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VY nepmiomy posauni «IloctaHoBka mpoOieMu» pO3TISHYTHI CydyacHUW CTaH
MexaHizaiii OyaiBelbHOI Tady3i, TEHJEHINI Ta PO3BUTOK pobOoTh3aiii y
MIPOMUCIIOBOCTI, 3arajbHi MePCHeKTUBU pOoOOTH3ALlIl Ta aBTOMATH3allii Oy /1IBHULITBA.

Y napyromy po3aiini « BukopucTaHHS ICHYIOUHMX TEXHOJOTIM poOoTh3aIiid Ta
aBTOMAaTHU3allii 3B€JICHHS Oy/iBelb) BU3HAYEH1 HAWOUIbII MEPCIEKTHUBHI PO3POOKU B
HampsMi poOoTH3aIlil 3Be/IeHHs Oy/iBeNb J0 SKUX YBIMILIA aBCTPATIUCHKUNA poOOT
Hadrian X, nmamiBaBromatuuni poootu kommanii Construction robotics, po6ot-Hocii
OSCR-3, aBroHomMHuii OymiBenapHHE poOoT IN-Situ Fabricator, poGotu Termes,
ocBiTieHa TexHosjoris 3d apyky. KoxHa 3 1iux po3po0ok npoaHaizoBaHa Ha MPEIMET
HasBHUX II€pEeBar, HeJI0MIKIB Ta HasIBHOCTI NMEPCIIEKTUBHUX 1/IEH.

Tpetiit po3ain «Po3pobka koHreniii poOOTU30BAHOI CUCTEMH 3BEIICHHS
Oy/iBeNb» MPHUCBSIYCHUN BIACHUM po3poOkaM. Ha mijcraBi mpoBeneHOTo aHalizy
3ampoINOHOBaHa BJlacHA Kiacudikailis poOOTH30BaHMX cucTeM. BuszHadeHi cdepu
BUKOPUCTAaHHS KOXXHOTO KJacy, IX HEJOJMIKM Ta TepeBard, MOXKJIHUBOCTI ¥y
BJIOCKOHAJICHH] OyHmiBeNbHUX POOOTIB. Takok B 1bOMY pO3/iTi, IPYHTYIOUHCH Ha
ICHYIOUOMY  JOCBIZIl ~ pOOOTOTEXHIKM, 3alpONOHOBAHAa BJIACHA  KOHIIEMIIis
poOOTH30BaHOI CHCTEMHM JJiA 3BEICHHS OyjiBenb, SKa MOBUHHA 3HAYHO 3HU3UTH
HEraTUBHI CTOPOHU ICHYIOUMX MAILIMH.

KinrodoBi crnoBa: poOOTOTEXHIKA, aBTOMaru3ailis OyJIiBHHUIITBA, POOOT,
MaHinyssrop, 3d apyk, OyaiBenbHe iHGOpMAIliiiHe MOICTFOBAHHS.

3aranpHa KUIbKICTb CTOPIHOK 60, KUTbKICTh PUCYHKIB 33, BUKOPUCTAHUX JKEPes

23.
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Beryn

AKTYaJIbHICTh TEMM.

Mexanizamiss OynaiBenbHOI Trady3i 1€ OJWH 3 TPIOPUTETHUX HAIPIMIB
iHaycTpiamizamii OyaiBHUIITBA. B ToM ke yac Oe3mocepelHhO BIUIMBAIOUM Ha IO
ramy3b, BOHA 3a3Ha€ 3MiH y 3B’SI3Ky 3 TMEPEXOJOM J0 HOBHUX I1HAYCTpiaJbHUX
TEXHOJIOT1H BeJCHHS POOIT.

CTBOpeHHsT MIAIPYHTA Ui TEpexXoly Ha IHIYCTpiaJibHI  TEXHOJIOTii
OyIIBHUITBA, SIKI XapaKTEpPU3YIOThCS 3HAYHUM PI3HOMAHITTAM TEXHOJOTTYHHX
IPOLIECiB 1 3ac001B MexaHi3ailii, 00yMOBIIO€ HEOOXIAHICTh pO3POOIECHHS TPUHIIUIIOBO
HOBUX MAILIMH. 3 1HIIOrO OOKY CTPIMKUN CTPUOOK Y PO3BUTKY CYy4aCHUX TE€XHOJOTIN
Jla€ MOJKJIMBICTh 3HAYHO MIABUIIUTA PIBEHb MEXaHI3allli Ta aBTOMAaTH3aIlil
Oy/iBeIbHOrO BUPOOHUIITBA. [l 1ae MOXKIUBICTh 3pOOUTH HACTYITHUN KPOK - IEPEUTH
B1JI KOMIUIEKCHOI M€XaH13allli OCHOBHMX THIIIB OyAIBEIbHUX POOIT A0 KOMIUIEKCHOI
MexaHizaiii 3BeJleHHS O00’€KTIB B LUJIOMY, BBECTH B TMPAKTUKY OyIiBHUIITBA
IIPOrPECUBHI TEXHOJIOT1, K1 0a3yIOThCSl HA BUKOPUCTAHHI 1HAYCTplaJbHUX METO/IB Ta
3aco01B aBTOMaru3allli, MaKCUMaJIbHO BIOCKOHAJIUTU CTPYKTYpYy MapKy MallvH 1,
SKIIIO HE MTOBHICTIO BIIMOBHUTHCS BiJl py4YHOT ITpalli, TO 3HaYHO CKOPOTUTH 00CSTH poOIT
3 1l 3actocyBanHsM [22]. Lleli HampsiMm po3poOOK B OyIiBENBHIN Taly3i 4yJ0BO
CIOJIYYAa€ThCSl 3 BIPOBA/DKEHHSIM Ha 3arajbHOJECPKABHOMY PIBHI TEXHOJOTIH
OyniBeapbHOTO 1H(MOPMAIIMHOTO MOJEIIOBAHHS, IO JIMINE IIJBHINYE KHOTO
AKTYaJbHICTb.

Merta gocaigmeHHs: — po3poOKa Ha KOHIIENITYaJbHOMY PIBHI pOOOTH30BaHOI
CUCTEMHU 3BEICHHS Oy1BEb.

3aBaaHHA TOCJIIIKEHHA:

1. BusHauuTH 3araibHi TEHJCHINI y aBTOMAaTH3allli Ta poOoTH3allii OyaiBeITbHOTO
BUPOOHUIITBA.

2. IlpoanamizyBaTu Kpaiii CBITOBI po3poOku B cdepi OyaiBenbHOT pOOOTOTEXHIKH,
BU3HAYMBIIH 1X CHUJIBHI Ta CJIa0K1 CTOPOHH.

3. Po3pobutn kinacudikamiro OyAiBEIbHUX POOOTIB, IO BUKOPHUCTOBYIOTHCS B

Oy/IIBHUIITBI.



4. Ha oCHOBI MpOBEJCHOTO aHaIi3y, BPaXOBYIOUM 3alpONOHOBAHY Kiacuikailiro,
PO3pOOUTH BIACHY KOHIICTIIIIO POOOTH30BAHOT CUCTEMU JJIs Oy IIBHUIITBA.

O0’eKT A0CTiIsKEeHHS — TEXHOJIOT1s 3BeIcHHS Oy /1iBEb.

IIpeamet pocJtixxeHHsi — poOOTH30BaHI CUCTEMHU JJIsI 3BEICHHS Oy 11BEIb.

Metoau nocaigxenns. Teopemuuni memoou: TEOPESTUIHUA aHATI3 1 CUHTES,
a0OcTparyBaHHs, KOHKpETH3allis, 1HAYKIA Ta ACAYKIlS, aHaJOTris, MOJEIIIOBaHHS,
MOPIBHAHHSA, KJIacu(ikallis, y3aralbHeHHS. EmMnipuuni memoou. CIOCTEPEKEHHS.

HaykoBa HOBH3HAa OTpUMaHUX pe3yiabTaTiB. [IpoananizoBani icHyroul
po3poOku B cepi OymiBeabHOI POOOTOTEXHIKM Ta 3alpoIlOHOBaHA Kiacudikarlis
po6oTiB. Po3pobiieHa Bi1acHa KOHIIEMIIS pOOOTU30BAHOI CUCTEMHU.

TeopernuHi 3Ha4YeHHs] PpPe3yJbTaTiB [JOCJHIIKEHHsl. 3alpOIOHOBAHA
kiacudikaiisg OyJIBeIbHUX POOOTIB J03BOJISIE OUIBII OOrpPYHTOBAaHO Ta CHUCTEMHO
MIIXOJUTH A0 PO3POOKHA HOBUX MAIIMH.

I[IpakTuyHe 3HAYeHHS OTPUMAHMX pe3yabTaTiB. Po3polieHa KoHIEMIs
MOX€ CTaTu 0a3010 JJIs BJOCKOHAJICHHS ICHYIOUHX CHCTEM poOOTH3allli Ta pO3pOOKH
MIPUHITUTIOBO HOBUX MAIIIHH.

Ctpykrypa Ta ob6csar podoru. Kpamidikariitna po6oTa CKIagaeThCs 31 BCTYIY,
TPHOX PO3/1JIiB, BUCHOBKIB Ta JIITEPATypH, IKa MICTUTh 23 HaWMEHyBaHH:. 3arajJbHUi
oOcsr kBamidikaiiiHoi podoT — 60 cTOpiHOK, 00CAT OCHOBHOTO TEKCTY — 50 CTOPIHOK.

Po6ota mictuth 33 pUCYHKH.



Po3aia 1. [loctanoBka npo6eMu

1.1. Mexani3aunisi Ta aBToMaTH3alisa OyaiBeIbHOI raaysi

Mexanizamiss OynaiBenbHOI Trady3l 1€ OJWH 3 TPIOPUTETHUX HAIPIMIB
iHaycTpiamizamii OyaiBHUIITBA. B ToM ke yac Oe3mocepelHhO BIUIMBAIOUM Ha IO
ramy3b, BOHA 3a3Ha€ 3MiH y 3B’SI3Ky 3 MEPEXOJOM 10 HOBUX I1HAYCTplaJIbHUX
TEXHOJIOT1H BeJCHHS POOIT.

CTBOpeHHsT TIAIPYHTS Ui [EpeXoly Ha IHIYCTpiaJibHI  TEXHOJIOTii
OyIIBHUITBA, SIKI XapaKTEPU3YIOThCS 3HAYHUM PI3ZHOMAHITTAM TEXHOJOTTYHHX
IpoIIeCiB 1 3aCO0IB MeXaHi3aIlii, 00yMOBIIIO€ HEOOX1THICTh PO3POOIECHHS MPUHITUIIOBO
HOBUX MAIllMH. 3 1HIIOrO0 OOKY CTPIMKUW CTPUOOK Y PO3BUTKY CYy4aCHUX TE€XHOJOTIN
Ja€ MOJJIMBICTh 3HAYHO MIABUIIUTH PIBEHh MEXaHi3alii Ta aBTOMAaTH3aIlii
OyIiBeNbHOrO BUPOOHUIITBA. L]e 1ae MOKIMBICTD 3pOOUTH HACTYITHUM KPOK - IEPEUTH
B1JI KOMIUIEKCHOI M€XaH13allli OCHOBHUX THIIB OyAIBEIbHUX POOIT A0 KOMIUIEKCHOI
MexaHizaiii 3BeeHHS O00’€KTIB B IIJIOMy, BBECTH B IMpPAKTUKy OyJIBHUIITBA
MIPOTrPECUBHI TEXHOJOT1, sIKI 0a3yI0ThCA Ha BAKOPUCTAHHI 1HTyCTP1aJIbHUX METO/IIB Ta
3aco01B aBTOMAaTrwu3allii, MAaKCUMAJIbHO BJOCKOHAJIUTH CTPYKTYpy MapKy MAaIlWH 1,
SIKIIO HE TTOBHICTIO BIZIMOBUTHCS BiJl py4YHOI ITpalli, TO 3HaYHO CKOPOTUTHU OOCSTH pOOIT
3 ii 3acTocyBaHHsM [22].

[TepeBaroro MexaHi30BaHUX METOJIB II€ HE JHIIe Oe3MmocepeIHs 3aMiHa PYyYHOT
npaili MexaHizoBaHoro. HeoOxiaHo neperisigatu BCi Oy aiBeIbHI MPOIIECH B KOMILIEKCI,
100 BU3HAYUTU MOXJIMBI 3MiHHM, 3 METOIO 3aMIHM PYYHOI Mpali MEXaH130BaHOIO, B
TOMY YHCJI TMOTPIOHO 3aMIHIOBaTH OE3MOCEPEIHbO TEXHOJOTIIO IPOIECY 3BEACHHS
OyniBesb 1 COpyJ, MPUCTOCYBABIIH ii 10 OUIBII Cy4YaCHUX Ta JOCKOHAIMX MAIIWH 1
3aco01B MexaH13allii.

EdexTuBHICTh 3aMiHM PYYHOI Ipalli HA MalIMHHY Oy/J€ TUM BHILE, YUM OLIbIIa
3apo0iTHA TIJIATHSA, [0 BUTPAYAEThCS] HA BUKOHAHHS MEBHOT TEXHOJIOTIYHOI Onepariii.
Ta Hmx4ya BapTicTh eKcIUTyaTalii MmexaHisMy. OJlHaK MOXKHa TaK0>K BUOKPEMHTH II1€
OJVH TIOKa3HUK, MOJIMBO HE TAaKUW OYEBUIHWM, aJI€ HE MEHII BAXIUBUU — 1€
CKOPOYEHHSI TEPMIHY BBEJICHHA 00 €KTY B €KCIUTyaTallilo, 10 BUBLIBHIOE PECYpCU

MIIPSAHUKA Ta TPUILBHUIIITYE 0OIT KOIITIB Ta JOXITHICTH (DipMH.



Kpim Toro, eeKTUBHICTh BBEICHHSI HOBUX MaIllMH MOYE 3aJIe’KaTH Bij 00’ €MIB
poOIT, OCKUIBKH CKJIAJHI MAIllMHU MOXYTh MOTpeOyBaTH JOJATKOBUX HaJaIlTyBaHb,
MepeMilleHb, BCTAHOBJCHHS TOIO. TOMy IIIKaBO pO3MIIAJATH KOMIUJICKCHY
aBTOMATH3aIIII0 B pO3pi31 BETUKUX 00’ EKTIB.

VY Hai 3Ha4Ha KUIBKICTH OyiBeNIbHUX POOIT Ma€e BUCOKUN ab0 cepeHiil piBeHb
aBTomaru3aii. [lpuknamzom poOIT 3 BHCOKMM CTYIIEHEM AaBTOMATH3allli MOXYTb
CIY>KUTH 3eMJIIHI poOOTH, TIepeMIlIeHHs BaHTaXiB, OceToHyBaHHA. [Ipu 1BOMY
HAWHWKYUHN BiJICOTOK aBTOMAaTHU3allli Ma€ MpoLec 3BEACHHS CTiH, OCOOIMBO LETISHOT
kinaaku. TyT Bcd pobOoTa NMOBMHHA BHUKOHYBaTHCs BpyuHy. Lle moB’sizane 3 #oro
CKJIQJHICTIO Ta PI13HOMAHITHICTIO. PAKTHUYHO, B BEIMKOMY IMEpENiKy OyaiBeIbHUX
po0iT, came 3BEJECHHsS CTIH Ta MOro HEAOCTAaTHS MEXaHI3allisl € TUM «IUISIIKOBUM
ropJaoM», sike 00MeXye€ MBUAKICTD 3/1a4l 00’ €KTiB Oy 1IBHUIITBA.

VY Ham yac OJlHMM 3 HaWBaXJIMBIIIMX HANPSAMIB yIOCKOHAJIEHHS KOHCTPYKIII
OyIiBeNbHUX MaIllMH € CTBOPEHHS YHIBEPCAIbHUX MAIIUH 13 MAaKCHUMAaJIbHOIO
KUIBKICTIO 3MIHHOTO po004oro 00siagHaHHs. BoHu nerun i MeHII MOTy>KHI OPIBHSIHO
31 creniaai30BaHMMH MAalllMHAMH 3BUYAHHOTO PO3MIpy, OJHAK Uil 0araToliibOBOrO
3aCTOCYBaHHA 1X MOXHA BHUKOPHCTOBYBATH 3 OUIBIIOI 1HTEHCHUBHICTIO, HIX
cneniangizoBadi MalmHU. OTXe, iX MOXYTh BUKOPUCTOBYBATH AP1OHI MIAPSIAHUKHI IJIs
BUKOHAHHS HEBEIMKUX 00csariB poOit. OpHak HE MOXHA 3 YIEBHEHICTIO
CTBEPJIKYBaTH, IO MOAI0HE 0OJIaHAaHHSI € SKOHOMIYHO BHT1JHIIIUM, IOPIBHSIHO 3
OPEHIOK0  CIEUIaJbHUX MamMuH abo 3alydeHHsM, Yy pa3l HeoOX1AHOCTI,
CyOIiIpsTHUKIB, 110 CHEI1aTi3yI0ThCS Ha IEBHOMY P13HOBHU/II POOIT.

OgHuM 3 eTaloHIB  aBTOMaTH3alli  TEXHOJOTIYHHUX  MPOIECIB €
aBTOMOO1IeOy TyBaHHs. PeBomrorris y mii ramy3i Bindymnacs y 70-x pokax XX cTopiuus
pyduHa pobOoTa Ha KOHBEEpax Maike TMOBHICTIO Oyja 3aMmiHeHa poOoTamu Ta
MaHinyastTopamu. lLle gano MOXIHMBICTE 3HAYHO 30UIBIIMTH TPOIYKTUBHICTD,
IIJIBUIIUTH SKICTh Ta TOYHICTh 300pKH, 3HHM3UTH COOIBApTICTh aBTIBOK. 3apa3
BIIOYBA€THCS HOBHM BHUTOK PO3BUTKY Yy poOoTOoTexHill. Yepe3 BAOCKOHANEHHS
CEHCOpPiB, KOHTPOJIEPIB, amapaTiB KepyBaHHS 3’SIBUJIACS MOXJIMBICTh HACHYCHHS
pOOOTU30BAaHUMHU MEXaHI3MaMH HOBI raixy3i BUpoOHUITBA. POOOTH 3aMiHIOIOTH HYIHY

1 HeOe3neyHy pyuHy poootry. CydacHUW cTaH pOOOTOTEXHIKM CBIIUUTH PO Mepexia



B1JI IPOCTHX POOOUMX Omeparliii «3aXOMUTH — MEPEMICTUTU — OMYCTUTH» JO O1IbIIT
ckiaaHux KoHnenmi. CyyacHi poOOTH MpaliolOTh HE TUIBKM 1HAWBIAYyajdbHO, a
napamu abo TpynamMud. € HaBiTh BHIAJKU BIAMOBH BiJ TOJITHKA CYBOPOTO
B1JIOKpEMJICHHS pOOOTIB BiJI CIIIBPOOITHUKIB KOMIIAH1i 3 MIpKyBaHb O€3MEKH, OCKIJIKU
CydacHi poOOTH AEMOHCTPYIOTh 3HAYHO BHWIIWK PIBEHb HAIIWHOCTI. [HIIA HOBa
TEHJICHIIIS Tepeadadae CIiBIIpaIio podoTa 1 JIOAWHU B CUTYaIlISIX, 1[0 BUMararoTh

BUKOPHUCTAHHS, HAIPUKIad, 1HTYII].

