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BCTYII

ChOroiH1 CHOCTEPIra€ThCsl IMIBUIKUN PO3BUTOK EJIEKTPOHIKH, TOMY 3pPOCTaE
norpeda y MOJIe/IIOBaHH1 Ha3eMHOT pOOOTOTEXHIYHOI MIaTGOpPMU IJIsi pearyBaHHs Ha
HaJ3BUYaliHI cUTyallii B cepi enekTpoeHepreTuku. OQHUM 13 BUpIIIAIbHUX aCHEKTIB
BJIOCKOHAJICHHSI, aBTOMATH3aIlii, poO0THU3aIlii € TEXHOJOTTYHUHN TPOTpec, M0 BKIIIOYAE
CUCTEMHU aBTOMATHU30BAHOI'O YIIPABIIHHSI HA3€MHUMH POOOTOTEXHIYHUMU 00'€KTaMH,
30KpeMa KOJIICHUMU poOOoTaMu Ta MOOUIRHUMHM IiaTdopmamMu. JlOCHIPKEHHS Ta
MOMIMIICHHS ITUX CHUCTEM Hapas3l € BaXKJIMBUM 3aBJaHHSAM, OCKUIBKH TaKi CHCTEMU
MaroTh IIUPOKI MOKIJIUBOCTI JIsI BAKOPUCTAHHS.

Merta 11i€i mummoMHoOi poOOTH - PO3pOOKa MOENI Ha3eMHOI POOOTOTEXHITHOT
maTdhopMu I JTKBIAAINT HAA3BUYAMHUX CUTYaIllll y CEKTOpI €IEKTPOCHEPTeTHKH,
10 MOKe OyTH 3aCTOCOBaHA Ui BUPILICHHS PI3HOMAHITHUX 3aB/1aHb.

OcHOBHI 3aBJIaHHSA JTOCIIIIKEHHS:

1. Anaii3 iCHYrOUHX MOJIENIEl HA3eMHUX POOOTOTEXHIYHUX MIATHOPM.

2. IlepcrieKTMBM pO3BUTKY aBTOMAaTH3allli 3 BHUKOPUCTAHHSM MOJENen
Ha3eMHHUX POOOTOTEXHIYHUX IIATGOpM AJI JIKBIJALll HaA3BUYAHUX CUTYyalllll y
cdepi eIeKTPOCHEPICTHKH.

3. Meronu BUKOPUCTaHHS Ha3eMHOI POOOTOTEXHIYHOI IUIATHOPMH IS
JKBIAAMil HAA3BUUAWHUX CUTYaIlld Y CEKTOP1 €IEKTPOCHEPTreTUKH.

4. Cuctema yrpaBiiHHS Ha36MHOIO POOOTOTEXHIYHOIO MIATPOPMOIO.

5. [IlpakThuHi acmeKkTH BIPOBAKEHHS Ha3eMHOI POOOTOTEXHIYHOL
wiatGopMu IS IIKBiAALIl HAA3BUYAHHUX CUTYAIlil y cepi eTeKTPOSHEPreTHKY.

OO6'eKT HOCHIKEHHS - Ha3eMHa poOOTOTEXHIUHA MaTdhopMma.

[Ipenmer mocmiKEHHS - MOJEIh Ha3eMHOI POOOTOTEXHIYHOI TuIaTGopmMu Jist
JIKBIAAIT HAA3BUYAWHUX CUTYAIlIl y cepl eNeKTPOCHEPTeTUKH.

Metoau q0CIiIKEHHS:

- aHaJ3 CyYyaCHUX TEHJCHIIN 1 TEXHOJIOTIH, MO0 CTOCYIOTHCS MPOEKTYBAHHS

MO/IeJIl Ha3eMHOI poOOTOTEXHIYHOI MIIaTHOpMU;



- BHMBYEHHA HAyKOBOI JITepaTypu IIOAO 3aCTOCYBaHHS  HA3eMHOI
poOoTOTEXHIYHOI MIaThopMU ISl JIKBIOAUlI HAA3BMYaHUX CHUTyalld y cdepi
€JIEKTPOCHEPTeTUKY;

- MPOEKTYBAHHS MOJIENI HA3eMHOI pOOOTOTEXHIYHOI TIaTGOPMHU JUIsl JTIKBI ALl
HAJ3BUYaHUX CUTYallli Y CEKTOPI €JIEKTPOCHEPTETHKHU.

Ha wmamy pAyMKy, aKTyalbHICTH TEMH OOIPYHTOBaHa pO3IIUPEHHSIM
BUKOPUCTaHHS MOJEN Ha3eMHOi pOOOTOTEXHIYHOI IIar@opMu ISl JIKBIOAIi
HAJA3BUYAMHUX CUTYaIlill y cepl eIeKTPOeHEePreTUKH.

Pe3ynbraTn MoOpenmOBaHHA Ha3eMHOI pOOOTOTEXHIYHOI IuarGopMu B
MOIATBIIIOMY OYyIyTh BUKOPUCTOBYBATUCS JIJIS JIIKBIAIlli HAJ3BUYAWHUX CUTYAIlld Y
cepl eNeKTPOECHEPreTUKU. A TakoX BOHU 3HAMAYTh 3aCTOCYBAaHHS B IMOJAJIbIINX

JOCHIIKEHHSX B 00J1aCT1 €IEKTPOCHEPT €TUKH.
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PO3JIUT 1. TEOPETUUHUU AHAJII3, KIIACUDIKAIISA TA PO3TJIAL
IIPAKTUYHMX TTPUKJIAJIIB MOJEJIEW HASEMHUX POBOTOTEXHIYHNX
[UIAT®OPM

VY 1boMy po31Jii MU PO3IIITHEMO Ta IPOAHATI3YEMO OCHOBHI KaTeropii Mozenen
HA3eMHHUX pOOOTHU30BaHUX TJIATGOPM, BKIFOUAIOUM KOMICHI poOOTH Ta poOOTH30BaH1
CHCTEMH; MH 30CEpeIMMO YBary Ha TPaKTUYHUX TMPHUKIAJaX pPOOOTHU30BAHUX
matopM 1 ix mporpamHoro 3ade3nedenHs. [IpoananizyeMo KOHKpeTHI poOOTHU30BaH1
mardopmu, Taki sik Boston Dynamics Spot, Clearpath Husky Ta inmii, Ta BUBUnMO ix
(G YHKITIOHAJIBHICTH, OCOOJMBOCTI Ta MOKJIUBOCTI.

MeToro 1LOTO PO3IUTY € JeTaNbHUN aHam3 poOOTH30BaHUX IUIATPopM 3
MPAKTUYHOI TOYKH 30py. Po3riisiHeMoO iX CTPYKTypy, KOMIIOHEHTH Ta MNPUHIUIIA
(G yHKITIOHYBaHHS.

Li cucremMu MarOTh NIUPOKUM CIIEKTP 3aCTOCYBAaHb 3aB/ISIKY CBOIHM HA/I3BUYAHIN
PI3HOMAHITHOCTI Ta YHIKQJIbHUM TE€XHIYHUM XapaKTEPUCTUKaM.

BinnoBigHO 10 TOCTaBIE€HOI METH Ta 3aBJaHb MU IParHeMoO JIETalIbHO
BUCBITJIMTHU HEOJIKH, IEPEBaru, 0COOJIMBOCTI Ta TEXHIUYHI TapaMeTPHU KOKHOTO TUITY.
Takox posrasiHeMo chepu ix HalleeKkTUBHINIOro BUKopuctanus. Lle qomoMmoxke Ham
y MallOyTHOMY CIPOEKTYBaTH MOENbh HA3eMHOI POOOTH30BaHOi IIATHOPMH,
OPIEHTYIOYUCHh HAa MAKCUMAJIbHY €(DEKTUBHICTb 1 MIO3UTUBHY AMHAMIKY BUKOPHCTAHHS
mepeBar IMEBHOIO THUNY Ha3zeMHOi poOotu3oBaHoi miargopmu. Kpim Ttoro, mmu
MPOaHATI3yEMO Cy4aCHUM CTaH Ta MEPCIEeKTUBU PO3BUTKY HA3€MHHUX POOOTH30BAHUX
wiatdopm. Lle 103BOINTH BU3SHAYMTH TOJIOBHI MOMYISPHI ACMIEKTH B JaHIN ramtysi Ta
PO3POOUTH CTpATErito JIsl MPOEKTYBAHHS HA3€MHOI pOOOTHU30BaHOI MIIATHOPMHU.

BuBuenHs icHyrOUMX poOOTH30BaHMX IUJIAaTPOpM Ta IX MpOrpaMyBaHHS
JIOTIOMOXKE HaM OTPUMATH TEOPETUYHI Ta MPAKTUYHI 3HAHHS, 3PO3YMITH IPOLECH
PO3pOOKH Ta yNpaBliHHS MOAIOHUMU cucTeMaMu. O3HaOMIICHHS 3 ITUMU acleKTaMu
JIO3BOJIUTh HAM Ha TPAKTHUINl 3aCTOCOBYBATH Ta BJIOCKOHAIIOBATH POOOTHU30BaHI

1aTGopMu sl TOJ0JIAHHS HA3BUYAMHUX CUTYaLlH y rally31 eJeKTPOCHEPreTHKH.



Le#t po3aia MICTUTUME JETAILHUIN OTJIS]] HAIBHUX TPHUKIIAJIIB pOOOTU30BAHUX
maTdopM Ta iX mporpaMHoro 3ade3nedeHHs. [le HagacTh HaM OCHOBY Ta 3HAHHS JJIst

MOJIAJIBIIOI pOOOTH B MPAKTUYHINA YAaCTUHI JAaHOI TUTIJIOMHOI POOOTH.



1.1. OCHOBHI TUIIN HABEMHUX POBOTOTEXHIYHUX TIJIAT®OPM

HazemHi poOOTOTEXHIYHI MIAaTPOPMU Hapas3l OTPUMAIH HAJ3BUYANHO IIUPOKE
3aCTOCYBaHHS, 30KpeMa B IMPOMHCIOBOCTI, MEIUIMHI, Ha BUPOOHHUIITBI, IiJl Yac
JIOCJTIJIPKEHb, Y TEXHIYHOMY OOCITYyTOBYBaHHI, raimy3i eJIeKTPOSHEPreTUKH TOIIIO.

Y npoMy po3aim po3TISHEMO OCHOBHI THIM Ha3eMHHX POOOTOTEXHIYHHUX
mwiatrgopM, a came: poOOTH Ha KoJjiecaX, poOOTH 3 TYCEHMYHHM Iaci, poOOTH Ha
MOBITPSIHUX MOAYIIKAX, KPOKYIOU1 poOOTH Ta pOOOTOTEXHIUHI MIIAT(HOPMH.

Jlnst mepecyBaHHS 1O PIBHUX TBEP/IN MOBEPXHI HAMKpalie MmiaxoasTh KOMiCHI
poboTH, ocHameHl KkojiecaMH. Taki poOOTOTeXHiIuHI IIAaTHOPMHU KOPHUCTYIOTHCS
3HaYHUM YCIIXOM B aBTOMaTH30BaHOMY BUPOOHHIITBI, TPAHCHIOPTI, JOCHIIKEHHIX Ta
OaraTtbox 1HIIUX cdepax. 3a3BUYail KOJICHI poOOTH MaIOTh IOHAWMEHIIE JBa, a
MakcuMyM micTh Komic. Koudirypamii mmx komic pi3HOMAaHITHI: OMHi-KoJeca,
nudepeHIiaibHe a00 CHHXPOHHE KEpyBaHHS.

['ycennuni pobotu obOsagHaHi ryceHnyHuM maci. e 3abe3nedye iM BUCOKY
MPOXIIHICTh HA HEPIBHUX ILIAXaX, JoloMarae Jojatu 0ap'epu i 3abe3nedye JOCUTh
BUCOKUW pIBEHb CTaOLIbHOCTI. ['yceHMYHI pOOOTOTEXHIYHI IMIATHOPMHU HIMPOKO
BUKOPUCTOBYIOTHCSI B BOXKKIi IIPOMHUCIIOBOCTI, BIICHKOBIN cepi Ta MpU TOCHTIIKEHH1
BXKOJIOCTYITHUX TEPUTOPIi.

Hactymna xateropiss poOOTOTeXHIYHUX TUIaTGOpPM — KpoKyrodi podotu. Boru
3aCTOCOBYIOTh TakK 3BaHi "HOTU" JJIsl IepeCyBaHHS MO HEPIBHUX MOBEPXHAX, TAKUX SIK
CXOJIY Ta PI3HOMAaHITHI neperkoau. Kpokyroui poOOTH cTaau MOMyISIPHUMU B JaHUM
Yac 1 aKTUBHO BUBYAIOTHCA. BOHM BUKOPUCTOBYIOTHCS B PI3HUX raiy3ax (psATyBalbHI
oreparlii, HaJJaHHs METUYHOI TOIOMOT'H TOIIIO).

[le oguH THN POOOTOTEXHIYHUX IMIAT(HOPM, SIKUH MAE CBOIO OCOOJIMBICTH B
BUKOPUCTaHH1 TOBITPSIHOI MOAYIIKUA Ui TEPEMIIIEHHS IO 3eMJi, — poOOTH Ha
MOBITPSHUX TOAYIIKaX. BOHM BBaXarOThCS HAA3BUYANHO MIBHAKHUMH, 3 BHCOKOIO
MPOX1IHICTIO Ta MaHEBPEHICTI0. POOOTH Ha MOBITPSIHUX MOYIIKAX MAIOTh CHEIU(pIYHI
3aCTOCYBaHHs (HaNMpUKIaa, MEPEBE3CHHSI BaHTaXiB Ha BEJIMKI BiJICTaH1 3a KOPOTKUM

TEPMiH).
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HasemHi po6oToTexHiuHi MIaThOpMH € T0BOJI yHiBEpCATBLHUMH CHCTEMaMU. IX
XapakTepu3ye MOJyJbHA KOHCTPYKIIiS, IIO JTO3BOJSE BHKOPHUCTOBYBATH IX IS
pizHOMaHITHUX MOTpe6. HazemHi poOoToTexHIYHI MIATHOPMU MOXKYTh MaTH Pi3HI
€JIEMEHTH PYyXY, TakKl fK: KOJICHI, TYyCEHWYHl, KpOKytoui 1 T.1. BoHM MOXyTh OyTH
OCHAIIEH] PI3HUMU TPUCTPOSIMHU 1 CEPBONPHUBOAAMU JIJIi BUKOHAHHS TOCTABICHUX
3aBJIaHb.

KoxeH 3 HaBeleHUX THUMIB HA3eMHHUX POOOTOTEXHIYHUX IUIATGOPM Mae CBOi
TEXHIYHI XapaKTEepUCTHKH, TepeBarn 1 Hemomikud. Came 1 XapakTEpPUCTHKU
BU3HAYAIOTh IXHIO 3/IaTHICTh BUKOHYBAaTH IIOCTaBJICH1 11T, 3adadl Ta OyTH
OPUJATHUMHU JJIs1 KOHKPETHUX 3aCTOCYBaHb. Y MOAAJbIIIN 4YacTHHI poboTu Oyze
JETAIbHO PO3IVIIHYTO KOXKEH 3 HABEIEHUX KIIACIB HA3eMHUX POOOTOTEXHIYHHMX
IaTQopM.

Haitnomumpenimumu Ta HANUTION YIS PHIIIIUMU cepen HA3eMHUX
pPOOOTOTEXHIYHUX TIATHOPM € KOJNICHI poOOTHU. P13HOMaHITHICTh, PI3HOTHUIIHICTH 1
THYYKICTh KOJIICHUX pPOOOTOTEXHIYHUX IuIaTGopMm 3a0e3MedyroTh I1X IMIUPOKE
BUKOPUCTAHHS B 0araTthox cdepax.

Komicai poGotu BKIOUaOTh audepeHIlianbHi, CHHXPOHHI, OMHI-KOJeca,
MeXaHyM-Kojieca Tomo. BOHM MaloTh BEIUKY pPI3HOMAHITHICTh apXITEKTypU
KoH(irypariii kojic. Pi3HOMaHITHICTH KOH(Irypariii Kojiiec Hagae poboTam
MOJKJIMBICTh BUKOHYBAaTH MEBHI TUIU PyXy: MPSAMOJIHINHUN PyX, MOBOPOT HAa OJHIN
TOYII, PyX MO J1aroHaji Ta 6arato 1HIIHX.

[lepeBaramu KodicHHX poOOTIB € eHeproedexTuBHicTh. Lli pobGoroTexHiuH1
m1aTGpopMU MarOTh JOCUTh MIPOCTY KOHCTPYKIIIIO, aJl’Ke KoJieca 3MEHIIYIOTh TEPTS, a
1€ 3HIKYE CIIOKMBAaHHA €Heprii mig dac pyxy. Taki poOOTH HMIBUIKI Ta MaHEBPEHI,
OCKUJIBKM MOXYTh JIOCATaTH 3HAUYHUX HIBUAKOCTEH. SIKmio iX nobpe crpoeKkTyBarw,
BOHM MalOTh BHUCOKMM pIBEHb MAaHEBPYBAHHS, IO POOUTH iX YCHIIHUMHU IS
JOCIIJKEHb, TMOIIYKOBO-PITYBAILHUX OMEpalliil, y SIKUX JUHAMIKA 1 PYXJHBICTh €
BOXIMBUMU acrniekTamu. KomicHl poOOTOTEXHIUHI IIaT(GOpPMU BUTOTOBJISIIOTHCS 3a

HU3BKOIO BApTICTIO 1 MPOCTO B 0OCIYroByBaHHI. 3a3BUYail BOHU € MPOCTIIIUMH Y
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BUT'OTOBJICHHI T PEMOHTI IMOPIBHSIHO 3 1HITUMHU TUITAMH POOOTOTEXHIYHUX TLIATHOPM,
TaKUMH SIK TYCEHUYH1 a00 KPOKYIOUi.

Posrnsinemo Heomiku KoJicHUX poOoTiB. BoHN MatoTh 0OMeXeHy NpOXiAHICTb.
He3Bakatroun Ha CBOIO IIBHJKICTh Ta MaHEBPEHICTb, KOJICHI POOOTH MOXKYTh
CTUKATHUCSA 13 TPYIHOIIAMHU I11]1 Yac MepecyBaHHs 10 CKJIaIHIM MICIIEBOCTI a00 MpH pyci
yepe3 MepeuIkoar, OocoOJMBO B MOPIBHSHHI 3 IHINMMHU TUIAMU POOOTOTEXHIUHHMX
mwiatgopM. BoHM TakoX MOXYTh Marh OpoOsiieMH 31 CTaOIIBHICTIO, IO MOXE
MPU3BECTH JI0 BTpPATH KOHTPOIIO abo0 HaBITh MEPEKHIAHHSI POOOTOTEXHIUYHOT
mIaThopMy Ha BEIMKHUX MIBUJAKOCTSAX abo Ha cxuiax. KomicHi poOOTOTeXHIYHI
wiatrGopMu 3aiexaTh B THUIy MOKPUTTSA, OCKIIbKM BOHM MEHII €(EeKTHBHI Ha
CIIM3bKUX, M'IKUX a00 HEPIBHUX MOBEPXHIX. E(EKTUBHICTh mepecyBaHHS KOJICHUX
POOOTOTEXHIYHUX TIAT(HOPM CHITBHO 3aJICKUTh BiJl OCOOJIMBOCTEH Ta THITY MTOBEPXHI.
Anle, HE3BaXar0UM HA BCl HEAONIKHM, el TUI POOOTOTEXHIYHUX IIAThHOpM
3aJIMIIAE€THCS BAKIMBOIO YAaCTMHOIO POOOTOTEXHIKM Y€pe3 IXHIO THYYKICTh, BUCOKY
e(EeKTUBHICTH Ta IMHUPOKI MOMKIUBOCTI 3aCTOCYBAHHS.

VY BupilIeHH]1 TEXHOJOTTYHUX 33/1a4 BaXJIMBE 3HAYEHHSI MaIOTh POOOTOTEXHIYHI
mwiatGopMu, A0 SKUX HAJIEKaTh KOJICHI, TYCEHHWYHI, KPOKYIOUl Ta KOMOIHOBaHI
pobotu. BoHu MOXyTh OyTH BUKOPHUCTaHI B JyK€ pi3HUX chepax, MOYMHAIOYHU Bij
1HIYCTPIi 0 HAYKOBUX JIOCIIKEHb Ta CHEPTeTUKHU.

OTxe, MACYMOBYIOYH, MOXHA 3a3HAYUTH, IO KOJICHI POOOTOTEXHIYHI
maTpopMu BUKOPHUCTOBYIOTh KoOJjeca Jisi NEPEeMIIIeHHs, SKI BKIIIOYAIOTh MPOCTI
pobOTH Ha JBOX KOJECax, CKJIAIHIII YOTUPHUKOIICHI MiIaTGopMu Ta HaBITh OMHI-
KOJIICHI poOOTH (MPUKJIa] HaBEJEHO Ha MATIOHKY 1.1), 31aTHI pyxaTtucs B Oyb-IKOMY
HanpsAMKy. ['yceHWdHi poOOTOTeXHIYHI MIATGOPMHU OCHAIEHI TYCEHHUILSIMH, IO
3a0e3neuye BUCOKY MPOXITHICTh 1 CTAO1IBHICTh, OCOOJIMBO Ha HEPIBHUX IMOBEPXHIX
ad0 B BAXKKOAOCTYNMHMX MiclsaX. Kpokyrwoudi poOOTOTeXHIYHI Iu1atrGopmu
3aCTOCOBYIOTh HOTH JJIsl TIepecyBaHHs, IO JO3BOJIIE iM JOJAaTH Jy)K€ HEpiBHI

MOBEPXHi, BKIIFOYAIOUU CXOJIH.
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Sk okpemuii THUI BapTO BIJI3HAYUTH KOMOIHOBaHI IIaTGOpPMHU, SKI 37aTHI
MOEIHYBAaTH €JIEMEHTH KOJICHUX, T'YCEHHMYHHUX a00 KPOKYIOUHMX POOOTOTEXHIYHHUX

CUCTEM, 3a0€3MeYyI0Yl MaKCUMAaJIbHY THYYKICTh, CTAOUIBHICTD 1 MPOXIIHICTD.

Puc. 1.1 - Omui-komicHuit po6or Omni-Mecanum 4WD [1]

VY naHomy po3auii Takok Oyje OmucaHo JAeTalbHINIE YHIKAIBHOCTI PI3HUX
KaTeropii poOOTOTEXHIYHUX TIATHOPM.

Ha nepiromy Miciii 3a MOMYJISPHICTIO 3HAXOJATHCS KOJIICHI POOOTOTEXHIUHI
miatGopMu. IX 0coBMMBICTIO € 37aTHICTh JErKO i IIBUAKO MEPecyBaTHCA MO PIBHUX
noBepxHsx. KomicHi poboToTexHiuHi miarGopMu MOXYTh MaTu Pi3HI KOH(Irypaii
KOJIEC, 1110 BIUIMBAE Ha iX MAHEBPEHICTb 1 MOXKJIMBICTh 00€pTAaTHUCS HA MICITL.

Ha npyromy micii po3raiioBaHi ryceHHUHI MIaTGOPMHU, Taki sIK HA pUCYHKY 1.2.
Leit Tun ruiargopM Mae BUCOKY MPOXIAHICTh, OCKIIBKUA I'YCEHUIl POMOILISIOTH Bary
poOoTa Ha OUIbIITY IUIONTY, 110, B CBOIO YEPTY, 3MEHIIIYE TUCK HA MMOBEPXHIO 1 JO3BOJISIE
iM eEeKTHBHO TIEPECYBATUCS 10 M'TKOMY, KPYTHUX CITyCKax a00 HEPIBHOCTSAX.

Hactynaum Tunom nnatgopM, sIKUid MU PO3TIISTHEMO, € KPOKYIOUI MIIAT(HOPMH.

BoHuu BiJIpi3HAIOTECS BiJl IHIIMX THM, 1[0 MOXYTh MEPECYBATUCS MO JAYXKE CKIAJHUX
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MOBEPXHSX, HAIPUKIIAJ: CXO/IU, KaMiHHs. OCHOBHOIO PHUCOI0 KPOKYIOUMX TIIATHOPM €

iX 3JaTHICTh 3aJUIIATHCS HEPYXOMUMHM, BUKOPUCTOBYIOUH JOJATKOBY €HEPTIIO.

Puc. 1.2 - I'ycennuni miatdopmu [2]

Ak oxpemuii BuI poOOTOTEXHIYHUX TIATPOPM MOXKHA BUAUTUTA KOMOIHAIIHHI
maTQopMu. iXHA OCOOJUBICTH MOJIATAE B TOMY, IO BOHM BUKOPUCTOBYIOTH Pi3HI
METOIU TIePEMIICHHS], 10 JO3BOJISIE M MaKCUMAJIbHO aJIaliTyBaTUCS 0 CEpeAOBUIIIA.
Hanpukman, poOoToTexHiuHa TIuiaTropMa MOXKE MATH TYCEHMINl JJIi BHCOKOI
MPOXITHOCTI Ta KoJieca AJIs IIBUIKOTO IEPECYBAaHHS MO PIBHUX MOBEPXHSIX.

Haii0inpiie BUKOpUCTAHHS POOOTOTEXHIYHUX IUIAT(OPM CIIOCTEPITAETHCS B
npoMucnoBocti. Hanpuknan, y kommnanii Amazon 3actocoBytoTh podotu Kuka nms
aBToMaru3auli poborn Ha ckinagax. llupoko BHKOPHUCTOBYIOTH POOOTOTEXHIUHI
miatgopMu 1 B JIOTiCTHUINl, Hanpukiaj, kommnaHis FedEx BukopucroBye poOOTIB 115t
JIOCTABKH MOCUJIOK MO pi13HUX MicTaX. Takox poOOTOTEXHIYHI MIaTPOpMHU 3HAXOAATh
3aCTOCYBaHHS B IOCHIIPKEHHSX Ta po3BiAl. Hampukiaa, BCECBITHBO BiJJoMa KOMITaHis
NASA BuxkopuctoBye po6otu Curiosity Rover mms pgocmimkenHs Mapca.

Po6ororexniuni urargopmu HaOyly 3HAYHOTO BUKOPUCTAHHS W Yy BIMCHKOBIM cdepi.
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Hanpuknan, nns nmpoBeleHHs PO3BIAKKM HA MOMI MiJ 4yac 000 Ta JJjisl MPOBEICHHS
PATYBAJIBHUX OIEpaliii BUKOPUCTOBYIOTH pOOOTOTEXHIUH1 MmiaTtdpopmu Boston
Dynamics Spot.

