3BYKOBOi XBUJIi Ta 3MEHLUYE aMnIiTyay curHany nobnmsy natyukie. Yepes ue
MOripWYETbCA TOYHICTb BU3HAYEHHSA HANPAMKY Ha O)Kepesno 3ByKy. [na gocnigxeHHsa 6yno
CTBOPEHO TECTOBUN CUHYCOIAaNbHNI cUrHan YacTtoToto 1000 My i3 YyacToTOo AMCKpeTusauii 10
k'y. CurHan nepworo gatymka dopMyBaBcs 6€3 3aTpUMKUK, To4i K A8 APYyroro Aatymka
BpaxoByBaJlaCb Pi3HMLSA YaCy NpMXoay 3BYKY Yepes pi3Hy BiACTaHb 00 AXKepena CUrHany.
YacoBa 3aTpuMKa BM3Ha4vanacs 3a opmynoto: (4.2) ge: L — 4acoBa 3aTpuMKa; d — BiACTaHb MiX
JaTymkamm; 6 — KyT MpMxoay CUrHasay; ¢ — WBWUAKICTb 3BYKY B MOBITPI, WO NpuiAManacb PiBHOK
343 m/c. MogentoBaHHSA BMNAMBY NepeLlKkoan 34iNCHI0BAIOCh WIAXOM 3MiHN KoedilieHTa
3aracaHHs CUrHaJsly 3aieXxHo Bif il po3TawyBaHHSA. Konn nepewkona Habnm»xxanacb oo
LeHTpasibHOI 06nacTi MiXXK gaTymkamMn, amnaiTyga CUrHany 3MeHwyBasacb. TakMM YNHOM
BAAJI0CHA 3MOOEN0BaTU CUTYaLito, KOJIN CTOPOHHI 06’'€EKT YaCTKOBO €KpaHYE 3BYKOBY XBWJIIO.
ONna BU3HAYEHHS HaMpPsMKy NPUxXoay CUrHaly BUKOPUCTOBYBaBCS MeTo[ NMepexpecHoi Kopensdii.
CurHann 3 060X oaTyumKiB aHaNi3yBaJNCA 3a OONOMOrow yHKLi , IKa 0O03BOJISE BU3HAYNTU
YaCOBUIN 3CYB Mi>K HUMU LLUMSIXOM MOLLUYKY MaKCUMasibHOro 3Ha4YeHHs Kopensuii. 3MH. ApkK.
Aokym. NMignuc Oata Apk. 105 ITC.4KI.0426.03-1NM3 HA3BA LOKYMEHTY HA3BA JOKYMEHTY
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Bisyanisauia oTpuMaHuUX pe3ysbTaTiB BUKOHYBanacb y BUrAaai ABox rpacdikie (puc. 4.5). Ha
rnepwomy rpadiky Bigobpa>keHo 3a/1eXHiCTb MaKCMMasibHOI aMNAiTyAn KOPENAUINHOIo CUrHany
Bif, MONOXXeHHA nepewkoan. Lle 0o3BoAnA0 OLiHUTU, HAaCKiIbKN CUALHO NepewKkona BrnjaMBaE Ha
NOTYXHICTb NPUAHATOro curHany. Ha gpyromy rpadiky nokasaHo 3MiHY OLLiIHEHOro KyTa
NpubyTTHA CUrHaNy 3a/eXHO Bif NepeMilleHHs nepewKkoan. 3aBAsKM ULbOMY BAAJI0OCA HA0YHO
NMPOAEMOHCTPYBATU, K CTOPOHHI 06'EKTU MOXKYTb BMIMBATU Ha TOYHICTb poboTn cuctemm
BM3HA4YeHHS HanpsaMKy 3BYKY. Puc. 4.5. M'padik BnamBy nepewkoan OTpuMaHi pe3ynbTaTu
nokKasau, Wo HasaBHICTb Nnepewkoan nobnmly gaTynKkiB CyTTEBO 3HMXKYE aMMAITyaAy
KOPensauinHOro CMrHaay Ta MoXKe CAPUYUHATY MOMUSIKU NMPU BU3HAYeHHI KyTa NMpuUxXoay 3BYKY.
Mpw BigoaneHHI NepewKoan Big faTYMKIB AKICTb CUFHaNy NOKpallyBasacb, a OUiHKa HAaNpPSaMKY
CTaBasjia ToYHiwoto. NpoBeaeHe MoaentoBaHHs NiATBEPANNO HEOBXIAHICTb BpaxXyBaHHS
30BHIiLLHIX Nepewkoa nig 4ac po3pobkun peanbHNX aKyCTUYHUX CUCTEM OPIEHTaLUil B MPOCTOPi.
0Ocob6a1BO Ue BaXKNMBO OJ19 NPUCTPOIB AOMNOMOIr JIIOASAM i3 MOPYLUEHHSAMUW 30pY, A€ TOYHICTb
BU3HAYeHHA HanpsMKY 3ByKy 6e3nocepefiHbo BMAMBAE Ha ePEKTUBHICTb pobOTKM CUCTEMU. 3MH.
Apk. No pokyMm. Mignnc Oata Apk. 106 ITC.4KI.0426.03-N3 HA3BA OOKYMEHTY HA3BA
OOKYMEHTY TIlig 4ac peanisauii mogeni y CMoYaTKy 3ajaBa/ZIMCb OCHOBHI NapaMeTpu
CUCTEMU: YacTOoTa 3BYKOBOIO CUMHay, WBUAKICTb MOLIMPEHHSA 3BYKY, YaCcTOTa AUCKpeTu3auii Ta
BiACTaHb MiX OaTYMKaMu. TeCTOBUN CUrHan popMyBaBCS Yy BUrNAA4I CUHYCOIAN 3a AOMOMOroto
QYHKLIT SN, @ MOJIOXKEHHS MepeLwKoamn 3MiHI0Ba0Cb Yepes3 OKpeMy 3MiHHY, SKa 3agaBana il
KOOpAWHaTK. HYacoBa 3aTpUMKa MiXXK CUTHasaMmn MoOentoBanach i3 BUKOPUCTAHHAM PyHKLIT

