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POBOTOTEXHIKA TA IITYYHUH IHTEJIEKT: 3AXO/IA 3 BE3IEKH
TA JUKEPEJIA 3ATPO3

Poszenamnymo numanns 3acmocysanis pobomomexuiKy ma wmy4Ho20 iHmenexmy 6 nooymosux ymoeax ma Ha
pobomi. Byno ecmanosneHo, wo KOHCMPYKYIliHi ma eKCniyamayitini Xapakmepucmuxy npOMUCIO8Ux ma nooymogux
PO6OMi6 MOXHCYMb CMEOPIOBAMU 3A2PO3Y HCUMMIO | 300P08 10 THOUHU ma Oymu 3ax00amu 3a0e3neyeHHs be3nexu.
Kpim moeo, cyuacni konabopamusni pobomu maioms 00HaKo8uti pooouuti npocmip 3 110OUHOIO.

Knrouosi cnosa: kyromypa besnexu, 3axo0u 3 b6e3nexi, RpoMUcio8i pobomu, oyiHKka npoeciinux pusuKis.

ITocTanoBka npoodJieMu

CyuacHa JIOJMHA HACTUIBKKA PO3BUHYNACA, IO
BXE HE MOXE YSIBUTH CBOTO JKUTTS Oe€3 pe3yJbTaTiB
HAYKOBO-TEXHIYHOTO MPOTPECY, SIKi CTBOPIOIOTH IITYYHE
cepenoBuie A 11 icHyBaHHsA. CTUMYJIOM JUIs I[BOTO €
BiIMOBa caMoi JIIOAWHU JOJaTH TPYIHOMI, HeOakaHHsI
3IIMCHIOBAaTH BOJBOBE 3yCWIUIA. MexaHi3amis, eIeKTpH-
dikamis, apromarusaitist [1] Ta poborusairisi, 3 0IHOTO
00Ky, MOXYTh CHPHITH 3axofaM 13 3a0e3meucHHs
Oe3reku mpati, Ta, 3 iHIIOT0 OOKY, BOHHU € JDKepelIaMu
3arpo3. PoOoTu3arist Ta aBTOMaTH3AaIlis Tpalli B pi3HUX
rajgy3sx €KOHOMIKH, a caMe. B aBTOMOOLIbHIH mpomuc-
JIOBOCTI, ¥ chepi iHPOpMAIHHUX TEXHOJIOTIH, OXOPOHU
3I0pOB’sl, B CIIBCBKOMY TOCIIOAAPCTBi, JOTIiCTHIN i
MOCTAYaHHI, B OCBITI Ta B chepi TPOMAJCHKOTO 00CIyTo-
ByBaHHsI [2] — CTBOPIOIOTH MPOOIIEMH 3 MPOMHUCIOBOI,
TEXHOTEHHOI Oe3rek, KibepOe3neku, eTHIHI HeOe3meKn
B MEIUIIMHI, iH(OpPMAIIiiHI, MPOAOBOJbYI, TOPOIKHBO-
TPaHCIOPTHI, OCBITHHO-HAYKOBI, €KOJIOT14YHi, COIliaIbHI,
Xap4oBi Ta TOOYTOBI HEOE3IEKH 1 3aTrPO3H.

AHaJi3 0CTaHHIX JOCHIKeHb 1 myOJikanii

PobOoti MOXXyTh CITIBICHYBaTH HE TINBKH 3 JIFOIH-
HOI0 Ha po0oTi, a me ¥ Bgoma. [lo30aBnstoun TrOIUHY
BiJI pyTHHHHX Ta OOPHIUIUX CIpaB, pOOOTH TAKOX HECYTh
NPUXOBaHy 3arpo3y: BOHM 30HpaloTh Ta aHAJI3YIOTh IIPO
moael iH(popMaIlifo, MOXYTh CTaTH IHCTPYMEHTOM Y
pyKax 3JOBMHCHHKIB, HETAaTHBHO BIUIMHYTH Ha IICHXIKY
JTUTHHM M1 9ac ii BUXOBaHHS poOOTOM, 3pOOHTH 11 aHTH-
COLaIbHOI0, 3MYCUTH TIOKHMHYTH CBOiX OaTBKiB B JIOpOC-
JIOMY Billi, MOXXYTh BUKIMKATH €MOLIHHY NPUXHIBHICTD,
oOMaHIOBaTH, MepeIIyTaTH TocrojgapiB OyAuWHKY 3i
3JI0BMUCHUKAaMH, OTPYITH ra3oM abo He BITYCTUTH iX y
OymuHOoK [3]. POOGOTH 31 MITYYHUM IHTEIIEKTOM CXUIIbHI
MpUAMATH CEKCHCTCHKI Ta PACHCTCHKI pitmenHs [4].

JIronu BTpavaroTh poboui Micus, 60 X 3aMiHIOIOTH
poboTH, Ta 3MyIIEHI MiJBUIIYBaTH HPOJYKTUBHICTH

mpani i po3BHUBaTH KOMIICTEHTHOCTI JUISl IPaleBIAIlTY-
BaHHS Ha HOBUX NPOdecisx, NOB’A3aHUX i3 Cy4acCHHMH
texHonorisimu [5, 6]. docmimkenns Buenux CIHA Ta
kpaiH €C mokasanu, Mo KOXHE Apyre podoue Micie
3aMiHIOETBCS POOOTOM, ajie pOOOTH HE MOXKYTh TIOBHICTIO
3aMIHUTH JIOJCH, SIKi MaloTh MeBHY mpodecito [7]. V
3B’S13KY 3 MM BHHUKAIOTh [ICHUXOJIOT1UHI HEOC3MeKH, IKi
MPOSBISIIOTECA Y popmi pobodobii — muckompopri,
TPHUBO3i, BITYYTTi CTpaxy, HeOE3NMeKH Ta HEHPUHHSTTI
poGototexniku [8]. Kpim 1poro, 36GimbIIyeThCs Kijlb-
KicTh cMepTell Ta mpoOiieM, IMOB’A3aHUX i3 ICHXIYHUM
3J0pOB’sIM, BXKHBAHHSIM HAPKOTHKIB 4 ankoroyo [9].

OueBuaHO, 110 HeOE3MeKH Ta 3arpo3u 301UIbLIY-
I0ThCSI, KOJIM JIIOJMHA 3HAXOIUTHCS B IPIMOMY KOHTAKTi
3 poboTamH, KOIH POOOTOTEXHIKA MPAIIOE pa3oM 3
JIFOJIbMU 200 CUMOI0TUYHO, KOJIU MPAaI[iBHUKH 00NaiHaHi
POOOTOTEXHIYHUMH TIPUCTPOSIMH, E€K30CKEIeTaMu Ta
IHIIUMU TIPOTE3aMH, SKi MiABHIIYIOTH IX MPOAYKTHB-
HICTh Ta 30UIBILIYIOTh MOXJIIHBOCTI [10].

Merta Ta 3aBIaHHA CTATTI

MerTo10 CTaTTi € IOCHTIPKEHHS BIUIMBY EKCILTyaTa-
LIHUX Ta KOHCTPYKTHBHHUX XapaKTEPUCTUK IPOMHCIIO-
BHX Ta MOOYTOBUX POOOTIB Ha PiBEHb OE3IIEKHU JIFOTUHH.

Jnst TOCATHEHHS TOCTaBIEHOI METH HeoOXiTHO
BUPIIINTH HACTYIIHI 3aBIaHHS:

— JOCHiINTH HeOe3NeKH BUKOPUCTAaHHS pPOOOTIB
Ta KJIacu(ikyBaTH iX 32 OCHOBHUMH THIIAMH;

— BCTaHOBUTH HaWOUIBLI MOUIMPEHI JpKepelna
Hebe3nekn poOoTiB;

— BU3HAYUTH NPUYMHH HEIIACHUX BUIIAJKIB, SIKi
TPAIMJIIMCS TIPH KOHTAKTi 3 POOOTOTEXHIKOIO;

— TpoaHalli3yBaTH METOIUKH JUIS OLIHKU mpode-
CIIHMX pUW3WKIB, BH3HAYHTH POOOTOTEXHIUYHE OO0JIA]-
HaHHS JUIs TPOBEACHHS NOAAIBIINX JOCII/KEHB;

— JIOCTIAWTH eKCIUTyaTaliiiHi Ta KOHCTPYKTHBHI
XapaKTePUCTUKU poOOTiB, HANPaBIieHi Ha 3a0€3NeUCHHS
Oe3rexy, Ta pO3pOOMTH 3axoau [yl 3a0e3ledeHHs
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I{usinvna 6e3nexa

0e31eKn IPOMHUCIIOBUX POOOTIB.

[IpemmeToM HOCITIIPKEHHS € 3aCTOCYBaHHS POOOTO-
TEXHIKU T MTYYHOTO IHTEIEKTY.

OO0’ekTOM JOCHIJUKEHHS € eKCIUTyaTaliiHi Ta
KOHCTPYKTHBHI XapaKTEPUCTUKH POOOTIB, SIKi BIUIMBAIOTH
Ha Oe3IeKy Ta TirieHy mpari.

lmoTe30r0 JOCHIIKEHHST € Te, MO YNpaBIiHHI
eKCIUTyaTallIfHIMHU Ta KOHCTPYKTUBHUMH XapaKTepHcC-
THKaMH poOOTiB J03BOJISLE 3a0€3II€YNTH BUCOKUH PiBEHB
0e3IMeKH Ta Tiri€HH Mparl.

JlocnipkeHHsT TIPOBEICHO Ha OCHOBI KOMIUIEKCY
HEOOXITHUX METOJIB, HacaMIlepe] METOIY CHCTEMHOTO
aHajizy, CTPYKTYPHO-(YHKIIOHaJbHOTO METOAY Ta
METO/ly HOPiBHSHHSI.

BuxkJiiag ocHOBHOro Mmarepiany

Ha erani npoexTyBaHHS iH)KEHEPH HE 3aKJIaJal0Th
B OUIBIIICTH POOOTIB PO3YMIHHSA iX OTOYCHHS, TOMY
poboTH MOXYTh OyTH HEOC3NEUHHMH I JFOACH.
3aeKHO BiJl MPUPOIM MOXOKCHHS HeOe3meKu poboTo-
TEXHIKH MOXIIUBO PO3IIINTH HAa THIIH: MEXaHIuHi, IO
MOXXYTh BHHUKATH NPH HEHaBMHCHIN 9M HECIOJiBaHii
Iil, a TaKoX i 4ac 3MiHU IHCTPYMEHTY; KOHTAKTH 3
HeOe3MEeYHUMH JKepeJlaMy €Heprii, sSKi MOXKYTh NpHU3-
BECTH JO0 ypa)KCHHS CJCKTPHYHHUM CTPYMOM IIPH KOH-
TakKTi 31 3’€AHAHHSAMH, CTPYMOBEIYYHMH YaCTHHAMU YU
31 cHajaxoM eJNeKTPUYHOI IYTH; TepMiuHi, sKi BUHHKa-
I0Th TIPH KOHTAKTi 3 FapsYMMH Y4 XOJIOZHUMH MOBEPX-
HSAMU, IOyM, pajiaris, XiMidHI pedoBWHH, iH(pEKIii Ta
inmn Hebesmeku [11, 12].

