NbBIBCbKNIA OEPXXABHWUIA
YHIBEPCUTET BE3MNEKU
XKUTTEAISNBHOCTI

MATEPIAIN
OPYKYIOTbCA
YKPAIHCbKOIO,
AHIMIACBKOIO TA
NOJIbCbKOIO
MOBAMMU

3BIPHUK HAYKOBUX MNMPALb

JAEPKABHOI'O YHIBEPCUTETY
BE3IIEKU ) KUTTCEAIAJIBHOCTI

3acHoBaHumn y 2007 poui

BICHHUK

JIBBIBCBKOI'O

Ne 32, 2025

PEJAKIIMHA KOJIETIS:

Tonosnuii pedakmop: NOIIOBUY Bacuab, n.rH., mpod.,
Vkpaina; 3acmynnuk zonoenozo peoakmopa: CMOTP Oubra,
K.T.H., JIOL., YKpaiHa;, 3acmynHux °20/108H020 pedaxmopa:
MEHBIHIUKOBA Ouabra, k.Q-M.H., 101, YKpaiHa;
Bionosioansnuii cekpemap: IBAHYCA Awunapiii, K.T.H., 1011.,
VkpaiHa.

07 Ynpasninua ma aominicmpysanns (073 «Menedrncmenmy):
BAIIMHCBKHAMA  Oaer, krTH, jom,  Ykpaiua;
BLUIOIIMIILKHUI Aunpiii, noxrop mayk, npod., Acrama IT
VuiBepcuret, Kazaxcran; TFOJIOBATUM PomaHn, K.TH.,
Vkpaina;, 3AUKO Ouer, a.T.H., mpod., Ykpaina, KOBWJIKIH
Jmutpo, K.T.H., YKpaiHa; PATYLIHUMN Pomaw, 1.1.H., pod.,
Vkpaina; COHOMA Pycnana, k.eH., 10U, YKpaiHa;
TPUI'YBA Amaronii, n.TH., npod., VYipaina, XIPOILII
TaHaka, TOKTOp Hayk, mpod., YHiBepcutér Keit'o, SoHis.

10 Ilpupoonuui  nayku (101 «Exonoziny). BOCAK Ilasio,
KTH., Ykpaina, BYUABUM IOpiii, 6.1, 1o, Ykpaiua;
I'VIVIMOP TeBin, xanmumar Hayk, YHiBepcuteT bar-Cra,
BenukoOputaHis; FOHII7] Haranis, x.c.-tH., VYkpaiHa,
I'PUHYUIIUH Haranis, x.c.-TH., 101, YkpaiHa, KY3UK
Amppiii, ncru, mpod., Vipaina; MAJKEWKEHA Aycpa,
JOKTOp HayK, Tpod., BiTbHIOCEKHI TEXHIYHWI YHIBEpCHUTET
lemmmvinaca, Jlutea; CHUJAOPEHKO Bogomumup, n.TH.,
norient, Ykpaina, TEJIAK Okcana, nokrop Hayk, mpod.,
TONoBHA IIKONA TIOKEKHOI cyx6m, IMompma; IIMAHIIA
Bosonumup, 1.T.H., mpod., Yrpaina, LTYTIJIAT Tapac, k.c.-T.H.,
Vkpaina.

12 Ingpopmayinni mexnonozii (122 «Komn’romepui nayxuy,
125 «Kioepoesnekay): BABIUEB Cepriii, n.tH., mpod.,
Vkpaina; BOP3OB IOpiii, k.T.H., pon., Ykpaina, BYHb
Poctucaas, a.tH., npod., Ykpaina, BYPAK Haszapiii, x.T.H.,
no1., Ykpaina; TAPACUMYYK Ouer, k.T.H., J1o1., YKpaiHa,
KYPABEJb Irop, atH, mpod., VYrpaina, KOBAJIb
Mupocaas, nnenH., npod., Yipaina, KO3SIP Muxaiiso,
onenH., npod., Unen-kopecmonmenT HAIIH — Vkpainm,
Vkpaina; MAJIELLDb Irop, k.T.H., nou., Ykpaina; MACJIOBA
Haragis, k.T.H., nou., Ykpaina, MAPTHUH €Bren, n.TH.,
npod., Vipaina; ITOJOTAM Opeer, kTH., VYxpaiHa;
MPUIATKO Osaexcanap, K.T.H., JI0ll., YKpaiHa, CAMOTHUM
Bosogumup, 1.T.H., npod., Ykpaina, COBUH SIpocaas, x.T.H.,
nou., Yipaina, TKAUYK Pocrucias, 1.T.H., nmpod., Ykpaina,
AINYK BanenTuna, x.e.H., Iol., YKpaiHa.

16 Ximiuna ma oioinscenepin (161 Ximiuni mexuonozii ma
inocenepin). TYJIAR JloGomup, 1. X. H. mpod., Vipaiua;
JMUTPIB Ipuropiii, x.x.H, gom., Ykpaina, JIABPEHIOK
Onena, KXH, Jou., VYikpaina, MAMJIEP-IOIATKA
MaJgrop:kara, KaHauaar HayK, [OJOBHa IIKONA TOXEXHOL
cnyx6u, Ilonpma; MUXAJIIYKO Bopue, nx.H., mpod.,

Vipaina, HATYPCBKHAM Omer, n1TH, mpod. VYkpaina;
JJEBULIbKAMA Bomogumup, nrTH, npod., Ykpaina;
IPEL] Pobepr, kanauaar Hayk, [0JOBHa IIKOJa TOXKEKHOL
ciyx6u, [Toneima.

18 Bupoonuymeo ma mexnonocii (183 Texnonozii 3axucmy
Haekonuminvozo  cepedosuwya): ABPAMOBHUY  Awnmna,
kaHauaaT Hayk, Cinespkuil yHiBepcuteT y Karosine, Ilompma;
IBIJIOYC Okcana, 1.¢-M.H., npod., BineHcbkuil yHiBepcHTerT,

\Asctpis; T'EHUK SlpocnaB, pa.c-rH., J01., YKpaiHa,
XAUJIBMEHUEP TIepman, nrTH., 1pod., YHiBepcurer
TexHonorii Ta TipHudoi cmpaBu Dpaiibepra, HimeuunHa;

T'YMHUIBKAMA Spocaas, n.1.H., npod., Yipaina; KOBPOB
Ousexcanap, arTH., mpod., Vipaina, ITETJIbOBAHHI
Muxaiino, k.T.H., nom., YkpaiHa, CABAJAII Bipa, nrtH.,
npodp., Vkpaina, CAM Karepuma, k.rTH., pom., VYkpaiHa
CTEIIOBA Karepuna, k.T.H., 1o, Yikpaina, XPOM'SIK|
YasiHa, k. T.H., Ykpaina; OPUEHKO Bajenruna, n1.1.H., npod.,
Yipaina; ALHIUIIHWH Teono3sis, aA.T.H., 1011., YkpaiHa.

26 Iueinvna oesnexa (261 Ioscearcna oesnexa, 263 Iusinona
oesnexa): BAJTAHIOK Bomogummup, n.T.H., npod., YkpaiHa;
BECEJIIBCHKUI Pomamn, k.T.H., n1o11., Ykpaina, TABPUCb
AHapiii, x.TH., pou., Ykpaina, JJOHYEB Tonop, kanauaat
HayK, JoI., KIiHrcTOHCBKMH yHiBepcuTeT, BenmkoOpuTaHis;
E€MEJIbAHEHKO Cepriii, k.T.H., VYkpaina, KAPABUH|
Bacuab, 1.1.H., 1o1., Ykpaina, KOBAJIMIIUH Bacuasb, 1.1.H.,
mpod., Ykpaina, MOPIL €Bren, n.T.H., [epxaBHa ciyxk0a|
\Ykpainn 3 Han3Bu4alHuUX cutyanidi, YkpaiHa; IIASEH Ouer,
k.T.H., Ykpaina, PEHKAC Aprtyp, k.T.H., Ykpaina, PYIUK|
FOpiii, n.T.H., nou., Ykpaina; CAMBEPI" Auape, a.T.H., mpod.,
WICH TPOrpaMHOTO KOMiTeTy MIKHApOJHOTO TOBApHCTBY
ynpaeigiHHA B Hang3BuuaiiHux cutyanisx (TIEMS), Bensris;
CKPABAY Ousexcanapa, 10KTop Hayk, mpodecop, BilicbkoBo-
TexHiyHMi yHiBepcuter y Bapmasi, ITonsura; CTAPOOYB
FOpiii, 1.¢.-M.H., npod., Ykpaina; TAIIIA Poman, m.¢.-M.H.,
npod., VYkpaina;, TEJIAK €:xn, noxrop Hayk, Axaaemis]
crioptuBHOi ocBiTH, [lonbma, YUEBEPSIUKO Cepriii, n.TH.,
npod., VYkpaima; IIYKIC Pirtonmac, xaHgumar Hayk,
BinbHIOCHEKMI TEXHIYHWHA yHiBepcuTeT iM. [emumina, JIuTsa;
IMKOBYYK Poman, n.rH., nou., Ykpaina, SAPOIL Boiinex,
KaHAWAT HayK, [0JIOBHA IMIKOJIa TOXKEKHOT ciry»0n, [Tombima.

27 Tpaucnopm (275 Tpancnopmui  mexnonocii): TAIIIYK
Ietpo, 1.TH., npod., Ykpaina; JOMIHIK Annpiii, k.T.H., 1011,
Vikpaina; 3AIIOPOXKELD Ouexcanap, A0KTOp Hayk., mpod.,
[ncruryt asiamii, [Tosbiia; HEMMIN CrenaH, K.TH., 0L,
Vkpaina; [IACHAK IBan, k.T.H., 011, YKpaiHa; POMKO IOpiii,
K.T.H., Jo1l., HarionansHuiA yHiBepcHTeT «JIbBIBCHKA MOMITEXHIKA,
Vrpaina, TYPITAK Cepriii, 1.T.H., mpod., Ykpaina.