, IKa 003BOJISE BPax0OBYBaTW Pi3HULIIO YacCy Npuxody CUrHasy A0 KOXKHOro gaT4yuka.
[ONnsa ouiHIOBaHHSA KyTa NpUxoay CUrHaly BUKOPUCTOBYBABCS KOPENAUiNHUA aHani3 yepe3
hyHKUitO , Nicna Yoro sHangeHNN 4YacoBUIN 3CyB NEPEBOANBCA Y 3HAYEHHSA KyTa 3a
noornomMorow pyHKLiT . MobypoBa rpadikiB 3aiNcHOBanacb PYHKLIED

(M) Al generated text detected: ChatGPT 5.3, : 63,4% id: 45

Ha ogHoMy rpadiky Bigobparkanacb 3MiHa aMNAITYAN KOPENSALINHOro CUrHaay 3aJexXHo Bif
po3TallyBaHHA NepeLKoam, a Ha iHLWOMY — OLiHEHUI KYT npuxoay 3ByKy. Lle no3sonnno
[eTasibHO NpoaHanilyBaTy BNJAUB NepeLlko Ha poboTy CMCTEMU BU3HAYEHHSA HAaNPAMKY
n>xepena 3ByKy. BUCHOBKM 40 po3ainy Y npoueci BAKOHaHHSA eKCNePMMEHTaIbHUX OOCAiAXKEHb
y cepenoBuLLi 6y10 yCniwHO peasizoBaHO MOAENIOBAHHA CUCTEMMN BU3HAYEHHS
HanpsaMKy NpubyTTSa 3BYKOBOro CUrHany B YMOBaxX HasiBHOCTI nepewkon. MNposeneHi cumynauii
003BOJINAN AOCAIONTY BMJIMB CTOPOHHIX 06'EKTIB Ha XapaKTePUCTUKN CAUTHaJly Ta TOYHICTb
BU3HAYEHHA KyTa nNpuxoay 3ByKy. OTpuUMaHi pe3ybTaTu NoKasasnau, Lo po3TallyBaHHSA
nepewkoamn 6esnocepefHL0 BMIMBAE Ha aMMAiTyAy NPUAHATOrO CUrHaNy Ta KOPEKTHICTb
OLLIHKM HanpsaMKy gxkepena 3ByKy. HanbinbLi noxmbku cnoctepiranucs y BunagKkax, Koau
rnepewkona 3Haxognnacb Nobnn3sy AaT4HMKIB, OCKINIbKW L& NPM3BOAWII0 A0 nocnabneHHs
CUrHasy Ta NOTripLIeHHSs pe3ynbTaTiB KOpensuinHoro aHanisy. lig 4yac moagentoBaHHS 6ynun
BUKOpUCTaHi BOyaoBaHi yHKLii , 30KpeMa 018 BU3HAYEHHSA YaCOBOI 3aTPUMKMU
METOA40M NepexpecHoi Kopensuii Ta AN iMiTauil 3aTPUMKN CUTHaNy MK AaT4YMKaMu.

