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MIHICTEPCTBO OCBITU | HAYK/ YKPAIHW MpAT «MPUBATHU/ BULLIA HABYATIbHU 3AKNAL
«3AMOPI3bKUN IHCTUTYT EKOHOMIKM TA IHOOPMALIMHNX TEXHONOT I» Kadeapa Komn'toTepHOI
itpkeHepii 4O SAXUCTY OONYWEHWN 3as.kadeapv _ _ _ 0 __ A.e.H., npod. MNepeBep3eB
A.B. BUIMYCKHA POBOTA PO3POBKA MPOIrPAMHO-AMNAPATHOIO KOMITIEKCY BIOOBPAXXEHHA
3D-TOJIOFPAMU «KYB» BukoHas ct.rp. KI-N18k9 _ _ _ _ _ _ _ _ _ ______ MonoB M.A. KepiBHUK BMKNaga4
_______________ Cyxa K.C. 3anopixka 2022 1 MpAT «MPUBATH/A BULLIMA HABYAITBLHUN
3AKNAL «3AMOPI3bKUNA [HCTUTYT EKOHOMIKMA TA IHOOPMALIMHMX TEXHOMOrI» Kadenpa
komn'totepHoi  iHxkeHepii  3ATBEPIDKYKO 3aB. Kadegpn pg.eH, npod. [lepesepses A.B.
______________ 20.06.2022 p. 3 AB 0 A HH A HA BUNMYCKHY POBOTY MOJIOAWOro
CIMEUIANICTA Crygenty rp. KI8k9,cneuianbHocTti 123 «Komn'totepHa iHxeHepia» [Monosy Mukoni
AHOpiroBnyy (I'Ipi3BVILL|,e iMa no 6Gatbkosi) 1. Tema: Po3pobka nporpamHo-anapaTtHOro Komrmnekcy
BigobpaxeHHss 3D-ronorpamu «Ky6» 3aTrBepmkeHa Hakasom no iHcTuTyTy 09.2-17 Big 17 ciyna 2022 p. 2.
TepMiH 3gaui cTygeHToM 3akiHyeHoi pobotn 20 yepBHsa 2022 p. 3. lepenik nuTaHb, WO NignaraloTb
po3pobui 1.BuBYeHHs nitepatypu, NpucBsYeHol TeMi po3pobku 2. [letanbHe 3HaMOMCTBO 3 0COBNMBOCTAMM
po6otn ronorpam 3. Po3pobka npuctporo sikun Gyae suBoguTn ob’emHe 3D 306paxeHHs 4. Bubip
CXEMOTEXHIYHOIO PpillEeHHA NPUCTPOID, PO3PaxyHOK €enekTPUYHUX napaMeTpiB Ta nigdip enekTpuyHux
koMnoHeHTiB 5. CknagaHHsa Ta HanarogXeHHs npunagy 6 CTBOpeHHs mporpamHoro 3abe3neveHHsa ang
poboTtu 3 npunagom 2 7. TectyBaHHs npunagy 8. OdopmneHHa 3BiTy [lata Buaadi 3aBgaHHa noToro 22 p.

KepiBHWK BUnyckHoi po6oTu Cyxa K.C. (nionuc) (npiseuwe Ta iHijianu) 3aBaaHHs

NPWUIAHSB A0 BWKOHAHHA _ _ _ _ _ __ _ _ ___ Monos M.A. (nianuc ctynenta) (npissuwe Ta iHiuianu) 3
3ATBEPDKYHO 3aB.kadenpoto KANEHOAPHWWIPA®IK
nigroToBkM  BUNYCKHOI poboTM  monopworo cneuianicta 3gobysBadyamn  ocsitv  konegxky  3IEIT

nexHoi(3aouHoi) dopmm HaB4YaHHSA rp.

2022 HaB4yanbHuin pik Ne TepmiH MoToBHicTb Mignuc etany 3MiCT BMKOHAHHS MO rpadiky KepiBHMKA Npo %,
NiANUC MOBHY TOTOBHICTbL KepiBHMKaeTany, Aata ®opmynioBaHHsA (KoperyBaHHs)) TeMM BUMYCKHOI po6oTy
mMonoAworo cneuianicta Ta 36ip 17.01.22-26.02.22 1. npakTuyHoro matepiany 3a TeMOK BMMYCKHOI po6oTu |
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atectauisa | poagin BunyckHoi po6otn monogworo cneuianicta 28.03.22-02.04.22 2. |l atectauis Il po3gin
BMMYCKHOI poboTn monogworo cneuianicta 10.05.22-04.06.22 3. 4. |ll arectauisa |l po3gin BMnNyckHoI
po6oTtn monogworo ¢ 30.05.22-04.06.22 cneuianicta, BUCHOBKM Ta pekoMeHAauii, gogatku, pedepat 5.
MepeBipka BunyckHoi po6oTtn nporpamoto 30.05.22-18.06.22 «AnTunnariat» 6. [loonpavoBaHHSA BUMYCKHOI
po60TM MONOALIOro cneuianicra, NiaroToBkn npeseHTauii, oTpumanHs 06.06.22-11.06.22 Bigryky kepiBHuKa i
peueHsii 7. MNonepegHin 3axnct BunyckHoi podotn monoaworo 14.06.22-18.06.22 cneuianicta 8. MNogava
BMNYCKHOI pob0Tn Ha kadeapy 3a 3 AHi 4o 3axucTy 9. 3axucT BMNYCKHOI poboT1 MOMoALWOoro creuianicrta

20.06.22-25.06.22 KepiBHWk_ _ _ _ _ _ _ _ _ e (N.1.6)
«___»w_ 2022p

CTYOEHT _ o o o o (n..6.)