PizHoMaHiTTS Ta cnernudika poOOTOTEXHIYHUX TIaThOpM, IO 3apa3 IIBUIKO
PO3BUBAIOTHCS Ta HAOYBAIOTh IIUPOKOTO 3aCTOCYBAHHS, BIAKPUBAIOTH YHCIICHHI
MO>KJIMBOCTI JUIsl X BUKOPUCTAHHS B PI3HUX cdepax Ta ramyssix. A 1e, B CBOIO Yepry,

CHpuUsi€ IHHOBALIIITHUM 3MiHaM Ta PO3BUTKY pOOOTOTEXHIKHU 3arajioMm.
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1.2. CbOI'OAEHHA I TUIAHM  PO3BUTKY  HA3BEMHUX
POBOTOTEXHIYHUX TUVIAT®OPM

Ha cporopnimHii AeHb MpOrpec y PpO3BUTKY HA3eMHUX POOOTOTEXHIYHMX
wiatrGopM € BpakarouuM. Bin3HauaeThCsl 3HAYHHWIA PO3BHTOK y MPOEKTYBAHHI Ta
BUKOPUCTaHHI HA3eMHHMX pPOOOTH30BAaHUX CHUCTEM. I[HHOBAIi B TEXHOJOTIAX Ta
JOCSITHEHHSI B Trajy3l MNPUKIAAHOI MEXaHIKU, CEHCOpPIB 1 ONTUYHUX JaTYHUKIB,
QITOPUTMIB  YNPABIiHHA 1 IITYYHOrO  1HTENEKTY MOCTIHHO  MiJIBUILYIOTh
GYHKIIOHANBHICTh, HAIMHICTh 1 TPOAYKTUBHICTH Ha3eMHUX POOOTOTEXHIYHHUX
aThopm.

B ymoBax cyyacHOro po3BUTKY pOOOTOTEXHIKU ICHYE BEIHKa P13HOMAHITHICTh
pobotuzoBanux miargopm. Hampukian, kommanis Boston Dynamics ctBopuiia 6e3mid
VHIKaJbHUX pOOOTIB, Takux sK Spot 1 Atlas, ski BiIpi3HAIOTbCA BUCOKOIO
MaHEBPEHICTIO, 37aTHI MIATPUMYBAaTH OallaHC Ta BUKOHYBaTW CkjiaaHi 3amaui. Ille
onuH npukian — kommanis Clearpath Robotics, sika npeacrasuia margpopmy Husky,
0 BUKOPUCTOBYETHCSA ISl JIOTICTUYHUX 3aBAaHb 1 JOCTIAHUIBKUX TMPOEKTIB.
OcobmuBo Bapro 3ragatu pobora ANYmal, axuii epexkTHBHO (QYHKIIOHYE B
EKCTPEMAIbHIX YMOBAX, TAKUX SIK BAXKKOJOCTYITHI Ta HEOE3MEUH1 TEPUTOPI].

HazemHni poboToTexHiuHI MI1aTGOpMHU MatOTh HIMPOKUMA CIIEKTpP 3aCTOCYBaHHS B
pisHux ramy3sx. Hampukmnan, y cdepi JOTICTUKH BOHU CHPUSIOTH €(PEKTUBHOMY
BUKOHAHHIO CKJIQAyBaHHA Ta TPAHCIOPTYBaHHS TOBapiB; y MPOMHCIOBOCTI ixX
3aCTOCOBYIOTh JIJISl aBTOMAaTrH3allli IOJACHHUX PYTUHHUX 3aJlad, TakKuX sK
TPaHCIIOPTYBaHHS, CKJIa/IaHHs, TAKyBaHHS TOBapiB, 3BapIOBaIbHI POOOTH a00 MOHTAX.
Y  HoCHigHUUBKOMY  CeKTOpi 111 1aThoOpMu  JTO3BOJISIOTH  JOCTIIHKYBaTH
BaXKOJIOCTYITHI 00JIacTi, Taki SK MyCTeNl, JHKYHIJ Ta TOpH, a TaKoX MPOBOJIUTH
BUMIpIOBaHHS 1 301p JaHMX. Y MOBCSIKIECHHOMY >KUTTI poOOoTH30BaHi mmiaTGopmMu
BUKOHYIOTh (DYHKIIIi TOMIYHUKIB, CIIPOILYIOYH IIOACHHY PYTHHHY AiSUIbHICTD JIOACH.

Xova HazeMH1 poOOTOTEXHIYHI TIATGOPMU JOCATIIM 3HAYHUX BUCOT, BCE IIIE
ICHy€e KiJbKa HEBUpilIEHUX muTaHb. [lo-mepiie, BaXXJIMBO BIOCKOHAJIUTH 3AaTHICTh
poOOTIB mMepecyBaTUCA MO HEPIBHUX 1 CKJIAAHUX IOBEPXHAX I 3a0e3medeHHs

€(eKTUBHOCTI B TPCHKUX Ta JICUCTUX MICIIEBOCTSX, & TAKOX B EKCTPEHUX CUTYalLlIsIX.
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Takox HEOOX1THO BAOCKOHAJIUTH AJTOPUTMHU IITYYHOIO 1HTEJEKTY Ta HAaBYaHHS 3
MIJKPITUICHHSIM, 11100 JOCATTH MOBHOI aBTOHOMHOCTI pOOOTIB 1 3a0€3MeuuTH iX
HaJIHHY poOOTY B PI3HMX ymMoBax. He MeHI BaJIMBUM € W BpaxXyBaHHS acIEKTiB
B3a€MO/Ii1 POOOTIB 3 JIIOABMU 715l 3a0e3neueHHst 0e3meku Ta e()eKTUBHOI CITIBITpaIll.
3Bakar04M Ha 3HAYHI JOCATHEHHS ChbOT'OJIHIITHLOTO JIHS, MTPOTHO3YETHCS, 110 B
MailOyTHbOMY Ha3eMHI pOOOTOTEXHIYHI MJIaTPOpMU CTaHyTh 1€  OUIbII
TEXHOJIOTIYHUMH, €(PEKTUBHHUMH, MAHCBPCHHMMH Ta aBTOHOMHHMMHU. lloeqHaHHS 3
HOBITHIMHM TEXHOJOTISIMA, TaKUMH SIK INTyYHWU 1HTENEKT, MAllIMHHE HABYAHHS Ta
CEHCOPHI TEXHOJIOT1i, T03BOJUTH CTBOPUTHU O1JIbII THYYKI Ta IHTEJIEKTyaIbHI CUCTEMH.
HazemHui poOotoTexHiuH1 MaaTGopMH 3HAWAYTh IIMPOKE 3aCTOCYBAaHHS B PI3HHUX
chepax, TakuxX SK HayKa, JOCIIJDKCHHS, OCBITa, JIOTICTHKAa, MEIUIIMHA,
eNIEKTPOCHEPreTHKa, BIMIChbKOBA clipaBa 1 Oe3reka, MiJBULIYI0YH Oe3MeKy Ta KoMpopT

y PI3HUX aCMEKTaX XKUTTS JIOACH.
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1.3. MPUKJIIAIM HA3ZEMHUX POBOTOTEXHIYHUX IUVIAT®OPM B
IHIYCTPII TA HAYKOBUX JOCIIJIXKEHHSIX

BaxnuBy poib y IpOMHUCIOBOCTI, 1HAYCTPIi, €JIEKTPOSCHEPIeTHIIl Ta HAYKOBUX
JIOCSITHEHHSIX  BIAIrpatoTh poOoToTexHIyHl MmiaaTtdopmu. Came BOHU CHPUSIOTH
BUPIIICHHIO CKJIQJIHUX 3aBJaHb Ta ONTUMI3allli poO0YuX IpoIeciB. Y bOMY OISl MU
PO3IJIIHEMO KOHKPETHI TPHUKJIaAd POOOTOTEXHIYHUX IIaTPopM, IO 3HAXOMATH
3aCTOCYBaHHS B PI3HUX Taly3sX.

[lepmioueproBy yBary 3BepHemMo Ha Boston Dynamics Spot (Puc.1.3).
[Ipoananizyemo MHOro mnepeBard, HEJOJNIKM Ta TEXHIYHI XapakTepucTuku. Lls
poboToTexXHIYHA MIaTGopMa Ma€ Taki TEXHIUHI TapaMeTpH:

* yac poOOTH Bij akymyssitopa — A0 1,5 roauy;

e para — 10 30 kr;

* HAsBHICTh ONTHYHMX Ta TAKTWIBHUX CEHCOPIB [UJISI CHPUUHATTS
HABKOJIMITHHOTO CEPEIOBUIIIA,

* po3Mmipu: 84 cantumerpa X 48 canTuMeTpiB X 105 caHTUMETPIB;

* MaKCHMMaJIbHa MMBHUAKICTE — 110 1,6 M/C;

* BAaHTAXKOMIIHOMHICTb — 40 15 KT;

* KUIbKICTh HE3aJICXKHUX CTYIEHIB cBoOoau: 12 [3].

Cepen pobotorexHiuynux miatdopm Boston Dynamics Spot MokHa BBakatu
HaiiBioMimow. BoHa neMOHCTpye BUCOKHI PIBEHb MaHEBPEHOCTI Ta 3[aTHICTH 0
aBTOHOMHOTO TiepecyBaHHsl. Lfo poOoToTexHIuHY MIaThopMy aKTUBHO 3aCTOCOBYIOTh
y MPOMUCIIOBOCTI, BIHCHKOBIN c(epl Ta HayKOBUX HociikeHHsIX. Boston Dynamics
Spot mpusHaueHa NIl BUKOHAHHS PI3HUX 3aBJaHb, TAKUX SK OTJISAM, MOHITOPUHT

00’€KTiB, TPAHCTIOPTYBAHHS BaHTAX1B, HABUYAHHS Ta CIIBIIpAIls 3 JIOAbMHU.
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Puc. 1.3 - Boston Dynamics Spot

Criepiry po3risitHEMO IepeBaru i€l poOOTU30BaHOI CUCTEMHM:

* BEJMKA BaHTAXOMIAMOMHICTH JUIsl TPAHCIOPTYBAHHS PI3HOMAaHITHHUX
00'eMHHUX BaHTaXIB;

* HasIBHICTb BI3yaJbHUX 1 IHEPUIMHUX CEHCOPIB JUIsl CIPUIHATTS OTOUYECHHS Ta
HaBITalll;

* BUCOKA MaHEBPEHICTh Ta aIAalITUBHICTH J0 PI3HUX THUIMIB penbedy.
Jlo nenmomnikiB Boston Dynamics Spot MokHa 3apaxyBaTH:

* 0OMEXeHa TPUBATICTh POOOTH HA OJTHOMY 3apsijii aKyMyJIsTOPA;

* HEOOXIAHICTh MPOBEAEHHS AOCIIKEHb Ta IOITUOJIEHOTO0 PO3BUTKY B
IporpamMyBaHHI Ta HATAIITYBAHHSX;

* BUCOKA I[1Ha, HEJIOCTYIIHA I 0araTrbox.
Hactynna poGororexHiyHa tuiardgopMma, sSKy MH XOYE€MO pO3IJISIHYTH, €

Clearpath Husky (Puc.1.4).
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Pucynok 1.4 - Clearpath Husky [4]

Clearpath Husky mae Taki TexHIYHI XapaKTEpPUCTHKH:

* rabaputu: 98 cm X 62 cM x 38 cm;

* KITBKICTh HE3AJIEKHUX CTYIEHIB CBOOOIM CTAHOBUTH 4;

* OCHAIICHUH JIa3epHUM CKaHEpPOM Ta BI3yaIbHUMHU KaMmepaMu JIJIst
CIIPUMHATTS OTOYEHHS,

e para: 39 xr;

* BAaHTA)KOMI1JIMOMHICTB: JIO 75 KT

* MBHUIKICTE: 10 1,7 M/c;

* TPUBATICTH POOOTH BiJl aKyMYJIATOpPA = 5 TOJIUH.

Po6oruzoBana mnardopma Clearpath Husky Oyma cmodatky pospobiena aiis
JIOTICTUYHUX 3aBJaHb, JOCTII)KeHb Ta HaBYaHHS. BUCOKMI piBeHb MaHEBPEHOCTI Ta
3/IaTHICTh JoJIaTH HepiBHI moBepxHi poOsaTh Clearpath Husky nocuts momymnspHoro
Ta 4aCTO BUKOPHUCTOBYBAHOI Yy HAyKOBUX JOCIHIPKCHHSX, JIOMOMarardu B 300pi
JTAHUX Ta BUBYCHHI BAYKKOJIOCTYITHUX MICIIb.

Cepen nepear 11i€i poO0TH30BaHOI MIATHOPMU MOKHA BIJ3HAUUTH:

* 3/IaTHICTHh (DYHKIIIOHYBATH B PI3HUX YMOBAX Ta HAa PI3HUX TUTIAX TOBEPXOHB;
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* TpUBaJUi yac Oe3nepepBHOI poOOTH;

* BEJIMKa BAHTAXKOMIAHOMHICTh, IO JI03BOJSIE TPAHCHOPTYBATHU Ba)Ki
BaHTaXI.

Cepen nenomnikis mnardopmu Clearpath Husky Bapro Buginutu:

* BIZICYTHICTh 1HTETPOBAHOI CUCTEMH PO3IMI3HABAHHS OTOYCHHS, HAIIPUKIA,
CHUCTEMM BI3yaJIbHOI'O pO3Mi3HABaHHS, II0 MOXXE OOMEXKHUTH BUKOHAHHS JCSKHX
HaBIramiiHux QyHKIIIH;

* 0OMeKeHa MaHEBPEHICTh, 1110 MOXKE 3MEHIINUTH A1ama30H pyxy.

HactynHoto poGotuzoBaHo0 mMmiaaTdopMoro, sika 3aciIyroBye Ha OCOOJIUBY
yBary, € ANYmal (Puc. 1.5) [5]

VY HACTYNMHUX TMYHKTaXx pO3IJISTHEMO TEXHIYHI XapaKTePUCTHKU JaHOTO
MaHIMyJsTOpa:

e para j0 30 kr;

* 4ac aBTOHOMHOI poOOTH: 10 2 TOAMH;

* KUIBKICTh HE3aJICKHUX CTYICHIB cBOOOAN — 12;

* rabaputu: 85 cM x 60 cM x 45 cm;

e mBUAKICTE 70 1,0 M/c;

* BAaHTA)KOM1JIMOMHICTb MOKE€ CTaHOBHUTH 110 20 KT

* HAsBHICTh JIA3EPHOTO CKaHEpa Ta Bi3yaJbHUX Kamep IS CIPUHHSATTS

OTOYCHH:I.
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Pucynok 1.5 - ANYmal

Pobororexniuna margpopma ANYmal edektuBHO  (QyHKIIOHYE B
PI3HOMaHITHUX YMOBaX, BKJIIOYAIOUM €KCTpeMalibHI Ta Hebe3neuyHi cepenonuiia. Lei
MaHIMyJIATOP Ma€ aJanTUBHY CTPYKTYpPY, SKa MOXKE 3MIHIOBATHCS BIAMOBIAHO 0
PI3HUX YMOB, 3aBJlaHb Ta 3a]1a4, TAKUX SIK MMOIIYK 1 PITYBaHHS, 00CTEKEHHS CKIIQTHUX,
BOKKOJIOCTYITHUX OO0'€KTIB 1 MOHITOPUHT HaBKOJHUIIHBOIO cepenoBuia. JlaHa
poboToTexHiuHa IUIaTGopMa € OJHIEI0 3 HAWMNOMYJSIPHIMIUX Y HAyKOBHUX
JOCIIJKEHHSIX, pOOOTOTEXHIII Ta TPOMUCIOBUX 3aCTOCYBAHHSIX.

BusnaunMo nepeBaru 1i€i poOOTOTEXHIUHOI MIaThOpMu:

* MOXKJIMBICTH PO3Mi3HABaHHA Ta OPI€HTAIlli B HABKOJIHUIIIHbOMY CEpPEIOBHUIII
3aBJ/ISIKM JIA3EPHOMY CKaHEpy Ta Bi3yallbHIN Kamepi;

* 3JIaTHICTh PyXaTHUCS N0 HEPIBHUX TEPUTOPISAX Ta PI3HUX MMOBEPXHIX;

* THYYKICTh Ta BHCOKAa MAaHEBPEHICTb JJIi BHMKOHAaHHSA 3aBJaHb B
eKCTpeMaIbHIX YMOBaX.

Ha namy nymky, miaardopmi ANY mal BnacTuBi Taki HEIOMIKU:

* BUMarae TeXHIYHUX 3HaHb Ta JOCBIY B IPOrpaMyBaHHI Ta HAJAIITYBaHHS;

* oOMexeHul gac poOOTH Bij] OJTHOTO 3apsIIy;
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* BUCOKA BapTiCTh, 110 pOOUTH 11 HEOCTYIHOIO JJIsl 6araTb0X KOPUCTYBAUiB.

[lle onna Hag3BUYANHO MOMYJSIpHA Ta BiJloMa pOOOTOTEXHIUHA IaTdopma —
KUKA AGILUS (Puc. 1.6) [6].

PosrnsiHemo neranbHIIIE KIOUOBI TeXHIYH1 xapakrepucTtuku moneni KUKA
AGILUS KR 6 R900 sixx:

* Bara po6ota npuOau3Ho 51 Kr;

* MaKCUMaJIbHE HaBAHTAXKEHHS MoJieNl — 6 KT;

* KUTBKICTB Oceil — 6;

* MaKCUMaJIbHUI TOpU30HTAIBHUH paaiyc — 900 mm;
* )KUBJICHHSI JIUIIIE BiJl €JIEKTPOMEPEKI;

* TOBTOPIOBaHICTh: + 0,03 mMMm;

* koHTposiep KR C4 compact.

Hazemna po6ororexniuna miuardpopma KUKA AGILUS BBaxkaeThcsi 1OCUTh
KOMITAKTHOIO Ta BUKOPHCTOBYETHCS HA BUPOOHUYMX JIHISX [JIs1 aBTOMaTH3aLlil
BaHTa)KHO-PO3BAHTAXXYBAJbHUX 1 MOHTaXHUX poOiT. Llelt Monynb CIaBUTHCS CBOEIO
BHCOKOIO TOYHICTIO 1 MIBHJKICTIO TMEPEMIIIEHHS, W0 J03BOJISi€ MpaloBaTH B
OOMEKEHUX MPOCTOPax 1 CIpUSE€ CKOPOUEHHIO Yacy BUPOOHUYOTO ITUKITY.

Hazemna poOotorexniyna tmiarpopma KUKA AGILUS xuBuTBCS BIiJ
CJIIGKTPOMEPEXKI Ta VYIOPABIAETHCS TMPOTPAMHUM  3a0€3MEUYCHHSM, CHEI[iaTbHO

po3pobsiernm st poootie KUKA.
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Pucynok 1.6 - KUKA AGILUS
Posrisinemo nepeBaru 11i€i poOOTOTEXHIUHOI MIaTHOPMHU:
* Oe3MeyHe CIiBPOOITHUIITBO 3 JIIOJIbMU;
* BUCOKA TOYHICTH 1 IOBTOPIOBAHICTh PYXIB 3a0€3M€UyI0Th TOUHE BUKOHAHHS
3aBJlaHb;
* IMIUPOKUI CIIEKTP BUKOPUCTAHHS B aBTOMAaTH30BaHOMY BUPOOHUIITBI.
[Ilomo HEOMIKIB I[HOTO MOTYJIS, MO’KHA BiI3HAYUTH HACTYITHE:
* IOTpedye CIeliali30BaHOr0 MPOrPaMHOTo 3a0e3MeUYeHHs Ta HaJlallTyBaHb
JUIS YIIPaBJIIHHS;
* BUCOKA BapTICTh 1 HEJOCTYIHICTH JJIs1 Oararhb0X KOPUCTYBaviB.
[nHoBamiiina poGororexHiyHa 1aropma ABB  YuMi Buginserbcs
VHIKaJIbHOIO (YHKIIIOHAJIBHICTIO, CTBOpPEHA I peasizallii 3Ha4YHOro rio0ajbHOr0
noTeHmiary asTomaru3aiiii B mpomucioBocti ABB YuMi (Puc 1.7) [7]
3azHayeHa Ha3eMHa poOOTOTexHIYHa TuiarGopmMa Mae Takl TEXHIYHI
XapaKTEPUCTUKH:
* Baror 10 38 KT;
* IIPALIOE BiJ] €IIEKTPOMEPEKI;
* mae po3mipu: 590 mm x 380 Mm X 290 MM;

* MBHUIKICTE: 10 1,5 M/c;
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* Bi3yaJIbHI KaMepH SIK CUCTeMa CIIPUNHATTS HaBKOJIMIIHBOTO CEPEOBUIIIA;

* BaHTaXOIIIHOMHICTE: 0,5 Kinorpam;

* KUTBKICTh HE3AJICIKHUX CTYIEHIB cBOOOIM: 14.

Pucynok 1.7 - ABB YuMi
Konaboparuauii po6or ABB YuMi, BiiMiHY SIKOTO CTaHOBUTH HAsIBHICTH JIBOX
PYK, MOpU3HAYEHHUH 7 CHUIBHOTO BHKOHAHHS pPOOOTH30BAaHUX 3a7ady pa3oM 3
MOIMHOK. Moro HeBemki rabapuTH Ta BUCOKA TOYHICTH JO3BOJIIOTH 3/IIMCHIOBATH
cKiaaHl MaHinynsmii 3 npeameramu. PoOotorexHiuna muiarpopma ABB  YuMi
OCHAIIEHA BI3yaJTbHOI KaMEPOIO JUIsl CIIOCTEPESIKECHHS 32 OTOYSHHSM 1 HaBirartii.
[lepeBaru 1i€i MoJiemi MOJSATAIOTH Y TOMY, IIO:
* KOMITAaKTHUM PO3MIp, IO Ja€ MOXJIMBICTh BHKOPHUCTAHHS B OOMEKECHHX

MPOCTOpax;
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* PEXHUM CIIUIBHOI poOOTH 3a0e3meuye Oe3MeUHy B3aeMOJI0 3 JIIOJAbMU 0€3
HEOOX1HOCTI 3aXUCHUX Oap'epiB.

* BHCOKA TOYHICTh 1 MAHEBPEHICTh, JO3BOJISIIOYl MEPEMIIICHHS CKJIaJHUX
00'€KTIB.

Henomikamu 11i€i podoTr3oBaHoi miathopmu €:

* notpeba B crerialbHOMY MPOrpaMHOMY 3a0e3ledyeHHl Ta HaBYaHHI s
MIPOrpaMyBaHHS 1 HAJIAIITYBaHHS;
* HE MIAXOAWTH /I BAXKKHUX EKCIUIyaTalliiHUX YMOB dYepe3 OOMEKeHY
BaHTAXKOITIHOMHICTb.
e ogna HazeMHa poOoOTH30BaHa MIaT(Gopma, sika 3aCIyroBye Ha yBary —
Fanuc M-20001A (Puc. 1.8) [8].

L1 Mmonenb Mae Taki TEXHIYHI XapaKTEePUCTUKU:

* Bi3bMeMO, Harpukias, moaeab M-20001A/1200, mo Baxuth 01u3bK0 6750
K1JIOTpaMiB;

* TUI: Il PO3BAHTAXKYBaJIbHO-HABAHTAKYBAIBHUX POOIT;

* I1JJIOTOBUN MOJTYJIb;

* 6araToyHKITIOHAJILHUI;

* KUJIBKICTB Ocei: 6;

* MakcuMasibHe HaBaHTakeHHs: 1200 — 1350 kinorpamis;

* pazgiyc aii: 3734 mwm.

Kommnanis Fanuc po3poOuinia BakKy MpOMHUCIOBY pOOOTHM30BaHy IIaTHOpMy
Fanuc M-2000iA, Kx0Tpa BUKOPHUCTOBYETHCS JJISI BUKOHAHHS BXXKHUX 3a7a4, TAKUX SIK
MIHATTSA, HABAHTAKECHHS, PO3BAHTAXXEHHS Ta TPAHCIIOPTYBAHHS BEJIMKUX OO0'€KTIB.
Po6or Fanuc M-2000iA BiApi3HAETHCSA BUCOKOK TOYHICTIO, MIMHICTIO Ta
JIOBTOBIYHICTIO. BiH Tmpaiftoe Bij eleKTpoMepeki Ta MOTpedye CreriaaizoBaHOrO

POrpaMHOro 3a0e3ne4YeHHs 1 YIPABIIHHS.
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Pucynok 1.8 - Fanuc M-2000iA

[MepeBaru HazemHOT poboTH30BaHOI ardopmu Fadnuc M-2000iA:
* BEJIMKUM BUOIp MOJEIe M03BOJISIE 0OpaTH ONTUMAIBHY IIaTHOpMYy st
pI3HOMaHITHHX 3a/1a4;
* Bpakaroya BaHTAXOIIHOMHICTh, MIIXOMUTh IJsI OOpPOOKH BEIUKHUX 1
BaKKHMX BaHTaXIB;
* BUCOKAa TOYHICTh, MILHICTh 1 JOBrOBIYHICTh POOJIATH i1 MIIXOAAIIONI IJIs
BaYKKO1 TPOMHUCIIOBOCTI.
Henomixu 11iel poO0TOTEXHIYHOT MIaTPOPMHU:
* YIpaBJiHHA MOTpeOye CHEIiaTi30BaHOTO MPOTPaMHOT0 3a0€3MEUCHHS Ta
HaJIallTyBaHHS,

¢* BUCOKa I_IiHa, HCAOCTYyIIHA IJIs1 0aratbox KOpI/ICTYBa‘-IiB.
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CydacHi peami Taki, 1[0 Ha3eMHI poOOTHU30BaHI MIATPOPMH AKTHUBHO
BUKOPUCTOBYIOTHCSI B IPOMUCIIOBOCTI, €JIEKTPOHILII, JIOT1CTHILIl, MEIULIMHI, HAYKOBUX
JOCIJKEHHSX, BINCBKOBOMY CEKTOP1 TOIIO. TeXHIYHI XapaKTePUCTUKH, MOKIUBOCTI,
¢dyHKUIOHAT Ta €(QEeKTHBHICTh POOOTOTEXHIYHUX IUIATGOPM 3HAYHO CIPOLIYIOTh
BUKOHAHHS CKJAIHUX 1 HEOE3NMeYHUX 3aBAaHb, MOKPAIIYIOTh POOOUYl IPOIECH Ta
M1JBUIIYIOTH O€3MEKy MPalliBHUKIB.

