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PEDEPAT

CropiHOK TeKCTy — 65, pUCYHKIB — 14; Tabnuus - 3; nitepatypHux mxepen — 31.

B po6oti Oyno mpoBeAeHO I'PYHTOBHMM KPUTHYHUN aHaN3 PO3poOKH Ta
BITPOBAKCHHSI CYYaCHUX HAaBYAJIBHUX J1a00paTOpii.

Po3pobneno 3arampHi mOpUHIMNM —aaanTtanii  ¢Gi3MYHUX TPOIECIB B
SIIEKTPUYHHX MamuHax Harpyroo 10 1000B 1o ymoB HaB9anbHUX JabopaTopiii Ta
HaBYAJILHOTO TPOIIECY.

Po3pobieno cTpykTypy s1abOpaTOpHOrO MPaKTUKYyMy 3 JUCHUIUTIHU
«EnexTpuyHi MalmHm, Ka MICTUTh JAECITh JIaA0OpaTOPHUX POOIT.

Po3po0sieHO TIPOEKTIB OCHOBHUX CHOPYJ Ta TEXHIYHY cHeluQikaiio Ha

oOnaiHaHHS J1abopaToPil eNEKTPUUHUX araparis.

EJIEKTPUYHI MAIIIMHU, HABYAJIbHA JIAGOPATOPIA, TEXHIYHA
CIIELIU®IKALIA, I[TPOEKTYBAHHAI, HABYAJILHU [TPOLEC,
BIPTYAJIBHA TA 3MIIIIAHA PEAJIBHICTD.



ABSTRACT
Pages of text — 65; pictures — 14; tables — 3; literary sources — 31.

The work conducted a thorough critical analysis of the development and

implementation of modern educational laboratories.

General principles for adapting physical processes in electrical motors with
voltages up to 1000V to the conditions of educational laboratories and the

educational process were developed.

The structure of the laboratory practical course in the discipline "Electrical

Devices" was developed, which includes ten laboratory works.

The projects of the main structures and technical specifications for the

equipment of the electrical devices laboratory were developed.

ELECTRICAL MOTORS, EDUCATIONAL LABORATORY, TECHNICAL
SPECIFICATION, DESIGN, EDUCATIONAL PROCESS, VIRTUAL AND
MIXED REALITY.
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BCTYII

AKTYaJBHICTh JOCTiI2KEHHS MOJISITa€ Y TOMY, 110 MPAKTUYHI HABUYKU
po0OTH 3 ENEKTPUYHUMU aniapaTaMu € 000B’I3KOBOIO YMOBOIO MIATOTOBKU
BHUCOKOKBaTi(hikoBaHOTO (PaxiBIls elNeKTpoeHepreTuka. [Ipote Ha cydyacHOMY
PHUHKY €JIEeKTPOTEXHIYHOI MPOIYKIlli YKpaiHCHbKOT0 BUPOOHHUIITBA BIJCYTHIN TaKui
CErMEHT MPOAYKII K HaBYaJIbHO-T1a00paTopHe 00IalHaHHS AJIs1 HaBYaJIbHUX
naboparopiii enepreTuaHoro npodiiaro. HasBHa MmaTtepianbHO-TexHIYHA 0a3a
Kadeapu

[TpoexkTyBaHHS HaBYAJIBHOI JaOOPATOPIi EIEKTPUUHUX arapariB JO3BOJIUTS:

- HanaroguTtu Ta cuctemMaTu3yBaTy IPaKTUYHY MIATOTOBKY (DaxiBIIiB
CHEPIeTUKIB

- 3amOBHUTH XapaKTEPHY HIILY PUHKY €JIEKTPOTEXHIYHOI MPOTYKIIIi

- Po3poOutu TeXHIYHI pillIEHHS 3 MOTOKOBOTO BUPOOHUIITBA IAHOTO BUIY

CJIEKTPOTEXHIYHOI MPOTYKIIi1

O06’exT nociimkeHHsi: Gi3UYHI TPOIECH B EJICKTPUYHHUX anaparax

Ipenmer pocaimkenHsi: aganTtaiis (I3UYHUX MPOLIECIB B €IEKTPUUHHUX

amaparax Jio0 yMOB HaBYaJIbHUX JTAOOpaTopiil Ta HABYAIBLHOTO MPOIECY

3aBaaHHA 0C/IIKEHHS:
1. IIpoBeneHHs rPyHTOBHOTO KPUTHYHOTO aHAJI3y XapaKTepHUX
(G13MYHMX TIPOLIECIB B €IEKTPUUYHUX MalIuHax Hanpyroto a0 1000B
2. Po3pobka 3aranpbHUX MPUHIKIIB afanTailii pi3uIHUX MPOIIECiB B
€JEKTPUYHUX MamuHax Harpyroto 10 1000B no yMoB HaBuanmbHHX
Jaboparopiii Ta HaABYAIBLHOTO MPOLIECY
3. Po3pobka cTpykTypu 1a60paTOpHOTO MPAKTUKYMY 3 AUCITUTUTIHH

«EnexkTpuyHi MalmHm»



4. Po3poOka MpoeKTiB KOMIUIEKCHUX JJaOOpaTOPHUX CTEH/IIB

Ja060paTopii SICKTPUIHUX MAITHH



PO3/1J1 1 CYUACHUI JOCBIJ PO3POBKM MACIITABOBAHUX
MPAKTUYHUX HAYKOBUX JABOPATOPIII BIPTYAJBHOI TA
3MIIIAHOI PEAJILHOCTI

1.1 3aranbHuii OrJIsii HANPSIMKY A0CJIiIZKE€Hb

OcTaHHi JOCSTHEHHA Yy BipTyanpHi peanbHocTi (VR), nomoBHeHin
peanbHOCTI (AR) 1 TexHousorii 3mimmanoi peaasHocTi (MR) 103BOMMIN a MIMPOKUIA
CHEKTP HOBHX HaBYAIBHUX IPOrpaM y TAKUX ramyssx, sk taHeub/pyx (Chua et al.
2003; Chan et al. 2011), ncuxomnoriuna teparis (Pertaub et al. 2001; Anderson et al.
2003), OyniBuunTBo/BupoOHuNTBO (Cer Ta 1H. 2011), wmegumuHa/Xipypris
(Lampotang Ta in. 2021; Freschi Ta in. 2015), i ocBira (Uini Ta in. 2012; Je Honr
ta iH. 2013; IxoHcon I'menGepr 2018).

3anypeHHs, sike 3a0e3neuytoTs HakiaaHi quciiei VR (HMD) y noennani 3
BHCOKOIO TOYHICTIO €MEPKEHTHOTO PYXy TEXHOJIOT1 BiJCTEKEHHA poOisiTe MP
OCOOJIMBO MIAXOASIIMM IS OCBITHIX TIpOrpaM HayKoBOi Jsaboparopii, sKi
noTpeOyIOTh  CHPABKHBOTO MPAKTUYHOTO TAaKTUIBHOTO Ta KIHECTETUYHOIO
3BOPOTHOTO 3B’sI3Ky. BipTyanbHuii nabopatopii 3arajioM 1 HaykoBi jabopatopii
VR/MR, 30kpema, 1ie He OTpUMaIM IMUPOKOTO TMOMIUPEHHS SK (I3UYHI 1
IHCTpyMEHTH HaBYaHHA JIaDOpaTOPHUM HAyKaM TMIPO JKUTTS, BPaXOBYIOUH
CKJIQIHICTh MTPOEKTYBaHHS, BIIPOBAKEHHSI, TECTYBaHHS Ta OOCITYTOBYBaHHS TaKUX

CHCTCM.

binbmricTh iCHYIOUMX BIPpTYyaJbHUX HAYKOBUX JIA0OPATOPiil BUKOPUCTOBYIOTh
JIBOBUMIPHUW KOMIT'IOTEp €KpaHU, KJIaBlaTypu Ta MUIII SIK iX OCHOBHA B3a€MOZIsS
npucTpoiB. OMHIEIO 3 OCHOBHUX KPUTHK TaKUX MITXOJIB € HEABTEHTUYHA MPUPOJIA
TaKTHJIBHUX B3aeMoii/intepdericiB kopuctyBaua (TUI) peanizoBaHO B MOTOYHHX
nokomHHsAX 2D 06e3 edexTy 3aHypeHHs BeO-BIpTyalibHI Jlabopartopii (TOOTO
KoMIT toTepHa muta) (Stephens et an. 2016). HaBiTh a1 3aXOIUTIOI0YOTO TOCBITY

VR, skuii BuxopuctoBye pydHi KoHTposnepu ODOF, piBeHb TakTUIBHOI



aBTEHTHYHOCTI, HEOOXITHUIA JJIsl HABYAaHHS MCUXOMOTOPHHUX HAaBUYOK, IO MAIOTh
BIIHOIIICHHS 70 JlabopaTopii, TOCATTH e(PEKTUBHUX PE3yIbTaTiB HaBUaHHS, TaKUX
K BHCOKMH piBeHb MOTHBalli 4Yd (OpMyBaHHS y KOpHCTyBaya MOYYTTA
BIIEBHEHOCTI B €001 HAyKOBa IJEHTUYHICTh 3aJIMIIAIOTHCS OOMEKEHMMH. Xoua
0arato KOHIENTyaJIbHUX HABYAIBHUX 3aBIaHb 3 (PI3UYHUX 1 MPUPOTHUYNX HAYK HE
BUMAararoTh TaKTHJIBHOT aBTEHTUYHOCTI TiJ Yac poOOTH 3 JabopaTOpPHUMHU
IHCTpyMEHTaMH Ta BUKOPUCTAHHIM (HAIIPHUKIIAJ, PO3YMIiHHS TOTO, SIK BUKOHYBATH
oOuuciIeHHs Ha Ha0Opax MaHMX), CTYJICHTaM TMOI00a€ThCsI, BOHM HAabarato OibIle
3a]lydeHl JI0 HaBYAaHHS Ta I[IOKa3ylOTh IMOKpAIIeHe 3amaM'sTOBYBaHHS, KOJH
KOHIIETIIIi BUBYEHI Ta 3aCTOCOBYBaTH B mpakTtuuHid ¢opmi (Bigler and Hanegan
2011; Jecait 1 Credanek 2017; Catena 1 Carbonneau 2019). Ha BogHo4Yac HaOyTTs
CIPaBXHIX TAKTUJILHUX IICUXOMOTOPHUX HABUYOK € BAKIIMBUM ISl 3aCTOCYBaHHS

HAyK{ B pEaJIbHOMY KUTTI HAJIAIITYBaHHS JOCIIKEHB 1 pO3pOOOK.

TyT MM BHU3HA4aeMO JOCBiJ BIPTyaJIbHOI PEAIbHOCTI SIK JIOCBII, y SIKOMY
KOPHUCTYBa4 MOBHICTIO 3aHypeHUi y Gpi3nuHo HeicHytoue nudpose 3D-cepenosuiie,
3 IKUM BOHH B3a€MOJIIIOTh OMTOCEPEAKOBAHO 3a IOTIOMOTOI0 PYYHUX KOHTPOJIEPIB 3
ONTUYHUM BiJICTSKEHHSAM. MU BU3HauTe cucteMu AR sik 10cBig 6€3 3aHypeHHS, Jie
KOPUCTYBa4d yce mie 0aunTh (Pi3UYHUN CBIT HABKOJO ce0e Ta B SIKOMY (i3HUHO
HEIHTEPaKTUBHUI LU(PPOBUI BMICT MPOCTOPOBO HAKIIAJAETHCSA HA (DI3UYHUIA CBIT,
TOJI SIK TOJIOC, 04l KOPUCTYBAY1B, Ta/ab0 MKECTU PyKaMu JO3BOJISIIOTh HETAKTHIIbHY
B3a€EMOJII0 3 Ied IudpoBuil BMICT. MU TakoX BU3Ha4aeMo cucteMu MP, sk
MIPaBUJIO, SIK CUCTEMH BIPTyajbHOI PEaTbHOCTI, B IKUX OJIUH a00 KiJIbKa €JIEMEHTIB
Gb13UYHOTO CBITY (HAmMpHIKIaa, PYKH KOpHCTyBada Ta/abo (izuuHi 00’€KTH, SKI
YTPUMYIOTBCSI Ta MAaHIIyJIIOIOTh KOPUCTYBAu€M) BIJICTEXKYIOTbCS B MPOCTOPI 1
nepeiuuiM y BIpTyaJdbHUM CBIT, J€ BOHM MOXYTh B3a€EMOJISTH HE(DI3UYHO 3
BIpTyaJIbHUMH 00’ €KTaMU, HaBITh KOJU BOHU B3aEMOJIIIOTH (DI3UYHO OAWH 3 OJHUM
13 KopucTyBaueM. Ha qaHuii MOMEHT TaK0K KOPUCHO /IS TOAAITBIIIOTO PO3Pi3HEHHS
cucteM MP Ha Ti, 5iIKi «akKTHMBHO» 3a0€3Meuyl0Th TaKTUJIbHE a00 KIHECTETHYHE
IPUMYCOBHI 3BOPOTHHUH 3B'SI30K 3 KOPHCTYBayeM BiJl 00'€KTIB y BIpTyaJbHOMY

CEpEeNOBUIIl 3a JOMOMOIOK TAaKTWJIBHUX KOMIIOHEHTIB (TOOTO pPyKaBMUYOK a0o



KOCTIOMIB 3 JIATYMKH THUCKY Ta/ab0 MPUBOJAM) BiJl THX, SIKI MMPOCTO BiJACTEKYBATH
MIO3HUIIIT Ta OPIEHTALIII0 PYYHOTO (PI3UYHOTO 00’ EKTU «TTACUBHUM» CIIOCOOOM (TOOTO
0e3 ToBepHEHHS OyAb-IKUX TAaKTUILHUN a00 KIHECTETUYHHA CUIJIOBUN 3BOPOTHHM
3B’SI30K 3 KOPUCTYBA4YE€M 4Ye€pe3 €JIEMEHTH, 0 MPUBOASATHCS B I1H0/TIPUBOASATHCS B
nito). [loku «akTuBHE» amapatae MP € mopoxunii 1, Ik TpaBUII0, TPU3HAYCHUH IS
arHOCTHKY 00’€KTiB (TOOTO 3MaTHHI IMITYBaTH BIAYYTTS LIMPOKOTO Jiara3oHy
pI3HUX BIPTyasibHI 00’ €KTH Ha TUTl KOPHCTyBaya) 3a PaxyHOK JICSIKUX E€IECMEHTH
TaKTUJIBHOI aBTEHTHYHOCTI, «MacHUBHaA» amapatypa MP moxe moTeHuiiiHo OyTu
OUIbIII €KOHOMIYHO €(PEKTUBHUM 1 3a0e31euyBaTi OUTbIIT BUTOHYEHUN a00 TOUHHIM
TaKTHJIbHUIM/KIHECTETUYHUN 3BOPOTHUM 3B’SI30K, ajie JUIsl BY)KUOTO Jl1ara3oHy

BIPTyaJIbHUX 00’ €KTIB.

«AkTUBHE» amapaTHe 3a0esneueHHs MP Hapa3l He Moke 3a0e3neduTH
€KOHOMIYHO €(EKTHBHE Ta MacIITaOOBaHE BIITBOPCHHS MPAKTUYHOTO «BIIUYTTS

IIPOBENICHHS IETIKATHUX HAYKOBUX TECTIB 1 EKCIIEPUMEHTIB.

Ha macts, y pizuunux 1 610J0T19HUX Ja00paTOPIsSX, KOPUCTYBad ad0 CTaxep
BUKOPHUCTOBYE JIUIIE 0OMEXKEHY KUIbKICTh MEPEHOCHUX JTA00PATOPiil IHCTPYMEHTH,
Kl TIOBUHHI B3a€EMOMISITH OJWH 3 OJHUM 1 3 KOPUCTyBayaMu pyKaMmH, a
HECKIHUEHHHM CIIMCOK PEeareHTiB, SIKUMU BOHU MaHIMYJIOI0Th, TOBUHEH HACIIPaBIl
HIKOJIM HE TOpKauTecs ixHIX pyK. TOYHUI 1 BATOHYEHUN MaHIMyJIAIIi Ta B3a€MOII1
MDK LOUMH Ja0OpaTOPHUMHU IHCTPYMEHTAMM 1€ T€, L0 HaJae KOPHUCTyBaudeBi
TaKTHJIbHY Ta KIHECTETHMYHY CHJIOBUH 3BOPOTHUM 3B'S30K, HEOOXIMHUN IS
MICUXOMOTOPHOTO HaBYaHHA. TakuM YHMHOM, OJIUH 13 MOXKJIMBHX CIOCOOIB BIIUTH
TaKTUJIbHY aBTEHTUYHICTh Y VR/MR HaB4asibH1 cucTeMu HayKoBoi 1aboparopii 6e3
NOpYILIEHHST HaBYaHHsS Omo/KeTy OyJo O BUKOpPHCTAaHHS «macuBHOro» MP
ONTUYHOTO BIJCTEKEHHSI TEXHOJOTIT IPOCTOPOBOTO BIJICTEKEHHSI HAOOPIB PYYHHX
7a00paTOpPHUX 1HCTPYMEHTIB SIKI TepefaroTbcs y BIpTyaldbHUM CBIT abo
«BIpTYyai30BaH» M0 iX (pi3UyHA B3aEMOIIS OJIUH 3 OJJHUM 1 3 PYKH KOPHCTyBaua B
peasbHOMY CBITI MOXYTh HPOJOBKYBaTH HAJaBaTH TOBHICTIO CIPaBXKHIN

TaKTUJIBHUM 1 KIHECTETUYHHUM CHIIOBUI 3BOPOTHUH 3B'S30K 3 KOPUCTYBAueM HaBITh



TOMl, KOJM BIPTyaJbHI E€K3EMIULIPH BIACTEXKYBaHOI (13UYHOI J1abopartopii
IHCTPYMEHTH MICTSTh, IMEPENaroTh 1 3alyCKaloTh peakilli MDK BipTyaJbHUMH

PEaKTHUBH Ta 3PA3KHU.

Mu npuiHSIY IO CTPATETiI0, OTHOYACHO BUPIiIIyIoun mpodsemy. [Ipobiema,
1[0 3aJIMIIAETHCS, TMOJSATa€ B TOMY, SIK CTBOPUTH Ta ITEPATUBHO OINTHUMI3yBaTH
pe3ynbTaTuBHUN nocBig MP-mabopaTopii €KOHOMIYHO €(QEKTUBHUM CIIOCOOOM,
BUKOPHUCTOBYIOUH CTPYKTYpY pO3poOku BMmicTy 6e3 koxy. Lle miaxinm yxke OyB
npuitHATUN y Aesikux cdepax 13 BenukuM yemixy (Lampotang et al. 2021), 1 Oyze
BAKJIMBUM Y MPOrpamMu 3 0OMEKEHUMH pecypcaMu, Taki Ak HaB4aHHs STEM./[ns
BUPIIIEHHS 3raflaHuX Mpo0sIeM y HaBYaHH1 HAyKOBO1 JTabopaTopii MU pO3pOoOMIH Ta

BIIPOBAAWIIH MPAKTUYHUN BIPTyaIbHUIA

Jlaboparopna cuctema Reality (HOVR) 3 pexxumamu VR 1 MR B y 1iomy

JIOKYMEHT1 MU OTIUCYEMO Halll TOTOYHUMN MTporpec y po3poOill a

Habip HOVR Labs y ramy3si ximii Ta 610XiMii SIK T0Ka3 NPUHLMITY IJIs 3arajibHOl
OCHOBH JIsl MaciiTaboBaHA Ta €KOHOMIYHO €(EeKTHBHA KOHCTPYKIIIS TMOBHICTIO
HacTporoBaHux jadopatopii HOVR y ramysi ¢i3uunux i1 Oionoriynux Hayk. Lle
CHCTEMa Ta CTPYKTypa OyJii KOPOTKO MPEACTABIEHI B HEIIOJABHO KOPOTKA CTATTs
(Hamadani et al. 2022). TyT Mu npoONOHYeEMO a JIeTajJbHUM 1 HOBHUI ONUC HALIOI
0a30BO1 CUCTEMU MPOTrPaMHOr0 3a0€3MEUEHHs], BKIIOUYAIOUN aAapaTHO-IPOrPAMHY
IHTErpallif0 HEOOXiAHI JUIsl MIATPUMKHA IUIABHOTO TMepeMukaHHs Mix VR 1
MoaanbHOcTi MR TUI 3 KOXHUM J1a0OpaTOPHUM IHCTPYMEHTOM, a TaKOX Halll

X110 CTPYKTYPOBAaHMX €JIEKTPOHHUX TaOJUIIb JIs pealizailii BMicTy 0e3 Koy

poOoumii mporiec po3podku. Y pexumi VR kopuctyBau B3aemojiie 3 1abopaTopHUid

IHCTPYMEHT, TIPO SIKUH e MOBa, BAKOPUCTOBYE BUKIIOUHO KOHTpoJepu VR.