VY CBITI 3’BISIOTHCS HOB1 BEJIMKI KOMIIAHIi, 0 BUTOTOBJISIOTH, B TOMY YHCIIi,
Creliaii3oBaHi poOOTH Ta MAHIMYJISITOPH SIKI HAMAraloThCsl 3aMIHUTHU CKJIAJHY PYUHY
npairo Ha OyJiBelbHOMY Mainanuuky. Cepes HUX MOYKHA BIMITUTH aBCTPATINACHKY
kommaniro Fastbrick Robotics Ta amepukanceky kommaniro Construction Robotics.
Han HoBMMHM po3poOkamMu npaiftoroTh B deepaibHOMY TEXHOJOTIYHOMY 1HCTUTYTI B
[ropuxy (ETH Zurich), YuiBepcureti Micta baddano (CLIA), Tapapackkiii mkoi
TEXHIKA Ta NpPUKIAgHUX HayK. IlutaHHsmMu poOoTu3auii Ha rjao0agbHOMY pIBHI
3aliMaeTbess MikHaponHa (eaeparist podototexHiku (International Federation of
Robotics, IFR). Lle mixkHapoHa HEKOMEpIIiiHA opraHizaiis, sika Oyja 3acHOBaHa B
1987 poui 3 Harogu 17-ro MIXHApPOJHOTO CHUMIO3lyMy 3 poOOTOTeXHIKM. Bona
00’ eHy€ MaiKe BCIX BUPOOHHUKIB POOOTIB Y BChOMY CBITI, & TAaKOX |/ HalllOHATBHUX
acomiaiiyi pobororexHikd, 11 HaykoBo-mochiaHMX ycTaHoB Ta 60 BUpPOOHHMYHUX
kommadiii. ["onoBuwmit odic IFR 3naxomutecs y @pankdypri, Himeuunna. ["onoBHOIO
Mici€ero (enepanii € CHpUsIHHS JOCIIIKEHHAM 1 po3poOKam poOOTIB Ta iX TPaAKTUYHOTO
3actocyBanHd. Deneparliss Takox crpusie CriBOpani BUPOOHUKIB 1 HAYKOBUX YCTAHOB
Ha MikHapogHoMmy piBHI. IFR mopiuno nyOmikye mochimpKeHHs, NPUCBSIYCHE
poboToTexHill B ychoMy cBiTi. [lyOumikarisi MICTUTh JA€TalbHI CTaTUCTUYHI JaHI,
3i0pani 3 50 kpaiH, pO3MIIEHUX 3a Taidy33i0 3aCTOCYBaHHS Ta THMOM poOoTiB. IFR
TaKOX OpraHizoBye mpodeciiiHi CUMIT031yMH Ta KoHdepeHitii, ski, mounHatouu 3 2010
POKY, TAaKOX OXOIUIIOBaTUMYTh Automatica, M>KHapOJHY BUCTaBKY, OPIEHTOBAHY Ha

pOOOTOTEXHIKY Ta POOOTH3AIIII0, IO MPOBOJAUTHCS KOXKHI 2 POKH B MIOHXEHI.

Mixknapoana deaepariisi podoToTexHikH, y cBoemy 3Biti World Robotics 2022,
BHU3HAYa€ OCHOBHI TEHJIEHILIi 3aCTOCYBaHHSA POOOTHU30BAHUX TEXHOJIOTIN Yy CBITOBIA

MIPOMUCIIOBOCTI Ha TemnepimHid gac [12]. B 1ipoMy TOKYMEHTI BU3HAYA€ETHCA, MO Y



2021 pomi BimOysioCs BIJIHOBJICHHS CTajoTO BIPOBAKEHHS HOBHX pOOOTIB Yy
BHUPOOHMIITBO Mic/Is MaaiHHs mig yac nanaemii y 2019-2020 poi (puc. 1.1). B misomy
porti 0yJi0 1oaaHo A01aTKOBHUX 517 THC. onuHUL, 0 HA 3 1% Oinblne, HiK MUHYJIOTO
POKY Ta 3Ha4yHUM CTpUOKOM y 211% 3a pesynbraramu gecsatupiuus. Taki iHBeCTHIIIT
CTaJId HOBUM PEKOPJIOM B Cy4acHiil icTOpii, 110 CBIAYUTH PO MOCTIHHY pOOOTH3AIIII0

HpOMI/ICJIOBOCTi Ta IMOBCAKACHHOI'O XUTTA.

Half a million limit broken in 2021

Annual installations of industrial robots - World
1,000 units

+31%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: World Robotics 2022

Puc. 1.1. BBegeHns1 HOBUX po0OOTiB B CBiTOBe BUPOOHHUIITBO 32 POKAMM

SIKio po3kiacTy BKaszaHy iHpopmallito 3a rainy3smu (puc. 1.2), To mu 6aunmo,
10 HaioOIbIIe POOOTIB OyJI0 BBEICHO B EKCIUTyaTallilo B eleKkTpoHimi — 137 Tuc.
omuauib (+24%), TpilIKK MEHIIE B aBTOMOOUIBbHIN Tamy3i — 119 Tuc. oauHMI
(+42%), 1 nmami 3a 3MCHIICHHSM METAlypris, XiMiuHa MPOMHCIIOBICTh, XapyoBa
MPOMUCTOBICTh. Haxanb 10151 OyaiBeIbHOT MPOMUCIOBOCTI HACTIJILKY HE3HAYHA, 110

BOHA HaBITh HE OyJia BUJIIJICHA B OKPEMY KaTeTopilo.

Po3kitagka poOOTiB 3a mporiecamu, siki BOHU BUKOHYIOTh, A€ PE3YJIbTaT B SIKOMY

HaOUTBIINKM PO3BUTOK B aOCOJMIOTHUX OAWHUIISIX MAalOTh POOOTH, IO BUKOHYIOTH



MaHinyJsIii 3 BaHTaxkamMu — 230 tuc. oauHuip (+36%), aemo MeHiie podoOTH-
3BaproBaJIbHUKH — 96 THC. oauHuLb (38%), MOTIM #iaAyTh poOOTH, 110 BUKOHYIOTH
30ipKky — 62 THC. oguHUIE (24%), mani poboTH-IpUOHpaTbHUKH — 32 THUC. OJMHHUIID

(+1%) Ta poboTH, 1110 3aHMaIOTHCS TIEPEPOOKOIO — 7 TUC. OAMHHITS (+37%).

Annual installations of industrial robots by customer industry - World
1,000 units

Electronics is major customer of industrial robots

137

Electrical/electronics 110
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87
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Puc. 1.2. BBeieHHs1 HOBMX PO0OOTIiB B CBiTOBE BUPOOHMITBO 32 rajy3iMH

TakuMm 4MHOM, aBTOMOO1JIbHA MPOMUCIIOBICTD 3 il pOOOTaMU-MaHIMyJISTOPAMU,
[0 BUKOHYIOTh (PYHKIIIi 3BapIOBaHHS 3aiiMarOTh Beaydl MO3HIlii y pOOOTOTEXHIIIl.
Haxxans OyniBenbHI poOOTH HE MPEACTABICHI, 1€ 03HAYaE, M0 MOKHU M0 Il HampsM
3HAXOJIUThCS Y PO3POOIIl Ta MOKH 110 HE HAOYB MIMPOKHUX MPOMHUCIOBUX MacCIITa01B.
Ane 3aranbHa TEHJEHIS poOoTH3alii BUPOOHMYMX MPOLECIB TAKOXK YITKO
npociipkyeTbes. Lle 03Hauae HassBHICTh MOMKIIMBOCTEN Ta BIEBHEHOTO JIOCBIAY 1HITUX

rajgy3ei.

1.2. PeBositonisi B Oy1iBHMITBI
VY Toii yac sK miaxin go iHopmauiitHoro MmoaentoBanns Oynisens (BIM) crana

BaXTMBUM (pakTopoM 1udpoBoi Tpanchopmaiii B OyaiBHUITBI [1], KOHIIENIIS B CBITI



IOCTYIIOBO IMOYMHAE HabupaTh 00epTiB KoHIeniis byaiBuuteo 4.0 (Construction 4.0).
Cporo/iHi BCe I1e BaKKO JaTH il TOYHE BUSHAYCHHSI, aJI€ €KCIIEPTH OAHOCTalHI B TOMY,
o e Oyjae BenwKa peBOOIis i Tamy3i. [[[o6 Bu3HaunTH rio0aabHUN KOHTEKCT
I1€1 PEBOJIIONIT, 3A€ThCS KOPUCHUM HarajaTH, 110 BoHa Oepe cBiii movaTok y [lepriii
MIPOMHUCIIOBIA PEBOMIONIT B icTopli 3 Mexanizamiero, y Jlpyriidi peBosrorii 3
enexktpudikariero ta B TpeTiit peBosolli 3 apTomMaTu3allie. YeTBepra mpoMHCIOBa
PEeBOJIIONIS 0a3y€eThbes Ha 1H(POPMAIITHUX TEXHOJIOT1SX.

Jloci HEMae MiIKHAPOTHOTO KOHCEHCYCY IMOJO TOTO, IO HACIpaBIi O3HAYAE
kouuernis Construction 4.0. Jeski aBTOpy BU3HAYAIOTH 11 K MPOCTE BIPOBAKEHHS Y
OyIIBHHLITBO TJIOOAJIbHOI 1H(POpPMaLIHOI Mepexki (TOOTO BUKOPUCTAHHS Cy4YacHUX
TEXHOJIOT1H 3B’ A3KY JUIsl TPUUHATTS PIllIeHb Yy PEKUMI PEAIbHOTO Yacy), 1HII 6adathb
e sSK 3acid MONIyKy TOCIIOBHOI B3a€MOJOIOBHIOBAHOCTI MIXK OCHOBHUMH
TE€XHOJIOTTYHUMH MiAX0JaMH, 110 BUHUKAIOTh y OyIBENbHIN ramysi. Ajie BCe K TaKH,
Construction 4.0 mae OUIBIN IIMPOKUN 3MICT Ta 3HAYEHHS, BIH BUXOJHUTH 32 MEXI
CKJIABIIMXCS TEXHOJIOTTYHUX PAMOK, BIJIIIOB1Ial0YM TOTOYHUM BUKJIMKAM Tajy3l.

Ske 6 He Oyno BU3HAUYCHHS, BelMKa 3MiHa, siky npuBHecsa Construction 4.0,
31a€ThCA, OOEPTAEThCSI HABKOJIO JICHEHTPATI30BAHOTO 3B’SI3KY MDK  (PI3MUYHUM
MIPOCTOPOM 1 KIOEpIPOCTOPOM Yepe3 MOBCIOIHE MITKIIOUEHHS. Y OyIiBeIbHIN Tamy3i
3B’SI30K MK ITMMHM JIBOMa CBITaMH BX€ ICHY€E uepe3 TaKl TeXHOJIOTIYHI IMiJIXOIH, K
BIM. Hanpukian, Mo>kHa MaTH TMOBHI YUCJIOB1 MOJIelIl Oy/1IBETLHOTO MPOEKTY 1 HABIThH
CTBOPUTH JIBOHANpPABJIICHUN 3B'I30K MDK OyJIBEIIbHUM MaWJIaHYUKOM 1 IUMH
mozenssmu. OpHak goci HeoOXigHa MPUCYTHICTh JIOJWHW MJis TIATPUMKH Ta
KEepyBaHHS UM 3B’3KOM. 3 mosiBoto Construction 4.0 HM3Ka TEXHOJOT1HA MOCTYIIOBO
3aMIHUTH IO POJIb JIIOJWHU, 00 3MEHIIUTH JIOJCHKE BTPYYaHHS Ta MPArHyTH O
JEIEHTPAIII30BAHOTO 3IIUTTA MIXK (PI3MYHOIO0 PEATBHICTIO Ta i MPEACTaBICHHSIM Y
KibeprpocTopi.

Xoua ocHoBa Industry 4.0 y 6araTbox ramxy3six 0a3yeTbcsi Ha TEXHOJIOTISX, 5K
3a0e3neuyoTh MOCTIHE MIAKIIOYEHHS 10 KiOepmpocTopy Ta AElEHTpali30BaHe
NPUUHATTS pilieHb y peaibHoMy uaci, Construction 4.0 He OOMEXY€ETbCS HUMHU
TEXHOJIOT1SIMH, a 0a3yeThCsd Ha OUIBII IUPOKOMY CIIEKTPi, TOJOBHUMHU 3 SIKUX €

poboTu3allisi Ta aBTOMaTHu3allisl OyaiBeIbHOI0 BUPOOHMIITBA, XMapHI OOYUCIIEHHS, 1,



3Buuaiino, BIM. Benuka nepcnexktuBa peBodtorii Construction 4.0 nosisirae B Maiixe
MOBHIN aBTOMAaTH3allii BCHOTO JKUTTEBOTO LUKy MpoekTy. Ll aBToMartum3zaris
nepeadavae BUKOPUCTAHHS MU(PPOBHUX OJIM3HIOKIB HA KOXKHOMY KPOIIi, BiJl TUTAHYBaHHSI
0 eKCIUTyaTallli, BKJIIOYAalOud TMpOeKTyBaHHA Ta OymiBHuUITBO. Ha erami
MPOEKTYyBaHHs 301IbIIeHHS BUKoprucTanHs BIM-Moneneil sik undpoBux IBIMHUKIB Ja€
3MOTy MIEPEBIPUTH iX 3a IONOMOTOI0 MOJICIIOBAHHS (PI3UYHOTO MPOIYKTY (HAIIPUKIIA],
OyiBIIi), HOr0 KOHCTPYKTUBHICTG 1 BapiaHTu nmpuOyTKoBOCTi (4D, 5D), a Takox Horo
CTIMKICTh (HAmpHKIal, eHepreTuynuii aHamiz). Ha erami OyniBauuTa moneni BIM
IPOJOBKYIOTh CIYKUTH HUGPOBUMHU OJNU3HIOKAMH, aj€ JOMOBHIOIOTHCS IHIIUMU
TEXHOJIOTISIMU JUIsl aBTOMATH3allil iX 3B’SI3Ky 3 PEAIbHICTIO OY/IBEIHLHOIO
maiganunka. lle mnepeBakHo KkiGepdi3uuHi BUPOOHHUYI CHUCTEMH, BKIIOYAIOYH
JaTYUKHU, JIPOHH, BOYJOBaHY POOOTOTEXHIKY Ta cucTeMH MoHITopuHry. Ha erami
excrutyatanii BIM ta IT pa3zom 3 IHIIMMH JaTYUKAMH JAaIOTh 3MOTY KOHTPOJIFOBATH
NPOAYKTUBHICTL 00’€KTa Ta CTBOPIOBAaTH €(EKTUBHY CHCTEMY YIpaBIIHHA

MPOQPUIAKTUYHUM OOCITyTOBYBaHHSIM.



Po3ain 2. BukopuctanHs iCHyIOUHMX TEXHOJIOTI podoTu3aiii Ta
aBTOMAaTH3allii 3Be/IeHHsI Oy1iBe/Ib
2.1. Hadrian X
OnHa 3 HalOUIBIIT PO3BUHEHUX CUCTEM, 1110 TOTOBA 3 MIHIMAJIbHUM BTPYYaHHIM
JIOMHY TIEPETBOPIOBATH IM(PPOBI MPOEKTH y TOTOBI OyiBeNbHI 00’ €KTH - 11€ POOOT
Hadrian X (puc. 2.1), sikuii € po3po0OKOI0 aBCTPaTiiiChKOI pOOOTOTEXHIYHOT KOMIIaHI1
Fastbrick Robotics Ltd (FBR). Bin BuKOHYye aBTOMATHYHE 3aBaHTa)KCHHS, Pi3aHH,

MapIIpyTU3aLiI0 Ta PO3MIIIEHHS BCIX LETJIUH BIIMOBIAHO O KOMIT FOTEPHU30BAHOTO

MIPOEKTY .

Puc. 2.1. Po6or Hadrian X.

Hadrian X moOymoBaHwmii 31 cTami, alfOMiHII0O Ta KOMIIO3HUTIB 3 BYTJICIICBOTO
BoJIOKHa. Hum kepye Mepexa KOMIT'IOTEpiB, poOOTH30BaHI BijJ€OKaMepH,
CEPBOJIBUTYHHU Ta JIA3EPHUMN TPEKEP, AKUH BIICTEKYE Horo mosioxxeHHs. [Ipu nboMy BiH
HE MOoTpedye Creriaai3oBaHOTO TPAHCIIOPTYBAHHS, OCKIJILKM BCTAHOBJICHUHN Ha I1acl

BaHTaXiBKU (puc. 2.2).



Puc. 2.2. Hadrian X B TPAHCIIOPTHOMY IOJIOKEHHI.

3rijiHo 3 oIiHKaMu poyKTuBHOCTI, Hadrian X 3moske kiactu npubauzuo 1000
LIETJIMH 3a roAuHy, y mopiBHaHHI 3 300-400 1ieriiamu Ha A€Hb, K1 MOKE KJIACTH MYJISIp-
JOIWHA 1Ie Maibke B Tpuui mBuanie. Kpim Toro, y moegHaHHi 3 MOro 3/1aTHICTIO
npaitoBat 24/7 y Oyab-skux ymMoBax 0e3 HEOOXITHOCTI MEpepBH, O3HAYaA€, MO
CTaHJapTHUN OyAMHOK MOHA MOBHICTIO MOOY1yBaTH BChOIO 3a JABa-TPH JIHI.

MarimHa BUKOPUCTOBYE MPOMUCIIOBUN KJI€H 3aMICTh TPAIUIIHHOTO PO3UYUHY,
10 30UIbIIIy€ MIIHICTh KOHCTPYKINI B YOTHPHU-II ATh pasiB, MIJBUILYE TEIUIOBY Ta
akyctuuHy edextuBHICTh OyaiBimi 10 70%, a TakoX 3MEHIye 4Yac OyJIIBHUIITBA,
OCKIJIbKM HEMA€ 3aTPUMOK B OYIKYBaHHI 3aCTUTAHHS PO3YUHY.

Hadrian X moske moxBajauTucs HalCy4acHIIIUMHM CUCTEMaMU KOMIICHCAIl1, 110
O3HAYae, 1110 He3BAXKAI0UM HA pyX CTPUIM TOBXKUHOIO 30 METpiB 1 30BHILIHI (pakTopH,
Taki SK BiTep 1 BiOpallisg, MaHIOYJIATOp, SAKUK (AKTHUYHO CTaBUTH [CTJIMHY,

3QJIMIIAETHCS AOCOTIOTHO HEPYXOMUM, 1110 3a0€31eUy€e BUCOKY CTYIiHb TOYHOCTI.



Puc. 2.3. Buiir crpisim Hadrian X noB:xunoro 30 merpis.