ISSN 2078-4643 (print) DOI: 10.32447/20784643.32.2025.00
ISSN 2708-1389 (online)

3ACHOBHUK I BUJABEIDb JIbBIBCHKMII IepKaBHUM YHIBEPCUTET
6e3neku xutrenisuibHOCTI (JIY BXK])

3APEECTPOBAHO HarionanbHoto pagoro Ykpainu 3 mUTaHb
TeneGaueHHs Ta paioMoBIIeHHS (piteHHs Ne292
Bix 08.02.2024, inentudikarop memia R30-02254)

BHECEHO 10 INEPEJIIKY ®AXOBUX BUJAHb YKPA'I;HI/I
SAK IPYKOBAHE NNEPIOJUYHE BUJAHHS KATEI'OPII «b»
(Haxaz MOH Yxpainu 6io 02.07.2020 poxy Ne886 ma 6io 24.09.2020 poxy Nel 188)

BHECEHO /10 BIBJIOT'PA®IYHUX BA3 JIAHUX:
«HAYKOBA ITEPIOJIMKA YKPAIHH» B HALIIOHAJIbHIU BIGJIIOTEL]I VKPAIHH
IM. B.I. BEPHAJICBKOI'O, «ULRICH’S PERIODICALS DIRECTORY »,
«GOOGLE SCHOLAR» ma in.

PexomennoBano 1o apyky pimenHsam Buenoi pamm JIAY BXK/]
(IIpomoxon Ne 4 6io 26.11.2025 p.)

JlirepaTtypHuii pegakrop [Taguk I'.M.

TexniuHuii perakrop Copounu M.II.

Komm’rorepna BepcTka Kimmmyce M.B.

Apyk [Terposrox H.I.

BinnosinaabHuii 3a BUIYCK BoiitoBnu T.M.

AJIPECA PEJAKIIII: JIAY BX, Byn. Knenapiscbka, 35, m. JIbBiB, 79007
KonrakThi Tesaedonn: (032) 233-24-79, Ten/dpakc 233-00-88

E-mail: visnyk@Idubgd.edu.ua

30ipHMK HaykKoBUX Hpaib "BicHUK JIbBIBCBKOrO A€p:KaBHOTO YHIBEPCHUTETY O€3MeKH
KUTTENIATbHOCTI" BuAaeTbes B yHiBepcuTeTi 3 2007 poky. 3amyiaHoBaHa NEpPIOJAUYHICTB:
2 pasu Ha pik. TemMaTuuyHa cCHOpPSMOBAHICTh: IUBITbHA Oe3MeKa, MOXKexHa Oe3meka,
MEHE/P)KMEHT, €KOJIOTisl, KOMII'IOTepHI HaykKu Ta iH(popMaliiiHI TEeXHOJOrii, KibepOesmneka,
XIMIYHI TEXHOJOTrii Ta 1H)XXEHepis, TEXHOJIOTii 3aXHUCTy HABKOJIHUIIHHOTO CEPEIOBHIIA,
TPAHCIIOPTHI TEXHOJIOTIi (3a BHMIamu), myOJiKallis peKJIaMHUX MaTepiajiB Ta MaTepiaiiB
KOH(epeHIIiid, ceMiHapiB.

3nano B Habip 26.11.2025. [Migmicauno xo apyky 19.12.2025.
®opmat 60x84Y°. Tlanip odceTHuii. VM. ApyK. apk. 24,5.
Tapuitypa Times New Roman.

Haxnan: 100.

Jpyk: Cexrop BunaBuuuoi aisuieHOCTi JIY BX/]

By KienapiBceka, 35, m. JIsBiB, 79007.



https://portal.issn.org/resource/ISSN/2078-4643
https://portal.issn.org/resource/ISSN/2708-1389
https://scholar.google.com.ua/schhp?hl=uk
https://scholar.google.com.ua/schhp?hl=uk

SMICT

EKOJIOI'TA

A. 0. Aoamenko, B. €. Maiikoeuu

AHAJII3 HAYKOBO-TIPAKTUYHNX
JOCJIIJKEHD I'TIPOEHEPTETUYHNX
PU3UKIB BYJIBHUIITBA MAJINX
T'IJIPOEJIEKTPOCTAHLIIN V
TYPUCTUYHO-PEKPEAILIMHOMY PEI'TOHI
YKPATHCBEKUX KAPIIAT

P. B. Yepnuw, A. O. Adamenko

[WTYYHUM IHTEJIEKT B EKOJIOTTYUHOMY
MOHITOPUHTY: CUCTEMATHUYHUN
Or'JisiJ METOMIB, BACTOCYBAHB TA
BHUKIIMKIB

KOMIPOTEPHI HAYKH TA
IHOOPMAIIMHI TEXHOJIOI'TI

B. M. Ilununenxo, O. B. Xnesnoi,

H. B. ’Ke3no-Xneena, 10.C. Hazap,

B. 1. Bpowko

[HHOBALIMHI HIJIXOAU 1O CTBOPEHHS
[HKJIFO3MBHUX IVTAHIB EBAKYAIIII ITPU
ITOXXEXI

O. B. Ilpuoamko, €. B. Mapmun, JI. I1. I'auyx
[HOOPMALIIMHO-TEXHOJIOT TYHI
3ACAJIU INTYYHOI IHTEJIEKTY AJII3ALIIT
ABAPIHO-PATYBAJILHOT'O
OBCJIVTOBYBAHHS

10. M. Copouuu, C. I1. Cmpameuyp,

O. B. Xneenou, 1. I. I'yozenax

MOJEJIb AJATITUBHOI'O BUSBJIEHHA
BUAIB Y 3MIINAHNX EKOCUCTEMAX HA
OCHOBI IMHAMIYHNX BAT'OBUX
KOE®IIEHTIB

A. B. Komenoguu, 10. O. bopsos, H. €. bypax
JUHAMIYHA CTIMKICTb KPOKYIOUNX
POBOTIB: BUKJIMKHN TA INEPCITEKTUBUA

KIBEPBE3IIEKA

B. C. banauwvka, P. JI. Tkauyk, A. 1. leanyca,

B. I. Awyx, H. O. Macnosa

IHTETPALISI TEXHOJIOTTIA BJIOKYENH Y
KOMIIJIEKCHI CUCTEMU 3AXUCTY
IHOOPMALIIT 1J1 HIIBUILIEHHS BE3IEKU
JEPXKABHUX PECCTPIB

20

41

52

65

75

CONTENTS

ECOLOGY

Ya. O. Adamenko, V. Ye. Maykovych

ANALYSIS OF SCIENTIFIC AND PRACTICAL
RESEARCH ON HYDROPOWER RISKS
ASSOCIATED WITH THE CONSTRUCTION OF
SMALL HYDROPOWER PLANTS IN THE
TOURIST-RECREATIONAL REGION OF THE
UKRAINIAN CARPATHIANS

R. V. Chernysh, Ya. O. Adamenko
ARTIFICIAL INTELLIGENCE IN
ENVIRONMENTAL MONITORING: A
SYSTEMATIC REVIEW OF METHODS,
APPLICATIONS, AND CHALLENGES

COMPUTER SCIENCE AND
INFORMATION TECHNOLOGY

V. M. Pylypenko, O. V. Khlevnoi, N. V. Zhezlo-
Khlevna, Yu. S. Nazar, V. |. Broshko
INNOVATIVE APPROACHES TO DEVELOPING
INCLUSIVE FIRE EVACUATION PLANS

0. V. Prydatko, E. V. Martyn, L. P.Hashchuk
GENERAL PRINCIPLES OF ARTIFICIAL
INTELLECTUALIZATION OF EMERGENCY
AND RESCUE SERVICE

Yu. M. Sorochych, S. P. Striamets, O. V. Khlevnoi,
1. 1. Gudzelyak

ADAPTIVE SPECIES DETECTION MODEL IN
MIXED ECOSYSTEMS BASED ON DYNAMIC
WEIGHT COEFFICIENTS

D. V. Kotelovych, Yu. O. Borzov,

N. Ye. Burak

DYNAMIC STABILITY IN LEGGED ROBOTICS:
ADVANCES AND CHALLENGES

CYBERSECURITY

V. S. Balatska, R. L. Tkachuk, A. I. lvanusa,

V. I. Yashchuk , N. O. Maslova
INTEGRATION OF BLOCKCHAIN
TECHNOLOGIES INTO COMPREHENSIVE
INFORMATION PROTECTION SYSTEMS TO
IMPROVE THE SECURITY OF STATE
REGISTERS

Bulletin of Lviv State University of Life Safety, Ne32, 2025


https://journal.ldubgd.edu.ua/index.php/index

KOMIP'HOTEPHI HAYKH TA
IH®OPMAIIAHI TEXHOJIOI'II

Bicuui JUTYBK] UDC 614.84 +004.942
Bulletin of Lviv State University of Life Safety DOI: 10.32447/20784643.32.2025.03

- . . This article is an Open Access article distributed
httpS//jOLIrna||dubgdeduUa/lndexphp/Vlsnuk @ ® under the terms and conditions of the Creative
Commons Attribution 4.0 (CC BY 4.0) License

ISSN 2078'4643 (prlnt), ISSN 2708_1389 (Onllne) (http://creativecommons.org/licenses/by/4.0/).