Lle nano 3Mory MakCuManbHO HabnmsuTu moaenb A0 peasbHUX YMOB poboTu akKyCTUYHOT
CUCTEMU Ta NepeBipUTM ePeKTUBHICTL aNropnTMiB 06pobkm cnrHanis. 3MH. ApK. e LOKYM.
Nignuc Oata Apk. 107 ITC.4KI.0426.03-MN3 HA3BA LOKYMEHTY HA3BA JOKYMEHTY Bisyanizauia
pe3ynbTaTiB y BUrnafi rpadikis 403B0OMIA HA0OYHO NPOaHani3yBaTU 3a/I€XKHICTb MiX
NOJIOXKEHHSAM NepeLlKoan, aMraiTy 400 CUrHay Ta TOYHICTIO BU3HAYeHHSA KyTa npubyTTa 3BYKY.
MpoBeneHnn aHani3 NigTBEpAMB NMpaLe3aaTHICTb po3pobaeHOro airopuTMy Ta NOro 34aTHICTb
BUKOHYBATUN OLLIHKY HAMpsMKY HaBiTb 3a HAasABHOCTI aKyCTUYHUX 3aBaf. TaKUM YMHOM,
pe3ynbTaTn MoOeNtoBaHHA NiATBEPAXKYIOTb AOUINbHICTb BAKOPUCTAHHSA 3anNpornoOHOBaHOroO
nigxony nig 4ac CTBOPEHHS CUCTEM NMPOCTOPOBOI OPiEHTALIT AN1A NIOOEN i3 MOPYLLUEHHSMU 30pY.
PeanizoBaHn anropntM MOXKe CTaTu OCHOBOK A5 NoAanbLUol po3pobku BinblU CKNagHUX Ta
TOYHUX CUCTEM, 34aTHMX CTabinbHO NpaLoBaTX B YMOBaX peasibHOro akyCTUYHOr0 CepejoBuLLa.
BWUCHOBKW 3MH. Apk. e gokyMm. Mignuc JaTta Apk. 108 ITC.4KI1.0426.03-M3 Po3po6. Camonnos O.
O. KepiBHUK [JoH4YeHKO B.HO. PeueH3. Ko3y6 HO.I'. H. KoHTp. 3aB. kad. CemeHoB M.A. BUCHOBKW
NiT. Akpywis 3 JIHY Kadeppa ITC, I'p.4KIl . Y aunnomHin poboTi BUpiLLIEHO BaXK/IMBE HAayKOBO-
npakTUYHe 3aBAaHHSA 3 po3pobkn anapaTHO-NPOrpaMHOro KOMMJIEKCY MPOCTOPOBOI HaBirauii ons
noaen i3 nopyweHHaMn 3opy. Ha 0CHOBI BUKOHaHUX TE€OPEeTUYHNX, NPaKTUYHUX Ta
eKCMepuMeHTasIbHMX AOCNIOXKEHb MOXKHA 3p0bUTN Taki BUCHOBKN: BUKOHAHO KOMMIEKCHUI
aHaJi3 KOrHITUBHUX MeXaHi3MiB OpieHTaUii Ta NnpoueciB PyHKLIOHaIbHOT peopraHi3lauii