«_ _ M 2022p. 4 MEPENIK YMOBHMX NMO3HAYEHbL CrnoBo / CINOBOCTIONYY€EHHS

CkopodeHHa A Ananoro-umdposuin nepetsoptoBad AL K KoediuieHT kopucHol aii KKO I MNpunag i3
sapsinoBum 3B'siskoM 133 L WupotHo-iMnynbcHa mopynsuis (WM  —awnrn.  WIM pulse-width
modulation, PWM) L Csitnoaion (awrn. Light-emitting diode) LED T TpaH3aMCTOPHO-TpaH3NCTOpHa
norika (TTN, anrn. TTL transistor-transistor logic) S (anrn. Serial Peripheral Interface, SPI bus — SPI
NocnifoBHMIA NepudepiiiHui iHTepdeiic, WnHa SPI) T ABoHanpaBneHa ABOMNPOBiAHA NOCAiAOBHA LumMHa TWI
TWI (anrn. Two Wire Interface) U Byson oBuucnioBanbHUX NpUCTPOiB, npusHadeHuii UART ans
opraHisauii 3B'A3Ky 3 iHWWMM LMDPOBMMU MNPUCTPOSIMU (anrn. Universal Asynchronous Receiver-
Transmitter,UART) U yHiBepcanbHa nocnigoBHa wuHa (anrm. Universal USB Serial Bus,) A onopHa
Hanpyra aHanoro-undposuit AREF nepetsoptosay (aHrn. Analog Reference) C MocnigosHuit nopt (aHrm.
serial port) COM G 3emnsi (aHrn. GROUND) GND V Xusnenns (anrn. voltage in) Vin 5 E EEPROM
(amrn. Electrically Erasable EEPROM Programmable Read-Only Memory) — nocTiltHuii
sanam'atoByBad | MocnigoBHa WKMHA AaHWX AN 3B'A3Ky iHTerpanbHux 12C cxem (aHrn. Inter-Integrated
Circuit) | Mopanok o6cnyrosysaHHa nepepusarHsa (anrn. ISR Interrupt Service Routine) G Mpadbiunmii
npouecop GPU | BHyTpiluHb0CXéMHe nporpamyBaHHsa (aHrn. In ICSP System Programming u In Circuit
Serial Progromming) 6 PE®EPAT BunyckHa pobota monogLworo crevianicta: 87 CTOpiHOK, 47 pUCYHKIB,
1 1abnuus, 3 popatokn, 30 nepwopxkepen. O6'ekT AoChiMKeHHS: Po3pobka nporpamHO-anaparHoro
komnnekcy BigobpaxeHHst 3D-ronorpamu «Ky6». MeTa poboTn: CTBOPEHHSI NPUCTPOIO AKkMI Byae BUBOOUTH
TpuBUMIipHE 306paxeHHs. byno obpaHo anapaTHy YacTUHY NPOEKTY, AKa CKMagaeTbCa 3 MIKPOKOHTpoOnepy
Arduino Uno, ceitnogiogHoi matpuui 8x8 MAX7219, patumky o06epTiB, KHOMKM i enekTpoABUryHa C
peayktopoM. CTBOPEHO MporpamMHUin Kog, AN ynpaeniHHA MIKpOKOHTpornepom. CTBopeHo pobounin maket
npoekty Po3pobka nporpaMmHO-anapaTHOro kKommnnekcy BigobpaxeHHs 3D-ronorpammn «Kyb», wo moxe
OyTV BUKOPUCTAHO A5 NOAAnbLIOro 3aCTOCYBaHHA Ha npakTuui. 3aBaaHHs, ski Tpeba BupiwmnTh B poborTi:
BUBYNTU Mogeni poboTn npunagie onsa NPOEKTyBaHHA ronorpamu,sidbpatv matepiann K i3 iHTepHeT
pecypciB, TaK i 3 isn4HMX, NnpoaHanisyBaTtn Ta nigibpaTn iIHCTPYMEHTN Ans po3pobkn NnporpaMHOl YacTuHM,
pO3p0ObMTM TEeXHIYHY YacTMHY,NPOTECTyBaTW npunag,HanucaTunosICHIOBanNbHy 3anucky A0 AUNSOMHOI
poboTK, HanucaT BUCHOBKM K Onst BCiei poboTn, Tak i ANs KOXHOro po3giny, copmyBaTngogatku Ao
NOSACHIOBASIbHOT 3anucky, nigrotyBatn npesenTauditogo 3axucty. ARDUINO, ARDUINO IDE, C++,

ATMEGA328, FRITZING 7 3BMICT  BCT Y isriinsisseissssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 9
PO34lN 1 ornuc TA ormaAan NPEOMETHOI YACTUHU ONNJTIOMHOI
POBO T sisssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssasssss 10 R
[OMOTPAMA.....cc et sssessssssass s sssssss s sssssssssssssssssssssssssassssssssssanssens 10 1.2 Buan ronorpadii

..................................................................... 1 1.2.1 Lndposa
TONTOTPAMDIS . c.vuvverrrererraesesssassssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 1 1.2.2 PeHTreHiBcbka ronorpadis

................................. 14 1.2.3 OntnyHa

TONMOTPAMIS . c.vecverrvererraesessassssssrssssssssssssssssssssssssssssassssssasssssssssssssans 16 1.2.4 AKyCTU4Ha ronorpadis
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......................................................... 20 1.2.5 CencmivHa ronorpadis

....................................... 23 1.3 Cnocobu 3acToCyBaHHSA 3D rororpamu

............................................................... 24 1.4 Ornag, aHANONB FTONMOTPAMMU ....cceceereeerersessssssssessssssssssssssssssssssssssssssssssasssssssssses 2O
1.4.1 TonorpaivyHa MIPAMILA ....cccovverrererrerneersesssessssssessssssssssssssssssssssssssssanes ...28 1.4.2 TonorpacdiyHnmn npoektop 3[
.............................................. 29 1.5 BunaHaueHHs TEeXHI4YHOro 3aBaaHHSA
...................................................................... 30 1.6 TTOCTAHOBKA BALAUI...coirurerrereriresiesiseissesssessssssssssssssssssssesssessssssssssssssssssssessseses
30 1.7 BWCHOBKM [0 MEPLUOTO POSBMIMNY  eoeeeereerueeeseeessesssessssessssesssssssssssssssssssess .31 PO3OT 2 BUBIP TA
OBI'PYHTYBAHHA MPOIrPAMHO-AMNAPATHOIO
KOMITTEKCY ...oererrrssessisssissassssssssssssssssssssssssssssssssssssssssssssssssssssanes .32 21 BwubBip MiKpokoHTponepy Ta
NNATPOPMU crerereeeeesesiseeesssessees 32 2.2 MepepuBaHHs B Arduino
...................................................................................... 36 2.3 LED MaTtpuus 8x8
................................................. 39 24 EnektpogBuryH ¢ pegyktopom JGA25-
70 eirerrrsnseisssissssssisssassissesens A1 2.5 [JATUMK OBEPTIB...cceeerreerreeetrerestsssasssssssssssssssssssssssssssssssssssssssssssssssssssssassssssanses 42 2.6
Bnok HKUBITEHHS . c.vccvuveeeneensenasesssesssessssssssesssesssessssssssssssesssesssssssessssssssessssseses 43 27
KHOTTK@...cocvnieeneenennctnneennsesssesssesssessssessssssessssssssssssssssesssesssessssssssssssesssssssees 44 8 2.8 3acobu npoekTyBaHHA Ta
MOLYIMIOBAHHS cecveeeeereeentsseessessessssssssssssssssssssssasssens 45 2.9 Bwubip cepegoBuwa po3pobkMm Ta  MOBMU
NPOrPaAMYBAHHS....couvuueenreeeenneee 48 291 Cepepnosulue po3pobkK
...................................................................................... 49 29.2 Bubip MOBM nporpamMyBaHHs
.............................. 54 2.9.3HeobxigHi Gnoku
CKETU . eurueeneuresssesssseasessssssssssssssssssssssssssssssssssssssssssssssssssssess 54 2.10 BucHoBok 3a po34inom
......................................................................................... 55 PO34U1 3 PEANIBAUIA NMPOMPAMHOIO KOMIJIEKCY
................................... 56 3.1 AnapatHa 4acTMHa MPOEKTY........ .06 3.2
[MPOrPAMHA  YACTUHA oottt sass s s sass s sasssessassssssassssssssssassssssns 60 3.3 BwucHoBok 3a poaginom
bbbt 61
BUCHOBOKN........oereerersrereeisseisssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 62 CMNMnCcokK BUKOPUCTAHUX
IKEPETT.oeeeeeetsveeeveeneeaensessessessesaens 63 [opaTtok
Ah et bbbt 66 HopaTok
B ettt .85 [opatok
Bt bRt 86 9 BCTVYIT CyvacHi iHhopmaUinHi TexHosorii Ta