[IpuamrHOIO TpaBMATU3My BiIl POOOTOTEXHIKH €
JFOJCHKHI YMHHHK, 3yMOBICHUN IHKCHEPHHMH ITOMHII-
KaMHM Ha erali NpPOEKTYBaHHS YU BHUTOTOBJICHHS (He-
CIPaBHICTh €JIEKTPOHIKU, HENPaBUIbHE MPOrpaMyBaHHsI,
cnmabki 3’€MHaHHSA MK JETAIIMH Ta BY3JIaMH po0oTa,
HEBIPHUIA AJITOPUTM) Ta JIFOJICBKUMH TIOMUJIKAMU TIiJ| Yac
BUKOPUCTaHHSI, 110 MOXE MPHU3BECTU JIO 3YNUHKH poOO-
TiB 200, HaBIIAKH, 30UIBIIATH IIBUIAKICTH 10 MaKCHMAJIb-
HOT'0, HEKOHTPOJIGOBAHOTO 3HAYCHHSI, BUKIUKATH Pi3Kuii
pyx abo mnpuckoperts [12]. BimkimroueHHS JFOIXHHOIO
3aMo0DKHUX MPUCTPOIB POOOTIB iJl Yac X eKCIUTyaTaril,
NOMUJIKM TIPOTrpaMyBaHHs, BUMKHEHHS MNepHQepiiiHoro
oOnagHaHHA, JaTYMKIB Ta HPUCTPOIB OE3MEKH MOXKYTh
NPU3BECTH 10 HEKOHTPOJbOBAHUX PyXiB abo [ii, ski
CTAalOTh NPUYMHOI0 HEMIacCHWX BHMAnKiB. HaiiOinemioro
TOMUJIKOIO JIFOJIeH € Cy0’€KTHBHE Ta XHOHE CYKCHHS
mpo Oe3MneyHicTh POOOTIB, JAOBIPJIIMBE CTABJICHHS IO il
poboriB, mo mig yac nepedyBaHHS B HeOe3MeuHiil 30HI
pobGotu poboTa, Iijx Yyac MporpamMyBaHHS YW BUKOHAHHS
TEXHIYHOTO 00CITyrOBYBaHHS MPU3BOAUTH 10 BUHUKHEHHS
HernepenbaueHux cutyarii [13].

Konmun mopnHa 3MymIeHa mpaioBaTd B 30HI [il
poboTa un Ha OgHOMY POOOYOMY MICIIi, 1 130JIAIisT Bif
mpodeciifHoro cepBicHOro poboTa € Hee(heKTHBHOIO.
ABTOHOMHE Ta MOOiINTbHE (YHKIIOHYBaHHS poOoTa
MOXE NPHU3BOAUTH 10 HEeOE3NEYHHX CHUTYaIiid, TOMY

IH)KeHEpH Ha eTalli MPOEKTYBaHHS MOBUHHI BPaXxOBYBAaTH
eTH4Hi, (Pi3udHi Ta comiadbHi HACHIIKH OE3KOHTPOIIb-
HOCTI Iiit po6oTa [14]. oAl Mr0AM MOMHUIKOBO BBaXKa-
10Th, 110 POOOTH MarOTh OLIBIIE JIOACEKUX SKOCTEH Ta
3110HOCTEH, HIXK BOHM cami, 1 HaBITh Ha3HWBAIOTH IX
JIFOACHKUMH iMeHamu [15].

di3uyna Oe3neka poOOTIB Ta JIONEH Y CHUTBHOMY
MPOCTOPi [TINMTBCS HA Taki KaTeropii: OLIHIOBAaHHSI
Oe3mekn Ta KOHIICTIIiS B3a€MOJii JIOAWHU 1 poOoTa;
Oe3meka KOHTaKTy 3a PaxyHOK OYI0BU po0OTa; MaCHBHI
CYMICHI CHUCTEMH, JIETKI MaHIIyJIsTopy, Oe3neyHi npu-
BOJIM Ta ITACHBHI POOOTH30BaHI cucTeMH; Oe3reKa B3ae-
MOIii, sIKa JI0CSTaeThCs Mijl Yac KOHTPOJIIO 1 IIaHyBaHHS,
3MEHILIECHHS YAapHOI CHIIH ITiJ] Yac KOHTaKTy 3 poOOTOM,
KOHTPOJIb KOPCTKOCTI i THy4uKocTi [16, 17].

Pob6oT Moxe OyTu KoIabOpaTUBHUM, SKIIO HOTO
KOHCTPYKIIisi MICTHTh BOY/ZOBaHI 3aco0M 3aXHCTy, SIKi
JI03BOJISIFOTH HOMY TIPAIIOBATH Ta B3aEMOJISITH 3 JTIOABMH.
Bognouac MixHaponHa opraHizamis CTaHTapTH3aIlil
pernamMeHTye Te, 1o KojlabopaTHUBHI pOOOTH IMOBHHHI
MaTH OZMH i3 3ac00iB Oe3MeKu:

— KOHTPOIb 3YNHWHKH 3 PpEHTHHroM O€3MeKH.
Po0oT BHMHKA€ETBCS, KONM MPALiBHUK XO4Ye YBIHTH y
Horo po6ouuii mpocrip;

— pyuHe KepyBaHHS. POOOT pyXa€eTbes TINBKH i
YIPaBIiHHAM OIEpPaTOpa;

— MOHITOPUHT IIBHAKOCTI 1 BimpuBy. Pobot
aBTOMAaTHYHO 3MEHIIYE CBOIO MIBHAKICTE Yy Mipy
HaOJIVMDKEHHS TIPAIiBHUKA IO TOYKH, JIE BiH 3yITHHSAETHCA,
KOJIM MOr0o Maike TOPKHYThCS;

— TOTYXHICTh 1 oOMexeHHs1 cuin. Pobotu odme-
XKEHI B KOPHCHOMY HAaBaHTa)XCHI, SKE€ BOHH MOXYTh
HECTH, 1 B KUIBKOCTI CHJIH, SIKy BOHH MOXYTb 3aCTOCYBATH,
Ha BUIQJIOK, SIKIIO BOHU BHIIAJKOBO BJAPSThH JIIOAMHY.
A 3akpyrieHi kpai i M’sIKi TOBEpXHi JO3BOJSATH 3MECHIIIUTH
PH3HK OTPUMAaHHS TPAaBM y pa3i KOHTAKTY.

[pore, He3Baxkaroun Ha 11i 3acO0M 3aXHCTy, KOJa-
OopaTiBHI poOOTH BCe Il MarOTh 3Ha4YHI pusuku. Hesa-
JIEXHO Bifl TOTO, HACKUIBKH M’ SIKOIO UM OKPYTJIOIO € pyKa
poboTa, sikmio i KiHieBuil edekrop abo aerans rocrpa,
JIIOAMHA BCE OJHO MOXE OTPHMAaTH TpaBMy. OCKIIBKH
KO)KHa pOOOTH30BaHa CHCTEMa IS CIUIBHOI poboTH €
VHIKaJIBHOIO, OIIHKA PU3HKIB Ma€ BHpIMIaTbHE 3HAYCHHS
JU1sl O€3MIEUHOT0 i YCHIIIHOTO BIPOBA/DKEHHS, & TAKOK €
OCHOBHOIO BUMOT'OI0 YHHHUX CTaHIapTiB Oe3meku [18].

Cepen 3axofiB 3a0e3medeHHs Oe3nekn poOoTiB € iX
3[ATHICTh BH3HAYaTH €MOLIl JIOJMHH, PO3Mi3HaBaTH 11
MOBEIIHKY 32 JOTIOMOTOI0 JAaTYHMKIB HA MIKIpi JIFOIWHH,
KamepH, siKa IMITy€ JIFOJICBKE OKO, SIKa MOXKE JAMBUTHUCS Y
OiK JIFOMWHM Ta pearyBaTH Ha il BUpa3 o0nWdds, i1eHTH-
¢ikyBaTH HeOe3MeKy, CTpakJaHHI ab0 CTpax JIOIUHH. 3
iHmoro OOKy, BCE 116 MOXE CTHMYJIIOBaTH CyO’€KTHBHE
Bp@)XEHHS JIFOJIMHHU 1100 HEpealiCTHYHUX 3/i0HOCTeH
PpOOOTIB, SK-OT BIi3HABaHHS 4K MipKyBaHHs [19].

IcHye BimHOCHO HOBa raiy3p Oe3NEKH Ta TirieHn
npani — npodeciiiHa poOOTOTEXHiKa, SKa BUBYAE POOOTIB,
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0 BUKOPHWCTOBYIOTLCS IIJISl CITIBIpAIli HA Cy9acHOMY
pobodoMy MicCIli Ta TiNKMTH MpaIliBHUKIB HA TaKi THIIH:
JIFOJTM, TIPalliBHUKU-POOOTH Ta cUMOIOTHYHI POOITHHKH,
TOOTO POOITHUKH-JIIOAM, OCHAIIEHI POOOTH30BaHUMH
TPUCTOCYBAHHAMH, €K30cKeneTaMu gu tpotezamu [20].
[podeciitHa poOOTOTEXHIKA AOCTIIKYE METOAH, SIKi €
HEOOXiTHUMH JUIs POOOTOTEXHIYHOI OI[IHKH PHU3HKIB Ta
VOpaBIiHHA HAMH, a TaKOXX €THYHI TMPOONeMH, SIKi
BILUTHBAIOThH Ha MeBHE poboue micte [21].

Cepen roloBHUX NMPUYHMH HENIACHUX BUMAJKIB, SKi
BUHMKAIOTh NPU KOHTAKTi 3 pOOOTOTEXHIKOIO, € HU3bKA
KyIbTypa Oe3nekn. TparusioThCs BHITAIKH, KOJIH poOOTO-
JlaBellb IOpYIIye TIpaBWiIa Oe3NneKd ado IpauiBHUK
HeOe3eYHO MTOBOANTH cebe, BXOIUTh B 30HY i pUBUKY
Ta CaMOCTIHHO BHUKOHYE Cepil0 OIepamiii y Mexax
pobotu poGoTa [22].