B. M. Ilununenxo, O. B. Xneenoii, H. B. /Ke3n0-Xneena, 10. C. Hazap, B. 1. bpowko
JIvsiscokuti OepoicasHutl yHigepcumem desnexu scummeoisiiohocmi, M. Jlveis, Yrpaina
ORCID: https://orcid.org/0009-0008-5957-4822— B. M. TTununeHko

https://orcid.org/0000-0003-2846-3480 — O. B. XieBHo#
https://orcid.org/0009-0005-3768-2863 — H. B. XKezno-XneBHa
https://orcid.org/0000-0003-0151-8285 — 1O. C. Hazap

~ https://orcid.org/0009-0002-3661-9617 — B. L. bpouiko

>3 v.pylypenko@Ildubgd.edu.ua

IHHOBALIMHI MIJIXO1 10 CTBOPEHHS IHKJIIO3UBHUX
IUIAHIB EBAKYALIT IPU MOKEXKI

IMpo6nema. TpamuiiiiHi maHK eBakyalii MpPH MOXKESKI HE amalToOBaHi MiJl MOTPeOM MAaJIOMOOUIBHHX TpPYII
HACEJICHHS, 110 3HIKYE IXHIO Oe3reKy Ta e()eKTHBHICTh. BiCyTHICTh aganTUBHUX MapLIPYTiB, TOCTYIHUX iHTEp(deiiciB
1 HaOITHUX MEXaHI3MiB y KPUTHYHHUX YMOBAX CYTTEBO YCKIIQJHIOE €BaKyaIlifo.

Meta po6oTH — PO3pOOHUTH Ta OOTPYHTYBaTH KOHIENHINIO iHKIIO3WBHUX IUIAHIB €BaKyamii MpH TOXEeXKi, II0
3a0e3MeYyrOTh aIallTHBHICTB, TOCTYIHICTD i €PEKTHUBHICT Y PeaTbHOMY Yaci U BCIX TPyl KOPUCTYBAUiB.

Metoan nocraimxenHs. [IpoanamizoBano mepcrmektuBu 3actocyBaHHA SLAM, IoT i AR/VR mnia crBopeHHS
IHKJIIO3UBHHX IUIAaHIB eBaKyanii. BUKOHaHO cHCTEeMHE MOJENIOBAHHS KII€HT-CEPBEPHOI apXITEKTYpH Ta alTOPHUTMIB
amarnrramii mMapmpytiB (A*, Dijkstra). Bukonano Bi3yami3armifo iHTerpamii KOMIIOHEHTIB, iHTep(eHCiB i MeXaHi3MiB
HaaiiHOCTI. JI0CHIIKEHO MPHUHITUITH IHKIFO3UBHOCTI Yepe3 MyJIbTUMOIANIbHI iIHTEp(EHcH Ta TXHIO IePCOHATI3AILII0.

OcHoOBHI pe3yJbTaTH HoCTiTAKeHHsA. PO3p0o0iIeHO KOHIENTYalbHy MO/IENb IHTEPaKTHBHOI eBaKyaliifHOT CUCTEMH,
sika inTerpye SLAM ans ctBopenns kapT, [oT i ATIC njist MOHITOPUHTY CepeoBHINa (3aTUMIICHHS, TEMIIEpaTypa) Ta
AR/VR-iutepdeiicn (AR-okymsipu, MOOUTBHI TOJATKH) I MYJIBTUMOMANBHOI B3aemomil. Anroputmu A*/Dijkstra
TCHEPYIOTh aIalITUBHI MapIIPYTH, TaKi K OE3CX0I0BI MUIAXH I 0Ci0 i3 3HIKEHOIO MOOITBHICTIO UM 30HU BIITIOYUHKY
JUIA TIoAeW MoxXmioro Biky. IHTepdelicnm HamaroTh Bi3yalbHi, aylmialbHI Ta TAKTWIbHI KaHAIH, MEPCOHATI30BaHi 10
¢iznyarX ToTped 1 JOKaTi30BaHI I Pi3HUX MOB. MeXaHi3MU HamiifHOCTI (0(ralH-peXHM, pe3epBHE KOIIFOBAHHS,
nyONroBaHHS JaHWX) 3a0e3MEeUyrOTh CTaOUTBHICTh Y KPUTHYHHX YMOBaxX. HaBeneHO cXeMH, OO0 JIeMOHCTPYIOTh
IHTerpamilo KOMIIOHEHTIB, MiJKPECITIOI0YN MacIITa0yBaHHA Ta IHKIIO3WBHICTH CHCTEMHM, IO Ma€ HU3KY IIepeBar B
MOPIBHAHHI 3 TPAIUIIHHUMH TT1IX0JAMH.

BucHoBku. Po3risiHyTO iHHOBAIiifHI MiIXOAM O CTBOPEHHS IHKIIO3MBHHX IDIaHIB €BaKyallil MPH ITOXKEKI.
3anpornoHoBaHa KOHIIEIIIiSE CUCTEMH peaji3allii 1HKIIO3MBHUX TUIAHIB eBakyallil npu noxexi Ha ocHoBi SLAM, IoT i
AR/VR nae 3mory 3abe3nednTn JOCTYIHICTh 1 0€3MeKy Ui BCiX Tpyn KopucTyBauiB. [loganbli nociipkeHHsT OyayTh
CHpsIMOBaHI Ha pO3pOOKY MareMaTHYHHX MOJEJIeH [uisi ONTHUMi3alii aNroputMiB MapuipyTH3alii B yMoOBax
HEBH3HAYEHOCTI Ta CTBOPEHHs MPOTOKOJIB iHTerpaii [oT-ceHcopiB i3 pi3HUMH THIIAMH Oy IiBEIbHUX CHCTEM.

Kiarwu4oBsi cjioBa: eBakyallisi pu MOXKEXKi, IUIaH €BaKyallil, iHKIr03uBHICTh, SLAM, 10T, nomoBHeHa peanbHICTh,
aIalTHBHI MapIIPYTH.

V. M. Pylypenko, O. V. Khlevnoi, N. V. Zhezlo-Khlevna, Yu. S. Nazar, V. I. Broshko
Lviv State University of Life Safety, Lviv, Ukraine

INNOVATIVE APPROACHES TO DEVELOPING INCLUSIVE FIRE EVACUATION
PLANS

Problem. Traditional fire evacuation plans are not adapted to the needs of low-mobility groups, which reduces their
safety and effectiveness. The lack of adaptive routes, accessible interfaces, and reliable mechanisms under critical
conditions significantly complicates evacuation for vulnerable populations.

Purpose. The study aims to develop and substantiate the concept of inclusive fire evacuation plans that ensure
adaptability, accessibility, and real-time efficiency for all user groups, including individuals with special needs.

Research Methods. The study analyzed the prospects of using SLAM, 10T, and AR/VR technologies for creating
inclusive evacuation plans. System modeling was performed for a client-server architecture and route adaptation
algorithms (A*, Dijkstra). Visualization of component integration, interfaces, and reliability mechanisms was conducted
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using UML-like diagrams. The principles of inclusivity were explored through multimodal interfaces and

their personalization.

Key Findings. A conceptual model of an interactive evacuation system was developed, integrating SLAM for map
generation, 10T and fire alarm systems for environmental monitoring (e.g., smoke and temperature), and AR/VR
interfaces (AR glasses, mobile applications) for multimodal interaction. The A*/Dijkstra algorithms generate adaptive
routes, including barrier-free paths for individuals with reduced mobility and rest zones for the elderly. Interfaces provide
visual, auditory, and tactile channels, personalized to users’ physical needs and localized for different languages.
Reliability mechanisms (offline mode, data backup, redundancy) ensure stability under critical conditions. Diagrams
illustrate component integration, highlighting the system’s scalability and inclusivity, and demonstrate significant

advantages over traditional approaches.

Conclusions. Innovative approaches to creating inclusive fire evacuation plans were explored. The proposed system
concept, based on SLAM, 10T, and AR/VR technologies, ensures accessibility and safety for all user groups. Future
research will focus on developing mathematical models to optimize routing algorithms under uncertainty and on creating
protocols for integrating 10T sensors with various building systems.

Keywords: fire evacuation, evacuation plan, inclusivity, SLAM, loT, augmented reality, adaptive routes.

Ananiz npoonemu. EBaxyariiiHuii mmaH — 1€
TEeKCTOBO-TpapiuHMHA  JOKyMEHT, MO0  MICTHTh
BIZIOMOCTI PO NUISIXM OTIEPATUBHOTO MEPEMIllIeHHS B
0e3redHi 30HU Y pasi IOKeX1 YM 1HIIOT Ha3BUYaitHOT
noxii. BiAmoBigHO 10 BUMOI YMHHOTO 3aKOHOJABCTBA
[1] momo po3poOieHHS IUIaHIB — eBakyarlii, I
JIOKYMEHTH ITOBHHHI MICTUTH CXEMaTU4YHI 300payKeHHS
(xaptn) Oymiii ab0 KiMBKOX TPUMIMIEHh Ta CXOMIIB
BIMOBIZIHO JI0 iX peEaJibHOrO pO3TAlllyBaHHS Ta
(haKTHYHOTO MIaHYBAHHS, IUISIXY €BAKYaIlil 3 KOKHOTO
MPUMIIIIEHHS, YMOBHI ITO3HA4YeHHS, IO BKJIFOYAIOThH
pO3TanIyBaHHs KOHKPETHOTO €BaKyalliifHOTO IUIaHy Ha
KapTi IPUMIIIEHHS, IIUIIXH BUXOAY (CTPLIKK), BUXOH,
MOXKEXHI pyKaBd Ta TiOPaHTH, BOTHETaCHUKH,
CIIEKTPOIIUTH, TIOKEXKHI IMUTH, aNTedKH, TenedOoHH,
pO3TalllyBaHHS HE3aMMITFOBAHUX MPHUMIIICHb, MICIIS
3yCTpiui  MPENCTABHUKIB  MOXKEIKHO-PATYBAILHUX
MiAPO3MiNB, TEKCTOBY iHQOpMaIlifo, 30KpeMa,
THCTPYKIIIi TS KOPUCTYBadiB.