KOMN'loTepHa TexXHika He MepecTalTb BpaXkaTu Pi3HOMAaHITHICTIO MOXINMBOCTEN 0OPOOKM BEMMKOI KiNbKOCTI
iHdbopMmalii. BoHn gatoTb HamMm MOXNMBICTb NoGaunTy 06 eMHI irypu npeamertis Ha npvknag. Ffonorpavmu B
noBiTpi — ue ronorpadivHi mogeni i 3D-nipamign. Ha npeseHTauisx, KOHEepPeHLiax, BUCTaBKax Ta iHLWMX
3axogax Pi3HOro piBHA BCe 4acTile BUKOPUCTOBYHOTbCA MPOCTOPOBI rosiorpamu, ki popMyroTbCs 3a
Aonomorok ronorpadivyHmx npoektopiB. Po3pobka 3D ronorpamu akTyarnbHa A8 BMBYEHHS, TOMY WO i
NpOCyBaHHS 3MOXe 3MIHUTU CBIT Ha Kpalle. CbOrogHilHi Mogeni npoekTopiB 34aTHi cTBoproBaTn Geaniy
3D-ecpekTiB. Y TOMYy u4mcni ronorpadiyHi BigeonpoekLuii, CTBOPHOBaHI 3aBOsKM 3aCTOCYBaHHIO MPO30pUX
NNiBOK 3BOPOTHOI Bigeonpoekuii. BigeonoTik, MMHaoun yepes Hux, pobutb 300paxeHHs, wo 6ykBanbHO
«napuTb» y MOBITPI. Y psdi HOBUX TEXHOMNOriM nepedadi iHopmauii — BiAeOKOH(epeHLUii Ta iHTepakTUBHa
ronorpadisi, WO CTBOPIOE edeKT MpPOo30poi MOBEPXHi, WO BUCUTb Yy NOBITPI. NoTeHuian ronorpadivHnx
NPOEKTOPIB Y Mipy PO3BUTKY HUHILLHIX TeXHonorin 6e3nepepBHO PO3LLMPIOITLCH, a SAKICTb 300paxeHb
noKpaLlyeTbcsl. BOHM cTaloTb JOCTYMHIWMMK i KOMNakTHiWMMKW. CbOrogHi Ha Bedipkax i B HiYHMX Knybax
MOXHa 3YCTpiTWU nasepHi ronorpadiyHi MiHIi-NPOEKTopK, WO CTBOPIOKTbL BaXKi IasepHi MarntoHKW, Ki
NoeaHyTbes 3 AumosuMK edpektamu. 10 PO3MOIN 1 OMUC TA OrMAn NMPEAMETHOI YACTUHW
ONMNJTIOMHOI POBOTMU 1.1 lonorpama lonorpama o3Havae Aesikuii NpoekToBaHui Bua o6'ekta abo ictoty,
LIO 3aCTOCOBYETLCA B KOMYHIKaLIiiHUX LIiNAX. 3aCHOBHUKOM ronorpadii (Big iH. GAOG - NOBHUI i ypdpw -
NULLY) - HanNPsIMKU Ans po3poBKW TOYHOTO 3anucy, TPaHCMsLi Ta 3MiHW XBUMLOBUX MOMIB ONTUYHOTO
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€IeKTPOMAarHiTHOro  BUMPOMIHIOBAHHS, WO CTBOPKOKOTL TPUBUMIPHI  300paXkeHHss, - Heo4HOPa30BO
Ha3uBatoTb yropcbkoro disuka L. Nabopa y 1947 p. i BBIB TEPMiH «ronorpama» y HaykoBui o6ir. oauH i3
POCINCBbKMX 3acHOBHMKIB ronorpadii KO. [leHWCloK 3a3HayaB, Lo WOro CroHykana A0 BMBYEHHS 06 EMHUX
300paxeHb y paMkax po3pobKku TpUBUMIPHOT ronorpadii gaHTacTnyHa ictopis pocicbkoro naneoHTonora .
E€dpemoBa «3opsHi kopabni», HanucaHa B 1946 p. [JeHiCtoK y CBOIX AOCMIAKEHHSAX BpaxyBaB NPUHLMM, WO
noanHa 6auntb He caMi 06'ekTW, a ixHi CBiTNOBI 00pa3n. Y HbOro 3'dBMMacsa iges 3anucatyv Ha
doTonNacTuHLUi came CBITNOBE Mosie, a Nicns LbOoro NiioCKy CBITMOBY XBUIO HaUifoBaTU Ha nnaTisky, Wwob
BiAHOBUTU BUrMA4 o6'ekTa, Wwo Opakye. 3anuc iHTepdepeHLinHoi 300paxeHHs Lboro obekta y [OBOX
BUMIpax, a n y mubuHi 3 Yacom ctana Ha3BaTuca MeTogom [leHuctoka Ym cnocobom TpMBMMIPHOI dikcauii.
KpiM TOrO 3acToCyBaHHS nasepiB, BYEHWX A0 CTBOPEHHS MOBHOLHHOT 06G'€MHOI ronorpamu, Habnuaue
AvdpakuiiHuin - edpekT bBperra, Konv BUHUKaKOTb IHTEHCMBHO 3acBideHi NMNowuHW, Oe | 3'9BNAeTbCs
rornorpamMa. lNonnangceknin isnk Nepapat XoodT 3aranom BUCYHYB rinotedy ronorpacdivyHoro Beecsity. Lo
iaeto uinkom niareepamTh noku wo He saanocs. 11 1.2 Buawn ronorpadii 1.2.1 Undpposa ronorpadia Lindpposa
rororpagis € iHTepepoMeTPUYHOIO TEXHIKOK Bidyarnisauil. NOTPibHI ABI XBUNI ANA CTBOPEHHS rornorpamm
Ta OTPUMMaHHA aMmnniTydHMX, a TaKOoX KifnbKiCHMX ¢ba3oBMX 300paxkeHb ogHo4yacHo. Lli aei xBuni
Ha3nBalTbCs «06’'EKTHOK XBUIEK» Ta «ONOPHOK XBWUMEK» BignosiaHo. B undpoBoi ronorpadii 3assuyan
BMKOPUCTOBYIOTLCA BA TUMW PENpe3eHTaTUBHNX KOHirypaLliit: no3aockoBuii i dhasosuin]1]. Ha maniorky 1.1
Ta 1.2 cxemaTMyHO nokasaHi Ui Metoauku. [Bi nasepHi CBITNOBI XBWAi FeHEpPYyHTbCS LWAAXOM Moginy
nasepHoOro NMpoMiHHA 3a AOMOMOrol pOo3ainiBaya, a O4vMH MPOMiHb Nas3epHOro CBiTNa OCBITMOE 06'EKT.
CgiTno, wo BiabmuBaeTbcsa Big 00'ekTa, € OO'EKTHOK XBUMEK, sika OCBITNIOE OATYMK 300pakeHHs. IHLwnn
NPOMiHb CBITNa, KA CNY>XUTb ONOPHOI XBUNeto, 6e3nocepeaHbo HAAXOAUTb A0 AaTynka 3006pakeHHs. Lli
XBUNi 3aBaXkaloTb OHA OAHIN, | HA NNOLWWHI AaTymKa 300paxkeHHa (hopMyeTbCS iHTepdepeHUinHa cmyra. Ha
puc. 1.1 HaNPAMKN OMNTUYHUX OCi ABOX XBWUIb BiAPI3HAKTLCA OAMH Big ogHoro. Pi3HWUA KyTiB nagiHHA MiX