TakuM 4MHOM, B JAHOMY PO3/I1JIl MU PO3TJISIHYJIH OCOOJIMBOCTI, XapaKTEPUCTUKU
Ta MOXKJIMBOCTI KUTBKOX pOOOTHU30BaHUX MIIATHOPM 1 MOKEMO 3pOOUTH BUCHOBOK, 110
BOHU BUKOPHCTOBYIOThCA B Oaratbox cdepax. HazemHui poborusoBani miatdopmu
IIMPOKO 3aCTOCOBYIOTHCS JJIsi aBTOMAaTH3allli MpPOIECiB, 3MEHILIEHHS BUTpPAT Ta
MiJBUIICHHS €(eKTUBHOCTI. BUKOpUCTaHHS Ha3eMHUX POOOTHU30BaHUX ILIATHOPM Y
HAYKOBUX JOCIIIKEHHSX JO3BOJISIE JOCHIKYBATH CKIIQIHI CEpeIOBHINA, 30MpaTh 1aH1

Ta 3/11MCHIOBATH HOBI BIAKPUTTS.
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1.4. [TPOT'PAMHE 3ABE3ITEYEHHA JUIA HA3EMHHUX
POBOTOTEXHIYHUX TUVIAT®OPM

HazemHni poOoToTexHIYHI IIaTGOPMU CTBOPIOIOTh HOBI NIEPCIIEKTUBU B PI3HUX
cdepax, BiJ MPOMHUCIOBOCTI 10 HAYKOBOTO AociiKeHHs. [1[o0 poOOT Mir BUKOHYBaTH
CBOi 3aBJaHHS, HOMY MOTpIOHO cHeliandi3oBaHe MporpamMHe 3abe3neueHHs. Take
nporpaMHe 3a0e3MeUeHHs 3aJIeKUTh BiJi KOHKPETHOI pOOOTOTEXHIYHOI MiIaTgopmu,
MPOTE YaCTO BKJIKOYAE OaraTo CIuIbHUX €JIEMEHTIB.

[lepmie, mo MU BUPIIIA OOTOBOPUTH B I[LOMY DPO3MLII — II€ OmNeparliifHa
CUCTEMa, sIKa € OCHOBOIO JJisl (DYHKI[IOHYBaHHSI MPOrPaMHOr0 3a0e3mneueHHs po0oTa.
OnxnuM 3 HalBiAOMIMIMX BUOOPIB AJsi poOOTOTEXHIYHUX TuIaTdhopM € cuctema Robot
Operating System.

Robot Operating System — 11e THy4Ke CEpeIOBHUIIE I PO3POOKH MPOTPaMHOTO
3a0e3neueHHs NIl POoOOTIB, sIKE MICTUTH O10J10TEKH, IHCTPYMEHTH, IpalBepu 1
KOHBEHIII1, SIK1 CHPOILYIOTh IPOLIEC CTBOPEHHSI CKIAJHOIO i HAJAIMHOIO MPOrpaMHOro
3a0e3MeueHHs /i1l POOOTIB.

OcHogHi niepeBaru Robot Operating System BK/II0YalOTh MOJYJIbHICTD, BEIUKY
KUIBKICTh JIOCTYITHUX IMAKETIB, aKTUBHY CIUILHOTY Ta MIATPUMKY HIMPOKOTO CIEKTpa
anmapaTHuUX 3aco0iB poOOTOTeXHIKW. AJie, BapTo 3a3HayuTH, 10 Robot Operating
System Moxe OyTH CKIIaHOO JJI1 HOBAYKIB 1 BUMaraTu 3HaYHUX PECYpCiB.

[Ile ogHUM MPHUKIIAIOM OMEPALIHHOT CUCTEMU JIJIs1 pOOOTOTEXHIYHUX MIATPOpM
e Microsoft Robotics Developer Studio (MRDS). MRDS npononye iHTerpoBaHe
CepeIOBUIIIE JIJIsl PO3POOKH MpOrpaMHOro 3ade3nedeHHs it podortiB. Lg onepariitna
CHUCTEMa MIATPUMYE 0araTolmoTOKOBY poOOTY 1 3a0e3nedye 3pydyHui iHTepdenc s
CTBOPEHHSI Ta yIPaBIiHHSA pOOOTaMH.

Hageneni Bume ¢peiimBopku, Robot Operating System Ta Microsoft Robotics
Developer Studio, 3Ha4HO CIIPOIIYIOTh MPOIEC PO3POOKH MPOTPAMHOI0 3a0e3MeUEHHS
JUIsl poOOTIB 1 HA/IalOTh PO3IMIUPEH] MOKIIUBOCTI 11 MOHITOPUHTY, KOMYHIKAIi Ta
VIIPaBJIIHHS pOOOTaMHU.

Hacrymuum acnekToM, SKUM MM XOYeMO JOCTIIUTH B IBOMY IIJAPO3aUI —

npoMibkHe mporpamue 3abesneueHHs Middleware. lle mporpamue 3a0e3nedeHHs €
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IapoM, IO J03BOJSIE PI3HUM €JEeMEHTaM Ta KOMIIOHEHTaM po0OTa B3a€MOISATH,
CHUIKYBAaTHUCS 1 MPALOBaTH CIUIbHO. BOHO Takox ciayrye iHTepdercoM Ui pI3HUX
MPUCTPOIB 1 AATUUKIB, MIIKIIOYCHUX IO poOOTa.

[Tpukiagom npomikHOro mporpamHoro 3abesnedeHHss Middleware € MQTT
(Message Queuing Telemetry Transport).

MQTT — e nmpoTokoa oOMiHy MOBIIOMJICHHSAMHU, KWW 3a0e3nedye HaJiiHuH 1
JIETKUH Y BUKOPUCTaHHI 3B'A30K Mix npuctposimu B Internet of Things (IoT). o cyTi,
Message Queuing Telemetry Transport mpaiftoe 3a TPUHITUTIOM ITyOTIKAIIii/ 1 ITHUCKH.
Ha ocHOBI Mojen MAMUCKH, MPHUCTPOi MOXKYTh IMyOJIKyBaTH TOBIJOMJICHHS 3a
NEBHUMHU TEMaMH Ta MiANUCYBAaTUCS HAa OTPUMAaHHS IMOBIIOMJICHDb 3a IIMMH TEMAaMH,
mo 3abes3neuye e(PEKTUBHY KOMYHIKAIII0 MIX pI3HUMH KOMIIOHEHTaMH Ta
PUCTPOSIMU POOOTA.

[lle ogHMM MPHUKIAAOM HMPOMIKHOTO MporpamMHoro 3adesneueHHs middleware
st poootiB € ROS middleware (take sik ROS 2), a Takox psin npotokosisB OPC UA
(O6’exTHe 3B'13yBaHHS Ta BOYAOBYBaHHS JJis MpolleciB ympasmiHHs). i cucrtemu
3a0€3MeUYyI0Th 3B'I30K MK PI3HUMHM KOMIIOHEHTaMH PoOO0Ta 1 MIAKIIOUEHUMHU 0
HBOT'O IPUCTPOSIMU, TIPOMOHYIOUH CTaHIAPTU30BAHY KOM YHIKAIIIfO.

[IpomizkHe mporpamue 3abesneuenHss Middleware coporiye crniikyBaHHS Ta
B3a€EMOJIII0 MDK PI3HMMH KOMIIOHEHTaMH POOOTOTEXHIYHOI TIaTGOpPMHU, a TaKOXK
3a0e3neuye NUITXH A5 OOMIHY JaHUMHU Ta MIATPUMKHA MOAYIIB Y CHHXPOHI30BaHOMY
CTaHi.

Jani B Hamomy po3[ill MU PO3MVIIHEMO MpOrpamMHe 3a0e3MeueHHs i
B3a€MOI].

[Iporpamue 3abe3meueHHs 17 B3aeMOll 3a0e3ledye KOMYHIKALIO MIiX
JOABMH Ta pOOOTaMHU.

Ile mporpamue 3a0e3ne4YeHHS MOXXE€ MICTHUTH PI3HOMAHITHI KOPUCTYBAIlbKi
iHTepdeiicu, Taki SK CEHCOPHI €KpaHW, Bi3yaJbHI, aKyCTMYHI Ta TaKTHJIbHI
1HTEpdeiicy.

Hanpuknan, ayis po3mizHaBaHHS Ta PO3YMIHHS JIFOJICBKOI MOBHU, MpOTpamMHe

3a0e3neueHHs [y poOoTiB-nmomiyHuKIB BukopuctoBye NLP (Natural Language
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Processing). Lle no3Bossi€ MIOAMHI B3aEMOIIATH 3 pOOOTOM Yepe3 ToJI0COBI KOMAH/IH
a00 TeKCTOBI MmoBijoMIIeHHs. [Iporpamue 3abe3nedeHHs 71 B3a€MOJI1i TaKOXK MOXKE
BKiItoUatu rpadiuni iHTepdeiicu xopuctyBada (GUI), mo go3Boinse mpairoBatd 3
poOoTaMu yepe3 TO0TUKHU Ta JKECTH, a TAKOXK Bi3yalbH1 1HTEpPEcH, sIKi TEMOHCTPYIOTh
iH(dOopMaIlito Ta cTaH podoTa.

[Iporpamue 3a0e3nedeHHs JJi1 B3a€EMO/Ii1 BIIIrpae HaA3BUYANHO BAXKIJIUBY POJIh
y 3a0e3medyeHHi KOMYyHIKallli, ChiBmpali Ta B3aeMOJIi JIt0Je Ta POOOTOTEXHIUHUX
maTGopM.

Han3suuaiino BaxMBe Ta MOMYJIsIpHE HaBIraliiHe 1 kaptorpadgiyHe mporpamHe
3a0e3MeueHHs.

Hazemui  poOororexHiuHi  1aTdhopMud  TOBHHHI  BH3HAYaTH  CBOE
MICII€3HAXO)KeHHsI Ta IUTaHyBaTH MapIIpyTH 10 BKa3zaHuX wnuneil. Hapirarmiiine 1
KaprorpadiyHe nporpamMHe 3a0€3MeUYeHHs] MOXKE JOMOMOITH po0OTaM y JOCSTHEHHI
UX I[JIEH.

Hagirariiine mnporpamHe 3a0e3MEUEHHsT MOXKE BKIIOYATH  aJTOPUTMHU
JoKaui3anli, ki JomoMararoTh poOOTy 3’sCyBaTH CBO€ MicuenepeOyBaHHs Ha OCHOBI
BiIOMOi KapTu MicmeBocTi. KpiM Toro, MoxyTh OyTH TpPUCYTHI aITrOpUTMHU
TJIAaHYBAaHHS MapIIpyTy, SKi JO3BOJISIIOTH POOOTY 3HAXOMWTH HAWKpaANIUH MUIIX 10
3a3HAYEHOI METH, YHUKAIOUHN TIEPEIIKO/I.

Hagiramiitne mnporpamHe 3a0e3leueHHS TaKOX CIPHUSE CTBOPEHHIO Ta
OHOBJICHHIO KapT HaBKOJMIIHBbOIO cepenoBuia. lle mporpamue 3a0e3neyeHHs
BUKOPUCTOBYE JIaHI 3 AATYUKIB POOOTA, TAKUX SIK JIa3epHl CKaHEpU W Kamepu, IJs
CTBOPEHHS TOYHUX 1 JIETATbHUX KapT CEPEIOBUIIIA.

Hagiramiitne mnporpamHe 3a0e3NedyeHHS HAaJa€  MOXIUBICTE  poOOTY
OpPIEHTYBATHCS Y HAaBKOJHMIIHBOMY CEPEJIOBHII, 3JIMCHIOBATH HaBITaIlil0 Ta
BUKOHYBATH 3aBJIaHHS B 33JaHOMY IPOCTOPI.

[Hmo0 cdeporo, Ky MU PO3IIIIHEMO, € MporpaMHe 3a0e3NeueHHs i
CIPUMHATTS.

[Iporpamue 3a0e3neyeHHs JUIsl CIPUAHSTTS ToIIoMarae poooTaM B3a€MOJIISATH 3

otoyeHHsM. Cro/i1 BXOJATh CUCTEMU KOMIT IOTEPHOTO 30Dy, K1 JO3BOJISIOTH poOOTaM
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«0aunuTH» CBOE CEpEeNIOBHUIIE 1 po3mizHaBaTu 00’ ekTu. [IporpaMue 3abe3reueHHs IS
CIOPUMHATTS OXOIUTIOE O0OpOOKY 300paxkeHb, pPO3Mi3HABaHHS OO0JIMY, BUSIBICHHS
00’€KTiB, BHUMIPIOBAaHHS BIJICTAaHI Ta MICTUTh O10JIOTEKy I1HINIUX aJTOPUTMIB
KOMIT FOTEpPHOr0 30py. BOHO BUKOPHUCTOBYE NaH1 3 PI3HUX AATYMKIB, BKIIOYAIOYU
kamepu 1 3D-cercopu, st oTpuMaHHs 1HGopMallii Mpo HABKOJMIIIHIH CBIT.

[Iporpamue 3abe3neueHHs CIPUUHATTS J03BOJISIE pOOOTaM BU3HABATH 00 '€KTH,
BU3HAYATH 1X MICIIC3HAXO/PKCHHS, OPIEHTAIlII0 Ta 3/IIMCHIOBATH B3a€MOJIII0 3 HUMH.
BoHo 3acTOCOBYETHCS B Pi3HUX cdepax, BKIOUYAIOUYH aBTOHOMHI TPAHCIIOPTHI 3aC00H,
pOOOTOTEXHIKY B CKJIQJHUX yMOBaX 1 MIPOMHCIIOBY aBTOMATH3alIi 0.

Hactymaum mporpamMHuM 3a0e3MeUeHHsIM, IKe MU 00TOBOPUMO, € TIPOTpaMHe
3a0e3MeueHHs /Il BUKOHAHHSA 3aBaHb.

HazemHi poboToTexHIUHI MIaTGOpMH 3a3BUYail MarOTh KOHKPETHI I abo
3aBJlaHHS, SIKI HEOOXiJHO BUKOHATH. [Iporpamue 3a0e3nedeHHs Jii BUKOHAHHS
3aBJaHb MICTUTh KO/, IO I03BOJIIE pOOOTY 3/A1MCHIOBATH 111 3aBAaHHs. Hanpuknaz, y
BUIAJIKy POOOTH30BAHOTO MaHIMMYJISITOPA, CHEIllalli30BaHe MPOrpaMHe 3a0e3MeUeHHS
BKJIFOYA€ QJITOPUTMU TUIAHYBaHHS pPyXy, KEpYBaHHS JBUTYHOM, BHSBJICHHS Ta
Mmanimynamii. 1le mo3Bossie poOOTy BUKOHYBaTH Oe3nepepBHI Ail A JTOCATHEHHS
3aJJaHuX LJIEH.

[Iporpamue 3abe3nedeHHs i1 BUKOHAHHS 3aBJIaHb 3a3BHYAl € CIeIH(pIYHUM
JUIA TIEBHOTO TUNY poOoTa abo 3aBaaHHS. BOHO BUKOPHCTOBYETHCS B sl Taly3eH,
BKJIFOYAIOUH BUPOOHHUIITBO, JIOTICTUKY, MEIUIIMHY, EHEPreTUKY Ta 1HIIII.

OcTaHHIM acmeKTOM, KM MU PO3IJISIHEMO B JIAaHOMY PO3AUTL, € BIpTyajbH1
pOOOTOTEXHIYHI CepeOBHIIIA.

BipryanpHi  poOOTOTEXHIYHI  CEpEelOBHINA  JIO3BOJSIOTH  PO3POOHHKAM
MOJICJIIOBAaTH POOOTIB 1 iX OTOYEHHS I TECTyBaHHS 1 PO3pOOKU. 3 TXHBOIO
JIOTIOMOT'OK0 MO)XHa CTBOPIOBAaTH BIPTYallbHI CUMYJILII pealbHUX POOOTIB 1
OLIIHIOBATH PI3HOMAHITHI JITOPUTMHU Ta cTpaTerii 0e3 HeoOXiTHOCTI BUKOPUCTAHHS
¢b13ugHOrO 001 THAHHS.

[lpuknagamu BipTyadbHUX poOOOTOTEXHIYHUX cepefoBun € Gazebo Ta

Microsoft AirSim, siki € TOTY)KHUMH MOJACIUTIOIYUMH CUCTEMaMH, 0 PEATICTUYHO
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BIITBOPIOIOTH (DI3WYHI BJIACTUBOCTI POOOTIB 1 iX OTOYECHHSA. BOHM MHIATPUMYIOTH
MOJICJTIOBAHHS PI3HUX AATUYMKIB, TUHAMIKM Ta (PI3UUHUX sBUI, TOAl K Microsoft
AirSim creuiamizyeTbCsi Ha MOJIEIIOBAHHI JIPOHIB Ta aBTOHOMHHUX TPAHCIOPTHHUX
3ac00iB 1 HaJla€ PO3UIMPEHI MOMIMBOCTI JUIsl PO3POOKHA Ta TECTyBaHHS aJIrOPUTMIB
VIIPABJIIHHS Ta CUCTEM IITYYHOTO 1HTEJIEKTY.

BipryanbHi  poOOTOTEXHIYHI  CEpEelOBHINA  JO3BOJSIOTH  PO3POOHUKAM
MPUCKOPUTH TPOIEC CTBOPCHHS, HAJArO/PKCHHS 1 TECTyBaHHS TMIPOTPaMHOTO
3a0e3neueHHs sl poOOTiB 70 Horo daktuuHoro BukopuctanHs. Lli cepemosuina
JOTIOMAaraloTb ~ 3MEHIIUTH BUTpaTH Ta PU3UKH, TOB’fA3aHI 3 peaJbHUMU

eKCIEpPUMEHTaMHU 13 (PI3MUHUMHU TPUCTPOSMH.
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1.5. AHAJII3 OCHOBHUX ACIIEKTIB ITPOTPAMYBAHHA HASEMHUX
POBOTOTEXHIYHUX TUVIAT®OPM

[TporpamyBaHHsI Ha3eMHUX pOOOTU30BAaHUX IIATPOPM NMOTPEOYE YCBIIOMIICHHS
KUIBKOX  KJIIOYOBUX MOMEHTIB, SIKI JONOMararoTb €(QEKTHUBHO  YIpPaBJISATH
poboTu3zoBaHUM MoAyiaeM. Po3riisiHeMo Jesiki 3 OCHOBHUX aCHeKTIB MpOorpaMyBaHHs,
BOKJIUBUX JJISI POOOTOTEXHIKH.

[lepmum 1, OE€3CYMHIBHO, HAaWBaXJUBIIIMM aCIHEKTOM MpPOrpaMyBaHHs
HAa3eMHUX pOOOTH30BaHUX TUIATGOPM € KOHTPOJIb 3a pyxoM. Po3poOHuku
BUKOPUCTOBYIOTh PI3HOMAHITHI aIrOPUTMHU 1 METOAUKH JJIS TUTAaHYBaHHS TPAEKTOPIi
pyxy pob6oTa, HaBiramii B IpoCTOpi Ta B3a€MO/II 3 OTOYEHHSIM. J{0 HUX BIAHOCSTHCS
QITOPUTMU TMOIIYKY HUIAXY, METOAN OOPOOKM CUTHAMIB JJIsi BU3HAUEHHSI MOJIOKEHHS 1
opieHTalii podoTa, a TAKOXK aJTOPUTMH YIIPABIIHHS /Ui cTabiii3amii Horo pyxis.

BaxxnuBo BpaxoByBaTH (Pi3WyHI OOMEXKEHHS, TakKl SK JUHAMIKAa PyXy, MeExi
IIBUIKOCTI Ta IMITYJIbCY, 100 JOCATTH BUCOKOI'O PIBHS TOYHOCTI Ta MIBUIKOCTI PyXiB
po0OorTa.

[HITUM  acieKTOM MporpaMyBaHHS Ha3eMHUX POOOTHM30BaHWX TIATHOPM €
pO3Mi3HaBaHHS HABKOJIMIIIHBOTO cepeoButa. s epekTuBHOT poO0TH poOOTH30BaHA
mwiaropMa TMOBMHHA MATH MOXJIMBICTh 11eHTU(]IKYBaTH CBOe oOTOo4YeHHs. Lle
nependavyae 3aCTOCYBaHHS PI3HUX THUITIB JATYHKIB, TAKUX K KaMEPH, JTa3epHI CKaHEPH,
ripOCKOIU Ta akcenepomeTpu Toulo. [Iporpamue 3a0e3neyeHHs MOBUHHO OYTH 31aTHO
0oOpoOJIATH BX1JIHI JIaH1 3 IaTYMKIB, PO3MI3HABATH 00'€KTH ¥ BU3HAYATH X MOJIOKEHHS,
po3mip, dhopmy Ta iHIN XapakTepucTuku. lle mo3Bossie Ha3eMHUM POOOTH30BAHUM
riaTgopMaM pearyBaTH Ha CBOE€ OTOUEHHSI, IUIaHYBATU MapIIPYT, YHUKATH MEPEIIKOI,
pO3Mi3HABATH O0IMYYS, TPEAMETH, 00'EKTH TOIIIO.

HacTtynaum MOMEHTOM IIporpaMyBaHHs HA3eMHHUX POOOTHU30BAHUX IATPOPM €
KOMYHIKaIlisi Ta B3aemois. PoOoTh MOXyTh (DYHKIIIOHYBAaTH CaMOCTIMHO a0o
B3aEMOJISATH 3 JIIOABMU MW 1HIMUMHU poOoTamu. lle Bumarae edekTHBHOI cHCTEMU
KOMYHIKalli Ta B3a€EMOAIl MIDXK pI3HUMH KOMIOHEHTaMH cuctemu. lIlporpamue
3a0e3MeueHHs Ma€ MATPUMYBATH OOMIH TaHUMH, KOMaH/IH YIPaBIiHHSI, 1HHOpMAIII0

npo cran Ta iHImN (opmu B3aemoxii. lle MokHa peamizyBaTH 3a JIONOMOIOKO
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MEpEXKEBUX IMPOTOKOJIB, CIYKO OOMIHY IOBIJOMJIICHHSIMH a00 CIeliali30BaHuX
iHTepdeiiciB. B3aeMopis BkiItoyae B ceO€ CHUIbHY [ISUIbHICTh, NEpenady JaHuX,
CHUHXPOHI3AIlII0 J1¥ Ta 1HII BapiaHTH CITIBIIpAIli.

[aTepdeiicu mpuKIIagHOTO MPOrpaMyBaHHS TaKOXK € aCTIEKTOM MPOTrpaM yBaHHS
Ha3eMHHUX poOOTH30BaHUX TIIaTGopM. Maibke BCi poOOoTH TpONOHYIOTH cBOi API,
HaJal0ul pO3pOOHUKAM CTaHJApPTHUN 1HTepdeic s pobdoTtu 3 poOOTOM Ta HOro
bynkuisimu. Le no3Bonsie po3poOHKUKaM CTBOPIOBATH BJIACHI IPOrpaMu i AOJATKU AJIs
YIIPABJIIHHS POOOTOM 1 BUKOPUCTAHHS HOro MoxkiauBoctei. APl mpononytots meTonu
JUTSI KOHTPOJIIO PYXIB, AOCTYNY /10 JaHUX AATYMKIB, B3a€EMO/Ii 3 CEpBicaMu TOIIIO, 10
MOJIETIITY€E TPOTPaMyBaHHs Ta PO3LIUPIOE (PYHKIIOHATBHI MOXKIIMBOCTI pOoOOTA.

Takox 110 acmekTiB mIporpaMmyBaHHS pPOOOTIB MOXKHA BIJHECTH PO3POOKY
KOpUCTYBaIbKUX 1HTep(deliciB. BaxkMBO CTBOPUTH KOPHUCTYBaIlbKi iHTEepdeiicu ams
3a0e3MeueHHs 3py4HOi Ta ePEeKTUBHOT B3a€MO/I11 Mi>K KOpucTyBadueMm 1 podorom. Crou
BXOJISITh TpadiuHi iHTepdericu, rojiocoBl KOMaHIAU, BIPTyaJibHI MOMIYHUKHU Ta IHIII
metoau B3aemonii. KopucryBanpkuil iHTepdeiic nonmomMarae ympaBisiTH poOOTOM,
MOHITOPUTH HWOTO CTaH, HAaJAIITOBYBaTH MapaMeTpu podoTa Ta OTPUMYBATH
1H(pOpMAIIiIO TII0JI0 Pe3ybTaTiB HOTro poOOTH.

VYci HaBeJieH1 BUIIE acleKTH MPOrpaMyBaHHs poOOTIB CYTTEBI JJi YCHIIIHOTO
3aCTOCYBaHHSI poOOTH30BaHUX TuIaTGopMm y pisHHX cPepax. Pozpobka mporpaMmHOTO
3a0e3nedeHHs Al poOOTiB MOTpeOye PETEIbHOrO IUIaHYBaHHS, PO3YMIHHS (PI3UUHHUX
XapaKTepUCTUK po0OTa, BpaxyBaHHA BUMOI J0 Oe3neku Ta e(pEeKTUBHOTO
BUKOPUCTAaHHS QJITOPUTMIB 1 1HCTPYMEHTIB. Brane BHUKOpUCTaHHS IIMX AaCMEKTIB
MporpaMHOro 3a0e3nedyeHHst jJoromarae po0oTram disiTH aBTOHOMHO, O€3Me4YHO Ta

edeKTUBHO B PiI3HUX YMOBAX 1 I/ YaC BUKOHAHHS PI3HOMAHITHUX 3aB/IaHb.
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1.6. BUCHOBKH 10 1 PO3ALUTY

Otxe, B IbOMY MiAPO3JILII HAIIOI AUIIJIOMHOI poOOTH OYyJ0 BUBYEHO HA3EMHI
poOOTOTEXHIUHI TIATHOPMHU, PO3TISTHYTO peaibHI MPUKIAINA TaKUX MIaThOpM 1 IXHE
nporpaMHe 3a0e3nedeHHs. Mu JOCHiuiIn OCHOBHY 1H(OPMAIII0 NPO pI3HI THIIH,
XapaKTepUCTUKU Ta 3aCTOCYBAHHS  Ha3eMHUX  POOOTU30BaHUX  IUIAT(POPM.
[IpencraBiieHo KiJibKa MPUKIIAAIB POOOTU30BAaHUX MIIAT(HOPM, SIKI BUKOPUCTOBYIOTHCS
B IIPOMMCIJIOBOCTI, HAYKOBUX JOCIIKEHHSIX Ta ellekTpoeHepreTuii. Kpim toro, 0ymo
MPOaHaTI30BaHO pi3HE MPOTrpaMHE 3a0e3MEeUeHHS, 10 3aCTOCOBYETHCS JJII PO3POOKHU
poOOTH30BAaHUX JOJIATKIB 1 MPOTpam.

3 aHamizy 1€l TJIaBU MOXHA 3pOOMTH BUCHOBOK, IO HA3eMHI pOOOTOTEXHIUHI
I1aTGOpMHU CKIIAJAI0Th BAKIUBY rainy3b pOOOTOTEXHIKU 3 BETUKUM MOTEHIIIAI0OM JIIsI
BUKOpUCTaHHS. BOHM BIIrpailoTh KIIOUOBY pPOJIb y TPOMHCIOBOCTi, €HEPreTHIli,
JIOTICTHUIll, HAYKOBUX JIOCII/IP)KEHHSX 1 BINCHKOBIN CIIpaBi, CIPUSIOYN aBTOMATH3AIlli,
e(eKTUBHOCTI Ta Oe3Mell B pi3HUX chepax.