OueBUIIHO, 110 TUIAHM €BaKyallii € KOPUCHUMH,
OCKUIBKM ~ JIONOMAraloTh ~ YHHWKHYTH  TIaHIKH,
3a0e3MeuyI0ur 3pO3yMUINI aJroOpuT™ Hild IS JTFONIeH,
SIKi MOXKYTh OyTH JIe30pI€EHTOBaHI 4epe3 cTpec, TuM abo
IIyM, CHOpHAE TPUHAHATTIO Ta  ONEPAaTHBHOMY
YXBAJICHHIO TPABIWIGHUX pillleHb. AJie X BHUKOpHU-
CTaHHSl Y TaNepoOBOMY BapiaHTi i3 PO3MIILICHHSIM B
3arajJibHOIOCTYITHHX MICIISIX Ma€ HU3KY OOMEKCHb.

[To-nmepmie, Taki JOKyMEHTH HE BpPaXOBYIOTbH
noTpe0 Jrozieit 31 3HMKEHUM 30pOM 200 MOOUITBHICTIO.
VY crpecoBiii cuTyallii CKJIQIHO MIBUAKO 3PO3YyMITH i
OLIIHUTH TPAJUIIHHIH ManepoBUi IU1aH, 0COOIMBO 3a

HAsSBHOCTI UMY 4 cJIaOKoro ocBiTieHHs. HeoOximHo
BPaXOBYyBaTH, 10 JOCHUTb YaCTO, 0COOIMBO, KON MOBA
Wae Tpo TPOMaJChki 00’€KTH, BiABIIYyBadi, IO
ONMHIITUCS y OyNiBIi BIEpIIe, TOTaHO OPi€HTYIOTHCS
B 00’€eMHO-IIaHYBAJIFHUX  PIMICHHSX,  TOMY
O3HAHOMJICHHS 13 IUIAHOM MOTpeOye IEBHOTO Yacy,
SIKMH TIPY TIOPSTYHKY € Jy>KE LIHHAM.

[lo-mpyre, TpamumiiiHi IIaHA € CTATHYHAMH Ta
HE BPaxOBYIOTh 3MiH y peallbHOMY 4aci, TaKUX SIK
OJIOKYBaHHS IUISXIB Ta BHUXOIIB HEOC3MCYHUMU
YHHHUKAMH TIOXKEXKi (3aUMIICHHSI, TTOTyM s, BUCOKA
TEMIIepaTypa, KPUTHYHI KOHIIEHTpAIlli TOKCHYHHX
peuoBuH). CrartnuHuii  Qopmar He  JO3BOISIE
IHTEepaKTHBHO OTPUMYBATH aJIbTEPHATHBHI MapIIPyTH
eBaKyailii 3aJIe)KHO BiJ| IOTOYHOI CUTYaIIii.

[lo-Tpere, Oynp-sKi 3MiHM B IUTAaHyBaHHI
OpUMilleHs  a00  po3TallyBaHHI  OOJIQJHAHHS
oTpeOyIOTh APYKY HOBHUX IUIaHIB, IO € pecypco- i
4aco3aTpaTHUM MPOLIECOM.

AJBTEpHATHBOIO TPAAUIIMHUM 3aco0aM €
po3poOKa IHTEpaKTHBHUX IUIaHIB eBakyamii mpu
MOKEXi, WIAXOMU JO PpO3POOKH SKHX 3HAYHO
€BOJIIOLIIOHYIOTh 3aBJSKH MOXIIMBOCTI 1HTErparii
HOBITHIX  TEXHOJIOTIH, TakuX  SK SLAM
(Simultaneous Localization and Mapping), loT
(InTepHer pedeli), BipTyalbHa Ta JIONOBHEHA
peanbHicTh (AR, VR) 1 MoOibHEX moxatkis [15]. 11i
MIIXOU CTBOPIOIOTH MEPEIYMOBH Uil JOCTYILY IO
iHdopMarii npo Oe3rmeyHi MapHIpyTH BUXOAY IS
KOPHCTYBa4iB Y HAJA3BHUAHUX CHTYaIlisX B PEKUMI
peanbHOTO Yacy (Tabmuis 1).

Taoauns 1

[MopiBHIHHS TpaJAUIIIHNX Ta IHTEPAKTUBHHX IUIAHIB €BaKyallii 32 KJIFOYOBHMH XapaKTEPUCTUKAMHU

XapakTepucTHKa

Tpaauuiiiai manu

[HTepaKTUBHI IJIAHU

dopmar

Crarnunuii (anepoBui)

Junamivnanii (mudposuii, AR/VR)

OHOBIICHHS JITaHUX BumMarae nepeapyky

ABTOMaTHYHE B peaJIbHOMY yaci

Apanranist 10 3MiH

BincyTHs (He BpaxoBye 3aIMIICHHS,

[oBHa (BpaxoBye nani loT mpo

3aBaJICHI IPOXOJIN) Hebe3meKy)
HoctymHicTh ObMexeHa (CKIIaIHO YUTATH MIPH Bucoka (MoO1ITBHI 10/1aTKH, TOJIOCOBI
ITOTaHOMY OCBITJICHHI) TTiIKa3KH)

IHTerparis 3 TEXHOJIOTIIMH

Hewmae (BizcytHs interpamis 3 IoT, AR)

Posumpena (SLAM, 10T, AR/VR)

[TinTpuMKa 1HKJIFO3UBHOCTI

BaJIaMH 30pY)

MinimansHa (HE MiAXOIUTD IS JIIOJEH 3

[ToBHa (TOOCOBHIA CYIIPOBi,
aIanITOBaHi MapIIPyTH)
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OTxe, TpamuIidHI eBakyallifiHi IUTaHH He
3a0e3MeuyTh HaJICKHOT 1HKJTFO3UBHOCTI,
YCKJIQIHIOIOUN €BaKyallito i 0cid 3 0COOIUBUMHU
norpedamu. CTaTU4HI CXEMHU Ha CTiHAaX HE HAJAIOTh
aNbTePHATUBHUX (aydiabHUX Ta TaKTWJIBHUX)
KaHaJiB iH(OpMamii, a TakoXX HE THPOTIOHYIOThH
MapIIpyTiB, ajanToBaHUX  JIO oOMeskeHOT
MOOUTBHOCTI YHM  PETiOHATBHUX  OCOOIHBOCTEH.
[arOBaMi#HI miaxoaw, mo moeaHyoTh SLAM, IoT Ta
AR/VR, 103BONSIOTH CTBOPHOBATH  IHKIIIO3HMBHI
CUCTEMH BIJIINOBIIHO 10 I1HAWBIMYaTbHUX MOTPEO
KOPHCTyBadiB, 3a0e3nedylodyn Oe3leKy BCiX TPy
HACEJICHHS i1 9ac MOXKeXi.

Ananiz  docnioycenv ma nyonikauii  3a
TEMATHKOIO JI03BOJIMB BCTAHOBUTH, IO IEpeNideHi
iH(hopMaIIiiiHI TEXHONOTi{ aKTUBHO JOCTIIKYIOThCS
Ta BIPOBAKYIOTHCS TIPH BUPIMICHHI MpobieM
ONTHMIi3amii TONIYKy MapHIpyTiB eBakyamii mpH
noxkexi. ¥ poborax [2-5] obrpyHTOBaHO TIpOoOIEMHU
Ta TEPCICKTUBA BHKOPUCTAHHS BIPTyalbHOI Ta
JIOTIOBHEHOI PEaJIbHOCTI JJIS BiOOPayKEHHS IUIAXIB
eBakyalii Ha exkpaHi cMaptdoHa SK 3aco0y g
MOJICTIIICHHS. OPIEHTYBaHHS y CKIAJIHUX YMOBaXx.
Taki MeTOAM CYTTEBO TOJETIIYIOTh NPUHHATTS
pimens momo BuOOpy MapmpytiB. [lpu 1mpomy
3aMpOTIOHOBAaHI  3aXO0QW  HE  JAalOTh  3MOTH
BpaxoByBaTh  3MiHy  OOCTaBMHHM,  30Kpema,
0JIOKyBaHHsSI NUIAXIB Ta BHXOJIB HEOC3MCUHUMHU
YUHHUKAMH TOXeXi. Y [6-7] aBTOpH TPOMOHYIOTh
KOMIUICKCHI PIIICHHS 100 IHTErpalii MmoKa3HUKIB
CEHCOpIB 3aJUMJICHHSI Ta TEMIIEPATypH y CHCTEMY
YIpaBIiHHA €BaKyalli€lo, 0 A€ 3MOTY OIEPATHBHO
BUSIBIISITH 3a0JIOKOBaHI HEOE3NMeYHUMHU YMHHHKAMH
MOXKEX1 IUIAXM Ta BUXOIU 1 KOpPETyBaTH IIPOIIEC
eBaKyauii. 3anpoIroHoBaHa y poboTax apxiTeKTrypa
iHQOpMAIIHHIX CHUCTEM YIIPABIiHHS €BaKyalli€l €
CKJIaJHOI0 Ta JOPOTrOBapTICHOO 1 Moxe OyTu
BUKOPHCTaHA Ha BEJMKHX 00’ektax. Podorm [8-10,
13] npucesyeHi po3risay pi3HOMAHITHHX acIeKTiB
texHomnorii SLAM ansi cTBOpeHHsI iHTEPaKTUBHUX
KapT MpUMIllIeHb, 9Ki O JaBaiy 3MOTYy ONTHUMI3yBaTH
MOITYK €BaKyalliHUX MUIAXIB IiJ] YaC BUHUKHEHHS
HaJI3BUYAaHUX CUTYyaIiil. Pazom 3 TrM, 3Bakaroun Ha
IHHOBAIIIMHICTh TEXHOJIOTII, My O IiKaIlil JOCUTh 4acTO
MICTATh TPOMIXKHI pE3yJdbTaTH Ta JEKIapyIOTh
HACTYITHI 3aBAaHHS JIOCIHIJDKEHb, IO MiATBEPIKYE
HEOOXIIHICTh MOAANBINOI PoOOTH y Il chepi 3
MeTo0 (OpMyBaHHS BIAMOBiAHOI 0a3w 3HaHb Ta
HATIOBHEHHS MTaKeTy 0€3MEKOOPiEHTOBAHUX HAYKOBO-
JIOCJTITHUX TPOEKTIB.