ABOMa XBUNAMM MPU3BOAMTL A0 TOHKOrO Bi3epyHKa, i AaTymk 300paxkeHHs 3anmcye OfHy ronorpamy nosa
Biccto. Ha puc. 1.2 gBi xBuni OCBITNEHHA HaAXo4ATb 3 OAHOrO HanNpsMKY, | AaTYMK 300pakeHHsA 3anucye
AeKinbka ronorpam, 3MiHOH4YM a3y OMOPHOI XBUAi 3a JONOMOrow ¢asoBoro moaynsatopa. PucyHok 1.3
CXeMaTuYHO iNCTpye npoueaypy PEKOHCTPYKLiT 306paxeHHs LMdpoBoi ronorpadii 3a 4ONOMOroto MeToay
nepetBopeHHs ®dyp’e, SAKMM 4YaCcTO BUKOPUCTOBYETBCA [N MN03a0CLOBOM LMGPOBOI ronorpadii[3].
[BoBuMipHe nepeTBopeHHs Pyp’e nokanidye iHpopmauilo nNpo xBuno 06'ekTa, | Benuka pisHUUA KyTiB
BIJOKpEMIOE OO’'E€KTHY XBUIKO Big HebaKaHUX KOMMOHEHTIB 300pakeHHs rofiorpamMm B MPOCTOPOBIN
YacToTHIN obnacti vx-vy. 3aBafku dinbTpauii B NPOCTOPOBO-YACTOTHIM 0bnacti OTPUMYETbCA nuLLe
iHpopmauisi npo o6'ekTHy xBunto. [Micns pospaxyHky 2D 3BOPOTHOrO nepeTBopeHHs Pyp’e BuaaneHHs
NPOCTOPOBOI HECYYOl, YTBOPEHOI HaXMIOM OMOPHOI XBWUIMi, i OBYMCNEHHs1 iHTerpanis audpakuii, 12
chboKkycoBaHa IHTEHCUBHICTb i KiNbKiCHIi @a3oBi 300paXeHHA OTpUMYKOTb 3 OfHiei ronorpamu. [Ona
MPUCKOPEHHS1 PO3paxyHKy BUKOPUCTOBYETLCSI [BOBMMIpHE LWBKMAKe nepeTBopeHHst dyp’e[2]. Xoua
NPOCTOPOBI XapakTEPUCTUKKM, Taki SIK none 30py Ta po3dinbHa 34aTHICTb, YaCTKOBO NPUHOCATLCS B XXepTBY
A5 OTPUMaHHS IHTEHCUBHUX | pa30BMUX 3006pakeHb 06'ekTa 3 roriorpamu, MoXKHa OOCSrTM O4HOKaApPOBOro
ronorpadpiyHoro 3o6pakeHHs. Ha pucyHKky 1.4 nokasaHui npuknag exkcnepumeHTanbHUX pesynbrartis,
OTPUMaHMX 3 OAHIEl N03aoCbOBOI roniorpamu. 3 OAHIEl ronorpammn NOMICTUPONOBUX KYNbOK, AiaMeTp SKNX
CTaHOBMB 5 MKM, Byno oTpmmaHo nNpo3opi Ta al3oBi 306paXkeHHs], sik NoKazaHo Ha pUCyHKy 1.4 ai b, a 3D-
BigoOpa)keHHs, nokasaHe Ha puc. 1.4 ¢, 6yno oTpumaHo 3 ¢asoBoro 3o6paxeHHs. PucyHok 11 —
MpuHUMNOBa cxemMa MNO3aoCcbOBOI cuctemMmn umgposoi ronorpadii PucyHok 1.2 — Cuctema umdpoBoil
ronorpadii 3 pasoscyBHoto iHTepdepomeTpieto 13 PucyHok 1.3 — lMNpouenypa pekoHCTPYKLii 306paXkeHHs B
N03a0CkOBiii LndpoBiii ronorpadii MeTofoM nepetsopeHHst Pyp’e PucyHok 1.4 — (a) IHTeHcwBsHicTb i (6)
dra3oBi 306paeHHs1 NONICTUPONOBUX KYIbOK, AiaMeTp AKMX CTAHOBUTb 5 MKM, Siki OTpMMaHi 3a 4OMNOMOrow
ronorpamu Ha AoBxuHi xBuni 532 HM. (c) 3D-306paxeHHs, otpumare 3 (b). Ha pucyHky 1.2 nokasaHo
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Kiflbka ronorpam 3 pisHUMu pasamu, siki NOCNiJOBHO 3arnnCcyOTbCS 3a LOMNOMOro has3oBoro MogysnsaTopa,
TAKOro SIK ME30KEePOBaHO A3epKarno, akyCTOONTUYHUIA MoaynsaTop abo eneKkTpoonTuYHMI MoaynsaTop. Ha
OCHOBI iHTepdepomeTpii 3i 3cyBOM ha3n BUTAryeTbCs nuwe iHdopmauia npo 06'ekTHYy XBuM 3a
OOMOMOroK  KiflbkOX  (0asoBuXx ronorpaM[4]. Micna BunyyYeHHa ronorpadgivyHe 300paxeHHs o6'ekTa
OTPUMYIOTb LLMSIXOM 06YMCEHHS interpana(is) andpakuii. Heapaxkatoum Ha Te, Lo NOTPIGEH 3anuc KinbKox
roniorpam, Ans 3anucy OO0'€KTHOI XBWMi MOXHA BWKOPUCTOBYBATW MOBHWUA TBIP MNPOMYCKHOI 34aTHOCTI
Aatyvka 300paxeHHs, npuM LbOMY MOXHa OTpUMaTtu SK LIMPOKe Mofe 30pYy, Tak i BUCOKY pPO3AiNbHY
3gaTHICTb. [0Na OOCArHEeHHST BUCOKOI TMMYacOBOI pOo34inbHOT 30aTHOCTI 3a AONOMOrow iHTepdepomeTpil 14
3i 3cyBoM (pasu, Asatcymki Ta BanaHT npubnuaHo B TOM e 4ac 3anponoHyBanu napanenbHy ¢as3oBy
UndpoBy ronorpagito, sika BUKOPUCTOBYE MYNLTUMNMEKCYBAHHA 3 PO3MNOA4INOM Yy MPOCTOPI MHOXWUHHUX
ronorpam i3 3cyBoMm a3un[6]. BUKOpPUCTOBYIOYM TexXHiKy OAHOKPATHOTO 3CyBy hasu, MOXHA OTPUMATH
Ginbwnin 4OBYTOK NPOCTOPOBOI MPOMYCKHOI 34aTHOCTI, AKUA MOXHa 3anucyBaTh, NOPIBHAHO 3 N03a0CbOBOIO
KOH(pirypauieto 3a LOMOMOror MeTody MNepeTBOPEeHHS CDyp'e[8]. LLIBMAKICTE BUMIpIOBaAHHA BU3HAYaETbCA
4YacTOTOK KadpiB AaTyMka 300paXKeHHs, WBMAKICTI0 nepeaadi AaHuX i YacoM ob4YMCneHHs ons npoueaypu
BiQHOBNEHHA 3006paxkeHHs. CyyacHa BUMCOKOLUBMAKICHA KaMmepa Mae 4yacToTy kaapis | Mq;/c, i Taka Kamepa
BMKOpUCTOBYBanacs Ans LupoBOro romorpadpiyHoro 3anucy 3 uactoTolo kagpis 106 kappis/c[9].
HaBnakw, BUCOKa BapTicTb po3paxyHKy € npobnemoto, siky cnig BupiwmnTyn. o6 obuncnutyn interpan(u)
Andbpakuii 3a AONOMOrold KOMEepLiHO AOCTYNHOro KoMmn'toTepa, NoTpibHo Habarato Ginblie yacy yepes