Y pexumi MP BuOpani HaOopu pydHuUX OGIBUUHHX JAOOPATOPHUX
IHCTPYMEHTIB (SIKI PETEeIbHO MOJIEPHI30BAHO MapKepaMHu BiJICTEKEHHS) ONTUYHO
BIJICTeXKYEThCSI Ta peHnepuThcss Ha HMD kopuctyBaua miis BBIMKHEHHS TOBHA

TaKTUJIbHA aBTEHTUYHICTh Y POOOTI 3 TaOOPATOPHUM 1HCTPYMEHTOM.



Y Hamiid mnoTo4HIH poOOTI MH TaKOX HaJaeMoO JACeTalbHUN aHaji3
JOCITIJDKEHHS KOPHCTYBadiB, SKE MH IPOBEIM B KOHTEKCTI aHAIITHYHOTO
JOCTIKEHHS XIMIYHUHN Ta00paTOpHUIA KypC, SIKUH MIKPECITIOE SIK CUIIbHI CTOPOHH,
TaK 1 HEJOJIKM HAIIOro Yy3arajJbHEHOTo IMiaxoay. Yepe3 MbOro KOpPHCTyBada

JOCTIKEHHS, IKe MU MaJId Ha METi MePEeBIPUTH HACTYIIHI T1IOTE31/3aMUTaHH,:

1). € cnopaBXHIM KIHECTETUYHUM/TaKTUJIFHUM CEHCOPHHM 3BOPOTHUM
3B’A3KOM (TOOTO «IIPAaKTHUHUNY (HAKTOP), KU € KPUTHYHO BAXKJIMBUM YHNHHUKOM

IHTEepeCY KOPUCTYBava Ta MOTHBAILSl JJO BUBUCHHS 3MICTYy TaOOPATOPHUX HABUYOK?

2). Pobutp 1e «mpakTUYHHID (HaKTOp MOCHIIIOE Ta TMOKpAILy€e 3AaTHICTH
KOpUCTyBaua HaBuuThca Ta 30epertu 3HaHHa STEM? 3). Uu mMoxiamBoO 1€ 1mo0
3MEHIIUTH CKIAIHICTh po3poOku iHauBiAyadbHuXx VR/MR HaBuanbHUi 1OCBI,
o6 pecypcu MoKHa OyJi0 BUKOPHCTOBYBATH JIsi PO3POOKHM KOHTEHTY 3aMiCTb

PO3pOOKHU MPOTPAMHOTO 3a0€3MEeUEHHS?

o6 BignoBicTy Ha 3anuTaHHs 1 1 2, mu Bukopuctanu VR pexum TUI sax
KOHTpOJIb 1 «macuBHUi» pexuM MR TUI sk excriepuMeHTanbHe BTpYyYaHHS IS
NEpPEeBIPKA TAKTUJIBHOTO BIUIMBY AaBTEHTUYHICTh a(EKTUBHUX 1 KOTHITUBHUX

pe3yJIbTaTiB HABUYAHHS.

[IIo6 BIAMOBICTM HA 3amMWTaHHS 3, MU BHUKOPUCTAIN CTPYKTYpPOBaHUM
Microsoft enexktponni Tadnuii Excel, siki 703BOJSIOTH pO3POOHUKAM KOHTEHTY JJIst
BUKJIaJ[a4iB CTBOPUTH MTOBHICTIO MiATOTOBJIEHI JJAOOpaTOPHI HABUAJIbHI CePEIOBHUIIA
HaJIAIITOBaHI HA MOTPEeOU CBOIX CTYJICHTIB, a HE HA PeCypcH OOMEKEHHSsI, TTOB'sI3aH1
3 BUTpAaTaMH Ha po3poOKy MporpamMHoro 3adesnedeHHs. KirouoBi iHHOBALIIT HAIIOT

pob6oTH 3Be/IeHI B TaOHIIIO 1.

HesBaxkatoun Ha oOMexeHI MOAyIl Kypcy Ta JabopaToOpHI 1HCTPYMEHTH,
peali3oBaHl B MOTOYHIA CHUCTEMIi, BOHA MIIXOIUTh I BUKOPUCTAHHS B CEepeIHS
IIKOJIA, KOJIEJK HUKYOIro piBHS ab0 Oe3mepepBHA OCBITa BCTYIMHI KypcH XiMii Ta

OloxiMii K1 MICTATH BCTYIHI J1aOOpPaTOpHI EKCIIEPUMEHTH, TaKi SK MINeTKa



Ka1iOpyBaHHS. 3 OUIBIIO KIJIBKICTIO Ja00paTOPHUX IHCTPYMEHTIB 1 J1a00paTOPHUX

MO/TYJIiB, O1JIBIIIE KyPCH BUTPAIOTH BiJ IILOTO MIIX01y B MAOYTHHOMY.

Mu npeacTaBiIseMo 3arajibHy CTPYKTYpY, sIKa MOETHYE pO3POOKY KOHTEHTY
0€3 KOy, eKOHOMIYHO €(EeKTUBHE BIJICTEKEHHS IHCTPYMEHTIB abopatopii MP Ta
aBTCHTHYHI BIPTyaJbHI HayKOB1 J1abopaTopii MOXKYTh NMPUHECTH KOPHUCThH IHIIHUM
HayKaM Ta 1H)KEHEpHI raiy3i, fKI BHMararoTh AaBTEHTHYHUX MPAKTUYHUX

n1abopaTopii.

[Tigpo3ain 1.2 mpeacTaBisie KOPOTKUH OTJISAA TMOMEPEIHBOI BIIMOBIIHOL

poooTH.

[Tigpozain 1.3 micTuTh orisa noroyHux jadopartopii HOVR cucremn ta
MOSICHIOE, SIK MPALIOIOTh Pi3HI 11 MiJIKOMIOHEHTH 1HTErpoBaHui. Y migpo3aim 1.4,
HAJa€MO JETaJbHUI ONUC OCHOBHE IMpOrpaMHE 3a0e3leueHHs, HOoro pisHi
M1JKOMIIOHEHTH Ta CTPYKTYPY, Ky BIH peamsye. Y niapo3aia 1.5, npeacraBisemMo
KOpPUCTYBaua JM3ailH JOCHIUKEHHS Ta Halll MONepeIHl pe3yiabTaTu. Mu
OOrOBOpIOEMO 3arajbHUN JW3allH CHUCTEMH, TepeBaru, OTPUMAaHI YPOKH Ta

MaifOyTHIO poOOTY B migpo3aidi 1.6.

1.2 Orasig AOTUYHUX POOIT

VY chepax STEM BipTyansHi jaboparopii AOMOBHIOIOTH 1 B3a€EMOIIIOTH
TpaauiiiHi ouni naGoparopii GararbMa criocodamu (Yini ta im. 2012; e Monr Ta
iH. 2013). AHiMarlii, sIKi TIOCTPYIOTh MIKPOCKOIIUHY 200 MOJICKYJISIPHY OCHOBY JIJIsI
MaKpOCKOIIIYHOTO EKCIEPUMEHTY CIIOCTEPEKEHHS MOXHa BOYJOBYBaTH Yy

BIpTyaJIbHI €KCIIEPUMEHTH MO3UTUBHI PE3yJIbTATH JUIsl HaBYaHHs cTyeHTiB (Moore

et al. 2014).

OuiHIOBaHHS B PEXHUMI pPEaIbHOTO 4Yacy 3 MHUTTEBUM BIATYKOM TaKOX €
KOPHCHUM JJIsl TUX, XTO HaBuaeThest STEM. 3 aBaHcaMu y MalIMHHOMY HaBYaHHI Ta
HITYYHOMY 1HTEJIEKTI, aJJallTUBHUI JTOCB1J HABYAHHS, KU MOJENIOE PIBEHb 3HaHb

kopuctyBaua (Taagepera and Noori 2000; Stahl and Hockemeyer 2019) na ocHoBi



TaKuX OI[IHOK y peajlbHOMY Yaci, a MOTIM MPOIOHYBATH iX MTePCOHATI30BaHUN BMICT,
HAJIAIITOBAHUN BiJIIOBITHO 10 IXHBOTO €TaIly PO3BUTKY TaKOX MPOJIEMOHCTPYBAJIH
KOPHCHICTh Y TIEBHUX KOHTEKCTax. HapemTi Ham po3yMiHHS CKJIaJHUX MPOIIECIB
HaBYAHHS, 3aCHOBAaHMX HA 3allUTaxX i MEXaHi3MiB OyJI0O TIEPETBOPEHO MPOrPaMOI0
OCHOBH IHTETpaIii 3HaHb JJII TEXHOJOTIYHO BJOCKOHAJIEHWX CHCTEM HaBYaHHS
(JTinn ta Eiinon 2011; Jle Monr Ta in. 2013 pik; JlinH Ta in. 2015 pik; JTiHH Ta iH.

2018).

binbiiicTh iICHYIOUYHX BIpTYalbHUX HAYKOBUX JTAOOpaTOpiii a00 CUMYJIALIINA He
MalOTh €(QEeKTy 3aHypeHHS Ta BHUKOPUCTOBYIOTH 2D-maucriei Ha MOHITOPI,
KJIaBlaTypy, 1 CTaHAapTHA MUIa sl B3aemoii 3 kopuctyBaueM (UI). mudpoBuit
KOHTEHT. [IpoTe BIACYTHICTb 3aHypeHHS Ta TAaKTHWIbHUX/KIHECTETHYHA
ABTEHTUYHICTh Y TAKUX JIBOBUMIPHUX CUCTEMAX — SIK1 BIIMOBIIIOTHCS YC1 lT€peBaru
IPOCTOPOBUX OOUYMCIEHb OOMEXKYIOTh iX MOXJIMBOCTI 3ajyyaTH Ta MOTHBYBaTH
yuniB STEM.He3Bakatoun Ha 11 oOMexeHHs, Taki 2D BipTyanbHl HayKOBI
naboparopii 6e3 edeKkTy 3aHypeHHS MarTh MPOJACMOHCTPYBAIM iXHIH BIUIMB Ha

HaBYaHHA B pisHUX KoHTeKcTax (Bonme 1a in. 2014; ®onkonep i Ipycc 2018).

Ax xomm’rorepHa rpadika Ta TPOCTOPOBE BIJICTEHKEHHS/OOUMUCIECHHS
TEXHOJOT1] BIOCKOHAJIMIIHCS, CTAI0 MOKJIMBUM CTBOPIOBATH, BIPOBAIKYBAaTH Ta
JIOCITIJIXKYBATH BIUTUB OLIBIN 3axoruiorouoro 3D BipTyalibHI HayKoBi jabopatopii
(Al et al. 2014). ¥V 2018 poui lenn Games BUMyCTUIN TeiMI(PIKOBaHY XIMIUHY
naboparopito VR mig HazBoro «Uemmonn HoloLaby 3 Benukum BuzHaHHAM (Shell
Games 2021). 3okpemMa, MOXJIHMBICTb TMPOCTOPOBOTO BIJICTEKEHHS PY4YHI
KOHTpoJiepH, rapHiTypu Ta MP-akcecyapu VR/MP-cuctemu 3 Tppoma abo nricteMa
crynensimu cBooou (DOF). Metoau Bincrexxenns DOF nponoHytoTh IEPCIEKTUBY
3aCTOCYBaHHS MUIIMETP/MITICEKYHIa MPOCTOPOBO-YacoBa pPO3/LJIbHA 3AaTHICTh
IPOCTOPOBHUX OOUYHMCIIEHB IS MPAKTUYHHX JJA00OPATOPHUX HABUAIBHHUX MIPOTpaM Ta
3a0e3MeYeHHs] 3BOPOTHOTO 3B'SI3KY 100 MCUXOMOTOPHKH B PEKUMI pPEaNbHOTO
yacy OTPUMaHHS 3 TOYHICTIO, TOYHICTIO Ta MacIITaboM, sIKl MOTJIM O HIKOJIU He OyJie

JOCATHYTO B TPAAUILIIIHOMY TaOOpPaTOPHOMY HaBUAJIHLHOMY CEPEAOBHILI.



Xoua BipTyanbHe 2D 6e3 3anypenHs Ta 3D 3 3aHypeHHSIM 10CBi JlabopaTopii
npornonye nepeBaru i HaBuaHHs STEM (Bonde et al. 2014), mpuabanss
OPAKTUUYHUX HABUUYOK HABMYKM BUMAramTh, CEpea  IHIIOTO, HAJIEKHOTO
MaHIIMyJIIOBAHHS PEaJTbHUMU JTAOOPATOPHUMM I1HCTPYMEHTaMH, 1 1X HEMOXKJIUBO
IMITYBaTH 3a TOTIOMOTOI0 KOMIT FOTEPHUX MHIIOK, KJIaBiaTyp ab0 HaBITh TPbOX UM
mectd DOF VR kontponepu. Ha sxanb, BUTpatu Ha po3poOKy 3aHYpIOBaJIHLHOTO
koHTeHTY VR a6o MR Hapa3i oOMmexyroTh MacmrTad 1 Macmrad HasBHOI
X1M14HO1/610X1MI4HOI/HayKkoBoi Tabopatopii VR MR nocsia. Kpim Toro, OibImicTh
cydacHux po0iT BukopuctoBye VR (Ha Binminy Bin MR) mogansHocTti TUI, y sxux
B3a€MO/IIi 3 BIPTyaJIbHUMH €K3EMIUISIpaMu JJA00pAaTOPHUX 1HCTPYMEHTIB 1 BMICTY
BUKJIIOYHO KOHTpojepamu VR. Taki KOHTpoJepu HE [NalTh KOpUCTyBadam
CIpaBXHINM TaKTWJIbHUI/KIHECTETUYHUN CEHCOPHHMM JOCBIA YTPUMaHHA Ta

MaHIITyJIIOBAHHSI CIIPABKHIMU JIA0OPATOPHUMH 1HCTPYMEHTAMHU.

1.3 IlpakTuyHa Jadoparopis BipryajasHoi peaabHocTi (HOVR) cucrema

Cuctema HOVR LAB ckiamaercst 3 KoOMOIHAIl oOOJIagHaHHA IS
BIJICTEKEHHS KOMEPIIIHHUX 1 JOMAIIIHIX JIJA0OPATOPHUX 1HCTPYMEHTIB Ta MPOrpamMHi
KOMIIOHEHTH; cneuiagbHa ocHoBa Unity3D  mporpamHe  3a0e3nedeHHs;
CTPYKTypOBaH1 eneKkTpoHHi Tabswmii (tak 3BaHi Lab Module Gen erators), siki
CIIy)aTh SIK BMICT 0€3 KOJy, SKUM MOXXHa JUTUTUCS Ta peraryBaTH 3acoou
CTBOPEHHSI; 1 CEpisi KOTHITUBHUX 1 EMOI[IMHUX OI[IHOK Y PEXKUMI peajbHOTO Yacy, sKi
BUKOPHUCTOBYIOTHCS JUIS ITEPATUBHOTO OKPALIIEHHS Ta ONITUMI3YBaTH IMiArOTOBJICHE
BIpTyaJbHE HaBYAJIbHE CEPEJOBUIIE JJII MAKCUMAIBHOTO JOCATHEHHS Pe3yJIbTaTiB

HABYaHHS CTY/ICHTIB.
1.3.1 Orasaa cucreMu

Ak nokazano Ha puc. 1.1, 30BHIIIHI eneMeHTH 1HTep(ency KOpUCTyBaua,
CIPSIMOBaH1 Ha CTYCHTIB BKJIIOYAIOTh TPU OCHOBHI KJ1acu 00’ €KTIB — jJabopaTopHi

IHCTpYMEHTH, JIabOpaTOpHI I1HCTPYMEHTH Ta JAHWCIUICH JUIsl TIPEeJCTaBIICHHSI



IHCTPYKIIM 1 3BOPOTHOTO 3B’SI3KYy KOpHUCTyBadeBi. JlabopaTopHi 1HCTPYMEHTH
(GYHKIIOHYIOTH SIK IPOCTUM BIPTYaJIbHUN peareHT KOHTEHHEPIB 1 HE YMTANTE Ta HE
3anucyite iHdopmario B ado 3 kopuctyBaya. KoxkeHn nabopaTopHHUil IHCTPYMEHT
Mae 3a3fayieriib BU3HA4YeHY (DIKCOBAHY TOYHICTH 1 MPOTPAMHO KOHTPOJIHOBaHA
TouHicTh. Hampukiaz, MiKpOMneTKH, MEH3YPKH, IJISIIKU 3 peareHTaMu, 103aTOpu
PO3YMHHUKIB 1 TpaayloBaHl LUIIHAPU € JTaOOPaTOPHUMH IHCTPyMEHTaMH, 1 1€

MO>KJIMBO IIJIECIPSIMOBAHO Ta MPOTrPaMHO HETIPABUIILHO BIIKaNIOpyBaTH

Pucynok 1.1 Iarepdeiicanii nuzaiin cuctemu HOVR Lab

IaTepdeiicamit nuzaitn cuctemun HOVR Lab, opieHTOBaHMI Ha KOpUCTYyBaya.
BipTtyanbauii 1abopaTopHuil CTi1 Ma€ AUCIUICH, SIKUH MOBIJOMIISIE KOPHUCTYBAUERI,
SK1 3aBJaHHS WOMy TOTpIOHI JJis BUKOHAHHS, O0JAacTh TMOJAHHS I TOAadl
peareHTiB ab0 MPOAYKTIB JJIsl OIIHIOBAHHS Ta JIAOOPATOPHI 1HCTPYMEHTH, SKUMHU
MOKHa KepyBatu uepe3 koHtpoJdiepu VR (B pexxum VR) a6o o6podHukun MR (y
pexxumi MR). Cuctema Takox Tpalioe TOJI0COBI KOMaHAW JJIsl PI3HUX B3a€MO/IIN
Mikpominetka. Ha BigmiHy BiJ 1ab0opaTOpHUX IHCTPYMEHTIB, JJaOOpaTOPHI MpUiiaIn
YUTaAlOTh a00 3amucyBatu HeoOpoOJieH1 abo MpoaHaIi30BaHI JaHI KOPUCTYyBayeBi

abo Big Hboro. Taka mabGopaTopis npwiIaau BKIOYaOTh IM(POBI Bary,



Kanpkynsatopu,  pH-metpu,  mporpamHe — 3a0e3neyeHHs )4 aHAJI3Y

JTAHUX/EJIEKTPOHHI TabJIUIIl Ta JJAOOPaATOPHUM 30IIIUT.

Y4HI YUTaOTh TOKPOKOBY I1HCTPYKIIIO Ha JUCIICT 1 BHUKOPUCTOBYUTE
7abopaTopHI IHCTPYMEHTH Ta IHCTPYMEHTH, 00 3aBEPIIUTH CEPito 3aBAaHHS, SKI
Jali TOMUISIIOTBCS Ha €Tamd OTPUMAaHHs BiAMOBITHOTO 3BOPOTHOTO 3B’SI3KY B

pealbHOMY Yaci MiJ] 9ac 1 micJs 3aBepUICHHs KOKHOT OKpPEMO1 BiXH.

Koxen nabopaTopHuii MOTyJIb MOKHA TIPOUTH B OYIb-IKOMY 3 TBOX PEKUMIB
TUIL: MR-pexxum a6o VR-pexxum. CrioyaTky MU HOSICHUMO MOTIK CUCTEMU PEKUMY
MP. V pexumi MP nonepennbo BuOpaHuii HaOip (Pi3MUHUX JTAOOPATOPHUX
IHCTPYMEHTIB (TOOTO «OOpOOHUKIB» (Pi3MYHUX J1a0OPATOPHUX IHCTPYMEHTIB)
KOXEH 3 HHUX IPOCTOPOBO BIICTEKYETHCS MiJ Yac (Ppi3MUHOTO MAHIITYJIIOBAHHS
KOPUCTYBaue€M 1 B3a€EMOJIl OAWH 3 OJHUM, II00 3a0€3MEUUTH «IACUBHUN

TAKTUJIBHUN 1 KIHECTETUYHUI CUIIOBUHN 3BOPOTHUM 3B’ A30K 3 KOPUCTYBAUYEM.

s iHpopMaliis BIACTEKEHHS NepeaaeTbesi B oOCHOBHUI Unity MoietoBaHHS
JUTSl OHOBJICHHS TIO3UIIIM BIATBOPEHOTO BIPTYaJIbHOTO €K3EMIUISIPU JIa0OpaTOPHHUX

IHCTPYMEHTIB Y BIPTyaJIbHOMY CEPEIOBHUIIII.