Hadrian X po3po6nenuit st po6oTu 3 yHIBEpCAIbHUM aCOPTUMEHTOM IIETIIU
po3mipom g0 500 x 250 x 250 mM. BiH 3ampoekToBaHUM, SK MOBHICTIO aBTOHOMHA
cuctemMa OymiBHUIITBA. BUKOpPHUCTOBYIOUM CIieliajibHE MPOTrpaMHE 3a0e3MeUeHHS,
cTBOproeThest 3D-Mozpens oMy, nami naHi nepenarothess B Hadrian X, 1 mammna
JIPYKY€ KOHCTPYKIIIIO TToeTanHo (puc. 2.4), sik Ha 3D-npuHTepi, BKIIOYAIOYU BC1 BUIU
pi3aHHS Ta MapUIPyTHU3aIlli UErJn I eIeKTPUYHUX 1 CAHTEXHIYHUX IMOCIYT, TOMY
(diHaTpHA KOHCTPYKIliA MOBHICTIO TOTOBA MPOTATOM 100U. JIF0/IChKI PyKH HE TOBUHHI
TOPKATUCS LETJIM IT1]1 Yac 3aBaHTAXEHHS, pi3aHHs Ta KJIaAKd. Takuil miaxif 1/1eaqbHO
nonoBHioe BIM TexHo0riT B TPOEKTYBaHHI.

JIBepH1 Ta BIKOHHI paMH OIyCKAarOThCS 3BEPXY MICIS JOCSITHEHHS BUCOTH abo
BCTAHOBIIIOIOTBCSL SIK PO3JUIbHI paMM IICIS 3aBEpPIUEHHS Ipolecy OyiBHUIITBA.
3aBepiiieHi CTIHM TaKOXK MaTUMYTh KaHAJH JIJIsl PO3MIIIECHHS €JIEKTPUYHOI TPOBOIKU

Ta CAHTEXHIKU.
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Puc. 2.4. IIpouec «apyky» koHcTpYyK1ii podorom Hadrian X

[{s TeXHOJIOT1S1 € HACTYITHOIO €BOJIOLIEIO JAJI MYJISIPIB, 110 JO3BOJISE TM MIEPEUTH
Bl TPYAOMICTKOI Ta HEOE3MEeYHOi MNPAKTUKU OO0 pOOOTH OIepaTopiB MalIUH 1
KOHTPOJIEPIB 3a SIKICTIO OyAiBEIbHUX POOIT, 3a0€3Meuyroun CTiiKy Kap’epy.

Kowmmanis FBR naiimae kBamiikoBaHUX MYJISpIB i1 pOOOTH HA MalITaHYUKY,
KaJpOBY MEpEXKYy I IOBHOIIIHHOTO TEpeXoJy Ha HOBY TEXHOJIOTIIO Mmicius i
IITUPOKOTO BBEJICHHS B €KCIuTyaTallito. [lepiiie BBeIeHHS B €KCILTyaTalliio IUX MallliH
wianyeTbest B ABctpanii. Ilpu mpoMmy Oyne BHKOpucTaHa HU3Ka pPi3HUX Oi3Hec-
Mojenel, mo0 rapanTyBatd ik 3D-cucTteMi aBTOMATH30BaHOTO OYAIBHUIITBA
MOTPAIUITHHA B MEWHCTPIM y sKOoMora OuUIbImii KumbkocTi kpaiH. Hadrian X

KOIIITYBaTUME MPUOIU3HO 2 MUIBMOHU aBCTPATIMCHKUX JOJIapiB 3a OJUHULIIO.



Texnonoris mnoBHicTio 3axuiieHa mateHTom y CIIIA, Kwurai, Ascrpanii, Kanani,
BenukobpuTtanii Ta €C .

B cBoix po3poOkax kommnanis FBR cmiBmpaiiioe 3 aBCTpiiichKOI KOPIIOPAITIEIO
OyniBenbHUX MatepianiB Wienerberger AG, sika orojocuia, Io nepiuii 0y 1uHok OyB
3aBepuieHni 3a gomnomoror pobota Hadrian X. Byaunok OyB moOyaoBaHuii y

Bennapni, ABctpadnis, 3 ueriiu Porotherm BupoOuuiirsa Wienerberger.

Puc. 2.5. ByniBauurBo Oyaisai po6orom Hadrian X komnaniero

Wienerberger AG y Beaiapai (ABcrpis).

VY mpec-penisi, SKUi OTOJOCUB MPO 3aBeplieHHs OyniBHUITBA, XaimMo [loiix,
reHepanbHui qupekTop Wienerberger, mpokoMeHTYyBaB: «[Mu] XxoueMo BHECTH CBii
BHECOK y T€, 1100 MaliOyTHI MOKOJIHHS MaJid T1 ) MOJIMBOCTI, 10 i MU ChOTOJIHI.
..SIk  TmpoBIAHMM MDKHApOAHMH MOCTayalbHUK OydiBEJIbHUX MaTepialiB Ta
1HQPACTPYKTYpHUX pIllIEHb, HAIla MPOMO3HUIIIS MOJATaE HE TUIBKU B TOMY, 100
MPOTIOHYBATH TPOAYKITII0 TMEPIIOKIACHOT SKOCTI, ajieé i MaKCUMaJbHO €(PEKTUBHO
BUKOPHUCTOBYBATH PECYPCH IIPH X BUPOOHUIITBIY.

Wienerberger 1 FBR nignucanu yrogy npo maptaepctBo B 2018 pori came 3

MeTor0 po3podku Wienerberger crieriaiizoBaHuX pIlieHb IS HETSHOT KIAAKH 3



BukopucTanHsaMm Hadrian X, ki B KiHIIEBOMY MiJICYMKY MOXKYTb OyTH BUKOPUCTaH1 JJIs
KUTIIOBUX MPOEKTIB.

Po6ot Hadrian X — 11e uyoBuii mpukiiaj MOBHICTIO aBTOMAaTH30BAaHOI CUCTEMHU
3BefieHHs Oyxiemi. Ciig  BIAMITUTH, 1[0 HE 3Ba)KAalOYW Ha YHIBEPCAJIbHICTh
MaHIMMyJIATOpa, SKUM TOTOBUH TIpamioBaTH 3 OyIb-IKUM THUIIOM IIETJIH, €
3aIliKaBJIEHICTh Y PO3po0Ill Ta BUTOTOBJICHHI JIIHIMKH CIieliaizoBaHuX OyI1BEIbHUX
MatepialiB: Ieryi Ta Kier. KpiM Toro, MaHinmyJisiTop po0oTa, 3aBJIsIKA 3aCTOCYBaHHIO
TEXHOJIOT11 TMHAMIYHO1 CTab1Ti3aIlii 31aTeH BUKOHYBATH He Jinie (YHKINIO KIaaKy, a
TaKO0X 3BapIOBaIbH1 pOOOTH, TPAHCIIOPTYBAHHS, MOHTaX Ta Oy/b-AKY 1HIITY pOOOTY Ha
OyIiBeTbHOMY MaiiIaHIHKYy.

[Ipn mpoMy ciija BIAMITHTH TaKoXK 1 HeraTuBHiI ctopoHu. Lleit pobor Mmae
OOMEXKEHHS Yy BHCOTHOCTI OymiBelb, IO 3BOJATHCSA. BiH 30pi€eHTOBaHMM Ha
MaJIoNOBEPXOBE OYIBHUIITBO, & BPaXOBYIOUH MOTY 3HAYHY BapTiCTh, OKYIIHICTh MO0
BUKOPHUCTaHHS JOCUTh CyMHIBHA. KpiM TOro, BiH HE Ma€ THY4YKOTO MacHITaOyBaHHS.
ToOTO 30UIbIICHHS KUIBKOCTI TaKMX MAIIMH Ha OJHOMY OYJIIBHUIITBI HE MOXE
MPU3BECTA 10 MIJBUILIECHHS MPOAYKTUBHOCTI TMpaill, OCKUIBKH POOOT moTpedye
npoctopy. JIBa abo Tpu poOOTH MpaIfOI0YM OJHOYACHO OYIyTh 3aBa)KaTH OJIMH

OJTHOMY.

2.2. HanisaBTomMaTn4Hi po6oTn kommnanii Construction Robotics

Kommnanis Construction Robotics Burorosisge mexaHizmMu [Uig  JTOIOMOTH
MyJisipaM, 3 METOK TOJIETMIeHHS iX BaXkoi mnpami. Tak, II€0 KOMIAHIE
BUTOTOBJIAIOTHCS Tigiomuuku Mule (Material Unit Lift Enhancer) ans migiiomy Ta
MIepeMIIIeHHS BaKKUX OJIOKIB ITiJT Yac KJaaku. BiH Mae BaHTaKOMIIHOMHICTB 10 60 KT
Ta OCHAILEHUH 3aXBaTOM, CTPLIOIO Ta MiAKOMHUM MexaHi3MoM (puc. 2.6). Koxna Taka
MaliHa OOCIYroBYIO OKpeMy JUISIHKY MyJisipa, HE TEpeliKopKaroud poOoTi
cyMixauM tipuctposiM. Mule nokpariye 6e3neky Ta eQeKTHBHICTh Ipail MYJIspiB.
JlocmipkeHHst BApOOHMKA TTOKA3aJIH, III0 BUKOPUCTAHHS HOTo 00 IHAHHS IS KJIaIKU
32 mroliMOBUX OJIOKIB MiJBHILY€E MPOAYKTUBHICTH BABIYl. 3 1HIIUMHU OyiBEIbHUMHU

MaTepiajJaMH MPOTyKTUBHICTB 301IbIIy€eThes Bia 75% n0 7 pasis [10].



*Maximum vertical travel 11"
(132%/335¢cm).

*Extension Required if working
areais greaterthan 11°

*1,360 Ibs as shown

Puc. 2.6. IHigitomuuxk Mule Bix komnanii Construction Robotics

[Hma iHHOBAIIMHA PO3po0Ka, SIKy mpornoHye kommanis Construction Robotics —
HaniBaBTOMaTHYHUE podor SAM (Semi-Autonomous). Bin sBisie coboro cuctemy
KJIaJKK IEMJIM, sKa CKJIAJaeThCsd 3 CaMOXIJHOTO Bi3Ky 3 BCTaHOBJICHHUM
MaHIMyJIATOPOM, CHCTEMY IOJadi IEMEHTHOIO PO3YMHY Ta CHUCTEMH TOJadi LErJIn
(puc. 2.7). Ilpu ibomy SAM npu3BaHuii HE 3aMIHUTH MPAIIBHUKIB, & JJOIOMOI'TH M

BUKOHYIOYM HallOUIbIII BTOMJIMBY Ta BaXKKy pOOOTY 3 KJIaJKU LETJIH.

Puc. 2.7. Cucrema kiaaaku ueriau SAM.

[Tpuxnan 3acTocyBaHHs HalliBABTOMATHYHOI CUCTEMH — 11€ TPOEKT 3 IEMOHTAXKY

Ta 3aMiHU 30BHINIHBOTO METJISHOTO 03700J7eHHsT DenepanbHoi OyniBm Piwapma X.



[Todda (puc. 2.8-2.10). Lle BucoTHa Oy iBIIA, IKa BAKOPUCTOBYETHCSA B OCHOBHOMY LIS
odiciB, aje TaKOXX MICTUTh 3aJld CYyIIB 1 CIHELiadi30BaHl NPUMILIEHHS MAJis
MIPaBOOXOPOHHUX OpraHiB. bymisis mae 14 moBepxiB, BmimIye 750 criiBpoOIiTHHKIB i
Mae 75 BHYTPIIIHIX TapKyBadbHUX Micllb 1 114 BIAKPUTHX MICIIb.

[Tpoekt BkitOuaB y cebe BHIANCHHS BCi€i iCHYIOUOi mernu Ha 14 moBepxax,
BCTAHOBJICHHSI HOBOI 1IE€TJIM, BIIHOBJICHHS IOKPUTTS Tapa)a, peMOHT PO3KOJIOTOrO Ta
3HOILIEHOTO OETOHY Ta BCTAHOBJICHHS €JIEMEHTIB O€3MEKH 10 MEPUMETPY, BKIIOYAIOUH
nuaréaymMu s TpaHCIOPTHUX 3aco0iB, Mmija’i3HI BopoTa Ta oropoxi. IIpoekt OyB
peanizoBaHUi MOETarHO, 00 MiHIMI3yBaTH BIUIMB Ha OpeHJapiB OyAiBil Ta
MOBCSAKACHHY POOOTY, TIpH 3a0e3MeueHH1 Oe3MeKu Oy IiBIIi.

[I{o6 3aBepIIUTH NPOEKT, OYB BUKOPUCTAHUI poOOT-yKIagalbHUK 1eriin SAM,

SIKAH 3aMIHIO€ TIPAITIO IIICTHhOX MYJISPIB.

Puc. 2.8. Podor-ykiaagaabHuk meriu SAM B npoekTi 031001eHHS

®enepasabHoi Oyaisai Pivapaa X. Illogpda

[Tpoekt Bumaras BctanoBieHHs 470 000 nernuH Ha CXiIH1H 1 3aXiJHINA CTOpOHAX
oynisii. L{g cucrema 31aTHa kinactu npubiauszno 3000 nernuH Ha AeHb. [ MOHTaXyY

OyJi0 BUKOpUCTAHO MpuOan3HO 3345 mimkiB po3unHy Ta 478 ToH micky. Kpim Toro,



OyJI0 BCTAaHOBJIEHO MPUOIU3HO 945 psiiB LETIU Bij LETJISHOIO BUCTYITY Ha 3eMIIl JI0
BEPXHbOI YACTMHM MapameTy Ha naaxy OyaiBai. SAM BUKOPHCTOBYBaBCS IS

BCTAaHOBJICHHA I_IGFJIHHO'I' KJIIaAKHM Ha I'OJIOBHHX CTIHAX Ha CXiI[HOMy Ta 3aXiI[HOMy

(bacagax. PoboToM kepye KoMI’1oTep, Il poOOTH MOTPiOHI TEXHIK 1 IBA MYJISIPH.
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Puc. 2.9. BctaHOB/IeHHS HAIPABJISIIOYUX 0NOP A podoTra SAM.

Puc. 2.10. ®enepannna oynisias Piuapaa X. [logda nicias pekoHcTpykiLii.
3nayHol0 mepeBaror cucreMu SAM e 11 BiTHOCHA MPOCTOTa Ta HE BHCOKA
BapTICTh. AJie pa3oM 3 TUM BOHa HeE 3a0e3Medye MOBHICTIO aBTOHOMHY pOOOTY,

MOCTIHHO HYXXJAlO4YHCh Y OOCIyroByBaHHI ABOX MyJisipiB. IIpoextu B sikux Opana



ydactb SAM — 11e niepiir 3a Bce 30BHIIMIHE 03/100JICHHS Oy T1iBEIb, TIPH IIbOMY HE 30BCIM
3p03yMiJI0, SIK Oy TOBOJUTH 1151 CACTEMH NIPH BUKOHAHH1 OUTBIII CKJIATHUX 3aBIaHb.

[To3uTuBHUM B cucteMi Bin komrmanii Construction Robotics — € MoxIMBICTD
IpaioBaTd 3 BUCOTHUMH OO ’€KTaMM, ajie MpHU I[bOMY 3aJMINAETHCI BUMOTa Y

BCTAHOBJICHHI CIEI1aII30BaHUX OTIOPHUX IUIONIAIOK.

2.3. Pobort-nociii OSCR-3

Posrnsgatoun pobotuzarito OyaiBeTbHUAX MPOIECIB MU TEPII 3a BCe POOUMO
aKIICHT Ha MPOIIeCl 3BE/ICHHS CTIH. AJIe IPU LIOMY 3aJIUIIAETHCS BIIKPUTUM MUTAHHS
MMOCTa4YaHHs N0 POOOTH30BAaHUX CHCTeM OyIiBenbHUX MaTepiamiB. be3 mporo
BAXKJIUBOT'O €JIEMEHTY HE BJIACThCA JOCSATTH JIHCHO TOBHOI aBTOHOMII Oy/1IBHUIITBA.

I'pyna poGororexnikn Rust Belt 3 Vuisepcutery Baddano, mrat Hero-opk,
po3po0iIsie TyMaHOIMHUX POOOTIB, SAKI JOMOMAraTUMyTh OyAiBETLHUM OpuTamzam.
KepiBHuk npoekty noneHT kadeapu apxitektypu Maiikin CitbBep. CBild IpOTOTHI

Bonu HazBam OSCR-3 (On-Site Construction Robots, 3-s reneparris) [8].

Puc. 2.11. OSCR-3 y noxiznomy (;1iBopy4) i po3ropHyTromy (mpaBopy4)
M0JI0KEeHHSAX.
OSCR-3 — 11e rymMaHOigHU# pOOOT KU B3aEMOJIIE 3 JTIOABMHU B TUHAMIYHOMY

cepenoBuil. [nanyeTbcss MOMKIIMBICTh BUKOPUCTAHHSI 11101 TPYIH TaKUX POOOTIB JIst



BUKOHAHHS BCIEI0 BaXKKOI Tpalll IO IEpPeMIlIeHHI0O MaTepialiB Ha OyJiBeJIbHOMY

MaiJaH4uuKy (puc. 2.12).

Ty

Puc. 2.12. OSCR-3 B nponeci BUKOHAHHA NMOCTABJIEHUX 3aBJAaHb.

Xoya 0araTo IOCHIJHUKIB 3MararThCs 32 PO3pOOKY OyJiBEIbHHUX POOOTIB,
CimbBep, poOOTOTEXHIK-CAMOYYKa, Ta WOro KOMaHJa KOHCYJBTYIOThCS 3
MIAPSAHUKAMUA Ta MpodCcriaKkaMu, mo0 MepeKoHaTHucs, o iXHI poOOTH MATUMYTh
MEeBHY I[IHHICTh MJIs Traiay3l. 3aBAsSKH UM JHUCKYCIIM BOHHM 3pO3YMUIH, IO
OyIiBeNbHUKU CTypOOBaHI THUM, IIO POOOTH BHUTICHATH iX. Y pesynbrari CiabBep
MIKPECIIOE, 10 WOTO JIOCHIIPKEHHS CIIPSIMOBaH1 Ha COPOOOTOTEXHIKY, TOOTO MAIlIMHU
MPAIOIOTH Pa30M 3 JIOABMH, a HE OKPEMO, 1 30CEPEKYIOThCSI Ha TOMY, 11100 3poOuTH
JHOAeH MPOTyKTUBHIIIMMHU Ta OUIbII MPUOYTKOBUMHU.

3a octanHi aBa poku Rust Belt Robotics cTBopmia Tpu MOKOJIIHHS HEBETUKHUX,
ane Jaefanl CKIaAHIMX TpoToTumiB aHapoimiB. Ilepmmit OSCR migHsB JieTKy
uernuny 3 AbC-mnactuky, HaapykoBaHy Ha 3D-npuHTepi, 3poOUB KiJIbKa KPOKIB, a
MOTIM MOCTABUB ILIETJIMHY B TOYHOMY Micli. [pyra Bepcis mignsuia Tpu AbC-uerinunu
Ta 3pobuiia Kpok yropy 3asBuiiku 1 groim . Tperii OSCR xonuB Ha 4OTUPHOX HOTAX
Uig OUThIIOI CTAOLIBHOCTI Ta MIIHOCTI, MEPEHOCUB 1 PO3rOpTaB JIETKl LIETIMHU
CTaHJapTHOTO po3Mipy. BiH Takox mepeMiiiaBcs B 1a00paTopHOMY MPOCTOP1 TPYIH

Ta BIJACTEXKYBaB IHII LEMIMHA 3 KOJbOPOBUM KOJIYyBaHHSIM 3a JOMOMOTOIO



BiJleOKaMepH, BOYJOBAHOI B CTPYKTYpy 3 BYIJIELEBOIO BOJIOKHA, 1 MPOrPaMHOIO

3a0€e3IeYeHHH.