BUMOTM [0 po3paxyHky ans 2D wBuake nepetBopeHHs Pyp'e. BukopucTaHHa rpadiyHoro npouecopa
(GPU) Ta nonboBOi BEHTWUNbHOT MaTpuLi € MOXMMBAMMU PIlUEHHAMW AN OOCSrHEHHs rororpadidyHol
PEeKOHCTPYKLii 306paxeHHs! 3 HaA3BMYaHO BUCOKOK MpomnyckHow 3paTHicTio[11]. 1.2.2 PeHTreHiBcbka
ronorpadis [onorpadivyHe 300paeHHA NiAXo4MTb He TifbKWM ANA 3anuWKOBOrO0 CTaHy $K 3a3Bu4an
BMKOHYETBbCS Yy BUNagKy, HanpasneHa oToeMiCiiHa enekTpoHHa Mikpockonis abo MarHiTHo-cunoBa
MIKpOCKONisl, arne TakoX MOXe BWKOPWUCTOBYBATUCA B MPUKNAOHUX EMeKTPUYHUX | MarHitTHMX nonax i
AEMOHCTPYE BEVKUI MOTeHUian Ana BUBYEHHS ANHAMIKA MYNbTUEPOTKOBUX TOHKMUX nnisok[12]. Mogi6Ho
00 HWKX MeToAIB BMBeAEHHA hOTOHA 3 BBeAEeHHAM (POTOHA, peHTreHiBCbKa rosiorpadist 4ae MOXIUBICTb
CTEXUTWN 32 eBOJOUIED MarHiTHUX JOMEHHUX CTPYKTYp i BUBYATU BHYTPILWLHI BNACTMBOCTI MartepianiB. Ak
AOMOBHEHHST A0 MarHiTHO- 15 cunoBoi mikpockonii abo JlopeHua, peHTreHiBCcbka ronorpadis mae ocobnmy
nepesary B TOMY, LLO BOHa 4yTnuBa A0 TPUBUMIPHOINO npodinto HalvlarHiquOCTi[]S]. Kpim TOro, moro
enemMeHTHa cneumdiyvHiCTb € KOPUCHOK [ONsi BMBYEHHSA reTeporeHHuMx cuctem. HewopasHa po3pobka B
obnacTi ronorpadii ¢ nepetBopeHHAM Pyp’e 3meHwnna obMexeHHs Ha eTanoHHMI po3Mmip, Wob HagaTu
HabaraTo WMpLIKNA iana3oH MOXIMBOCTEN. TexHika, BigoMa sik ronorpacdia 3 po3wmMpeHnM NocunaHHsM 3a
[oMoMOrol  NiHiiHoro  AudpepeHujanbHoro  onepatopa  asTokopensiuii  (HERALDO),  po3aBonsie
BUKOpUCTOBYBaTK Oinblui 06’'eKTU sIK mocunaHHsa 6e3 WwkoauM ANna NPOCTOPOBOI pPO3AinbHOI 34aTHOCTI. 3
MOMEHTY NepLUoi eKkcnepumeHTanbHoi aemoHcTtpauii B 2008 poui 3BiT HERALDO po3kpunu noro
MOXITMBOCTI 6€3niH30BOro 306paXeHHs y KOrepeHTHOMY M’SIKOMY PO3CitOBaHHSA PEHTIEHIBCbKUX NPOMEHIB Ta
HaALWBWOKOMY OLHO3HIMHOMY 306pa>|<eHHi[15]. B nopiBHSHHI 3 iHWMMKM MeTogamMu MIKPOCKONii, TakKUMKN SK
PEHTIEHIBCbKUA MIKPOCKON 3 MOBHWM MPOMYCKaHHAM MOMS i CKaHYHYMA NPOCBIYYHOYMIA PEHTIEHIBCbKUI
MIKpOCKOMN, e BMKOPUCTOBYETLCH OMTMKA 30HHOI MMacTUHM 3 BUCOKOK PO3AiNIbHOK 34aTHICTIO, MOXHa
3Haitn B Zhu et al.[17]. Ha BiAMIiHY BiZ CTaHOapTHOro neperBopeHHst Pyp’e, WO BUKOPUCTOBYE OTBOPU B
AKOCTi onopHMx To4ok, B HERALDO pedrepeHC BUXOAUTb 3 rPaHUYHUX XBUIb, CTBOPEHUX FTOCTPUMM KyTaMm
abo kpasMu poslumpeHoro ob'ekta. B nmpuHUMni, HalBMWa MOXNMBa po3finbHa 34aTHICTb Ginblue He
0OMEeXy€eTbCA PO3MIPOM ETanoHHOro 300paXKeHHs, a paglle SKICT MOro Hambinbll YiTKUX enemMeHTiB.
[onorpama poO3MHOXYETbCA B LMEAPOBOMY BUMMALI 3a AONOMOrow gudepeHuianeHoro qinestpa, i nicnga
NPOCTOro NepeTBopeHHs Pyp’e LbOro pesynsraty OTPUMYETLCS PEKOHCTPYKLIS 3i CKNagHUM 3HaYeHHsIM. 16
PucyHok 1.5 — bBygoBa peHTreHiBcbkoi ronorpamm Ha pucyHky 1.5 nokasaHo OyaoBy PeHTreHiBCbKOI
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ronorpamu (@) O6'ekT i onopHa LWiNMHA OCBITNIEHI KOrepeHTHUM peHTreHiBcbkum npomeHem. (b)
lonorpama, yTBOpeHa iHTEpdEPEHLIEI PO3CIIHOTO PEHTIEHIBCLKOrO BUMPOMIHIOBaHHS Big ob'ekta Ta
€TanoHHOI LWinuHW, 3anucyetbcsl Ha [133-kamepy B AanbHbOMY MONi. (C) JliHInHWMIA gudbepeHuianbHum
QINLTP, BU3HAYEHU MOXIAHOK HAaMPAMKY LWINWHKW, NMOMHOXYETLCA Ha roriorpamy nepen BUKOHAHHAM
nepeTBopeHHs Pyp’e AnNst OTPUMAHHA BigHOBNEHOro 306paxeHHs. PucyHok 1.6 — PeHTreHiBCcbka ronorpama
1.2.3 OntuyHa ronorpadis OnTuyHa ronorpacdpis — ue pisHoBma ronorpadii, B AKil 3aHOCUTbLCSA CBITIIOBE
norie, CTBOptOBaHe OMTUYHUM BUNPOMiHIOBaHHAM. Obpa3s wo oTpuMyeTbea 3a gonomoroto 17 ronorpadii,
Ha3MBa€ETbLCA rofnorpama, i BBaXAeTbCA Oifbll TOYHUM aBTOCTEPEOCKOMIYHMM BiATBOPEHHSIM 30POBOrO
BpPaXXeHHS, BUPOBNEHOro 3HATMMM o6'ektamu[5]. Mpn ybomy 36epiraeTbCa NOYyTTA MUOMHN NpPoCTOpy Ta
GaraTtopakypCHiCTb, a 300paXkeHHs1 BUrMSA4Ae SIK BUO HA 3HATUMA NpeamMeT 4yepes BIiKHO, SIKMM CRy>XuTb
ronorpama. lNpuHUMNOBOI BigMIHHICTIO ronorpaddii Big YCiX iHWMX MeToAiB peecTpauii 300paxeHHs €
PO3MNOAINsaHHA iHopMaLUil MO BCiX 3HATUX NpeaMeTax Ha BCiM MOBEPXHi AaTymKa, TaKoro, CKaxiMo $K
doToNNacTMHKa. TakMM YUHOM MOLLKOXKEHHS ronorpamu, Wo BeAe A0 3MEHLLEHHS Ti NMoLwi, He NpU3BoaAUTb