LLeHTpasIbHOI HEPBOBOI CUCTEMU HEe3pAYUX 0Cib, Ae NpPoBiAHY posib HabyBalOTb CYXOBUNA,
TaKTUJIbHUIA Ta HIOXOBUI aHani3aTopu. BusHavyeHo Bbap'epn BUKOPUCTAHHA TpaauUinHux 3acobis
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HaBirawii B MiCbKOMY CepenoBuLLi 1 4OBeAEHO, WO Hanbinbl edeKTUBHI Cy4acHi cncteMm
MOBUHHI 6yayBaTnCa 3a NpuHUMNOM BaraToCeHCOPHOI iHTerpadii, 4OMOBHIOKYMN NPUPOAHI KaHaNn
CMPUNHATTSA LMDPOBMMU OAHMMUN Bif €NEeKTPOHHUX OaTHUKIB y peasibHOMY 4Yaci. ObrpyHTOBaHO
Ta cdhopMoBaHO efieMeHTHY 6a3y cMcTemm, OCHOBOIO SIKOI CTaB MiKPOKOHTpOEp ,
O MOEOHYE HN3bKY BapTiCTb, KOMNAKTHI rabapnTun Ta focTtaTHiI ob4yncnoBanbHi pecypcu. Ans
nobynoBun apxiTekTypu NpucTpoto 06paHo Tpu yNbTpa3BYKOBi AaTyukm HC-SR04 ans
hpOHTaNbHOro Ta 6BOKOBOIro CKaHyBaHHA, -MOoAy/Jb -6/l N CynyTHUKOBOIO
MO3ULLIOHYBaHHSA, -MOAYy b 800L pna 6ezppoToBoro 3B'a3ky, DC-DC cTabinizaTop LIV2596,
OaTyYMK BOMOrOCTi, akTUBHUNM 3yMep Ta BibpoMmoTop. [Ans nigBnLLEHHS aKyCTUYHOI
iHdbopMaTMBHOCTI 06rpyHTOBAHO iHTErpauito MikpoOHHOro MacunBy Ha 6a3i
uncppoBmnx -ceHcopiB |M690130. Po3pobsiieHo anapaTHe 3abe3nevyeHHA Ta airopuTMu
NMPOrpaMHOro KOMMJIEKCY B CEpeaoBMLLi . CNpO€EKTOBAHO NMPUHLIMNOBY €/IEKTPUYHY
CXeMy Ta TOMOJOrio PO3MiLLEHHSA KOMMOHEHTIB Ha APYKOBaHin nnaTi. MporpaMHO peanizoBaHo
JNIOTiKY 34NTYBaAHHSA OAaTYUKIB AaNleKOMeTpil Ta BOAOrocTi (

n LUnTtnpoBaHusa: 0% id: 46

), @ TaKOXX aJIfOPUTM eKCTPEHOr 0 3B'A3KY (
ﬂ LnTupoBaHus: 0% id: 47

), AKNI 3@ HaTUCKAHHSAM TaKTOBOI KHOMKW abo 3a BXigAHMM 3anNMTOM HaACWUIIAE OMiKYHY -
NMOBiAOMJIEHHS 3 TEKCTOM JIMXa Ta NPSAMUM MOCUJIAHHAM Ha MOTOYHI KOOPAUHATU Y