Puc. 2.13. OSCR-3 y 4OTMPHUCTYIIHYATOMY PeKHUMi, 1110 Hece CTAHIAPTHY

LHerJIsiHy KJIAJIKYy.

3apa3 koMaHa Oyaye CBi 4eTBEpTUM MPOTOTUN — ABOHOTOro pobOOTa, KU
MOK€ BUKOPUCTOBYBATH CBOI PYKH, 1100 3aXOIUTIOBATH Ta CKJIAJATH OJIOKH MIIIAHKKY,
BHpi3aHi TiapoadpasuBHUM MeToI0M. 3aBasku Wi-Fi 11 OiibIa MaImHa TOEIHYE B
co01 moxmBocTi nonepeaHix OSCR 13 MoxiuBicTioO 3D-ckaHyBaHHSI IPOCTOPY Ta
nepeaadi iHdopmailii, HampUKIIaa MOJIBOBUX YMOB 1 hoTorpadiit mporpecy, 3po0aeHuX

il BIIEOKaMEPOIO, JIFOASM, IKUM BOHA JIONIOMArae.



Puc. 2.14. ITapa OSCR-2, mo npauiowTs pa3oMm.

CinbBep Kaxe, 1110 BiH MIT OM M1ABUILUTH 1HTEJIEKT 1 GQYHKI[IOHATBHICTh pOOOTIB,
3amporpaMyBaBIIM iX Ha mepeaady BIM-nmanux Ha pobounii MaaH4YMK 1 3 HHOTO
yjeHaM KOMaHAW — JoJsaM abo aHapoinam. «S XOTiB OM HIyKaTh HOB1 CIIOCOOH
iHTerpaiii poOOTOTEXHIKM 3 XMapHUM CEpEeAOBUIIEMY», - Kaxke BiH. 3apa3 Rust Belt
Robotics Benme nmocmiguuiibky poOOTy pa3oM 13 OaraThbMa mnapTHEpamu, 1100

yaockoHauTu Ta po3ropaytd OSCR Ha dakTnuHOMY po60OYOMY MicIIi.



L

Puc. 2.15. ITigiioM mo cX0AUHKAX.

Puc. 2.16. OSCR-3 crossun Ha IBOX HOrax



B npoexti OSCR-3 nyxe 1ikaBo Te, 110 poOOTH PO3TISIA0THCS MPALIOIOUYUMHI
B I'PYIIi, ajie, U0 Ty>Ke BaKJIMBO — BOHU MTOBUHHI HE MPOCTO HE 3aBa’KaTH OJIUH OJHOMY,
BOHM MOBHHHI CIIBOPALIOBATH, 1 B IbOMY iX YHIKaIbHICTh. TyT MPHUCYTHIN BEIUKUN
noTeHIian MacmTaOyBaHHS, aKe Mepea aHApoigaMu MOXe OyTH IOCTaBJICHE
3aBJIaHHs, 3 AKUM BOHM MOXXYTbh BIIOPATHCS BUKIIIOUHO KoMmaH1HO. Hampukmnan, mis
MEepPEMIIICHHS BEJIMKOTA0ApPUTHUX €JIEMEHTIB HE IMOTPIOHO BHUHAXOJIWUTH HOBI

yHIKaJIbH1 3aXBaTH, JIOCTaTHHO 00’ €THATH B TPyNy ABOX, TPHOX 200 YOTUPHOX POOOTIB.

2.4. ABToHOMHMIi OyaiBessbHHIT poooT In-Situ Fabricator

PoGoTu3oBane OyIIBHUIITBO J03BOJIAE€ MO€AHATH OypAiBeNbHE i1HGOpMAIlIiHE
MOJICJIIOBaHHSI Ta 3BeJeHHsA OyaiBenb. [l 1poro mnoTpiOHO MaKCUMalIbHO
BUKOPUCTOBYBAaTH JIOCBIJl BIIPOBA/PKCHHS POOOTOTEXHIKM B IHIIUX Taiy3siX.
ByniBHULITBO 3a AOMOMOro0 MOOUIBHOI OyAiBENbHOI POOOTOTEXHIKH CTaj0 METOIO
KUIBKOX JIOCTIDKeHb HallloHanmpHOTO IIEHTPY KOMIETEHIi B raimy3i IudpoBUX
nociaipkens (The National Centre of Competence in Research (NCCR) Digital
Fabrication, Switzerland) [9].

[IIo6 maTu MOXJIHMBICTH TpAIfOBATH Ha OyMiBEJIBHOMY MaWIaH4YMKy, POoOOT
MTOBUHEH:

— OyTu MOOUTbHUM, HAJIWHUM Ta TOUYHUM,;
— MaTH MOXKJIMBICTH BH3HAYATH CBOE IMTOJIOKEHHS Ha Oy IIBEIbHOMY MailTaHUHKY
— aJanTyBaTHUCS 1O HEBU3HAYEHOCTEM.

[{i nutanHa Bxe OyJIM MPEIMETOM MOMEPEAHIX MOCTIIKEHb, BKIIOUYAIOYU
JTOKTOPChKY gaucepraniro Dospkepa Xenma. Pe3ynapTaToM I,0r0  MOYaTKOBOTO
IIPOEKTY, BUKOHAHOTO Ha Kadenapi apXiTeKTypu Ta MuGpoBOro BUPOOHUIITBA, CTasa
matdopma «dimRoby, sika BkiItouanga pyka mpoMHUCIOBOTO poOOTa, BCTAHOBJICHY Ha
MOOUTBHINA TYCEHHUYHIA CHUCTeMI 3 JU3eIbHUM JIBUTYHOM. PoOOT Mir mepecyBarucs
PI3HMMHM MICLEBOCTSMM, MAaHINYJIOBAaTH MareplajamMd Ta I1HCTPYMEHTaMH IS
OyIIBHMIITBA, a TaKOXX OYB OCHAIIEHUN CHUCTEMOI CKAaHYBaHHS [JIsl KepyBaHHS
normyckamu Ha OyniBHUITBO. OmHak (yHkmionyBanns «dimRoby Bce mie Bumarasuo
3HAYHOI B3a€MO/IIi 3 JIOAUHOIO: ONEpaTOp MaB KepyBaTh poOOTOM, CTablIi3yBaTH Ta

JIOKaJIi3yBaTh HOTO BPYUYHY, MEPII HIXK MOT0 MOXHA Oyi10 moOy1yBaTH.



Mera HOBOI MUDKIMCIUIUIIHAPHOI CITIBIIpalll TOJIATa€ y BHUBEICHHI IlI€l
poOoTH30BaHOI TIaTHOPMH HAa HACTYIHHUM PIBEHb 13 MEPETBOPEHHAM IUTaTGopMH Ha
aBTOHOMHOTO poOoTa — «In-situ Fabricator» (puc. 2.17). Ils momoBHEHa cucTeMa
3MEHIIUTh TOTpeOy B PyYHOMY BBEACHHI Ta 3MOXKE TOYHO OyJyBaTH CKJIAJHI
KOHCTPYKITii 3 AOIMyCKaMH Ha PiBHI MUTIMETpa, BOAHOYAC MAIOYd MOXKJIMBICTH MATH

CIIpaBY 3 HEBM3HAYECHICTIO OY/IIBEIFHOTO MalIaHYHKa.
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Puc. 2.17. ABronomuuii oyaiBeasnuii poéor In-Situ Fabricator.

TimoTi Cenni , acipant sadoparopii Agile & Dexterous Robotics Lab (ADRL),
ETH Zurich, mosicHIO€, 1110 «CUCTEMa TOBUHHA TIOKJIAIaTHCS BUKJITFOYHO HA BOYT0BaHi
JaTYUKH Ta OOYMCICHHs». lle BakamBa BIAMIHHICTH BiJl MOro TONEpPEIHHMKA Ta
cepiiozHa mpoobsieMa po3BUTKY. Pa3zom 31 cBoimu koseramun Mapkycom ['idTranepom,
acrmipauntoM ADRL, 1  Kerpin Hvopdaep, acnipantoM kadenpu apxiTeKTypu Ta
udpoBoro BupoOHuUITBa, CeHIl € YaCTHHOIO MDKIUCITUTIIIHAPHOT KOMaH ! TIPOEKTY,
chopmoBanoi B pamkax NCCR Digital Fabrication. Ils mocnigHunbka iHiIiaTUBa,
¢inancoBana IlIBeiinapcbkuM HaiioHaTbHUM HaykoBUM ¢oHoM (SNSF), no3sosse
3M1MCHIOBATA MIKIUCIUIUIIHAPHE CHIBPOOITHUIITBO Ta BUKOHYBAaTH MPOEKTH, SIKI HE

MOXYTh OYTH pealli30BaHi B paMKax OKPEMOi ray3i.



Pyka po6oTa ocHaleHa jia3zepHuM aanexkomipoM. Komu poboT 3Maxye pykoro,
Ja3ep BUMIPIOE TOYKH B MPOCTOPi, mo0 cTtBopuTH 3D-KapTy CBOTO OTOUYEHHS (pHC.
2.18). Lls xapta peecTpyeThCs Ha OCHOBI IIOYaTKOBOTO CKAaHYBaHHS KOHTEKCTY, 1100

00YHCIIUTH MO3UILII0 podoTAa.

Puc. 2.18. Ilo3unionyBanus podora In-Situ Fabricator.

OaHuM 13 BEJIMKUX BHUKJIMKIB Oyna po3poOKa TOYHOI CHCTEMHM JIOKaji3allii.
3anponoHOBaHUN METOJlT BUKOPUCTOBYE 2D-IUpOKUIl Ja3epHUl NajJeKkoMip, SKUAN
CKaHye OTOYeHHs, o0 cTtBoputu 3D-kapTy ioro koHtekcty. I[loTiM 1 kapra
MOPIBHIOETHCS 3 TIOMIEPETHIMUA CKAHYBAHHIMU MPOCTOPY, 100 OOYUCITUTH MOJOKEHHS
pobora (puc. 2.19). Ilg TexHOJOTISA EM0 CXO0XKa 3 TEXHOJIOTIE TO3UIIOHYBaHHS
KoMIT toTepHOi MuIIKK. [logiOHa meTass 3BOPOTHOTO 3B’SA3KY CKaHYBaHHS Ta
BUMIPIOBAHHS TaK0X BUKOPUCTOBYETHCS, 1100 BIOPATUCS 3 JIOMYCKAaMU KOHCTPYKIIIi:
IIISTXOM ITOPiBHSHHS CKaHyBaHHS XMapy TOYOK iCHYIOUOTO CTaHy KOHCTpyKiii 3 CAD-
MOJICJUTIO KOHCTPYKIIli, sika Oyae moOymoBaHa, poOOT 1 MOro CUCTEMHU KepyBaHHS
MOXKYTh BU3HAYUTH Oy/Ib-SK1 HEBEJMKI BIAXUJICHHS BiJ MPOEKTY Ta BHECTH 3MIHU B

npoiieci Oy 1IBHUIITBA.



Puc. 2.19. CkanyBaHHSI IPOCTOPY 3 HAKJIAJAHHAM B HbOMY MPOEKTY

HEerJISAHOI0 CTiHMU.

Bce ne Burnsmae tak, HiOu «In-situ Fabricator» Bxke roToBuil 10 BUXO0ay Ha
BUpOOHUIITBA. OJHAK, 32 CJIIOBAMHU JOCJIIHHMKIB, TEXHOJIOTIl Ta MPOIECH MOKHU MO0
«apumituBHI». Cenni mnosicHioe: «Ha gaHuit MOMEHT MOKHAa BBaXKaTH, 110 POOOT
«mpaiftoe Beqimy». Ile o3Haudae, 1m0 micis Toro, K BiH NEPEMICTUBCS, BiH OUIbIIE HE
YCBIJIOMJIFOE CBOT'O TIOJIOKEHHS 1 CIIOYATKy TMOBUHEH 3HOBY JIOKaNi3yBaTH cede. «Y
MaliOyTHLOMY POOOT MOBUHEH MOCTIMHO YCBIJIOMIJIFOBATH CBO€ TOJIOKEHHS, HABITh
KOJIM BIH y PyCi, 1 OyTH 34aTHUM J0 CTaOLILHOI Ta TOYHOI KOHCTPYKIi». Jluie Tomai
Oyne NOCSATHYTO TOBHE MOEMHAHHS HU(POBOTO NH3aiiHy 3 (I3UYHUM MPOIIECOM
OyIIBHUIITBA.

B xonuenrtyanbHoMy ceHci mpoekT pobora «In-situ Fabricator» BigkpuBae
HNOHATTS poO0oTH30BaHOI Iatopmu. ToOTO po3poldiseThes Aesika 6as3a, sika BUKOHYE
06a30Bi (QyHKIIT aBTOHOMHOIO TMEpPEMIIIEHHsS Ta JOKali3alii 3 HasSBHICTIO
MaHinmynsTopa. 3a moTpeboro 10 IiargopMy MOKHA HAcH4aTh HEOOX1THUM
(yHKIIIOHAJIOM: 3BaploBaTH, TMEPEMIlyBaTH BaHTaXl, 3alOBHIOBATH OETOHOM,

BUKOHYBaTH PpyHKIii 3D npuHTEpa, KIacTu 1eriy Toulo.



Xouya ciiJ BIAMITUTH, IO B I[bOMY IPOEKTI MOKH III0 HABUTh HE CTAaBUThCS

MUTaHHS MOXJIUBOCTI BUKOPUCTAHHS IIMX POOOTIB y BUCOTHOMY OYIBHUIITBI.

2.5. Podorm Termes

[Ipupona mae Ham Bpaxaroui MPHUKIAId TBApUHHOTO OyniBHMIITBA. Byap ska
KUBa 1cTOTa Oyaye CBIM JIM 3a TEXHOJOTISIMHM, fKi BIJTOYYBAJUCS MPOTATOM
TUCAYONITh. He3Baxaroun Ha BUCOKHMI TEXHIYHUN PO3BUTOK JIIOJICTBA, HAM BCE IIIE €
YOMY HAaBUATHUCS y Oy/1BETbHUKIB TBAPUHHOTO CBITY.

OpnnHi 3 HaWJIMBOBIJKHIIIUX «KOMax-OyJIBEJIbHUKIB» - 1€ TepMiTU. BoHu
3yCTpPIUalOThCSA HA BCIX KOHTHHEHTAaX, KpiM AHTapkTHAU. MajeHbKi CTBOPIHHS, SKi
KUBYTh BEJIMUE3HUMH CIM'SIMH, 3/1aTHI OyJyBaTH Takli HEUMOBIpHI OYJIUHKY, IO iM
MO>KYTh 1103a3/IpUTH KyH O11bI1I BUCOKOPO3BUHEHI NPEACTABHUKN TBAPUHHOIO CBITY.

TepMiTHUK — 1€ IIiJIe 1HKEHEPHE CIIOPYKEHHS 31 CKIaJHOI0 CHCTEMOIO BEHTHIIALIT,

OKpEMHUMH MPHUMIIIICHHSIMH 1 HaBiTh rpuOHUME canamu [20] (puc.2.20).

Puc. 2.20. Beaukuii TepMIiTHUK.

Hanuxatounce BMIJIOIO Ta 3JIaro/KEHOIO MPAIel0 TEPMITiB, KOMaHIa BUCHUX
MDKIUCIUIUIIHAPHOTO JIOCITHUIIBKOTO 1HCTUTYTY ['apBaplICbKOTO YHIBEPCUTETY
(Wyss Institute Harvard University) po3poOuia aBTOHOMHY pOOOTOTEXHIUHY CHCTEMY

JUIs. TPUBUMIPHOTO KoJiekTuBHOTO OyniBHuuTBa TERMES [11]. Ile mepmmii kpok



aBTOPIB Ha iX MIIAXY J0 aBTOMaTU30BAHOIO OY/IIBHUIITBA 3rpasiMu poOoTiB. Cructema
CKJIAIa€ThCS 3 MOOUIBHOTO po0OTa Ta CHEIiali30BaHUX MACUBHHUX OYIiBEIbHUX
0J10K1B; pOOOT MOKE aBTOHOMHO KepyBaTH OJIOKamu, OyJyBaTu 3 HUX CTPYKTYpH Ta

MaHEBpPYBAaTH Ha IIMX CTPYKTypax, a TAaKOX y HECTPYKTYpPOBAHOMY CEepeIOBHUIII (puC.

2.21).

Puc. 2.21. Orasa cuctemu TERMS.

JlexinapKa KIFOUOBUX OCOOJIMBOCTEN XapakTepusyroTh el miaxia. CTpyKTypH
MOHa OyayBaTH B MaciiTadax, HabaraTo OUIBIIMX, HIXK Y POOOTIB, SIKi X OYIyIOTh, Y
TPHOX BUMIpAX 13 CHJIOO TSXKIHHA. POOOT po3polbiieHo 3 (inocodiero NpocToTu: BiH
MMOBMHEH BUKOHYBATH JIMIIIE K1JTbKa OCHOBHUX 3aBJaHb, MA€ BIJIHOCHO MaJIO JATYHUKIB
1 mpuBoaiB (10 1 3 BIANOBIAHO) 1 pearye juIle Ha MicleBl yMOBU. PoOOTH HitOTh
HE3aJIE’)KHO, Pearyrour 3a HeoOX1JHOCTI Ha MPUCYTHICTh 1HIIMX, ajle KOXKEH BUKOHYE
CBO1 3aBJaHHS Ta 37aTHUM OOYyBaTH BCIO KOHCTPYKIIIIO camocTiitHo. Ha meit BuOip
BIUIMBAIOTh COLIQJIbHI KOJIOHIT KOMax, sIKI HaauxaroTb Hamry poOoty. Hapemri,
MIPOEKTYIOYH poOOTIB 1 Oy IIBEIbHUN MaTepiana pa3oM, MU MOXXEMO BKIIOUUTH B HUX
MacUBHI €JIEMEHTH, 11100 BUKOPUCTOBYBATH «MEXaHIYHUU 1HTENEeKT». lle migBuiye
HaJIIMHICTB 1 J03BOJIsIE POOOTAM HAJIIMHO BUKOHYBAaTH CBOI 3aBJaHHS, 3aJIUIIAIOUYKNCh
npoctumu. Pasom i QyHKIil 3a06e3neuytoTh Miaxija, SKUid, Ha TyMKY aBTOpPiB, MOXeE
OyTH KOPHCHHMM JJIsi CHCTEM aBTOMAaTH30BaHOTO Oy/IIBHUIITBA 3 BUKOPUCTAHHSM POIB
poOOTIB.

JlJis KOJEKTUBHOTO OyAIBHHUIITBA BEIMKOMACHITAOHHUX KOHCTPYKIN MOTpiOHI
poOOTH, SKI MOXYTh MAaHINYJIOBATU OyAIBEIbHUMHU MarepialamMu, a TaKoX

MaHEBpPYBAaTH HaJ 1 HABKOJIO KOHCTPYKIIH, SIKI BOHM 3 HHUX CTBOPIOIOTH. Xoua



poOOTOTEXHIKA POiB 1 MOOIIBHI MAHIMYJALIl € JyXe BEeTUKUMHU JOCIITHUIIbKUMU

HaANpsIMKaMH, 1ICHYy€ IOCTaTHbO MaJIo poOiT, e BOHU MEPETUHAIOTHCS.