A0 BTpaTU 4YacTUHM 300paKeHHs. KOXHWA yrnamMoK po30MTOI Ha [ekinbka 4YacTuH (POTONMacTUHKM 3
roriorpamMol0  NpoAoBXye 36epiraTh 300paxeHHs BCIX 3HATUX OO'EKTIB. 3MEHLUYETbCA TiMbKU KiNbKiCTb
[OCTYMHUX PaKyPCiB, @ 306paXKEHHSA Ha [yXe ManeHbLKUX yrnamKax BTpayae cTepeocKoniYHICTb i YiTkicTb[5].
PucyHok 1.7 — OntunyHa ronorpadis OnTuyHi ronorpamu noainsAlTbCs Ha Aekinbka Tunie: 2D ronorpama.
Llen tvn ronorpamn Bumsgae sk 2D kapTuHka sika nodapboBaHa 4YOTMPMa OCHOBHUMM KOMbOpaMu i
naniTpoto X B3aeMHuX nepexodiB. Konu BiobyBaeTbCcA 3MiHa KyTa ornmsay 3MiHIETbes 1i Konip abo
Bin6yBacTbCcA 3MiHa rpadiyHUx KOHTYpiB abo cTpykTypu. 18 PucyHok 1.8 — 2D ronorpama 2D/3D
ronorpama. Lli ronorpamu matoTb 300paXkeHHs sike po3TalloBaHi Ha AeKinbKOX NNOoWKMHaX , i Ui 300paeHHs
PO3TALIOBaHi OfHA 3@ OAHOK | CTBOPIOKTL TPUBUMIPHUIA edekT. 2D/3D-ronorpamu HaityacTile
3aCTOCOBYETLCS NS 3aXWUCTY TOBAapIB, OKYMEHTIB Ta LiHHUX nanepis[7]. B umx ronorpamax noegHyoTbCs
nepesaru ronorpadii Taki sKk: Bpaxkaroda rmmnbuHa; ronorpamu, iCKpaBi KONbOpW; MAOCKI NOroTunu; Ayxe
Mari 3a po3MipoM TeKCTU Ta iH. Tenep po3rmsiHemMo rororpamy 6inblu AetanbHo 2D/3D — cknapaeTbes 3
KapTUHKM sika CKNadaeTbCsa 3 TPbOX MOB'A3aHMX MiXX CODOH0 MartoHKIiB — Lie nepeaHii, OCHOBHUI Ta 3aHin
nnaH. KoxeH rpadivyHnn ManioHOK Le OKpeMui NOCKMIA enemeHT abo nposope 306paxeHHsa. Hanpuknag,
Ha nepegHbOMY MNaHi MoXe OyTW 300pakeHun NoroTMn Komnadii; 34ebinbloro — caM NpOAyKT; Ha
3agHbOMY MnaHi — naHawadT. Bci MantoHkM CTaBnNATbCA OAUH NOBEPX OL4HOro Ha BiactaHi 5-8 mm. Taka
MoZenb Aae ysBNEHHs npo GaraTopiBHeBe 306paxkeHHs Tunosoi 2D/3D romorpamu. Haxunsioun abo
obepTaroumn Taky ronorpamy, 19 BM MoxeTe noGaynTu 3MiHy TiHi, SKy 00'€KTM KuaawTb Ha Ginbl rIMOoKi
Wwapy 306paxeHHs. 3a3Bnyait BUKOPUCTOBYIOTb ABi UM TpU Taki nriowmHn. 2D/3D-ronorpamm MoxyTb 6yTH
BMKOHaHi Ha OCHOBi KONbOPOBOrO MaroHKy 4M HaBiTb dpoTorpadpii o6'ekta. ManoHOK MOBMHEH MaTu
GeanepepBHi MiHii Ta YiTki Mexi obnacTi koxHoro konbopy|[7]. MonorpadiuHe 306pakeHHs HOPMYETLCS
OMTMYHO 3 JONOMOIOKO fla3epHOro 300paXeHHa cneuianbHUX ronorpadivyHUX ycTaHOBKax. 2D/3D ronorpamu
pobpe 3axuiaroTbCa Big KOMitOBaHHA BMNPOBaXYylUM B IX CTPYKTYpPY cneuianbHi rpadiyHi enemeHTn Ta
ONTUYHI ecpekTn. Y Taki rorlorpamm MoxHa BRpoBaauTH Gesniv 3axucHux enemenTiB. CTBopeHHst 2D/3D-
ronorpam BuMarae ocobrmmBoi peTernbHOCTI nig Yac ix po3pobku. PucyHok 1.9 — 2D/3D ronorpama 3D
ronorpama. 3D-ronorpamu BiATBOPIOKOTb TOYHY NMPOCTOPOBY KomMito pearnbHoro ob'ekta. Mpu posrnagi 3D-
ronorpamy CTBOPIOETLCS BpaXkeHHs, Wo Bu Gaunte 06'ekT 4yepes BIKHO, PO3MIp SIKOFO BU3HAYAETLCSH
po3mipom ronorpamu. CTBOpPEHHS Takoi int3ii € ogHMM 3 ronoBHMX 3aBAaHb Npu po3pobui 3D-ronorpamu.
Ha ronorpami 06'ekT BuagHo 3 20 pi3HMx GOKiB, BUOHO peanbHy rpy TiHi i konbopiB. Kpim Toro, gocsraetbes
edeKT, Npu AKOMy 4YacTMHa ob6'ekTa AK 61 3HaXOAUTbCA Neped BIKHOM - ycepeauHi npumilieHHs. 3D-
ronorpamm 3anucytoTbcst 3 pearnbHoro o6'ekta (MaclwTab 1:1) abo oro TpuBMMIpHOI Mogeni. Tomy ayxe
BXMNMBO 3pOBUTM TOYHY MOAenb Ta NpPaBWbHO BUKOHATW i 3iomky[10]. 3D-ronorpamu LUMPOKO
BMKOPUCTOBYIOTLCS B pPEKITaMHUX Ta OEeKOPATMBHUX LiNAX, NPU BUKOHAHHI KOMMNMEKCHUX 3aBOaHb i3 3aXMCTy
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Ta CTBOPEHHS iMi)Ky TOProBUX Mapok, pidLle — Ans 3axuUcTy LiHHUX nanepiB Ta A0KyMeHTiB. Lle nos'a3aHo 3
IXHbOK HE OyXe BMCOKOK CTIMKICTIO A0 OMTMYHOro KonitoBaHHs. OAHak iCHye uina Hu3ka TexHiYHMX Ta
XYOOXHIX edeKTiB, WO YycknagHTb konitoBaHHA 3D ronorpam. [aHi edektn ogHodYacHo pobnsaTtb ix
BuaoBuLWHiWMMKU. PucyHok 1.10 — 3D ronorpama. 1.2.4 AkycTudHa ronorpadis AKkyctnyHa ronorpacdia — ue
npouec, 3a AOMNOMOrol AKOro NPOBOAWUTLCS BUMIPHOBAHHS TUCKY B HabOpi TOMOK Ha MOBEPXHi B OKOMuUi
aKyCTMYHO BUMPOMIHIOOYNIA 06 EKT aHani3yeTbCs, oG BU3HAYUTU LUBUAKICTE BEKTOPHE Momne, akyCTUYHUIA
TUCK Ta 21 iIHTEHCUBHICTb 3BYKY KapTa B TPUBMMIPHOMY NPOCTOPI. AKLO TOYKM BMMIPIOBAHHSA € 3anuncaHi Ha
NMOBEpPXHi, AKa po3TawoBaHa Ha BiOCTaHi NpPUHaMMHI OOHA [AOBXWHA aKyCTUYHOI XBWMi Bif aKTUBHO