OnHi€rO 3 TOJIOBHHX TEPEBar, MOB’s3aHUX 3 poOOTO-
TEXHIKOIO, € TOKpAIIeHHs] YMOB TIpami CIiBpOOITHHUKIB:
BOHA JIOTIOMAara€ YHHKaTH HeOesrmedHoi poOoTH Ta Imif-
BUILUTH piBeHb O€3MeKW Ha BHUPOOHHITBI MUIIXOM
3MEHILICHHS Hamnpyrd BiJl TOBTOPIOBAaHHX 3aBAaHb.
Omue nomatkoBuiit podor Ha 1000 mpamiBHUKIB MOXe
3MEHIIIUTH TPaBMAaTH3aIlit0 Ha BUpoOHMITBI Ha 15,1-16 %,
a B 00poOHiit mpomuciaoBocti — Ha 28 %. Kpim Toro,
cucTeMa O€3NEKH JO3BOJSIE KOHTPOIIOBATH 3YIMUHKY
pobota, py4He KepyBaHHA, IIBUAKICTb Ta BIIPUB, TUM
caMuM y0Oe3nedyroud CHUIBHUA poOoumii mpoctip
JI0MHY Ta poboTa [8, 23, 24]. o npukiay, icHye APOH,
KUl BHUKOPHCTOBYIOTH €JICKTPOCHEPTeTHYHI KOMIIaHil
JUIsl BUSIBJICHHSI HECTIPaBHOCTEH 1 300iB y cBoiil Mepexi
BUCOKOT Hanpyru. BiH ocHaIeHU# KaMepaMu JIJIst OTJISLY
Ta TEMIICPATYPHUMH KaMepaMWy, sKi 3JaTHi BHUSBISITH
HECIPaBHOCTI B CHCTEMi BHCOKOI HAalpyT'H, BUIIPOMIHIO-
BaTH CHTHAJ Ta 3alicyBaTH iHGOPMAII0 HA KOPCTKHUIl
JIMCK, [I0 MOKpAIye 00CIyroByBaHHs CrioxuBayis. Tum
gacoM, poOiTHUKaM, SKi MAlOTh HAIPYKEeHY poOOTy, He
MOTPIOHO TaK YacTO BUKOHYBATH 3aBJIaHHS 3 TIEPEBIPKH
Ta TexHIYHOTO oOciyroByBauHs [23]. BmpoBamkeHHs
poOoTiB 3MEHIIWIO KimbKicTh mopymeHb OSHA Ta
Hel[ACHUX BUMAJKIB, 30KkpeMa y cdepax, no’s3aHux 3
MamHamu abo eaeKkTpukoro [14].

3acTocyBaHHs POOOTH30BaHHX METANCBUX KOMIPOK
CTBOPIOE PH3UKH Ta HeOe3NeKH Il HeJOCBiIUeHOro abo
PO3CISTHOTO OriepaTopa, sIKUi 3IIHCHIOE HArJIsII, 00CITyro-
BYBaHHS, 3aBaHT)XCHHS YM PO3BaHTAXCHHS B 30HI il
poboTa. Takox Iie CIIPHIMHEHO TUM, III0 aHTPOIIOMOPQHI
pobOTH He 37aTHI CaMOCTIHHO 3pO3yMiTH, LIO BinOyBa-
€ThCSI HABKOJIO HUX Ta YK 3HAXOJHUTHCS B 30Hi Aii JFOUHA.
Bxizn B po6ouy 30HY MOXIIMBHI 4epe3 J1Bepi 3 KIHIEBUMH
BUMHKAa4YaMHU TUTBKHU TiCIs BUMKHEHHS pobota. JlasepHi
0ap’epu — 11€ IPUCTPOI, OCHAIIEH] AATIYNKAMH, SKi BUSB-
JISIFOTh TIPUCYTHICTh HEBIZJOMOTO Tija, BOHH CIIOBLIBHS-
10Th 200 3yNMUHSIOTH POOOTY poboTa Ta Mepe3aycKaloTh
Woro, Koiau Oe3reyHa BIACTAaHb BiJHOBIIIOETHCS, IO
3abe3neuye poOoTy poOOTH30BaAHOT KOMIpKH 0€3 3yITHHKH,
a TakoX Oesmeky oreparopa. Buxopucranus konabopa-

THBHUX DPOOOTIB 3abe3meuye Oe3neky Oe3 Oap’epiB —
¢isnyHuX yu nasepHux [25].

BukopucranHsi MPOMHCIIOBHX POOOTIB B €KCTpe-
MaJIbHUX YMOBax po0ouoi 30HH, 1ie piBeHb HeOEe3eYHNX
Ta IIKI[UIMBUX (PaKTOPIB MEPEBHIIYE TPAaHUIHOJOITYC-
TAMI 3HA4YCHHSA, JO3BOJISIE YOE3NEYHTH IIOIAWHY Bil
BIUIMBY LUX (akTopiB. [IpuKiIanoM Takux yMOB € BHKO-
pHUCTaHHS BHCOKOPATiOaKTUBHUX PEYOBHH, SKi MAalOTh
HeOe3NmeyHnit Uil Jroel PiBeHb 10HI3yIOUOTO BHIIPO-
MiHIOBaHHS. P0OOOTH-MaHIMysiTOpH TO3BOJISIIOTH  HE
nepeOyBaTH JIIOAMHI B HEOC3MeuHIN MUISAHIN, a 3HAXO-
IUTHACH B POOOUii 30HI 3 TOBCTUM CBHHIICBO-OCTOHHUM
3aXMCTOM Ta 3[IHCHIOBATH YIpPaBIiHHA Ha BiJCTaHi
JisIMH MaHImyJIsAToOpiB (MexaHiuHuX pyk) [13].

Hebe3nekn BUKOpUCTAaHHS POOOTIB MOXKHA 3TPY-
IyBaTH 3a TAKUMH OCHOBHUMH THIIAMH:

1. VYnap, 3iTkHeHHS abo Hai3g. Y 1poMy pasi
CIIOCTEpITaloThCSl HECTOAiBaHI PyXH, HECIPABHOCTI
KOMIIOHEHTIB a0o0 HemependayeHi 3MiHH TPOTPaMH,
OB’si3aHi 3 POOOTOM-MaHIMyJIATOPOM, KiHIIEBUM e(ek-
TopoM abo mepudepiiiHuM 00TaTHAHHAM, SIKI MOXYTh
NPU3BECTH 1O TPaBMYBaHHS IPH KOHTakTi. Poboru
MOXYTh HaiXaTu Ha MpaliBHUKA a00 30MTH HOTO.

2. Hebesmeka po3uaBieHHS Ta 3axOIUICHHS.
KinniBka abo iHImIa YacTWHA TpamiBHUKAa MOXeE OYyTH
3aTUCHYTa BCepeauHi ab0 MiK poOOTOM, KiHIIEBUM
epekTopoM abo JAeTAUII0 Ta IHIIAM pPoOOTOM abo
iHIMM TiepudepiiHUM 00JIaIHaHHAM, [I0 MOXE HpH3-
BECTH J0 MOTEHUIHHOTO PO3YaBICHHS.

3. HebGesneka moTparuisiHHS Ba)KKOTO MpenMera.
ITosmoMKka KIHIICBOTO MEXaHi3My, 3aroTOBKH, Mepude-
piitHOTO OONMamHaHHS a00 Kepena KUBJICHHS € MeXaHid-
HOIO HECIIPABHICTIO, MiJ 9ac KOl BinOyBa€THCS BHUBIIIb-
HEHHsI JieTajeil, MoJoMKa 3aXBaTHOTO IPHUCTPO abo
HECIIPaBHICTh KiHIIEBOTO MEXaHI3MY €JICKTPOIHCTPYMEHTY
(manpuknan, nutipyBalbHOrO Kpyra iHCTPYMEHTIB JUist
BUJIQJICHHS 3aJIUPOK, EJIEKTPUYHUX BUKPYTOK Ta raiKo-
BEPTIB), M0 TAKOX € JDKEPEIIOM HeOe3rmeK MeXaHiuHOT
HECHPaBHOCTI Ta TPABMH.

4. Enextpuuni HeOesneku. Jlxepena >KUBICHHS
Ta eJICKTPUYHI Kabeai poOOTH30BaHOT CHCTEMHU MOXYTh
CIPUYMHHTH CHaJax Iyrd, yaap, HOXEeKy Ta iHmm
HeOe3MeKH Ta TPaBMH BiJl €JIEKTPHYHOTO CTPYMY.

5. Tigpapniuni Hebesneku. Ilix wac po3pusy
TigpaBmiqHOT Aii MOXYTh YTBOPIOBATHCS HeOe3MedHi
pi3aibHI TOTOKH IiJi BUCOKMM THCKOM Ta HeOe3leKd
TpaBMYBaHHsl y 3B’SI3Ky 31 LIUIAaHTaMu, SIKi 30HMBaOTh.
Bomnouac po3puBr ab0 BUTOKH MOXYThH HMPU3BECTH 10
BUHHMKHEHHS MOXEeXi a00 OIpOMIHEHHS NpaliBHUKIB,
SKUIO PIAMHK € JIETKO3aMMUCTUMH, TOKCHYHAMH YU
MAalOTh 1HITY HEOE3MEUHICTh.

6. IlmeBmarnuHi HeOesneku. PosipBanHi mMHEBMa-
THYHI JiHII MOXXYTh CTBOPIOBAaTH HEOE3MEKH Ta TPABMHU
4yepe3 yIapH IUIAHTIB.

7. HeOe3neka KOB3aHHS, CIIOTHMKAHHS Ta TIaJliHHS.
[TockoB3HYyTHCS, CHITKHYTHCS 1 BNACTH, 1 ONMHHUTHCS
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gepe3 1ie B HeOe3Ielli Ui OTpUMAaTH TPaBMy MOJKHA TIpaK-
THYHO Ha Oymb-sikoMy pobodomy wmicmi. PosmmBu abo
BUTOKH MOXYTh IIPU3BECTH 10 HEOE3NEKH KOB3aHHS.
Yepe3 obOnagHaHHs, KaOei KUBJICHHSA Ta IUIAHTH TEXK
MOJKITBO CITITKHYTHCS Ta BIIacTH. Tomy 3arajbpHe npuou-
paHHS HEOOXiTHO MiATPUMYBATH Ha BCiX POOOYHX MICIISIX.

8. Exosoriuna HeOe3neka. MaroTecst Ha yBasi He-
Oe3meKkn cepeloBUINa, B IKOMY IpaIioe poOoT, a came:
BUIAPU XIMIYHUX PECYOBUH (HATIPUKIIA], Bill 3BAPIOBAHHS),
TEIUIO, rapsdi IMOBEpXHi, MW, HeOe3NmeKH opieHTamil
obnaHaHHs, pajiallis, NOTEHIIHHO HeOe3neyHe SCKpaBe
CBITJIO, iCKPH Ta IIIyM.