PoGororexniuni HazeMHi mmiuaTdopMu OyBalOTh KOJICHUMHU, TYCEHUYHUMH,
NIIIOXITHUMHA Ta KOMOIHOBAHMMH, 3 BEJIUKOI0 PI3HOMAHITHICTIO (YHKIH 1
MOXKJIMBOCTEH. BOHM MOXYTb JI1€BO MPAIIOBATH B PI3HOMAHITHUX YMOBAX 1 3HAXOASITh
3aCTOCYBAHHSI y MPOMUCIOBOCTI, JIOTICTHUII, JOCTIIKEHHSIX, OXOPOHI IPOMaJChKOI
Oe3meKn Ta eJIeKTPOCHEPT eTHIII.

KomicHi po60oTH — 11€ OJITMH 3 OCHOBHUX BHUJ[IB Ha36MHUX 00'€KTIB, KOKEH 3 SIKUX
Ma€ CBOi BJacHI OCOOJIMBOCTI, mMepeBaru 1 Hemodikd. BoHu edeKTUBHI 3 MOIIIBITY
CTIO’KMBAaHHS €HEPrii 1 Jerko MaHEBPYIOTh Ha BEJMKUX MIBHUAKOCTSX, ajle MOXYThb
BTpayaTu CTa0IbHICTh HA HEPIBHUX YU IIBUJIKUX MTOBEPXHSIX.

AHai3 Cy4yacHOro CTaHy 1 MEPCHEKTUB PO3UTKY HA3eMHHUX POOOTOTEXHIYHHX
w1aTGopM J03BOJISIE CTBEPKYBATH, 1110 €BOJIOLIS 1 BIOCKOHAJICHHS TPUBATUMYTh.
3acToCcyBaHHSI HOBITHIX TEXHOJOTiM, TakWX SK IITYYHUW IHTEJIEKT, MAaIluHHE
HABYaHHS 1 CEHCOpPHI CHCTEMH, MPU3BENE N0 CTBOPEHHS OUIBIIT e()EeKTUBHUX 1
MaHEBPEHUX AaBTOHOMHHX poOOTIB. BoHM OyayTh IIMPOKO BUKOPUCTOBYBATHUCS B

PI3HUX Tally3siX, OCOOJIMBO B EHEPreTHulll, 1 BiAIrpaBaTUMYTh BAXKIUBY pPOJIb Y
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MOKpAaIeHHI MMPOMHUCIOBOCTI, €IEKTPOCHEPreTUKH, JIOTICTUKH, JTOCTIKeHb 1 1HIINX
acIieKTax JIFOACHLKOI JISIJIbHOCTI.

OTxe, B JaHOMY PO3ILIl MPEACTaBICHO OIS PI3HOMAHITHUX HA3eMHHX
POOOTOTEXHIYHUX TUIATPOPM 1 MPOrPaMHOTO 3a0e3MeUeHHs JJIs TIIMOIIOTr0 PO3yMIHHS
iXHIX MOXKJIMBOCTEH 1 MOTEHIIIANTy Y BUPIIIICHH] 3aB/IaHb PyXy, HaBiraiii Ta B3a€Mo/Iii.
[Toganbun JOCHIKEHHS 1 pO3pOOKH B 11 00JacTi BIAKPUIOTH HOBI TOPU3OHTH Y
POOOTOTEXHIIII.

JlocmipkeHHsT y i 9acTHHI JEMOHCTPYIOTh, IO Ha3eMHI POOOTOTEXHIuHi
mwiarpopMu Ta iX mporpamMHe 3a0€3MEeYeHHs aKTUBHO 1 IIBUAKO MPOrPECYIOTh,
HA/JIAa04Md HOBI (YHKIT Ta MOXJIMBOCTI. BukopucTaHHS HazeMHHX pOOOTHU30BAHUX
maTdhopM y pi3HUX cdepax, BiJ MPOMUCIOBOCTI 10 HAYKOBHUX JOCIIIKCHbB, BIIKpHBAE
BEJIMKI MEPCIEKTUBYU JJIsl aBTOMATH3allii, TPOAYKTUBHOCTI 1 O€3MeKku Mpu BUKOHAHHI

PI3HOMaHITHUX 3aBJIaHb.
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2. XAPAKTEPUCTHUKA HAJI3BUYAVHUX CUTY AL

2.1 BUSHAUEHHS HAJI3BUYAMHOI CUTY AITIL TA IX KJJACUDIKAIIISA

Vkpaincbkuil  ki1acudikatop Haa3BUYAMHUX CHUTyaIlld Ta 1HIN OQIiiifHI
HOPMAaTHBHI JIOKYMEHTH BH3HAYAIOTh HAJ3BUYAWHY CUTYAIlIF0 HACTYITHUM YHHOM:

Hag3Buuarina curyarliss (HC) - e mopyiieHHss HOpMaabHOTO CTaHy KUTTS 1
JISUTBHOCT1 Jitojie Ha o0'exkTi abo TepuTopii, BUKIMKAHE aBapi€ro, Karactpodoro,
CTUXIMHUM  JIUXOM, eMiJieMi€o, 1HQEKIIMHUM 3aXBOPIOBAHHSAM, IIOXKEXKELO,
3aCTOCYBaHHSM 3acO0IB MacOBOTO YPaKCHHS, SKE MPHU3BEIO JI0 JIIOJACHKUX abo
MaTtepialibHUX BTPaT, 1110 COPUYUHKIIIO a00 MOKE CIPUYMHUTH Taki BTpaTH. [9]

OTxe, MPUYMHM TO1H, K1 MOXKYTh MPU3BECTH /0 BUHUKHEHHS HaJ3BUYAHOI
cUTyalii Ha TepuTopii YKpaiHH, € PIZHOMAHITHUMU: HaJI3BUYaHI CHUTYyalii
TEXHOTEHHOTO XapaKTepy - IIe TPAaHCIOPTHI aBapii, MOXexXi, He3aIIaHOBaH1 BUOyXHU
abo ix 3arpo3a, BUOYXHM 3 BHUKHUJIOM XIMIYHUX, DPaJ10aKTUBHUX YU O1OJOTTYHUX
pEYOBHH, aBapii, MOB’S3aHI 3 paNTOBUM pYHHYBaHHAM Oy/iBesb, aBapii Ha
1HKEHEPHUX MepekaxX Ta 00'€eKTax >KUTTe3a0€3MeUeHHs, T1APOJUHAMIYHI aBapii Ha
rpedisix 1 jamoax.

[Ipuponni Hebe3neku - 1€ HeEOE3MEe4HI TEONOoriyHi, METEOpOJIOTIYHI Ta
T1IPOJIOT1YHI MOPCHKI Ta MPICHOBOJHI SIBMILA, AETpajallis IPYHTIB 1 HaJp, NPUPOAHI
MOXKEXKI, 3MIHM BITPOBHX YMOB, eIMiJeMii cepel Joaed 1 TBapuH, 3HAYHE
MIOIIIKO/KEHHSI BPOXKAI0 dYepe3 XBOPOOW Ta IIKIJHUKIB, 3MIHM B CTaHI BOJOWM,
atmocdepu 1 6iocdepu TOIIO.

Hapm3Buuaiini cutyariii COmMiaJIbHOTO Ta TOJITUYHOTO XapakTepy alu 1o
MOB'SI3aH1 3 MPOTU3AKOHHUMU JIIMH TEPOPUCTHYHOIO Ta KOPYIIIIHHOTO XapakTepy:
BUMHEHHS a00 pealbHa 3arpo3a TEPOPUCTHUYHUX aKTiB (BiiCbKOBa 3arposa,
3aXOIUIEHHA 200 yTPUMAaHHS KPUTUYHO BAXKIMBUX O0'€KTIB, SIIEPHUX YCTAaHOBOK Ta
BIJIXO/IB, KOMYHIKAIllil Ta CUCTEM 3B'AI3KY, HAMMAJW YU CIPOOM HAIaiB Ha EKIMaxl
KOpaOJiB 1 Cy/eH), 3aXOIUIeHHS a0o crpoOa 3axOMyIeHHS CYJACeH YW X 3HUIICHHS,
3aXOIJICHHS 3apYYHHKIB, 3aKJIaJIEHHSI BUOYXOBHUX MPUCTPOIB Y TPOMAICHKUX MICIISIX,
BUKpaJieHHs a00 3aXOIUIeHHS 30poi, a TakOXX BUSABIICHHS 3acTapiInX OOEMpHUIIaciB

TOLIO.
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Han3suuaiini cutyariii BiiCbKOBOT'O XapaKkTepy, 1110 MOB'sI3aH1 13 3aCTOCYBaHHAM
30poi MAacoOBOTO ypa)K€HHs a00 JIOKAJbHUX 3aC00IB ypa)X€HHs, K1 MPU3BOIATH 10
BTOPUHHUX (PAKTOPIB, 1110 BUKIMKAIOTh YPAXKCHHs HACETICHHS, YHACIIIOK pYHHYBaHHS
aTOMHHX, COHSYHUX, BITPOBUX a00 T1IPOETIEKTPOCTAHIIIMN, CKIaJACHKUX MPUMILIEHb
a00 CXOBHWII PaJI0AKTUBHUX YHM TOKCHYHHX MarepiaaiB abo BIIXOJiB, IaJMBO-
MAaCTWJIbHUX MaTepiaiiB, BAOYXOBUX PEUOBHH, 00'€KTIB TPAHCIIOPTY Ta 3B'I3KY TOIIO.
HanzBuuaiini cutyaiiii BIiCbKOBOT0O XapakTepy B Kiacudikailii He po3risaatoThCs.

Ham3Buuaiini cutyarfii TOAUISIOTHCS BIAMOBIAHO 70 TUMy (Kareropii)

IHIUJICHTY, SIK TIOKa3aHo Ha cxeMi. 2.1.

HAJI3BHUYAMHI CHTYAIIL
HA TEPITOPII YKPATHH
3a macmrabom | V ciepi BHHHK- 3a raimysesolo
MOSKITHBHX HEHHsI I 03HAKOI0
HaCJIAKIB
3arabHOAEP>KARHOTO | | TexHOTeHHi | || B OyaieHHIITRI
PIBHS
PerioHanmbHOTO piB- | | [IpHpoaHi ||| Y eHpOOHHLITRI
Hs1
MicLieporo THIly | | CoLjambHo- Ha tpaHcniopTi
MOJITHYHOTO Xapak- |
T
O0'¢KTOBOTO piBHS Py
BoeHHoro XapakTepy | | | | B ciIbCbKOMY IOCIIO-
JapcTBi
B XHTIOBIH, KOMY- B nicHoMy rocriogap-
HaIbHIH i MOGYTORIH CTBI
ciepi

Pucynok 2.1. Knacugikatop Haa3BUYallHUX CUTYalllid B YKpaiHi
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HanzBuuaiini curyaiiii BINCBKOBOT'O XapakTepy.

OCHOBHOIO MPUYMHOK HECTaul JIETAIbHOIO OIKCY HAI3BUYANHUX CHUTyalld
BIMICBKOBOTO XapaKTepy € Te, IO BIMCHKOBI Jiii MOXKYTh BHUKJIMKATH PI3HOMAHITHI
KaracTpou — BiJ pyiHYBaHHs 1HQPACTPYKTYpHU Ta aBapiil Ha KPUTUUHUX 00'€KTax /10
EKOJIOTTYHMX KaTacTpod HAI[IOHAILHOTO MacTady.

HanzBuuaiini cuTyalii BIMCHKOBOTO XapakTepy SK HACHAOK OOMOBHX nii y
MiCTaxX Ta HACEJICHHUX MyHKTaXx.

Micra Ta cenuima 3aBXad NPpUBAOIIOBAIM BIMHH. SIK TIIBKM BOHW BHHUKIIH,
BOHM CTaJM TOJOBHUMU IUISIMU BOEHHUX 1M, 1 3aXOIUIEHHS IX CTaJ0 HaJA3BUYaWHO
CKJIaJHUM 3aBJIaHHsM. 3 4acoM 30posi cTaBasia Jeajl NOTYKHIIIOK, a HAaCIi KU 00iB
y MicTax - Bce OUIbII KaTacTpopiuHUMU. Y MICbKUX 005X BCl Oy/iBIII YacTille 3a BCe
ONUHSAIOTHCS TiJ TPHUIIIOM YCIX BUAIB 3BUYAMHHUX 030pO€HB, OCKUIBKM BOHH €
eJleMEeHTaMi OOOpOHM. SICKpaBUM MPHUKIAJIOM MAaCOBOIO 3HUIIECHHS >KUTIIOBUX
OyAMHKIB € aTaka Ha 4edeHcbke MicTo ['po3nmii y 1994 poni. baraTomoBepxosi
YKUTJIOBI OYJIMHKH CIYTyBaJid 0OOPOHHOIO 043010 1 OTPUMAJIHM 3HAYHI MOIIKOKEHHS.
Bnacnifok aTtaku OiIBIIICTh KUTJIOBUX CHIOpyH Oyra 3pyHHOBaHa, IO MPU3BEIO 0
YUCJICHHUX KEPTB CEepeJl IIMBUILHOTO HACEJICHHS 1 MIOBHOTO 3HUIIEHHS 00'€KTIB, 1110
3a0e3MeuyloTh KUTTEAISUIBHICT, MicTa. EnexkTtpo- Ta BojomocTtadyaHHs Oyiu
MPUMMHEH], JIKapHI Ta TIOXKEXKHA Ciy)k0a mepecrany (QyHKIIOHyBaTH. MicTo
NEepeTBOPUIIOCA Ha pyiHU. [HIIMM npuKIanoM pyHHyBaHHS 1HPPACTPYKTYPHU MICTA Ii]T
yac OoioBux i € JloHenpkuii aeponopt: 3a 242 aHi 00iB, COTHI CIpPoO IMITYPMY 1
TUCSY1 OOCTPLIIB OyIiBIII a€POMOPTY OYIH IIIKOBUTO 3HHUILIEHI.

[Ipore, oOkpiM pyHHYBaHHS KHUTJIOBUX OYAMHKIB, XEPTB CEpel MHUPHHUX
MEIIKAHI[IB 1 3HUIICHHA 1H(PAcCTPyKTypH, OOWOBI Ail B MICTax HECYTb WIe OLIbIILY
3arpo3y. ¥ KOXXHOMY BEJTMKOMY MICTI ICHY€ 3HAa4Ha KUTBKICTh PI3HUX MPOMUCIOBUX
HiAIPUEMCTB, TOMIKOUKCHHS SIKUX MOXKE MPU3BECTH [0 HAI3BUYANHOI CHTYyarli
BeJMKOro MacmTady. Hacammepen 1ie enexkTpocTtaHiiii, miCcTaHIlii, aBTOTPAHCIIOPTHI
KOMIIaHIi Ta 1HII ramgy3l BaKKOi Ta JIerkoi mpoMucioBocTi. Hacmigku BiydaHHsS
Oo€mpuITacy B aTOMHY eJIEKTpOCTaHIIi0 O0yiu 6 mo1i0Hi 70 HachiAKiB YOpHOOUIIECHKOT

Ta OYKYyCIMCBHKOI IepHUX aBapiii B AMoHii.
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[IpueMHOIO HOBHHOIO € Te€, 1110, Ha BIJIMIHY BiJl TEIJIOBHX EJIEKTPOCTAHIIIMN,
aTOMHI €JIEKTPOCTAHIIIT 3a3BUYai PO3TAMIOBYIOTHCS 11032 MEKaMH MICT. IcTopudHO Tak
CKJIQJIOCS, IO TETJIOBI €JIEKTPOCTAHINT OyayBalluCs B MICBKUX pailoHax, a 3T0JIOM - B
nepenMicTsx. OcHoBHa HeOe3MeKa TEMIOBUX E€JICKTPOCTAHIIIA IMOJsIraE B TOMY, IO
BOHU TMOTPEOYIOTh BEJIMKOI KIIBKOCTI TMajdbHOTO 1 pobdortu. IlammBo, 3a3Buualid,
30epiraeTbcst MOOJIM3Y ENEKTPOCTAHIIIM, 1[0 MOXKE MPU3BECTHU J10 PU3UKY BUHUKHEHHS
MaclITaOHUX MOXKEX, AKl CKIaJHO 3araCUTH HaBITh y 3BUYalHMI yac. SIckpaBum
MIPUKJIAIOM IIHOTO CTaJIa TOXKeXKa, IKa BUHUKIIA Ha KUIBChKii HadToOa31 y 2015 porri.

Taki moxexi MOXYTh JIETKO MEPEeKUHYTUCA Ha cycigHi Oymisimi. [Ipomucioni
O00'€KTM TakKOX PIZHATHCA 1 BKJIIOYAIOTh Pi3HI XIMIYHI 3aBOJM Ta CKJIATH, JI€
30epiraroTbCsl  BEIMKI 0OCSATM Troprouux MarepiaiiB. [lokexxi Ha XiMIYHUX
BUPOOHUIITBAX TAKOXK BAKKO KOHTPOJIOBATH Ta MOXKYTh 3aBJAaTH CEPUO3HOI IIKOIN
HABKOJIMIIIHBOMY CEpEllOBUINlY. Y Yacu BIUCBKOBUX il OOpPOTHUCS 3 TaKUMU
HaJ[3BUYAHUMU CUTYAIlISIMU HA0arato CKJIaHIIIe, HI’)K Y MUPHUM TIEPio/I.

BilicbkoB1 Ha3BUYAlHI CUTYyallli, HE TTOB'I3aH1 3 00HOBUMH JTiSIMHU.

BilicbkoB1 Ha/I3BUYaliH1 cUTYaIllii HE 00OB'SI3KOBO BUHUKAIOTH I1]T 4ac OOMOBUX
mii. YacTo BOHM MOB's13aH1 JIUIIE 3 BIHCEKOBUMH 200 MOJIITHYHUMHU OOCTaBHHAMH 1 HE
€ HACJIJIKOM aKTUBHUX OoMoBHX MIiid. YacTo BiJcTymaroui Bilicbka poOJIATH Yce
MOJXKJIMBE, 1100 3aTpUMaTH POCyBaHHs Bopora. Hali3HauHINIO TipOoeHEPreTUIHO0
karactpodoro B Ykpaini craB migpuB rpedni Jninpocbkoi 'EC pagsHchkuMu
Bitickkamu 18 cepriast 1941 poky. [Iporpapmm OUTBY Ha KOpP/IOHI, paJsSHCHKI BiiCbKa
MIBUKO BiICTymwiu Ha cxig no Jlmimpa, 1 18 cepmus Hamiinoia iHGopMalis, 0
Bepmaxt Hezabapom 3axonuth Micto 3anopikxs, ae HKBC migipamu rpe6:aro
HalOUIpIIOl B YKpaiHi T1APOETEKTPOCTaHIIli. 3a JaBHBOIO PAASHCHKOIO TPAIUIIIEIO,
MICIIeBE HaceJIeHHsI He OyJio eBakyiioBaHO a0o, MpuHaiMHI, HE OYyJI0 MOIMEPEeIKEHO
PO MIATOTOBIEHUN BUOYX.

Bubyxnyna 20-roHHa Oouka 3 amiakoMm, YTBOPHUBIIM BEIMYE3HY MPOOOIHY
3apmdpiikyd 0,165 km. XBuist 3 J[HIMPOBCHKOrO BOJOCXOBHMILA BHUpBajiacsi 4epe3
I{IJIMHY, BUKIWKAaBIIA XBWJI 3aBBUIIKKH B JICCATKH METPIB. bBylio 3HHIICHO

npubepexxHy 30Hy [[Himpa Ta 3armiaBy ocTpoBa XOpTHIA. XBHUJI TaKOX JIOCSTIIN
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cycimHix micT Hikonons Ta Mapraseriib, po3raiioBaHuX HUXKYE 3a TeU1€10. 3a pI3HUMU
olfinkamu, 3arunyno 6u3pko 100 000 ociO, OLIBIIICTD 13 SIKMX CTAHOBWJIM IIUBUIbHI
MEIIKaHIII TPWICTJIMX MICT 1 C1J1. XBHJIS TaKOX 3MHJIA PAJSHCHKI BIICHKOBI YaCTHHH,
AKI Ha TOM MOMEHT mepenpaBwincs Ha JiBuid Oeper J[luinpa. IIpomucnosi
HiAIpUEMCTBA MicTa Oynu mapanizoBadi. OKynariiiHi BiiichbKa 3allIUIH B 3amOpixKKs
JIMIIIE Yyepe3 MIBTOpa MiCSIIs.

Ipakchki Biiicbka 3aiMicHunan ananoriydi aii B Kysedrti B kinmi 90-x. Ilicis
yCIiXy KOoaMiiMHUX cui Biicbka XyceitHa Oyiu 3MymieHi 3amuimutu Kyseit. [lepen
B1JIXOJIOM BOHHM MiJIpBaIM BEJIUKY KIJbKICTh HAPTOBUX CBEPJIOBHH, 0 MPU3BEIIO J10
BUTOKY HapTH 3 Ha3eMHHUX pesepByapiB y llepceky 3atoky. Ax6u nHadToBI
CBEP/IJIOBMHU HE 3aracuiid, BOHU MOTJM O ropitu maibxe BiuHo. Hadra po3rekinacs mo
MOpIO, a TYCTHH YOpHUN AWM BiJ Tajgarodoi HAPTH 3aBIaB CEPHO3HOI IITKOAH
€KOCHCTEMI PETioHY.

HanzBuualiini cutyarlii BIICBKOBOIO XapakTepy, CIPUYMHEH! BUKOPHUCTAHHIM
30p0i MacoBOTO 3HUIIICHHS.

besymoBHO, 3acTocyBaHHs 30pOi MacoBOTO 3HHUINEHHS NPU3BOAUTH IO
HaNOIBIIMX JKEPTB 1 HACTIAKIB Y HAA3BUYAMHUX CUTYaIlisIX BIHCHKOBOTO XapaKTepy.
HaitnotyxHiioro 30po€ro, CTBOPEHOIO JIFOICTBOM, OyIa il 3aluIIaeThCs siiepHa 30post.
SnepHa 30posi MOXKe JOCTaBIATHCS Ha 1ojie OO0 3a JOMOMOIO PAKeT, JITAKIB Ta
aptunepii. ['o1OBHUM acmekToM aTroMHOi 30poi € MacoBaHl JIOACHKI KEPTBH,
3HUIICHHS a00 ypa)KeHHs 00'€KTiB 1H(PPACTPYKTYpH Ta IHIIMX CHOPYJ 1 TEXHIKH.
PyitHiBHUI BIUIUB SIA€PHOTO 30pO0i 3aJIKUTH Bi MOTYKHOCTI 3apsiay, TUIY BUOYXY
(moBepXHEBUH, MIJ3EMHUM, TTOBITPSHUM, TTTMOOKOBOHUN a00 Ha BEJUKIH BHUCOTI) Ta
tuny siaepHoi 6om6u. I[IpoTe B ycix BUMaaKax Ha JIOEH HETaTUBHO BIUIMBAIOTH
pi3HOMaHITHI (akTopyu (UYMHHUKH YPaKEHHS), Taki SK yAapHa XBWIS, pajiaiis,
BTOPUMHHI ypaxarodl (akTOpu, a TakKoX EJEeKTPOMAarHiTHI IMIyJbCH, UIO
MOIIUPIOIOTHCS 30BHI. 3a MUMHU (haKTOpamu CIIAYye 1€ OAuH (PaKTop - pagioaKTUBHE
3a0pyqHEHHS, SIKE BIUIMBAE SIK Y 30H1 BUOYXY, TaK 1 IPHU MEPEMIILIEHHI pal0OaKTUBHOI

XMapH.
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VYnapHa xBwig - 1e 00JacTh IIBUJKOI'O CTUCHEHHS HABKOJUIIHBOTO
CepeloBUIIA, 110 MOLIMPIOETHCA Y BUIIIAI cpepuyHOl Kyml B yci OOKH BiJ TOYKHU
JIeTOHAIlIl 3 TIMEep3BYKOBOI IMIBUAKICTIO. Ll BiOpaliss BUHUKA€E 3aBISKA BEIMYE3HIM
€Heprii, 1110 BUBLIBHAETHCS B 30H1 pO3May, € TEMIepaTypa € HaJ3BUYaiiHO BUCOKOIO,
a TUCK JOCsTa€ KPUTUYHUX 3HaueHb. Ll ymapHa XBUIISE MOXE 3aBAAaTH 3HAYHUX
MOIIKO/KEHb a00 HaBiTh MPHU3BECTU O CMEPTI 0€33aXMCHUX JIOJEH YU TBapHH.
HdpyropsaHum ypaxyroduuMm (HakTopoM MOXxe OyTH BIUIMB YJIaMKIB 3pyWHOBaHOI
1HOPACTPYKTYPH UM IHIIKUX 00'€KTIB, IO PO3TITAIOTHCS 3 BUCOKOIO MIBUIKICTIO.

OnTuyHEe BUIPOMIHIOBAHHS CKJIQJA€ThCA 3 KOMOIHAIli BUAMMOrO CBITIA Ta
noAi0HUX JO0 HBOTO 3a CHEKTPOM yiabTpadioneToBux Ta i1H(pauepBOHUX
BUIIPOMIHIOBaHb. J[)KepesoM ONTUYHOTO BUIPOMIHIOBAHHS € 30HA CBITIHHS Mij 4Yac
BHUOYXY, III0 YTBOPIOETHCS 32 PAXYHOK HArpiBaAIbHOTO MaTepiary O0O€roJ0BKH, TIOBITPS
Ta 3eMHOI noBepxHi. TemmepaTypa Ii€l 30HU TpUBa€ MPOTATOM IEBHOIO 4acy J0
temrepatypu coHusg (7-11 000 rpamyciB). CBiTIOBE BUIPOMIHIOBAHHSI TPHUBAE B
cepelHbOMY KiidbKa cekyHA. [lomko/pkyroua mAisi CBITJIOBOIO BHUIIPOMIHIOBAHHS
IPOSIBISIETHCS 3HAUHUMH CBITJIOBUMH IMITyJabcamu. [IpsiMme ompOMiHEHHS BUKIIMKA€E
OMIKW Ha MPUJIETJIMX YacTHHAX Tijla, THMYACOBY CJIMOTY Ta OMIKU CITKIBKU. IcHYe
TaKOX PHU3MK BTOPMHHMX OMNIKIB BiJ MOAyM's NalaluuX aBTOMOOUTIB, CHOPYH,
pocnuHHOCTI Ta omsary. Kpim Toro, (poToOHHE BHMPOMIHIOBAHHS MOXKE BUKJIMKATH
MO>KEeXI1 PI13HOT IHTEHCUBHOCTI Ha 00'€KTax 1 B HACENICHUX MYyHKTAaX.