3aBaaHHs, sIKI KOPUCTYBay MIOBUHEH BUKOHATH B JAHOMY MOy, pO30UTI Ha
«Bixm». KoxHa Bixa BU3HAYAETHCSA SK TMEBHUW CTaH BIPTYaJbHOTO CBITY 1 €
3aJ1a€THCS IUITXOM BU3HAUYEHHS 3HAYEHHS OQHI€T 400 KIJIBKOX 3MIHHHUX Ha OJIUH a00
KUIbKa BIPTyaJdbHUX OO0'€KTIB, SIKKNMHU MaHIMYJIO€ KOPUCTYBau ab0 pO3MILLYEThCS
KOPUCTYBA4YeM Y BUSHAUCHOMY «ITOJAHHS TUIOIIA» JUTsl OIIHKH. PsaKy elneKTpoHHOT
TabnuIl reHepaiii 1abopaTOpHUX MOMAYIIB BHU3HAYAIOTh Il BIXM 3a JIONOMOTOIO
PO3KPUBHOTO CIIUCKY MEHIO Ta MOIEPEAHBO BiAGOpPMAaTOBaHI CIIUCKH IMEH 3MIHHHUX
1 00’€KTIB K1 PO3POOHUKH BMICTY MOXKYTb JIETKO BHOpaTu 0€3 MomepeaHnoi Tpu
JIOCB1JT pO3pOoOKH abo mporpamyBaHHs. BuOpaBim 13 1UX PO3KPUBHUX CIUCKIB
3MIHHUX 1 00’ €KTiB, @ TOTIM BU3HAYCHHSI I{IJTbOBUX 3HAYEHB 1 MPUHHATHUX JOMYCKIB,
BMICT PO3pOOHHMKH MOXKYTh UyJOBO CTBOPIOBATH Ta BIOCKOHATIOBATH J1JA00OpaTOPHI
Moaymi cBoOOAa 1 Jerkictb. EnexkTpoHHI TaOMUIll TaKoX MOXHa BUIBHO

PO3MOBCIOKYBATH, JUIMTHUCS, 3MIHIOBATH Ta BJIOCKOHATIOBATH, MO0 CTBOPUTH



HOBUM JIOCBIJI, OPIEHTOBAHUI Ha O1JIbIIIe, MEHIIIE a00 1HIII 11J11 HABYaHHS abo Tpynu
KopucTyBauiB. Pucynok 1.2 umoctpye moTik iHGopMalii MK MiIKOMIIOHCHTaMHU
cuctemu HOVR Labs. Bincrexenns SteamVR Hamae mo3umii Ta opieHTarii
koHTpoJiepiB VR 1 HMD. V pexumi MP agantoBani 3D-npykoBaHi amantepu
BCTAHOBIIIOIOTHCSI Ha J1a0OpaTOpHI IHCTPYMEHTH MJi >KOPCTKOTO yTpUMaHHS
HabopiB  [YU-BimOmBaroumx  KyJbOK/MapkepiB Ha  KOXHOMY  (i3UYHOMY
Ja00paTOPHOMY 1HCTPYMEHTI B HENepTypOaTUBHUM CHOCIO mis 3a0e3nedeHHs
MACUBHOTO ONITUYHOTO BiFICTeKeHHs (puc. 1.2, crpasa Bropi). CucreMa 3aX0IUIeHHs
pyxy Optitrack (Natural Point, Inc. Kopamiic, Operon) crepeockoniyHo
TpiaHryytoe 3D mpocTopoBe MONOKEHHS KOXXHOIO MapKepa Ta OOUYMCIIOE O3y

(MOJI0’KEHHS Ta OPI1EHTALIII0) KOXKHOI JJa00paTopli IHCTPYMEHT, SIKUM MaHIMYJIIOIOTh.

[ToTim 1 1HpOpMaLis EpelaeThCs MOTOKOM B OCHOBHY cuMyJilito Unity
yepes nporpaMue 3abdesneuenns Optitrack Motive 1 fioro miaria Unity3D. AkTuBHe
BIJICTEKEHHSI JIA0OPAaTOPHUX I1HCTPYMEHTIB TAaKOX JOCTYIMHHH 3a JOMOMOIOIO
KOMepIIiitHoTo abo cremniaibHo cTBopeHoro SteamVR Ttpekepu (Gow et al. 2023)
(puc. 2, HKHIN JT1BOpYY). Jl0JaTKOBO MACUBHOTO ONTUYHOTO BIJICTEKEHHS TaKOX
MO>KHA JOCATTH, BUKOPHUCTOBYIOYM MEHIIIE JOPOTi perepHi MapKepu Ta Habarato
mpocTiiii (TOOTO Ha OCHOBI BeO-KaMepHu) CUCTEMHU 300pa)KEHHS ISl MMOJANIBIIIOTO
3HUKEHHS BUTPAT Ha 001aiHaHHs 1)1 TacuBHe BripoBakeHHs MP (Wu et al. 2017;

Ahmadinia et an. 2022 pik; ['apcia-Pyic Ta 1. 2023).

Jlumie KpUTHUYHI JTaOOpATOPHI IHCTPYMEHTH, SIKI BUMAraloTh aBTEHTHYHOTO
JOTUKY 3BOPOTHHUH 3B'SA30K I CIPHUSHHS HAaBUYAHHIO BIJICTEXKYETHCA PYyXOM 1
npenacrasienuii y pexkxumi MR TUI. B3aemonis 3 1a0opaTopHUMH 1IHCTPYMEHTAMU
Ta 1HCTPYMEHTH, IJis SKHX HE MOTPIOHA TaKTHJIbHA ABTCHTHYHICTh HABUYaHHS
(HampuKiIan, 3OIIWTH, KaJbKYJISTOPM TOLIO) YU HI CHPSAMOBAHICTH HAOYTTS
NICUXOMOTOPHUX  HAaBHYOK y  CyYaCHOCTI  MOAYJbh  OIMOCEPEAKOBYETHCS

KOHTpoJiepamu VR.

VY pexumi BipTyanbHO1 peanbHOCT] yuHi BUkopuctoBytoTh HTC Vive VR 6e3

00’€KTIB KOHTpOJIEpH JJIsi B3aeMOJii 3 yciMa O0’€KTaMH Yy BIPTyaJbHOMY



cepenoBuil. Optitrack ¢ikcye moTokoBy iH(pOpMAILIiIO MPO PyX BUMKHEHO, a BCI
¢b13u4HI J1abopaTOpHi ITHCTPYMEHTH BUAAJIIEHO BepcTak. I[HCTpyMEHTH BIPTyajabHOI
nabopaTopii TeHepyIThCs K y pexxumi MP, ane BOHM HE CHIIKYIOTH 32 pyXOM
G13UYHUX Ta00PATOPHUX IHCTPYMEHTIB 1 MOTPEOYIOTh, 11100 KOPUCTYBau KEpyBaB
HUMH 32 J01oMoror koutposepiB VR. 1l peryiaboBana TakTuiIbHa aBTEHTUYHICTb
€ KIIOYOBUM €JEMEHTOM HaIlOro MPOEKTYBaHHS CHUCTeMH. Talnuiis CTBOPEHHS

nabopaTopHOTO MOAYJIs Hpaitoe HezanexxHo Bij pexumy TUI (MR a6o VR).

[Ticnst Toro, sk iHdoOpMaIlisd BIACTEKEHHS HAJIXOJAWTh Y CHCTEMY 1

TeHEePYIOThCS IHCTPYMEHTH BIpTyaIbHOI T1a00paTopii, HACTYIHI €Tanu MPOTrPaAMHOTO

3a0e3nedyeHHsl, sIKe Kepye MpeCTaBICHHSM IJIaHy YPOKY/peasizailisi 0JJHaKOBa.
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Pucynok 1.2 Ornsig cucremu HOVR Lab

OO6nagHaHHS ONTHUYHOTO BIACTEXKEHHS, FeHepaTop J1abOpaTOPHUX MOIYIIIB,
IHCTPYMEHTH BIPTYyaJIbHOI JJabopartopii nojasiitHoro pexxumy (VR/MR), ocHOBHE
nporpamue 3a6e3neyenHs Uni ty3D 1 xmapna 6a3za nanux AWS Hatepti pa3zom,

11100 3a0e3neunTy MacITaboBaHy po3poOKy BMICTY, IUIaBHY pOOOTY KOpUCTyBaua

B3a€EMO/III0 Ta MOKJIMBOCTI OLIIHIOBaHHS YCIIIIHOCTI CTYCHTIB



1.3.2 IIpoAyKTUBHICTH 00JIaJHAHHS TA CUCTEMHU

Hama morouHa cuctema BUKOPUCTOBYE irpu B peanbHOMy 4Yaci Unity3D

JABHUI'YH AK OCHOBHA HJIaT(l)OpMa AJIL ITPOrpaMHOro 3a0e3IeUeHHS MOICIIOBAHHAI.

HTC Vive Pro HMD BiaTBOpIo€ BipTyalibHE CepeIOBUIIE KOPUCTYBaya, 1 JIJIs
ILOTO BUKOPHUCTOBY€ETHCSA B 2 110 4 6azoBux ctanmiit Light House 2.0 Bigcrexxenus
SteamVR xontposnepiB HMD i1 VR. Onna kamepa Optitrack Trio kpinutbces 70 CTiHH
nepen  1a0OpaTOpPHUM  CTEHAOM  JJIi  CTEPEOCKOIMIYHOIO  BH3HAYEHHS
CBITJIOBIIOMBAHHSI TIOJIO)KEHHSI MapKepiB 1 I[IacMBHE ONTHUYHE BIJACTEKECHHS
BIJIMOBITHUX JTAOOPATOPHUX IHCTPYMEHTIB. HacTibHUI KOMIT TOTEP 13 MPOIIECOPOM
Intel Core 17 1 Bigeokapta Nvidia GeForce GTX 1080 3a6e3neuye
BipTyalibHY/3MilIaHy peanabHicTh. Hapasi cumyisiiss VR/MR npaiitoe 31 BUIKICTIO
npu6sm3Ho 90 kanpiB Ha cekyHAy (fps) 13 11,1 Mc. 3aTpuMKH, SKOi JOCTATHBO, 11100
YHUKHYTH 3aKojucyBaHHS VR OuibliicTe KopucTyBauiB. [IpubnusHo 3 aecstbma
7a00paTOPHUMU THCTPYMEHTaMHU, $KI OJHOYACHO BIJICTEXKYIOTHCA OO0 €KTIB,
3aTpuMKa BIACTEXeHHS pyxy Optitrack Hapasi ctaHoBUTH Osn3bko 11,6 mc, 1o
CrocTepirajocs Ha MaHesdl cTaHy mporpamHoro 3aoesneuenHs Optitrack Motive.
[Iporpamue 3a6e3neuenns Optitrack Motive mpaittoe gaii ToW caMuii KOMIT IOTep,
Ha SKOMYy BCTaHOBJIEHO IporpamHe 3a0e3neueHHss MonenmoBaHHs Unity3D
HIBUKICTh TOTOKOBOI miepenaul 120 kanpiB B cekyHay. [Iporpamue 3abe3nedeHHs
Optitrack Motive 1 3aTpuMKa NOTOKOBOTO MEpeaBaHHs, TAKUM YUHOM, OLIIHIOETHCS

sk 11,6 mc+1000/1 20 mc=20,03 mc. Chenechal Ta 11. BumiproBaB HTC Vive

Cepenns 3arpumka Bimoopakenns mogarka Unity Bix 31,33 mMc BiATBOpEHO

1o 1 minbitona nomironis (Chénéchal ta in. 2018).

Hama cumynsuis mictuts 210,7 THC. TPUKYTHHUKIB, IO B MEXKax J1aa3oHy
nepeBipeHo B poOoTi YUeneuans. Hama cuctema TakoX BUKOPUCTOBYE OLbIIe
NOTYXXHUM TpadiuHuii mpoiecop. TakuM YMHOM, 3arajibHa 3aTPUMKa CHCTEMH Bij
ONTUYHOI CHUCTEMH BIJICTEKEHHS 1O BIPTyaJIbHOIO BMICTY, IO BIJOOpaXa€eThCs
kopuctyBaua B HMD omintoetscst menmie Hix (20,03+31,33 ~) 51,36 mc. Lle Tpoxu

BUIIE, HIK THUIOBI 3aTPUMKUA «pyX [0 (HOTOHA» KOHTPOJIEPIB BIPTyaIbHOI



peanbHoCTi (21-42 mc) (Warburton Ta i1, 2023). OcKiIbKHM HaIl 1U3aiiH B3a€EMOJIIT 3
KOpPHUCTYBaueM MoTpedye KOPUCTYBauiB CTOATU Iepe]] JIabOpaTOpHUM CTOJIOM 0e3
OyAb-SIKUX PI3KUX PYX1B CUMYJISIIS HE BUKITUKae O0arato pyxy HyA0Ta abo BIIUyTTS
3aTPUMKH PyXy Y KOpHUCTyBaudiB. MU po3poOuiIn Ta BUIPOOYBaId Pi3HI HAYKOBI
nabopaTopii BiICTe:KEHHS piieHb. J{u3aiiH 1 omruMizaliisi 000X aKTHBHI Ta TTaCUBHI
MapKepH BIICTEKEHH Ta aIalTePH, 1110 BUKOPUCTOBYIOThCS B cuctemy HOVR Labs
OIMyOJIIKOBAaHO B HAIIMX HENIOJIaBHIX JOKYMEHTaX Mpo pPO3pOOKYy amapaTHOTO

3abe3neueHHs (Ahmadinia ta 1. 2022; Gow Tta air. 2023).

1.3.3 InTerpauisi Kypcy Ta Joricruka

L{s cuctema po3pobIieHa JJ1s1 BAKOPUCTAHHS B CEPEIHIX 1 BULIIUX HABYAIbHUX
3aKianax. Mu noKjIagaeMo oCOOIMBUX 3YCHUITb 3HMKEHHS BapTOCTI Ta CKIJIATHOCTI
HaJalITyBaHHS CHUCTeMHU. s 1 kKoxkHOi VR/MR cranuii HeoOXigHO Take
oOaiHaHHsA: irpoBHi KoMl 1oTep 13 mporiecopom GPU (~$500-1500); oqua~2.5" X
~ 5’ posknamuauii ctin (~$50); onuH CrOXKMBYMK piBeHb. [ apHiTYpa BipTyaiabHOI
peansHocTi (Big ~300 pomapie CIIIA 3a okpemuit Oculus/Meta Quest 3
koutpojiepamu g0 $1200 3a HTC Vive Pro 3 0a30BUMH CTaHISIMH Ta
KOHTpOJIepamMu); OAUH ONTHYHUI TpekiHr kamepa (Big ~100 mgomapis CIIIA 3a
MPOCTUH KOCTIOM BeO-KaMepu, 3JaTHUM BIACTE)XKYBaTH pENepHUN Mapkep 13
HU3BbKOIO TouHicTIO, 10 4000 pomapie CIIA 3a migiiiae cTepeocKorivyHa
iH(ppauepBoHa kamepa ctexeHHs: Optitrack Trio st BUCOKOTOYHOTO ONTHUYHOTO
BIJICTEXKEHHS); Ha0Ip (I3UYHUX JTaOOPATOPHUX 1HCTPYMEHTIB TIJIACTHKOBI CKIISTHKH,
MIIETKH, TiICTaBKH JIJI1 HAKOHCYHHUKIB, TUTACTUKOBI IMPOOIPKH JIJIs 3pa3KiB, Ta iH.) 3
agantepamu s kpirieHHss Mapkepa (TOB «HOVR Labsy) 1 mapkepu st
BIJICTeXKEHHS (CBITJIOB1IOMBArOY1 KyJIbKH KOMTYIOTH ~5 nonapiB CIIIA 3a mTyky).
Bia Natural Point abo HOVR Labs LLC). I'onoBHe ckJi0 1abopaTopHi iIHCTPYMEHTH
3aMIHIOIOTHCS TUTACTHKOBUMH BEPCiSIMH KOXKHOTO pPa3y, KOJHU 1€ MOXKJIHUBO, III00
MiHIMI3yBaTl HeOE3MeKy Ta BIAMOBITAIBHICT 3a POOOTY 3 CKISHHUMA TOCYI.

[IpumMiTHO, 1110 HEMPABUJILHO BiJIKaIiOpoBaHUN MOkHA niepenpodiatoBaTu abo 1HIIII



Herpale3aTHl Ja0opaTopHl IHCTPYMEHTH, SIK1 BCE 111€ BiAUYBalOTh (yHKI[IOHATBHI
7a00paTOpHI IHCTPYMEHTH ISl HAIUX 1iied. ONTUYHUN TPEKIHT alalTepu TaKoXK
MOXHa HaJpyKyBaTH Ha 3D-mpuHTEpi Ta BCTAaHOBUTH HA HUX I1HCTPYMEHTH
nabopatopii. Ilepioguune xkaniOpyBaHHsA BiAcTexkeHHs SteamVR 1 cucrema
BizcTexxeHHss MOTHBIB Optitrack HeoOxian1 mowmicsms. Ile kamiOpyBaHHS cUCTEMHU
3aliMa€ JIUIIE a KUIbKa XBUJIMH 1 aBTOMaTHU30BaHO B HAIIIOMY MPOTOKOJI. 3pydHUt
pobounii mporec 1 6aza JaHUX KOPHUCTYBadiB PO3pOOJIeHI Ta BIPOBAIHKEHI IS

30epiranHs iH(popMallli KOprCcTyBada Ta MOJETIIECHHS IHTerpaiii Kypcy.

BnpoBamxenns nocsiny nadoparopii VR/MR po3pobiiennii TakuM 4UHOM,
1100 OyTH MIHIMaJIBHO 1HBa3UBHUM JIJISl CTAHJAPTHOTO HABYAHHS CEPEIOBHUIIL. Y Ce,
o MU MaeMo y jabopatopisx VR a6o MR 3po6rieHo (BKiIO4aroud OMHCaHUN
MOAYJb KaniOpyBaHHs MHINETKHU 1 MEPEBIPEHO TYT) MOKHA JIETKO CKOPOTHTH Ta
CIIPOCTUTH a00 CTaB JOBIIUM 1 CyBOPIIIMM/BHUMOTIIMBIIINM 3aJIKHO BiJl IIHOBA
ayJIuTOpisi Ta 4yacoBl oOMexeHHs. [lepexxrBaHHsl onucaHl TyT Oyl pO3MIIIEHI Yy
cnemanbHit VR-ctyaii 3 181 VR/MR na6opatopni cranii. Irposi cryaii VR/MR
3apa3 3a3BUYail 3yCTPIUa€ThCA B My3esX, TOPTOBUX LIEHTpaxX 1 6araTb0X KoJemKax
KaMITyCH TI0 BChOMY CBITY 3a3BUYail MaroTh 5 a06o Ounbiie Takux VR/MR cranii.
Hama crynis VR/MR mae HaBueHwmii iepconal, sikuii 00CIyroBye o0yiaHaHHS Ta

po3MicTiTh Jaboparopito VR a6o MR.

HaBuaHHs HOBUX CIIBPOOITHUKIB, Kl HE OyJIM 3HAHOMI Hallle JOCTIIKEHHS
a6o 3aranoMm 13 VR/MR npoBoamincst KO)KHOTO CEMECTPY 3a MOTpedu Ta 3aitmaiu
O5M3BKO MBOX JHIB. MU B JaHU# Yac 31aTHUH 0OpOOISTH CTYIEHTIB 32 JOTIOMOTOIO
nocBigy nadopatopii VR/MR Ha npoayKTUBHICTh MpUOAN3HO N'STH 90-XBUIMHHUX

nabopaTopiii Ha CTaHI(IIO HA JICHb.

35 cranuisimu VR/MR 11e 3a0e3neunTh NponycKkHy 34aTHICTh NPUOIu3HO 125

JTIOCBIJIIB HA THXKCHB ITPU MaKCUMAJIbHIN TOTY>KHOCTI.

Ha nouatky cemecTpy KJIacHUW KEpIBHMK TMOBIAOMIISIE CKJIaJ Kiacy Ta
Oa)kaHUM eKCIIepUMEHTaIbHUI MOJYJb MpalliBHUKaM JabopaTopii 3a JOMOMOTO0

dopmaroBanoi popmu Excel. Tomi mepconan mnpusHadae Ta PO3MOBCIOIKYE



171eHTU(PIKAaTOPHU KOPUCTYBAYiB 1 TMApOJi KOXKHOMY CTYJEHTY 4epe3 Oe3leuHuit
KaHas. Y BUMAJKY JOCIIKEHHS KOPUCTYBadiB, CIIIBPOOITHUKHU BUMAIKOBUM YHHOM

PO3MOIUINIIN CTYACHTIB Ha Pi3H1 EKCIIEPUMEHTH a00 KOHTPOJIbHI TPYTIH.