®i3uyHa peanizallisi TAKUX CUCTEM Oyjia CUJIbHO OOMexeHa. AJIrOpUTMIYHI, a
TaKOXX amapaTH1 JOCTIHKEHHS 31TKHYJIHUCS 3 Mpo0ieMaMy HaAIHHOTO 3aCTOCYBAaHHS Y
MPaKTHI, HAPUKIIAJ, Yepe3 MPUITYIIECHHS IPO 0OMEKEHHS pyXy po0oTa, sIKi BaXKKO
peanizyBaTd, MpOOJIEeMH 3 HAIIAHICTIO MEXaHI3MIB KpIIJIGHHs a0o0 TpaBiTaliiHi
TpyaHoil juisi 3D-cucteM. BiamoBigHO OUIBIIICTh CUCTEM 3alIMIIAIOTHCS JIUIIE B
cumymsiii. [Ins 3D-cuctem 13 poboTaMu-ckesena3aMu MOIMEepeIHi IeMOHCTpallli He
MEePEBUIIYBAIM KIJTLKOX KPOKIB 1 pO3MIIIICHHS OJIOKIB.

Komanma T'apBapAchkoro yHiBepCHUTETY po3poOuia amapaTtHy CHCTEMY IS
ABTOHOMHOTr0 OyIIBHUIITBA CYUUIbHUX 3D-KOHCTPYKIi B yMOBaX HOPMAaJIbHOI
rpaBiTallii pa3oM i3 MPUKIAIOM AJITOPUTMY, 32 JOMOMOTOI0 SIKOTO0 MYJIbTHPOOOTHA
BEpCld MOXE AaBTOMAaTUYHO OynyBaTh OaxaHl CTPYKTYpH, MarO4d HacCTYIIHI
0COOJIMBOCTI:

— 30H/JYyBaHHS TOBHICTIO OopToBe, Oe3 riobanbHOi 1H(OpMmarlii, sak-or GPS abo
3arajJbHOTO CTaHy KOHCTPYKLI,

— poOOTHM CTBOpEHI JJjIsi TOro, W00 JIATH HE3aJeXHO, MiJ TMOBHICTIO
JIEIEHTPAII30BaHUM KOHTPOJIEM;

— 3pa3KkoBa CTPYKTypa, CTBOpEHa [UJIsi 1IIOCTpaIlii MOXJIHMBOCTEH CHCTEMH,
JEMOHCTPY€E BUCOKY HaJIIMHICTB, 1110 BUMArae JIOBroi MOCIiIOBHOCTI YCHIIITHUX JTIH,
1110 BUKOHYIOTBCSI POTATOM TPUBAJIOT0O MEPi10ay aBTOHOMHOI POOOTH.

3anpornoHoBaHa CHUCTeMa — 1€ TEePEeHECEHHs B OYJIIBHUIITBO TEXHOJIOTIT

KOJICKTUBHOI JICLIEHTPATI30BaHOT POOOTH TEPMITIB, JIe¢ OaraTo MPOCTHUX KOMax

OJIHOYACHO TPAIIOI0Th Ha/l CTBOPEHHSIM BEITMKOMACIITAOHUX CTPYKTYp. Po60TH B 11iif

CHUCTEMI 1JIEHTUYHI, HE3aJIe)KHI Ta AII0Th JIMIIIE HAa OCHOBI JIOKaJIbHOI 1H(popMariii. B

SKOCTI OCHOBHOTO OY/IBEIbHOTO Martepiady po3po0JeHI Ta BUKOPHUCTOBYIOTHCS

KBajpaTHl 30ipHI Onoku croewiaiabHOi (opmu. Humu nerme kepyBatu poOoTam,

BUKOPUCTOBYIOUM iX y OYAIBHULITBI MPSAMOJIIHIMHUX KOHCTpYKIii. Pobotu maroth

MEHIIY HIMPUHY, HIXK 0J10K. BOHH MOXXYyTh MaHEBpYBaTH MOBEPX CTIHHU 3aBLIUPILIKH B

oJI1H OJIOK, MMOBEPTATHUCS Ha MICIII Ta MiAHIMATUCS a00 OMyCKATHCS HAa BUCOTY OJIHOTO



0s10ky. bynyroun cxoau 3 6J10KiB, poOOTH MOXYTh IiIHIMATUCS Ha OUIBIITY BUCOTY Ta
OyIyBaTu CKIaJHI CIIOPYAH, HabaraTo OUIBIII 32 HUX CAMUX.

Ax mepmry ¢i3uuHy peanizamiio MbOro MIAXOAY MPEACTABICHO arapaTHy
CUCTEMY 3 OJHHMM poOOTOM, IO JEMOHCTPY€ aBTOHOMHE OYJIIBHHUIITBO
AecsTHOI0KOBO1 CTpyKTypH. Llst MeTa BuMarae BiJi poO60OTa 34aTHOCTI BUKOHYBATU TPU
BU/IM 3aB/IaHb:

1) migHiMaTHCS Ha OJIOK, 100 JOCSTTH BUINKX PIBHIB CIIOPY/IH;

2) HaBiraiito Ha KOHCTPYKIIii, Tka BKITIOYAE Ti13aBIaHHs 0C3IIEYHOr0 MaHEBPYBaHHS
CTPYKTYpOIO 6€3 IajiiHHs Ta BIJICTEKEHHS 11 pyXy BITHOCHO KOHCTPYKIIIT;

3) migiiom, MepeHeCceHHs Ta KPIIJICHHS OJIOKIB 10 KOHCTPYKII1.

KpiMm Toro, koxHe 3aBJlaHHS Ma€ BUKOHYBATHCS 3 BUCOKOIO HAJIIMHICTIO, 11100
ABTOHOMHHI POOOT MIT YCHIIIHO MOOYAyBaTH CKIAAHY KOHCTPYKIIIO, IO BKJIIOYAE
BEJIUKY KUTBKICTh OKPEMUX JIIH.

OCHOBHUM KpUTEpIEM MpU PO3poOIl €PEKTUBHOIO CKeJeNa3Horo podoTa
MoJjsiraB 'y TOMy, 100 BIH MIT JIa3UTH 1O OJIOKaxX sIkoMoOra BHIIE, 100 CTPyKTypa
3a/1aHOi BUCOTH BHMaraia meHuie 010kiB. KpiMm Toro, poOOT MOBHHEH NEpecyBaTHCS
10 PIBHUX MOBEPXHSX SIK HA KOHCTPYKIIIi, TaK 111032 HEIO HE MOTPEeOyI0Ur T0AaTKOBOTO
oOJaJHaHHS YW CKJIAJHUX TPOIenyp KepyBaHHsA. BaxiMBy poiib B IbOMY Tpae
KOH(Irypailisi pyurniB. ABTOpU PO3TJISIHYJIHM JEKUIbKa BapiaHTIB 3 BCTAHOBIICHHSM
KOJIIC PI3HOTO PO3MIpY, MaHIMyJIATOPIB, TYCEHUYHHX TPaKiB, a TAKOX iX B3a€EMHUM
noenHaHHsIM (puc. ). TectoBuili poOOT BUKOPUCTOBYBAB MOBHUW MPUBII; JOBKUHY
OCHOBHM Ta ii BIJICTaHb HaJ 3€MJICI0O MOKHA OYJIO PEryJIIOBaTH, a JJIs PEryJIIOBaHHS
PO3MOIITY Bard BUKOPUCTOBYBAJIU TPU TUpi 1o 45 T (3arajaom, [EHTP Macu HUXKYE BiJl
3emull Ta OJMK4Y€e 0 IEPEIHbOI YACTHHH PoO0Ta JO3BOJISAB HOMY MiAHIMATUCS HA BULII
05oku). Bin OyB 3 aBTOHOMHHUM >KHBJICHHSM 1 KOHTpojepoM. KoxHa 3 amapaTHHX
KOH]Irypalliii mpoxoauia HaCTyHI TECTH.

MaxkcumanbHa BUCOTa miaoMy: y podota 0yno 30 ¢, mo0 miaHaTucsa Ha OJIOK
3ajaHoi BHCOTH. Ha pucyHky 2.22 Bka3zaHM HaWBHUILy BHUCOTY, JJIs sikoi 8 13 10
BUINIPOOYBaHb OyJIM YCHIITHUMHU.

CaMOBHpPIBHIOBAHHSI: i1 YaCc HAOJIMIKEHHS 10 HAMBUIIIOTO OJIOKY, Ha KW BiH

3MIT MiAHATUCS M1 Yac MOMNEePeIHbOr0 BUMPOOYBaHHsS, poOOT OyB 3MilieHu Ha 15



rpajayciB Bia neprnenaukyispa. Ha MamoHKy mokazaHO MakCUMaJbHHUM TaKUi KyT, Ha
KU poOOT MOBEPHYBCS J0 MEePIEHANKYJIIsApa Mif yac mifgiiomy y 8 13 10 BunpoOyBaHs.

[TnaBHIiCTH X0ay: pobOT OyB HanmamrToBaHuWi Ha pyXx mpsiMo 30 cM Ha piBHIN
nmoBepxHi 0€3 3BOPOTHOTO 3B’SA3KY; PIBHOMIPHICTh PYXY OIlIHIOBAjacs Bi3yaJbHO 3a
mkanoo Big 1 g0 5 (5 o3Hayae ngyke IUTaBHMIA pyX, | BIANOBIZAE BaKKUM
BEPTUKAJIbHUM XUTAHHSAM). BepTukanbHa rinajgkicTe Oa’kaHa JJisl y3roIKEHOCTI yMOB

JUTSI BI3yaJbHOTO 3BOPOTHOTO 3B’ 513Ky Ta MaHIMyIIOBAHHS OJIOKaMHU.
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Puc. 2.22. IlpoayKkTUBHICTH Pi3HHUX anapaTHUX KoHirypauiii TectoBoro
podoTa: BepxHiil rpadik — BUCOTa HABUILOTO 0JIOKY, HA SIKUAI POOOT 3Mir
ycmimHo migHaTucd y 8 i3 10 Bunpo0yBaHb, BITHOCHO BJIACHOI I0BKUHH Po00Ta;
cepeaHii rpagdik - MAaKCUMaJIBLHUN KYyT HAXHJIY po00Ta; HUKHIN rpagik - AKicHa
Ol[IHKA MJIABHOCTI X0y HA PiBHill moBepxHi (5 — HallmIaBHiMi xig, 1 —

HAOUIbIIIE XUTAHHS).

[pyHTYyIOUMCh Ha pe3yJbTaTax LHUX JOCHIIpKEHb, oOpaHa KoHdirypaiis 3
YOTHPMa HEBEJIMKUMH MAaHIMyJISATOpaMH (Ha pUCYHKY 2 TTOKa3aHO 3€JICHUM KOJIOPOM),

3aBISIKA  IXHIA 3JaTHOCTI MiAHIMATHCS HAa HaWBHIN OJOKM Ta MEXaHIYHO



BUPIBHIOBATHCH 13 KOHCTPYKIIEI MM Yac MiAHOMY, 3 NMPUUHATHOIO TIAIKICTIO Ha
piBHIN moBepxHi. s kpamioro miaiomMy poboTa Ha B)KE€ BCTAHOBICHHM OJIOK, MpH
BUKOPHUCTAHHI PYIIiiB-MaHIMYJISATOPIB, Y Kpasx OJIOKIB 3po0OJieH! crieliaibHi BUIMKH
(puc. 2.23), K1 AisIU SIK CXOJMHKA, 1110 J03BOJIsIa poOOoTaM IiIiiMaTUCS Ha 1€ BUIIII
0JI0KH, 1 TOTIOMAraino BUMPABIATH O14HI 3MillleHHS. TakuM YuHOM, poOOT, 3MIIIICHUA
B OJIHY CTOPOHY, KOB3aB Ha3aJ N0 LIEHTPY BUIMKU. Takoxk, 3roJoM, MaHIMyJISATOPH
OTpUMal BUTHYTY GopMy (puc. 3), 1006 NOKpaIIUTH 3AaTHICTh pOOOTa MOBEPTATUCS
Ha MICIIi, 100 YHUKATH MaJiHHA 3 KOHCTPYKIIIi i yac MOBOPOTY. X0ua I 3MiHA Ma€
moOiyHuM eeKT — HE3HAUHE 3MEHIIICHHS MaKCUMaJIbHOI BUCOTH IiiioMy. OcTaTouHa
BHCOTa OJIOKIB cTaHoBmIIA 21% X moBXkUHH, a00 26% MOBKHHHU poOOTA.

BukopucranHs MaHIMyISATOPIB TAKOX JI03BOJIsIE POOOTY TIepecyBaTUCS 10
nepeciyeHiil micueBocTi. JJis JocHipKeHHs 1€ MOKIIUBOCTI, poOOT OyB 3MYIICHHI
pyxaTHCsl TpsSMO BHEped Y BIAKPUTOMY LHMKII PI3HUMH HECTPYKTYPOBAHUMU
MICIIEBOCTSIMH, TIPU IIbOMY BHU3HA4YaBCA 4yac, I0yB NOTpiOeH /i mogonanHs 1,2 m, 3 5
BUNPOOYBAHHAMU JJI1 KOKHOI yMOBH: JiHoJeyM (9,5+0,5 c), Oepbepchbkuil KHMIUM
(10,2« 0,1 c¢), rpynt 3 pociunauM omanom (11,0+0,4 c), rpasiit (14+1 c, Ha TambIl
niameTpoM ~25+10 mm), Tpara (14,9+0,9 ¢), cuir (18+3 c¢).

OcraTouHuii TU3aitH 103BOJIsIE PpOOOTY MiHIMATHCS Ta CAMOBHUPIBHIOBATUCH TTi]T
4ac CXO/KEHHS 3 MIHIMAJIbHOIO CKJIQJHICTIO KepyBaHHS Ta obnmagHaHHs. Kpim Toro,
OCHOBHA Jiis1 po00Ta MPOCTUH PyX BIIEpPE — IIEHTUYHI JUTsl JJa31HHS Ta MepecyBaHHs 10

TUTOIIMHI.
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Puc. 2.23. KoncTpykiuisi podora Ta 6JI0KY.



Hacrynna BaxkiauBa BUMOra Jijisi aBTOHOMHOTO poOOoTa — HaBiraiis. 3aBAaHHs
HaBiraiii BuMarae, o0 poOOT MaHEBpPYBaB Ha BEPILIMHI KOHCTPYKIi, BKIIOYHO 3
pIBHUM pyXOM, IOBOPOTOM 1 MiAWOMOM Bropy abo BHH3, MpPH LBOMY TOYHO
BIJICTE)KYIOUH CBOE TOJIOKEHHS Ta OPIE€HTAIIIIO I10JI0 KOHCTPYKIIIi.

[Io6 3a6e3meynTH 3BOPOTHUM 3B’S30K IIOAO TOJOKECHHS, HA KHBOTI PoOOTa
noaaHo 6 aktuBHUX 1HPpadepBoHux (IY) matuumkis, a 610Kku ModapOOBaHi B YOPHUMA
KoJI1p 13 OutuMu xpectamu (puc. 3). Lleii ma6iion Hagae podoTy iHGOpMaIIiIo PO HOTro
MOJIO’KEHHSI Ta OpPIEHTAIliI0 BiMHOCHO OJoky. Komu poOOT 3HaXOOUTHCS MO IEHTPY
0JIOKyY mepeaoM JI0 OJHOTO 3 Horo kpaiB, yoThupu [U-ceHcopu B KyTax 3HaXOASThCS B
YOTUPHOX YOPHUX OOJACTAX, TOAL K JBA MEPEIHI NEHTPAJIbHI AATYUKH 3HAXOAATHCA
Haj Oinoro cmyroro. KiHiieBuili aBToMar A03BOJIsIE POOOTY BIJICTEKYBAaTH CBIHA PyX.
Hampukiaz, BiH MOe CKa3aTH, 1110 MePEMICTUBCS Ha OJMH OJIOK BIIEPET, KOJIU 10CSTAE
KIHIIS TAKOI ITOCI1JOBHOCTI:

1) yci KyTOBI 1aT4uKu OadaTh YOPHE,

2) oOujBa 3ajHi JaTYMKH O0adath Oije,

3) yci mepeaHi JaTIUKK Oavath Oine,

4) yci KyTOBi JaTUYuKK Oav4aTh YOPHHUH KOJIIP.

[1ix yac migiiomy 3aH1 Kojieca poOOTa YaCTO MPOKOB3YIOTh, Y pe3yJIbTaTi YOTO
30BHIIIIHI IEPEIHI JATYUKU PEECTPYIOTh YOPHI JI0 TOTO, SIK BIH 3aKIHYUTH IMITHOM Ha
Bumuii 610k. [1lo6 BusABUTH Il cTaH 1 3amoOIrTH TOMYy, OO POOOT MEepeadacHO
MoJyMaB, IIO BiH JOCST HACTYMHOTO OJIOKY, PTYTHUN MepeMuKad Haxuiy Hajae
pOOOTY 3BOPOTHHUM 3B’ 30K 00 HOTO KPOKY.

Po6ot moBeprae 3a 10moMorow AudepeHLIaTbHOTO KEPYBaHHS, MPU LbOMY
OJIVH IBUTYH KEPY€ IBOMA JIIBUMH KOJIECaMH, a APYTHi — mpaBuMH. Lle HeoOXiTHO 1Ist
TOTO, MO0 POOOT MIr HaAIMHO MOBEpPTATHCS HA MICIll Ha OJoIi, He BrmaBIM. Jls
BUIIPABJICHHSI 3HAYHOTrO Jpeildy, SKU BUHMKAE B M1 KOHCTPYKIII 3 YOTHpMa
KOJIecaMH, Ha BEpXHIN MOBEpXHI OJIOKIB JA0JaHO Kpyrie moriaubieHHs. [[s macuBHa
MexaH14Ha (QyHKIIIsS JOTIoMarae yTpuMyBaTi poOoTa Ha MicCIli, KOJIM BiH TOBEPTAETHCH,
1 BOJIHOYAC J03BOJISIE HOMY JIETKO BUJIA3UTH, KOJIU BiH PyXa€ThCS MPSIMO BIEPE].

[ITo6 mnepeBipuTH 3MaTHICTH pPoOOTAa TOYHO W HAAIMHO OPIEHTYBATHUCS

IPOBEICHUI HACTYNMHHUM ekcrepuMeHT. PoOoTy Oylio BKa3aHO KUIbKa pa3iB MPOUTH



IUISIX, TIOKa3aHuil Ha puc. 2.24. Bin aBToHOMHO BUKOHAB 40 ki1 (110 20 3 6;10k0M 1 6€3
HBOT0), KOXKEH 3 IKUX BKJIFOYAB J[Ba ITiTMOMH, JIBA TIEPEi3/IH, 1Ba CITYCKH, BCHOTO IITICTh
moBopoTiB Ha 90°. [Tommnok He Oyi0, TOOTO pOOOT 3aBXKIU MPABUIBLHO BiJICTEKYBaB
CBIM (pakTMUYHMM PyX BIAMOBITHO JI0 BKA3aHOT'O aaroputMmy. ToOTO poOOT BUKOHYE
HEOOXITHI PYXH 3 BUCOKOIO HAIHHICTIO, IO CBIAYATH MPO €(EeKTHUBHY HABITAIIIIO, IO
y’Ke BaKJIMBO, OCOOJMBO MPH poOOTI y TPy, KOJW HaBIramis CTa€ BUPIIMIAJIbHUM

(baKTOPOM y TOYHOCTI BUKOHAHHS IOCTaBJICHOTO 3aBJaHHA.