Jlo HaWOINBII MOIMUPEHUX JpKeped Hebe3mek
pOOOTIB BIHOCSITH JIOACHKI MOMUJIKH iHTErpaiii adbo
mporpaMmyBaHHA. HalOimpm dacTHM HEOpO3yMiHHIM
070 poOoTa € HOTo HApsIMOK PyXy. IIpariBHIK MOXe
criocTepiratéd 3a poOOTOM i TOBOPUTH HOMY PyXaTHCh
JiBOpydY, ane BiH Oyae pyxaTHCS MPaBOpPYY 3 HOTIISAY
mpaniBHuKa. [IporpamyBaHHA, MiIKIIOUEHHS mepude-
pifiHoro oOmagHaHHA abo o00poOKa KHBHX BBOJIB-
BUBOJIIB KOHTPOJIEPOM poboTa abo nepudepiiiHuM KOH-
TPOJICPOM MOXE CHPHUYMHHUTH HEOe3NeuHHi, Hemepen-
O0auyBaHuii pyx abo miro. HempaBuibHa akTHBAIlis
MiZBICKM HaBYaHHSA a00 MaHeN KepyBaHHS € MOIIUpe-
HOIO poO0Y0I0 MOMUIIKOIO, ajle HalpO3IOBCIOHKEHIIIO0
poOJIEMOI0 € BHIAIKH, KOJIM TPaliBHUK CTaBUThH ceOe
B HeOe3leyHe CTaHOBMIIE IIiJi 4ac IpOorpamyBaHHS,
iHTerpauii, YCyHEeHHsI HeclpaBHOCTEH a00 BHKOHAHHS
TEXHIYHOTO 0OCTyroByBaHHS. TakoX cepell OCHOBHHX
JoKepesT HeOe3eKH € IOMUIIKU KOHTPOJTIO, SIKi BAHUKAIOTh
il YaC HECMPABHOCTI B CHUCTEMi KEpPYBaHHS JOJaTKOM
poboTa, MOMUIKH IPOTPAaMHOTO 3a0€3MEeUEHHs, EJIEKTPO-
Mar”iTHi a0o0 pamioYacTOTHI MEPENIKOIM, TOMUIKH
KepyBaHHs abo 3001. Kpim Toro, 1ie Moxe cratucs yepes
HECTIPaBHOCTI B TiIpaBIiYHUX, ITHEBMATHYHHX abo
@JIEKTPUYHHUX JIOTIOMDKHUX €JIEMEHTAaX KepyBaHHS,
OB’ sI3aHUX 13 POOOTOM, POOOTOCHCTEMOIO YH IpOrpa-
Mor. HecaHkiioHOBaHuUiT J0CTyI BiOyBa€ThCs, KOJIH
POOITHHK 3IIMCHIOE BXil Y OOMEXKEHHHA TIPOCTIp, IKUK €
HeOe3[EeYHNM, OCKIIBKY BIJINOBIAHUIA MPAI[iBHUK MOXE
OyTH HE 3HAMOMHUIA i3 HEOE3MEeKOI0, HASIBHIMU 3a1001K-
HUMH 3aXO0JIaMH YH CTaTycoOM IX aKTuBaIil. MexaHidHi
HECIIPaBHOCTI € 1IIe OJHHMM JDKEpEelIoM HeOe3leKu.
OnepariiiHi mporpaMy He BpPaxOBYIOTb KyMYJISITHBHY
HECIIPaBHICTh MEXaHIYHUX YacTHH, IO IPU3BOAWUTH /IO
HeouikyBaHOi poOotu. [lepeBipka Ta TexXHIYHE 00CITyTO-
BYBaHHS MMOBUHHI BUKOHYBATHCS BIAMOBIAHO J0 BUMOT
Yacro
poboTO/aBI, a iHKOJIN caMi NPALiBHUKH ITOCIIIAIOTH Y
3B’A3Ky 3 OpakoM wHacy, 3 METOI0 SKHAaWIIBHIIIOTO

BUPOOHHMIITBA Ta MPOMHCIOBUX CTaHIAPTIB.

BiIHOBJICHHS TisTbHOCTI. KoM MpariBHUKY KBATUIATHCS
BIZJTHOBUTH POOOTY, 00CIyroByBaHHS MOke OyTH IIpo-
IylieHe, 3yNnuHKa abo 3amycK MOXYTb OyTH 3HEXTYBa-
HUMH, TOJO0XEHHS IHIINX NpAaIiBHUKIB MOXXe OyTH He
MIOMIYeHO, IO Mpu3Beae 10 Hebe3meku Ta TpaBmu. Jlo
EKOJIOTTYHMX JpKepesl HeOe3NeKH MOXKIMBO BiJHECTH

BIUIMB BOJIH, TEIUIa, MUY, TOPIOYOi Y JIETKO3aHMHUCTOT
aTMoc(epu Ta JHKEpen HaBKOJMIIHBOTO CEPEIOBHIIA,
SIKI MOXKYTh HEraTHMBHO BIUIMHYTH Ha poOoTy poOora
abo mpu3BecTH 10 30010 iforo podotu. Skmio pobor He
MIPU3HAYECHUH AJs1 HABKOJIMIIHBOTO CEPENOBHUINA, BIUIMB
IUX JUKEpENT Ha poboTa MOXKE CIPUYMHHUTH YpPaKeHHS
SJICKTPUYHUM CTPYMOM, HOXKEXY abo BHOYX, a TaKox
30UTBIIUTH WMOBIPHICTD TPaBMYBAaHHS IPALiBHUKIB Y
it 30HI. Ciix BBakaTH, IO eJNEKTPOMAarHiTHi abo
panioyacToTHi nepemkoan (MepexijiHi CUTHaAIN) MaloTh
HeOaxaHWH BIUIMB Ha PoOOTYy Ta 30LNBLIYIOTH MOKIIHU-
BIiCTh TPaBMYBaHHsI NPALiBHUKIB y Lilf 30Hi.

3001 a00 HECIIPABHOCTI B CHCTEMI KUBJICHHS € JIXKe-
penamu HeOe3MeK, NPHYOMY TTHEBMATUYHI, TiJpaBIiyH] 91
SNIEKTPHYHI JDKEpera JKUBJICHHS, SIKI MArOTh HECIIPaBHI
eJIeMeHTH KepyBaHH#, a00 TpaHCMicii B CHCTEMi YKUBIICHHS
poboTa MOXYTh MOPYIIHUTH EJISKTPUYHI CUTHAIIN JI0 JIiHIH
KepyBaHHA a00 IDKepenl JKHUBICHHSA. PI3HK TOXKexi
TI/IBUIITYETHCST Yepe3 EIEKTPHYHI NepeBaHTaXXEHHSA a0o
BUKOPUCTAaHHS JIErKO3aiiMUCTOT TiAPaBIIYHO PigUHH.
YpaKeHHs eNeKTPUYHUM CTPYMOM Ta BUBLJIBHEHHS €HEp-
rii 3 HAKONMMYYBAIGHHUX NPUCTPOIB TAKOXK MOXYTh OyTH
HeOe3NeyHuMu Ut npaniBHUKIB. HenpaBuiibHa 30ipka
Ta BCTAaHOBJICHHS € ILE OJHHUM JDKEPEJIOM HeOEe3NeKH.
Jm3aitH Ta KOMIIOHYBaHHS pOOOTIB, IHKEHEPHUX KOMYHi-
KaIliif i 3aco0iB 3acTOCyBaHHs POOOTIB, SKIIO BOHH HE
BIJIMOBIJA}0Th TICBHUM HOpPMaM Ta CTaHIapTaM OE3IeKH,
MOXYTh IPH3BECTH 0 HeOe3MeKH Ta TpasM [26].

bararo HemacHHWX BHUNAJKiB, ITOB’S3aHUX 3 PO0O-
TaMH, TPAIUISIOTHCS HE 3a 3BUYAHUX YMOB eKCILTyara-
1ii, a miJ 9ac CKJIaJaHHs, BCTAHOBJICHHS Ta TECTYBaHHS,
KOJIM TPAIiBHUKH BHEPIIE 3iMITOBXYIOTHCA 3 POOOTOM.
Ha nux eramax BHHMKAIOTh IIOMWIKH B IPOEKTYBaHHI,
CKJIaJJaHHI Ta IHCTAJAII] — MiJ 9ac MOYaTKOBOTO IPO-
rpaMyBaHHS Ta TEXHIYHOTO OOCIYrOBYBaHHS (PEMOHT,
TecTyBaHHA a00 HamamTyBaHHS). [IpukiamoM aBapii €
HEIIACHUI BUIAJI0K, KOJHM Mporpama podoTa nparoBajia
SK IHTErpoOBaHa, aje IMiJ 4YaCc BHKOHAHHS MPOrpaMH
CTaBCsl HECNOJIBaHMU pyX, SIKMH TPHU3BIB 110 yaapy
npauiBHuka. [Ipu4MHaMu 1IbOTO HEIIACHOTO BUMAIKY
Oyyio Te, 110 TPAI[iBHUK HE OyB O3HAWOMIICHH 3 MPO-
rpaMoro Ta i OUiKyBaHUMH pyXaMmH; He Oylo 3azmaie-
Tilb BU3HAYEHUX MiCIlb AJSI MPOTPaMyBaHHS 3aBIaHb,
TOMY TpAIliBHUK TTepeOyBaB y MICIIi 3 TIOraHOK BUAUMI-
CTIO; TiJ Yac TpPOTpaMyBaHHS y TpaIliBHUKa He OyIo
HABYAJIBHOT IMiIBICKU 3 JTO3BITHHUM IIPUCTPOEM.

HacrynHuii HemacHUil BUIAJAOK BUHUK, KOJIHU
MpaLiBHUK YBIifIIOB B 0OMeXyBaJIbHHUN MPOCTIp Mijx gac
aBTOMAaTHYHOT poOOTH MPHUCTPOIO /It 0OpoOKK MaTepia-
niB. PobiTHMKA OyJI0 3aTUCHYTO MiX 33 JHHOIO0 YACTHHOO
MaHIITyJIATOpa Ta 3amoODKHUM CTOBIOM. [IpuumHaMu
I[LOTO HEIIACHOTO BUIMAAKY Oyjla HeHaleXHa OXOpOHa
nepumMerpa. IlpamiBHUK 3Mir yBiiTH B OXOPOHIOBaHUH
mpocTip 0e3 chpambOBYBaHHS 3aXHCHOI 3YIMUHKH, a
3armo0KHAN CTOBNI OyB PO3TALIOBAaHMHM HETPABIIBHO i
CTaHOBUB HEOE3MEKy pO3YaBIICHHS.
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Ille onuH HemACHUI BUMAJLOK CTaBCs, KOJU OJIUH
NpaniBHUK BHIIAJKOBO BUMKHYB BHMHKA4 JKUBIICHHS, a
IHIIWHA POOITHUK 3 TEXHIYHOTO OOCIYyroBYyBaHHS B LiEH
Yac 00CITyroByBaB MOHTa)KHOTO po0OTa. YHACIHIIOK IbOTO
MaHIIyJISATOP 3a4eNUB PYKY PEMOHTHHKA. [IpudanHamu
[IbOT'O HEIACHOTO BHIAIKY CTAJIO T, M0 OJOKYBaHHS
Ta MapKyBaHHS, 10 YHEMOXJIMBHIN O MMOBTOPHE BKIIIO-
YeHHS MOHTaXXHOTO poOoTa, He OynH 3acTocoBaHi abo
Oynu 3acTocoBaHi HempaBWIbHO. PoOOT He BigmoBimae
CTaHAapTaM eJeKTPOOE3NeKH, OCKUTbKM BUMKHEHHS
KMBJICHHS HE IMOBHHHO NPU3BOJIUTH 10 pobotu abo
pyxy mporpaMu-po6ora. JlocTyn 10 mepeMuKada yKHB-
JIeHHS OYB HEHAJIS)KHHM.