[Iponukaroya pamiaiiis € OJHUM 3 CephO3HUX (haKTOpIB aTOMHOI 30poi 1
XapaKTEepPU3yeThCSl TaMMa-TPOMEHSIMU Ta HEWTPOHAMH, IO BHUIIPOMIHIOIOTHCS B
atMocdepy 13 30HH BUOYXy. KpiM Toro, 10 HUX 10Jal0ThCs anb(da- Ta OeTa-4aCTUHKH,
ane iXHIW BIUTUB HA JIOJEH 1 OO0'€KTHM HE PO3IIIATAETHCS Yepe3 KOPOTKUIl TepMiH
iXHBOTO KUTTA. TpUBATICTH 111 MPOHUKAIOYOI pajliallii He MEPEBUIIYE KIITBKOX CEKYH/I.
BB npoHukaro4doi pazgiamii Ha >KMBI OpraHi3MHu IOB'SI3aHHM 13 HMOBIPHICTIO
PO3BUTKY ITPOMEHEBOI XBOPOOHU.

EnekTpoMarHiTHUM IMIyJbC - 1I€ Mar”iTHE MoJjie, 10 BUHUKAE BHACIIAOK
B3a€MO/IIi anb(a-MpoOMEHiB 3 aroMaMU 1 MOJEKYJaMHU OTOYYIOUOIro CEpeOBHIIA,

nepenaroyn iMIyibc eHeprii. BiH He 3aBJae IIKOAM KMBUM OpraHi3Mam, ajile MOXe
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CIOPUYUHUTH MPOOJEMHU MPU BUHUKHEHHI BUCOKOI HANpyru 1 CTpyMy B MPOBOJIaX Ta
Ka0eJsIX MOBITPSIHUX JiHIM, CUCTEM CUTHaMI3alli H eleKTpo3ade3NeyeHHs, a TaKoXK
paaioaHTEH.

PanioaktuBHe 3a0pynHEHHS - 1€ 3a0pyJIHEHHS MICIEBOCTI MPOAYKTAMHU
sanepHoro Bukuay. lle BinmOyBaeThcs B pe3yibTaTl OCIIaHHS pPajlOAKTUBHHUX JOIIIB
(MaTepianiB) 3 sepHoro BUkuay. OCHOBHI JKepena pagloaKTUBHOCTI - 11€ TPOIYKTH
MOy MaTepialiB, 0 BXOJIATh JO0 CKJAAY SAEPHOTO MaJIbHOrO, a TAaKOXK HaBelcHa
pamioaKTHBHICTh, TOOTO BIUIMB BHUIPOMIHIOBAaHHS Ha TI€BHI XIMIYH1 €JIEMEHTH
(HampuKJIaj, HaTpii, KpEMHIM, KOOAJIbT, 3aJ1130), 110 MICTATHCS B IPpyHTI. PagioakTrBHE
3a0py/IHEHHS Ma€ KiTbKa XapaKTEPUCTHK, IO BIAPI3HAIOTH OO BiJl IHITNX YUHHHUKIB
ypaXXeHHsl SEpHUX BUOYXiB. A came: BeJNMKa IUIONIA MOMUPEHHS (B THUCSY 0
JIECATKIB TUCAY KBAJPAaTHUX KIJIOMETPIB), TPUBAIMN Yac HACHIIKIB OMPOMIHEHHS
(T>KHI, a THOJII ¥ MICSII) 1 CKJIQIHICTh Y BUBHAYEHHI PaJll0aKTUBHOTO Martepiany (BiH
HE Ma€ 30BHIIIHIX 03HAK, TAKUX K KOJip abo 3amax).

[Ticns ycnimHoi ataku Ha logzimy y 1945 pori IN'enepanshuii mrad CHIA moyan
pPO3pOOKY IJIaHIB BTOPTHEHHS Ha SIMOHCHKHM apximenar. BpaxoByrouu CBiil J10CBij
BEJICHHSI BIMHU 3 ATIOHIIMH 1 IHPOPMAITiIO PO TOTOBHICThH SITOHCHKOTO HACEJIEHHS 10
(dhaHaTU4YHOI OOOPOHHU, AMEPUKAHChKE KOMaH1YBaHHS OI[IHUJIO, IO aTaka Ha KJIFOYOBi
MicTa IMIIepii KOIITyBaTUMe OJIM3bKO JIBOX MUIbHOHIB XKHUTTIB 1 3aliMe 111€ KUJTbKa POKIB.
o0 ynukuyTH 3aTspKHOT BiitHH, CILIA Bupimmin 3acToCyBaTH HaliCy4JacHiIly Ha TOR
qac siiepHy 6omoOy.

[leproro mimmo crana Xipocima, Ha sy 06.08.1945 poky Oyna ckuHyTa aToMHa
6om0a mig HazBoro «Mamoky. O 8:15 paHky 3a MiclIeBUM 4yacoM Ha BUCOTI 580 mMeTpiB
HaJ 3eMJICI0 CTaBCcsl BUOYX, IO EKBIBAJIEHTHHH mnpuOIM3HO 15 KimoToHaMm Yy
TPOTHJIOBOMY BHpa3i. JIroau, Kl OMMHUIUCS HaHOJIMK4YE 10 TIOLEHTPY, 3aruHyIu
MUTTEBO, 1 iXHI TUIa IEPETBOPUIIMCS Ha NOpox. [ITaxu, 1mo nposaitaan MUMO, 3ropuIH
B TIOBITPI, a CyXl MaTepiaiu (HampuKIIaJ, Mamip) 3aropuiics Ha BiJCTaHi 0 2 KM BiJ
eniueHTpy. llpomeHi cBiTia BUKapOyBaJid YOpHI BI3EPYHKHM Ha IIKIPSIHUX OAS31 1
3JUIINIIA CUJTYeTH JIFOJCHKUX TUT Ha CcTiHaX. Ti, XTO He OyB y Oy/IBIISX, TIEPEKUIH

CIIMYYUH crnajiax, 3a SKUM HacTajla 3aQylUIMBa XBWIS Teria. BuOyx mpakTuyHO
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MUTTEBO HAKpUB 1 30MB 3 HIT BCiX, XTO nepeOyBaB moOiu3y emineHTpy. Jlroau B
CHOpYyJax 3MOINIM YHUKHYTH CBITJIOBOI'O OIMPOMIHEHHS BiJ BUOYXY, ajge HE MOIJHU
VHUKHYTH yaapHoi xBwii. OauH xyonens OyB BUKMHYTHUH BHOYXOBOIO XBHJICIO 3
MPUMIIIICHHS Yepe3 BYJIUINIO, a OY/IBIIA 32 HUM oOBayimiiacs. 3a jJideH1 XBWIMHA 95%
0ci0, 110 OMUHWIKCS B PajilyCi OJHOTO KIJIOMETpa BiJl €MILEHTPY, 3aTUHYIIH.

Ane cam ckujgaHHs 00MOu OyB suie nmovyarkoM. Kigbka MEHIIMX MOXKEXK, 1110
BUHUKJIM OJIHOYACHO B MICTI, BPEIITi-pelIT 00’ € THATUCS B OUH BEJIMKWNA BOTHSHUI
yparaH, SKuid 3 CWiIbHUM BiTpoM (60 KM/TOm) BHpBaBCS 3 CMIICHTPY 3aiiMaHb.
Borusuuit yparan oxonus noHaj 11 kBagpaTHUX KIJIOMETPIB MICBKOI TEpUTOPIi, 1 BCi,
XTO HE BCTUT BTEKTH MPOTITOM JEKIIHKOX XBHWJIWH Micis BHOyXy, 3aruHyiau. Yepes
KUTbKa JHIB JIIKapl MOYay MOMIYaTH MEepIli CUMIITOMH pajialliftHOr0 OIPOMIHEHHS Y
TUX, XTO BIXKUB Ticiisi BUOYXy. CMepTHICTB BiJl TOCTPOi TPOMEHEBOI XBOPOOU A0OCSTIIA
MKy 4epe3 TPU-YOTUPH THOKHI TIcTs BUOYXIB 1 MOYaa 3HUKYBATUCS Yepe3 CIM-BICIM
TUXKHIB.

[lle ogHuM BUAOM 30pOi MAcCOBOIO 3HMILEHHS, BUKOPUCTaHHS SKOIO Mae
Cepiio3H1 HacHiAKU, € XiMiuHa 30posi. HaliBigomilmiuM MNPUKIATOM MacOBOTO
3aCTOCYBaHHSI XIMIYHOI 30poi Ta ii BIUIMBY Ha €KOJOTIIO IIUJIOI KpaiHU € oreparlis
«Panuo Xenay, npoBejieHa aMepUKaHCHbKUMU BINCHKOBUMM M1 Yyac BiiiHU y B'eTHami.
Mertoro 1i€i omeparrii Oys0 3HUIICHHS POCIMHHOCTI JIICIB Ta Xaill, 10 CIPOCTHIIO
BUSIBJICHHS TIAPTH3aHCHKUX 3aroHiB. J[Js yCyHEHHS POCIMHHOCTI PO3MUIIOBAIN
nedomiant. Onepaiist «Pyka paHuo» posmouanacs B iroToMy 1962 poky 1 TpuBaia 10
1970 poky. XiMiuHI PEYOBHHHM, IO BUKOPUCTOBYBAIMCS, HA3UBAINCSA POKEBUMH,
3eJICHUMU, MNYpPIypHUMHU, OJIAKUTHUMH 1 TOMAapaHYEBUMHU (Ha3BU TOXOISATH BiJ
KOJIbOPIB Ha €THUKETKaX KOHTEHHEPIB 13 XIMIYHUMU pedoBuHaMu ). HaiiBigomimum OyB
«Arent OpaHx», SIKM BUSBUBCS TOKCUYHUM JUISl JIFOJICBKOTO opraHizmy. llig uac
BIIHM aMEpPUKaHChbK1 BIMCHKOBI BUTpATHJIM 72 THCS4Yl KyOlUHMX METpIB JAedoiiaHTa
Agent Orange B IliBnenHomy B'eTHami misi 3HHMIIEHHS JIICIB, 3 SKUX 44 THCAYI
KyOOMETpIB MICTHJIM JIOKCHH. [[IOKCHMH - 1I¢ XIMIYHA PEYOBHHA, sIKa MOTPAIUISLE B
OpraHi3M JIIOJIMHM 4Yepe3 BOAY 1 1Ky, BUKIMKAIOYM PI3HOMAaHITHI 3aXBOPIOBAHHS

MEYIHKH 1 KPOBI, CEpHO3HI BPOUKEH1 1epekTH Ta mpobiieMu 3 BariTHICTIO. B miomy,



45

npuoIM3HO 4,8 MIJIbHOHA JIFOACH MOCTPaXKIaIl BHACTIOK PO3MUJIEHHS 1e(OIiaHTIB Y
B'ernami, 3 HuUX 3 MIIBHOHM - MpsMI KEPTBU. EKOJOTIYHI HACIIJIKH MacOBOTO
BUKOPUCTaHHS XIMIKaTiB HaJA3BUYAWHO cepio3Hl. Maiike TOBHICTIO Oyl 3HUIICHI
manrposi jgicu (500 000 ra), noctpaxaas 62% TponiyHuX JiciB (0au3bKko 1 MIIH ra) Ta
35% piBaunnuX jgiciB (moHaa 100 000 ra), a 3 1960 poky 300pu KaydyKOBHX IJIaHTAIlINA
3MeHIIUINCS Ha 75%; BUKOPUCTAHHSI XIMIYHUX JOOPUB MPU3BEIIO 10 3HUIIICHHS TTOHA/T
1,5 MJIH ra MaHTPOBHX JIIC1B; BAKOPUCTAHHS XIMIYHUX JOOPUB MPU3BEIO 10 3HUIICHHS
noHana 1 mutH ra MmaurpoBux JiciB. bynu 3uumieni Bix 40 no 100% nnanTariii 6aHaHiB,
pucy, kaprorii Ta tomariB, 70% kokocoBux Iutanrtamiii, 60% resei 1 110 000 ra
TUTAHTAIN Ka3yapuHH.

BukopucranHg XiMIKaTiB CYTTEBO 3MIHWJIO €KOJIOTiYHMM OamaHc. VY
MOCTpaXAIMX paioHax 3amummiocs 18 3 150 BumiB mraxiB, am@ibii Ta Komax
MPAKTUYHO 3HUKIIM, 3MEHIIMJIACh KITBKICTh pUOM B PiKax Ta 3MIHUBCA ii BHIOBUUN
ckiaa. MikpoO10JOriYHUM CKJIaJ TPYHTIB OyB MOPYUIEHUH, a POCIMHHU OTPYEHI.
KinbkicTe BUAIB JIEpeB 1 YarapHUKIB y TPOMIYHUX JIicax PI3KO CKOpOTHIIACs, 1 Ha
MOCTPAKJIAIUX TEPUTOPIAX BAIMINWIOCA JIMIIE KUIbKa BHIIB KOJIOYUX Tpas,
HEMPUAATHUX U1 KopMy Xyno6i. 3minu B (ayni B'eTHamy mpusBenu no Toro, 1o
OJIMH BUJl YOPHOTO L1ypa, sIkuid nepeHocuth uyMy B IliBgenHiit 1 IliBgenHo-CxigHii
A3ii, OyB BHUTICHEHUH IHIIUM BHJOM. 3MIHUBCA BHUJJIOBHUM CKJIaJ KIIIIIB - CTaJH
3'IBISATUCS KJIIN, $KI TepeaaroTh HeOe3meuHi XBOpoOu. 3aMicTh Oe3neyHux
EHJEMIYHUX KOMapiB, HassBH1 KOMapi-MEPEeHOCHUKH MaJIApii.

OTxe, HaBEACHI MPHUKIAIU JAEMOHCTPYIOTh, 110 BUKOPUCTAaHHS PI3HUX BUIIB
30poi y BIHCHKOBUX KOH(DJIIKTaX MOXKE MaTH JAYyXe€ CEPHO3HI HACIIIKH, Y TOMY YHCII
JUTS €KOCUCTEM LITUX PET10HIB.

3 2014 poky ykpaiHCbKa JepaBa ONUHUJIACS B CKIAAHINA cuTyarii. Sk y
BIMICbKOBOMY, TakK 1 B IIOJITUYHOMY IJIaH1. BiiickkoBa arpecist 3 00Ky Tak 3BaHOi pocii
npu3Besa 0 OKYMallii YaCTHHHU TePUTOPIi, 10 3MYCHIIO Y KpaiHy 3aXMIIAaTH CBOT MEX1
Ta HAI[lOHAIbHY €IHICTh YCIMa MOXJIMBUMHU crnocobamu. HaifzHauHimmMm etamnom
11bOT0 KOH(ITIKTY cTaynu 60#oBi aii Ha lonOaci Ta JIyranmuHi. Y 1bOMy IPOTUCTOSIHHI

Oynu 3aiydyeHl Maike BCl BUIAM Ta TUIU TaK 3BAaHUX 3BUYAHHUX O30pO€HD, IO
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MPU3BEJIO JI0 BEJIMYE3HUX PYHHYBaHb 1 YMCIEHHUX *epTB. OTke, 1le IPU3BEI0 A0
dbopMyBaHHSI CUTYyalllf, $KI MOXHa Ha3BaTU «HAJ3BUYAWHUMHU CHUTYallsIMU
BIMICBKOBOT'O XapaKTepy».

Xouya arpecisi Tak 3BaHOi pocii 1 O0MoB1 Ali caMi MO co0l € Haa3BUYAHHUMU
cutyarismu, HarioHanpHMi KoMiTeT 3 Kiacudikailii Haa3BHUYaWHUX CHUTYaIlii
BHU3HAYAE HAA3BUYANHY CHUTYAIlII0 BINCHKOBOI'O XapakTepy K CUTYaIlllo, MOB'sI3aHy 3
HACJIJJKaMU 3aCTOCYBaHHS 30pOi MacoBOr0 ypaKeHHsS abo 3BUYAMHUX 3ac00iB
ypaxXeHHs, 1110 MPU3BOJAUTH 10 PYHHYBAHHS aTOMHUX 1 T1POEIEKTPOCTAHIIIN, CKIIAIB
1 CXOBHIII paJIlI0aKTUBHUX, OTPYHHMX 1 BIANPAIIbOBAHUX MaTepialliB, HAQTOMPOIYKTIB,
BUOYXOBHX DPEYOBHH, TPAHCIOPTHUX Ta 1HXKEHEPHUX KOMYHIKAI{, II0 BUKIUKAE

BTOPUHHI (PAaKTOPU YPa’KEHHS BChOT'O KUBOTO.
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2.2. OI'JIA HAJI3BBUMYAMHUX CUTY AL

MOHITOPHUHT - 1I€ CIIOCTEPEKEHHS 3a 3MIHAMHU B 4Yaci CTOCOBHO CTaHy 00'eKTa
il BIUIMBOM (haKTOPIB HABKOJIMIIHLOTO CEPEAOBHINA Ta JIFOJACHKOI ISIIBHOCTI,
BUBUYEHHSI OTPUMAHMX JaHUX 1 (OPMYBaHHS KOPUCHUX MPOTHO3IB Ha OCHOBI I[LOTO
aHami3y. ['0JIOBHOIO METOI0 MOHITOPUHTY € CBOEYACHE BUSBJICHHS HECIIPABHOCTEH 1
HETATUBHUX TEHACHIIIM, 3aro0iraHHs aBapisM 1 HaJ3BUYAHUM CUTYAIlIsIM, & TaKOX
MiHIMI3a1lis 30UTKIB, 1110 BAHUKAIOTh BHACIOK KaTacTpod 1 BOEH.

[le Moxe OyTH HOCATHYTO 4Yepe3 OpraHizailiio Oe3NnepepBHOTO MOHITOPUHTY
00'€KTIB, IO MIAJISATAIOTh PU3UKY BUHUKHEHHS HAI3BUYAaHHUX CUTYaIllil TEXHOT€HHOTO
Ta MPUPOTHOTO XapakTtepy. s oTpumaHHs 3po3yMuIol Ta 00'€KTUBHOI 1H(OpMaIIii
po 00'€KT MOHITOPUHTY IMOTPIOHO 3AIMCHIOBATH KOMIUICKCHUH 1 KOMOIHOBaHUMA
MOHITOPUHT Ha OCHOBI IPUHITUIIIB CUCTEMHOTO Tiaxoay. [IpoexTyBanHs, po3poOka Ta
BIIPOBA/PKEHHSI CUCTEM MOHITOPUHTY MOXKYTh BUKOHATH ITf0 3a7a4y. OJJHaK BaKJIMBO
pPETENBHO TPOJYMATH BCl €Tanmu 300py KOHTPOJIbHUX AaHUX, II00 3a0e3MeuuTH iX
TOYHICTh Ta sKicTb. OIHMM 3 BapiaHTIB 3IACHEHHA €(QEKTUBHOI CHUCTEMU
MOHITOPUHTY € 30ip Ta cucTeMarusallis 1HpopMallli Tpo HAA3BUYAMHI CUTYyalli, 110
CTaJIMCS, @ TAKOXK PO3POOKa MOJATBIINX 3aX0/iB Ha OCHOBI ITUX JIAHHX.

Etanu 3aBgans Ta (QyHKIII, $SKi BHUKOHYE CHCTEMa MOHITOPUHTY Ta
nporHo3yBanHs HC:

- 30ip Ta aHami3 iHpopMaIlii Mpo MOTEHITIHI JKepena HeOe3neKn (3eMIIETPYCH,
BYJIKaHIYH1 BUBEP)KEHHS, CMepUl, TOPHAJIO, JIICOBI MMOYKEXK1, [IOBEH1, HETUITOB1 3MiHU B
npuponl, emifemii, BUOyXH Ha MPOMHUCIOBUX OO0'eKkTax, HeOe3meuHi Ta TOKCUYHI
BUKW/IU, pyHHYBaHHs OynaiBenb, I TII, TepopucTuyHi akTH, BiiiHN);

- HayKOBl BHCHOBKM Ha OCHOBI OTpuUMaHOi iH¢opMallii Ta TMOsSCHEHHS
3aKOHOMIPHOCTEH 1 MPUYMH BUHUKHEHHS HAJ3BUYaHUX CUTYAaIlil;

- ¢dopmyBaHHs 1HGoOpMaIlIHHOI 0a3W JaHUX TIPO JpKEpena 3arpo3 it
HaJ[3BUYAHHUX CUTYAIlIH;

- imeHtudikamis noTeHuiMHUX mxkepen HC 1 omiHka iX WMOBIPHOCTI.
[Iporno3yBanHs BUHUKHEHHSI, XapaKTepy, MaciTabiB 1 crieHapiiB po3BuTky HC;

- CTBOPEHHSI QJITOPUTMIB JIili B yMOBax HaJ3BUYANHUX CUTYaIlil;
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- IPUMHSATTS Ta KOOPAWHAIlIA 3aX0/11B (BKJIIOYAIOUM €KCTPEH1) JJIs 3aro0iraHHs
ta nokamizamii HC;

- CTIOBIIIIEHHSA Ta €BaKyallisl HaCeJICHHS;

- 3a0e3neueHHs 0C3MNeKH UBLILHOTO HACCICHHS,

- 3MEHIIEHHS pPYyWHIBHMX HACHIJIKIB, MIHIMI3aIlig Ta JKBigamis (sSK
KOPOTKOCTPOKOBHX, TaK 1 JOBFOCTPOKOBHUX) HACIIJKIB Ta BIJHOBJICHHSI HOPMAJILHOTO
(GyHKIIOHYBaHHS JIOEH;

- MPOTHO3YBAaHHSI HACHIJKIB 1 30WTKIB BiJ] BIUIUBY 3arpo3 Ha HaBKOJMIIIHE
CEPENIOBHUIIIE, KUTTEAISUIBHICTD YKUBUX OPraHi3MiB Ta MOXKJIMBUX MaTepiaJIbHUX BTpar.

[Ipoanamizyemo MIDKHApOAHI JOCSTHEHHS MOHITOPHUHTY HaA3BUYAHHUX
cuTyarid. VY 3axiIHMX KpaiHaX YCBIJIOMJICHHS HEOOXIJHOCTI CTBOPECHHS
OpraHizaliifHuX CTPYKTYp UId MATPUMKU NPUHHATTS pillieHb B HAA3BUYANMHHX
CUTYallisIX PI3HOTO MOXOKEHHS CTajl0 BU3HAHUM 1 Peai30BaHUM Yepe3 KOHKPETHI
npouenypu. Y Himeuuuni, Hanpukiaa, y 2002 pori Oyno 3acHOBaHO 3arajibHUM
iHpopMarniiHo-cutyariiiani neHTp (Gemeinsames Melde- und Lagezentrum -
GMLZ) nin erigoro denepaibHOTO BIAOMCTBA 3 LMBIJIBHOTO 3aXMCTY Ta HaJaHHS
JIOTIOMOTHY B HaJ3BUYaHUX cutyarisx. [lentp cninpHux ganux (Gemeinsames Melde-
und Lagezentrum - GMLZ) mae HacTyIHi TOBHOBa)KCHHSI:

- OTpUMaHHS TEPMIHOBOI iH(oOpMaIrii, B Tomy uncii 1yt 3MI, y pa3i BAHUKHEHHS
3HAYHOI HAA3BUYANHOT CUTYaIlii;

- 30ip, peryjsipHE OHOBJICHHS Ta HadaHHSA (eaepalbHUM MIHICTEPCTBAM 1
MICIIEBM OpraHaM BIIJW BIIOMOCTEH MpO 3arajbHy CHUTYAI[IF0 B IAPWHI 3aXHCTY
HACEJICHHS,

- aHaJ i3 IIKOOM 1 MOXIMBUX HACHIAKIB, IIOB'I3aHUX 3 HAI3BUYAMHOIO
CUTYAITI€10;

- IPOTHO3YBaHHS 3arpo3 1 MOXJIMBUX HACIIJKIB, MOB'SI3aHUX 3 HAJA3BUYANHOIO
CUTYaITI€10;

- BU3HAUCHHS 00CSITYy HEOOX1THUX PeCypciB.

VY Hleediniapii y CTpyKTypl BUKOHABYOI BJaJiM, IO BIAMOBIAAE 3a peajizalliio

JIep>KaBHOI MOJITUKH B cdepl HUBLILHOTO 3axucty (PeaepaibHe BIJOMCTBO 3 MTUTaHb
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IUBUIBHOTO  3axHCTy), (yHKIioHye HaimioHanpbHUN ONEpaTUBHHUM IIEHTp 3
Haa3BuuaiHux curyarid (NEC) - ¢denepanbHuil LEHTp €KCHEPTHOI JOMOMOTH Y
BUpIIICHH] HaA3BUYaliHUX cutryamiil. LleHTp Moxe mpaioBaTé SK Yy PEKUMI
1[1710J000BOr0 MOHITOPUHTY, TaK 1 B PeKKUMI MOO1TI3a11li pecypciB (BJIACHUMHU CUIIAMH,
3 3aJy4eHHSIM PECYpCiB I1HIIUX BIAOMCTB Ta MiANMpUeMCTB). OCHOBHI 3aBIaHHS
ONEpPaTUBHOIO LIEHTPY BKJIOYAIOTh OpraHi3allil0 pearyBaHHS Ha HaJA3BUYalHI
CUTyalli, TOB'I3aHI 3 PAaJI0aKTUBHUMHU PEUOBHMHAMH, aBapissMU Ha XIMIYHHX
MIPUEMCTBAX, PYHHYBAaHHAMH 1aM0 Ta BETUKUMH CTUXIHHUMHY JIMXaAMHU.

TakuM 4yuHOM, 3aBJJaHHS LILOTO LIEHTPY BKIIIOYAIOTh:

- TIOCTIMHUU ONEpaTUBHUN aHali3 Ta BCEOIYHUNM MOHITOPHHI aKTyaJbHUX
3arpos;

- MPOTHO3YBAaHHS TO3WTUBHOI JWHAMIKH PO3BUTKY Ta BHSIBJICHHS/YCYHEHHS
3arpos;

- TEOPETUYHE MTPOTHO3YBAHHS KPU30BUX CUTYAIlIl;

- KOOpJIMHAIIISA A1H BIIOMYHMX OPraHiB J0 Ta IiJ] 4ac KPU30BOi CUTYAIIIT;

- NPUUHATTA HEOOXITHUX PILIEHb ISl 3a00IraHHs Ta MOAOJAHHS KpPU30BHX
CUTYaIlii 1 3HUKESHHS 1X HACJIJIKIB.