Puc. 2.24. ExcnepuMeHTAJIbHA YCTAHOBKA Ta Pe3yJbTATH HaBiramiiHux

BHUIIPOOYBAHb.

[IIo6 moOyayBatu CTPYKTYpy, POOOT MOBHMHEH MaTH MOKJIUBICTH MiAOUpaTH
0JIOKH, IEPEHOCUTH 1X I1]1 YaC HaBiraiii 1o iCHyr4iil KOHCTPYKLIi Ta TPUKPIIUIIOBATH
iX y HeoOximHux Mmicugx. JIJisi mboro poOOT OCHAICHHWH PYKOIO Ta 3aXBaTOM (pHC.
2.25). B Onokax MpHUCYTHI CrelialibHi OTBOPH, KyAH POOOT BCTABJISIE 3aXBaTH IS

nepeMilneHHs OJIOKIB.
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Puc. 2.25. Moaeasb pyku B SolidWorks, 1o 1emoncrpye po6orty 3axBara.

Position during
locomotion ~

3axBat Mae OyTH HEBEJIMKUM, 1100 IIHpUHA poOOoTa Oyjia MEHIIO0, HIXK IIUPUHA
0JI0KiB, 3a0€3Meuy0Yl TapHy MaHEBPEHICTh PoOoTa. 3riaHO 3 himocodiero TPOCTOTH,

3aXBaT BUKOPUCTOBYE OJIMH JIBUTYH, IKHI1 00epTae 3y0UacTHil «KIFOTh)» BrOpy Ta BHU3.



Po6oT omyckae 3axBar, KOJu oMy MOTPIOHO MiAHATH 200 MPUKPIMUTH OJIOK, 1 TPUMAaE
HOT0 Yy BEpXHHOMY TIOJIO)KCHHI B 1HIUW Yac MiJl 9ac HaBiraiii (He3ajJexHo BiJ TOTO,
TpUMae BiH OJIOK 4M Hi). M’sika MOBEPXHA Ha CIIMHI poO0Ta JoToMarae miaTpuMyBaTH
nepeHeceHi 0J0Ku. 3axBaT Mae Tpu 3yOlll, IBa BIAKPUBAIOTHCS Ta 3aKPUBAIOTHCS, 11100
CXOMUTH a00 BIAMyCTUTH OJIOK, OJIMH 3aJIMIIA€THCA 3a(1KCOBAaHNM, 100 cTab11i3yBaTu
yTpUMYyBaHUM OJIOK; TIJJACTUKOBA BCTaBKa, sKa BiAMOBigae 3yOlsiM, BOyJOBaHA B
KOXKeH 00K sk pyuka (puc. 3). Toil camuii qBUTYH, KM oOepTae 3axBaT, TaKOXK
KOHTPOJIIOE MOTO APYyTUid CTYMiHb CBOOOIM, BIKPUBAHHS Ta 3aKpUBAaHHA 3aXBarty,
[UIIXOM BHUKOPUCTAHHS MACHBHOI MEXaHIYHOI KOHCTPYKIIi: TOPCIfHI MpPY>KUHU B
3BUYAHUX YMOBax 3MYILIYIOTh PyXoMmi 3yOui OyTH CHpsSMOBaHMMH BCEpEAUHY, alle,
KOJM 3aXBaT OIYCKAEThCS, THWJIbHA CTOpPOHA 3yOIB MPUTHUCKAETHCA 10 «CTIHKUY,
3MYIIYIOYH X PO3KPUBATHCS.

OCKUTBKH JIJIT  MaHIMyJIAMil BUKOPUCTOBYETHCS JIMINE OJWH BHUKOHABYHMA
MeXaHI13M, KOHTpoJiepy poOoTa moTpiOHO 00pobssaTh Mano iHdopmailii, Koiu Oepe
0510K. BUKOPHCTOBYIOTBCSI TpU JATUYMKU: BI KHOIKH, SIKI PEECTPYIOTh, KOJIM 3aXBatT
3HAXOAUTHCS HAa BEPXHbOMY Ta HMKHBOMY KIHIIl CBOTO J1ala3oHy, & TaKOX TPETii
JATYUK Y OCHOBI 3yOIIiB, IKHI BKA3y€, Y YTPUMYETHCS OJIOK.

biioku MicTATh cremiaibHi €JIeMEHTH, 5Kl 3a0e3MeuyloTh BUPIBHIOBAHHS Ta
HaJIHE KPITJICHHS, 110 T1BUIYE HAAIHHICTh BAKOHAHHS IIUX CKJIAJIHUX 3aBJaHb 03
3alBUX YCKJIAJHEHb KOHCTPYKIii pobOora. KiHii 3yOIliB 1 CTOPOHU BIAMOBIIHUX
BCTAaBHMX OJIOKIB 3aKPYTJIE€HI, 100 BUNPABUTH MOMUJIKA BUPIBHIOBAHHS, KOJA pOOOT
Oepe Osiok. biaoku MaroTh €lIEMEHTH Ha HWKHIX TpaHAX, SKI JTOMOBHIOIOTH
MOTJIMOJIEHHsT Ta BUIMKM Ha iXHIX BepXHIX mnoBepxHsx. Lli y3romkeni ¢yHKIIT
HATPABIIAIOTH OJIOK y TOUHE BUPIBHIOBAHHS i1 Yac MOTO OITyCKaHHS Ta JOMOMAararTh
MIITHO TPUKPITUTH CTOTIKY 0J10KiB. HeoMMOBI MarHiTi Ha BCIX IIECTH TPAHSX, MO JIBa
Ha KO>KHY BEPTHKAIbHY TPaHb 1 M0 YOTUPH 3BEPXY Ta 3HUZY, 3a0€3MEUYIOTh IIE OJIUH
MEXaH13M BUPIBHIOBAHHS Ta CKPITUTIOIOTH CYMIXKHI OJIOKH Pa3oM.

[IIo6 mepeBipuTH 3AATHICTH poOOTAa HAAIMHO MIJHIMATUA Ta MPUKPIILIIOBATH
Oyioku, Homy OyJi0 BKa3aHO Kijgbka pa3iB OpaTu OJOKKM 3 OJHOTO MiCIs Ta
MPUKPITUTIOBATH iX B iHIOMY (puc. 2.26). Po6oT orpumye On0K 13 HOK-CTaHIii A

(crieriaizoBaHuit 0JIOK O€3 MarHiTIB, 00 YTPUMYyBaTH OJIOK HaJl HUM), IIOBEPTAETHCS



Ha 90°, mpueaHye 0JI0K 710 JoK-cTaHIii B. [ToTiM moBTOpIOE 11€# aIrOpuT™M Yy 3BOPOTHIM

nocnigoBHOCTI. Y 20 BUnpoOyBaHHIX He OyJI0 )KOAHOI MTOMUJIKH.

Puc. 2.26. ExcnepuMeHTaJ/IbHA YCTAHOBKA Ta Pe3yJbTAaTH

MaHINYJAMiHHAX TECTiB.

Ha pucynky 7 npoaeMOHCTpOBaHA 3JaTHICTh CUCTEMU aBTOHOMHO OyayBaTH
HETpHUBIadbHI KOHCTpYyKIii. TyT moOymoBani cxoau y 10 OnokiB 3aBBuiiku. lle
3aBJaHHS 00’€JHYE MOKIMBOCTI OKpEeMHUX pPOOOTIB IIOJ0 Ja3iHHS, HaBiraimii Ta
MaHINYJIIOBaHHA, NPO sAK1 Hnwiocs Buiie. IToyaTkoBa JiiHIS OJIOKIB 1 JOK-CTAHITS
PO3MIIIYIOTHCS BPYYHY; pOOOT BCTAHOBIIIOETHCS HA MEPIINI OJIOK 00IMYYSM 10 JOK-
cranuii. HoBl OnokM m0oJaroThesi Bpy4HY A0 JAOK-CTaHIIl 3a notpedu. B iHmomy
BUITAJIKY Tpo1iec OyAIBHUIITBA € TTIOBHICTIO aBTOHOMHUM.

binburicte Koy poOOTa BUKOHYETHCS Ha BOYJIOBAHOMY IPOIIECOpi, a KOJI
BUILIOTO PIBHS 3apa3 Mpalo€ Ha OKPEMOMY HOYTOYII JIJIsl 3pYYHOCTI HaJaro/KeHHs Ta
nepemaeTbest poboToBi yepe3 Bluetooth. Pobora wmoxna 3amporpamyBatu 3a
JOTIOMOTOI0 TIPUMITHUBIB BHUCOKOTO PIiBHS, TakKuX SK depernaxa 3 JIOTOTHUIIOM
(mepemilieHHsT BHepea Ha OJWH OJIOK, MOBOPOT JiBOpyd abo mpaBopyd Ha 90e,
MIIHATTS a00 pueaHanHs 010Ky ); [Iporpama, 3a JOMOMOTo10 K01 Oy yHOThCS CXOIH,
HaBejieHa B MIJMKCI 10 puc. 2.27.

HaniifHicTh OKpeMHX NPHUMITHBIB JO3BOJISIE CHCTEMI JOCSATTH CBO€i KiHIIEBOI

METH HaBITh 3a MPOLIEAYPY, 110 CKIIagaeThes 3 moHas 100 KpokiB.



Puc. 2.27. 3uiMku B npoueci aBTOHOMHOI0 OyIiBHHITBA AeCSATHOJI0YHOL

KOHCTPYKIIi.

PoGoTiB 1 Omokum Mae OyTH JIETKO BHUPOOJSATH B CHUCTEMi 3rpailoBOTO
OyniBHMIITBA, 1€ Oyae MOTpiOHO Oarato Takux KOMIIOHEHTIB. PoGoT cTtBOpeHo 3
MOENHAHHS TOTOBUX KOMIIOHEHTIB, HaJpykoBaHUX Ha 3D-npuntepi. bioku
BUI'OTOBJIEHI 3 IIHOIUIACTY, 13 BOYJJOBAaHUMHU MarHiTaMu Ta MIACTUKOBUMH BCTaBKaMH.

Posmipu pobota — 175 MM (HoBXHMHA 3 IAHATAMU KIrTsIMU) X 110 MM (tmupuna)
x 100 MM (Bucora ©06e3 Onok-monku) 1 Baxutb 8§10 1. Ilepemukau
YBIMKHEHHS/BUMKHEHHSI, 3MIHHa OaTapes, TpW CBITJIOMIOAM JJI1 HAJIArOKEHHS Ta
IITEKep MPOrpaMyBaHHs JIJIsl B3a€EMO/I1T 3 MIKPOKOHTPOJIEPOM JTOCTYTIHI 30BHi. [IpuBin
TeHEPYETHCS 3a IONOMOTOI0 ABOX MIKPOMETAJIEBUX PEyKTOPHHUX JBUTYHIB 13 MacaMu
Ta 3yO0YaCTMMHM HIKIBaMU AJI1 IOBHOTO MPUBOAY; TPETI TaKuil IBUTYH IPUBOJUTH B
pyX 3axBaT. YCi IEeCTEePHI, MIUITHUKA, PEMEH1 Ta MPYKUHU, IKI BUKOPUCTOBYIOThCS
B po0OTi, € CTaHAAPTHUMH TOTOBUMHU KOMIIOHEHTaMu. EjemMeHTamMu, BUTOTOBICHUMHU
BpPYYHY: OCi, BOHH BHUTOTOBJICHI 3 QJIIOMIHIEBUX CTPHXKHIB AiameTpoMm 3/16 mroiima;
0JIOKOBA TIOJIMIIS, SIKa € THYTHUM aJIFOMIHIEM; 1 KHOTIKA ISl BU3HAYEHHS YTPUMYBAHOTO
OJIOKy, BHUIOTOBJI€HAa 31 CKJIAJEHOi JIATYHHOI CTpIYKW. Yce 1HIIEe MeXaHIyHe

obOsiaHaHHs po0OOTa, BKIIOYHO 3 BEPXHHOKO Ta HIKHBOKO IMOJOBHHAMH OOOJIOHKH,



PYKOIO Ta KIFTE€M, a TaKOX 3yOIsIMU, BUTOTOBIISIETHCS 3a lonoMoroto 3D-npunrepa.
binpia yacTiHa KOHTAKTHOT OBEPXHI KOKHOTO KOJIeca MOKPUTA M’ SIKOIO TYMOIO AJIst
30uThIeHHs 3ueruieHHs. OcHOBHUM KoHTposiepoM € ATmegal281, sxkuii m03BOJISIE
JIETKO mporpamMyBatd Ta Oarato 1U(poBUX 1 aHaAIOroBux iHTepderciB. IHima
€JIEKTPOHIKA BKJIIOYAE B ceOe TMepeTBOPIOBAYl JKUBJICHHS, aHAJIOTOBI (PUIBTpU IS
00pOOKM JaTYUKIB, JApaiBepH TPhOX JBUTYHIB, 1H(QpauepBOHI JATYUKH Ta JATUYUKHU
HAXWIy, KHOMKHU JIJISl TaKTHWJIBHOTO PO3IMI3HABaHHS, a TaKoXK Moaysb Bluetooth ms
HamaroxeHHs yepe3 [IK. [U-maTtunku ynpaBisioThCsl CXEMOI0, OKPEMOIO BiJl TJIaTh
KEepyBaHHS; iX cXxema 0JJHOYacHO 0OpoOJIsie BUXIAHI CUTHAIIM Ta BMUKAE iX MO OJJHOMY
JUIsl EKOHOMII €Heprii, He BUMararourd KOHTPOJIIO 3 00Ky TOJI0OBHOTO Mpoiecopa. Podot
IpaIftoe BiJ ABOX JTIH-10HHUX akKymyJsaTopiB 7,2 B emricTio 750 MAT, OIMH KUBUTH
BHUKOHABY1 MEXaHI3MH, 1HIINN — KOHTPOJIEP 1 €IEKTPOHIKY JaTUUKIB.

biioku BUTOTOBIIEHI 3 MOPCHKOI MIHU 3a JOMOMOIOI0 CHEIIAIbHOI CUIIIKOHOBOT
(opMu Ta IBOKOMIIOHEHTHOI pinkoi minu 4 Gynt/dyr®. Bkuaguuni gpykyrorses Ha 3D-
npuHTepi. OHa BcTaBKa Ta 16 MarHiTiB (KOKEH 13 CUJIO0 MPUTATYBAaHHS MArHITy J0
craneBoi miactuHu 1,93 ¢yHTa) AomaroTbess 10 GopMH HEpen 3aIMBKOIO MIHU Ta
BOYZIOBYIOTbCS B OJIOK IIiJT 4Yac 3aTBepJiHHsI. Ha moBepxHIO BHIMOK J0JA€ThCS
HEBEJIMKUI Iap TepMeTHKa, o0 JONOMOITH poOoTy miaHsTucs. KiHieBl Oy0ku
MaroTh po3mipu 21,5 x 21,5 x 4,5 cm 1 Bakarb 165-210 1 (3a1€XHO BijJ BapiaHTIB
BUTOTOBJICHHS).

Cucrema, 3gaTHa OyayBaTH CXOIM, SIK OMKCAaHA BHWINE, TaK caMoO 3/aTHa
OyIyBaTH MIUPOKUN CHEKTP CKJIAMHUX KOHCTpyKiii. 106 po3mmputu cuctemy 1o
MOBHOT KOJIEKTUBHOI KOHCTPYKIIi, HEOOXIAHI TpU TUMM PO3IIMPEHb, OB s3aHl 3
1HTEep(elicoM KOPUCTYBauya BUCOKOTO P1BHS, HABITAIIIEIO B/l CTPYKTYpPH Ta B3AEMOIEI0
KUTBKOX POOOTIB.

B migcymky, He 3aHyproroduch y Aetaii npoekT TERM po3B’s3ye ity HU3KY
npobiem poGotuzarii B OymiBHUITBI. [linxij yCHIIIHOrO BUKOPWUCTAaHHSA 3rpai
IPOCTIIUX pOOOTIB 3a0€3Meuye BUCOKHUM CTYMiHb MaCIITA0yBaHHS CUCTEMHU, 110 MOKE
3HAYHO 30UIBIIYBATH MPOJYKTHUBHICTh 3 Mail’Ke HEOOMEKECHHMH TIEepPCIEKTUBAMU.
Takox, 11e Maiixe He €MHA CUCTEMA, KA HE 3aJIeKUTh Bl BUCOTHOCTI Oy/IBHUIITBA,

OCKUIBKM pOOOTH TEPEMIIIYIOThCS IO BXKE IMOOYJAOBaHUM CTiHAM MOCTIMHO



30UTbIIYI0YM 1X BUCOTY. Cliji 3a3HAYUTH, IO TEXHOJIOTIST BUKOPUCTOBYE BIIACHY
KOHCTPYKLIIO Oy/1IBETbHUX OJIOKIB.

ATnie Ha psIy 3 MO3UTUBHUMH NIEPCIIEKTUBAMH HEOOX1THO BII3HAYUTH HETaTHUBHI
OOKM MPOEKTY. 3UETICHHS OKPEMUX OJIOKIB BiJIOYBAETHCS HE 32 PaXyHOK PO3YUHY 200
KJICI0, a 3a PaxyHOK MAarHiTiB, TOOTO HE BHpIIICHE MUTAHHS IMOJa4i IIEMEHTHOTO
po3unHy. BIIOKM CTaBISATHCA BUKIIOYHO OJWH HA OJAHOrO 0€3 YKOJAHOIrO 3MIIICHHS Ta

MIEPEKPUTTS, 1110 pOOUTH CTPYKTYPY KOHCTPYKIIIi HE JJOCTaTHBO CTIHKOIO.

2.7. Bukopucranns TexnoJiorii 3D npyky B OyAiBHMUTBI

3HayHO IHpIIe pO3KpUTH ToTeHmian BIM-TexHoorii go3Bosse 3d-apyk. Bin
3HAYHO IT1JIBUIILYE TEXHOJOTTYHICTh OyA1BEIbHOT rajly3i Ta 3/1aT€H 3BECTH JI0 MIHIMyMY
a00 30BCIM MpUOpATU BIUIUB JIOJACHKOTO (hakTOpy MpH 3BelEHHI OymiBii. Takum
YHHOM, MU OTPUMY€EMO TOYHY KOTIiIO BipTyalibHOI Mojeni (puc. 2.28).
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Puc. 2.28. lpouec 3d-apyky Oyais.i.

Texnouorist 3d-apyKy 3apa3 3HaXOAUTHCS Ha eTami po3BUTKY. Jlis 11 peamizartii
noTpiOHa 1HTErpalis TPbOX BAXKJIMBUX AaCHEKTIB — MaTepianiB, TEXHOJOTIH Ta

00J1aTHaHHS, KOHCTPYKIIIH.



Haitnomupeninmm maTepiaaoM st 3d-apyKy, K 1 A1 OyIiBHUILITBA B IIJIOMY
€ OeToHHI cymimii. Aje HEOOXIIHICTh CTBOPEHHS OO0 €KTa IIISXOM IOCHTIOBHOTO
HAKJIQJaHHA OKpeMuX ImapiB (agUTHBHE BUPOOHHIITBO) JOJATKOBO JIOJAA€
XapaKTEPUCTUKHU, SIKI TOTPIOHO BpaxOBYBaTH Ta TMOKpAllyBaTH, HAMPUKIAI:
MOTYXHICTh TIepeKauyBaHHs, €KCTPy3iiiHa 34aTHICTb, 3YCIJICHHS IIapiB, 3MaTHICTDH
HapOIIyBaHHs TomIo [2].