[MpauiBHUK CcepBiCHOI KOMMaHIi B aBTOMaTUYHOMY
peXMMi OYMIIIAB ONTHYHY ITOBEPXHIO peduiekTopa (nat-
ynka) oronpomens. [Ticns ounImeHHS DaTINK HAJiciaB
CHT'HAJI CHCTEMi po0OTa aBTOMaTHYHO BiIHOBHTHU 3aIpor-
paMoBaHMi NUTAX, 1 MPALIBHUK OTpHMaB yaap. o mpuauH
[BOTO HEIIACHOTO BUIIAJKY BiTHOCHTHCS Te, IO MiJ 4ac
aBTOMATH30BaHOI POOOTH HE JOITyCKAEThCS OOCIIYTOBY-
BaHHs, SKIIO BIICYTHI 3aCO0M 3aXUCTY, SIKI MEPEIIKOpKa-
I0Th POOOTI, CIPUYMHATAMYTh 3YIIHHKY Ta HE I03BOJIATH
MOBTOPHHMH 3aITycK; OyJ10 3a0e3MeueHO HEeI0CTaTHI OJIOKY-
BaHHS Ta MapKyBaHHsI JUTsl 3MiHCHEHHsI omepariii [27].

29-piyHHit YOIIOBIK TIOMEp BiJ TpaBM, SKi BiH OTpH-
MaB T 4ac yaapy HO TOJIOBi OJHOCTOPOHHIM MOpPTAajb-
HuUM poboTom. Ilepen mmMm skepTBa 3MiHWIA (OPMY Ha
1500-ToHHI# TOPU3OHTANBHIA MAaIIWHI I JUTTS MiJ
THCKOM. [IpamiBHUK ITyKaB iHCTPYMEHTH, SKi, MOKJIHBO,
3IMIIMB y MalllWHI TiJ Yac orepauii HaJlalTyBaHHS.
[MoTepminmii MiAHABCS HA IIMTOK VISl MPOJYBKH il Haxu-
JHMBCS HAJX BEPXHBOKO YACTHHOK HEPYXOMOI IUIHTH,
HaMararo4yuch MEPEeBIPUTH, YH 3THIIMINCH IHCTPYMEHTH
B 30Hi 1pec-(hopMH, 1 TIOMICTHUB TOJIOBY IiJi pamy Iop-
Taiy pobota. Kojm BiH HamaraBcsi 3a3UpHYTH BCEPEIHHY
¢dopmu, podoT 3pOOHB IHKJI, 1 TOJIOBA XKepTBH Oyia BJa-
peHa 300Ky Ta po3yaBiicHa MiX POOOTOM 1 HOTO OMOPOIO.
[HIMit npaliBHUK MOMITUB MOTEPIIIOro Ta, MOOAYMBIIH
HOro cTaH, BHKIMKAB KOJIET, IOO MEpEeHeCTH HOro Ha
miyiory. Bynu BUKITMKaHI psATYBaIbHUKY, I1iJ] 4ac OYiKy-
BaHHS TXHBOTO NPHUOYTTSI NPALiBHUKK 3pOOMIM Macax
TPYIHOI KJIITHHH Ta BUKOHAIW 1HIII TPOLETYPH IMepIIol
noroMor. [licist mpuOyTTS 0 MICIIEBOI JIIKapHi OTEp-
minuii 6yB oroJiomeHuM MepTeuM [28].

BuxopuctanHs O€3MIOTHUX JITANBHHUX amapaTiB
(BITJIA) HeraTWBHO BIUIMBAa€ Ha 370POB’S Ta OE3MEKy
MPAIiBHUKIB, OCOOJIMBO THUX, XTO MPAIO€ HAa BHUCOTI.
BIIJTA MOXyTh BiBOJIIKATH yBary, THM CaMHM 30iJb-
LIYIOYM HMOBIpHICTh NajiHb. BoHM 31aTHI 3anucyBaTH
NiSTBHICTh TPAIiBHUKIB, IO MOXE BIUIMHYTH Ha iX
MICUXOJIOTiuHMI abo emoriitauit cran [28].

[paniBHUKM, sIKi TPAIIOOTh B 30HI Aii poOora,
MIOBUHHI BOJIOJITH KYJIBTYpOIO O€3IeKH, a came OpraHi-
3aliifHOI0 KYJIBTYypOIo, sKa Iependadae po3yMiHHA
MpariBHUKaM{ BiJMOBiMaNbHOCTI 3a cBoi nii. Merta
KyJIbTYpH O€3INeKH IOBMHHA NOJISITaTH B TOMY, MO0

TIpaIliBHUKA 3HAIHW, SKa TOBEIiHKA € TPUUHSATHOIO, a
sKa HEMPUUHATHOIO TiJ Yac BUPOOHHYUX OTIEpAIliid.
[paniBunkn MaroTh OyTH HaBYeHI po3Mi3HaBaTH HeOe3-
NeYyHy TOBEAIHKY Ta HeOe3NedHl YMOBH Ta 3HATH, /IO
KOTO 3BEPHYTHUCH, KOJH IIOCH TpanuThes. KepiBHUIITBO
3000B’s13aHO 3a0€3MEYUTH JOTPUMAHHS CBOEI MONITHKU
Ta npouenyp Oe3meku, MO0 3aBXAW MiATPUMYBATH
Oe3meKky BUPOOHMYMX IIEXiB; 3aCTOCOBYBATH JIiIEPCHKI
HaBUYKH IIi7 yac 3a0e3medeHHs peaiizalii cTaHZapTiB
Oe3MeKu, [0 JOMOMOXKE 3amo0IirTH HEI[aCHUM BUIIA[-
KaM I1I¢ JI0 TOT0, SIK BOHH BUHUKHYTSH [9].

[ocrifiHe BIpOBaIKEHHS MEPEIOBUX MPOMHICIOBHX,
npodeciiHnX, CepBICHUX 1 KOJIAOOpaTHBHUX POOOTIB, SIKi
TPALIOIOTh TOPYY 3 NpaliBHUKAMH, BUMAara€ akTHBHOTO
MIXOMy O OIUHKK Ta YIPAaBIHHSA Mpo(dimeM pPU3UKY
npodeciiiHoi poborotexuiku [29], mo mMoxe OyTn peaii-
30BaHMH IIUIIXOM CTBOPEHHS Ta BIPOBAPKEHHS HOBOI
METOJWKA IUTs OIIHKK Ta YIpaBIiHHSA HpodeciiiHIMu
PpYBHKaMH TIpY PoOOTi 3 KOIabOpaTHBHUMHU POOOTAMH.

Ouinka npodeciiiHoro pu3MKy € MepuiuM KpUTHY-
HUM KPOKOM, SIKUH MiANPHEMCTBA MalOTh 3pOOHUTH IS
3axHCTy MpariBHUKIB. PoO0TONaBIII MOBUHHI TIEpEeKOHA-
THCS, IO TNPALiBHUKH PO3YyMIIOTh Ta YCBIJOMIIIOIOThH
HeOe3meku, IMOB’s3aHI 3 eKCIuTyartalliero pobotie. J[o
MOYaTKy BIPOBAKCHHS HMPOMHUCIOBHUX pOOOTIB HEOO-
XiTHO TIPOBECTH OIIHKY MpodeciiiHNX PU3HKIiB Ha eTari
ix mpoektyBaHHS. Ha 11bOMy erami BCTaHOBIIOKOTHCS
¢bi3uuHi Ta poboUl 0OMENKEHHs MPOMHCIOBOrO poborTa,
HOro TMpH3HAYEHHS Ta HANpsIMH BUKOpHCTaHHS. Jami
BUSBJISIIOTBCS Mepea0adyBaHi HeOE3MMeKH Ta BiAMOBIIHI
HeOe3neyHi YMOBH, SIKI MOXYTb BHHUKATH B 30HI Ail
pobora. Ominka npodeciiiHX PU3HKIB HAJACTh MOKIIH-
BiCTh BH3HAUUTH BIAMOBIMHUI THI 3aCO0IB KOHTPOIIO
¢dyHKIIOHATbHOT Oe3reku, sKi CIiJl 3ampoBaiuTh JUIs
3HIDKEHHS TPO(ECcifHOrO pHU3HKY A0 MNPUHHATHOTO
piBHA. OmiHKY TpodeciiHUX PH3HKIB MOMIIUBO BHKO-
pucratu Uit MiHIMi3alil piBHS MPOQeciiiHOro pU3MKY.
PesynbraTi OTpUMaHi MijJ 4Yac Ii€l OI[IHKH J03BOJATH
BU3HAYUTH TUI OOJIQJIHAHHA Ta 3ac00iB KepyBaHHS, sKi
3aCTOCOBYIOTbCS JUISI CUCTEMH KepyBaHHs Oe3eKolo.
Jlis oOMexxeHHs OCTyITy B HeOe3MeuHy 30HY MOXIIUBO
BUKOPHCTATH 3aCO0M IH)XKEHEPHOTO KOHTPOJIIO, A0 SIKHX
BITHOCATHCS HAiHE EJCKTPOMEXaHIYHe OJOKYBaHHSI
JIBepel, cTalioHapHI nular0ayMu, CUCTEMH KepyBaHHS
NIPUBOZIOM OJHOYACHO J[BOMa pyKaMH Ta NPHCTPOI
BH3HAYCHHS MPHUCYTHOCTI, 30KpeMa CBITIIOBI 3aBicu abo
30HaJbHI JIa3epHi CKaHepH. AIMIHICTPATHBHHN KOHT-
poib € HaliMeHII eQeKTHBHMM, 00 BiH CIIMPAeETHCS Ha
JIIOJIMHY Ta Mae JINIIE MOXKJIMBICTD 3MEHILICHHST HMOBIp-
HocTi mKkoau. EmemMeHTH KepyBaHHA NOBHHHI MaTH
TIPUCTPOI OTOBIIIEHHS, 3HAKN OE3IeKH, 3BYKOBI CUTHAIIN
Ta Bi3yaJibHI IONEpPE/KYBAJIbHI JIAMITH, SIKI MOXYTb
CIIOBICTUTH IIpalliBHUKA Npo Hebe3neky. BoHm Takox
TTOBMHHI OXOIUTIOBAaTH MPOLEAYPH €KCIUTyaTarii, TeXHid-
HOTO OOCIYrOBYBaHHA IIPOMHCIOBHX pOOOTIB Ta
HaBuaHHs npaniBHukiB [30].