[uiibHa 00opona Crionyuenux IlTaTiB Amepuku nouana hopmyBatucs y 50-
X pokax XX CTOJITTS, Ha MOYATKY X0JI0JHO1 BiiiHU. CaMe B Toi nepios OyB yXBaJleHUH
3aKOHOIPOEKT, KU 3rofOoM CTaB 3aKOHOM MpPO LMBUIbHY O0OpOHY. 3TiTHO 3 UM
3aKOHOM, CHCTEMH LMBUIBHOI OOOpPOHM Maju 3a 3aBJaHHS 3aXUCTUTH MicTa 1
IIPOMUCIIOBI LEHTPU BiJl MAacOBUX MOBITPSHUX HAMaaiB MOXJIHBOTO PaAASHCHKOTO
BOpOTra, a 3roJIoM — 1 BiJI sijiepHoi ataku. [licist mouaTky BiiHH Oylia CTBOpEHa CUCTEMa
CTIOBIILICHHS, MEpeka YKPHUTTIB 1 eBaKyallliHUX IIEHTPIB, a TAKOX PO3POOJICHO TUIaH
eBakyallii 3 HeOe3neunux 30H. [lizHime Oyno 3acHoBaHO DenepalibHE areHTCTBO 3
Haa3BuuaiHux cutyauii (FEMA, 3 mra0-kBaptuporo y BamumHrTOHI, OKpyr
Komym6is). 3riqno 3 mangaroM, HaganumM FEMA, opranizariisi moBUHHA BiAIIOBIIaTH
TaKUM KPUTEPISIM:

- 3a0e3neueHHs (GYHKI[IOHYBAaHHS KpaiHU B YMOBaX sIZICPHOTO KOHDIIKTY;
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- po3poOka 11aHiB eBakyartii 1y rpomaasia CHIA 13 moTeHIIiHHO HeOe3MeuHuX
TEPUTOPIl;

- peasizailis 3aX0/1B BIJIMOBITHO /10 OY/IBEIbHUX TUIaHIB 3aXUCHUX 00'€KTIB;

- YIOCKOHAJICHHS Ta MTOCHJICHHS 3aXHUCTY CUCTEM 3B'SI3KY Ta OMOBIIICHHS;

- 3a0e3meueHHss 000POHU Ta SKICHOI poO0TH (peepanibHUX 1 MICIIEBUX OpPraHiB
BJIQJIH;

- CTBOPCHHS Ta PO3IOALT IMTPOIOBOIBCTBA HA BUTIAJ0K HA3BUYAHHUX CHTYAITIH.

Opranizaiisi 3aX0fiB 3aXHCTy HACEJIICHHS Ta TEPUTOPIH BiJ HaI3BUYANHUX
cutyalliii y Benukiit bpurtanii 6a3yeTbcsi Ha TOCB1I1 MOPATYHKY JIOJEH, KyIbTYpPHUX
[IHHOCTEH 1 MaTepiallbHUX pecypciB mig yac 6omOapayBansb mij yac [epmroi Ta Jpyroi
CBITOBUX BOEH Ta TNoAalnpliux 30podHux arpecif. Cucrema ¢GakTUYHO He
BIPI3HAETHCS BiJ aHanoriunux y Himeuunni ta @paniii. OCHOBHI Micii 3aHMIIAI0THCS
HE3MIHHMMU: IUIaHYBaHHS, HaBUaHHS, KOOPAMHAIS il Jep)KaBHUX 1 MICIIEBUX
OpraHiB BjJaJu IiJi 4ac 3BUYAHUX 1 HAJ3BUYAWHUX OMepailiii, 30kpema IiJ yac
pPATYBJIBHUX 3aXOiB, 3BI3Ky Ta crnoBimeHHsa. Tak camo, sk 1 FEMA B CIIA,
OpUTaHChKAa CHCTEMa HE Ma€ BJIIACHUX MIIPO3ALTIB ad0 pecypciB, OKpIM MiIPO3ALTY
CIIOCTEPEXKECHHSI 3a pajiamiiiHo 0e3nekoro. BilChKOBO-TIOMITHYHE KEPIBHUIITBO
JTOKJIaJIa€ 3HAYHUX 3YCHJIb JUISl TIIATOTOBKY HACEJICHHS JIO il y BUITAIKy BUHUKHCHHS
KPUTUYHUX CHUTYAIlid Ta MiATOTOBKU KBali(pikOoBaHUX KaJpiB y cepl 3amodiraHHs i
JMKB1Aaii HEraTUBHUX HACJIIIKIB.

Takum ymHOM, opraHizaris 1 AiSUIBHICTh IMBUILHOI OOOPOHU B KOKHINA KpaiHi
Ma€ CIIbHI 3aCaH:

1. He3Baxkatounm Ha 3MEHILIEHHS 3arpo3 SIAECPHOrO0 KOH(QIIIKTY Ta 3pOCTaHHSA
BUKJIUKIB, TMOB'SI3aHUX 13 3aMO0IraHHAM TEXHOT€HHUM KaracTpodam 1 MPUPOIHUM
JMXaM, HeralHe pearyBaHHS Ha Clajaxd, MPOBEACHHS PATYBAIBHUX Ta IHIIMX
TEPMIHOBHX 3aXOiB, Il CHUCTEMH MPOAOBXKYIOTh BIJIITPaBaTH BAaXIUBY pPOJIb Yy
3a0e3MeueHHI HalllOHAJIbHOT 00OPOHH.

2. YhpapiiHHS IUMH CUCTEMaMH 3J1HMCHIOEThCS HA JEp>KaBHOMY piBHI, abo
6e3nocepeIHbo uepe3 MiHicTepcTBO 000poHU a00 MiHICTEpCTBO BHYTPIIIHIX CIPaB

Ta 3B'3KY, 00 uepes creriaibHl JepKaBHI CTPYKTYPH.
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3. Hii B Hag3BUYAWHUX CHUTYallisX OPraHi3ylOThCS MIHICTEPCTBAMU Ta
MICLIEBUMU OpraHaMU BJIaJH, SIK1 MalOTh HEOOXIJIHI PECYpPCH Ta Cy4acHE 00JIaJHaHH,
3okpema y CIIA, Himewunni, ®@paniii, Benukobpuranii. barato kpaiH, 30Kkpema
CIIA, Himeuuuna, @paniisi, BenukoOpuranis, Itamia ta fInoHis, opra"izoByroTh 1
MPOBOAATh HAWOUTIbIE PATYBAIBHUX Ta TEPMIHOBHX OIEpailiii, TOMY BOHHU
30cepe/KeHl Ha MIATOTOBIN 10 A1 y HaA3BHYaHUX cuTyauisx. Kpim Toro, mis
JIKBIJAII] HACIIJKIB aBapii Ta CTUXIMHUX JMX 3aTy4al0ThCs TPOMAJIChKI OpraHizallii
Ta BOJIOHTEPH.

4. V OaraTtb0X KpaiHax CTBOPEHO HOBITHI CHUCTEMM YIPABJIIHHS CHJIAMH Ta
pecypcamu, CUCTEMHU TTiATOTOBKH KEPIBHOTO CKJIaly Ta OCOOMCTOTO CKIIATy aBapiifHO-
pATYyBaibHUX (DOPMYBaHb Ta IHIIUX OpraHi3alliii, a TAKOXK HaBUE€HE HACEJICHHS, TOTOBE
pearyBaTy y pi3HUX TUIIaX HAJA3BUYAHUX CUTYaIliH.

TakuM YMHOM, BHBYEHHS JOCBIAY IHIIUX JEpKaB CBIIYUTH PO Te, IO
QITOPUTMHU  3aXUCTy HACEJIIEHHA 1 TEpUTOpIA BIiJ KaracTpod MNPUPOIHOrO,
TEXHOT€HHOTO Ta BIMCHKOBOI'O XapaKTepy MOXYTh 3a0€3MEUUTH >KUTTENISIIBHICTD
HACEJICHHsSI 1 00'€KTIB COLIIAIbHO-€KOHOMIYHOI Ta IHPPacTpyKTypHOI cepu B pasi
BUHUKHCHHS TaKUX HAJA3BHUYAMHUX CHUTYAIiH.

MOHITOPUHT Ha/I3BUYATHUX CUTYAIllil B Y KpaiHI.

PosrnsiHyBIIM Ta mpoaHali3yBaBIIM HAasgBHY I1H(QOpMAIIO TPO CHCTEMY
MOHITOPUHTY HaJ3BHYaWHUX CHUTYaIllll 1 CHCTeMYy IUBLIHHOIO 3aXUCTy B YKpaiHi,
MOXXHa CTBEpJHO CKas3aTH, II0 CUTyallld B IUX aJAMIHICTpaTUBHUX cdepax €
He3a70BUIBHOI0. L0 Temy Takoxk mopyiryetbes B ctaTTi «IIpobiemu iHbopmarliiitHoro
3a0e3neueHHsd y cdepl HUBLILHOTO 3aXUCTy B YKpaiHi» B €JIEKTPOHHOMY KYpHal
«JlepxaBHe yHpaBIiHHS: YAOCKOHAJICHHA Ta PO3BUTOK». 30KpeMa, B OHOBJICHIM
Crparerii Haroesneku Ykpainu, 3aTBepimkeHi Ykazom IIpesunmenta Ykpainu No
287/2015 Big 26 tpaBHsa 2015 poky «Ilpo pimenns Pagu HamioHansHOi Oe3meku 1
oboponu Ykpainu Bix 6 tpaBHsa 2015 poky “Ilpo Ctpateriro HaIlOHaAJIBHOI OE3MEKH
VYkpainu”, miaKkpeciaeHo, 1Mo OJIHIEI0 3 aKTyaJIbHUX 3arpo3 Oe3mnelll € He3aJA0BUIbHUN
cTad €IMUHOI JIEPKaBHOI CHCTEMH Ta CHJI IUBUIBHOTO 3aXHUCTYy, & TaKOX CHUCTEMHU

MOHITOPUHTY JOBKUIJIS, TOAI SIK 1HINI 3aKOHOJABYl Ta HOPMATHMBHO-TIPABOBI aKTH
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TaKOX MOTPeOYIOTh cepiio3HOro BaockoHaneHHs. Hampuknan, Koxekc muBUIBHOTO
3axucty Ykpainu (Konekc 113) mictuth nuie 3araibHi 3acad BUKOHAHHS 3aXOMIB 3
MOTepe/HKEHHS 1 OTMOBIIIEHHS PO 3arpOo3U 1 BAHUKHEHHS HaI3BUYalHUX CUTYaIlil. Y
HbOMY TaKOX 3a3HAYCHO, M0 HAa JaHWH MOMEHT MOHITOPUHT 1 TPOTHO3YBaHHS
HaJ3BUYANHUX CUTYyaIlill B YKpaiHi 31HCHIOETHCS HA PiBHI PEriOHAIBHUX, BIAOMYMX
Ta IHIIUX ABTOHOMHHMX CUCTEM, HE OyJy4d IHTETPOBAHUMHU B €UHUHN 1H(POPMAIIHHO-
aHATITUYHUN KOMILJIEKC.

3akoH VYxkpainu «lIpo mnmBIIBHUN 3axuCT» Tmepeadavae CTBOPEHHS Ta
(GyHKIIIOHYBaHHSI CUCTEMH MOHITOPUHTY 1 NMPOTHO3YBaHHS HAA3BUYANHUX CUTYaIIiH,
ane Je-iope B Jep)KaBl HE CTBOPEHO 3aralibHOJEP>KABHOI CHCTEMH MOHITOPUHTY
JOKEpell BUHUKHEHHS HaJ3BHYalHMX cHUTyalii. PerioHampHi Ta (yHKIIOHATIBHI
migcucTeMu €IUHOI Jep)KaBHOI CHCTEMH ITMBUIBHOTO 3aXHCTy HE 3a0€3MedyroTh
HaJISKHUM YHMHOM IIOJCHHUHN 301p, 00poOKy, mepeaady 1 aHami3 iHdopMarlii 1mo10
WMOBIPHOCTI 1 BHHMKHEHHS HAJ[3BUYAHMX CUTYyalllil TEXHOT€HHOI0, MPHPOIHOTO,
COLIIAJILHOTO Ta HaBITh BOEHHOTO XapakTepy, a TaKOXK PO3pOOKY MPEBEHTUBHUX
3aXO0JiB Ta MPOIo3ullii 1Moo ix peanizaimii. B €1CI[3 Hemae pexxumy HaI3BUYaAHHOI
cuTyalii, OpaKkye KOMIUIEKCHUX METOiB 300py, 0oOpoOku, mepemadi Ta aHami3y
iH(dopMallii mpo WMOBIPHICTh 1 BUHMKHEHHS HaJA3BUYAWHUX CUTYyalllil, a TEXHIYHE
3a0e3MeueHHs /Il BAKOHAHHS TaKMX 3aBJIaHb € HEBAOBUTHHUM. OIHIEIO 3 aKTyaTbHUX
npobseM € craH cucTeMd 1H(OPMYBaHHS Ta OIOBIIICHHS HAacCEeNEeHHS B pasi
BUHUKHEHHS HAJ3BMYaiHUX CHUTYallill, sika mnoTpedye BaockoHandeHHs. Cia
3a3HAYUTH, 110 ICHYIOYa CHUCTEMa OTOBIIICHHS Ta IH)OPMYBaHHS HaceNeHHs Y KpaiHu
Oyra po3pobiieHa 111e 3a pajsHChKuX yaciB. O0naiHaHHs, SIKE BUKOPUCTOBYETHCS B 1111
CHCTEMI IEHTPaTi30BaHOI'O OIOBIIICHHS, BIAIPALIOBAJIO CBi TEpMiH €KCILTyaTalii,
CTaJI0 MOPAJIBHO 3aCTapUIMM 1 3HATO 3 BUPOOHUIITBA. PEMOHTHI KOMILJIEKTH TaKOXK
BUYEpNaM CBIM pecypc. Yepe3 TpuBajil TEPMIHM €KCIUTyaTalli 30UIbIIYETHCS
KUTBKICTh TEXHIYHHUX 300iB. Mepeka OMOBIIICHHS, IO BHKOPHCTOBYE IPOBOJOBE
pasiOMOBJIEHHS, TPAKTUYHO 3HMILEHA. KIIbKICTh IPOTOBUX PalOCTAHLINA 3 KOKHUM
pOKOM 3MeHIyeThcs. OrnepaTopd TENEKOMITaHiM, paJllOKOMITaHii, 1HTEPHET-

MpoBaiiiepy Ta KOMITaH1i MOOIJTLHOTO 3B'SI3KY HE 3aJTy4€H1 0 CUCTEMHU OMOBIIIEHHS.
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VY CcBOIX BHCHOBKax aBTOpU CTATTI 3a3HAa4yarOTh, [0 CTPYKTypa LIHUBUIBHOIO
3aXUCTy YKpaiHu Ta ii HOpMaTUBHO-IIpaBoBa 0a3a B1AOOpaXkaroTh 1H(OpMaIiiiHe
3a0e3MeUeHHs JIMIIE YaCTKOBO i1 HECUCTEMHO, HE Mepe0ayaloTh CTBOPEHHS CUCTEMU
1H(popMaIiiiHO-aHATI TUYHOI MIATPUMKH L€ CTPYKTYpPH Ta HE BIJIMOBIJAIOTh CYy4YaCHUM
BUMOTaM.

MarepiasibHO-TeXHIYHA ©0a3a cucTeMu 1HGOPMYBaHHS Ta CIOBIIICHHS €
HEJIOCTaTHLOIO Ta TMOTPeOye OHOBJEHHS BIJAIMOBIIHO JI0 OCTAHHIX TEXHOJOTTYHHUX
CTaHAPTIB JIsl 3a0€3MeUCHHS:

- CBO€YACHOro (mporsaroM 3-5 XBWIMH) CIOBIIIEHHS @pO 3arpo3u Ta
HaJ3BUYaliHI CUTYaIIii.

- AaBTOMAaTU30BaHI CHCTEMU pAaHHBOTO BHUSBJICHHS Ta CIOBILIEHHS PO
HAQ/I3BUYAiHI CUTYyallli MOBUHHI OyTH 1HTErpoBaHi y LEHTPATi30BaHy pPEriOHAIbHY
CHUCTEMY CITOBIIIICHHS.

- JIOCTOBIPDHOTO Ta aKTyaJIbHOTO JOBEIEHHs 1H(popMalii 10 JepKaBHUX
CTPYKTYp, HiIPO3AUIIB MUBLILHOT'O 3aXUCTY, CIYXKO 1 €KilaXKiB CIeiaIbHOI TEXHIKH,
AK1 331511 B TikBiganii Haciakie HC, y TepMinu, BUBHaY€H1 HOPMATUBHO-TIPABOBUMH
aKTaMH.

OuikyeTbcs, MO Il 3aXoau 3a0e3reyaTh BUKOHAHHS OCHOBHOI (YHKIIIT

[IUBUTLHOTO 3aXUCTY - OXOPOHY JKUTTSI Ta 3[I0POB'SI TPOMaJIsiH Y KpaiHu.
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3. PO3POBKA MOJIEJII HA3EMHOI POGOTOTEXHIYHOI INIAT®OOPMU
Ul YCYHEHHA HAJI3BUYAWHNX CUTYAIII vV  TAJV3I
EJIEKTPOEHEPI'ETUKU
3.1 PO3POBKA 3AT'AJIbHOI CTPYKTYPHOI CXEMU HA3EMHOI
POBOTOTEXHIYHOI TUIAT®OPMM IS YCYHEHHS HAJI3BUYAWHHNX
CUTYALIM Y TAJTY3I EJIEKTPOEHEPT ETUKH
CydacHi Ha3eMHI MIHH SIBJISIIOTH COOOIO CYTTEBY 3arpo3y JJisi TEPUTOPIH, IO
MOCTPKJIAIM Bia BiliHW. 3a3BW4Yai, MiHM Ta 1HIN Ooenmpumacu He oOJagHaHI
MEXaHI3MaMH CaMO3HMILEHHS 1 MOXYTb 3aJMILATUCS HEPO3IpBAaHMMM IPOTITOM
0araTbOX POKIB, 110 POOUTH iX BUSIBICHHS Ta 3HUIICHHS HAJA3BUYailHO BaxkiuBuMu. Ha
CHOTOJHIIIHIN AeHb icHye Onm3bko 2000 pi3HOBHIIB Ha3eMHUX MIH Ta moHaja 650
BUJIB MpOTUTAaHKOBUX OoenpunaciB. Lli Goempumacu kinacu@ikyloThCsS Ha KildbKa
KaTeropiif, BKJIIOYAIOUM OCKOJKOBI MpPHUCTPOi, BUOYXOBI €JIEMEHTH, IPUCTPOI
HaBEJICHHS Ta 0OMeXyBaJlbH1 cuctemHu [19].
[Ipu cTBOpeHHI Ha3eMHOI POOOTOTEXHIYHOI IUIATGOpPMHU ISl pearyBaHHs Ha
HaJ3BUYaliHI CUTYallli B cpepi eHEepreTUKHU CIIiJl BpaXyBaTH Takl OCHOBHI actiekTH [20]:
* BpaxyBaHHs T'HYYKOi JUHAMIKU Ta MOJYJIbHUX KOHCTPYKIIIH;
* po3poOKa aBTOHOMHOI a00 HamiBaBTOHOMHOI HaBiraiii ajisi poOOTH B
JTUHAMIYHUX, HETUTIOBUX YMOBAX;
* IHTerpallist pi3HUX CEHCOPIB, K OAHOPIAHUX, TaK 1 TETEPOTEHHUX, 3 METOIO
(opMyBaHHS €IMHOTO MACHUBY JJAHUX;
* Ha OCHOBI OTPMMaHUX JaHUX peali3alis NOPUNHHATTS pilieHb Ta
3aCTOCYBAHHS LITYYHOT'O 1HTEJIEKTY;
* CIIBHpAI MIX PI3HUMU POOOTaMU, KOOPAMWHAIS Ta MJIAHYBAaHHS;
* iepenaya iHgopmarlii 3a JOMOMOIror 0e3IPOTOBUX TEXHOJIOT1H;
* BIOPOBAIXKECHHS IITYYHOI PEajbHOCTI T4 TEXHOJOrIN peaJbHOro 4acy JUis
MJIAaHYBAHHSI Ta JIOT1CTUKH;
* po3po0Ka IHTYITUBHO 3pO3yMIJIOro iHTEpdeEcy;

* BUKOPHUCTAHHS CTPYKTYP YIPABIIHHS HA OCHOBI MOOUIBHOCTI [21].
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BI/IXOIUI‘-II/I 3 HAaBCACHOI'O BHIIC Td 3 YypaXyBaHHSAM IIPOBCIACHUX I[OCJ'IiI[}KGHB,

HaMH Oyna po3po0JieHa CTPYKTypHaA cxeMa (pucyHok 3.1).

Mobile Robot (MR)

Computer o
Vision Local Control| | Management
Module } Systems Module
- (CVM) (LCS) (PMM)
E [ 2 level
= A Mobile Robot 7 Motor Control
T | (M) o “ , ™ (McD)
2 Action s S
E rd <> Manipulator T
o Sensor f Control Movers
- Data - Module Module  [l» (M)
(SM) A (MCM)
Mine

Pucynok 3.1 — CtpykTypHa cxema Ha3eMHOi pOOOTOTEXHIYHOI MIaThOPMH ISt
YCYHEHHS Ha/I3BUYAHUX CUTYAIlIN y ranysi eiekTpoeHepreTuku [20]
JlaHa cTpykTypHa cxeMa Ha3eMHOi poOOTH30BaHOI MIaThOpMU JJIsl YCYHEHHS
HaJ3BUYAaHUX CUTYallll y cepl eNeKTpOeHEPreTUKH po3/ijeHa Ha Taki Moyl [20]:

* Moaynabr Mine mpezacTaBisge coOO KOHKpETHY (DI3MUHY 3arpo3y (MiHa,
Ooempumnac), sika BUSBISETHCS B MMOJ1 30py CUCTEMU PO3ITi3HABAHHS;

* 610k Computer Vision Module (CVM) — 1ie koM’ rOTepHHUI 30pOBHi
MOAYJb, IO mepenae iHGOpMAIl0 B IEHTP YIPaABIIHHA TMPO HABKOJUIITHE
CepeIOBUIIIE;

* Moty Manipulator (M) — 1ie MaHImymTOp, 3aXBaT, U0 B3a€MO/II€ 3 MiIHAMU
Ta BUOYXOBUMHU PEUOBUHAMU;

» 0ok Sensor Module (SM) — 1e naT4uKOBUN MOAYNb, PO3MILICHUI Ha
aTdhopMi po3MiHYBaHHS, BKIIOYAIOUH YILTPA3BYKOBI Ta JIa3epHI JaJIEKOMIPH;

* moxysib Mobile Robot Control System (MRCS) — cucrema ympaBmiHHS
MOOUIBHUM poOOTOM. BOHA 3HaXOUTHCS HA EPUIOMY PiBHI Ta MICTUTh OAHOILIATHUI
KOMIIT IOTEp 3 orepariiiHoro cucremoro. Leit koM torep 06pobiisie Ta hopMye CUTHAIIN
VIIPABJIIHHS, & TAKOXK aHAJII3y€e BIJCOCUTHAIIM 3 KaMep 1 BU3HAYAE, KOJIM BTPAYAETHCSA

3B’SI30K 3 OMEPATOPOM;
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* 6sok Local Control System (LCS) — cucrema kepyBaHHs, 1110 po3TaliioBaHa
Ha Jpyromy piBHI. BoHa mpu3HaueHa AJi yHnpaBiIiHHS ApadBEepOM ISl YIPABIIHHS
nsurynoM Motor Control Driver (MCD). [logaTkoBo BOHa J1omomarae 3HM)KYBaTu
HaBaHTaxeHHs Ha MRCS Ta CcTBOpIOE MOXIMBOCTI JJIsi PO3MOJAUICHUX CHCTEM
yITpPaBJIIHHS,

e Omox Manipulator Control Module (MCM) — Moaynb KepyBaHHS
MaHIMyJIATOpOM. BiH 3HaXOUThCS HA IPYroMYy PiBHI 1 KOHTPOJIIOE PyX €JIEMEHTIB;

* monynb Power Management Module (PMM). Lleit 610k ckianaeTbes 3
MOJIYJIs YIIPaBIIIHHS KUBIECHHSM 1 Ma€ aKyMyJIsiTop;

« 6110k Motor Control Driver (MCD) — Moaynb ynpasiHHs gBUryHOM. Horo
ocoOnuBICTIO € TiaTpuMKka PWM curnanis;

» Mmoayitb Movers (M) — BiamnoBiiae 3a ynpaBJIiHHS JBUTYHAMHU.
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3.2 BUBIP ATTAPATHUX MOAYJIIB JI51 CUCTEMU VIIPABJIIHHA

HacTtynHuM BaXJIMBUM €TanmoM Yy po3poOll Ha3eMHOI POOOTOTEXHIYHOI
riaTgopMi Jist pearyBaHHs Ha HaJ3BUYalHI CUTYyaIlli B €JIEKTPOCHEPreTUYHIN Taiy3i
€ BUOIp amapaTHUX MOAYJIB JUisl cucTeMH ynpaBiiHHsA. Lle moTpiOHo nis Toro, mo0
KOHCTPYKIIIS BIJMOBIaJla BCIM HEOOXIJHMM CTaHJAapTaM JJIi MaKCHUMaJbHO
edexTuBHOI podoTH [22].

Ha ocCHOBiI CTPYKTYpHOTO KpECJIEHHS Ta BpPaXxOBYIOUH CTPYKTYpHY CXEMY,
HEOOX1THO 00paTH TaKi €JICMEHTH:

* OJTHOTJIATHI KOMIT FOTEPH sl YIPABIIHHS BCIEIO CUCTEMOIO;
* CEpBOJIBUTYHU;

* TaTYUKU JUCTAHIIIL;

* IBUTYHU;

* MOJTyJIb KOMI IOTEPHOTO 30pY.

OcCkUIbKM JIIKBIJAlis Ta TMOAOJAHHS HAA3BUYAWHUX CUTyallld y cdepi
CJIIGKTPOCHEPTreTUKU €  HAJ3BUYAMHO HEOE3NMEUHUMH NIl KUTTS  JIIOJMHH,
pO3po0IIIOBaHAa Ha3eMHa pPOOOTOTEXHIYHa Iuiar@opma MOBHMHHA OyTHM o00JiagHaHa
dbyHKII€I0 aucTaHiiiHoro kepyBaHHs. I1[o6 omeparopu Morim crocTtepiraTéd i
B3a€EMOJIISITH 3 HABKOJIMIITHIM CEPEOBHUIIIEM HABKOJIO pOOOTOTEXHIUHOI IIaThOpMH Ha
BIJICTAHI, Ba)XJIMBO YITKO BHU3HAYMTH BIANMOBiIaIbHY 3a I1ie¢ cuctemy CVM. VY
pPOOOTOTEXHIII 3aCTOCOBYIOTHCS PI3HI CHUCTEMH, SIK OKpeMi MOAYJl KaMmep, Tak 1 B
KOMO1HaIIli 3 MIKPOKOHTpOJIEpaMH a00 OJHOTUIATHUMU KOMIT'IOTepamMu. J{Jis 1ux 1iien
NEPEeBaAXHO BHUKOPUCTOBYIOThCA MikpokoHTposepu ESP32-Cam, momymi xamep
Raspberry Pi Camera Module, monym ArduCam, taki ax OV2640, OV9281 ta
OV7670, a Takox a1 USB-kamepu [23]. 3 meTor0 BHOOPY MOIYJIsl KOMIT IOTEPHOTO
30py OyJio 371MCHEHO MOPIBHSJIBLHUN aHaji3 KIIOUOBUX XAPAaKTEPUCTUK HACTYITHUX
kamep: ESP32-Cam, ArduCam OV7670, kamepa Raspberry Pi Camera Module 3.