BiBpyto4Oi MoBepxHi, NoTiM obpobka uUMX AaHMX NPU3BOAUTL A0 aKyCTUYHOIO 300paXKeHHs, ke Moxe
BUPILLYNTE Nuwie JpKeperna, po3dineHi NpUHanMHi 0OgHUM akyCTUYHUM OOBXMHA xBwUIi. OQHaK, SKWO TOYKM
BMMIpIOBaHHSA B3ATO B BNMXXHLOro nons gxepena obnacTi, TO NpOCTOpoBa po3AdifibHa 34aTHICTL MOXe ByTu
3MEHLLIEHO A0 YacTKM LOBXMHM XBWAi, WO MNPU3BOAMUTbL OO TOro, WO BiAOMO SIK aKkyCTuU4Ha ronorpadis
onwkHboro nonga. BumiptoBaHHa 1130 C. . Xarek NoBepxHsi HA3MBAETLCS NOBEPXHEK roflorpamu, a nrnotwla
ONYCKaHHA Ui TOYKM CTaHOBMATb OTBip. Lli BuMiptoBaHi Tuckn notiMm oBpobnsaTbca 3a 4OMOMOro
3BOPOTHOrO MOLLUMPEHHSA 300paXKeHHA NOBEPXHEBUIN TUCK CTPYKTYPU, @ TaKOX BEKTOPHA LUBUAKICTb Ta Nons
iHTeHCMBHOCTI. KpiM TOro, BUKOPUCTOBYOTL MPsIMi Mponaratopu moxe Bigobpasntn akyctuyHe none B 3D B
obnacTi 3a Mexamu NoBepXxHIo roriorpamu Ta obnacTtb gxepena. [Notpeba B Griv>kHbOMY MOIi BUMIPHOBaHHS
B MeXax aKyCTMYHOI OOBXMHM XBUMi rapaHTye ue MOXyTb OyTW mxepena, BiAOKPEMIEHI MEHLUE HiXK ogHa
NOBXUHAxXBUNI BUpiLLeHo [18]. AKLLIO NNOLWMHY BUMIpIOBaNbHOI roNorpamMm poaTalloBaHa 3a Mexamu ofHiei
AOBXMHUW XBUIi, EOVHI aXXepena, siki po3aineHi ogHy abo Kinbka AOBXWUH XBUIb MOXHA po34inutu [20]. BoHu
INbTPYOTLCH, OUMMPOBYIOTLCA Ta 00pobNATbCS OBYMCIIMTM TUCK, BEKTOP LUBMAKOCTI Ta BEKTOP
IHTEHCUBHOCTI Nons Ha noBepxHi BibpaTtopa abo B Byab—SKiN ToYLi TPMBUMIPHOIO NPOCTOPY OrOPOXKEHHSA
BiGpauiMHOT KOHCTPYKLIii. 22 PucyHok 1.11 — AkycTtudHa ronorpadis PucyHok 1.12 — Cxema ronorpadiyHoro
NMPUCTPOLO 3 MAaTPUYHOK ABOMIPHOIO aHTEeHOo Ha pucyHky 1.12 306pakeHHi Taki enemeHTu ak: 1 — aHTeHa; 2
— NPUCTPIA napanenbHoro opmyBaHHs ronorpam; 3 —-NpPUCTPIN BigoOpaXKeHHs ronorpamu Ha Tpyoui 3
MiILLEHHIO 3 eneKTPOONTMUYHOro KpucTana; 4 — onTu4Ha cuctema BigHOBMNEHHS 306paxeHHst; 5 — iHamkaTop,
o Aae 3obpaxeHHs npegmeta; 6 — reHepartop, WO 3agae; / — BuUNpomiHioBay; 8 — npeamet.dns
ONTUYHOTO BIQHOBMNEHHSI aKyCTUYHOI roflorpamm 4acTo KOPUCTYHTBCS NPUCTPOEM 3 MPUIMAaribHOK aHTEHO
y BUrMSAi ABOMIpHOI MaTpuLi npuiimauis 3Byky (puc. 1.9). ENeKTpUYHi curHanm 3a AOMNOMOrol KoMyTaTopa
MOAYMOKTb CUNY CTPYMY ENEKTPOHHO-NPOMEHEBOI TPYOKW. ENEKTPOHHWIA MPOMiHb 3MiHIOE NOKanbHWUIA
KoediLiEHT 3anOMMNeHHs MilleHi BignoBigHO A0 iHTepdepeHLUii KapTUHU PO3CISIHOTO akyCTUYHOro nons. 23 Y
NnoAibHMX MPUCTPOAX YMCIIO NPUAMAarnbHUX EfEMEHTIB B aHTEHi Mae OyTn OOCUTb BENWKE, LLO CTBOPOE
TEXHIYHI Npobnemun 3a iX NpakTU4HOI peanidauii. OnucaHa cxema BMKOPUCTOBYETbLCA B OCHOBHOMY B
AianasoHi 3ByKOBUX Ta HM3bKMX ynbTpasBykoBux YacTtoT Big 1 4o 300-500 klMu. Y 6inblw BUCOKOYACTOTHMUI
AianasoH, MeToau peecTpauii roriorpaM rpyHTYOTLCA Ha HOCIAX, SKi YyTnuBi OO iHTEHCUBHOCTI 3BYKY.
HanbinbLuoro nowmpeHHs Habynmn cnocobu, 3acHOBaHI Ha MeToAi NOBEPXHEBOIO penbedy. 3ByK. XBUNS, LLO
najae Ha NOBEPXHI0 BOAW, WO Bigobpaxae, nedopmye ii, hopmyroun penbed, Lo SBNse coboo akyCTUYHY
rorniorpamMmy, sika Mpu OCBITNEHHI i CBITNOM BIOHOBME 300paXkeHHs (pnc.113). PucyHok 113 — Cxema
6e3niH30BOI ynbTpa3BykoBoi ronorpadii Ha pucyHky 1.13 306paxeHi Taki enemeHTn ak: 1 — BUNpoMiHIOBaYi;
2 —aKkyCTuuHi niH3m; 3 — npeameT; 4 — KOBETa 3 BoAOK; 5 — HaniBnpo3ope Asepkano; 6 — onTuyHa
cucTemMa BiOHOBMNEHHSs; 7 — MnowuHa peecTtpadii 3o6paxeHHs. 1.2.5 CencwmiyHa ronorpadis CencmivHa
ronorpadis — u4ucenbHU cnocid® obpobkn cencmorpam, OTPMMAHUX MPU CMOCTEPEXEHHSAX, 3a OaHUMMU
posnodiny amnnityg i a3 xBurb (ronorpam). 24 BigHoBREHHS CENCMIYHUX 306paKeHb GasyeTbca Ha
crneKkTpanbHOMY aHarnisi curHanie Ta nigcyMOBYBaHHI FApPMOHIMHUX KOMMOHEHTIB, 3pyLeHuX no daasi.
BukopuctaHHa cnocoby OouinbHO Npu 3acTOCyBaHHI rapMOHIMHUX abo nepioguyHux axeper CeNCMiYHUX
CuUrHaniB — TexXHOreHHWX Bibpauin Big rigpoenekTpoCcTaHLih, KOMNPECcopiB Ta iHLWMX MeEXaHi3aMiB Yn TO 3
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cericmiyHux[14]. Y ceiicmonorii Ta ceilcMOpo3BiALi HeMae HeOoBXiOHOCTI BXMBAHHS CreL. Mpuiiomis
onTuyHmx. Cam TepMmiH, WO Wnpoko 3actocoByBaBca B 70-x pp. XX CT. , Make BUILLUOB i3 BXMBAHHSI.