Mema 1i€i craTTi moNsATaE B PoO3poOIi Ta
OOTpYHTYBaHHI KOHIENI[I CTBOPEHHS 1HKIFO3UBHUX
IUTaHIB eBaKyalii mpu noxexi Ha ocHosi SLAM, IoT,
AR/VR st amanTuBHOCTI, JOCTYHHOCTI Ta
e(eKTHBHOCTI B pealbHOMY 4aci.

JlJis TOCATHEHHS TIOCTaBJICHOT METH HEOOXiTHO
BUPILIUTH TaKi 3d860AHHA:

— MPOaHAIi3yBaTH TEPCIIEKTUBH 3aCTOCYBaHHSI
texHosoriii SLAM, IoT ta AR/VR mias ctBopeHHS
IHKITIO3MBHHUX TUIAHIB €BaKyallii;

— po3poouTH KOHIIENTYaJIbHY MOJICNb
IHTEpaKTUBHOI €BaKyalliiHO{ CHCTEMH 3 IHTETPAIIi€l0

SLAM, IoT Ta mmdpoBux idTepdeiciB It
aJalTHBHUX MapLIPYTiB;

— O0TpyHTYBaTH OCHOBHI TIPUHLIATIN
IHKITIO3UBHOCTI IHTepaKTUBHOI eBaKyarliiftHo1

CHUCTEMH, 110 3a0e3MeUyIOTh 1i JOCTYIHICTh JJIS BCIX
IpyI KOPUCTYBadiB, BKIIOUAIOUH 0cil 13 0cOOIMBUMU
nmotpedaMu, 0cid MOXMIIOro BiKy Ta KOPHCTYBadiB i3
TUMYACOBUMH 0OMEKEHHIMHU.

Metomu pocaimxennsi. JlocmipkeHHs 0a3yeThes
Ha TIOPIBHAJIBHOMY aHANi3i HAyKOBHUX ITyOIiKaii,
TEXHIYHOI JOKYMEHTAIlil Ta HOPMaTUBHUX CTaH/ApPTIB,
MPHUCBSUCHUX 3aCTOCYBaHHIO TEXHOJOT1H OTHOYaCHOTO
MO3WITIOHYBaHHS Ta KaprorpadyBanHs (SLAM),
Iareprery peueii (IoT), momoBHEHOI Ta BipTyalbHOI
peanbHOCTi (AR/VR) y cucremax emakyariii. AHaii3
Jla€  OINHKY (DYHKIIIOHAIBHUX MOMIIMBOCTECH IIHMX
TEXHOJIOTiH, X OOMEeXeHb Ta TIEPCIIEKTUB IHTerparii
JUIL CTBOPEHHSI IHTEPaKTHBHHMX IUIAHIB E€BaKyarlii

TIPH TIOKEXK.
Hdns  dopMyBaHHA  3arajgbHOi  KOHIIETIIil
BUKOPHCTaHO  CHCTEMHE  MOJCTIOBAHHS,  SKe

nepenOadae cuate3 SLAM 71 CTBOPEHHS AMHAMIYHUX
KapT TpuMilleHs y peaigpHomy uaci, loT mms
OIEPaTUBHOTO MOHITOPHHIY YMOB CEPEIOBHILA, TAKUX
K 33JUMJICHHS, TeMIeparypa 4YH OJOKyBaHHS
MPOXOMiB, & TAKOXK HUPPOBUX iHTEp(EiciB, 30Kpema
MOOUIBHMX  JIONATKIB ta  AR-cucrem, TUTS
BiZIOOpaKeHHS aJIAITUBHUX €BaKyalliiHIX MapIIPYTiB.

Po3poOka mpuHIMIIIB AOCTYMHOI Bi3yaiizamii
MapmpyTiB, OCOOJMBO JUII KOPHCTyBadiB 3
0cOONMBAMH  TOTpeOamMu, 3MiCHEHa IUISIXOM
aHayizy BHMOT JI0 IHKJIFO3MBHHX iHTepQeiiciB Ta
CHUHTE3y PIillIEHb, [0 BKIOYAIOTh MYJIBTUMOIAIbHI
KaHaJM, afanToBaHi MapIIPYTH Ta MEPCOHATIZAIIIFO.
Jiiss  cTpyKTypyBaHHS IPUHIMIIIB BUKOPUCTAHO
METOJ  KOHIENTYaJIFHOTO  MOJICTIOBAHHS, IO
JO3BOJIMJIIO  BH3HAYMTH  KJIIOYOBI  KOMIIOHEHTH
CHUCTEMH Ta IX B3a€EMOAII0 Uil 3a0e3MedYeHHS
JIOCTYITHOCTI.

Pe3yabTaTtu gocainkeHHs

Ananiz cywacnux ingpopmayisinux mexnonozii
0/l CMEOPEeHHA I[HKIIO3UGHUX NIAHIE e6aKyauii.
Juis peanizanii iHKIIO3MBHUX TUIAHIB €BaKyarlii npu
MOXEXi KIIOYOBE 3HAUCHHA MAroTh CyYacHi
iHpopMaIliiiHi  TEXHOJOTIl, 30KpeMa OJIHOYaCHE
MO3HIIIOHYBaHHs Ta KaprorpadysanHs (SLAM),
Iarepuer peueit (IoT), a Takox IONMOBHEHa Ta
BipTyansHa peanbHicTb (AR/VR) [20]. IIpoBenenuit
aHalmi3 HAyKOBMX NyONiKamiii Ta  TEeXHIYHOI
JIOKYMEHTAI[il J03BOJIMB OLIHUTH IOTEHI[A] IHUX
TEXHOJIOTI y KOHTEKCTI CTBOPEHHS aJaNTHBHUX,
JOCTYITHUX Ta €)EKTUBHUX €BaKyaI[IHHUX CUCTEM.
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Texnonoris SLAM 3a0e3rneuye CTBOPCHHS
MUHAMIYHUX KapT MPUMIIIEHB [25] y peanbHOMY Yaci
Ta BU3HAYEHHs MO3WLII KOPUCTyBauya B YMOBAaX, /¢
TpanuiiiiHi Metoau, Taki sk GPS, € HeedekTHBHUMEI
4yepe3 BiJICYTHICTb CHTHANY B 3aKPUTHX IPOCTOPAX.
BuxopuctoBytoun nmaHi 3 JigapiB, Kamep Ta
iHepuiiHux  BuMiptoBanbHUX oauHuIbL  (IMU),
SLAM 3pgaTHa apmanTyBaTH KapTd IO 3MiH Y
CEepPENOBHINI, TaKUX K 3aBajcHI IPOXOAH YH
3aJUMJICHI 30HM, L0 KPUTHYHO BAXKIMBO MiA 4Yac
nokexi. Jlocmimkenns [8, 9, 13] 1eMOHCTPYIOTS, 10
anroputmu SLAM, 30kpema EKF (Extended Kalman
Filter) ta Graph-based SLAM, 3a6e3ne4ytoTb BUCOKY
TOYHICTh KapTorpadyBaHHS HaBiTh y CKIAJHUX
YMOBax, X04a TOTPEeOyIOTh 3HAYHHX OOYHCIIO-
BaJIbHHUX PECypCiB.

Iureprer peueti (IoT) Bigirpae BaskiuBYy poib y
MOHITOPHHTY YMOB cepeoBHIna. Mepexa CeHCOpiB,
0 BHUMIPIOIOTh 3aJUMJICHHS, TEMIeparypy Ta

MapmipyTiB. Pobotu [6, 7] 10BOIATE, IO iHTETpaITis
IoT i3 cucTemMamu yrpaBIiHHS €BaKyaIli€rO ITiIBHIITY€
HIBUIKICTh pearyBaHHs, Xoda CKJIaJHICTh TaKHX
CHUCTEM MOXKe OOMEeXyBaTH IX 3acTOCYBaHHS B
HEBEJIMKUX 00’ €KTax.

Texnomorii AR Tta VR 3a6esmeuyiors
IHTYITHBHY Bi3yasizallilo eBaKyalidiHUX MapIIpyTiB
[16]. JlorioBHEHA pealbHICTH JO3BOJISE HaKIagaTH
MapmipyTH Ha peaylbHe 300paKeHHS MPUMIIICHHS
yepe3 ekpaHu cmapTdoniB um AR-okymspu, Mo
MOJIETIIYE OpIEHTAIlil0 B YMOBax CTpecy UM
oOMexeHoi BHIWMOCTI. BipTyansHa peambHICTB
BUKOPUCTOBYETBCS ISl TPEHYBaHb, JOIMOMArarouu
KOpUCTYyBauaM  3a3fajieTiib  O3HAHOMHTHCS 3
eBaKyaliiinmmu noixamu. Poborm [1, 2, 5]
MoKa3yroTh, Mo AR/VR 3Ha4HO MOKpamIyroTh
cnpuiHATTS iH(opMalii TOPiBHAHO 31 CTATUYHHUMU
TUTaHaMH, X04a MoTpeOyroTh afanTariii Juisd JIo/IeH 3
0COOJIMBHMH TIOTpeOaMH.