Pe3ynbpTaTi NOpIBHAHHS XapaKTePUCTUK HaBeleH1 B Tabmuill 3.1.



Tabmuis 3.1 — [TopiBHAJIBHI XapaKTEPUCTUKH KaMep

58

[Tapametp ESP32-Cam ArduCam Raspberry Pi
OoVv7670 Camera Module
3
Poboue 5B 3B-5B 33B-5B
HaIPYXEHHS
Po3minpHa 2 Mn 0,3 Mn 11,9 Mn
3IaTHICTH
MaxkcumaiibHa Bia 5 1o 30 fps 10 30 fps 10 90 fps
KUTBKICTh KaJIpiB
Kyt ormsiny 120° 24° 75°
Iarepdeiic UART, SCCB I2C, FFC
M IKITI0YECHHS 12C, SPI, PWM
[TlinTpumka Wi- c Hemae Hemae
Fi/Bluetooth
Poboua -40 °C - 50 °C -40 °C - 70 °C 0°C-50°C
TeMreparypa
Po3mip 40,5 MM X 27 MM 35mMM x 35 | 25 MM X 24 MM X
x 4,5 MM MM X 31 MM 11,5 mm
Bara 10T 131 5r

3arajgbHUM BUTJISAL KaMEpP MPEACTaBICHO Ha PUCYHKY 3.2.

a) kamepa ESP32-Cam;

0) kamepa ArduCam OV7670;

B) kamepa Raspberry Pi Camera Module 3

Module 3 [24, 25, 26]

-
-
=

-
<
=
°
o
E
o

Pucynok 3.2 — Kamepu ESP32-Cam, ArduCam OV7670, Raspberry Pi Camera
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Ha ocHOBi 3100yTUX pe3yNbTaTiB Il CTBOPEHHS HAa3eMHOI pOOOTHU30BaHOI
riaTdhopMu 1JIs JTIKBIAAIlT HAA3BUYANHUX CUTYAIlIN Y cepl eNeKTPOSHEePreTUKU 0YJI10
BuOpano ESP32-Cam. lle pimenHss oOrpyHToBaHe ii JOCTYMHICTIO, MPOCTOTOIO
MPOrpaMyBaHHsI, HAsBHICTIO 0E3IPOTOBOrO 3B'A3KY Ta KOMIIAKTHUM JIU3alHOM, IO
00'eIHY€e HE TUIBKU Kamepy, aje il MikpokoHTpoiep ESP32, o 3abe3neuye BUCOKMit
piBEHb IHTErpallii Ta 3MEHIIYEe KUTbKICTh eeMEeHTIB [27].

HazemHua po6oTotrexHiuHa miatdopma asis JiKBigalii Haa3BUUaliHUX CUTYyaIlin
y EJEKTPOCHEPreTHIll MOBMHHA MaTH MOXJIMBICTH MAaHIMYJTIOBAaTH HEOE3NMCUYHUMHU
o0'ekTamMu Ta MiJHIMATH iX ab0 iX Okpemi CKJIaaoBi. [[s IIbOrO 3aCTOCOBYETHCS
poOoumii 3aXBar, MO YIPABISAETHCS YOTUPMA CEPBOABUTYHAMH. [lepiuii cepBOABUTYH
BIJINOBIIAa€ 3a MAHIINYJIIOBaHHSA KIHIIEBUM €(QEKTOpoM, B TOM dYac K I1HII TpH
bopMyIOTh OCHOBY MaHimyssiTopa. OCKUTBKM Ha ChOTONHINIHIM JE€Hb iCHYE Oe3mid
PI3HUX THIIIB CEpPBOJABUTYHIB, OyJIO MPOBEICHO iX aHalli3 1 OOpaHO Taki MOJENi:
TowerPro SG90, TowerPro MG90S ta PZ-15320.

PesynbTaT ananizy HaBeneH1 B Ta0uII 3.2, a OTJIs1] CEPBOJIBUTYHIB MTOKA3aHUMA
Ha PUCYHKY 3.3.

Tabmuns 3.2 — [opiHsiHHS CEpBOIBUTYHIB

[TapameTtp TowerPro SG90 | TowerPro MG90S PZ-15320
Monynsis aHaJIOr OBUU uudpoBuit uudpoBwHit
PoGoua nanpyra 35B-5B 48B—-6B 28B-428B
[BuKICTH 0,12 ¢/60° (4,8 B) | 0,10 c/60° (4,8 B) | 0,06 c/60° (2,8 B)
0,08 ¢/60° (6 B) 0,05 ¢/60° (3,7 B)
Kyt noBopoty 180° 180° 180°
Ob6eprarounii 1,8 xr/cMm 1,8 xr/ecm — 2,2 0,06 xr/cm (2,8 B)
MOMEHT kr/cMm (4,8 B) 0,07 xr/cm (3,7 B)
Tun nepenadgi TTACTUK MeTa TJTACTUK
Po3mipu 23 MM X 29 MM X 32 MM X 32 MM X 14 MM x 6,2 MM X
12 MM 12 Mm 17,9 Mmm
Bara Or 14T 4r
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a) ceppoaBuryn TowerPro SG90S;

0) cepBoaBuryn TowerPro MG90;
B) cepBoaBuryHn PZ-15320
Pucynok 3.3 — Intepdeiic cepponsuryn TowerPro SG90, TowerPro
MG90S, PZ-15320 [28, 29, 30].

B skocTi mxepena KUBJIEHHS JIJII MaHIMYJSTOpa MU BUOpad CEPBOABUTYH
TowerPro MG90S. Cepsonpusin TowerPro MG90S mae HeoOX1H1 XapaKTEPUCTUKHU
MOTYXHOCTI JJ11 6araTb0X 3aCTOCYBaHb, 10 NOTPEOYIOTh HEBETUKHUX 3yCUITb 1 TOUHOTO
KOHTPOJIIO0, € KOMIAKTHUM, €HEproe(EKTUBHUM 1 IOCTYITHUM 3a LIHOKO.

st SM moTpiGHO BUOpaTH BiANOBIAHUHN YIbTPa3BYKOBUM naTyuk. [IpakTnyuHo
BCl 00'€KTH €JIEKTPOEHEPreTUKH pO3TallloBaHl Ha BIJJAJICHUX TEPUTOPIAX,
BAXXKOJIOCTYITHUX MICIIIX, TOMY JUIsl BHUMIPIOBaHHS BIACTaHI /0 O0'€kTa Ta s
YHUKHEHHS TEPelIKOJ| MijJ 4ac PyXy BUKOPUCTOBYIOTHCSA YJIBTPA3BYKOBI JTaTYUKH.
BcraHnoBneHHs gaTdyMka JomoMarae  Ha3eMHId  poOOTOTEeXHI4HIA T1uatdopmi
BU3HAYUTH TOYHE MOJIOKEHHSI MEXaHI3MY 3aXOIUICHHS MaHIMYIATOPA, 0 3a0e3neyye
TOYHE 3aXOIUICHHS 1 MepeMillleHHs 00’ €KTa.

VY AbTpa3ByKOBI IaTYUKH BUMIPIOIOTH BIJICTAHb 3@ MPUHIHUIIOM YJIBTPa3BYKOBOI
exonokarii. Ileli mpuHIUI TPYHTYETHCS Ha BHUMIPIOBaHHI 4Yacy, 110 MHHYB MIDXK
BIJITPABICHHSIM YJIbTPA3BYKOBOT'O CHUTHAJIYy Ta OTPUMAHHSIM WOTO BITYHHSI.
HaitnomupenimuMu ynsTpasBykoBuMu aatuukamu € HC-SR04 ta US-100. Ixmi

MOPIBHSUIbHI XapaKTePUCTUKHU npeAcTaBieHi B Tabmui 3.3.
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Po3pobiena HazemMHa poOOTOTEXHIYHA IUIaTGOpMa BHMAra€ BUKOPUCTAHHS
YOTHPHOX YJIbTPA3BYKOBUX JATYUKIB 3 000X OOKIB MOAYIBHOI IIAaTQOpMHU i

A0OAaTKOBOI'O BUABJIICHHA IICPCIHIKO.

Tabmuns 3.3 — VYAbTpa3ByKOBI JATYMKU MaloTh HACTYMHI MOPIBHSUIbHI
XapaKTePUCTUKH

[TapameTtp HC-SR04 US-100
Hanpyra sxuBnenss 5B 3-5B
Cratnunuii cTpym o 2 MA o 2 MA
Po6ouwnii ctpym 15 MA 15 MA
EdexTuBHUM KyT 15° 15°
Jliarma3oH BUMIpY BiJICTaHi 2 cMm —450 cm 2cm—500 cm
MaxkcumanabHa TOYHICTD 0,3 cm 0,3cm
JaTYNKa

Orusin yIbTpa3BYKOBUX JATUUKIB, 1[0 BUKOPUCTOBYIOTHCSI B aHai31, TOKAa3aHO

Ha pUCYHKY 3.4.

a) ynprpa3BykoBuit 1aruuk HC-SR04;
0) ynpTpa3zBykoBuit gatunk US-100
Pucynok 3.4 — Iarepdetic ynprpasBykoBux garuukieB HC-SR04 ta US-100 [31, 32]
Bbyno Bupimeno Bubparu ynbrpa3BykoBuit garuuk HC-SRO04, 1 Ha 1ie € kiibKa
npuunH. [lo-mepiie, HiHA LBOro AaTyWKa € OUIBII JOCTYIHOK B MOPIBHSHHI 3
ynbTpa3BykoBuM jgaryukom US-100. Kpim Toro, HC-SR04 € mnpoctum vy
BUKOPHUCTaHHI, HAJIMHUM Ta HOro JIErKO 1HTErpyBaTH B PI3HOMAaHITHI mpoekTu. Ha

BIJIMIHY BiJ] TJa3epHUX JAIILHOMIPIB, HOTO MOXHA 3aCTOCOBYBATH B IIMPOKOMY CIIEKTPI
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nmorogHux ymoB. lleil paTymk € BiAMIHHUM BHOOPOM, OCKIIBKM HOTO 3pY4HO
BUKOPHUCTOBYBATH B MpoekTax Arduino, i BiH CyMiCHHI 3 IHIIUMU CHCTEMaMHU.

Jns ynpaBiiHHS BCIEI0 HA3eMHOIO POOOTOTEXHIYHOIO IUIATHOPMOIO  JIs
JiKBlAALil HaA3BUYAMHUX CHUTyallld y cdepl eneKTpoeHepreTuku OyB oOpaHuii
onHornatHui komn’1otep Arduino UNO R3. Ha pucynky 3.5 nonana nnara, siky Mu

oOpanu.

Pucynok 3.5 — Intepdeiic maru Arduino UNO R3 [33]
3a3HauyuMO OCHOBHI Te€XHI4H1 XapakTepucThku miati Arduino UNO R3:
* y ckJaai MikpokoHTposiep ATmega328P;
* 32 kb ¢pnewm-nam’ati;
* TAKTOBA YacToTa npouecopa — 16 MI';
* 2 xb onepaTuBHOi mam’sTi;
* poboua Hanpyra: 7 B — 12 B;
* OpTH BBOAY/BUBOAY: 14 1nmdpoBUX BXITHUX/BUXITHUX MOPTIB, 6 3 AKUX
MOXYTh (DYHKIIIOHYBATH SIK aHAJIOTOB1 BXoau [33].
Jlna mepecyBaHHSI Ha3eMHOI pPOOOTOTEXHIYHOI MIaTGopMu 0OpaHO TYCEHHYHE
miaci. Lle 3a0e3neuye nepesaru AJis nepeMilieHHs poO0Ta B yMOBaX BaKKOI'O pesibedy,
Ha CKJIAJHUX TOBEPXHAX, TAKUX SIK TOJe, YarapHuku abo mic. (s mepecyBaHHS

T'YCEHUYHOTO I11aC1 BUKOPUCTOBYETHCSI MOTOp-penykTop 1:48 DC 3V-6V.
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Pucynok 3.6 — Iurepdetic npuryn-peaykropa 1:48 DC 3V-6V [34]
Po3rnsiHeMo TeXHIYHI XapaKTEPUCTHKU MOTOP-PEAYKTOpa MOCTIHHOTO CTPYyMY
33GB-520:
* yacToTa o0epTaHHs Ha XojocTomMy xoay: 170 06/xB;
* niepeaBasibHE yncio: 1:48;
* poboumii ctpym: 35 MA;
* poboua Hanpyra: 3 B — 6 B [34].
Mu oOpanm apaiiBep IUIsi IBUTYHA 3 IHTErpasibHOW Mikpocxemoro H-bridge
L298N nns kepyBanHsa nBuryHoM. Lleit nmBuryH 3mateH oOepTaTHCsi, BUKOHYBaTH
MOBOPOTH Ta IepecyBaTHcs BHepen 1 Hazan. Bkasanuii npaiisep nsuryna L298N

MpEACTaBICHUN Ha PUCYHKY 3.7.

Pucynok 3.7 — Intepdeiic npaiiBepa qeuryna L298N [35]



PosrasiHemMo KIF0YOB1 TEXHIYHI XapaKTepUCTUKH JipaiiBepa neuryna L298N:

* poboya Temneparypa: -20 °C — +135 °C;

* )KUBJICHHA JpaiiBepa: 5 B — 35 B;

* KUIbKICTh JIBUTYHIB: 2;

* Hampyra *UBJIEHHs BOY/10BaHO1 JoTiku: 5 B;

* CIIOKMBAaHUM cTpyM BOyAOBaHOI JOTIKU: 0 MA — 36 MA;

* rabaputu: 43,5 MM X 43,2 MM X 29,4 MM;

* poboumii cTpym npaiiBepis: 2 A [35].

JKupneHHs Ha3eMHOT POOOTOTEXHIYHOT TIATPOPMHU JJIs JIIKBIAAIli1

HAJ3BUYAHUX CUTYAIll B CHEPTETHIll 3a0€3MeUyEThCS TPhbOMa aKyMYJISITOpaMU
18650 cepii Li-Mh 3000 MAT 3 HOMiHaNBHOIO Harpyroto 3,7 B [36]. 3aranbHuit

BUTJIA AKyMYJISTOPA MPOAEMOHCTPOBAHO HA PUCYHKY 3.8.

Pucynok 3.8 — Inrepdeiic akymymnsaropa 18650 cepii Li-Mh [36]

64

Jlns miazapsina Beiei cucremu 3actocoByeThes mata BMS18650 Type C Bepcii

3S nns 3apsaku miTid-ioHHUX akymynsaTopiB. Orsin miatn BMS18650 npencrasieno

Ha pUCYHKY 3.9.
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Pucynok 3.9 — Intepdeiic umatu BMS18650 [37]
Posrasiuemo texuiuni napametpu miatu BMS18650 Type-C Bepcii 3S:
* Hanpyra xuBieHHs: 12,6 B;
* BXigHUU cTpyM: 1 A;
* cTtpyM xuBiieHHA: 0,37 A;
* BxigHa Harpyra: 3 B — 6 B nocriitnoro ctpymy [37].
Jns 3a0e3neueHHs CTaOUIBHOrO HANpyrd B HA3eMHIA pPOOOTOTEXHIUHIN
riaTgopMi Ui BUPIIMICHHS HAJ3BUYAHUX CHUTYallld y rajy3i eleKTpoeHeprii 0yio
BUOpaHO NiHIAHUHN cTabimzarop Hanpyru AMS1117 3,3 B 1 A. Ilpuknan niHi#HOTO

cTabui3aTopa Hanpyry MpoJAEMOHCTPOBaHO HAa pUCYHKY 3.10.

Pucynok 3.10 — Iarepdeiic miniiinoro crabimizaropa Harpyru AMS1117 3.3 B [38].
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TexHiuH1 XapaKTepUCTUKHU JIiHIITHOTO cTabimizaropa Hanpyru AMS1117 3,3 B:
* Ma€ MakcuMaiibHUM cTpym: 800 MA;
* BuxijaHa Hamnpyra: 3,3 B;
* BxigHa Hamnpyra: 4,5 B — 15 B [38].

Orxe, y Ml 4aCTWHI MU TPOBENH MiAOIp amapaTHUX MOJYJIB I CUCTEMU
VIIPaBJIIHHS HA3eMHOI POOOTOTEXHIYHOI MaTGopMu, MpU3HAYEHOI AJis JIKBlAALil
HAJ3BUYAaHUX CHUTyaliil y cdepi enektpoeHepretuku. Takox Oynu BiniOpaHi
ONTUMAJIbHI €JIEMEHTH IS CHUCTEMH YIPABIiHHA Ha3eMHOI pOOOTOTEXHIYHOI
matrgopMu, a came: KaMepH, CEpBOABUTYHHU, OJTHOILJIATHI KOMIT’ FOTEPU ISl KOHTPOJIIO

yCI€T CUCTEMHU, TaTUYUKH BIFCTaH1, MOYJIh KOMIT'IOTEPHOTO 30Dy, TBUTYHHU.
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3.3 PO3POBKA CTPYKTYPHOI CXEMMU IMIAKJIIOUEHHS

Hazemna poOoTtorexHiuHa matdopma Al yCYHEHHsI HaJ3BHUaHUX CUTYalld
y Traiy3l eJeKTPOEHEPreTUKH MICTUTh KOMIIOHEHTH, HaBEAECHI B IIONEPEIHBMY
niapo3aiii. Y tabnuili 3.4 HaBeIeHO KIJIbKICTh KOKHOI'O KOMIIOHEHTA TIaT(OpMHU.

Tabmuis 3.4 — KislbKIiCTh KOXKHOTO KOMITOHEHTA T1aTGopMu

KommnoneHT KimpkicTh, mrT.
Arduino UNO R3 1
ESP32-Cam
TowerPro SG90S
HC-SR04

HpariBep nuryna L298N

JIBuryH 3 peaykropom 1:48 DC 3 B-6 B
ITmata BMS18650 Type-C Bepcii 3S

Axymymarop 18650 cepii Li-Mh
AMSI11733B1A

R W RN R D DN

[licns Toro, sik BCi eleMeHTH Oynau BHOpaHi 1 iX KIJTbKICTh BU3HA4Y€HA, MH
PO3POOUITH €JIEKTPUYHY CXEMY TIKIIOYEHb JJI MTPOCKTY HA36MHOI pOOOTOTEXHIYHO1
mwiargopmu. g cxema BigoOpakae B3a€MO3B'SI30K MK yciMa eJIeMEHTaMHu U
MOJAYJISIMU Ta Te, SIK BOHM 3'€JJHAHI B €JUHY CHCTEMY 3a JOIMOMOIOI0 MpoBojiB. Ha
pucyHky 3.11 mpencTaBieHO €NEKTPUYHY CXEMY MiJKIIOYCHHS BCiX KOMITOHEHTIB

OJIHI€T CUCTEMH, CTBOPEHY 3 BUKOPUCTAaHHSIM porpamu draw.ioDiagrams.
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Pucynok 3.11 — CrtpykTypHa cxema MIAKIIOUYCHHS KOMIIOHEHTIB Ha3eMHOi
POOOTEXHIUHOI MIaThOopMuU

Jlani po3riisiHEMO Ta OMUILEMO KOKEH €JIEMEHT L€l CTPYKTYpPHOI CXEMH.

U1-U4 — ynerpassykosi cencopu HC-SR04 3 yotupma mpoBogamu:

* GND — 3emis;

* VCC- xuBnenns 5 B;

* TRIG — ipoBij AJig akTUBAIlli BUMIpIOBaHHS BiJCTaHi;
* ECHO — nipoBin 111 mpuiioMy €X0-CUTHAITY.

U5-U8 — cepBompurynu TowerPro SG90S, mo migkmoueni 10 Arduino UNO
R3 tproma npoBomamMu:

* GND, VCC Tta S — koMaH 1HI TIPOBOH /IS TIepeaadl JaHuX.

U9-U10 — penykropui nurynu 1:48 DC 3V-6V 3 noma mpoBojgamMu Jis
VIIPaBJIIHHS JIBOMa HanpsiMkamu. BoHu migkiroueHi Ao ApaiiBepa aBuryHa L298N,
KU CrosydaeTbes 3 MikpokoHTposiepoM ESP32-Cam uepes yotupu apotu nepeaadi
nanux 3 BukopuctanasaM intepdeiicy GPIO. Xusnennsa nogaersces yepes apotu VCC
ta GND.

Mikpokontponep ESP32-Cam mnigkmouenuid n0 Arduino UNO R3 3a

JIOTIOMOTOI0 TPhOX JIHIA JaHWX, SKI MIIKIIOYAITBCS 10 HU(GPOBUX BXOIB
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OJTHOTIATHOT O KOMII toTepa BuKopuctoBytoud iHTepdeiic GP1O na ESP32-Cam. Jlinis
JKUBJICHHS 5 B croydeHa 31 cTabi113aTOpoM Halpyru Tak camo, sk 1 mposig GND.
Cra6imizarop nanpyru Ul 1 migkmouenuit 1o ESP32-Cam nBoma npoBojamu, a
OJIUH MpOoBiJ 3'enHaHuM 3 miaroro BMS18650.
Taxi enemeHTH, sIK ceHCOpHU, cepBOABUTYHH, npaiiBep L298N ta Arduino UNO

R3 miaxmroueni no matu xuBieHHss BMS18650, sika 3a0e3neuye 12 B Ha Buxoi.
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3.4 PO3PAXYHOK YACY POBOTU HA3EMHOI POBOTOTEXHIYHOI
[UJIAT®OPMU

Ockilbk HazeMHa poOOTH30BaHa IutaTopma, TpU3HAUYEHA HJisi YCYHEHHS
HAJ3BUYAaHUX CUTYallld y cdepl eNeKTPOECHEPreTUKH, JKUBUTHCS Bl aKyMYJsITOPIB,
OOYUCIICHHS TPUBAIOCTI 0€3BIIMOBHOI POOOTH POOOTU30BAHOI CUCTEMU € KIFOUYOBUM
eranioM y il po3BuTKy. lle nmomomoske 3'acyBaTtu, sIK JOBro Iuiaropma 3MoOxKe
GyHKIIIOHYBAaTH y BIJIaJIEHUX palioHax 0e3 3ymuHOK a00 0 HACTYMHOI MiI3apsaKu
aKyMYyJIsToOpa.

Po3paxyHok dYacy poboTm Ha3zeMHOI pOOOTOTEXHIYHOI IIaTGOpMHU Ha

aKyMyJSITOpl 0a3yeThCsl HA HACTYITHOMY PIBHSIHHI:

_C,U
np 1
3.1)
ne Csar — 3arajibHa €MHICTD BCIX OaTapei;
U — nampyra Garapei;
Pup— CIOKHBYA MOTYKHICTh MPUCTPOIO.
CrokrBYa NOTYXKHICTh IPUCTPOIO PO3PAXOBYETHCS 32 POPMYJIIOIO:
Pup=P1+ P2+ ... +Pn, (3.2)
ne P1+ P2 + ... + Pn — eHeprocrnoxxuBaHHs OKpEMHUX KOMIIOHEHTIB 200 MOJYJIiB
MIPUCTPOIO.
Jlesiki  KOMITOHEHTH, taki sk ESP32-Cam wmaioTh KUTbKa pPEXHMIB

eHepro3oepexenns: «Deep-sleep», «Modem-sleep» Ta «Light-sleep» s minimizarii
€HEProcIoKMBAaHH il yac Oe3MisUIbHOCTI. Y KaMmepl MIKpPOKOHTpOJIEp OCHAIIEHUMN
CBITJIOIOMHAM pPO3TaTy)KyBadeM, IO TaKOX BINIMBAE Ha CHEPrOCHOKHBAHHS
KOMITOHEHTA.
3a 3akoHoM [loyepa po3paxyeMo CrIOXXMBYY MOTY>KHICTh:
P=V-I, (3.3)
ne V — poOoya Hampyra;
| — poGouwnii cTpymM.
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PiBusaans (3.3) Oyno BHKOPUCTAHO [JI1 BU3HAYCHHS CHEPrOCHOKMBAHHS
KOXXHOTO KOMIMOHEHTa. Y Tabnuii 3.5 3BeneHl BCl JaHl, OTpUMaHi JJisi OJTHOTO

KOMIIOHEHTA, SIKI TIOMHOXKEHI Ha KUJIbKICTh OKPEMHX €JIEMEHTIB HJisi PO3PaXyHKY

€HEProcroXKMUBAHHS BC1€ET CUCTEMH.

Tabmuns 3.5 — EHeprocrnokuBaHHs KOKHOTO €JIEMEHTa

KomnioneHt CnoxuBYa NOTYXHICTh
Arduino UNO R3 4 Bt
ESP32-Cam 0,9 Bt
TowerPro SG90S 0,72 Bt
HC-SR04 0,075 Br
HpariBep nuryna L298N 10 Bt
JlBuryn 3 pexykropom 1:48 DC 3V-6V 2,1 Br

BukopucroByroun piBHAHHS (3.2), CHOXKUBaHY HOTYKHICTh BCHOI'O MPUCTPOIO
MO’KHA PO3paxyBaTH HACTYITHUM YUHOM:

Pnp=4+09+0,72-4+0,0754+10+2,1 -2 =22,28 Br.

[TnaTdopma KHUBHUTBCS BiJ TPHOX JITiEBHX akymyssTopiB cepii 18650 Li-Mh
emHicTio 3000 MAT Ta HOMIHAJILHOO Hampyroto 3,7 B. Toni:

Caar = 9000 MA, a U = 3,7 B.

Yac poboTH HazeMHOI POOOTOTEXHIYHOI MIaThOpMH Ha aKyMmyJsiTopax Oyne

HAaCTYITHUM:

937 5.