®aiin, 10 MiCTUTH B110OpaKEHHSI MK CIIPaBXKHIO 1HPOPMAIIIIO PO CTYACHTA
(kmac, iM’s Ta eJeKTpOHHA ajpeca) Ta 1eHTU(DIKATOpP CHUCTEMH Ta MapoJib OyiH
JOCTYTIHI JIUIIIE JIOKAJIHHO IEPCOHAI 13 3aXUCTy 1H(popMalii cryaeHTis. Llei cnincok
Excel wmictute mnpusHadeHuwit iAeHTU(IKATOp KOpHCTyBaya, MMapoip 1
eKCIIepUMEHTaJIbHI TpynH (0e3 peayibHOi 1H(MOpMAIli PO CTYJIEHTa) MOTIM OYJI0
3aBaHTXXEHO B XMapHa 0a3a [aHWUX IHTErpoBaHa 3 OCHOBHUM MPOTPaAMHUM
3a0€e3MeYeHHSIM MOJICNIOBaHHS 1100 3aBaHTaXUTHU NpaBwibHUNA pexuMm (VR abo

MR) 1 Moaynb JOCBIJ M1 YaC BXOAY KOPUCTyBaya CTYJICHTA.

[TpoTsiroM cemecTpy CTYACHTH OTPUMAIIM 3alPOIICHHS Ha CIpOOyHTe Halry
maTdopMy Ta 3a0pOHIONTE Yac JJis JJabopatopli BIpTyallbHOI pealbHOCTI 4epe3
CHUIBHUIM JOCTYN KaJieHJap. Y4YHI BUKOHYBAJIM aHKETU Ta TECTU Ta MEPErJISHYIH
NIArOTOBYl  YPOKM uepe3 OHaiH-HaB4aHHS miatgopmu. CriBpoOITHUKA
nabopaTopli HalamTyBaJIM MPOTPAMHE Ta arapaTHe 3a0e3nedYeHHs mepea TUM, SIK

KOXKHA TapTisl CTYJEHTIB npuxoauia 1o cTyaii VR nms cecii.

[licns Toro, sAK ycl Yy4HI 3aKiH4YaThb JOCHiJ HAMNPHUKIHII CEMECTpy
CHiBPOOITHUKY MOXYTbh 3aBAHTAKUTHU 3AITMCH [IPO YCIIIIHICTh CTYJIEHTIB 13 XMapHO1

0a3u JaHUX 1 MOBEPHYTH (Pailsl IHCTPYKTOpA JJIsI OI[IHIOBAHHS.

OCHOBHUMHM TpPYAHOIIAMHU, 3 SIKUMH MU 3ITKHYJUCSA, OyJIM HaBYAHHS
nepcoHaiy J1abopaTopii, IHCTPYKTOPIB 1 CTYICHTIB JJ1s1 €pEKTUBHOT'O BUKOPUCTAHHS
cuctemu croci0. [1lo6 BupimmTH 111 poOIeMu, MU 3pOOUITH CEPit0 MIAPYUYHUKH IS
KOXXHOTO TIJITUITYy KOpUCTyBada. Y Hac € ¢ala i3 «KOHTPOJbHUM CIUCKOM
nepcoHanay Jjaboparopii» Ta BIACOIHCTPYKIli, 1100 HarajgaTd NEpCOHATY
nabopaTtopli Mpo TOYHE KPOKH, HEOOXITHI ISl BIIKPUTTS, BUKOPHUCTAHHS Ta

00CITyTrOBYBaHHS CUCTEMHU.



Takox € MoKpoKoBuH MociOHUK 13 3D-1pyKy HEOOXiAHOTO HAOOPU MapKepiB
1 wmicusg iX KpiIUIGHHS Ha JIabopaTOpHMX I1HCTpyMeHTax. A B saboparopii
30epiraeThCsi KibKa I1HCTPYMEHTIB pe3epBHOI jaboparopii 3 TpekepaMu ajs
HIBUKOI 3aMiHM, SKIIO SIKICh TpeKepu 3lamMaroThes. Biktopunu ta VR cucrema
OpoHIOBaHHS CTyZAiii Oyna BIpOBa[KEHAa B HAIIOMYy Kammyci miatgopma
yOpaBIiHHSA HaBYaHHAM. MU TakoX po3poOHIIM HaBYaJbHE BiA€O, SIKE CTYACHTU
MOXXYTb TMEpEeryisHyTH Iepea MoKa3oM ax Jo Jjabopatopii. B ocHoBHOMY
IpOrpaMHOMY 3a0€3MEeUCeHHI MOJCITIOBAHHS BIpTyaiabHOI JJabopaTopii MH JT0OaHO
Oarato BiX, II0OO OpPIEHTYBAaTH CTYJEHTa-KOPUCTYBaya, HAMPHUKIAA, KU KHOIKY
KOHTpOJIEpa, IKY HOTPIOHO HATUCHYTH, 1 KOJIH. 3 IIUMHM aJalTalisiMyA MaTepiajiB, MU
3MOTJIM IIBUJIKO HABYMTU MEpPCOHAN jaboparopii B pI3HUX CEMeCTpax IIiJi 4yac
pO3pOOKM Ta TECTyBaHHS CHCTEeMy Ta Oe3mepebiiiHe BUKOHAHHS JOCIIKECHb

KOPHUCTYBaYiB.

1.4 Jlu3aiiH nporpamMHoOro 3ade3nevyeHHst
1.4.1 Orasa nporpaMHoi CMCTEeMH

[Iporpamue 3abe3neuenns st MP monentoBandss HOVR Lab npuznauene
JUTSL TO3BOJISIIOTH PO3POOHMKAM BMICTY JIETKO HAJAIITOBYBATH Ta ONTHMI3yBaTu
nocBlg  jabopatopii, poOJsSYM B3a€EMOJII0 3 BIPTyaJlbHUM JAaOOPATOPHUM
CepeOBUIIEM IHTYITUBHO 3pO3yMIJION0 JJIsl CTyJeHTIB. CucteMa O0yJio po3po0JieHO
3 BUKOPUCTAHHAM poOodoro mporecy po3poOku Agile, 1 OcHOBHI 11abJI0HU
MIPOCKTYBaHHS MPOTPAMHOTO 3a0C3IEUEHHS, 10 BHKOPHUCTOBYIOTHCS, BKIIFOYAIOTh

CTaH 11a0JI0H, CIIBIporpaMa, 00podKa Mo/ 1 mabIoH OJJUHOYHOTO €JIEMEHTA.

OcHoBHa 0a3oBa cucTeMa MPOrPAMHOTO 3a0e3MeueHHs IHIIaIi3ye J0CBia

VR/MR 3 BUKOpUCTaHHSIM TaKoi MOCiI0BHOCTI (puc. 1.3):
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Puc. 1.3 Ornsin nporpamMHoi cuctemMu

Bxin kopuctyBauya, BHOIp MOIyisl, BUOIp pEeXUMY B3a€EMOIli, po30ip
enekTpoHHux Tabmumbs Lab Module Generator, SteamVR i1 (y pexumi MP)
1H1I1aJ113a11s] PYXOBOTO OIITUYHOT'O BIJICTE)KCHHS, CBITOBE
KaJiOpyBaHHs/peecTpartis, CTBOPEHHS EK3EMILLIpA
0OpOOHUKA/IHCTPYMEHTY/IHCTPYMEHTY Ta, HApEIITi, KepyBaHHSA JIa0OpaTOPHOIO
JUSTBHICTIO Ta KOMIIOHEHTH TEPEBIPKM BBEIEHUX KOpucTyBaueM aaHux. [licis
HImiami3amii  MOCHIJOBHICTh  3aBepIeHa, IHCTPYKIII JUIsi  KOXKHOI  BIXU

YUTAIOTHCS/BIIOOPAKAOTHCA Ha €KpaHi BigoOpaKeHHs 3aB/IaHb.



Toni KOpUCTyBa4Y BHKOHY€E 3aBJIaHHS, IOJAHHS KOPHUCTyBaya OIIHIOETHCS
IIJIbOBE 3HAYCHHsS (SIKE MOXKE 3ajie’KaTh BiJI OTPUMaHUX JIaHMX a0o MojaHl Ha
MOTIEPE/IHIX €Tarnax), a MOTIM HaJa€ThCsl 3BOPOTHUHN 3B’SI30K HA OCHOBI TOTO, YH
HaJIe)KHUM YMHOM KOpPHCTyBau JocAr Bixa. JlaHl OIIHIOBAaHHS CTY/CHTIB
3aBaHTAXYIOThCS B PEATbHOMY 4aci JO XMapHOi 0a3W MaHWX TMICIs 3aBEPIICHHS
KOKHOTO eTamy 100 MiHIMI3yBaTH 3aTPUMKH BUKIWKY UYWTaHHS-3alUCy Oasu

JAHUX, SIK1 MOTJIM O 1HAKIIE BIUTMHE HA MPOAYKTUBHICTh CHCTEMH.

1.4.2 Pe:xum inTepgeiicy KopucTyBa4a Ta rji100aJ1bHA/JIOKATbHA CHCTEMA

KoopauHat. PeecTpauiiiHi npouecu.

Cucrema HOVR Labs Mae kinpka CUCTEM KOOpPAMHAT SIKI MOTPIOHO
BIIKaIIOpYBaTH OJMH 3 OJHUM, 1100 3a0BOJBHUTU MOTPEOM BIJICTSKEHHS HAIIOT
nporpamu. /[ HaliBHOAriMBIIMX HAyKOBI JabopaTopii mporpamu BIICTEKEHHS
1HCTPYMEHTIB HaM MOTPiOHI cyOMiTiMeTpoBi 3D mpocTopoBa peecTpariisi TOYHICTS 1

TOYHICTB JIJISl BCIX Il CHCTEMHU KOOPIUHAT.

Mu BU3HAYWIIM CHIUTBHY TJIO0ATBHY CUCTEMY KOOPJMHAT 3 MOTO TTOXOKEHHS OIS
NepeHbOTO JIBOT0 KyTa (P13M4HOI 1aboparopii n1aBka (puc. 1.4, Bropi aiBopyy). Mu
BUKOPHCTOBYBAJIM BUTOTOBJICHY Ha 3aMOBJIeHHS [ -oaiony dhopmy. HanpykoBanuii
Ha 3D-npuHTEpl IHCTPYMEHT KamOpyBaHHs/peecTpalii MICTUTh Tpu macuBHi [Y
CBITJIOBIAOMBAIOY1 KyJIbKHM U1l BUpiBHIOBaHHA Optitrack cuctemy koopAuHaT 1
MOYATOK I1i€i CHUTBbHOI TI00adbHOI CHCTEMH KOOpPJAWHAT 13 CyOMIJTIMETPOBOIO

TOYHICTIO peecTpaliii.

Cuctema koopaunat UNITY 3D B3sita Ha 00J11K 13 II€10 3aTaIbHOI CUCTEMOIO
KOOpPJIMHAT, BCTAaHOBWBIIM 00 €KT «IIEHTp KamiOpyBaHHS» (pO3TAlIOBaHW Ha
BIpTyaJIbHOMY J1a0OpaTopHOMY CTeHAl, Jnae L-nmomiOHuii KyT 1HCTPYMEHTY

KayniOpyBaHHs/peecTparlii 0ye)



gk joxepeno UNITY3D. Ilorim cucrema koopaunatr HTC  Vive/SteamVR
PEECTPYETHCS B 3arajibHi CHCTEM1 KOOPJAMHAT IIIIXOM MOHTYBaHHS OJHIET abo

KUTBKOX OMOPHUX

Tpexkepu abo xoutponepu HTC Vive Ha abo mig 1HCTPYMEHTOM
KaJiOpyBaHHs/peecTpallii, BATOTOBICHUM Ha 3D-apyki (puc. 1.4, Bropi jiBopy4).
Koxen 3 3D-apykoBaHux aganTepiB BUKOPUCTOBYETHCS JIJIsi BCTAHOBJICHHS MTACHUBY

HaOOpH MapKepiB 13 KOPCTKUM KOPITyCOM 200 MapKepu aKTUBHOTO BiJICTE)KECHHS.

3 o g W 0

Opti-track Calibration Tool
set on the physical lab bench.

Calibration center
(x=0,y=0,z=0) point in Unity3D
coordinate system

Pucynox 1.4 [Ipouenypu peectpaiii Ta KamiOpyBaHHS CUCTEMHU KOOPIUHAT.
Cucremu koopaunat peaiabHoro, HTC Vive/SteamVR, Unity3D Ta Csitn

Optitrack BUpIBHIOIOTHCS HA OCHOBI MMOKAa3aHUX LIEHTPIB KaliOpyBaHHs



JlabopaTopHuii THCTPYMEHT TaKO>X MOBUHEH MaTH CBOIO JIOKAJIBHY CHCTEMY
KOOpJAMHAT Ha PeECTpalliio B €MHIN CBITOBIM cucTeMi KoopauHar. Lle qocsraeTnbes
3a JIONOMOTOI0 CHeUiaibHO po3polieHoro 3D-ApykoBaHOTO 1HCTPYMEHTY
OpIEHTAIIHHOT PeeCTpallii, KK pO3MIITy€e KOXKEH aJlalTep y BU3HAUCHA OpI€HTAITis
BiIHOCHO  (ismuHoro  maboparopHoro  creHmy. lle  komOiHOBaHUt
MDKHApOJAHUN/TIO0ANPHUN 1 7a00paTOpHUN 1HCTPYMEHT/MPOTOKON JIOKAIBHOT
peecTpaliii 103BOJISIE BUSBUTH HaBITh HAUAP1OHIII (DYHKIIIOHATBHI B3a€EMOJIIT MIXK

PI3HUMHU aKTUBHUMU UM TACUBHUMH TYCEHHYHI PY4HI JaOOpaTOpHI IHCTPYMEHTH.

VYci Ha3BU TBEPAUX TLT TAOOPATOPHUX IHCTPYMEHTIB 1 IOYATKOBA OplEHTALIS
MoTepeIHbO BU3HAUEHI B MporpaMHoMy 3abe3nedenHi Motive.Ilicas inimiamizarii
MozemoBaHHs B cepenoBuili  Unity 3D, anroput™ mnoegHye oOpOOHUKH
IHCTPYMEHTIB BIPTYaJIbHOI Jla0opatopii 3 MpaBWIBHUMH JlaHI BiJCTEKEHHS
TBEPJIOTO Tija, MO MepenaroTbes 3 Motive Tak mo oOpOOHUKH IHCTPYMEHTIB
BIPTyaJIbHOI J1a00OpaTOpii HAJNEKHUM UHWHOM Y3TO/PKEHI 1 3apeecTpOBaHl Ha

CIIPaBXHIX PyYHHUX JIAOOPATOPHHUX IHCTPYMEHTAX, SIKUMHU MaHIYJIIO€ KOPUCTYBaY.

Bechb nporiec cBiTOBOro/rodanbHOro KaniopyBanHs/peectpaiiii 3aiimae 5—10

XB 1 CKJIaJIa€ThCH 3:
1). crangaptHuii SteamVR npouec kanOpyBaHHs NPUMIILLIEHHS;

2). Kambpysanns/peectpauia Optitrack Motive world 3a gomomororo L-

1o10HOTO IHCTPYMEHTY KaJliOpyBaHHS;

3). BIAKPUTTS OCHOBHOTO MPOTPaAMHOTO 3a0e3MedYeHHs] MOJIEIIOBAaHHS; 1 4).
KanmiOpyBaHHs/peecTpallis cBiTy SteamVR oHUM KiarfaHHSM MUIII 332 TOTIOMOTOFO
Tpekep abo koHTpojep Vive. MicneBi peecTpalliifHi aHi JJis 1HCTPYMEHTHU
BiJICTEXKYBaHOI Jtaboparopii 30epiratoTees y (aitiax gaHuX, sIKi 3YUTYHOTHCS Ta
0e3nocepeHbO 3aCTOCOBYETHCSI IO BIJCTEKYyBaHUX 00’€kTiB Motive 1 SteamVR
KOJIM CTYJEHTH BXOJATh Y CHUCTEMY, 1100 CTYJEHTU Ta CHIBPOOITHUKU HE MajH
IILOTO POOUTH TYpOYBATHCS PO IO MPOIIEAYPY KaTiOpyBaHHS, SIKIIIO HEMAE HOBUX

Ja00paTOPHUX 1HCTPYMEHTIB JOJAIOThCA. 3arajibHe KallOpyBaHHS 3aIUIIAETHCS



CTaOlJILHUM IPOTSTOM MPUOJIU3HO OJIUH MICAILb, KO JJaOOpaTOpPHUH CTLI, Kamepa

ta Lighthouse 6a30Bi cTaHIIii HE TEPEMIIITYIOThCS.

Physical Lab Tool Lab Tool Handler Lab Tool Activator Activated Lab Tool

Pucynok 1.5 Cucrema nabopaToOpHUX IHCTPYMEHTIB, 1110 aKTUBY€ETHCS

00pOOHUKOM-aKTUBATOPOM.

Cucrema 103BOJIsIE MaHITTYJIALIT 3 JTA0OPATOPHUMU THCTPYMEHTaMu B pexumi MP
a6o BP. «Po6ouHukm» 1a00paTOPHUX 1THCTPYMEHTIB BUKOPUCTOBYIOTHCS IS
30MpaHHs HeOOMEKEHOT KITBKOCTI OBHICTIO (DYHKITIOHAJBHUX «aKTHBOBAHHUX
71a00paTOPHUX THCTPYMEHTIB» B «aKTUBATOPaX JJAOOPATOPHUX 1IHCTPYMEHTIBY,
PO3TaIIOBAaHUX HA HEBEJIIMKOMY «HECKIHUCHHOMY» TOJIUIIS 3 yCiMa MOKIIMBUMU

71a00paTOPHUMU 1HCTPYMEHTAMH

1.43 Cucrema 1a200paTOPHUX IHCTPYMEHTIB, IO AKTHUBYETbCH

00pOOHMKOM-aKTHBATOPOM
VY HaykoBHX a00 XIMIYHUX JJAOOPAaTOPHUX EKCIIEPUMEHTAX CTYICHTH TOBUHHI1

MaHIMyJIIOBaTH OaraTbMa pI3HUMHM JA0OPAaTOPHUMU 1HCTPYMEHTaMH, aje, SK
TIPaBUIIO, MOCTIZOBHO, @ HE OJHOYACHO. IM TEX 4acTo TMOTPiOHO MaHIMyTIOBAaTH
KUIbKOMa €K3eMIUIpaMHi JTa0OpaTOpPHOTO 1HCTpyMeHTY. Hampukiazn, cryneHTH
MOXYTh MaTH KUIbKa CKJISTHOK, MPOOIPOK 1 MIKPOIIIMETOK Ha CTOJi, ajieé BOHH,

HIBU/LIE 32 BCE, JIUIIE TPUMATUMYTh 1 KOPUCTYBATUMYTHCS OAUH 200, MAKCHUMYM,



nBa ogHovacHO. [1[00 M103BOIUTH OHOMY BIACTEKYBAaHOMY PYYHOMY (Hi3HUHOMY
7a00paTOPHOMY 1HCTPYMEHTY 3JIMCHIOBATH B3a€EMOJIII0 3 ycCiMa BIPTyaJIbHUMHU
eK3eMILUISIpaMH IIbOTO0 KOHKPETHOTO JIa0OpaTOPHOTO 1HCTPYMEHTY, MU PO3pOOUIH

cucTeMa 00OpOOHUK-aKTUBATOP-aKTUBOBAHUH J1abOpaTOpHUM IHCTpYMEHT (puc. 1.5).