3MH. Apk. o gokyM. Miannc daTta Apk. 109 ITC.4KI.0426.03-N3 HA3SBA OOKYMEHTY HA3BA
OOKYMEHTY CnpoekToBaHO HOCUMUIA aeBanc (

u LntupoBaHusa: 0% id: 48
«bpacneT 3 po3ni3HaBaHHAM MNepeLuKon»

) Yy 3D-ppyKoBaHOMYy Kopnyci. [na yCyHeHHSs 3aBaj Ta CTpMOKIB BUMipOBaHb y KOAI peani3oBaHo
aNIropuTM eKCrMoHeHLUialbHOro 3raag)kyBaHHS CUrHasliB gasiekoMipa. Ha ocHoBi cepil
eKCnepuMeHTIB NpoBeaeHo KanibpyBaHHSA poboyoro unkny LLIM Ta BnpoBagXeHO MaTeMaTUYHY
Moesib HeNiHINHOro KepyBaHHA iIHTEHCMBHICTIO Bibpauii 3a gonomorow dyHKUii rinepboniyHoro
TaHreHca ( ). Lle no3Bonunno 3abesneynTn iHTYITUBHO 3pO3YMiNNNA, NAaBHWA Ta afanTUBHUIA
TaKTUIbHUI 3BOPOTHUN 3B'A30K Y MeXaxX KpUTUYHUX BiacTaHen Big 35 oo 150 cm. MNMposeneHo
eKCMepuMeHTaJlbHi OCNiO)XeHHS B cepefoBULL , A€ yCrnilwHO 3M0oae/IbOBaHO aKyCTUYHY
CUCTEMY MacCUBY OaTHYUKIB ONA OLIHKM HanNpAMKY NpubyTTa 3BYKOBOI XBUAI ( ) 3@ MPUHLMNIMOM
pi3HMUi Yacy npuxoay curHany ( ). 3@ AONOMOrol MeToAiB nepexpecHoi kopenauil (pyHKLis
) BepniKOBaAHO TOYHICTb 064YMCNEHHA KyTa NpMXoAy CMrHany. TakoXX npoBefeHo
CUMY AL BMJMBY CTOPOHHLOI MepewwKkogmn, ska 4aCTKOBO eKpaHy€E 3ByKOBe noJe, Ta rpadiyHo
rMpoaHasi3oBaHO XxapaKTep 3aracaHHsa aMnAiTy AN KOPensAUinHOro CUrHaay W BUHUKatodi Noxnbkun
PO3paxyHKy KyTa, Lo NiaTBepANao cTabinbHICTb Ta Npaue3gaTHICTb po3pobneHoro anropuTmy
B YMOBax 3aBaf. Po3pobneHunin acucTUBHUIA KOMMJEKC € MOBHICTIO 3aBEPLLUEHUM iHXEHEPHUM
pilUeHHAM, MPOAEMOHCTPYBaB HaAINHICTb Mif Yac TeCTyBaHHA Ta KanibpyBaHHA KOMMOHEHTIB i
Mo)Xe ByTn peKkoMeHZoBaHMM 40 Nofasblioi anpobaLii B peasbHMX yMOBax eKcrnayaTauii ang
PO3LINPEHHS iIHKJTIO3UBHMUX MOXJIMBOCTEN cycninbcTBa. OT>Ke, NOCTaB/ieHa MeTa AUMJIOMHOI
poboTu byna pocarHyTa, a po3pobneHa cnctema nigTeepanna OOLINbHICTL BUKOPUCTAHHS
CYYaCHUX CEHCOPHUX TEXHOOTIN ANa CTBOPEHHNA eheKTUBHMX 3acobiB AOMOMOrn opieHTauii B
npocTopi Ans nogen i3 Bagamu 3o0py. 3MH. Apk. No gokym. MNignuc Oata Apk. 110
ITC.4KI.0426.03-MNM3 HA3BA LOKYMEHTY HA3BA JOKYMEHTY

PekomeHpauum no oueHke
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