22.28

TakuM YWHOM, 3 TaKOK KUIBKICTIO aKyMyJIATOpiB Ha3eMHa poOOTH30BaHA
mwiargopMa IS JIKBIAALIl HAA3BUYAWHUX CUTyalld y cdepl eNeKTpOECHEPreTUKH

31aTHa (QYHKIIOHYBAaTH aBTOHOMHO MPOTSTOM 1,5 TouHU.
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3.5 BUCHOBKMU 10 3 PO3UTY

Y upoMy pO3aUIi MM CTBOPUIIM CTPYKTYPHY CXEMY MOJENl Ha3eMHOI
pOOOTOTEXHIYHOT TIaTGOPMU JJIs JTIKB1Iallii HA3BUYAMHUX CUTYAIll B eHEPreTUUHIM
chepi. Y BKazaHI cxemi BHUIUIEHO TaKl €JIEMEHTH: MOAYJIb MIHYBaHHS, MOJIYJIb
KOMIT'FOTEPHOTO 30PYy, MOJYJb CIIOCTEPEKEHHSI, MOJIYJIb TaTYMKIB, MOAYJb CUCTEMU
ynpaBiiHHS podoTom Mobile, Moaynb cucremu ympasiinHasg poootoM Losal, Mogynb
MoHiTopuHry Contrul, Mmomyns ympaiiHHs eHepriero Power Management Modul,
MOayJb ApaiBepa motopiB Motor Control Driver, mogyns Movers.

Cnuparounch Ha CTPYKTYpHY CXe€My, MM BHOpaJid HACTyIHI amnapaTHi
KOMITOHEHTH:

* Arduino UNO R3, 110 BifnoBijiae 3a 40TUpHU yabTpa3ByKoBi gatunku HC-
SRO04;
* yotupu cepsomoTopu Tower Pro SG 90 S, K1 KepyrOTh MaHIITYJISITOPOM.

Arduino UNO R3 30upae naHi 3 JaT4dKiB 1 IEpeaae iX MIKPOKOHTPOJIEPY
ESP32-Cam. Mikpokoutposep ESP32-Cam, y cBoro uepry, mae MOXIHUBOCTI
0e3ApOTOBOrO 3B'SI3KY 1 OCHAILEHUI KaMepolo, siIKa TPAHCIIIOE BIJIEO HA BEO-CTOPIHKY.
MikpoKOHTpOJIEep 3'€qHAHUIN IPOTOBUM IUIAXOM 3 ApaiiBepom nBuryHa L298N, skwuii
yrpasjsie ABoMa JBUTYHaMH 3 peayktopom 1:48 DC 3 B-6 B ngns mepemitieHHs
TYCEHWYHOTO IIaci 10 JIicax, YarapHuKax, CXujax, MOMIKOKEHUX TEPUTOPISLX TOIIIO.
ESP32-Cam migkmrouena no crabimizaropa Hanmpyru AMSI1117 3,3 B 1 A. Ves
HazeMHa poOoTOoTeXHIYHa T1aTdhopma kuBUThCs Bl miatu BMS18650 Type-C Bepcii

3S 3 TppoMa npueagHaHUMU akymyssitopamu 18650 cepii Li-Mh.
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CIIMCOK BUKOPUCTAHUX IXKEPEJI

1. MexanizoBaHa anmoMiHieBa maaTdopMma 3 koiecamu tuny Mecanum 4WD s
pob6ortiB. JlocTtymHo 3a azpecoro: https://roboct2021.en.made-in-china.com.
[EnexkTponnuii pecypc].
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2. CHARACTERISTICS OF EMERGENCY SITUATIONS
2.1 DEFINITION OF EMERGENCY SITUATIONS AND THEIR
CLASSIFICATION

The Ukrainian classifier of emergency situations and other official regulatory
documents define an emergency situation as follows: an emergency situation (ES) is a
disruption of the normal state of life and activity of people at an object or territory
caused by an accident, catastrophe, natural disaster, epidemic, infectious disease, fire,
use of means of mass destruction, which led to human or material losses, which caused
or may cause such losses. [9]

Therefore, the causes of events that can lead to an emergency situation on the
territory of Ukraine are diverse: man-made emergencies are transport accidents, fires,
unplanned explosions or their threat, explosions with the release of chemical,
radioactive or biological substances, accidents associated with the sudden destruction
of buildings, accidents on engineering networks and life support facilities,
hydrodynamic accidents on dams and dams.

Natural hazards are dangerous geological, meteorological and hydrological
marine and freshwater phenomena, soil and subsoil degradation, natural fires, changes
in wind conditions, epidemics among people and animals, significant crop damage due
to diseases and pests, changes in the state of water bodies, the atmosphere and the
biosphere, etc.

Emergency situations of a social and political nature, in any way related to illegal
acts of a terrorist and corrupt nature: the commission or real threat of terrorist acts
(military threat, seizure or detention of critically important facilities, nuclear
installations and waste, communications and communication systems, attacks or
attempted attacks on the crews of ships and vessels), seizure or attempted seizure of
vessels or their destruction, taking hostages, planting explosive devices in public
places, theft or seizure of weapons, as well as the discovery of obsolete ammunition,
etc.

Military emergencies associated with the use of weapons of mass destruction or

local means of destruction, which lead to secondary factors causing damage to the
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population due to the destruction of nuclear, solar, wind or hydroelectric power plants,
warehouses or storage facilities for radioactive or toxic materials or waste, fuels and
lubricants, explosives, transport and communication facilities, etc. Military
emergencies are not considered in the classification.

Emergency situations are divided according to the type (category) of the

incident, as shown in the diagram. 2.1.
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Figure 2.1. Classifier of emergencies in Ukraine

Military emergencies.

The main reason for the lack of a detailed description of military emergencies is
that military operations can cause a variety of disasters - from the destruction of
infrastructure and accidents at critical facilities to environmental disasters of a national
scale.

Military emergencies as a result of hostilities in cities and settlements.
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Cities and settlements have always attracted wars. As soon as they arose, they
became the main targets of hostilities, and their capture became an extremely difficult
task. Over time, weapons became more powerful, and the consequences of battles in
cities became more and more catastrophic. In urban battles, all buildings are most often
under the sights of all types of conventional weapons, since they are elements of
defense. A vivid example of the mass destruction of residential buildings is the attack
on the Chechen city of Grozny in 1994. High-rise residential buildings served as a
defensive base and suffered significant damage. As a result of the attack, most of the
residential buildings were destroyed, which led to numerous civilian casualties and the
complete destruction of the city's vital facilities. Electricity and water supplies were
cut off, hospitals and the fire service ceased to function. The city was reduced to ruins.
Another example of the destruction of a city's infrastructure during the fighting is the
Donetsk airport: after 242 days of fighting, hundreds of assault attempts and thousands
of shellings, the airport buildings were completely destroyed.

However, in addition to the destruction of residential buildings, civilian
casualties and the destruction of infrastructure, fighting in cities poses an even greater
threat. In every large city, there is a significant number of various industrial enterprises,
the damage to which can lead to a large-scale emergency. First of all, these are power
plants, substations, motor transport companies and other branches of heavy and light
industry. The consequences of a munition hitting a nuclear power plant would be
similar to the consequences of the Chernobyl and Fukushima nuclear accidents in
Japan.

The good news is that, unlike thermal power plants, nuclear power plants are
usually located outside cities. Historically, thermal power plants were built in urban
areas, and later in the suburbs. The main danger of thermal power plants is that they
require large amounts of fuel to operate. Fuel is usually stored near the power plants,
which can lead to the risk of large-scale fires that are difficult to extinguish even in
normal times. A vivid example of this was the fire that broke out at the Kiev oil depot
in 2015.
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Such fires can easily spread to neighboring buildings. Industrial facilities also
vary and include various chemical plants and warehouses where large amounts of
flammable materials are stored. Fires at chemical plants are also difficult to control and
can cause serious damage to the environment. In times of war, dealing with such
emergencies is much more difficult than in peacetime.

Military emergencies not related to hostilities.

Military emergencies do not necessarily arise during hostilities. Often they are
associated only with military or political circumstances and are not a consequence of
active hostilities. Often, retreating troops do everything possible to delay the enemy's
advance. The most significant hydropower disaster in Ukraine was the blowing up of
the Dnieper hydroelectric power station dam by Soviet troops on August 18, 1941.
Having lost the battle on the border, Soviet troops quickly retreated east to the Dnieper,
and on August 18, information arrived that the Wehrmacht would soon capture the city
of Zaporizhzhia, where the NKVD had blown up the dam of Ukraine's largest
hydroelectric power station. According to a long-standing Soviet tradition, the local
population was not evacuated or, at least, was not warned about the prepared explosion.

A 20-ton barrel of ammonia exploded, creating a huge hole 0.165 km wide. A
wave from the Dnieper Reservoir burst through the crack, causing waves tens of meters
high. The coastal zone of the Dnieper and the floodplain of Khortytsia Island were
destroyed. The waves also reached the neighboring cities of Nikopol and Marganets,
located downstream. According to various estimates, about 100,000 people died, most
of whom were civilians from nearby towns and villages. The wave also washed away
Soviet military units that had crossed to the left bank of the Dnieper at that time. The
city's industrial enterprises were paralyzed. The occupation troops entered Zaporizhia
only a month and a half later.

Iragi forces carried out similar actions in Kuwait in the late 90s. After the success
of the coalition forces, Hussein's troops were forced to leave Kuwait. Before leaving,
they blew up a large number of oil wells, which led to the leakage of oil from surface

tanks into the Persian Gulf. If the oil wells had not been extinguished, they could have
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burned almost forever. The oil spilled into the sea, and the thick black smoke from the
burning oil caused serious damage to the ecosystem of the region.

Military emergencies caused by the use of weapons of mass destruction.

Of course, the use of weapons of mass destruction leads to the greatest casualties
and consequences in military emergencies. The most powerful weapon created by
mankind was and remains nuclear weapons. Nuclear weapons can be delivered to the
battlefield using missiles, aircraft, and artillery. The main aspect of nuclear weapons is
massive human casualties, destruction or damage to infrastructure and other structures
and equipment. The destructive effect of nuclear weapons depends on the power of the
charge, the type of explosion (surface, underground, air, deep-sea or at high altitude)
and the type of nuclear bomb. However, in all cases, people are negatively affected by
various factors (damage factors), such as the shock wave, radiation, secondary
damaging factors, as well as electromagnetic pulses spreading externally. These factors
are followed by another factor - radioactive contamination, which affects both in the
explosion zone and when moving the radioactive cloud.

A shock wave is an area of rapid compression of the environment, spreading in
the form of a spherical ball in all directions from the point of detonation at hypersonic
speed. This vibration occurs due to the enormous energy released in the decay zone,
where the temperature is extremely high and the pressure reaches critical values. This
shock wave can cause significant damage or even death to defenseless people or
animals. A secondary damaging factor may be the impact of fragments of destroyed
infrastructure or other objects flying at high speed.

Optical radiation consists of a combination of visible light and similar ultraviolet
and infrared radiation in the spectrum. The source of optical radiation is the glow zone
during an explosion, which is formed due to the heating of the warhead material, air
and the earth's surface. The temperature of this zone lasts for a certain time to the
temperature of the sun (7-11,000 degrees). Light radiation lasts on average for several
seconds. The damaging effect of light radiation is manifested by significant light
pulses. Direct exposure causes burns to adjacent parts of the body, temporary blindness

and retinal burns. There is also a risk of secondary burns from the flames of burning
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cars, buildings, vegetation and clothing. In addition, photon radiation can cause fires
of varying intensity at facilities and in populated areas.

Penetrating radiation is one of the serious factors of atomic weapons and is
characterized by gamma rays and neutrons emitted into the atmosphere from the
explosion zone. In addition, alpha and beta particles are added to them, but their effect
on people and objects is not considered due to their short life span. The duration of the
action of penetrating radiation does not exceed a few seconds. The effect of penetrating
radiation on living organisms is associated with the likelihood of developing radiation
sickness.

An electromagnetic pulse is a magnetic field that results from the interaction of
alpha rays with atoms and molecules in the environment, transmitting a pulse of
energy. It does not harm living organisms, but can cause problems when high voltage
and current occur in wires and cables of overhead lines, signaling and power supply
systems, and radio antennas.

Radioactive contamination is the contamination of the area with products of
nuclear fallout. This occurs as a result of the deposition of radioactive rain (materials)
from nuclear fallout. The main sources of radioactivity are the fission products of
materials that make up nuclear fuel, as well as induced radioactivity, that is, the effect
of radiation on certain chemical elements (for example, sodium, silicon, cobalt, iron)
contained in the soil. Radioactive contamination has several characteristics that
distinguish it from other factors of damage from nuclear explosions. Namely: a large
area of distribution (from thousands to tens of thousands of square kilometers), a long
time of radiation effects (weeks and sometimes months) and the difficulty in
identifying radioactive material (it has no external signs, such as color or smell).

After the successful attack on Iwo Jima in 1945, the US General Staff began
developing plans for the invasion of the Japanese archipelago. Taking into account its
experience of waging war with the Japanese and information about the readiness of the
Japanese population for fanatical defense, the American command estimated that an

attack on the key cities of the empire would cost about two million lives and take
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several more years. To avoid a protracted war, the US decided to use the most advanced
nuclear bomb at that time.

The first target was Hiroshima, on which an atomic bomb called "Little Boy"
was dropped on 06.08.1945. At 8:15 a.m. local time, an explosion equivalent to about
15 kilotons of TNT occurred at an altitude of 580 meters above the ground. People
closest to the hypocenter died instantly and their bodies turned to dust. Birds flying by
were burned in the air, and dry materials (such as paper) caught fire up to 2 km from
the epicenter. The rays of light etched black patterns on leather clothing and left
silhouettes of human bodies on the walls. Those who were not in buildings experienced
a blinding flash, followed by a suffocating wave of heat. The explosion almost instantly
covered and knocked everyone near the epicenter off their feet. People in buildings
were able to escape the light radiation from the explosion, but they could not escape
the shock wave. One young man was thrown from the building across the street by the
blast wave, and the building behind him collapsed. Within minutes, 95% of those
within a one-kilometer radius of the epicenter were dead.

But the bomb itself was only the beginning. Several smaller fires that broke out
simultaneously in the city eventually merged into one large firestorm, which, with
strong winds (60 km/h), broke out of the epicenter of the fire. The firestorm covered
more than 11 square kilometers of the city, and everyone who did not have time to
escape within a few minutes after the explosion died. A few days later, doctors began
to notice the first symptoms of radiation exposure in those who survived the explosion.
Mortality from acute radiation sickness peaked three to four weeks after the explosions
and began to decline after seven to eight weeks.

Another type of weapon of mass destruction, the use of which has serious
consequences, is chemical weapons. The most famous example of the mass use of
chemical weapons and their impact on the ecology of an entire country is Operation
Rancho Hand, carried out by the American military during the Vietnam War. The goal
of this operation was to destroy the vegetation of forests and thickets, which simplified
the detection of guerrilla groups. Defoliant was sprayed to eliminate the vegetation.

Operation Rancho Hand began in February 1962 and lasted until 1970. The chemicals



85

used were called pink, green, purple, blue and orange (the names come from the colors
on the labels of the containers with chemicals). The most famous was Agent Orange,
which turned out to be toxic to the human body. During the war, the US military used
72,000 cubic meters of the defoliant Agent Orange in South Vietnam to destroy forests,
of which 44,000 cubic meters contained dioxin. Dioxin is a chemical that enters the
human body through water and food, causing various liver and blood diseases, serious
birth defects and pregnancy problems. In total, an estimated 4.8 million people were
affected by the spraying of defoliants in Vietnam, of whom 3 million were direct
victims. The environmental consequences of the massive use of chemicals are
extremely serious. Mangrove forests (500,000 hectares) were almost completely
destroyed, 62% of tropical forests (about 1 million hectares) and 35% of lowland
forests (over 100,000 hectares) were affected, and since 1960, rubber plantation yields
have decreased by 75%; the use of chemical fertilizers led to the destruction of more
than 1.5 million hectares of mangrove forests; the use of chemical fertilizers led to the
destruction of more than 1 million hectares of mangrove forests. From 40 to 100% of
banana, rice, potato and tomato plantations, 70% of coconut plantations, 60% of rubber
trees and 110,000 hectares of casuarina plantations were destroyed.

The use of chemicals has significantly changed the ecological balance. In the
affected areas, 18 out of 150 species of birds remained, amphibians and insects have
practically disappeared, the number of fish in rivers has decreased and its species
composition has changed. The microbiological composition of the soil has been
disturbed, and plants have been poisoned. The number of tree and shrub species in
tropical forests has sharply decreased, and only a few species of thorny grasses
unsuitable for livestock feed remain in the affected areas. Changes in the fauna of
Vietnam led to the fact that one species of black rat, which carries plague in South and
Southeast Asia, was replaced by another species. The species composition of ticks has
changed - ticks that transmit dangerous diseases have begun to appear. Instead of safe

endemic mosquitoes, there are mosquitoes that carry malaria.
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So, the examples given demonstrate that the use of various types of weapons in
military conflicts can have very serious consequences, including for the ecosystems of
entire regions.

Since 2014, the Ukrainian state has found itself in a difficult situation. Both
militarily and politically. Military aggression by the so-called Russia led to the
occupation of part of the territory, which forced Ukraine to defend its borders and
national unity by all possible means. The most significant stage of this conflict was the
fighting in Donbas and Luhansk regions. This confrontation involved almost all types
and types of so-called conventional weapons, resulting in enormous destruction and
numerous casualties. Consequently, it led to the formation of situations that can be
called "military emergencies."

Although the aggression of the so-called Russia and hostilities are emergencies
in themselves, the National Committee for the Classification of Emergency Situations
defines an emergency of a military nature as a situation associated with the
consequences of the use of weapons of mass destruction or conventional means of
destruction, which leads to the destruction of nuclear and hydroelectric power plants,
warehouses and storage facilities of radioactive, toxic and waste materials, petroleum
products, explosives, transport and engineering communications, which causes

secondary factors of damage to all living things.
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2.2. OVERVIEW OF EMERGENCY SITUATIONS

Monitoring is the observation of changes in time regarding the state of the object
under the influence of environmental factors and human activity, the study of the data
obtained and the formation of useful forecasts based on this analysis. The main goal of
monitoring is the timely detection of malfunctions and negative trends, the prevention
of accidents and emergencies, as well as the minimization of losses arising from
disasters and wars.

This can be achieved by organizing continuous monitoring of objects subject to
the risk of man-made and natural emergencies. To obtain clear and objective
information about the monitored object, it is necessary to carry out comprehensive and
combined monitoring based on the principles of a systems approach. The design,
development and implementation of monitoring systems can fulfill this task. However,
it is important to carefully consider all stages of collecting control data to ensure their
accuracy and quality. One of the options for implementing an effective monitoring
system is to collect and systematize information about emergencies that have occurred,
as well as develop further measures based on this data.

Stages of tasks and functions performed by the emergency monitoring and
forecasting system:

- collection and analysis of information about potential sources of danger
(earthquakes, volcanic eruptions, tornadoes, forest fires, floods, atypical changes in
nature, epidemics, explosions at industrial facilities, hazardous and toxic emissions,
destruction of buildings, road accidents, terrorist acts, wars);

- scientific conclusions based on the information received and explanation of the
patterns and causes of emergencies;

- formation of an information database on sources of threats for emergencies;

- identification of potential sources of emergencies and assessment of their
probability. Forecasting the occurrence, nature, scale and scenarios of emergencies;

- creation of algorithms for actions in emergency situations;

- taking and coordinating measures (including emergency) to prevent and

localize emergencies;
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- notifying and evacuating the population;

- ensuring the safety of the civilian population;

- reducing the destructive consequences, minimizing and eliminating (both
short-term and long-term) consequences and restoring normal human functioning;

- predicting the consequences and losses from the impact of threats on the
environment, the vital activity of living organisms and possible material losses.

Let us analyze the international achievements of emergency monitoring. In
Western countries, the awareness of the need to create organizational structures to
support decision-making in emergencies of various origins has become recognized and
implemented through specific procedures. In Germany, for example, in 2002 the
General Information and Situation Center (Gemeinsames Melde- und Lagezentrum -
GMLZ) was founded under the auspices of the Federal Office for Civil Protection and
Emergency Assistance. The Joint Data Center (Gemeinsames Melde- und
Lagezentrum - GMLZ) has the following powers:

- receiving urgent information, including for the media, in the event of a major
emergency;

- collecting, regularly updating and providing federal ministries and local
authorities with information on the general situation in the field of civil protection;

- analyzing the damage and possible consequences associated with the
emergency;

- forecasting threats and possible consequences associated with the emergency;

- determining the amount of resources required.

In Switzerland, the structure of the executive branch responsible for
implementing state policy in the field of civil protection (Federal Office for Civil
Protection) operates the National Emergency Operations Center (NEC) - a federal
center of expert assistance in resolving emergency situations. The center can operate
both in the mode of 24-hour monitoring and in the mode of resource mobilization (with
its own forces, with the involvement of resources from other departments and

enterprises). The main tasks of the operational center include organizing a response to
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emergencies related to radioactive substances, accidents at chemical plants, dam
collapses and major natural disasters.

Thus, the tasks of this center include:

- constant operational analysis and comprehensive monitoring of current threats;

- forecasting positive development dynamics and identifying/eliminating threats;

- theoretical forecasting of crisis situations;

- coordination of actions of departmental bodies before and during a crisis
situation;

- making the necessary decisions to prevent and overcome crisis situations and
reduce their consequences.

Civil defense in the United States began to take shape in the 1950s, at the
beginning of the Cold War. It was during this period that a bill was passed that later
became the Civil Defense Act. According to this law, civil defense systems were tasked
with protecting cities and industrial centers from massive air attacks by a possible
Soviet enemy, and later from a nuclear attack. After the war began, a warning system,
a network of shelters and evacuation centers, and an evacuation plan from dangerous
areas were created. Later, the Federal Emergency Management Agency (FEMA,
headquartered in Washington, D.C.) was founded. According to the mandate given to
FEMA, the organization must meet the following criteria:

- ensuring the functioning of the country in the event of a nuclear conflict;

- developing evacuation plans for US citizens from potentially dangerous areas;

- implementation of measures in accordance with the construction plans of
protective facilities;

- improvement and strengthening of the protection of communication and
warning systems;

- ensuring the defense and high-quality work of federal and local authorities;

- creation and distribution of food in case of emergencies.

The organization of measures to protect the population and territories from
emergencies in the UK is based on the experience of rescuing people, cultural values

and material resources during bombings during the First and Second World Wars and
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subsequent armed aggressions. The system is practically no different from similar ones
in Germany and France. The main missions remain unchanged: planning, training,
coordination of actions of state and local authorities during normal and emergency
operations, in particular during rescue operations, communication and notification. Just
like FEMA in the USA, the British system does not have its own units or resources,
except for the radiation safety monitoring unit. The military-political leadership makes
significant efforts to prepare the population for actions in the event of critical situations
and to train qualified personnel in the field of prevention and elimination of negative
consequences.

Thus, the organization and activities of civil defense in each country have
common principles:

1. Despite the reduction in the threat of nuclear conflict and the growth of
challenges associated with the prevention of man-made disasters and natural disasters,
immediate response to outbreaks, rescue and other urgent measures, these systems
continue to play an important role in ensuring national defense.

2. These systems are managed at the state level, either directly through the
Ministry of Defense or the Ministry of Internal Affairs and Communications, or
through special state structures.

3. Actions in emergency situations are organized by ministries and local
authorities that have the necessary resources and modern equipment, in particular in
the USA, Germany, France, Great Britain. Many countries, including the USA,
Germany, France, Great Britain, Italy and Japan, organize and conduct the largest
number of rescue and emergency operations, so they focus on preparing for actions in
emergency situations. In addition, public organizations and volunteers are involved in
the elimination of the consequences of accidents and natural disasters.

4. In many countries, modern systems of force and resource management,
systems of training of management and personnel of emergency and rescue units and
other organizations, as well as trained populations ready to respond to various types of

emergencies have been created.
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Thus, the study of the experience of other states shows that algorithms for
protecting the population and territories from natural, man-made and military disasters
can ensure the vital activity of the population and objects of the socio-economic and
infrastructure sphere in the event of such emergencies.

Emergency monitoring in Ukraine.

Having considered and analyzed the available information on the emergency
monitoring system and the civil protection system in Ukraine, we can affirmatively say
that the situation in these administrative areas is unsatisfactory. This topic is also raised
in the article "Problems of information support in the field of civil protection in
Ukraine" in the electronic journal "Public administration: improvement and
development”. In particular, the updated National Security Strategy of Ukraine,
approved by the Decree of the President of Ukraine No. 287/2015 of May 26, 2015
“On the Decision of the National Security and Defense Council of Ukraine of May 6,
2015 “On the National Security Strategy of Ukraine”, emphasizes that one of the
current security threats is the unsatisfactory state of the Unified State System and Civil
Defense Forces, as well as the environmental monitoring system, while other
legislative and regulatory legal acts also require serious improvement. For example,
the Civil Defense Code of Ukraine (CC Code) contains only general principles for
implementing measures to prevent and notify of threats and emergencies. It also states
that at present, monitoring and forecasting of emergencies in Ukraine is carried out at
the level of regional, departmental and other autonomous systems, without being
integrated into a single information and analytical complex.

The Law of Ukraine “On Civil Protection” provides for the creation and
operation of a system for monitoring and forecasting emergencies, but de jure the state
has not created a nationwide system for monitoring the sources of emergencies.
Regional and functional subsystems of the Unified State System of Civil Protection do
not properly ensure the daily collection, processing, transmission and analysis of
information on the probability and occurrence of emergencies of a technogenic,
natural, social and even military nature, as well as the development of preventive

measures and proposals for their implementation. The Unified State System of Civil
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Protection does not have an emergency regime, there are no comprehensive methods
for collecting, processing, transmitting and analyzing information on the probability
and occurrence of emergencies, and the technical support for performing such tasks is
unsatisfactory. One of the current problems is the state of the system for informing and
alerting the population in case of emergencies, which needs to be improved. It should
be noted that the existing system for alerting and informing the population of Ukraine
was developed back in Soviet times. The equipment used in this centralized warning
system has reached the end of its service life, has become obsolete and has been
discontinued. Repair kits have also exhausted their resource. Due to long service lives,
the number of technical failures is increasing. The warning network using wired radio
broadcasting has been practically destroyed. The number of wired radio stations is
decreasing every year. Operators of television companies, radio companies, Internet
providers and mobile communication companies are not involved in the warning
system.

In their conclusions, the authors of the article note that the civil defense structure
of Ukraine and its regulatory and legal framework reflect information support only
partially and unsystematically, do not provide for the creation of a system of
information and analytical support for this structure and do not meet modern
requirements.

The material and technical base of the information and notification system is
insufficient and needs to be updated in accordance with the latest technological
standards to ensure:

- timely (within 3-5 minutes) notification of threats and emergencies.

- automated early detection and notification systems for emergencies should be
integrated into a centralized regional notification system.

- reliable and up-to-date information to state structures, civil defense units,
services and crews of special equipment involved in the elimination of the
consequences of emergencies, within the time limits specified by regulatory legal acts.

It is expected that these measures will ensure the fulfillment of the main function

of civil defense - the protection of the life and health of citizens of Ukraine.
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