254



I{usinvna 6e3nexa

[HCTpYMEHT, OpieHTOBaHMI Ha KOpHCTyBada, OyB
pPO3pOOJIEHUI 111 BUKOHAHHS EPTOHOMIYHOI OIlIHKH
PH3HKY 3a JOIOMOTOI0 aHajli3y e(eKTy pe>KUMy BiIMOBU
mpoIecy s Pi3HUX PIBHIB aBTOMATH3allii B3a€MOJIT
JFOJUHM Ta K0OOTa. [HCTpyMEHT MPONOHY€E PEeKOMEHIO-
BaHi Jii Ta pi3HI BapiaHTH YCYHEHHS TUJIECHHUX YIIKO-
keHb [31], ane BiH He € yHiBepcanbHUM, 60 3aCTOCO-
BYETHCS TUTBKH IS OI[IHKH €PTOHOMIYHMX PU3UKIB.

IcHye MeToMKA IS OIIHKK €PTOHOMIYHIX PH3HKIB,
3acHOBaHa Ha BHKOpHcTaHHI 3D-cumynsnii sk iHCTpY-
MEHTY OI[HKH Oe3neku Ha OcHOBI BkasiBok ISO/TS
15066:2016, mmst poGouoi komipku kobota [32] e Ha
eTari Horo NpOEKTYBaHHs, ajie HaBeJAeHa METOAMKa Ma€e
By3bKE 3aCTOCYBaHHs, 00 BpaxoBYe JIMIIE €proHOMIYHi
PU3UKK Ta MOXe OyTH 3aCTOCOBaHAa TLNBKM HAa eTarli
MPOEKTYBaHH.

BuwmiproBanbaa pyka Absolute Arm 7-Axis mae
MTOBHOIIIHHE TTOPTaTHBHE IIIeYe, MIapHIPHUNA BIMipIOBa-
JBHUH BaXiJb, SKUi 3a0e3Me4ye TaKTUIBHE 30HyBaHHS
Ta OE3KOHTAaKTHE CKaHyBaHHs, IiJ| 4ac sikoro iHdopmye
po (haKTOpU HABKOJHIITHEOTO CEPEIOBHIIA, SIKI MOKYTh
HETaTHBHO BIUIMHYTH Ha pe3yJbTaTH BHUMIiPIOBaHHS,
SIK-OT BiOpallisi, 3MIILIEHHS] OCHOBU KPOHIITEIHY, HaXWII,
3arajbHa HeCTaOlIBHICTh KPOHIUTEWHY, a TAKOX TeMIIe-
paTtypa HaBKOJIMIIHBOTO cepenonuia [33].

KoopaunatHo-BuMiproBasisHa MamuHa GLOBAL
S GREEN 05.07.05 mae cuctemy ynpaBiliHHS, sIKa KOH-
TPOJIIOE POOOYHIA MPOCTIp Ta, SKIIO IHIOCh CTOPOHHE
3’ABISIETECS B POOOYi 30HI (30HI OIOBIIICHHSA),
MallliHa YIOBUIBHIOE CBOIO PODOOTY, a MOTIM CaMOCTiHHO
BIZIHOBJIIOE BHCOKY IIBHUJIKICTh BUMIpPIOBaHb 0e3 y4acTi
omeparopa, LIOHHO poOouya 30HA 3BUIBHAETHCA. Ha
TOYHICTh BHUMIPIOBAaHHS HE BIUTMBAIOTH PI3Ki 3MiHH
YMOB HAaBKOJIMIIHBOTO CEepPEIOBHINA, SK-OT BiOparris,
i Ta Temieparypa [34].

BucHoBxku

1. Ilix dvac mpOBeIACHHS MOCIIKEHHS OYI0
BCTAHOBJIEHO, IO 3aJI€KHO BiJl MPHUPOAN TOXOJDKEHHS
HeOe3lekH POOOTOTEXHIKM MOXJIMBO DO3AUIMTH Ha
THUIW: MEXaHIYHI, SIKi MOXYTh BUHUKAaTH NPU HEHaBMHC-
Hill yi HecrioniBaHii Aii abo i 9ac 3MiHM IHCTPYMEHTY;
KOHTaKTH 3 HeOe3NeUHHMH JDKepelaMu eHeprii, ski
MOXYTh IPU3BECTH 0 YPAXKEHHS EJIEKTPUYHHM CTpPY-
MOM MpH KOHTaKTi 31 3’€JHAHHAMH, CTPYMOBELYUYUMH
YaCTWHAMM YH 31 CTIAJIAXOM €JIeKTPUYHOI yTH; TepMidHi,
SIKI BUHUKAIOTh [PY KOHTAKTI 3 TapsIYMMH YK XOJIOAHUMHU
MOBEPXHAMHU; LIyM, pajiamisi, XiMiYHI pedyOBHHH, iH]EK-
mif Ta iHm HeOe3eKu.

2. TlpuunHamMu TpaBMaTU3MYy BiJl pOOOTOTEXHIKH €
JIFOJICBKUI YMHHUK, HU3bKa KyJIbTypa Oe3MeKH, eKCIiTya-
TaliiHi Ta KOHCTPYKTHUBHI XapaKTEPUCTHKN POOOTIB.

3. Bomsauist Bix npodeciiiHo-cepBicHOr0 poboTa €
Hee(DEKTHBHOO, KOJIM JIFOJMHA 3MYILEHa MPaloBaTi B
30Hi Aii poboTa Y Ha OJTHOMY pOOOYOMY MICIIi.

4. ®izuyHy Oesnexy poOOTiB Ta Jojed y CIiib-

HOMY TIPOCTOPI MOXKIIUBO PO3JUIMTH Ha Taki KaTeropii:
OLIIHIOBAHHS O€3IEKH Ta KOHIIEII[i B3acMOIT JIFOIUHHA 1
poboTa; Oe3neka KOHTAKTy 3a paxyHOK OynoBH poOora;
MAaCHBHI CyMICHI CHCTeMH, JIETKi MaHIIyJIsTOpH,
0e3meyHi MPUBOAN Ta MMACHBHI pOOOTH30BaHI CHCTEMH.

5. OckijbKH KOXXKHA POOOTH30BAaHA CHUCTEMa JUIA
CIIJIBHOT pOOOTH € YHIKaJIbHOIO, TO OILIHKA PU3UKIB Ma€e
BHpIIIaNbHE 3HAYCHHA Ui OE3MEYHOT0 W YCIIIIHOTO
BIIPOBAJKCHHS.

6. HasBHI MeTOIWKHM 11 OLIHKK IpodeciiiHux
pU3MKIB pOOOTIB BpaxoBYIOTh JIMIIE E€ProHOMIYHI
PHU3UKH Ta MOXKYTh OYTH 3aCTOCOBAHI JIMIIE HA €Tarli iX
MIPOEKTYBaHHS.

Jlitepatypa

1. Ocunosa I., Xanine B. Aemomamusayis supodrnuymea ma
numanns be3nexu Npayi6HUKIe asmoMamu308anux ma poobo-
muszosanux ainitl. V' MidcchapoOna HayKo8o-npaxmuyHa KoOH-
hepenyia 3006ysauis euwyoi ocgimu i monooux yuenux «llepc-
NneKmusu po36UMKy Mepumopii. meopis i NpaKmuxkay . ma-
mepianu Mixcnap. nayk. xoug., m. Xapkie, 18-19 iucmon.
2021  p.  Xapxis, 2021. C. 530-534. URL:
https.//eprints.kname.edu.ua/61043/1/PMB_2021-530-534.pdf
(0ama 36eprenns: 14.04.2024).

2. Vkpaiuceki nosunu. Pobomu modcyms cmanogumu Hebes-

nexy ons nodcmaa. ukranews_com. URL:
https://ukranews.com/ua/news/437777-roboty-mozhut-
stanovyty-nebezpeku-dlya-lyudstva (0Oama 36EPHEHHA:

14.04.2024).

3. Baynina @. Pobomu 30 wimyyHUM IHMENEKMOM CXUTbHI
npuliMamu CeKCUCMCbKI ma pacucmcvbKi pilueHHs — BYeHi.
zepkano TUIICHS. URL:
https://zn.ua/ukr/ TECHNOLOGIES/roboti-zi-shtuchnim-
intelektom-skhilni-prijmati-seksistski-ta-rasistski-rishennja-
vcheni.html (0ama seeprenns: 14.04.2024).

4. Pybyosa M., Pesnikosa H. IIpobiema niosuwenns npooy-
KMueHocmi npayi T0OUHU Ma PO36UMKY il KOMHemeHmHOC-
meil 8 ymosax pobomusayii cpep eupobHUYmMea ma Nociye.
Epexmusena EeKOHOMIKA. 2018. No 9. URL:
http://www.economy.nayka.com.ua/?op=1&amp;z=6634
(0ama 3eepnenns.: 14.04.2024).

5. The impact of technological innovation on the future of
work / M. Goos et al. Seville : European Commission, 2019.
39 p. URL: https://joint-research-centre.ec.europa.eu/reports-
and-technical-documentation/impact-technological-
innovation-future-work_en (date of access: 14.04.2024).

6. What are the policy options? A systematic review of policy
responses to the impacts of robotisation and automation on
the labour market. Seville : European Commission, Joint

Research  Centre  (JRC, 2019. 18 p. URL:
https://hdl.handle.net/10419/202183  (date  of  access:
14.04.2024).

7. Pobogobis - cmpax no ioHowenuo 00 6y0b-axoi pobo-
momexniku | Yrpaincokuti ncuxonoeiunuii XAF | IICHUXO-
JIOI'. T[ICHXOJIOI. URL: http://surl.li/somen (0ama 3sep-
nenns: 14.04.2024).

8. Industrial robots, workers’ safety, and health / R. Gihleb

et al. Labour economics. 2022. P. 102205. URL:
https://doi.org/10.1016/j.l1abec0.2022.102205 (date of access:
14.04.2024).

9. Murashov V., Hearl F., Howard J. Working safely with
robot workers: recommendations for the new workplace.
Journal of occupational and environmental hygiene. 2016.
Vol. 13, no. 3. P. D61-D71. URL:
https://doi.org/10.1080/15459624.2015.1116700  (date  of

255



Komynansne zocnooapcmeo micm, 2024, mom 3, eunyck 184 1SSN 2522-1809 (Print); ISSN 2522-1817 (Online)

access: 14.04.2024).

10. Rawlinson B. K. Microsoft’s Bill Gates insists Al is a
threat. BBC News. URL: http://www.bbc.com/news/31047780
(date of access: 14.04.2024).

11. Brumfield B. Car assembly line robot kills worker in
Germany | CNN. CNN. URL:
https://edition.cnn.com/2015/07/02/europe/germany-
volkswagen-robot-kills-worker/index.html  (date of access:
14.04.2024).

12. Vasic M., Billard A. Safety issues in human-robot interac-
tions. 2013 IEEE international conference on robotics and
automation (ICRA), Karlsruhe, Germany, 6-10 May 2013.
2013. URL: https://doi.org/10.1109/icra.2013.6630576 (date
of access: 14.04.2024).

13. OSHA technical manual (OTM) - section IV: chapter 4 |
occupational safety and health administration. Access Denied.
URL: https://www.osha.gov/otm/section-4-safety-
hazards/chapter-4 (date of access: 14.04.2024).