«OOpoOHUKMY» — 1I€ BIpTyaiabHI 00’ €KTH, MOJOXKEHHS Ta OPIEHTALlS SIKUX
IIPOCTOPOBO 3aPEECTPOBAHI 3a JOMOMOTOI0 PEATLHOTO JIA0OPATOPHOTO THCTPYMEHTY
Yyepe3 OMucaHi BUIIE METOIU Tif yac Tpu B pexkumi MP. V pexxumi VR 06pobHIKH
BIJICTEXKYIOTh TO3MIII Ta Opi€HTAIli JIBOX KOHTpoJsiepiB Vive Ta BCiX (HI3UYHHX
7a00paTOPHUX 1HCTPYMEHTIB BHJIYYalOThCS 3 JIaBH 3amacHux. Y pexumi MP 3
BIJICTeXKEHHSIM PyXy (i3uuH1 1a00paTOpHI THCTPYMEHTHU ISl TIOTOYHOTO MOJYJIS
pO3TalllOBaHl Ha CTEHJ pa3oM 13 KoHTpojepamu Vive (puc. 1.5, kpaliHe 3iiBa
300paxeHHs). Mapkepu, sKI BUKOPUCTOBYIOTHCS MJI BIACTEKEHHS, BHIHO Ha
00poOHUKY 00’ €KTiB, 11100 MEPEKOHATUCS, III0 KOPUCTYBAl 3HAIOTh PO MAPKEPH, a
HE 3HAIOTh BUMAJKOBO BIAPSANUTE MapKepH 00 MpeaMeTH TiJ Jac BUKOPUCTAHHS.
BoHu Takox BUAUIEHI CIpUM KOJHOPOM 1 (PYHKIIOHYIOThH JIWIIE IS TMiTHATTS,
NepeMillieHHs] Ta BUJIYYUTH «aKTHBOBAaH1» JIA0OpAaTOpPHI 1HCTPYMEHTH —
(GYHKIIIOHATBHI €K3EMIUIIPU BIAMOBIAHUN THUN J1A0OpPATOPHOTO 1HCTPYMEHTY, 3
SKUM BOHH «IPaIfiooTh» (puc. 1.5, npyre 300pakeHHs 3711Ba). K AKTUBATOPW» (pHUC.
1.5, tpere 300paxkeHHs 37iBa) (YHKI[IOHYIOTH JJIsI CTBOPEHHSI EK3eMILISIPiB
7a00paTOPHUX I1HCTPYMEHTIB 1 € 3a3BUYail pO3TAlIOBY€TbCS Ha JabopaTOpHIN
nosmiii. Ko «oOpoOHUK» pyXaeThbes Ha BIMOBITHUN «aKTUBATOP», BIH MigOupae
HOBHI/HEBUKOPUCTAHUH €K3EMIUISIP «aKTHBOBAHOTO» JTAOOPATOPHOTO iHCTPYMEHTY
(puc. 1.5, xpaitHe mpaBOpyY 300paKeHHS ), IKUI TeTep MOBHICTIO (PYHKI[IOHATHHHM
1 MOK€ MICTUTH/MaHINyJOBaTU peareHTH. KopuctyBau Moke BUKOPUCTOBYBATH
’)KecTu abo TroJ0oCOBI KOMaHAW BHIAJCHHS AaKTHMBOBAHUX (TOOTO, IO MICTATH
peareHT) eK3eMILISIPiB JTa00paTOpHi IHCTPYMEHTH Ha cTul. [Ipu BucaaIli akTHBOBaHO
EK3eMIUISIp J1abOpaTOpPHOTO I1HCTPYMEHTY Ha JIabOpaTOPHOMY CTOJI, OOPOOHHK
CIpOro KOJBbOPY CiTKa 3'ABJISETHCS 3HOBY, 1 1i MOXXHa BHKOPUCTOBYBATH, II00
migiopaty  1HIIY €K3eMIUIIp TOTrO C€aMoro JabopaTOpHOTO IHCTPYMEHTY.

KopuctyBaui MOXyTb CTBOpPIOBaTH HEOOMEXEHY KUIBKICTh  BIPTyaJbHHUX



EK3EeMIUIAPIB JTaOOpPATOPHUX I1HCTPYMEHTIB, KOXKEH 31 CBOIM peareHTOM, sl

CTBOPEHHS BIPTYaJIbHUX 010J110TEK peareHTIB.

[ls cucrema MiHIMI3ye KUIBKICTh  BIJICTEKYBaHMX  J1a0OpaTOpPHUX
IHCTPYMEHTIB HEOOXITHUN JIJIsT MOJIETIOBAHHSI TIEBHOTO JIAOOPATOPHOTO JIOCBIY Ta
MIHIMI3Y€ OKJII03151 MapKepa, 6e31a1 pi3uIHOoro 1ad0opaToOPHOro CTOIY Ta MOTEHIIIAI

MOTIIKOKEHHS MapKepa/I1abopaTOpHOTO IHCTPYMEHTY/aanrtepa.

Lesson plan & User submission verification

Lesson plan User submission verification

Lab ,ht

generator
Excel

Instruction
display

Load milestone

Lab module parser [ Wait user input submission ]

List of milestones

Milestone 1 Milestone 1 N é ” v Activated lab tools ame

Type Retrive user input

Description

Milestone 2 Lab instruments

Answer verification

Target value

User input value

[COFECl answer] [lncorect answer]

A
Display correct] [Display ncorrect
feedback feedback

Pucynox 1.6 Po3pobxka nporpamHoro 3abe3nedeHHs s aHaIi3y TUIaHy ypoKy Ta

nepeBipKyu poOOTH YUHIB

TBopii BMICTY MOXYTh BKa3zaTH, siKI JIAOOpATOPHI IHCTPYMEHTH OYyIyTh
BUKOPHUCTOBYIOThCS B pexkuMi MR 1 motpeOyioTh 0OpoOHUKIB, 1 sIKi OyayTh

BUKOpPUCTOBYETHCS B peskumMi VR yepes3 Lab Module Generator.

1.4.4 IIpomixkHe nmporpamMue 3a0e3neyeHHs AJIs1 FeHepalil IJIaHy YPOKiB

JIa0OpPaTOPHOIO0 MOAYJIA



TBOpIIl KOHTEHTY MOXYTh BUOMPATH 3 MOMNEPEAHHO BU3HAYCHUX €TarliB ITi]l
yac noOyaoBu ceoro ocBiny HOVR Lab 3a noromororo reneparopa 1abopaTopHUX
moayniB. KokHa Bixa BW3HAYAETHCA JIOTIYHI KPHUTEPii, SKUM Ma€ BiIMOBITATH

BIpTyaJIbHE CepEeOBUINE KOPUCTYBaya, 00 MepeiTH 10 HACTYITHOI BIXH.

[Ticnst TOTOBHOCTI CTYACHT NPENCTaBIIs€ CTaH BIPTyaJlbHOro JabopaTopHe
CepeZIOBHILE MMl OLIHIOBAaHHSI Ha KOXKHOMY eTami. SIKIo mpomikHI KpuTepii
BUKOHAHI, MO3WTUBHI Ha CIyX 1 MHCbMOBI HAJAa€ThCS 3BOPOTHIN 3B’SI30K, a
HACTYIIHUM eTan/3aBlaHHs B10OpakaeTbCs Ha EKpaHl JIECKPUIITOpA 3aBJAHHI.
Axmo xputepii ogHOro (abo HEOOOB'A3KOBO KUIbKA) €Tall HE BHKOHAHO
(0IHOYACHO), CTYJIEHT OTPUMYE BIAMOBITHUM 3BOPOTHHM 3B'SI30K 1 OyAb-IKUN
320X0YY€ThCS TOBTOPHO CIIPOOYBATH BiXy a0 MOBEPTAETHCS 10 TONEPEAHBOT BIXH,

1100 3rajiati abo MOBTOPHO MpOaHAII3yBaTU CBOI AaHi (puc. 1.6).

Hapa3si cucrema mae Taki KJacu etamiB: 1H(pOpMalliHuid, 301p JaHUX, aHAIII3
JTAHUX Ha OCHOBI KaJIbKYJISITOpA, aHaJ3 JJaHUX Ha OCHOBI €NEKTPOHHUX TaOJUIIb,
¢G13M4HEe TOJlaHHS, TMepeBipKa BHUKOPUCTAHHS, OLIHKA 3aJIeKHO Bl JaHHX,
MHOXMHHHUI BHOIp OIllHKa Ta BHUCHOBOK. «lH(opmariiiiHi» BIXH OpPIEHTYIOThH
KOpPUCTYyBaua Ta 3a0e3MeuyioTh TEKCTOBUUM OTJIAJ TPYINU MPO BiXH, AKI iM Oyze
3allpOIIOHOBAHO BHWKOHATH; B I[bOMY KOPUCTYBad MiATBEP/KY€E, IO TOTOBHI
npooBXKUTH. Etanmu «(i3uyHOTO MIANOPAIKYBAHHS» BUMAraroTh, 00 YYCHb
BUTOTOBUTH Ta HAJIaTW MPOAYKT a00 3pa3ok, AKUM BiAmoBiaae cneuudimi Kpurepii
(HampuKIIal, KOHIIEHTpPAIlis PO3UMHEHOI PEUOBUHU 3HAXOUTHCS B MEXKaxX 3aJaHOTO
nianazony, pH OydepHOro po3unHy 3HAXOAUTHCS B MEKaX 3a3HAYEHOTO J11ala30Hy
To1o). [ToTpiOHI eTanu «repeBipky BUKOPUCTAHHSD JIaOOPATOPHOTO 1HCTPYMEHTY
mo oaHa abo Oulble 3MIHHMX KOHKPETHOTO JabOpaTOPHOTO I1HCTPYMEHTY
3HaXOJAThCS B 3aJaHOMYy CTaHl a00 B MeXax IIeBHOr0 Jiana3oHy 3HadyeHb
(HampuKJIaJ, HAKOHEYHUK MINETKH BBIMKHEHHMH 1 YUCTUM, BEPX MINETKH MOBHICTIO
HATUCHYTHM, HAMIBIPECOBaHUM, a00 HE TPECOBAHHMI 30BCIM TOIO). Y eTamax

«30UpaHHs JTaHUX» CTYJCHT MOBHMHEH MPAaBWJIBHO 3amucaTd HEoOpoOseH1 AaHl 3



7a00paTopHOTO TMpuiaaay B CBiM smabopatopuuit 3omuT (AuB. puc. 1.7) 3

ypaxyBaHHSAM TOYHOCTI iX BUMIPIOBaHHSI.

Hesxi eTanu TaKOX BUKOPUCTOBYIOTh HEeoOpoOIIeH1 JaHi,
OTpHUMaHi/3anucani/30epiraeTbCsi B MOMEPEIHIX eTanax A OLIHKYA aHali3y JaHuX

KopucTyBaua HaBUYKH. [10TpiOHI eTanu « AHamI3 JaHUX HAa OCHOBI KaJIbKYJISATOPAY.

CTYJICHTaM BHUKOPHUCTOBYBATU BIPTyaJIbHUHN KaJIbKYJISATOP, 10O BUKOHYBATH
OpoCTi OOYMCICHHS 3 BHUKOPUCTAaHHSIM HEOOpOOJIEHMX MJaHUX (HAMPHUKIAI,
MPaBUJILHO BUKOHYBATH TMEPETBOPEHHS ToIo). ETanu «AHamnmi3 JaHUX Ha OCHOBI
CJIEKTPOHHUX TaOJIUIIB» TMOMPOCITh CTYJEHTIB BUHTH 3 J0cBiAy VR 1 BUKOHATH
OlnbIe pO3LIMPEHUNM aHali3 CBOIX JaHux 3a jgomomororo Microsoft Excel
CJICKTPOHH1 TaOuIll (HampUKIad, JTIHIHHI BiIOBIIHOCTI, HEJIIHIMHI BIATIOBITHOCTI,
CTaTUCTUYHMIA aHami3 Tomo). Pesynprarom ixHporo ananizy Excel € namicimano
Hazaa a0 cepeaoBuina Unity3D nsig OLiHKMA Ta 3BOPOTHIN 3B's30K. [[BOBUMIpHUI
rpadiunumii inTepdeiic kopuctyada (GUI) Ha poOGodoMy CTOII 103BOJISE CTYEHTaAM
0aunTH CBIM 1a0OpaTOpHUI HOYTOYK 1, TAKUM YMHOM, IXHI 3amKcaHi HeoOpoOIeHi
JaHl 3 TOIepeaHiX KpokiB/Bix moaynb. Ha pucynky 1.8 mokazaHo 30BHIIIHIN
iHTepdeic KopucTyBaua, Skl 0a4nTh KOPUCTYyBad Ha poOOYOMY CTOJIi 6€3 CBOTO
HMD «OrtiintoBaHHs 3 BHOOpPOM BIAMOBIAEH» TPOBOMASTHCA BIAMOBIIHO 10
MPaKTUYHI EKCIEPUMEHTH i1 TIO€JHAHHSA KOHIIEMIIN 1 Teopli BUKIAIaB 3
MPaKTUIHUMHU 3aCTOCYBAaHHSIMH Ha JTa0OPaTOPHOMY CTEHII. Y NeSKHX BHUIAIKH,
BIXH «OIIHIOBAaHHS 3 MHOXHHHHUM BHOOPOM» HAJaOThCS TBOPIIEM KOHTEHTY; B
IHITUX BUTIAJKAX OI[IHKA MOKYTh OyTH BUTIAJIKOBUM YAHOM BHUTSTHYTI 3 OHJIAWHOBOT
0a3u MaHUX CTaHJAPTU30BAaHUX 3alHUTaHHA, SIKI BIJAMOBIIAIOTh KOHKPETHUM
HAaBUYAJBHUM IIJIIM a00 KOHIENTyalbHI KapTH, BHW3HA4Y€Hl eKClepTaMu 3
JUCHMIUTIHU (HampuKiaga, AMEpUKaHChKE XIMIYHE TOBAapUCTBO, AMEpPHUKAHCHKE
TOBAapUCTBO O10XiMii 1 MoJsieKyJispHOi Oiozorii Ta iH.). Hapemri, B kiHul cepii
«30UpaHHA JaHUX», «aHaJT13 JaHUX» 1 K(MHOKUHHUN BUOIp». OIIHIOBAHHS» BIXH, SKI
CTYJIEHTIB MOXYTh HOMPOCUTH 3POOUTH JIOTTYHUX TBEPHKEHB 1 pOOMTH BUCHOBKH 3

iXx HeoOpoOJIeHNX 1 MpoaHaTI30BaHl JIaHI B «OIIHKAX, IO 3aJIeKaTh B TaHUX» 1



«BUCHOBKax» BIAMOBigHO. Hampukiaa, CTyIeHTH MOXYTh 3allUTalOTh, YH
MIATBEP/DKYIOTh 1XHI JlaHI TBEP/PKCHHS, 110 BOHU IINETyBaHHA OyJio
BIITBOPIOBAaHUM a00 iXHIO MineTky OyJio BiAKamiOpOBaHO JOCBIJ KaliOpyBaHHS

MMIETKH.

Sk 1 B peanpHi J1abopaTopii, KOPUCTYBad MOKEe 30UpaTHh JlaHl HU3BKOI
SAKOCTI. ¥ TaKHX BHUIAJKaX PO3POOHUK KOHTEHTY MO>KE BUOpATH HErailHO BUSBHUTU
MOMMJIKY 1 BUMaratu BiJl y4Hs 100 MpUTrajaTd CBOI JaHi, MEpIl HIXK MEperTH N0
HACTYIIHOTO eTamy, abo BOHM MOXYTb JIO3BOJIMTU CTYIACHTY IPOJOBXHUTU
HEIpaBUJIbLHO OTPUMaHI J1aHi (K y CIpaBxkH1i 1abopaTopii) 1 BUSBUTH iX TOMUJIKA,
SIK BOHU TIPUPOJIHO 3pOOMIIH O y MOJaIbIIIOMY aHalli31 JaHUX a0o eTanax BUCHOBKIB,
K1 00M/IBA 3aJIeXKaTh B1Jl pE3YyJIbTATIB €TaIiB 300py JaHuX. SKIl0 BUOPAHO OCTAHHIO
OMIiI0, PO3POOHMK BMICTY MOXE BHMAaratv BlJ KOPUCTyBadya IIOBTOPHOTO
OTPMMaHHS Ta TOBTOPHO MpOaHaI3yBaTh CBOi HEOOpOOJEH1 JaHi, MOBEPHYBIIH

KOpHUCTyBaua Ha3aJ J0 MOIepeaHii eTan 300py JaHUX.

6.6 ms (153 fps)

LUUISE. WUUHIS. SAUCIIRL Y - Unity3D 2D GUI
P20 'Calibtgﬁon Average oo, @ mL | Go to your computer and use an excel spreadsheet to calculate the standard
K ST A ST A deviation of the volumes of water dispensed in the 5 20.0 uL trials with the P20
R e ST : ; pipette. Take off your headset and follow the instructions on the screen of your
A 3 A AT . computer.
Standard Deviation s ‘ e mk --Your lab notebook is shown on the left. You can flip pages by clicking the buttons

using the mouse to read the answers you recorded for the calculation.

4 2] 3 --Please find the file ".csv" at the desktop.
[ g Y t 3 s --Please double click open this file with Excel, perform the calculation, SAVE and
: A% A : < = S CLOSE the file, then click submit value button below to check if your Excel
A standard deviation of a X calculation result is correct.

‘series of datapoints
tacksthe

P20 Calbaton Relatives - M0 o) - o TrEp ee . B
Standard Deviaion b | SN | EAANC | Uk | S

submit value

deviation of a seriesof ~ + - O i s s g i o0
d'ampoin'smme < 5T g R 2 3 When you are dose: SAVE and CLOSE thin
(accuracy/precision) ”

Previous Page Next Page ||

Pucynox 1.8 ITpuknaa anamizy nanux — Bixa Excel.

JIns ckiTaiHUX OOYMCIICHB, SIKI HEMOKIIMBO BUKOHATH 3a JOTIOMOTOIO IIPOCTOTO
KanpKyssitopa VR, crynentam npononyetbes 3ust HMD 1 BukopucroByBaTu

mabnon Excel Ay BuKoHaHHS po3paxyHKiB. CTYJIEHTH MOXKYTb NEPETISHYTH CBIH



J1a00paTOPHUIA 30IIMT 1 HAJCUJIATH BIJTIOBI/II Yepe3 ABOBUMIPpHUM rpadiuHuit

iHTepdeiic, sskui Bi1oOpakaeTbCcsi HA POOOYOMY CTOJI

1.4.5 IlepeBipka pyxy IiHCTPYMeHTIB B3a€MOAili KOpPHUCTyBadya Ta

JadopaTopii yepe3 KiHLeBUIl aBTOMAT

Y GaraTpox BHIagkax OakaHO KOHTPOJIIOBATU Ta OIIHIOBATH JaOOpaTOpHUI

iHCTpYMeHT BHUKOPHUCTAHH:A 3aJIC’KHO BiI[ qacy, ajI€ HC3AJICKHO BiI[ MOIYJIA.

Ile [03BONMUTH OIIHUTH, YU TPAEKTOPIsS CTaHHU, dYepe3 fAKI MNPOXOAUTH
7a00paTOPHUI IHCTPYMEHT, € MPAaBUJIBHUM YW HEMPABUILHUM BUKOPUCTAHHSM 1 4n
JOCAT KOPUCTYBau JIOBrOTpUBaJIe 30€pEKEHHsI BIANOBIAHUX IICUXOMOTOPHHUX
pe3yibTaTiB  HABYaHHSA, IMOB’SI3aHUX 13  BHKOPUCTAHHSM  JIaDOPAaTOPHUX
1HCTpYMEHTIB. Ha 0CHOBI BiX, «IllepeBIpKa BUKOPUCTAHHS» B OJJHOMY CTaH1, OlKcaHa
BUIIIE, HEIOCTATHS JIJIs1 TAKUX «KOMILUIEKCHUX MEPEBIPOK BUKOpUcTaHH». KinueBuit
aBTOMAaT € OJIHUM 13 OCHOBHMX IIAa0JIOHIB NPOEKTYBAaHHS, SKI 3a3BUYA

BUKOPUCTOBYIOThCA y miporpamyBanHi Unity3D. Taxi kiHIIeBI aBTOMaTH MOXKYTb

SBJISTFOTH COOOI0 CYKYITHICTh MOXKJIUBHX CTaHIB, B AIKUX 3HAXOJAUTHCS TAOOPATOPHUN
ITHCTPYMEHT MOXE ICHYBaTH 1 ICTOpiSi YHM TPAEKTOPisS CTaHIB JabopaTopHUit
IHCTPYMEHT nepelyBaB Mij 4ac JAHOrO €KCIEPUMEHTY. Y 3a3HAa4€HH1 TPAEKTOpii
CTaHiB, Kl BH3HAYAIOTh MPABHIIbHE Ta HEHAJC)KHE BUKOPUCTAHHS JUIs a JaHUMN
1a00paTOPHU IHCTPYMEHT, MU BMUKAEMO B PEKHUMI PEIbHOTO Yacy KiJbKa CTaHIB

a00 «CKJIaJH1» MEePEBIPKU BUKOPUCTAHHS.

Hanpuknan, y BUmaaky 3 MINETHUKOM, WOro HAaKOHEYHHK MoOXe OyTu
BKJIFOUEHUI a00 BUMKHEHHI; Oro BepX MOKHA BIAMYCTUTH/MITHATH, HATUCHYTH
YaCTKOBO a00 HATUCHYTH TIOBHICTIO; MOro KIHYMK (SKIIO €) TaKoXX MOKHA
3allOBHUTH a00 TMOPOXHIN; 1 HAKOHEUYHUK TaKOX Moxe OyTu 3a0pyaHeHui
pearenToMm, abo umcTUidA. MOXKHa BH3HAUUTH TPABWIBHE YW HEMPaBUIbHE
BUKOPHUCTAHHS JIaDOPAaTOPHOTO 1HCTPYMEHTY K MPOXOJKEHHS KIHIIEBOI MAIMHU

mineTyBajJbHUKA Yepe3 MEeBHI MOCTIOBHOCTI CTaHIB. TakuMm YWHOM, TEeH MiaxXif



JI03BOJISIE O€3MEePEPBHO OIIHIOBATH BUKOPUCTAHHS JIAOOPATOPHUX 1HCTPYMEHTIB Y

BCiX JJaOOpaTOPHUX MOIYJISX.
1.5 locaixxeHHsI KOPUCTYyBa4a
1.5.1 YuacHuku

TpunusTh OAMH CTYIEHT JAPYTroro Kypcy Kypcy KiIbKICHOTO aHami3y
Kamidopmniticekoro aepskaBaoro yHiBepcurety Can-Mapkoc (CSUSM) 6paB ydactb

y IIbOMY JIOCIIJIKEHHI1 SIK YaCTUHA KypcoBoro 3aBaaHHs. [1nan ekciepumeHTy OyB

posrasinyTo Ta 3arBepikeHo IRB CSUSM. VuacHuku 3aBepuinB BeCh MPOLEC
BIPTYaJIbHOI JIA0OPATOPii B MEXKaX MPU3HAYEHOT0 Yac (MeHIIE 2 TOJMH, BKIOYaI0uu

BIKTOPWHU Ta BIpTyaJibHE JabopaTOpHE AOCTIIHKCHHS).