Texnonorito 3d-ApyKy MOXHa PO3UIMTH Ha JIBA BUIU — JIPYK OE3MOCEPEIHBO
Ha OyaiBeJIbHOMY MalIaHYUKy Ta APYK OKPEMHX KOMITOHEHTIB Ha CIEliali30BaHOMY
HiAMPUEMCTBI 3 MOAATBIINM X 3’€AHaHHAM B MicTi OyaiBuuiTBa [3]. KokHa 3 1ux
TEXHOJIOT1M Ma€ CBOI HENOJIKM Ta mepeBaru. Tak sl APyKy Ha OyAiBEIbHOMY
MalJJaHYNKy € HEOOXIAHICTh BUKOPHCTAHHS MOOUIBHOTO MPHUHTEPY, 110 HAKIaIae
OoOMEXEHHS Ha WOro po3Mipu Ta (QyHKIIOHAN. AJie TIPU IIbOMY 3HHUKAa€E MoTpeda y
TPAaHCTIOPTYBaHHI YAaCTWH Ta TOMAIBIIOMY iX MOHTaXy, 3MEHIIYE 3aJICKHICThH
TEXHOJIOT1i BiJl BTpy4aHHs JtoauHU. [likaBow i7e€r0 € 3aMiHa €JMHOTO BEIUKOIO
MpUHTEpa Ha JAeKuUibka poOoTiB. lle 3HA4YHO 3MeHIIye rabapuTH MPUHTEPY 3
MOTEHUIAIHHOKD MOMJIMBICTIO 30UIBIICHHS PO3MIPIB  OyJiBIi, IMIJABUILY€ETHCS
MIBUKICTh JIPYKY, ajlé BUHHKA€ MpoOjemMa 3 KOOPAMHYBAHHSIM POOOTH OKPEMHX
poboTiB Mixk codoro [4].

TpeTiM BaXKIIMBUM acTIEKTOM aIUTHBHOTO BUPOOHMIITBA € KOHCTPYKITIS Oy TiBJIi.
[Tepmr 3a Bce TyT MOXKHA BiJipa3y BHIUIMTH J1Ba oOMexeHHs mpuHtepiB. [lo-mepime
BOHU HE MOXYTh APYKyBaTH KyTH. bByab-sika 3MiHa CHpsSMyBaHHS IIapy, IO
HAKJIQJAETHCS CYTIPOBOIKYBATUMETHCS JIEIKUM PaJIlyCOM 3aKpyTIeHHs. UUM TOHIIIHIA
map, TMM MEHIIUM MO>KHA 3pOOUTH 1€l pajiyc. 3a HEOOXIHICTIO B MOJANBIIOMY €
MOJIMBICTh BUIPABUTH LEH HENONIK mpu o3a001eHH] Oymim. Ilo-mpyre, xoxeH
HACTyNMHUN Tmap Jsrae Ha mnomnepenHid. lle He mae MOXIMBICTH 3poOUTH
TOPU30HTAJIbHE MEPEKPUTTS CTEN1, OCKUIBKM HE 3aCTHUIJII CTPiuKu OeToHy 0e3 onopu
OynyTh TIpoBHCATH. XO04Ya € MOXKJIMBICTh HAJPYKYyBaTH IUIUTY MIJUIOTH y BUIAIKY
OKOMIIOHEHTHOI 300pKH.

[Ilo0 KOHCTPYKINi B IIJIOMY, TYT € JABa OCHOBHI mimxonau. Ilepmmii miaxina
0a3yeThecsd Ha BUKOPUCTAHHI JUIS IPYKY CTiH CYLIIbHOI 6eTOHHOT KOHCTpyKi. Ii ¢t

BUKOPUCTOBYBATH Yy BHUIIQJKaX Jii JUIIE CTUCKAIOYUX 3ycuiib. [[ns 3abe3neueHHs



HEOOX1THOI TEIJIOBOI Ta aKyCTHMYHOI 130JIAIii, a TaKOXX IiJBUINCHHS 3TrUHAJIBHOI
KOPCTKOCTI, TMPOEKTYBAJbHUKMA TMpParHyTh 3OUIBIIMTA TOBUIMHY CTIHU. Le
JOCSTA€ThCS HAKIAQMaHHSAM JBOX KpaWHIX MIapiB, sKi 3 ’€IHYIOTh MK C0000
JiaroHaJbHUMU TiepeTuHKaMu. [IpocTip, 10 YTBOpPUBCA BCEpPEAMHI CTIHM 32
HEOOXITHICTIO MOYKHA 3aIIOBHUTH IMMOPUCTUM MaTepiajioM.

B npyromy migxoai BUKOPHUCTOBYETHCS apmarypa JJisi MOXIJIHBOCTI ONOPY
OUTBIIMM 3YCHJUISM, 1 MEpUI 3a BCE 3TMHAJIBHUM MOMEHTAM IPU SKOMY OJIHOYACHO
BUHUKAIOTh 3YyCWJIIS CTUCKAaHHA Ta po3Tary. HasBHICTH apMaTypu 3MEHIIye
TEXHOJIOTIYHICTh TMPOIECY APYKYBaHHS, OCKUIBKH 3’SIBJISIETHCS HEOOXITHICTh Y
TOAChKOMY BTpydaHHi. (OcoOIMBO HETaTUBHUN BIUIMB 1€ MOXXE TMPUHECTH
poboTu3oBaHiii cuctemi. HaitnmpocTimuii crocié nonatu apMarypy — 1€ NpOKIacTH
rOpPHU30HTANIbHY CITKY [5]. Ase Oinbin epekTHBHA — BepTHUKaJIbHA apMmarypa, 1o ii
J0J1aTh HEOOXIJTHO CMOYATKy HAJPYKyBaTH OOOJIOHKY, MOTIM BCTaBUTH BEPTUKAJIbHI
CTep)KHI, SKi 3aJMBalOThcsa OeToHOM [6]. € mpomosmuii ApyKyBaTH apMaTypy 3a
JIOTIOMOTOFO CHCTEMH €JICKTPOTyTOBOTO 3BapioBaHHs [/].

[lepekpuTTss Ta MNOKPUTTA Yy APYKOBAHUX OYIIBIISAX, SIK MPABUIIO, POOUTHCS
TPaJUIIHHO 3a JIONMTOMOTOI0 3a11300€TOHHUX ITUT a00 JIepeB’ STHUX KOHCTPYKIiK. Xoua
B JCSKMX BUMAAKaX MEPEXOAATh O KYMOJIONOAIOHINX KOHCTPYKIIi BOHU JO3BOJSIOTH
3a0€3MeUYnTH BUKJIFOYHO CTHCKAIOUl HANPYKEHHS B CTIHAX, SIKI OJTHOYACHO CIYTYIOTh
MOKPUTTSAM. TakM YMHOM, 3HHUKAIOTh TOPU30HTAIBHI €JIEMEHTH, a MPOIEC IPYKY
MOBHICTIO aBTOMATU3Y€ThCS.

Crin 3a3Ha4UTH, 10 TOBHOMACIITA0OHE BIPOBAHKEHHS aJUTUBHUX TEXHOJIOT1i
y OyniBHULTBI NOTpeOye PO3pOOKH CHELIAIbHUX JIepKABHUX OYIAiBEIIBHUX HOPM.
[Toxu 1o, ani B YKpaiHi, aHl B IHIIUX KpaiHaX CBITY HE ICHY€E CTaHAAPTIB, Kl O
HOPMYBAJIH MTPOEKTYBaHHs Ta 3d-ApyK OyIiBEIb.

3 mno3uiii aBTomaTu3auii OyJiBHUITBA, y MOPIBHAHHI 3 BUIIE 3raJlaHUMHU
pPOOOTH30BaHMMHU CHCTeMaMH TexHoJorist 3d-ApyKy € HalOUIbIl po3BUHEHOK. BoHa
BXKE€ 3apa3 Mae€ MPOMUCIOBE BMIPOBAKCHHS Ta BEJIUKY KUIBKICTh peai3oBaHUX
npoekTiB. KpiM TOro, mpyu BUKOPUCTaHHI apOYHOTO MEPEKPUTTS — i€ TIOKHU 10 €MHA
CUCTEMa, sIKa JJO3BOJISIE€ 3BECTH KOHCTPYKIIIO I KIHOW» MOBHICTIO CAaMOCTIIHO, 0e3

BTPYYaHHS JIIOINHH.



Ane B TexHousoris 3d IpyKy Ma€e TakoK 1 HEAOIKH, AKi MOTPiOHO 3a3Ha4YnTH. B
HiH, AK 1 B OUTBIIOCTI TEXHOJIOT1H HE BUPIIIEHE MUTaHHS OaraTornoBepxoBocTi. Bucorta
OyxiBili 0OMeXyeThesi po3mipamu kapkacy 3d mpuHTepa. JIpyKyBaTé MOXKHA JIUIIIE
NEeBHUMHU PIAKUMH MaTepialaMud 3 JesIKMM dacoMm TyxiHHA. lle oOMexye
MPOEKTYBAIbHUKA y BHOOPI KOHCTPYKIT OyiBIi Ta 301JIbIIy€e TEPMIHH 3BEICHHS.
Takoxx 3MeHIye TPOAYKTUBHICTh NMPUHTEPIB HHU3bKAa MAaCIITaA00BAHICTh CHUCTEMH,
a/DKe TPUHTEPH MAalOTh JIMINE OJWH EKCTpyAep 03 MOMKJIMBOCTI BCTAaHOBIICHHS

JO0AaTKOBHUX COIICII.



Po3zain 3. Po3poOka koHuenuii po00TH30BaAHOI CHCTEMU 3Be/IeHHSI OyaiBesb

3.1. Po3podxka knacudikanii OyaiBeJbHUX po0oTiB

[IpoBenenuii anami3 icCHyrOUUX OyiBEIbHUX pOOOTIB Ta CHCTEM aBTOMAaTH3allii
3BeJIeHHs Oy/iBeIbHUX KOHCTPYKLIiH J03B0JIsA€ po3pobuTy ix kiacudikamito. Ii mera
MOJIATAE y TMPUHIUMIIOBOMY BH3HAUEHHI ICHYIOYOTO TIOJII0 KOHCTPYKTMBHHUX Ta
KOHIENITyaJIbHUX pIlIEHbh B Taly3l aBTOMAaTW30BaHOro OYIIBHMIITBA. SIK IMOKa3aB
MPOBEJCHUI aHaji3 KOXKHA po3poOKa Mae CBOi MO3UTUBHI CTOPOHU Ta TMEpeBard, siki
MO>KHA BUKOPHUCTATH Y BIACHIN KOHIEIIII].

[Iepmia o3HaKa, 3a KOO MPOMOHYETHCS KIacu(piKyBaTH Oy/11BEIbHUX POOOTIB —
1€ MaTepial, 1110 HUMH BUKOPUCTOBYETHCS:

— CHCTEMH 1110 BUKOPUCTOBYIOTh Pi/IKl PO3UHHH;

— poboTH, SK1 3BOAATH KOHCTPYKIIIT 3 €JIeMEeHTIB crienudiunoi Gpopmu;

— YHIBEpCaJibHI pOOOTH, MAaHIMYJSTOPU SIKAX TOTOBI MpaIIOBaTH 3 OYylb SIKUMU
TBEPAUMH €IEMEHTaMHU.

Cnin 3a3Ha4uTH, 110 HABITH YHIBEpCAJIbHI POOOTH, SIKI MOXKYTh IMpaIlOBaTH 3
LIETJI0K0 Ppi3HOT (OpMH, PO3MIpaMH Ta Barorw, BCE K TOKIIOTh 10 CHeriaitizamii
maTtepianiB. Tak kommanis Fastbrick Robotics Ltd, mo Burorosinse cucremu Hadrian
X 3akirounia AoroBip 3 BUpoOHUKOM ternu Wienerberger AG 3 MeTor0 po3poOKH Ta
BIIPOBA/XKCHHSI CIIELIAII30BAaHUX MarepiaiiB, ski 0 3a0e3neuyBanu 30UIbIIEHHS
HAJIMHOCTI MPOAYKIIIT Ta MiABUIICHHS MPOAYKTUBHOCTI pOOOTH I11€1 CHCTEMHU.

Hactynna knacudikanis — no3unioHyBaHHA. Lle ogHe 3 NMepBUHHHUX BMiHb
aBTOMATH30BAaHOI CUCTeMHU. BUX0as19M 3 MPOBEICHOr0 aHaN3y, MOYKHA BHIUIATH JIBi
KaTeropii:

— CHCTEMHU BUIBHOTO TMO3MIIOHYBaHHS — CHCTEMH, SIKI (PI3MYHO HE 3B’sI3aHl 3
0a30BMMHU KOOPIUHATAMH,

— CHCTEMH 3 30BHIIIHIM KapKacoM, SIKI MarlOTh HANpPAaBJISIIOYl €JIEMEHTH, BIJIHOCHO
SAKUX BU3HAYAIOTHCS KOOPIMWHATH TEXHOJOTIYHOTO Tmporecy (KIaAKd I[erin
MaHIyJIATOPOM a00 HaHECEHHS PO3YMHY eKCcTpyaepoM 3d npuHTEepa).

HaiirikaBimmor CHUCTEMOIO0 TO3WIIIOHYBAaHHS, Ha HAll MOV € CHCTeMa

aBTOHOMHOTO OyaiBenbHOTO podoTa In-Situ Fabricator, B sikiii BiH ckaHye 0TOYyIOYE



CEpellOBUILIE Ta TOPIBHIOE 3 MOMNEPENHIMH MOKa3HUKaMHU, OTPMMaHa PI3HMI /A€
PO3YMIHHSA IOJI0 3MIHU KOOpAMHAT. Takui MiaxXiJ Ay>Ke MO3UTHUBHO 3apEKOMEH/1yBaB
ceOe mpy BUKOPUCTAHH] Y KOMIT FOTEPHUX MAaHIMyJISATOpax «MUID). AJle BOHA TIOKH 110
Jla€ pO3yMIHHS JIUIIE MPO 3MIHU KOOPJIUHAT, a HE MPO 1X a0COJIIOTHE 3HAYCHHSI.

He 3Baxaroun Ha MepCreKTUBU BITbHUX CUCTEM, BOHH MIPOTPAIOTh y HAJIHHOCTI
CUCTEMaM 3 KOPCTKUM KapkacoMm. KpiM Toro, BUMararoThb 3HaUYHUX PO3PAXyHKOBUX
MOTY>KHOCTEH Ta HASBHOCTI 3HAYHO1 KUIBKOCTI CEHCOPIB Ta JIaTUUKIB.

3a KOHCTPYKIIi€I0 (YHKIIIOHATILHOTO €JIEMEHTa, SKUH BUKOHYE OCHOBHHIA
TEXHOJIOTTYHUI TTPOLIEC:

— TPHUBHUMIPHI MaHIMYJIATOPH;
— JIBOBUMIPHI MaHINyJIATOPH;
— eKCTpyIepH.

TpuBuUMIpHI MaHIMYJIATOPH MarOTh HANCKIAIHINTY KOHCTPYKI[IO, a 3HAYUTh
HalOUIbIIY BapTICTh Ta HAaMEHIy HaaliHICTh. Pazom 3 mum, BOHH 3a0€3MeuylOTh
YHIBEpCAJIbHICTh, a CUCTEMA JUHAMIYHO1 cTadumizamii B podoti Hadrian X rapantye
BHCOKY TOUYHICTD TpolieciB. Kpim Toro, Taki MaHIMyJISTOPU Yy I0BO 3aPEKOMEHTYBaJIH
cebe y mammHOOymiBeNbHINM raimy3i. B poOoti In-Situ Fabricator 3ampomnonoBana
I[iKaBa KOHIEIMIlIS BUKOPUCTAHHS MAHIMyJIATOpa, SIK TMIaTGOPMH JIJIT MOXKIUBOTO
PO3MILIEHHSI HEOOX1THOTO 1HCTPYMEHTAPIIO ISl BUKOHAHHS creuu(iuHux (QyHKIIIMH,
K TO KJIaJIKa [IETJIM, 3BapIOBAHHS, IEPEHECEHHS BAaHTaXXIB TOIIO.

JIBOBUMIpHI MaHIMYJSATOPU BUKOPUCTOBYIOThCS y poboTax Terms. He
3BaXKAIOUM Ha JIesIKy OOMEXEHICTh y (DYHKIIIOHAJIl TaKoro MPUCTPOI0, came HOro
IPOCTOTA 3a0e3Meuye npanenpuaaTHICTh IIbOTO podoTa.

3a MacmTaboBaHICTIO MOYKHA BUIJIUTH TPU PIBHS:

— HeMaclTaboBaHi;
— CHCTEMH, 1110 JO3BOJISIOTh MaclITa0yBaHHS,
— CHCTEMH, 1110 TPU3HAUCHI 10 MacIITaOyBaHHS.

Jlo HemacmTaboBaHUX CHUCTEM BIIHOCHTBCS poOoT Hadrian X, skuii mpartoe
MOBHICTIO camMOCTiiHO. KpiM TOro, CKopodeHHs! TEPMIHIB 3BE€JICHHS HABPsI MEPEKpUe
HOTO BHUCOKY BapTiCTh BUKOPHUCTAHHS. TakoX A0 HEMacHITaOOBaHUX MPUCTPOIB CIi

BigHecTH 3d IPUHTEPH.



Cucremu, 110 JT03BOJISIIOTh MaciiTaOyBanHs — 1e poootu Mule ta SAM, ski
MO>KHa BCTAaHOBJIIOBATH B OUIBIIIN KUTBKOCTI Ta JEIIO MiABHUIYBaTH MPOyKTUBHICTb.

OxkpeMy KaTeropito MaioTh CHCTEMHU, SKIi B TPHHIMII TMPU3HAYCHI IS
macitabyBanss. Lle cucremu, 110 npairo0Th rpynaMu, abo y BUMAAKY 3 podoTtaMu
Terms, moxkHa ckazaTtu «3rpasmu». Llle mo miei kareropii Mo>kHa BiIHECTH POOOTIB
OSCR-3, ski paIfroroTh B KOMaH/I1, Ta MOXXYTh BUKOHYBAaTH KOMaHIH1 3aBJaHHS.

3a BUCOTHICTIO Oy 1iBEJIb, 110 3BOASATHCS:
— OOMeXeHI;
— He oOMexeHi.

BucotHicTh OyAiBHUIITBA, 1€ I OJIHA MEPBUHHA BJIACTUBICTH POOOTIB, Yepes
AKYy 1X €eKTHUBHICTh 3HAYHO CcTpaxaae. CAUHI poOOTH, IHPOPMALIIO TPO SAKUX HAM
BJIAJI0CA 3HANTH, Ta, IKI HEOOMEXKEH1 Yy BUCOTHOCTI — 11e poOoTu Terms. He 3paxkarouu
Ha Te, IO TMOKKM y HUX € MeXa HaAiiiHOl BHUCOTH OymiBii, aje Oe3mocepeaHbo
KOHIICTITYaJTbHO B HUX HeMae 0OMEKEeHHS BUCOTH OyiBHHIITBA. Lle OB’ s13aHO 3 THM,
10 BOHU MOCTIMHO 30UPAIOTHCS Ha 3BEJIEHHI HUMHU X CTiHU. YacTKoBO 70 poOOTIB 3
HEO0OMEXEHOI0 BUCOTOIO Oy IIBHUIITBA MOKHA BiffHECTH cucteMy SAM, ockinbku 3a ii
J0TIOMOror0 Oynia obnuiboBaHa 14-Tu moBepxoBa OyniBid. Alle IpU IbOMY BOHA
noTpedye BCTaHOBJIEHHS JI0JJaTKOBO1 MIaT()OPMHU, 110 3HAYHO 3HUKYE aBTOHOMHICTh
ii poOoTH.