14. Employees’s safety with robotic cells | Tera Automation.
Automazione industriale Tera Automation | automazioni intel-
ligenti. URL: https://www.tera-automation.com/en/blog/332-
employees 's-safety-with-robotic-cells ~ (date  of  access:
14.04.2024).

15. Rogers E. Introduction to Human-Computer Interaction
(HCI). San Luis Obispo, Ca : California Polytechnic State
University, 2004. URL:
https://www.edubull.com/Content/eRepository/eBook_Input/93
269.pdf (date of access: 14.04.2024).

16. Reeves B., Nass C. I. The media equation: how people
treat computers, television, and new media like real people
and places. Center for the study of language and information.
1996. P. 19-36. URL:
https://www.researchgate.net/publication/37705092_The_Med
ia_Equation_How_People_Treat_Computers_Television_and
_New_Media_Like_Real_People_and_Pla (date of access:
14.04.2024).

17. Vargas S. Robots in the workplace. Workplace Safety
News and Tips - Safety+Health Magazine. URL:
https://www.safetyandhealthmagazine.com/articles/16789-
robots-in-the-workplace (date of access: 14.04.2024).

18. Pervez A., Ryu J. Safe physical human robot interaction-
past, present and future. Journal of mechanical science and
technology. 2008. Vol. 22, no. 3. P. 469-483. URL:
https://doi.org/10.1007/s12206-007-1109-3 (date of access:
14.04.2024).

19. Ribeiro L., Barata J., Barreira P. Is ambient intelligence a
truly human-centric paradigm in industry? Current research
and application scenario. Enterprise and work innovation
studies. 2009. No. 5. P. 25-35. URL:
https://run.unl.pt/handle/10362/4098?locale=en  (date  of
access: 14.04.2024).

20. The coming robot dystopia. Foreign Affairs.
https://www.foreignaffairs.com/coming-robot-dystopia
of access: 14.04.2024).

21. Schulte P. A., Salamanca-Buentello F. Ethical and scien-
tific issues of nanotechnology in the workplace. Ciéncia &
saude coletiva. 2007. Vol. 12, no. 5. P. 1319-1332. URL:
https://doi.org/10.1590/s1413-81232007000500030 (date of
access: 14.04.2024).

22. Mercader Uguina J., Musioz Ruiz A. Robotics and Health
and Safety at Work. International Journal of Swarm Intelli-
gence and Evolutionary Computation. 2019. No. 8 (1). P. 1-7.
URL: http://hdl.handle.net/10016/34839.

23. Robots can improve safety in the workplace - Smart Fu-
tures. Smart Futures - The online portal dedicated to digitali-
sation. URL: https://smartfutures.org.uk/robots-can-improve-
safety-in-the-workplace/ (date of access: 14.04.2024).

24. Li L., Perry S. The effect of industrial robots on workplace
safety. Center for Policy Research, 2021. 37 p. URL:

URL:
(date

256

https://surface.syr.edu/cpr/276 (date of access: 15.04.2024).
25. besnexa ¢hynKyioHyeanHs asmomamu3o8anux i pobomu-
308aHUX B8UPOOHUYMS. Stud. URL:
https://stud.com.ua/28537/bzhd/bezpeka_funktsionuvannya_av
tomatizovanih_robotizovanih_virobnitstv (dama 3sepnennsi:
14.04.2024).

26. FACE program: Michigan case report 01MI002 | NIOSH |
CDC. Centers for Disease Control and Prevention. URL:
https://www.cdc.gov/niosh/face/stateface/mi/01mi002.html
(date of access: 14.04.2024).

27. Jeelani 1., Gheisari M. Safety challenges of UAV integra-
tion in construction: conceptual analysis and future research
roadmap. Safety science. 2021. Vol. 144. P. 105473. URL:
https://doi.org/10.1016/j.ss¢i.2021.105473 (date of access:
15.04.2024).

28. Basello J. Robotics and humans: manufacturing safety
practices on the plant floor. Radical Automation: Radwell
International ’s Blog. URL: https://blog.radwell.com/robotics-
and-humans-manufacturing-safety-practices-on-the-plant-
floor (date of access: 14.04.2024).

29. Occupational health and safety issues in human-robot
collaboration: state of the art and open challenges / A. Gial-
lanza et al. Safety science. 2024. Vol. 169. P. 106313. URL:
https://doi.org/10.1016/j.ss¢i.2023.106313 (date of access:
15.04.2024).

30. Water. rest. shade. top tips for working safely in the heat.
Skillsoft.  URL:  https://www.skillsoft.com/blog/water-rest-
shade-top-tips-for-working-safely-in-the-heat (date of access:
14.04.2024).

31. Cobot And Robot Risk Assessment (CARRA) method: an
Automation Level-Based Safety Assessment Tool to Improve
Fluency in Safe Human Cobot/Robot Interaction / R. T. Stone
et al. Proceedings of the Human Factors and Ergonomics
Society Annual Meeting. 2021. Vol. 65, no. 1. P. 737-741.
URL: https://doi.org/10.1177/1071181321651024 (date of
access: 14.04.2024).

32. Raza M., Malik A. A., Bilberg A. Virtual Modeling as a
Safety Assessment Tool for a Collaborative Robot (Cobot)
Work Cell Based on ISO/TS 15066:2016. Towards Sustainable
Customization: Bridging Smart Products and Manufacturing

Systems. Cham, 2021. C. 233-241. URL:
https://doi.org/10.1007/978-3-030-90700-6_26 (0oama
3gepnenns: 14.04.2024).

33. Absolute Arm 7-Axis. Hexagon. URL:
https://hexagon.com/products/absolute-arm-7-axis (date of
access: 14.04.2024).

34. Dea. Hexagon. URL:

https://hexagon.com/company/divisions/manufacturing-
intelligence/dea (date of access: 14.04.2024).

References

1. Osypova, |., & Khalil, V. (2021). Avtomatyzatsiia vyrob-
nytstva ta pytannia bezpeky pratsivnykiv avtomatyzovanykh
ta robotyzovanykh linii. U V Mizhnarodna naukovo-
praktychna konferentsiia zdobuvachiv vyshchoi osvity i mo-
lodykh uchenykh «Perspektyvy rozvytku terytorii: Teoriia i
praktyka» (s. 530-534). Kharkivskyi natsionalnyi universytet
miskoho  hospodarstva imeni O. M.  Beketova.
https://eprints.kname.edu.ua/61043/1/PMB_2021-530-534.pdf
2. Ukrainski novyny. (2016, 7 lypnia). Roboty mozhut stano-
vyty nebezpeku dlia liudstva. ukranews_com.
https://ukranews.com/ua/news/437777-roboty-mozhut-
stanovyty-nebezpeku-dlya-lyudstva.

3. Vaulina, F. (2022, 27 chervnia). Roboty zi shtuchnym
intelektom skhylni pryimaty seksystski ta rasystski rishennia —
vcheni. Dzerkalo tyzhnia.
https://zn.ua/ukr/ TECHNOLOGIES/roboti-zi-shtuchnim-
intelektom-skhilni-prijmati-seksistski-ta-rasistski-rishennja-



https://eprints.kname.edu.ua/61043/1/РМВ_2021-530-534.pdf
https://ukranews.com/ua/news/437777-roboty-mozhut-stanovyty-nebezpeku-dlya-lyudstva
https://ukranews.com/ua/news/437777-roboty-mozhut-stanovyty-nebezpeku-dlya-lyudstva
https://zn.ua/ukr/TECHNOLOGIES/roboti-zi-shtuchnim-intelektom-skhilni-prijmati-seksistski-ta-rasistski-rishennja-vcheni.html
https://zn.ua/ukr/TECHNOLOGIES/roboti-zi-shtuchnim-intelektom-skhilni-prijmati-seksistski-ta-rasistski-rishennja-vcheni.html

vcheni.html.

4. Rubtsova, M., & Reznikova, N. (2018). Problema
pidvyshchennia produktyvnosti pratsi liudyny ta rozvytku yii
kompetentnostei v umovakh robotyzatsii sfer vyrobnytstva ta
posluh. Efektyvna ekonomika, 9).
http://www.economy.nayka.com.ua/?0p=1&amp;z=6634.

5. Goos, M., Arntz, M., Zierahn, U., Gregory, T., Carretero
Gomez, S., Gonzalez Vazquez, |., & Jonkers, K. (2019). The
impact of technological innovation on the future of work
(JRC117212). European Commission. https://joint-research-
centre.ec.europa.eu/reports-and-technical-
documentation/impact-technological-innovation-future-
work_en.

6. What are the policy options? A systematic review of policy
responses to the impacts of robotisation and automation on
the labour market (JRC Working Papers on Corporate R&D
and Innovation, Ne 02/2019). (2019). European Commission,
Joint Research Centre (JRC.
https://hdl.handle.net/10419/202183.

7. Robhofobiia - strakh po vidnoshenniu do bud-yakoi roboto-
tekhniky | Ukrainskyi psykholohichnyi KhAB | PSYKhOLOH.
(b. d.). PSYKhOLOH. http://surl.li/somen.

8. Gihleb, R., Giuntella, O., Stella, L., & Wang, T. (2022).
Industrial robots, workers’ safety, and health. Labour Eco-
nomics, 102205. https://doi.org/10.1016/j.labeco.2022.102205.
9. Murashov, V., Hearl, F., & Howard, J. (2016). Working
safely with robot workers: Recommendations for the new
workplace. Journal of Occupational and Environmental Hy-
giene, 13(3), D61—D71.
https://doi.org/10.1080/15459624.2015.1116700.

10. Rawlinson, B. K. (2015, 29 sichnia). Microsoft’s Bill
Gates insists Al is a threat. BBC  News.
http://www.bbc.com/news/31047780.

11. Brumfield, B. (2015, 2 lypnia). Car assembly line robot
kills  worker in Germany | CNN. CNN.
https://edition.cnn.com/2015/07/02/europe/germany-
volkswagen-robot-kills-worker/index.html.

12. Vasic, M., & Billard, A. (2013). Safety issues in human-
robot interactions. U 2013 IEEE international conference on
robotics and automation (ICRA). IEEE.
https://doi.org/10.1109/icra.2013.6630576.

13. OSHA technical manual (OTM) - section IV: Chapter 4 |
occupational safety and health administration. (b. d.). Access
Denied. https://www.osha.gov/otm/section-4-safety-

I{usinvna 6e3nexa

19. Ribeiro, L., Barata, J., & Barreira, P. (2009). Is ambient
intelligence a truly human-centric paradigm in industry? Cur-
rent research and application scenario. Enterprise and Work
Innovation Studies, (5), 25-35.
https://run.unl.pt/handle/10362/4098?locale=en.