1.5.2 MeTo10J10Tisl 1OCHiIAKEHb
KopuctyBaui Oynu BUNIaAKOBUM YHHOM PO3MOJLNIeH] Ha Tpu rpynu: (1) MV,

(2) VM 1 (3) Control. KopuctyBaui B MV 1 VM rpynu B3sUld y4acTh y JBOX

BipTyanbHux jgadboparopisax (VL):
3wmimana peanbsHicTh (MR) 1 BipTyanbHa peanbHicTh (VR) mo-pizHOMY

NOPSNIKY (IeTanbHile AUBITbCA B Tabmuii 2). KoHTposibHA rpyna AOCBIIYEHUX
HaBYaJIbHI cecii PO B3a€EMOJII0 3 BIPTyaIbHUMHU 00’ €KTamH, aje HEe 3aBEpIINB
eTalHuN eKCIEePUMEHT BipTyasabHOi JabopaTopii. KopucTyBaui BiOBIaIN K Ha

3aIlIMTaHHA BiKTOpI/IHI/I, TakK 1 Ha 3alIMTaHHS OIIMTYBAaHHA.

VY Moayni kaniOpyBanHs mineTku € 34 eranu. Yac, BUTpaueHU Ha MPOXOHKEHHS
KOXXHOT BIXH Ta X KUTbKICTh KUIBKICTh IIOBTOPIB, K1 KOPUCTYBayl MOBUHHI 3pOOUTH,
100 AOCATTH NPABUIIBHOTO pe3ybTaTy 3anucadi B pexumax MR 1 VR. BiktopuHa,
0 CKJIAJAETHCA CTAHAAPTU30BAHMX 1 MATBEPIHKCHUX MPEIMETIB KOHIEMIIIT XiMil

HAJAETHCS JI0 Ta MICIS KOKHOTO JOCBIAY BIPTyallbHOI J1abopaTopii (BIKTOPUHH 10



VL1, micas VL1, no VL2 Ta micns VL2, BianoBigHo). KoHnenTyaibHa BIKTOpHHA

CKiIaagajiacsa 3 9 mi3HaBaJIbHUX ITUTaHb.

Onuak Oynb-sIKi 3alMTaHHS 3 1HAEKCOM 3py4dHOCTI nmoHaa 90% abo MeHIe
10% (3amaaTro jerko ab0 HAATO BaXKKO) OyJWM BUKIIOYEHI 3 aHami3. AHaII3
IIPOBOJIMBCS HAa OCHOBI CEPEIHBHOrO Oald 3a PEITy TPhOX 3alUTaHb Yy KOXKHIM

eKCIIePUMEHTaJIbHII 200 KOHTPOJBHIHN TPYII.

KpiMm Toro, muTaHHsS OMUTYBaHHS BKJIIOYAIHA €JIEMEHTH 3 HACTYIHUX TPHOX
IHCTPYMEHTIB/KaTeropiil 1 0yJiv HaJlaHi KOPUCTYBaYiB MicJsl KOXKHOTO J0cBiay VR:
(1) Buytpimnsa motuBaiis (3 nutanus) (Intrinsic Motivation Inventory 1994), (2)
Self Edbextusnicts (1 3anutanns) (Pintrich et al. 1991) 1 (3) Kopuctysau Jlocsiz (7
nutanb) (Tcha-Tokey ta in. 2016).

1.5.3 Pe3yaibTaT T2 00rOBOpEHHS
1.5.3.1 Yac 3aBepuieHHS eTalmy Ta aHAJI3 KiJIbKICTI IOBTOPHUX CIIPO0

YcepenHeHHs yacy, BUTPAYEHOTO CTYJEHTaMH Ha KOXKHY BIXY, 1 SIK 4acTo
BOHM TIOBTOPIOBAJM 1€, MEpII HDK OTPUMATH MpPaBUJIBHY BIANOBIAL Jaju
3axorutroroul i71ei. Pesynbratu nokasanu, mo 24 13 34 3aBepiiieHo OCHOBHI €Taru B
MOy KalmiOpyBaHHs MineTku meuiiie B pexxumi MR (cepenniit yac, BUTpaueHui
Ha Mo 75,72 ¢ y pexxumi MR npotu 95,52 ¢ y pexxumi VR). Takox cryaeHTH
3aBEPIIMB MOIYJIb 13 MEHIIIOIO KUTBKICTIO MOBTOPHUX CIIpo0 y pexumi MP (cepenns

ku1bKicTh TOBTOPIB = 0,61 y MR mipotu 0,82 y VR).

[Is 3HaxiKa CBIAYUTH MPO TAKTUIbHY AaBTEHTUYHICTh J1abOpPaTOpPHOIro
IHCTpYMEHTY MaHImyJsIii, HajgaHi B pexkumi MP, gomomaraioTh cryzeHTam
OpIEHTYBATHUCS TPAIIOBATH B Jlabopartopii mBuaIie, eheKTUBHINIE Ta 1HTYITUBHO

3pO3yMUTIIIIE.

Ha >xanb, BIAMIHHOCTI MIX IpyllaMHd HE € CTaTUCTUYHO 3HAYYIIMMH Yepes3
Manuit po3mip BuOipku. 3 24 eramiB, BUkKoHaHUX mBuamie B MR pexumi, 8 manu
CEpEeIHIO PI3HULIIO B yaci Mik pexxumoM MP (cepenniit Butpauennii vac=153,40 c)

1 pexxuMm VR (cepenniit yac Butpadeno = 200,81) 6inbie 30 c. Kpim Toro, B Mexax



IMX BOCBMH BiX, CTYJEHTU 3aBEPIIMJIM BiXy 3 MEHIIOI KIJIbKICTIO MOBTOPHUX
cripo0 y pexxumi MR (cepenns kinbkicTh BUIydeHb=1,19 y pesxxumi MR npotu 1,76
y pexumi VR). IlpumitHO, 10 11I MUIBHI KaMeHiI Oynu HaWCKIAIHIIIUMHU Y
BUKOHAHHI Ta HaBaxyuMu (1) qpidHa MOTOpHKA, HAITPUKIIAJL I03YBaHHS PIIUHM 3
MIMETKH BUMIPSITH Macy BUITYIIICHOI PIAMHY HA Barax, Ta (2) BUKOHAHHS 00YNCIICHb
(HampuKIa, MePETBOPECHHS] BUMIPSHOI MacH B 00’€M, BU3HAYEHHS CTaHIAPTHOTO
BIIXUJICHHSI, BIJIHOCHE CTaHJAapTHE BIIXUJICHHS, Alalla30H, CUCTEMaTHYHA TOXUOKa
Ta % cucTeMaTHIHa MOMUJIKA 310panux nanux). [le Mmoke HaTakaTu mo pexum MR
MOJIETIIY€E CTYICHTaM PO3yMIHHS HaWCKIIAIHIII KOHIIETIIi1, HEOOX1/IHI JIJIsl aHATI3Y

JTAHUX TOJIETIIEHHS Ha0yTTs CIPaBKHbBOI AP1OHOT MOTOPUKHU Ta a0 TEXHIKH.

1.5.3.2 AHaui3 pe3yJbTaTiB KOHIENTYaJbHOI BIKTOPMHH
JI1st aHasi3y KOHUENTYalbHOI BIKTOPUHU MU BUKOPUCTAJIH B1ICOTKOBY 3MIHY

MeTpuka, Bu3HadueHa sk (Ilicis VL1 koHuenrtyanbHa BIKTOpUHA OLIHKA - J[o
VL1 ominka konnenrtyainbHoi BikTopuHH / Pre-VL1x100%) mns BiacTexeHHS
HaBYaHHS BUTpaIll U1 KOXHOI MIATPYNH CTYIEHTIB B Pe3yJIbTaTl JBa BTPyUYaHHS.
Sk nokazaHo B TabyuLl 3, BIKTOPUHA OTPUMY€E Oanu 30UIbIIECHHS SIK Ui Tpyn MV,
Tak 1 1711 VM. OHak, 6ainu KOHTPOJIBHOI Tpy iy 3HU3WIIKCS. Lle HaBoaAuTh Ha TyMKY

10 JIOCBIJI BIpTyaIbHO1 JIAOOpaTOpii MOKpaIlly€e pO3yMiHHS CTyA€HTaMU KOHIICTIITIH.
1.5.3.3 AHaui3 pe3yjbTaTiB ONNUTYBAHHS

Bianosizii Ha onuTyBaHHS peecTpyroThbes 3a mkaiow Big 0 mo 100, ne 0

o3Hauae 30BCIM He 3rojeH, a 100 o3Ha4ae 3roAeH MOBHICTIO.

Sk mokazaHo B Tabnuii 4, KOpUCTYyBadl OLIHUIN poOOTy pexxumy MP Oinbi
MO3UTUBHO, HIX Bepcii pexxumy VR, 3a BuasTKOM 4-1 1 5 nutanns. Kopucrysaui

BBaXXalOTh peskuM MP Becenimum, MpueEMHO, 1 TPAKTUYHO, 1 CTUMYJIIOIOUE.



L{i pe3ysbTaTl HAIOTO MOMEPEAHBOTO aHATI3Y € 0OHaAIIMBUMH. OTHAK MU
MaeMO OOMexeHUi po3mip BHOIpkW. Jlam nociipkeHHs OyayTh TNPOBENCHI 3

OUTBIIOI0 KUTBKICTIO KOPUCTYBAUIB 1 3aMUTaHb MIATBEPAUTH BUCHOBKH.

1.6 O0roBopeHHs

Cuctemu VR ta MR, iiMmOBipHO, BilirpaBaTUMyTh BaXJIMBY POJIb Y MaiiOyTHE
HayKoOBOi JJabopaTopHOi OCBITH. [I0KH MOXYTh BOHU HIKOJIU HE 3aMIHSThH TOBHICTIO
TpaJMIIIiiHI E€KCIIEpUMEHTH B MOKpIM Jlaboparopii Maibke HamneBHO MOJ0JIae
KPUTUYHI MPOTAJUHU B HaBYaHHI, HAJAIOYU JOKJIAJAHUN BIATYK MPO MOKA3HUKU
e¢(eKTUBHOCTI B pEAJbHOMY 4Yacl, sIKI 4acTO BHUCIHM3aI0Th BiJl 1HCTPYKTOPIB Y
TpaguuiiHuX yMoBax. MR cucrtemMu Habarato JAemieBIIl Yy MNpUIO0aHHI,
oOCIyroByBaHHI Ta peajizyBaTh IMOPIBHAHO 3 TPATUIINHUMH MOKPHUMHU
JabopaTopisiMM, 1 BOHM  TaKOX  IMPOMOHYIOTh  3MEHILIEHI  MpodjeMu
0e3MeKH/BIANOBIJAIBHICT, OUIBILY CBOOOAY YYHSIM BUMTHUCS y CBIA 4Yac, poOUTH
MOMUJIKM  HEOOXIAHI JJi1 HaBYaHHS, IIOKPAIICHHS B3aeMojii, Oliabla

30CEPEIKEHICTh Ta reiimiikanis s TABUIICHHS 1HTEPECY YUHIB.

Cucrema HOVR Labs BukopuctoBye 1a00OpatopHi 1HCTPYMEHTH 3
BIJICTeXKEHHSIM PyXy ab0 «BIpTyasli30BaH1» 1HCTPYMEHTH, 1100 HAlAaTH CTyACHTaM
CIpPaBXHI TAKTUJIbHI/KIHECTETUYHHIA 3BOPOTHUM 3B'SI30K MiJ Yac €KCHEPHUMEHTIB.
Horo 06pOGHHK-aKTHBATOP-aKTHBOBAHA CHCTeMa J1abOpaTOPHHX iHCTPYMEHTIB
JI03BOJISIE KOXKHOMY JIaDOpaTOPHOMY 1HCTPYMEHTY (pyHKIIOHYBaTH y MR-pexumi
ab6o VR-pexxnMi, TaKUM YMHOM YBIMKHYBIIY HIIIbHO KOHTPOJIbOBAHI AOCTIIKEHHS
BaXUIUBOCTI «IIPAKTUYHOTO» (pakTopa Jisi HAYKOBOI'O HaBUaHHS Ta 3anydeHHs. Lle
TaKOX JI03BOJISIE BUKOPUCTaHHS OOMEXEHOro Habopy ¢izuuHux OO0 €KTIB 13
BIJICTEKEHHSIM  PyXy  KOHTpPOJIOBAaTH/OOpPOOJISATH  HEOOMEXKEHY  KUIbKICTh
BIPTyQJIbHUX €K3EMIUISPIB IUX JIA0OPATOPHUX 1HCTPYMEHTIB. MU BUKOPUCTOBYEMO
I[}0 CUCTEMY, 100 MEPEeBIPUTH, Y ABTEHTUYHUN TAKTUIBHUI 3BOPOTHUHN 3B'SI30K 1
3aXOILTIOI0YE MOJIETIOBAHHS MOKPAIIUTH HAaBYaHHA CTYJICHTIB, CaMOE(EKTUBHICTb 1

ydacTe y Jaboparopii ximii Ta 010Ximii.



Bukopucranuss Lab Module Generator sk mOpOMIXHOTO HPOTrPaMHOIO
3a0e3MeUYCHHsI, SKE Ja€ MOXKJIUBICTh PO3POOHMKAM KOHTEHTY aaamnTyBaTH JOCBIT
HOVR Lab 10 pi3HOMaHITHUX TPyN CTYJIEHTIB 0€3 KOIyBaHHs 3HAUYHO 3MEHILIUTH
BUTPATH Ha PO3pPOOKY, TECTyBaHHS Ta ONTHUMi3amisd (I3UYHOTO Ta KUTTEBOTO

noceigy HOVR Lab nayk.

[ToTouHne TMOKONIHHA HAMIOi CHUCTEMH Ma€ MPUUHATHUA  YacTOTY
KaJIpiB/3aTPUMKY Ta AEMOHCTPYE, M0 CUCTEMU MP MOXyTh OyTH KUTTE3MATHUH 1

€KOHOMIYHO e(PEeKTUBHUH ITIIX1]] 1O HABYAHHS JIJIs1 BUIIl HAJIAIITYBaHHS OCBITH.

KoHcrpykiiss Hamoi cuctemMu 3a0esreuye 3pydyHe HaBYaHHS B ayaUTOPii
1HTerpais, sk onucaHo B po3a. 1.3.3. CtaHiis KOMOAaKTHAa 3 HU3bKOOIOKETHUM
oOnajHaHHAM 1 3pYYHHM TMIPOLIECOM HajalTyBaHHS. MM TpoTecTyBaiu Ta

NOKpAIIWIA POOOYHIA MPOIIEC 13 CTYIEHTaMHU KJIacy.

Hamn nonepenHi pe3yiabTaTH AOCTIIKEHHS KOPUCTYBadiB MOKAa3yOTh, IO
CTYJICHTH BUTpayaB MEHIIIE Yacy Ha eTan 1 MoTpeOyBaB MEHIIE MOBTOPHUX CIPOO 3a
Bixy B pexumi MP. Ile roBoputh mpo Te, IO TaKTWUI ABTEHTUYHICTb, IIIO
3a0e3neuyeThCsl I8 MaHIMyJAliil JadopaTOpHUM 1HCTPYMEHTOM Yy pexkumi MP
JIOTIOMarae CTyJEHTaM Kpamie OpIEHTYBATHCS Y CEPEIOBHUINl BIPTyaJIbHOI
naboparopii edekTuBHO. Hari pe3ynbrati TeCTy nMoka3yroTh, 1o MR 1 VR pexumu
MOAYJSl KallOpyBaHHS MINETKA PO3LIMPEHI CTYIAEHTH PO3YMIHHS OCHOBHHUX
KOHIICTIII y TOpPIBHSHHI 3 KOHTpOJbHa rpyma. Kpim Toro, cryneHtu Oinbiie
BIJI1aI0Th nepeBary pexxumy MP Hixk pexum VR y Ounbiiocti 3anuTtanb Intrinsic
Motuaris  (IM), camoedextuBHicTh (SE) 1 mocBim xopuctyBaua (UE)
onutyBaHHs.Hamri monepenni fgaHi cBigyaTh Opo Te, L0 OOWABA CIOCOOH
BIPTyaJIbHOI J1a00OPaTOPii MOKPALLYIOTh HABYaHHS CTYJEHTIB. YUHI BUKOHAJIU BIXU
mBuAIe B pexxumi MP 1 manu Oinbllie MPUXWIBHE CTaBJICHHS 10 pexumy MP.
[Toganemmii KOpUCTyBay HEOOXITHO OyJe MPOBECTH AOCIHIKCHHS 3 OUIBIIMMU
po3MipamMu  BHUOIpKM 100 MIATBEPAUTH 111  BUCHOBKHU. [IpoekTyBaHHS,
BIIPOBA/DKEHHSI ~Ta  TECTYBaHHA  Ii€l CHCTEMHU  JIOIIOMOIJIO  HAIIOMY

MDKIUCIUIUTIHAPHOMY 3aKJIaJly OTPUMATH 3HAHHS KOMaHJa KOMII'IOTEPHUKIB,



pO3pOOHUKIB OOJIaHAHHS, MPOTPAMHOTO 3a0e3MNedeHHsl 1HXeHepHu, IUudpoBI
XYJIO)KHUKH Ta EKCIepTu 3 xiMii/0ioximii. KoHCTpyKIli aKTMBHOTO 1 TACHBHOTO
TPEeKepiB 1 OCHOBHE TMporpaMHe 3a0e3MEUeHHs TMPOUIUIO KITbKa ITepariii
MOKPAITUTH SKICTh BiJICTeKCHHSI, IIBUKICTh MOJICIIIOBAaHHS Ta AW3aiiH B3a€MOII 3
KOpPHUCTyBadeM. Y MailOyTHbOMY MU MIPAIIOBATUMEMO HaJI TOJaBAaHHSIM HOBUX BMICT

1 GYHKITIOHAJBHICTh CUCTEMHU.

Hanpuknan, Oiible iHCTPYMEHTH BipTyali3oBaHOI JlabopaTopii MOXYTb
OyTH cTBOpeH1 Jisi 30UIBIIEHHS KOJIEKIl J1abopaTOpHUX I1HCTPYMEHTIB, SIKi
MeJIaroru MOKYTh BUKOPHCTOBYBATH JIJIS afamiTallli CBOiX eKCriepuMeHTiB. [0 Hboro
Oyne nojmaHo OuTblie XIMIKATIB 1 peakiii 0i0gioTeka peakTHBIB. MU TaKoXK
MPOJIOBXKYEMO PO3LIMPIOBATH Ta BJIOCKOHAIIOBATH 1HTErpaiis 0a3u AaHuX 1
MacmTabH1 JAOCTII)KEHHs] KOPUCTYBa4iB JJI1 TECTyBaHHs BIUIMB JOcBixy MP Ha
HABYAHHS CTYJCHTIB. MICIsi CTBOPEHHS Ta TECTYyBaHHS JOJATKOBUX MOJYJIB, MU
TaKOXX 3alllkaBJieHI y TMPOBEACHHI OUIBII  JIOBIOCTPOKOBUX  JOCIIIKEHb
e¢()eKTUBHOCTI, MO0 IMOO0AYMTH YW 3aIllKaBJIEHICTh, 3aIIKABJICHICTh 1 3HAHHSI
CTYJICHTIB yTPUMaHHS TOKpallyeTbesa micis kuibkox VR a6o MR mabGoparopHi

3aHATTA.

BucHoOBKM 32 mepmiuM po3aiioM

JlaGopatopHuii MPaKTUKYM € HEB1J’ €MHOIO YACTHHOIO SKICHOT IiATOTOBKHU
BHUCOKOKBaTI(h1KOBaHUX (PaxiBI[IB EHEPreTUYHOI ranysi. B ymoBax BoeHHUX ab0
KApaHTUHHUX OOMEXEHb OCOOIMBY AKTYaJIbHICTh HA0YBaIOTh HOB1 (popMHU
MIPOBENICHHSI TA0OPATOPHOTO MPAKTUKYMY 3 BUKOPHUCTAHHSIM 3aC001B BIPTYalbHOT
peabHOCTI a00 3MIIIaHOT peaIbHOCTI.

B po3naini po3riasHyTO AOCBiA TaKMX Ja00OpPaTOPHUX POOIT Ta
IPOaHaIi30BaHO OCTAaHHI TEHJEHIIT y TaHOMY HamnpsMKY PO3BUTKY CUCTEMHU

1HXKEHEPHOI MPAKTUYHOT MATOTOBKH.