3a METOAOM TPAaHCHOPTYBAHHS:
— CaMOXIJHI;
— MaJOMOOIBHI;
— CTaIllOHapHIi.

Jlo camoxigaux cucteM ciif BigHectn Hadrian X, ockibku BOHA BCTaHOBIICHA
Ha 0a3y BaHTAXIBKHU Ta MOXE BJIACHUM XOJIOM JIICTATUCS IO MiCIsl Oy [iBHUIITBA.

Manomo06i1bH1 CUCTEMH — 11€ CUCTEMH, IO CAMOCTIHHO PYXarOThCs, aJie JIUILE B
Mekax OyaiBelapbHOro MaiaaHuuky. Jlo Takux poOoTiB MokHa Bimuectu In-situ
Fabricator, Termes, OSCR-3, SAM.

CramioHapHi CHCTEMH — II€ CUCTEMH, 1[0 MAIOTh KOPCTKY OIOPHY pamMy, sKa
3aKPIIUTIOETHCS Ha MOYATKy OYIIBHUIITBA Ta 3HIMAETHCS Micis 3aBeplieHHs. Jlo Takux

cucTeM clijl BimHecT 3d-TpuHTEpH, HaliBaBTOMATHYHUX poOoTiB Mule,



3.2. BiacHa koHuenuisi 0yaiBejibHOI pOOOTH30BAHOI CUCTEMU

3.2.3. IIpo6saemu poGoTu3anii OyAiBHUITBA TA HVIAXH iX PO3B’A3aHHS

Buxonsumn 3 mpoBeIeHOro aHaiizy Ta po3pOOUBIIM KiIacU(IKAILII0 1CHYIOUHX
OyIiBeIbHUX POOOTU30BAaHUX CHUCTEM, BU3HAUMMOCS 3 IX HEIOJIIKAMH, BIUIUB SIKHX
HEOOX1THO 3HU3HUTH:

1) oOMekeHHs BUCOTH OyIiBelib, 1110 3BOASATHCS,

2) mpoOJIeMH 3 MO3UI[IOHYBAHHSIM;

3) macmTaOyBaHHS CUCTEM 3 METOIO 301IBIIICHHS POTYKTHBHOCTI.

OOMeXeHHs BHCOTHM OyliBeldb — CKiIajaHa mnpoOiema, amke Oyap SKUi
MaHIIyJISITOp, HABITh TaKUi BenuKkui, ik y Hadrian X (iforo nosxuna nopiBHioe 30 m)
Mae oOMexeHHs. HamaranHsi migHIMaTH CUCTEMY pa3oM 31 30UIBIIEHHSM BHCOTHU
CHOPY[H, K 11 poOuThes 11 SAM npu3BOANUTH A0 3ayUYEHHS 10AaTKOBOI JIFOACHKOT
mparyl, 10 3HMKYE BIJCOTOK aBTOMaTH3alli 3BeJeHHsA. Ha Hamy aymKy HalOuibIl
e(eKTUBHO 3 110 MPoOJIeMy BHUpIIIye poOOTH30BaHUM i Termes, Kojiu KOKeH psij
OyIiBeJbHUX OJIOKIB — 1I€ HOBa Tpaca JUisl MalluH, SKI HIAHIMAKOTHCS Pa3oM 3i
3BeJiIeHHsIM OyaiBimi. Haxkanb y TE€rmes 1st TEXHOJOT1sl HE TIOCUTh HaJliitHaA, OCKIJIbKU
poOOT.aM PUXOAUTHCS MOCTIHHO BUKOHYBATH CKJIaJIHI MAHEBPYBaHHs — o0epTaTHCH,
MepeKu.1aTh yepe3 ceoe OJIOKHU.

Otxe, B HampsiMi 30UTBIIICHHS BUCOTHOCTI aBTOMAaTH30BAaHOTO OY/IBHHUIITBA
HEOOX1THO 3aMpOBaUTH CUCTEMY, JJIA SIKO1 OTIOPHOIO TPACOI0 OYIyTh CaMi CTIHU, TIPU
LIbOMY PyXH poOOTa MOBUHHI OyTH MPOCTI, 11100 HE 3pyHHYBAaTH IIOMHO MPOKJIAICHUIMA
P TIeTIIN.

[IpobGnemu 3 MO3UIIOHYBaHHSAM. 3 OJIHOrO OOKY CydYacHI CEHCOPH, CKaHEpH,
Ja3epHl BUMIPIOBaul JAOTh MIMPOKI MOXJIMBOCTI, ajie, KOJIH pOOOT PyXaeThCs IO
OyIiBeTbHOMY MaWJaHYUKY Il JOCATHEHHS MOXYTh JaTH 301i, OCKITLKH TTOBEPXHS
MepEeMIIICHHS CKJIaJHa, a TO3UIII0 BU3HAYaTH MOTPIOHO 3 TOYHICTIO 10 MUTIMETpa.
Haiikpamii pesynbTaT B MO3HIIIOHYBaHHI gae 3d OpPUHTEP, OCKUIBKA B HBbOMY
ApyKyloda TOJOBKAa PyXa€ThCs Ha BCTAHOBICHUX HAMPAaBISIOUNX. AJle BCTAHOBJICHHS
TaKUX HaIpaBJIAIOYUX TOTIPIIYE CUTYAIII0 3 MEPIIO MpodieMor0. 3 1HIIOro OOKy,
OUIBLIICTh CTIH MA€ MPSIMOJIHINHY (OopMy, TOMY 3 SIBISETHCS MOKJIMBICTH CaMi CTIHU

BUKOPHUCTOBYBATH, SIK Hampapistoul enemeHTH. Lle myke moOpe cropiaHIOEThCS 3i



Ccroco0OM PpO3B’sI3aHHST MPOOJIEMH BUCOTHOCTI, KOJIM CaMi CTIHM BHU3HAYAIOTHCA
Tpacamu.

[IpoGnemu wmacmTaOyBaHHS HaWKpAIIUM YHHOM PO3B’S3YIOTHCS IUIIXOM
BUKOPHUCTaHHS poro Termes. Xoua mornepeaHi MOo3ullli BUKIIOYAIOTh MOXJIUBICTD
BUKOPHUCTATH I[i€] TEXHOJIOT11, aJie B HaIlIiil CHCTEM1 MH TaKOX MOKEMO B3STH KOPHUCHI
17ei 3 OlOHIKH. Y KOJIOHISIX KOMax-OyAiBEeJIbHHKIB HE BCl 0co01 onaHakoBl. KokHa
BUKOHYE CBOE 3aBJaHHs, I11]] SIKE BOHA PO3BUBAETHCS Ta Ma€ 0COOIMBOCTI (hi310JI0T1i Ta
OynoBu Tina. B xoHmemnmii mo po3poOiseThCsl TaKOXK MOXKYTh OyTH pi3HI poOOTH,
KOKEH 3 KHX Ma€ CBiil PYHKIIIOHAT, PyXar04H BCIO CHCTEMY IO IMOCTABJICHOT METH.
Mu mpomonyemo mupoko goiydatd poboTiB OSCR-3 s 3abe3nedeHHS

Oy/I1BEJILHOTO TIPOLIECY MaTePiaioM.

3.2.2. Konuenuist 0yaiBeibHOI pOO0OTH30BAHOI CUCTEMU

[Ipu po3poOii  koHmenii OyaiBedIbHOI POOOTH30BAHOI CHUCTEMH MM
CHUPATUMEMOCS Ha NEPCIEKTUBHI NUISIXU YCYHEHHS HEJIOJIKIB ICHYIOUUX POOOTIB, SIKI
Oy po3risinyTi Buie. Kpim Toro, npu npoBeAeHHS aHaI3y, MU 3BEPHYJIM yBary Ha
TSOKIHHSA PO3POOHHKIB O BUKOPUCTAHHS BJIACHUX (POPM IIETJIM Ta CIEIiali30BaHUX
OyniBesbHUX OJIOKIB. Takuil MiAXiJl pO3MIHUPIOE MOKIMBOCTI pOOOTHU30BAHOI CUCTEMH.

Mu npomnoHyeMO KOHLEILII0 POOOTU30BAHOIO CUCTEMH, SIKa CKJIANA€ThCS 3
pamu, BI3Ky, MaHIMyJIITOpa Ta OMOPHOTO MexaHi3My (puc. 3.1).

Pama — 11e KOHCTpyYKIIis, sIKa BKJIIOYA€E HAMPABIIAIOY] PEUKH, a TAKOX MICUS JJIs
i’ €IHaHHS OMOPHOTO MexaHi3My. Ha HampaBmsitouy paMmy KpIilUThCS BI3OK.

Bi30K — 116 KOMIIOHEHT CUCTEMU Ha SIKUH BCTAHOBIIIOETHCS MAHIITYJISITOP Ta OOKC
s Matepianis. Foro npototunom e Bizok 3d mpuaTepa. Hampasnsoui 103B0MSI0TH
JOCUTh TOYHO BU3HAUUTH MOIMEPEUHY KOOPIUHATY.

MammHoOyAiBHa  NPOMUCIOBICTh  TOKa3ajla  3HA4HY  €(QEKTUBHICTh
MaHIMyJISATOPIB Y pobOoTu3arlii BUpoOHMUYWX JiHIA. [IpydoMy BOHH JOCHUTH
yHIBEepCalbHI Ta 3aJIAH1 y 0araThboX OIepalisx: 3BaploBaHHs, CKJIalaHHs, 00poOITOK
KOMITOHEHTIB Toulo. Taki MaHInyJaTopu BOYIOBYIOTbCS TaKOX B OUIBIIICTD
OyIiBeTbHUX POOOTU30BAaHUX CUCTEM. AHAJIOTIYHUN MaHIMyJISTOP BUKOPUCTOBYETHCS

B HalIOMYy KOHUENTI. BiH € 6araroyHKI[IOHAIIBHUM, MA€ 3aXBaTH, €KCTPyAEp IS



HAHECEHHS ILIEMEHTHO-TIIIAHOTO PO3YHMHY, MOXKEe OyTH BOYIOBAaHUN €JIEMEHT IS

3BAPIOBAHHS METAJICBUX JECTAJICH.

Puc. 3.1. KonuenryajabHa cxeMa po00TH30BAaHOI CHCTEMH, KA

IMPOIMOHYCTHLCH.

Pazom 3 MaHimynsTopoM Bi3OK Mae OOKC Mg CKJIagaHHS OJIOKIB, 3 SIKMX
3BOJIATHCS CTIHH.

OCHOBHI €JIEMEHTH OIOPHOTO MEXaHI3My L€ 3 MOTOP-PEAYKTOp Ta pyUIii.
OrnopHi MeXaHi3MHU BCTAHOBJIIOIOTHCS HA HECYUl CTIHU Ta PyXalOThCs MO HUX, SK IO
HaIpapJsitounM. TakuM 4MHOM, pa3oM 31 3BE€JICHHSIM CTIH M1JHIMAETHCS pOOOTU30BaHA
cucteMa. s CTiMiKOro pyxy MO CTiHI HEOOXiJHO BUKOPHUCTOBYBATH CHEIlalbHY
KOHCTPYKIIit0 Oy1iBeTbHUX OJIOKIB, sika Oyzie cTabini3zyBaTu pyiii. J{71s mo310BKHBOTO
MO3ULIOHYBAaHHS BI3KAa Ta MAaHIMYJISITOpa Ha OMNOPHUN MEXaHi3M BCTAaHOBJICHHI
nazepHui ganexomip. BiH BHU3HaAvae BiJACTaHb O HIUTA, SIKHA BCTAHOBIIOETHCS Ha
MOYaTKy CTIHH.

[Topsinok poGoTH cucTeMu HACTYNMHUW. MaHIyISITOp BUKIAAa€ psJl OJOKIB Ha
CTiHAX, MO SKUX PYXalOTbCS OMOpPHI MexaHi3Mu. JJig 3pydHOCTI Ha pami MOKHA
BCTAHOBUTH JIBA MaHIMyJIATOPA JJI1 OJJHOYACHOTO (POPMYBaHHS JIBOX CTIH il ONIOPHI
KoJieca Ta 30UThIIIEHHS IPOYKTUBHOCTI mpaiii. [y 3a0e3nedeHHst mepekpuTTs OJI0KIB
mepuriii  OJJOK BCTAHOBJIOETHCA TOYEPrOBO B  psANax TMOBHOPO3MIPHUN UM

HaIMIBpO3MipHUNA. MIKKIMHATHI TEpPEropoJKH MOXXHA JAPYKYyBaTU 3a JONOMOTOIO



BCTAHOBJIEHOTO Ha MAaHIMyJATOpl ekcTpylepa. Haiicknaanimmii MOMEHT —
3aBEPIICHHS PSTy. 3a JOTIOMOTH MMiTHOMHOI CHCTEMHU KOJIeca 3aiKHKar0Th Ha MIOWHO
YKJIQZICHUH psisi OJI0KIB Ta poOOT MPOIOBXKYE YKIATaHHS HOBOTO PSTY.

Jns cTiMKOro Ta HaAiMHOTO (YHKIIIOHYBAaHHS HAaIllOli KOHIICMIli, HaMu
po3po0iIeHa KOHCTPYKIIis criemianizoBanux OJokiB (puc. 3.2, puc. 3.3). Bona mae
KBaJpaTHy (popMy Ta po3paxoBaHa BKJIAJaHHS BCIEl MIUPUHM CTIHH. TOOTO MOKIIMBI
Moaudikallii B 3aJIe)KHOCTI BiJ mpoekTa OyaiBm. Ha puc. npencraBiaeHuit OJI0K i
TOBITMHY Hecy4oi cTiHU 640 MM. OCKUTBKH MIXKIMHATHI CTIHU MOKYTh BHKJIQIaTHCS
31 3BUYAWHOI LETJIM, JJIsi CHHXPOHI3alli TEXHOJIOTIYHOIO MpOIECy, iX BHCOTa
BI/IMOBIJa€ BUCOTI PsAI0BOI 1ersii — 65 mMm. [1o oci B m03710BKHbOMY HampsiMi OJIOK Ma€e
yCTaHOBOYHE PEOpPO 3 OJHOro OOKy Ta HampaBlsiouuil k000 3 iHmoro. [lpu
BCTAHOBJIEH] OJIOKIB PeOpPO BEPXHBOTO IIAPY 3’ €THYETHCS 3 JKOJI000M HIXKHBOTO JISI
BIICBHEHOTO TO3UIIOHYBaHHSA. Tak0oX 0JI00 CIy)KUTh JJIS TMEPEMIIICHHS 110 HbOMY
koieca. BoHO Mae wyacTkoBe oOOmMUpaHHS Ha CTIHKM 0JI00a, a YacTKOBE Ha
TrOPU30HTaJIbHY NOBEpXHIO. Ha BepxHiil CTOpPOHI, OJIOK Ma€ HATUIMBH JIJ1s1 (POPMYBaHHS
piBHoro mBa. [Tocepennni nepeadayveHi cneniagbHl OTBOPH JUJIsl YTPUMaHHs OJIOKY B

3aXBaTi MaHIMyJIATOPA.

Puc. 3.2. Koncrpykuist 6yaiBe1bHOTo 0J10KYy.
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Puc. 3.3. Cxiaganns OyaiBejibHUX 0JIOKIB.
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Jns 3a0e3nedeHHs: Oe3nepeOiiHOro mocTayaHHs MaTepiaiiB, Ha Bi30K MOXKHA
BCTAHOBUTH IIIMOMHHM MEXaHI3M, SIKHH MIIHIMATHME KaceTh OJIOKIB Ta, 3a
JIOTIOMOTOX0 MaHIMyJIATOpa BCTAHOBIIIOBATUME iX 10 OOKCY.

TakuMm dYHMHOM, 3ampONOHOBAHA KOHIIEMIlIS JIO3BOJISIE PO3B’S3aTH BUIIICHI
HEJIOJIIKU 1CHYIOUMX pOOOTH30BaHUX cUCTeM. BoHa Moke MacimTaOyBaTHCS, BIACYTHE

00OMEKEHHS MMOBEPXOBOCTI Ta 3a0e3MneuyeThesl €(hEKTUBHE O3UII0HYBaHHS.



BUCHOBKU
3a qaHnMu Mi>KHApOAHOI enepariii poOOTOTEXHIKH, CBITOBA TPOMHUCIIOBICTh CTAJIO0
HApoIlye TEeMIH poOOTU3allii TEXHOJOTIYHUX TMPOLECIB, JiJepaMH TYyT €
BUPOOHUIITBO €JIEKTPOHIKH Ta aBTOMOOLJIbHA MPOMHUCIIOBICTb.
ByniBenbHa ramy3b MOKH 1110 HE MOKa3y€e BUCOKOI aKTUBHOCTI B 3aKYIIIBII pOOOTIB,
10 CBIYUTH TIPO iX HEIOCKOHAIICTD.
CgiToBe BIpoBaKeHHs TexHouiorid bIM crnionykae 10 iHTEeHCUBHOT LU pOBi3arlii
HE JIUIIE MMPOEKTHOI YaCTUHU )KUTTEBOTO IIUKITY Oy/AiBEINb, aje i 1HIINX eTaIliB.
[udporizariis 3BeaeHHS Oy/iBeNb MOB’sA3aHAa 3 MO0 YacTKOBOIO a00 IMOBHOO
poboTHU3aIlIEIO.
binbmiicte OyniBebHUX POOOTH30BAHUX CHCTEM Ha JAHUW 4Yac 3HAXOJATHCS Ha
eTami po3poOKH Ta BIOCKOHAJIECHHS 1 MalOTh HU3KY MpOOJIeM, OCHOBHI 3 SIKHX:
0OMEKEHHS y BUCOTHOCTI, MPOOJIEMHU 3 MO3ULIOHYBAaHHSAM, HU3bKI MOXKJIUBOCTI Y
MaciTabyBaHHI IIUX CUCTEM.
3anponoHOBaHa KOHLEILIS Ma€ MOXJIMBICTh MEPEMIILYBATUCSA MO CTiHAX OyiBi,
10 3BOJIMTHCS, PO3B’A3YI0UH TAKUM YHHOM MPOOJIEMY BUCOTHOCTI OY/1IBHHUIITBA.
Po3po6iena KOHCTPYKIliS OJIOKIB J03BOJISE 3HAYHO IMOJICTIIATH TO3WIIIOHYBaHHS
POOOTH30BAaHOI CUCTEMH Y TMPOCTOPI.
TexHonoris  BUKOPUCTAaHHS  3alpPONOHOBAHOT  KOHIIENTYaJdbHOI  CHUCTEMHU
BUKOPUCTOBYBATH JICK1IbKA 11 €K3EMIUISIPIB B 3AJIEKHOCTI Bl pO3MipiB OY/IIBIIL, 1110

3a0e3neuye MOKIIMBICTh MacIITa0yBaHHS Ta M1ABULIEHHS TPOyKTUBHOCTI.
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