KOHIICHTpAIlil0 ~ TOKCHMYHUX  Ta3iB,  J03BOJIIE Tabnunss 2  y3araJibHIOE MOXKIIUBOCTI  Ta
OMEpaTUBHO BHSBSTH HeOE3MeYHi 30HM Ta  OOMEXKEHHS  TEXHOJOTiH, JEMOHCTpYIOUHM  iX
nepenaBaTH JaHi JJIs OHOBJICHHS €BAaKyalliiHUX  B3a€MOOIOBHIOBAHICTH [ 18].
Taoauunsa 2
XapaKTepUCTHKHU TEXHOJIOTIH IS IHKITIO3MBHUX IUIAHIB eBaKyaiii
TexHouorist Oyukuis [lepeBaru OOMexeHHs
SLAM CTBOpEHHS KapT, Bucoka TOYHICTB, afanTaiis 10 Bucoki 00uucoBabHi
MO3HIIIOHYBaHHS 3MiH BHUMOTH
loT MOHITOPHHT YMOB OmnepaTHBHICTh, AaBTOMATH3AIIIs CKIIaiHICTh PO3TOPTAHHS
(3aMJICHHS, TEMIIepaTypa)
AR/VR Bisyauizamis MapmipyTiB [HTYITHBHICT, MOKIIHBOCTI [otpeda B agamrrarii st
TpeHyBaHHS 0COOJIMBUX TPyl

Jlnst imrocTpartii X B3aeMOmil po3pobieHO cXeMy
(pucyHok 1), sika BioOpaska€ MoTiK JaHUX Bijl CEHCOPIB

[oT gepe3 SLAM no Bizyauizauii B AR/VR, mo popmye
OCHOBY KOHIIENITYaJIbHOT MOJIENi CHCTEMHU.

(¥

[ sLaMm — 17
(xaprorpadysanns,| 1 | 7
MO3UIIIOHYBAHHA) = | I
+ J/
loT-cencopn, — )
w | cnoBingyBaui Qopodka naHux JHJ'; ‘-l ‘]
(] Eﬁ (3amUMIIEHHS, (MaprpyTuzanist) f J N
TeMIieparypa) + —
AR/VR
(Bizyamnizaris
pe3yabTaTIB)

Pucynox 1 — Cxema iHTerpanii TeXHOJIOT1H AJIsl IHKITIO3MBHUX IUIaHIB €BaKyarlil

[IpoBeneHuit aHayli3 CBIAYUTH, IO TEXHOJOTIT
SLAM, 10T ta AR/VR CTBOpIOIOTH OCHOBY IS
IHKJIIO3UBHUX  eBakyauidHux  cucreM. SLAM
3a0e3rieuyye TOYHE TMO3WIIOHYBaHHS JJISI  BCiX
KOpHUCTYBauiB, 0T 103B0JIsSiE MOHITOPUTH YMOBH JIJISI
ajanTauii MapupyTiB Hix nMoTpeOu KOPUCTYBadiB 3

pisHoto  moOumbHicTIO, a AR/VR miarpumye
MyJBTHMOJQIBHI iHTepdeiicu, 1o BiANOBINAIOTH
notpebam ocib i3 mopyLIeHHIMH 30pYy 4H cinyXy. [lpu
LOMY CyYacHi PillICHHS YacTo € (parMeHTapHUMH,
0 BKa3y€e Ha HEOOXiJAHICTh PO3POOKH KOMILIEKCHOT
KOHIIEMIIi1, KA MMOETHYE I1i TEXHOJIOT11.
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Po3pobka konyenmyanvnoi mooeni cucmemu 3
inmezpauyicto  SLAM, IoT ma uyugposux
inmepdgeiicie 0na adanmuenux mapuwipymie. JIns
peanmizamii KOHIENTYaJIbHOI MOJETl 1HKIIFO3UBHOI
eBaKyallifHOT CHCTEMHU 3alpOIOHOBAHO MPHKIIAJ
KIIIEHT-CEPBEPHOi  apXiTeKTypH, sKka 3abe3medye
edeKkTUBHY 0OpOOKY JaHUX 1 aJanTaiiio MapuipyTiB
y peampHOMYy 4Yaci. ApxiTekTypa nepeadadae
inTerpamniro maaux Bin loT-ceHcopiB (3amuMieHHS,

30epiratoud  KapTH  mOpuMilieHb 1 mpodimi
KOPUCTYBaYiB y TIOCTIHHOMY CXOBHIIl, & JUHAMIIHI
naHi — y TumuacoBoMy Oydepi. OOpoOHUIT MOIYIIb,
BUKOPHUCTOBYrOUM anroputMu A* i Dijkstra, dhopmye
MapIIpyTH, aJanToBaHi 10 TOTped 0cib i3 3HMKEHOIO
MoOuTpHICTIO [24]. Ludposi inTepdeiicm (AR,
MOOUTBHI  OAATKH) 3a0e3MevyloTh 1HKIIO3UBHY
Bi3yamizallifo MapmpyTiB, BKJIIOYAIOYH TOJIOCOBI
miaka3ky Ta BiOpamiitai curHanm [21]. HaBemena

1
Kopucrysau

TeMIeparypa), CTOBIlIyBayiB aBTOMAaTW4yHoi cxema  (PUCYHOK 2)  JeTali3ye  B3aEMOJII0
noxexxHoi curnanizauii (AIIC) ta moxyns SLAM, KOMIIOHEHTIiB CUCTEMH.
i1 Pisens 36opy sammx |
\ |
! ToT-cencopu ATIC SLAM :
, | (3amumnenHs, Temneparypa) (AMMOBI, TernioBi) (mipgapu, kamepy, IMU) |1
e —— | — o — eo—_ L —— e m— - _I
«/laHi cgpesioBHILIa» «/laHi cepesioBHILIa» «Kaptu»
o [ ceprp | :
3 |
: Tumuacoswuii Gydep Tocriiine cxoBume | (| oo .0
: (mani IoT/AIIC) (xaptu, npodini) : 5
1 :
: «/laHi cepejioBuILa» «llIpodini, kapTi» ,
| |
: OGpoGHHiT MOZY/Tb ;
: (A%, Dijkstra)  [© 1
|
D e R S e R e e R N M e el s M R R R R S i
«MapiupyTi»
N
I 2 2 I
[ 2 tnpposi irrepdpeiicn .
! (AR, Aopatkn) :
. A |
: «IHcTpyduii» I Ipodinb, 3BOpOTHHIA 3B 5130K» !
| I
| |
I |
I |
I |

(iHcTpyKuii, npodisib)

Pucynok 2 — KitieHT-cepBepHa apXiTeKTypa IHTepaKTHBHOI CUCTEMH 1HKIIFO3UBHOTO TUIAHYBaHHS eBaKyarlil

Mogens 3abe3rnedye CTBOPEHHsI JUHAMIYHAX KapT
MPUMIlIeHb, MOHITOPUHT YMOB y pealbHOMY 4aci Ta
BiIOOpaskeHHS aIalITHBHUX €BaKyalliiHUX MapHipy-

ITocnigoBHICTH

TiB, IO BPaxOBYIOTh HEOE3MEYHI 30HHW, TaKi SIK
3aJJUMJICHHS] Y4 BHCOKi TeMnepatypu (Ttadmums 3)

Taoauus 3
000TH CUCTEMU

Eran Komnonent

Jist

Pesynprar

1. Kaprorpadysanas | SLAM (nmigapu, kamepu, IMU)

CrBopenus 3D-kapru,
BU3HAYEHHS MTO3ULT

TpuBumipHa xapTa,
KOOpAWHATH KOPUCTYyBaya

2. MoHiTOpHHT I0T-cencopwu, cioBinryBadi

36ip maHUX Mpo OHOBJIEHI JaHi mpo

AIIC 3aJIMMJICHHS, TEMIIEPATYPY | CEpENOBHUIIE

3. O6pobxka O6po0HMIt MOITyTTh (A*, OHOBJICHHS KapTH, OnTuManbHUR MapImpyT
Dijkstra) PO3paxyHOK MapIIpyTiB

4. Bizyamizamis Hudposi inTepdeticu (AR, BinoGpaxenns mapmpytiB | [HcTpykuii y AR abo
JIOJIATKH) JIOAATKY

5. OHOBIIEHHS Cuctema B misiomy

[Tepioguane OHOBIEHHS
JTAHUX

AIanTUBHUNA MapHIpyT
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KonuenrtyansHa MOJIENb IHKJTFO3UBHOT
€BaKyaIliifHOi CHCTeMH Iiepeadadac IOCIHiTOBHY
B3a€MO/III0 KOMITOHEHTIB /I CTBOPEHHS aIalTHBHUX
MapIIpyTiB MmiJi 4ac Toxexi. Ha mepriomy erari
MOIYJNb  OJHOYAaCHOTO  TO3WIIIOHYBaHHSI  Ta
kaprorpadyBanas (SLAM), BHKOPHUCTOBYIOUH JaHi 3
migapiB, KaMep Ta iHEpPUIHHMUX BHUMIPIOBaJIbHUX
onuuuIs (IMU), cTBOproBaTiME TPUBHUMIPHY KapTy
mpuMilieHHss B peampHOMYy d4aci. Llg xkapra
CIlyTyBaTUME OCHOBOIO JJIsI BU3HAYEHHS IMOTOYHOI
MO3HILii KOPUCTYBaya 3 TOUHICTIO IO METpa, HaBITh y
3akpuTHX mpoctopax 6e3 GPS-curnamy.

Ha npyromy erami MOHITOPHHT cepenoBHUINA
3IiHCHIOBaTUMETHCS 3a foroMororo loT-ceHcopiB abo
CTOBIIIyBa4YiB aBTOMaTUYHOI TIOXKEKHOT CHUTHAII3aI]
(AIIC), Takux sSK IDUMOBI, TETUIOBI YM KOMOIHOBaHI
naruunkd| 19]. Li mpuctpoi Ge3mnepepBHO 30UpaTuMyTh
JaHi Tpo piBEHb 3aWMIICHHS, TEMIIEPaTypy,
KOHIIEHTPAIIi}0 TOKCHYHUX T'a3iB 1 (h13WYHI IEPEITKOIH,
TaKi SK 3aBaJICHI MPOXOIX UM 3a0JIOKOBaHI eBaKyalliitHi
Buxonu. JlaHi mepeaaBaTUMyThCS A0 LEHTPATBHOTO
00poOHOTO MOmyist depe3 0e3mpOTOBI  Mepexi
(Wi-Fi,  Bluetooth) ana  IoT-cencopie  abo
crannaptHi npoTtokonu 3B’s3ky AIIC (Hampukman,
BACnet, Modbus).