PO3/ILJ1 2 MIPOEKTYBAHHS JIJABOPATOPII EJJEKTPUYHUX
AITIAPTIB

2.1. BuzHa4yeHHs nmepeJIiky Ta 3MicTy J1adopaTopHHUX PoOiT JjadopaTopii

eJIeKTPUYHHUX anaparis

JlaGopaTopHuii MpaKTUKYM 3 TUCIUILTIHA «EneKkTpuyHi anapaTu MOBUHEH

BIJIMOBIATH 3MICTY NUCIUIUIIHU Ta B1I0OpakaTH ycl HOro XapakTepHi po3Iiin.

J10 Op1EHTOBHOTO MEPEITIKY J1abOpaTOPHUX POOIT BIIHOCITHCS TaKi

1abopaTtopHi poOOTH SIK:
1. JocmimkeHHs! KOHTAKTHAX CUCTEM €ICKTPUYHHUX araparis.

2. JocniIKeHHs XapaKTEPUCTUK BUMIPIOBAIBHUX MTPUIIAJIIB B €JIEKTPUYHUX

ariaparax.

3. HocnimxeHHs: poOOTH €IeKTPOMArHiTHUX arapariB.

4. JlocniI>KeHHS TEIJIOBUX MPOIIECIB B €IEKTPUYHHUX arapaTax.

5. HocnimxkeHHs: poOOTH BaKyyMHHUX Ta Ta30HAIIOBHEHUX ariaparis.

6. JlocmiKeHHST METO/IIB 3aXUCTY €EKTPUYHHUX arapaTiB.

7. JocmimKeHHs eIeKTPOHHUX anaparis.

8. JlochimKeHHs pO3paxyHKiB Ta MPOEKTYBAHHS €JIEKTPUYHUX anaparis.

9.JlocaimkeHHs: HaIIMHOCT1 €JICKTPUYHUX araparis.

10. locoimkenns 0e3neKy eKcIuTyaTallii eJIeKTPUYHUX anaparis.

Oco0nuBiCTh BKa3aHUX JTAOOPATOPHUX POOIT MOJATAE Y TOMY, III0 BOHU
MOBUHHI MaTH MOKJIMBICTh OyTH BIANPallbOBAHUMH Y HaBUAIbHINA ayAUTOPIT
mpoTArom 4 akageMiuHux roauH. [Ipu nboMy HaBYaIbHA AyJUTOPIS HA Ma€e
BHCOKOBOJITHOTO BBOJTY €TIEKTPUUHUX MEPEXK, 3HAXOUTHCS Y HAUTIPOCTIIIIOMY

YKPHUTTI Ta Mae€ 3arajibHy IUIonly 01u3pko S0m?,

B yMoBax BOEHHOTO CTaHy Ta 0COOJMBOCTEN TPUGPPOHOBOTO MiCcTa XapKOBa

nabopaTopis eNEeKTPUIHUX arapaTiB MOBUHHA MATH TTOPSIT HAUTIPOCTIIIE YKPUTTS,



SKe MOKe 3a0€3MeUUTH MPUCYTHICTh TOBHOTO CKJIay aKaJeMIYHOI IPYyNH Ha

nepio] MOBITPSHOT TPUBOTH.

2.2. IIpoekTyBaHHSI OCHOBHUX NMPHUMillleHb TA CIIOPY/

OCHOBHI MIPUMIILIEHHS Ta CIIOPYAH JTab0paTopii eNEKTPUUHUX MAITUH
nepeadayeHo po3TalIOBYBaTH B MiABAIBHUX MPUMIIIEHHSIX MEPIIOT0 KOPIyCy
HaBuasibHO-HayKOBOTO 1HCTUTYTY «YKpaiHChbKa 1H)KEHEPHO-IIEAaroriyHa
akaziemis» XapKiBCbKOT0 HallloHaNbHOTO YHiBepcuTeTy iMeHi B.H. Kapasina, skwuii

3HaXOAUTHCS 3a aapecoro M.XapkiB, Bys. YHiBepcuTeTchbka 16, kopr. 1, aya 8/1

JlaHa nokartris BiATIOBIIa€ BUIIEC HABEICHUM BUMOTraM 1 Ha JaHWHM 9ac Mae
HeoOx1Hy 1HppacTpykTypy. Ha pucyHky 2.1. HaBeneHo pe3yabTaTh
PO3p0o0JIEHOT0 MPOEKTY OCHOBHUX cHopy Jlaboparopii. Ha pucynkax 2.2 — 2.4
HaBeJleHo Bizyanizaiito 3D moneni madoparopii. 3D Mozens Oyina po3pobiieHa B

nporpamMHoMy cepenoBuill Blender Ha migcTaBi po3po0JI€HOTO TPOEKTY.

MocapoyHi micus B 6e3neqHomMy ykpuTTi (NiaBanbHe nNpumMilLeHHA 6e3 30BHILUHIX CTiH)
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Pucynok 2.1. [InanyBaHHs OCHOBHUX CHOPY/ JJaOOpaTopii eNeKTPUYHUX arapaTiB



Pucynok 2.4. 30BHilIHII BUTIAA 1a00paTopii eNEKTPUUHUX arnapaTiB



Pucynoxk 2.5. 30BHIilIHINA BUTIIAL Ja00paTopii €JIEKTPUYHUX araparis.

HaitnpocrTimie yKpUTTs 3a paBUJIaMy JBOX CTiH



2.3. IIpoeKkTyBaHHS CHCTEMH €JIEKTPONMOCTAYAHHSA J1A00PATOPIl eJTIeKTPUYHUX
anaparis

JlaGopatopis eIeKTPUYHUX arapaTiB Ma€ HACTYITHUHN MEpeiK CIIOKUBAYIB

CJICKTPUYHOT eHeprii
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Pucynok 2.7. Cxema eneKTporocTa4anHs 1abopaTopii eNeKTPUYHUX armapaTiB

2.4. Ckaaganas TexHivHOl cnienndikanii 1adopaTopii eJieKTPUYHUX anaparis
TexHiyHa ciennikaiis € 3aKII0YHUM JOKYMEHTOM MPOEKTYBAaHHS

Jabopartopii eNeKTpUYHKX anapartiB. B gaHiil poOOTi BOHA CKJIaJIeHa 32 BUMOTaMH



oopMIICHHS JOKyMEHTAIII1 TT0 TeHASPHUM IPOIeaypaM Ta 3aKyIiBIi 00JaHAHHS

3a MpaBUjiaMu Ta IpoleaypaMu MiHiCTepCTBa OCBITH 1 HAYKU Y KpaiHu

TEXHIYHA CITELIUDIKALIA

[Hdopmartis o mpeaMeTy 3aKyiBIi:

Ne Onuc ToBapy
1 | JlaGopaTopisi eneKTPUYHKMX anapariB

Koa 3a 1K 021:2015
44160000-9

1. TPA®IKIIOCTABKU TA 3ABEPILIEHHA

o Onnanus Tepmin
- Hassa ToBapy BuMmipro- | KinbkicTs | mocraBkm
psaka )
BAaHHA (THiB)

1. [TakyBanbHa craniis «CkiaagHi KOMILJIEKT 1 120
MEXaHI4H1 IPOLIECH MaHIIMyJISI»

2. Koncoib kepyBaHHA TyKa 2 120

3. [TyneT nudpoBuii A iHAUKALIT KOMILJIEKT 120
BXIJIHMX Ta CUMYJIAILIT BUX1THUX 1
CUTHAJIB

4. biiok xuBneHHs HaBYabHUM 24 B 3 TyKa 120
KaleJieM JKUBJIEHHS 13 3aXHUCTOM B1JI 2
KOPOTKOTO 3aMHKaHHS

3. Kowmrurekt 3aroroBok «Kopmnycu KOMILJIEKT ) 120
ITATHIPIBY»

6. Bi3ok m1g HaBYaIbHUX CTAHIIN IITyKa 2 120

7. KonTposep ais Moy IbHUX CTaHITIN ITyKa 120
B HaBYAJIbHOMY BUKOHaHH1 Siemens 1
S7-1516-3PN/DP (MPS)

8. CraH1isi COpTyBaHHSI 3arOTOBOK KOMIUICKT 1 120

0. Kommnpecop, 6e3mrymunii 50 1/xB. ITyKa ) 120
(piBenb mymy 50 /10)

10. [Iporpamue 3a0e3nedyeHus Step 7 mTyKa 1 120
TIA Portal, 8 HaBuaIbHUX JIIICH31H

11. KonTponep anst MOy IbHUX CTAHIIN IITyKa 120
B HaBYAJIbHOMY BUKOHaHH1 Festo 1
CECC LK (MPS) CODESYS V3.5




12. KoMruiektT HaBYaIbHOTO OOJIaHAHHS | KOMILIEKT 120
«CTapT y MEXaTpoHIKy»

13. Habip nonoBHEHB 17151 KOMIUIEKTY KOMILIEKT 1 120
«CTapT y MEXaTpoHIKY»
14. Jlo1aTKOB1 KHOTIKH Ta 1HIUKATOPU KOMILJIEKT 120
JUISl KOMIUIEKTY «CTapT y 1
MEXaTPOHIKY»

15. CBITJIOBIIOMBHUI TATYUK IS TyKa 120
KOMIUIEKTY «CTapT y MEXaTPOHIKY»

16. [aTEepdelic s miaKIFoYeHHS KOMILIEKT 120
CTaHIIIM 10 HABYAJIbHOTO KOMITJIEKTY
3 MIKpOKOHTPOJIEPIB ISl KOMITJIEKTY
«CTtapT y MeXaTpOHIKY»

17. Komrutekt oOnagHanHd 3 KOMILJIEKT 120
MIKpPOKOHTPOJIEPOM ApAYiHO 1Jis 1
KOMIUIEKTY «CTapT y MEXaTPOHIKY»

18. HapuanbHuii cTeng MOOLITbHUH 2- HITyKa 120
CTOPOHHIH

19. HITyKa 1 120

Tpumau kabemniB eNeKTPUIHUX

20. [TnuTa nms po3MileHHsT KOMITpecopa TyKa 120
Ha CTEH/II

21. KomruiexT enemenTiB « BuBueHHsA KOMILJIEKT 120
MHEBMATUKW

22. KomrutekT enemenTiB « BuBueHHsA KOMILJIEKT 120
€JIEKTPOITHEBMOABTOMATHUKI)

2. TEXHIYHI BUMOI'K 10 TOBAPIB

JlabopaTopis Mae SBISITH cOO0K Oe3neyHe OONaJHaHHS, PO3poOJIeHE i
HaBYAJBHUX IIUICH, 13 CYMICHUMHU MiJKIIOYCHHIMHU 32 JIOMOMOTOI0 CIEIIaIbHUX
kabemniB 3 po3’emamu 2 MM Ta 4 mMMm. OuikyBaHa crnerudikailis Ta BUMOTH [0
TEXHIYHUX, IKICHUX Ta KUIbKICHUX XapakTepucTHK ToBapiB npuBeaeH1 y Tabmuisix

Ta onrcax i€l TexHiuHoi crienmudikartii.

1.ITakyBanbHa cTaHuis « CKIagHi MeXaHiYHi MIPoLecH MaHIMy I

Craniis 3a0e3reuye MHEBMAaTUUYHUM KOHTPOJIb CKJIATHOTO MPOIECY MaKyBaHHS

Ta K€pyBaHHS KPOKOBUMH JBUTYHAMH 3a JOIOMOI0OI0 MIKpOKOHTpoJiepiB. CTaHIis



TaKOXX HaJla€ O3HAMOMIICHHS 3 BUKOPHUCTAHHSAM LMUQPPOBUX nartuukiB. CraHIis
MOJyJIbHa, B HaBUaJbHOMY BHUKOHAHHI, CYMICHOI 3 IHIIMMH MOAYJbHUMHU

CTaHIIISIMU.

CraHnilisi ymakoBye 3aroTOBKM B aBToMaTru3oBaHoOMy mpoieci. KonBeep
NEPEHOCUTh 3aroTOBKY B TO3MIIIO 300py JBOOCHOBOTO MOAYJsS OOpOOKH.
[TakyBaJIbHMIT MOJYyJIb JMiCTa€ KapTOHHY KOPOOKY, pO3roprae ii Ta TOTye [0
3aBaHTaXeHHS. Mojyib OOpoOKM 3 JBOMa OCSMU TPAHCIOPTYE 3aroTOBKY B
KApTOHHY KOpPOOKY: LISl omepaiisi BUKOHYEThCS KPOKOBHM JBHUT'YHOM 1o oci X 1
HWTIHAPOM 3 TMpPEUu3iiHUM KepyBaHHSM 1o oci Z. KapToH 3akpuBaeThCs 1
NEPEeNaETbCsl Ha KOHBEEpPHUH MoAydb. KoHBeepHUII MOIyNb TpPaHCHOPTYE

YIIaKOBaHY 3aroTOBKY B KiHHeBe IIOJIOXKCHHA.

KpoxkoBuii ABUTYH 3 KOHTPOJIEPOM TEPEMIIILYE JIIHIMHY BICh Y TIEBHI MO3UIIT 3

BHCOKOIO TOYHICTIO MO3ULI10HYBaHHS.

ITaeBmaTnyHi JaTYUKHU KiHI_IeBOI‘O IIOJIOKCHHS BHU3HAYAKOTH ITOJOXCHHA

MUTIHAPA Ta KOHTPOJIOIOTH MaKyBaJIbHUN MEXaH13M.

CraHLil0 MOXHa BHUKOPHUCTOBYBAaTH OKpeMO a00 pa3oM 3 IHIUMMHU CTAHIISIMU B

PI3HHUX TOYKaX CUCTEMHU a00 MPOIIECY.

TexHi4HI XapaKTePUCTUKU

Po6ounit Tuck: 600 kIla (6 6ap)

Kusnenns: 24 B nocriitHoro ctpymy, 4,5 A
KBaapatHi/kpyrii po3Mipu 3aroToBKU: Makc. 40 Mm
15 nudpoBuX BXiTHUX CUTHATIB

14 nudppoBUX BUXITHUX CUTHATIB

Posmipu (I x " x B): 350 x 700 x 900 mm

2. KoHcoub kepyBaHHs



KoHconb kepyBaHHS MOJIyJIbHOIO HABYAJIBHOIO CTAHIIIEIO 3 PO3'€MOM
SysLink

CknagaeTbes 3 MaHesl KepyBaHHs, KOMYHIKAIIHOT aHeNl, MycTo1 maHeml
Ta KpIMUIBHOT paMu 3 po3’eMoM SysLink.

Knomka [lyck 3 LED, kHomka Stop, kHomka Reset 3 LED, 2 cBiTimoBux
1HAMKATOPH, Oe3medni po3’emu 4 MM TSI 3'€THaHHS BXO/iB/Buxo/iB. Ha
3BOPOTHOMY 00111 po3TamioBati po3’emu SysLink 1 Sub-D ans migkitodeHHs 10
Oynp-skoro tumy TTJIK.

HyabT mudpoBuii 1 iHAMKALIT BXiZIHUX Ta CUMYJISIIII BUXITHUX CUTHAJIIB
[TyapT SimuBox ciyuTh a8 1HAMKAI] BXIJIHUX Ta MOJICIIOBAHHS BHUXIJTHHUX
CUTHAJIIB MOJTyJIbHOT HaBUalIbHOI cTaHIlii abo [TJIK. MonuBi 1Ba HaBeICH1 HUXKYE

THUIIN 3aCTOCYBaHHS.
ImiTanis BxoaiB ayig BunpoOyBanHs nporpamu [TJIK.

MopnentoBaHHSl BUXIIHUX CUTHAJIB (3 OKPEMHM >KUBJIEHHAM 24 B) nis kepyBaHHS

craniieo MPS.

[TynbT Mae pos'em SysLink.

TexHi4HI XapaKTePUCTUKU

Po6oua Hanpyra 24 B nocT. ctpymy

Hanpyra curnany 24 noct. ctpymy

IaTepdeiic SysLink, [IEEE488

[Tepemukaui: 9, He dikcoBaHUX Ta 9 (iKCOBAHUX

CeiTmomionu: 9

4. BJok xxuBJienHa HaBYaJabHUM 24 B 3 ka0ej1eM KMBJICHHA i3 3AXHCTOM

BiJl KOPOTKOI0 3aMHKAHHSA

TexHi4HI XapaKTePUCTHUKU:
Bxinna nanpyra: 85 - 265 B 3minHoro ctpymy (47 - 63 I'n)

Buxinna nanpyra: 24 B noct. ctpymy, 13 3aXMCTOM BiJl KOPOTKOTO 3aMHKaHHS



Buxigauit ctpym: Makc. 4 A

Posmipu: 170 x 240 x 92 mm

S. Kommiekr 3aroroBok «Kopmycn nuininapis

CyMicHUH 3 MOy IbHUMH HaBYaJIbHUMHU CTAHITISIMU

CKJIa/1a€ThCs 3 4 YOpHUX, 4 YEPBOHUX MJIACTUKOBHUX KOPITYCIB IMIIIHIAPIB Ta 4
ATFOMIHIEBUX KOPITYCiB IIMTIH/IPIB.

3oBHimHIN niametp: 40 MM

Bucora (dopHuii): 22,5 Mmm

Bucora (uepBoHuii 1 aoMiHii): 25 MM

6. Bi3ok aJ1s1 HAaBYAJILHHUX CTAHIIMN

CyMicHUI 3 MOYJIBHUMHM HABYAJIbBHUMH CTaHLISIMHU, HACKP13HI OTBOPHU B O1YHIH 1
3aJIHIH MMaHEeNSAX T03BOJISIOTH YIIOPSIIKOBAHO MPOKJIACTH Kadem. CuMeTpuuHun
JIM3aifH Bi3Ka O03HA4ae, M0 3 000X OOKIB € BaplaHTH KPIIUICHHS MaHeNl KepyBaHHS,
MIPOMIXKHOI MOJIMIII Ta AIKUKIB. 3 000X OOKIB BI3Ka € MICLIE JUIsl MOHTAXHOI IIaTh
JUTsL eNeKTpuyHuX 3’ enHanb 1 ctiviku as [IJIK. [Ipodini ans kpinnenus Gopmaty
A4 103BOJIAIOTH BUKOPUCTOBYBATH JI0JATKOBI HaBUaJIbH1 OJIOKH Ha Bi3KY.
TexHi4HI XapaKTePUCTUKU

Po3mipu (B=x I x I'):

750 x 350 x 700 Mmm

OO6csr nocTaBkH

Bi30k 3 komimarkamMu

[TpomikHA MTOTUTIS

7. KonTposep st MOAYJIbHUX CTAHLIH B HABYAJIbHOMY BUKOHAHHI
Siemens S7-1516-3PN/DP

CyMmicHHI 3 MOJYJTbHUMU HAaBYAJIbHUMH CTaHLISIMU

Kapra mam'ati B KOMITJIEKT1

Intepdeiic: PROFINET IRT 3 2-mopToBUM KOMYTaTOpOM



Cuctema KpiruieHHs 0 BI3KY /IS HABYAJIbHUX CTaHIIIN

Posmip (I x B) 305 MM x 300 MM

MoskHa pO3MICTUTH Ha CTOJII a00 B HABYAJIbHIN CTAHIII{

Cucrema KpimieHHS 3 JIMCTOBOT CTall 3 MOPOIIKOBUM MOKPUTTSIM

[aTerpoBanuii 610k xuBnenus, AC 110/230 B/ DC 24 B, 4 A

19-nroiiMoBa nanens 3 2 mrekepHuMu po3’emamu SysLink mst cranmii MPS i
TaHesl KepyBaHHs, KOXKEH 3 SIKMX Mae 1o 8 1mudpoBux BXoIiB Ta 8 1udpoBux
BUXO/iB 1 | 15-KOHTaKTHOMY IITeKepHOMY 3’ €IHaHHIO Sub-D 3 4 aHanmoroBumMu
BXOJIaMH Ta 2 aHAJIOTOBUMH BUXOJIaMU; TIEPEMHUYKA aBAPIAHOT 3yTUHKH TS
MIIKJTFOYEHHS CXeMH O€3IeKH IS BITKIIOUeHHS 8 ITu(pPOBUX BUXO/IIB.