20. The Coming Robot Dystopia. (b. d.). Foreign Affairs.
https://www.foreignaffairs.com/coming-robot-dystopia.

21. Schulte, P. A., & Salamanca-Buentello, F. (2007). Ethical
and scientific issues of nanotechnology in the workplace.
Ciéncia &  saude coletiva, 12(5), 1319-1332.
https://doi.org/10.1590/s1413-81232007000500030.

22. Mercader Uguina, J., & Moz Ruiz, A. (2019). Robotics
and health and safety at work. International Journal of Swarm
Intelligence and Evolutionary Computation, (8 (1)), 1-7.
http://hdl.handle.net/10016/34839.

23. Robots can improve safety in the workplace - Smart Fu-
tures. (b. d.). Smart Futures - The online portal dedicated to
digitalisation. https://smartfutures.org.uk/robots-can-improve-
safety-in-the-workplace/.

24. Li, L., & Perry, S. (2021). The effect of industrial robots
on workplace safety. Center for Policy Research.
https://surface.syr.edu/cpr/276 (Oryhinal opublikovano 2021

r..
25. Bezpeka funktsionuvannia avtomatyzovanykh i ro-
botyzovanykh vyrobnytstv. (b. d.). Stud.

https://stud.com.ua/28537/bzhd/bezpeka_funktsionuvannya a
vtomatizovanih_robotizovanih_virobnitstv.

26. FACE program: Michigan case report 01M1002 | NIOSH |
CDC. (n.d.). Centers for Disease Control and Prevention.
https://www.cdc.gov/niosh/face/stateface/mi/01mi002.html.
27. Jeelani, 1., & Gheisari, M. (2021). Safety challenges of
UAV integration in construction: Conceptual analysis and
future research roadmap. Safety Science, 144, 105473.
https://doi.org/10.1016/j.ss¢i.2021.105473.

28. Basello, J. (2022, April 5). Robotics and humans: Manu-
facturing safety practices on the plant floor. Radical Automa-
tion: Radwell International ’s Blog.
https://blog.radwell.com/robotics-and-humans-manufacturing-
safety-practices-on-the-plant-floor.

29. Giallanza, A., La Scalia, G., Micale, R., & La Fata, C. M.
(2024). Occupational health and safety issues in human-robot
collaboration: State of the art and open challenges. Safety
Science, 169, 106313.
https://doi.org/10.1016/j.ssci.2023.106313.

hazards/chapter-4.
14. Employees’s safety with robotic cells | Tera Automation.

(b. d.). Automazione industriale Tera Automation | automa-
zioni intelligenti. https://www.tera-
automation.com/en/blog/332-employees’s-safety-with-robotic-
cells.

15. Rogers, E. (2004). Introduction to Human-Computer
Interaction (HCI). California Polytechnic State University.
https://www.edubull.com/Content/eRepository/eBook_Input/9
3269.pdf.

16. Reeves, B., & Nass, C. I. (1996). The media equation:
How people treat computers, television, and new media like
real people and places. Center for the Study of Language and
Information, 19-36.
https://www.researchgate.net/publication/37705092_The Med
ia_Equation How People Treat Computers Television_and
New_Media_Like Real People and Pla.

17. Vargas, S. (2018, 1 kvitnia). Robots in the workplace.
Workplace Safety News and Tips - Safety+Health Magazine.
https://www.safetyandhealthmagazine.com/articles/16789-
robots-in-the-workplace.

18. Pervez, A., & Ryu, J. (2008). Safe physical human robot
interaction-past, present and future. Journal of Mechanical
Science and Technology, 22(3), 469-483.
https://doi.org/10.1007/s12206-007-1109-3.

30. Water. rest. shade. top tips for working safely in the heat.
(n.d.). Skillsoft. https://www.skillsoft.com/blog/water-rest-
shade-top-tips-for-working-safely-in-the-heat.

31. Stone, R. T., Pujari, S., Mumani, A., Fales, C., & Ameen,
M. (2021). Cobot and robot risk assessment (CARRA) meth-
od: An automation level-based safety assessment tool to im-
prove fluency in safe human cobot/robot interaction. Proceed-
ings of the Human Factors and Ergonomics Society Annual
Meeting, 65(1), 737-741.
https://doi.org/10.1177/1071181321651024.

32. Raza, M., Malik, A. A., & Bilberg, A. (2021). Virtual
modeling as a safety assessment tool for a collaborative robot
(cobot) work cell based on ISO/TS 15066:2016. In Towards
sustainable customization: Bridging smart products and manu-
facturing systems (pp. 233-241). Springer International Pub-
lishing. https://doi.org/10.1007/978-3-030-90700-6_26.

33. Absolute Arm 7-Axis. (n.d.). Hexagon.
https://hexagon.com/products/absolute-arm-7-axis.
34. Dea. (n.d.). Hexagon.

https://hexagon.com/company/divisions/manufacturing-
intelligence/dea.

Penensent: 1-p TexH. Hayk, npo¢d. B.I. MenbHuK,
JeprxaBHuit O10TEXHOJIOTIYHUI YHIBEpCUTET, YKpaiHa.

257


https://zn.ua/ukr/TECHNOLOGIES/roboti-zi-shtuchnim-intelektom-skhilni-prijmati-seksistski-ta-rasistski-rishennja-vcheni.html
http://www.economy.nayka.com.ua/?op=1&amp;z=6634
https://joint-research-centre.ec.europa.eu/reports-and-technical-documentation/impact-technological-innovation-future-work_en
https://joint-research-centre.ec.europa.eu/reports-and-technical-documentation/impact-technological-innovation-future-work_en
https://joint-research-centre.ec.europa.eu/reports-and-technical-documentation/impact-technological-innovation-future-work_en
https://joint-research-centre.ec.europa.eu/reports-and-technical-documentation/impact-technological-innovation-future-work_en
https://hdl.handle.net/10419/202183
http://surl.li/somen
https://doi.org/10.1016/j.labeco.2022.102205
https://doi.org/10.1080/15459624.2015.1116700
http://www.bbc.com/news/31047780
https://edition.cnn.com/2015/07/02/europe/germany-volkswagen-robot-kills-worker/index.html
https://edition.cnn.com/2015/07/02/europe/germany-volkswagen-robot-kills-worker/index.html
https://doi.org/10.1109/icra.2013.6630576
https://www.osha.gov/otm/section-4-safety-hazards/chapter-4
https://www.osha.gov/otm/section-4-safety-hazards/chapter-4
https://www.tera-automation.com/en/blog/332-employees's-safety-with-robotic-cells
https://www.tera-automation.com/en/blog/332-employees's-safety-with-robotic-cells
https://www.tera-automation.com/en/blog/332-employees's-safety-with-robotic-cells
https://www.edubull.com/Content/eRepository/eBook_Input/93269.pdf
https://www.edubull.com/Content/eRepository/eBook_Input/93269.pdf
https://www.researchgate.net/publication/37705092_The_Media_Equation_How_People_Treat_Computers_Television_and_New_Media_Like_Real_People_and_Pla
https://www.researchgate.net/publication/37705092_The_Media_Equation_How_People_Treat_Computers_Television_and_New_Media_Like_Real_People_and_Pla
https://www.researchgate.net/publication/37705092_The_Media_Equation_How_People_Treat_Computers_Television_and_New_Media_Like_Real_People_and_Pla
https://www.safetyandhealthmagazine.com/articles/16789-robots-in-the-workplace
https://www.safetyandhealthmagazine.com/articles/16789-robots-in-the-workplace
https://doi.org/10.1007/s12206-007-1109-3
https://run.unl.pt/handle/10362/4098?locale=en
https://www.foreignaffairs.com/coming-robot-dystopia
https://doi.org/10.1590/s1413-81232007000500030
http://hdl.handle.net/10016/34839
https://smartfutures.org.uk/robots-can-improve-safety-in-the-workplace/
https://smartfutures.org.uk/robots-can-improve-safety-in-the-workplace/
https://stud.com.ua/28537/bzhd/bezpeka_funktsionuvannya_avtomatizovanih_robotizovanih_virobnitstv
https://stud.com.ua/28537/bzhd/bezpeka_funktsionuvannya_avtomatizovanih_robotizovanih_virobnitstv
https://www.cdc.gov/niosh/face/stateface/mi/01mi002.html
https://doi.org/10.1016/j.ssci.2021.105473
https://blog.radwell.com/robotics-and-humans-manufacturing-safety-practices-on-the-plant-floor
https://blog.radwell.com/robotics-and-humans-manufacturing-safety-practices-on-the-plant-floor
https://doi.org/10.1016/j.ssci.2023.106313
https://www.skillsoft.com/blog/water-rest-shade-top-tips-for-working-safely-in-the-heat
https://www.skillsoft.com/blog/water-rest-shade-top-tips-for-working-safely-in-the-heat
https://doi.org/10.1177/1071181321651024
https://doi.org/10.1007/978-3-030-90700-6_26
https://hexagon.com/products/absolute-arm-7-axis

Komynansne zocnooapcmeo micm, 2024, mom 3, eunyck 184 1SSN 2522-1809 (Print); ISSN 2522-1817 (Online)

ABtop: IUMBAJI bornan Muxaiinosud

Kanouoam mexuiuHux Hayx, 0oyeHm, 0oyenm xagpeopu
Hayionanvhuii ynisepcumem yuginbrozo saxucmy Yipainu,
TOB «Texniunuii ynisepcumem “Memineecm [lonimexuixa”»
E-mail — tsembalbogdan@ukr.net

ID ORCID: https://orcid.org/0000-0002-2317-3428

ROBOTICS AND ARTIFICIAL INTELLIGENCE: SAFETY MEASURES AND POTENTIAL THREATS
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The article considers the application of robotics and artificial intelligence in everyday life and at work.
Existing research has shown that industrial and domestic robot design and operational characteristics can threaten
human life and health and serve as safety measures. At the same time, modern collaborative robots share the same
workspace as humans. The study found that, depending on the nature of the origin, it is possible to divide robotics
hazards into the following types: mechanical, which can arise from an unintentional or unexpected action or when
changing tools; contact with dangerous energy sources that can lead to electric shock when touching
connections, current-carrying parts, or an electric arc flash; thermal, which arise from contact with hot or cold
surfaces; noise, radiation, chemicals, infections, and other hazards. Many robot-related accidents do not occur
during operation but often during the design, installation, and testing process when workers first encounter the
robot. The causes of robotics-related injuries include the human factor, poor safety culture, and the robot’s
operational and design characteristics. Isolation from a professional service robot is ineffective when a person has
to work in the robot’s area of operation or at the same workplace. The physical safety of robots and humans in
shared spaces includes the following categories: safety assessment and the concept of human-robot interaction;
contact safety due to robot design; passive interoperable systems, lightweight manipulators, safe actuators, and
passive robotic systems. Every collaborative robot system is unique, so risk assessment is crucial for safe and
successful implementation. Existing methods for assessing occupational risks of robots mainly consider ergonomic
risks and can only be applied at the design stage. Some existing machines and measuring arms have a control
system that monitors the workspace. If something foreign appears in the work area, the machine slows down and
resumes high measurement speeds automatically.
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