Ha tperpomy eram  momymb — 0OpoOKH
aHATI3yBaTHMe OTPUMaHi JlaHi, OHOBIIIOBATHME KapTy,
MO3HaYaTMe HeOe3INeYHi 30HM Ta PO3pPaxOBYBaTHME
ONTHMAITBHI €BaKyalliiHi MapIpyTH 3a JIOIIOMOTOIO
AIITOPUTMIB MapLIpyTh3arlii, Takux sk A* abo Dijkstra.

Ha uerBepromy etami nndposi iHTepdeiicu, Taki
SK  MOOimbHI  jomatku  (abo  AR-okymsipm),
BiIOOpaXKaTUMyTh  aJalTOBaHi  MapmipyTd y
3posyminiomy ¢opmari. Hanpuknan, AR-iatepdeiic
HaKJIQaTUME CTPUIKM HANpsIMKy Ha peajbHe
300paXeHHs MPUMIIIEHHSI, a MOOITBHUIA T0JaTOK
Ha/IaBaTUMe MOKPOKOBI iHCTPYKIIIT 3 MO3HAYKAMH 30H
BIJIMIOYMHKY YW TaHAyciB. [HTepdeiicn BpaxoByBa-

TAMYTb 1HAMBIAyaJdbHI MOTPeOH, 3a0e3meuyrouu
YiTKICTP 1 TOCTYIHICT iH(pOpMarIii.
Ha rm’stomy eram cHcTeMa TepiOgHYHO

OHOBIIOBaTUME MapmpyTH (koxHi 5—10 cekyHn) Ha
OCHOBI HOBHX HaHuX Bifl loT-ceHcopiB i crioBinTyBadiB
AIIC, 3abe3redyroun aganTHUBHICTH A0 JAWHAMITHUX
YMOB, TaKHX SIK MOIIUPEHHS BOTHIO UM 3aJUMIICHHSL.
VY pasi Brpatu 3B’S3Ky nependavaeTbes odumaiiH-
pexnM, ne SLAM 1 KemoBaHI MapHIpyTH
MiATPUMYBAaTUMYTh 0a30By (PYHKIIOHAJBHICTD, IO
rapaHTy€e HaJiiHICTh CUCTEMH.

Ob6rpynmyeanns  NpuHyuUnie  3abe3neyeHHs
inkozuenocmi, KoHientyaiabHa MOAEIb CHCTEMHU
repeadadae aanTaliio eBaKyaliiHuX MapIIpyTiB IO
rotped 0ci0 13 3HIWKEHOI MOOUTBHICTIO, 30KpeMa THX,
XTO BUKOPHCTOBYE KOJNICHI KpiClTa, TIPOTE3H, TOTOMIXKHI
3aco0M (XOIYHKH, MUJIII) a00 Mae OOMEKEHHS Yepe3
moxwmid Bik [22]. Ile moxmmBO pearizyBaru 3a
JIOTIOMOTOI0 JTaHUX TIPOGiIIF0 KOPHUCTYBa4a, OTPUMAHNX
Yyepe3 MOOUIbHHMU J01aToK ab0 CEHCOpH (HAIPHUKIIA/,
LIBUJIKICTh pyXy, THII JIONOMDKHOTO 3acoly), Ta
iHpopMamii Bim cHCTEM aBTOMATHYHOI ITOXKEKHOT
curHaimizaiii un loT-ceHcopiB mpo CcTaH cepemoBHUINa
(OroxyBaHHS eBaKyalliiHUX BHXOIB) [23]. Anroputmu
MapHIpyTH3allii  JTO3BOJSIIOTE  BPaxyBaTH 00’ €MHO-
IUTAaHyBATBHI PillIeHHs] IPUMIIIIEHb, HAAAI0uH TIPiIOPUTET
0e3CX0NIOBUM HIISIXaM, IIUPOKUM KOPUZIOpaM 1 30HaM 13
MIHIMAJIBHUMH — TIepelikomaMu.  Hampukmanm, — mis
KOPHCTYBadiB KOJICHUX KpIiCEN CHCTeMa MOoXKe OyyBaTu
MapILpyTH, SIKi HE TPOJISATaloTh Yepe3 CXOIU a00 BYy3bKi
JIBEPHI IPOPIi3H, POTIOHYIOYH TPOTHUTIOKEKHI TihTH 260
maHgycu. Jms ocid moxmioro BikKy abo THX, XTO
BHKOPHCTOBYE MPOTE3U UM OINOPH, MAPIIPYTH MOXKYTh
BpaxOBYBaTH 3HIDKEHY UIBUJIKICTh TIepecyBaHHsI Ta
MOTpeOH B IEPIOANIHIX 3YITHHKAX.

s 3abesniedeHHs YHIBEpPCAJIbHOI JOCTYIMHOCTI
cucTeMH c(HOPMYITLOBAHO MPUHIIUIIH, SIKI BPAaXOBYIOTh
MOTpeOH BCiX TpyI KOpUCTYBadiB (Tabmuiis 4).

Taoauus 4
[TpuanMnYM 320€3neueHHs TOCTYIHOCTI IHTEPAKTHUBHOI €BaKyaIliifHOT CHCTEMHU
[punuun Omnuc 3acTocyBaHHs
MyJIbTUMOAAIBHICTE BisyanbHi, aymiajibHi, TAKTUIBHI .. . . .
. Y N .H Y > ayal ’ Tomnocosi minkaszku, AR-cTpinku, BiOparis
iHTEepdeiicin KaHaJn

Aqarnraris MapupyTiB

MappyTy 3a hiznaHUMHA

be3cxo/10Bi IUIAXH, BUIKICTD PyXY

MOKJIHBOCTSIMH
IMepconanizawuis Ta baraToMoBHICTB, HaJTAIITYBaHHS . . .
- . N PerioHaibHi cTaHAAPTH, KOHTPACTHICTH

JIOKaJIi3alis iHTepdeiicy
HaniltHicTh y KpUTHYHUX . . .
yMgBax Y xp Odmaiin-pexxumu, pe3epBHi kKananu | JloxamsHi o6uncnenss, Bluetooth

[lepmwmii mpuHOMI — MYJIBTUMOAAIBHICTE  OMUCYIOTh MapUIPYT y PealbHOMY Haci, TOMi SIK JUIs
iHTepdeiiciB, mo Noisrae B MATPUMII KiUTBKOX  0cCi0 i3 BazaMu cIyXy — UiTKi Bi3yaslbHi BKa3iBKH, Taki
KaHamiB mepenadi iHgopmamii: BizyanbHi (AR- sk cTpinkum WM Muroriamei mo3Hauku B AR.

OKYJISIpH, MOOLIBbHI JIOJIATKH), ayJialibHi (TOJOCOBI
MmiKa3Kyd) Ta TakTWibHI (BiOpauiiiHi cuUrHAIN).
Hanpuxiag, mis ocid i3 BagaMu 30py JOLIIBHO
BUKOPUCTOBYBAaTH  TOJOCOBI  1HCTPYKIIl,  sIKi

Hocmimpxennst [5, 9, 17] miaTBepKyOTh, IO
MYJBTHMOJIANIBbHI iHTepdeiicu HiIBUIIYIOTD
e(EeKTHBHICTh CIPUHHSTTS 1H(OpPMAIIl B CTPECOBUX
yMOBax (PUCYHOK 3).
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(Bibparyis) (ronocoei mijKasKu) | (cTpinKm, Tekcr)
BibGpariis T'onoCoHi iHCTPYKIT Be3scxpaosi nusxm
f—————— = L — Bibpaigial- - - — oBiTIIKAIKM] — - — — — — iTKuidTeKef- - - - - - - - - - — _
| Kopucryeaui
I y . \ L J
' . 3HMKeHa MOBLIbHICTb
: Baju ciyxy Bajw sopy Toxumii Bik (KoticHi Kpic/a, XoAyHKM)

Pucynox 3 — MynbTuMonanbHi iHTepdeiicu 1t A0CTYIHOCTI

Hpyruii IpUHOWT — ajanTarfis MapHIpyTiB IO
iHAMBIAyanbHUX MOTPeO. ONTHMANBHUM PIlICHHSM €
BUKOPUCTAHHS JaHWX Tpo (i3W4YHI MOXKIHBOCTI
KOpHCTyBada, OTPUMaHUX depe3 mnpodims y
MOOLUTFHOMY TOAaTKy a00 aBTOMAaTHYHO BU3HAYCHHUX
ceHcopamy (HampuKkiaj, MBUAKICTE pyxy). Lle nmae

mependadaoTh pyxX cxogamm abo Kpi3h BY3BKI
MPOXOAu Ui OCi0 3 OOMEKEHOK MOOUIBHICTIO, a
TaKOXX  ONTUMI3yBaTH NUIIX 32  KPHUTEPiEM
HaWKOpPOTIIOTO dYacy /s IHIINX KOPHUCTYBadiB.
AJNTOpUTMH MapHipyTh3amii, Taki Sk A*, MoXHa
aJanTyBaTH JI0 IIMX BUMOT, BpaxoByrouw naHi loT