8. CraHuis cCOPTYBaHHA 3ar0TOBOK

CraHI1isi KOHTPOJIIOE MPOIEC COPTYBAHHS HA OCHOBI BIIACTUBOCTEH 3arOTOBKH.
CraHI1ist COPTY€ 3aroTOBKY Ha TPH TiIKU. J[aTUMK BU3HAYAE, KOJIA 3aTOTOBKA
pO3MILIEHA Ha CTaHIIl1, 1 3aIlyCKa€e TPAHCIIOPTYBAHHS 3arOTOBKHU J0 TOUYKH
COpPTYBaHHS: MHEBMATUYHUM CTONOP (IIMITIHAP 3 KOPOTKUM XOJIOM) 3YTIHHSIE
3aroTOBKY, IOKH KOHBEEP MPOJIOBXKYE MPALIOBATH, 1 Iepeiae i AJisi COPTYBaHHS Ha
OJIMH 13 TPHOX psAMiB. ONTHYHI Ta IHAYKTUBHI JaTYNKH BU3HAYAIOTh BIACTUBOCTI
3arOTOBKH Ta PO3PI3HAIOTH 3aTOTOBKH 32 KOJIBOPOM 1 MatepiajaoM. EnexTpuanmii
MTOBOPOTHUHN MOJIYJIb COPTYE 3arOTOBKY. JlaTYMK KOHTPOJIIOE PiBEHD 3aITIOBHEHHS
T'JIOK.

TexHiuHI XapaKTepPHUCTUKH

Po6ouwnii Tuck: 600 kIla (6 6ap)

XKusnenns: 24 B noctiiiHOro ctpymy

KBaapatHi/kpyrii po3Mipu 3aroToBKU: Makc. 40 Mm

8 mu¢ppoBUX TaTUNKIB

4 mudpoBi NpuBOIU

9. Kommnpecop

Macnsuuit, manomymuanii (He 6ibie 45 n1b) kommpecop. [Ipuznauenuit ais
eKCIUTyaTallll y HaB4YaJbHUX Kjacax. 3 peryJsiTopoM TUCKY Ta

BOJIOTOBIILTFOBAYEM.



TexHIYHI XapaKTePUCTUKH

Tuck: 800 kIla (8 6ap) Pmakc

[MotyxHicTb: 50 1/XB.

O06'em ko1na: 24 n

BingBeneHHs CTUCHEHOTO MOBITPS: Y4 mroitma a6o KD4

[IIymosa emicis: 45 nb(A)/1 m

TpuBanicts yBiMKHEHHs: Makc. 50%

PerynsTop THCKY 3 MAaHOMETPOM

10. ITporpamue 3a0e3nedennsi Step 7 TIA Portal, 8 HaBuaabHuUX JineHsii
3aCTOCOBYIOTHCS CIEllialIbHI JIIECH31MHI YMOBH JJIs1 HAaBUAJIbHHUX 3aKJIaJIiB
11. KonTpoaep ajs MOAYJIbHUX CTAHIIH B HABYAJIbHOMY BUKOHAHHI 3
ninTrpumkoro CODESYS V3.5

CymicHHiT 3 MOYTFHUMHU HABYAIbHUMH CTAHIISIMU

[TinTpumka moB niporpamyBanHs A IL, LD, FBD, ST, SFC 1 CFC 3a gonoMorozo
CODESYS®, Bianosiano a0 Cranmnapty MEK 61131-3.

TexHiuHI XapaKTepPHUCTUKH

4 x 10-Link master

1 mpuctpiit IO-Link

Ethernet maxnroueHHs

USB nigkitoueHHs

CANopen

Bxoau/Buxonu:

12 mudpoBux BxoAiB (24 B mocTiitHOTO CTpyMYy)

8 undposux Buxoais (24 B nocriiiHoro ctpymy, 500 MA)

Monyns posmupenss [O-Link:

8 unudposux BxoAiB (24 B nocTiiiHOTO CTpyMYy)

8 undposux Buxoais (24 B nocriiiHoro ctpymy, 500 MA)

IaTepdeiicy 10-Link

Bukonaunus:

Monaynbna Pama A4, HactineHuit Bapiant, po3mip 1, (I x B) 305 MM x 300 mm



19-nroiiMoBa maHesnpb iMiTallli MOy 3 2 ITEeKepHUMH po3’emamu SysLink s
HaBYAJILHOI CTAHIT 1 MaHEN1 KepyBaHHsI, KOKeH 3 8 1u(poBUMHU BX0aMu Ta 8
b poBUMH BUxoaMu Ta 1 15-KOHTaKTHUM MITEeKEpHUM 3’ €AHaHHAM Sub-D 3 4
aHAJIOTOBMMHU BXOJIaMU Ta 2 aHAJIOTOBUMH BUXOJaMU, IEPEMHUUKOIO aBapiitHO1
3YIIUHKY JIJIS T IKITFOUEHHS CXEeMU O€3IeKH JIJIs BIIKITFOUCHHS 8 1Tu(POBUX
BUXO/IIB.

InTerpoBanuii 6510k >xuBnenns 110/230 B/24 B, 4 A

MoskHa po3MicTUTH Ha cTOJI 200 B cTaHIii MPS.

CralinpHa cucTeMa KpITyIeHHS 3 JTUCTOBOI CTajl 3 TOPOIIKOBUM MOKPUTTSIM
MoskHa po3MIMPUTH 32 T0MTOMOT0I0 19-110MMOBHX MOIYJIIB MOJICIIIOBAaHHS

12. KoMiuieKT HaB4YaJIbHOr0 00/1aAHaHHA «CTapT y MEeXaTPOHIKY»
Komrekt y ckiazi: Mara3uHHa CTaHIlisl, KOHBEEPHA CTaHIIIs, CTAHIIS IEPEHOCY
3aroTOBKH, KOMITIpecop, 3 intepdericu EasyPort miis miakitoueHHs CTaHLii 10
KOMIT 10Tepa, MporpaMHe 3a0e3nedeHHs], Ha0lp 3aroTOBOK Ta IHCTPYMEHTIB,
nokymeHTanis, Cucrerinepu A1 30epiranist 00JaJHaHHs, TIAPYYHUKA Ta
HaBYAJIbHI MaTepiaju.

13. Ha0ip 1onoBHeHBb AJ1s1 KOMILIEKTY «CTapT y MeXaTpPOHIKY»

y CKJIaJIi:

1 x IIpodinbha nouta

2 x 4/2 po3nOAUIbHUK 3 OJTHUM €JIEKTPOMArHiTOM

2 x Kinnesi gaTyuku, MardiTHi

2 x [THeBMaTHYHUI ITUITHAP TBOCTOPOHHBOI i

1 x OnTHYHUN JaTYUK

1 x EnexrpryHa KHOMKA

1 x EnextpuuHuii nepeMukay

1 x InpukaropHa ammna

1 x HaGip MOHTaXHUX POPiiiB

1 x HaGip 3arotoBox

14. /IopaTkoBi KHONKM TA iHAMKATOPH s KOMILIEKTY «CTapTy

MeXaTPOHIKY»



1 x enekrpuuna kHonka (koHTakT HO 1 H3)

1 x nepemukau

1 X iHAMKaTOpHA JamMIia

B KoMIIJIEKT1 3 MOHTKHUMHU MaTepiajlaMy 1 CIIOyYHUM KabesieMm.

15. CBiTyIOBiIOMBHUI TaTUYNK

OnToBOMOKOHHUH AU(Y3HUN JATIUK B KOMITIEKTI 3 ONTUYHUMHU BOJIOKHAMH,
CIOJIyYHUM KaOeJieM 1 MOHTaXXHUMHU MaTepiaiami.

16. Inrtepdeiic A1 MiAKIOYEHHS CTaHLIN 3 KoMILIeKTY «CTapTr y
MEXATPOHIKY» /10 HABYAJbHOI0 KOMILIEKTY 3 MiKPOKOHTPOJIepPiB
[aTepdeiic 06po6IIsie MBIMKOBI CUTHAIM, IO BXOASATH 1 BUXOATS 13
MIKPOKOHTpoOJIepa. BXi/IHI CUTHANIM BiJ] CTaHIli HAAXOAATh, HAIPUKIIA, Bij
KIHIIEBMX BUMHUKAYiB 1 JATYMKIB, TOJI SIK BUX1IHI CUTHAJIM JIO CTaHIIIi KePYIOTh
KOMITOHEHTaMH CTaHI1i, TAKUMH SIK €JIEKTPOMArHITHI KJIAIIaHH.

KepyBaHHS IpUCTPOEM MIKpOKOHTpOJIEpa, MM AKITFOYCHHS, KOJTYBaHHS Y
BI3yaJIbHOMY CEPEJIOBUII, CIIOCTEPEKEHHS 32 PyXOM TaKUX KOMIIOHEHTIB, 5K
MWTIHAPY, KJIAllaHd, KOHBEEPH TOIIIO ITi/T YaC BUKOHAHHS MPOTPaMHU.
TexHi4HI XapaKTepHUCTUKH

6 BX1IHUX 1 6 BUX1IHMX KaHaJIB JI0 Ta BiJl MIKPOKOHTpOJIEpa

[TeperBoproe Bxifa 1 Buxig S B koHTposiepiB Ha curHai 24 B 110 cTaHiiii

BXinx )kuBieHHs yepe3 MUITIHIP

[nTepdeiic cknamaeTbes 3 MIOCKOrO KaOeo 3 alalTepoM sl TUIaTH
MIKPOKOHTpOJIEpa 1 aIlalTepoM JIJIsl PO3MOIITTbHUKA 0araTOKOHTAKTHOT BIJIKU
cTaHIlii. BiH Tako BKIJIFO4a€ OJIOK >KUBJICHHS Ta 3'€IHYyBabHI Ka0eri.

17. KoMiuleKT 00/1aJHAHHS 3 MIKPOKOHTPOJIEPpOM ApAYiHO AJs1
HMIAKJIIOYEHHS CTAHLIH 3 KOMILIEKTY «CTapT y MeXaTpoHiKy»

ITaker BrIItOYaE:

1X MIKpOKOHTpOJIep ApIayiHO

1 X koMOiIHOBaHa JOIIKA

1x MoHTaxkHa mara

1X xabenpb KUBJICHHS



1x kabens USB

1x JloTok mJist 30epiraHHs

18. HapuajabHuUi cTeH] MOOLIbHMIL 2-CTOPOHHIM

MoxnuBICTh pOOOTH 3 000X OOKIB CTEHAY, OCHAIIICHUM AJIFOMIHIEBOIO
po(TBHOIO TIATOIO 3 KpOKOM 50 MM 17151 KPITIJICHHS! HABYAIBHOTO 00JIaTHAHHS
Ta paMaMu JIs KPIIJICHHS eJEKTPUIHIX KOMITOHEHTIB.

3osHimHI po3Mmipu JI 1556 x I 780 x B 1773

19. Tpumau kaleJiiB eJIeKTPUYHHUX

Kpinutbcest Ha 1abopaTopHUii CTEH, CYMICHHM 3 Habopamu J1abopaTopHUX KabeiB
4 mm.

Po3mipu: I 150 x I" 136 x B 63.

20. Ilnura noig po3MillleHH KOMIIPecopa HAa CTeHl

BceranoBimoerbest Ha tabopatopHuii cren, po3mipu: LI 748 x I 403 x B 30.

21. Kommiekr esieMeHTiB «BUBUEHHSI THEBMATHKI)

3 NPOMUCIOBUMH KOMIIOHEHTAMH, B CIICIIAJIbHOMY HaBYaJIbHOMY BUKOHAHHI, 3
MO>KJIMBICTIO KPIIIJIEHHS HA JIFOMIHIEBY TPO(UIbHY TIUTY 3 KpoKOM 50 MM 3
HABYAJILHOTO CTEH]IY,

EnexTpuuHi MiIKJIIOYEHHS CYMICHI 3 O€3MIeYHUMU JIA0OPATOPHUMH KabensiMu 4 MM
CkJaJ1 KOMIUIEKTY:

3/2-pO3NOIITBHUK 13 KHOIKOIO, H.3.

3/2-po3NOITBLHUK 13 KHOTIKOIO, H.B.

5/2-pO3NOITBHUK 13 CEIEKTOPHUM MEPEMUKAYEM

3/2- pO3NOIIBHUK 13 CEIEKTOPHUM TIEPEMHUKAUYEM, , H.3.

3/2-pO3NOITBHUK 13 POJIUKOBUM Ba)KEJIEM, H.3.

JlaT4uK TOJIOKEHHS, THEBMATUYHUH, 3 KPITJICHHSIM JJIS IIMJTITHpA

Talimep NTHEBMAaTUYHUM, H.3.

Kianman nociiioBHOCT1 TUCKY

3/2 po3NONIIBEHUK, 3 OJJHOCTOPOHHIM THEBMOYTIPABIIIHHIM

5/2 po3NOAIIBEHUK, 3 OAHOCTOPOHHIM ITHEBMOYIIPABI1HHIM

5/2 iMIynbCHUI pO3NOIIIBHUK, 3 IBOCTOPOHHIM MTHEBMOYTPABIIHHAM



[Tepexuanuii kiamad (ABO)

Kiaman aBox tuckis (1)

Kraman mBuakoro BUXJIOMY

OOHOCTOPOHHIN KJIalaH peryatoBaHHs MOTOKY

[{uniaap MHEBMAaTHYHUNA OAHOCTOPOHHBOI Aii

[{unisaap MHEBMATHYHHUA TBOCTOPOHHBOT /il

Kiaman 3 GiibTpoM-peryasropom

Perynsarop tucky

Manowmetp

Posranyxxysau

[TonmimepHUii MHEBMOLLLIAHT

22. Komimiekr ejqeMeHTIB « BUBUCHHS eJIeKTPONHEBMOABTOMATHKI

3 MPOMUCIOBIUMH KOMIIOHEHTAMH, B CIICIIAJIBHOMY HaBYaJIbHOMY BUKOHAHHI, 3
MO>KJIMBICTIO KPIIIJIEHHS HA JIFOMIHIEBY IPO(UIbHY IUIUTY 3 KpoKOM 50 MM 3
HABYaAJILHOTO CTEH]IY,

EnexTpuuHi MiIKJIIOYEHHS CYMICHI 3 0€3MIEYHUMU JIA0OPATOPHUMH KabensiMu 4 MM
CkraJi KOMIUIEKTY:

CurHanbHu# OJIOK, €1eKTPUYHHMA

Peneiinuii 6510k

KinmeBi BUMHKayl MpaBuil Ta JTIBUN

JlaTunK MOI0KEHHS, ONTUYHUMN, M 12

JlaT4rK TOJIOKEHHS, €IEKTPOHHUH, 3 KPITICHHSM JUTsl IIFJTIHIpa

JIBa 3/2-po3moAiIbHUKY 3 €JEKTPOYIPABIIHHSAM Ta CBITIO10J0M, HOPMAJILHO
BIIKPUTHUX

5/2-pO3NOIITBHUK 3 €IEKTPOYIPABIIIHHSIM, 31 CBITIIOI10/I0M
5/2-po3NOITBEHUK 3 €EKTPOYIPABIIHHSIM, 31 CBITJI010/I0M

JlaTunk TUCKY 3 IUCILIEEM

OmHOCTOPOHHIN KJIAallaH PeryatoBaHHs TOTOKY

[{uniHap OMHOCTOPOHHBOT /11 THEBMATUYHUI

[{uniaap TBOCTOPOHHBOI /i MTHEBMATHYHHIMA



Kinaman 3 pibTpoM-peryasropom
PosranyxyBau
[ToniMepHMi THEBMOIILIAHT
3. BUMOI' 10 TAPU TA YITAKOBKH
ToBap BiBaHTaXXy€ThCsl B YMAKOBII, 110 BiAMOBiIae xapakrepy ToBapy, sSKuit
nocTaBisieThesl. [lakyBaHHS TOBWHHE BIAMOBIMATH BCTAHOBJICHUM HOpPMaM 1
CTaHJapTaM, sike 3a0e3reuye 30epeeHHs BaHTaXy MpPU TPAHCHOPTYBaHHI IO
MICIISI PU3HAYCHHS Ta PO3BAHTAXKEHHI TPAHCTIOPTHOTO 3aC00y.
TpancnopTHa Tapa Mae BIANOBIIATH BUMOTaM 3a0€3MEUEHHS 30€pEeKCHHS IUX
BaHTaX1B, 30€PEKEHHA YITKOTO MAaPKyBaHHs, AKUX OTPIOHO TOTPUMYBATH 1] 4ac
iX 3arapioBaHHs (ITaKyBaHHS), 3aBaHTAXXEHHS, NEPEBE3CHHs (3 TOTPUMAHHIM
BCTAHOBJICHUX TEMIEPATyPHUX YMOB), BHUBAHTAXEHHS, a TaKOX MOKJIUBOCTI
BUKOHAHHS TIEPEBAHTAXYBAJIBHUX OIEpalid Ta ITa0eTIOBaHHS BaHTAXKY
MEXaH130BaHUM CII0COOOM.
ToBap MOBUHEH TPAHCIIOPTYBATUCS Ta 30€piraTucs BIAMOBITHO IO PEKOMEH 1ALl
BUPOOHHUKA.
4. TEXHIYHWI KOHTPOJIb TA BUITPOBYBAHHS
[TocTayanbHUK MOBUHEH 3MIMCHUTH CTaHAApPTHUN HAOIp MEpeBIpOK Ta Tmepen
BIJIIPABKOIO 3 3aBO/1y-BUPOOHMKA NIEPEKOHATHCS, 1110 KOXHA no3ullia Toapy, 110
MIOCTAaBIIIETHCS, BIJIMOBIAA€E BIMOBIITHUM TOJIOKEHHIM TexHIuHOT cienudikarrii.
OCHOBHMI KOHTpOJIb OyJi€ 371MCHIOBATHCS BIOBHOBaXEHUMH MPEACTABHUKAMU
[Toxymis mpu qoctaili ToBapiB 70 MICIS TPU3HAYEHHS, K 3a3HAYEHO B CTATT1 2
YMmoB Kontpakty. Crogm cepes IHIIWX BXOAWTHME 30BHIIIHINA KOHTPOJH Ha
BIJICYTHICTh MEXaHIYHHUX MOIIKO/DKEHb, IepeBipka BHUMoraMm Ii€i TexHiuHOo1
cnenudikarii.

5. YMOBU ITOCTABKH, YCTAHOBKMU I ObCJIYITOBYBAHHA

Od¢inilinuii npeAcTAaBHUK NPOIMIOHOBAHOI0 TOBAPY NMOBUHEH 320€3MCYNTH:

1. O6nagHaHHS MOBUHHO OyTH HOBUM.

2. TapanTiitHuii TepMiH Ha O0JagHAHHS: 12 MICSIIB.

3. YMOBH IOCTaBKHU: 332 paXyHOK I1I0CTa4yaIbHUKA.



4. 1lina Bkitoyae B ceOe BCi BUTpPATH HAa TPAHCIOPTYBAaHHS, HaBaHTAXKEHHS,
CTpaxyBaHHS, PO3BAHTAKEHHS, MOHTaX Ta ITyCKO-HaJaro/KyBasibHi, 0a30Be

HABYaHH 3 eKCIUTyaTallii 00IaJHaHHs Ta TEXHIKH O€3MeKH.

BucHOBKH 32 IPyruM po3aijioM

B nmaHomy posauni BIANOBIAHO 3aBAaHHA OyJlno pO3pOOJIEHO MPOEKT
HaBYAJIIbHOI J1abopaTopii eNeKTpUYHMX amapariB. Po3pobieHo  CTpyKTypy
7a00paTOPHOTO TMPAKTUKYMy Ta CKJIQJICHUNA TMepesik JiabopaTopHUX podiT 3
JUCLUUILTIHY eJIeKTpU4Hi amapati. CIpoeKTOBaHO OCHOBHI CHIOpyu JiabopaTopii 3
BpaxyBaHHSIM YMOB BOEHHOI'O CTaHy Ta BO€HHOi HeOe3neku. Po3pobiieHo mpoekT
CUCTEMHU €JIEKTPOIIOCTauaHHs, SKUM Tmiependayae pe3epBHE IKUBICHHS BIJ
(bOoTOENEKTPUYHOT elIeKTpOocTaHIlli noTykHicTio 30 kBT. BignoBigHo 10 mepeniky
nabopaTopHUX poOIT OyJi0 BHU3HAYEHO TMEpeik OOJIaJHAHHS Ta CKJIaJICHO

BIJIMOBIHY TEXHIYHY CIIEU(DIKaIIIFO0



BUCHOBKU

1. B po6oTi O6ys0 npoBeieHO IPYHTOBHUM KPUTUYHUHN aHaJI13 pO3POOKH Ta

BIIPOBAPKCHHS CyYaCHUX HaBYAJIbHUX JabopaTopiil.

2. Po3po6eno 3aranpH1 MPUHLIMIM aganTailli pi3uuHUX MPOoIEeCciB B
SJIEKTPUYHUX amaparax Hanpyroro a0 1000B go ymoB HaBYanpHUX JabopaTopiii Ta

HaBYaJIHHOTO TPOIIECY.

3. Po3po6eHo cTpyKTypy 1a00paTOPHOTO NPAKTUKYMY 3 AUCIUTLIIHUA

«EnextpuyHi anapatuny.

4. Po3po6iieHo npoekTiB OCHOBHUX CHOPY/I Ta TEXHIYHY crienudikalliio Ha

oOJnaiHaHHS J1abopaToOPil eNIEKTPUYHUX araparis.
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