3MOTYy  TPONOHYBaTH  MapImIpyTH, SKi  He Mpo Hebe3meuHi 30HU (PUCYHOK 4).
T Bxigai gawi :
I 1
: Tpodini koprcTyBain ToT/AIIC B SLAM :
1 (thiznuni noTpedu) (38 MMIEHHA, TEMIIEPATYPa) (KapTH, nosyuis) | !
|
e I R P .
Jaui cepensang
" O6ppaka
i mmi |||n||L1')| - 1 [ Kd]'m .
A0 LN MY {b.ln?.pmMH . Bescxogon waExm
| (A*, Dijkstra)
[N
Bigyaneai sapupy
T T T T T T T T T T T T T T T T T  Aromand wapupya [T T T !
| 1 I|l'|c:~{||| ML TE L :
! TMoxmmii Bik Eiil Bamm coyxy Banu 3opy 2] 3muxena mobimsHicTs | |
. | (30HM BignowHKY) (Bi3yankHi MappyTH) (ronocoei MapipyTH) (Ge3acxomoei LLTAXH) :

PucyHnok 4 — Cxema aganrariii eBakyariifHIX MapuIpyTiB

Tperii mpuHOMII — T[EpCOHANI3AIlsA  Ta
nokaizamis. J{omiisHO miaTpuMyBaTH 0araTOMOBHI
TOJIOCOBI MiAKa3KM Ta TEKCTOBI MOBIJOMIIEHHS, IO
MOXE€ 3a0e3MeYnTH MJOCTYIHICTh MJIs 1HO3EMIIIB.
Jlokamizamis  iHTepdelicy — 1€ MOXKIHUBICTh
3[1ICHIOBATH aanTamnio o perioHaIbHUX
CTaH/IapTiB €BaKyallii, TAKUX SIK [T03HAYEHHS BHXO/IiB
yn curHamizauii. Kpim Ttoro, nmist 3abe3neuyeHHs
IHKJIFO3UBHOCTI HEOOXIIHO nepeadaynTH
HaJIAIITYBaHHS pO3Mipy WpU(Ty, KOHTPACTHOCTI YU
TYYHOCTI (PUCYHOK 5).

UerBepTuil NpUHIMIT — HAAIHHICTD Y KpUTHYHHUX
ymoBax. Cxema (PUCYHOK 6) LIFOCTPYE MEXaHi3MH
3a0e3MeYeHHs HAIHOCTI CHCTEMH B KPUTHYHHUX
yMOBaX, TakuX SK KiOepaTaku, BTpaTta MeEpexi,
3aJMMJICHHS YU TIepeBaHTaXCHHS cUCTeMHU. BoHa
JNEMOHCTPYE,  sIK  odnaiH-pexxuM,  pe3epBHE
KOMIIOBaHHS KapT 1 mpogimiB, HyOMIOBaHHS NaHHX
[oT/AIIC Ta pamxyBaHHS KpUTHYHHMX IaHUX 3a
MPIOPUTETHICTIO J03BOJIUThH 3a0€3MEUNTH CTA0UIbHY
po0OTY, TapaHTYIOUHM IHKJIIO3UBHICTH 1 Oe3meky B
Ha/I3BUYAHUX CUTYyalisX.
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[if] Konrekcr cepegorna
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T S I
| [ Moxummii sik [2E Bagm coyxy (3% Bagu 30py ELE] 3umkena MoBineHicTE | |
! :

Kpurriumi ymoau

BT 3anumaesnn Temneparypa

Mexanizmi Hagligocr
i Y

TpiopHTHIania

JIyBMIOBaHHA JAHHX

E3H] Odunaiin-pessam [EZi] Pesepere romilonanns

(KpHTHYHI Aaui) {IoT/AIIC) (MOKAMEHHE Kew) (Kapri, mpodini)
D B Ofnaiersapogye _ | _ _ _ Peaepsijm N B S i
TpiopemeTi sapapy o Jyfinwanasi aani Chfuaim-crarmany Cfunadin-ronoc) -1 ALy T Presepmsii kg
T T T T T T T T T T T T T T T Crablwma pobora N !
i r
| Toxmneii Bik x5 Bamu cmyxy Bam opy BT Bnwscena moBinsHicTs :
1
1
1

(30HH BIANOUHHKY)

(Pasocoei IHCTpYKL) (Bescxonoei mapuipyTi)

PucyHnok 6 — Cxema 3a0e3neueHHs HaJlifHOCTI B KpUTUYHUX YMOBaxX

3anponoHoBaHi MPHUHIUIK MOXYTh 3abe3re-
YUTH 1HKIIO3UBHICTh CHUCTEMH, JIO3BOJISIIOUYM BCIM
KOPUCTYyBadaM, HE3aJIeKHO BiJl iXHIX (Pi3U4HMX UK
KOTHITUBHUX OCOOJIMBOCTEH, €()EKTUBHO EBaKYIO-
BaTHCA IIijl 4ac TOKexi. IX peanizanis 6asyeTbcs Ha
MOJYJBbHIA apXiTeKTypi CHUCTEMH, IO TOJETIIYE
BIIPOBAKEHHS HOBUX (PYHKILIN JOCTYIHOCTI.

BucHoBku. [{ociimpkeHns, MpoBeACHE B paMKax
CTaTTi, JO3BOJIMIO PO3POOUTH 3arajbHy KOHIIEIIiI0
CTBOPEHHS 1HKJIO3MBHHUX IUIaHIB e€BaKyaulii Npu
NOXKeX1 Ha OCHOBI IHHOBAIIHHUX iH(OPMAIIHHHX
TEXHOJIOTii, 30KpeMa OJIHOYaCHOTO MO3HIIIOHYBAHHS
ta KaprorpadysanHs (SLAM), Iarepuery peueit
(IocT) Ta JONMOBHEHOI/BIPTYaNbHOI  peallbHOCTI
(AR/VR). AHTITUIHUHA XapakTep CTarTi
3a0e3MeYeHO LUIIXOM BHKOHAHHS TPHbOX KIIIOYOBHX
3aBJaHb, 110 OXOIUIIOIOTh aHaJli3 TEXHOJIOTiH,
pPO3pOOKY KOHIIENTyaJIbHOI MOJEIl CHUCTEMH Ta
BU3HAYECHHS IPUHLIMIIB JOCTYTHOCTI.

[NopiBHsUIbHMI ~ aHai3 HAayKOBUX JDKEpen i
TEeXHIYHOI JIOKyMeHTarii TmokazaB, mo SLAM
3a0e3neuye TOYHE KapTorpagyBaHHS Ta
MO3UIIIOHYBaHHA B peanbHOMy dHaci, [oT mo3Boise
OEpaTMBHO  MOHITOPHTH  YMOBH  CEPEIOBHINA
(3ammmutenHs, Temrieparypa), a AR/VR nonermnryrots
IHTYiTHBHY Bi3yali3awliro MapmpyTiB. BcraHoBieno,
110 IHTErpaLis [[MX TEXHOJIOTIH € HEOOX1IHOI YMOBOIO
JUISI CTBOPEHHS aIalITUBHUX €BaKyaLlifHIX CHCTEM.

3anpornoHoBaHa KOHIIENITyaIbHa MOZENb
IHTEpaKTUBHOI €BaKyalliifHo1 ciuctemu iHTerpye SLAM
JUTS| CTBOpEHHSI IMHAMIYHKX KapT, [oT st 300py naHmx
npo HeOe3neuHi 30HM Ta 1M(posi iHTepdeiicu (AR,
MOOUIbHI JIOAATKK) JJIsl BiJOOpaKEHHS aJlalTUBHUX
MapiipyTiB. Mojens 0a3yeTbCsi Ha  MOJIYJIBbHIH
apXiTekTypi, mo 3ade3nedye ii MacmTabOBaHICTb 1
NPUIATHICTB JJIs PI3HUX TUIIB Oy/iBesb.

3anpornoHOBaHO YOTHUPH MPUHIIUIM JTOCTYITHOCTI
CHCTEMH I BCIX KOPHCTYBadiB, BKJIIOYAOYM OCi0O 3
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0COOMBHMU moTpedamu: MYJTBTAMOIATEHICTD
inTepdeiicis, aganTarlis MapIIpyTiB, IEPCOHAITI3ALILS Ta
JIOKaJIi3allisl, a TAKOXK HaJiHHICTh Y KDUTHYHUX YMOBAX.
Peamizariis 1MX TPHUHIMIIB MOXJIHMBA  3aBISKU
BUKOPUCTAHHIO Bi3yaIbHUX, ayliallbHUX, TAKTHIBHUX
KaHAIB, amanraiii A0 QIBWIHAX MOKIHMBOCTCH
KOpHUCTYBauiB, 0araToMOBHOCTI 1 odmaifH-pexumy
Mo0Oy/TOBH 1HKJTFO3MBHUX TIJIAHIB €BaKyarlii.

AHATITHYHUHA TiAXiA JaB HAM 3MOTY HE JIUIIIe
y3arajqbHUTH MOXJIMBOCTI Cy4aCHHX TEXHOJIOTH, a i
3aMpoNOHYBATH WITICHY KOHICHINIO IHKIO3UBHUX
TUTaHIB €BaKyarlii, sika BpaXxOBY€ SIK TE€XHIYHI, TaK 1
couianbHi acnekTH. I[Ipm 1IbOMY HH3Ka NHUTaHb
notpedye moaanblioro aociimkenHs. Cepen HUX,
30KpeMa, po3poOka MaTeMaTHYHHX MOJeIeH st
ONTHMI3amii aNTOPUTMIB MapHIpyTH3alii B yMOBaxX
HEBH3HAYCHOCTI, CTBOPEHHSI MPOTOKOJIB iHTErparii
loT-cencopiB i3 pi3HUMH THUHaMH OyAiBebHUX
CHUCTEM, MIPOEKTyBaHHS inTepdericia i3
PO3LIMPEHUMH (PYHKIISIMHU JUISI OCI0 13 KOTHITUBHUMU
nopyuieHHsiMe. Lli 3aB1aHHS CTaHYTh OCHOBOIO ISt
HACTYIMHUX  JIOCTI/DKCHb,  CIPAMOBAaHUX  HA
NPaKTUYHY peati3amilo KOHIETIIIi.
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