PucyHok. 114 — CeincmiyHa ronorpacdpia 1.3 Cnocobu 3actocyBaHHA 3D ronorpamu [Monituka. CsiT
CbOrOAHILLHBOMO MONITUYHOMO CY6 €KTa BaXKKO YSIBUTU 63 rpaMOTHOrO KOHCTPYKOBaHHS MOro BipTyarbHOMO
obpa3dy — napTii HeobxigHO MaTtu Bigomuin GpeHa, a noniTUYHOMY nigepy — iMigXeBa KOHCTPYKUis,

OpieHTOBaHa Ha UifiboBy ayguTopito. Te, WO MPUAHATO HasmMBaTU «BipTyanbHUM», PiBHO3HAYHE He nulle
mMepexi |HTepHeT, a n ronorpamam. 25 PucyHok 1.15 — lonorpama dpaHuy3sbkoro nonituka »KaHa-Jloka
MenaHwoHa MapkeTuHr Ta peknama. BipTyanbHa peanbHiCTb CbOrogHi nepecrae 6yt 4MMoCb Ha Mexi
daHTacTnkn. He omuHynu 3D-TexHonoril Ta cpepy peknamu. FonorpadiyHi iHCTanAUil Sk npuBepTalTb
yBary, a W BMBOASATb peKrnamy Ha 30BCIM OpyrMn piBeHb. TOMy cTaHZapTHa i HydHa peknama sika He
npvBabntoe BENMKOI KINbKOCTI KMNIEHTIB, Oyae B MUHYNOMY afke CydacHa noanHa HaByunacs He 3BeprtaTu
Ha BCe ue yBary, TaK sk Lie MOoro 3BnyanHe otodeHHs. PucyHok 116 — peknama roguHHukie 26 Ocsita.3a
AonomMoror roniorpadii MoXKHa TpaHcnBaT! BMKNagada 3 iHWOoro KiHus cBiTy. aons npuknagy y 2015 poui
HobeniBCcbknin naypeat Ta npodecop isvkn y CreHdopacbkoMy iHCTUTYTI Kapn BimaH Buctynue y
HaHbsHCbKoMy TexHonoriyHomy iHcTuTyTi (CiHranyp), He sanuwatoumn CLUA. TigrotoBka Ta HaCTPOIOBAHHS
ronorpagivyHoro MOHiTopa 3amHana Tpu TWXHI. A nNraHyBaHHS Npe3eHTaLii, 30Kpema TeCTyBaHHS iHTEPHEeT-
LWBMAKOCTI, — N'aTb Micauis. PucyHok 117 — lonorpama Buknagada MeauumHa.[pyna MeauyHux BYEHUX 3
IHcTuTyTYy Kanrapi Butpatuna wicTb pokiB Ha po3pobky ronorpamu nig Hassoro CAVEMan. 3a nigcymkamm
Y3I, peHTreHiB, 6ioncin Ta iHWKUX Mean4HNX TeCTiB, CUCTEMA 34aTHa CTBOPIOBATM BENUYE3HI NpaBaonoaibHi
mogeni Tina nadieHTiB. 3D ronorpama HeoOXiQHOrO opraHy [A03BOMSE Yy NoapobMUAX BUBYATU  BCI
0COBnMMBOCTI Ta YHUKHYTW nikapcbkoi nomunkn 27 PucyHok 1.18 — lNonorpama cepuga Possarun. 3D ronorpamu
yygoBi cnocib wob Beceno NpoBECTU CBIN BifbHUMK Yac, Hanpuknag sk B [OHKOHry gns giten 6yno
nposefeHo ronorpadivyHe woy. Ha ixHix o4ax noyanu nosBnsiTUCA Pi3Hi TBApUHW, repol MYmbTUKIB i irop.
BoHn Burngganu Tak Hibyn BOHM iCHYIOTb HacnpaBgi WO XO4eTbCA LOTOPKHYTUCH A0 HUX. PucyHok 119 —
lonorpama crnoHa 28 1.4 Ornsag aHanorie ronorpamu 1.4.1 lonorpacivyHa nipamiga MonorpadgivyHnin npoexkTop
Ha cMapT(OH Le nipamiga ska HanpaBnsie NPOMEHI CBiTNa SAKi BigobpaXkaloTbCa Ha eKpaHi 3 YOTUPbOX BokKiB
i CTBOPIOE OAHYy ronorpadivyHy KapTUHKY a 3aBaHTaXWTW cneuianbHi Bigeoponvku And ronorpadivyHol
nipamign MoXHa Yy Mepexi iHTEpHET BOHW 3HaxoaATbesi y BinbHOMY agoctyni Puc 1.20 — [onorpadiyHa
nipamiga ana tenedoHy epesarn: « KomnakTHiCTb; * Buxoantb Ginbw getanbHe 306paxeHHs; ¢ LliHa.
Heponikn: « O6mexeHun vac paii; « ManeHbke 300paxeHHs. 29 1.4.2 TonorpacdivyHmii npoektop 3[
lonorpadpiyHmii npoekTop uUe Takuh LED BeHTMRNATOpP AKMA Oyxe ACKpaBW Ta KOHTpacTHuM. Ha LED
BEHTUNATOPI MOXHA AEeMOHCTPYBaTK Y TPMBUMIPHOMY 306paXkeHHi peknamyBsaTtu Byab—sKkuin ToBap Ta dyab-
aki nocnyrn. MonorpadivyHnn BeHTUNATOP 06epTaeTbCa 3 BUCOKO LWIBMAKICTIO. CBiTrnoaioawn, siki B 6yaoBaHi
B BEHTUSIATOP, CUHXPOHI3YIOTbCSA 3 YacTOTOK OBepTaHHs, CTBOPIOKYM NMOBHOLIHHE TPUBUMIpHE 300paXkeHHs
npotaroMm nepiodie obepTaHHs. 300pakeHHs 39BMNSETLCA Y MNOBITPI. Tak K y BEHTUNATOpa BUCOKa
WBKNAKICTb 0bepTaHHsA, edekT obepTaHHA He MOMITHUIA NIACBKOMY OKY, a Cynep SCKpaBi cCBiTnoaioan
dopMyOTb 300paKeHHSA NOCTIMHO NepeMillaloyncb, CTBOPKETLCS eeKT KapTUHKK, WO niTae B NOBITPI -
o6'ekTBHO ncesporonorpadii[16]. Puc 1.21 — lonorpadiunuii BeHTunsitop Mepesaru: « Benuke sickpase
pisHokonbopoBe 306paxeHHs Heponiku: ¢ LliHa ¢ Po3mipy 30 1.5 BusHayeHHs TeXHiYHOro 3aBAaHHSA
OG’ekTom gaHoi AnnnomHoi pobotn € Po3pobka nmporpamHO-anapaTHOro Kommnnekcy BigobpaxeHHs 3D-
ronorpamu «Ky6», akuin po3pobnsieTbCs 3rigHO 3a4aHOro TeXHIYHOro 3aBAaaHHs. [JaHa po3pobka MOBUHHA
MaTW HacTynHi MOXnMBOCTI: » Bueig 3D 306paxeHHsA * KepyBaHHs 3a gonomorot kHonku 1.6 MocTtaHoBka
3agadvi [Ana BMKOHAHHA AMNAOMHOI poboTn Ha Temy Po3pobka nporpamHo-anapaTtHOro KOMMMekcy
BinobpaxeHHs 3D-ronorpamn «Ky6» HeobXigHO BMKOHATM HACTyMHi 3agadvi: * BuByeHHs mogeni pobotum
npunagis ansa npoekTtyBaHHs rororpamu; « 36ip maTtepianiB sik 3 iHTEpPHET pecypciB, TaK i 3 (I3NYHUX; *
AHania Ta nigbip iHCTpyMeHTIB Ansi po3pobkM NporpamHoi YacTuHK; ¢ Po3pobka TEexHIYHOI 4acTuHu; o
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TecTyBaHHA Npunagy; * HanncaHHs nosicHOBanbHOI 3anuUckn AUNNoMHoOI poboTn; « HanncaHHs BUCHOBKIB
AK Ansa Bciel poboTn, Tak i Ana KOXHOro po3ainy; ¢ ®opMmyBaHHA OOAATKIB 4O MOSICHIOBANbHOI 3anucky; ¢
MigrotoBka npeseHTauii go 3axucty. 31 1.7 BucHOBKM [0 nepwioro po3ainy Y nepwwomy po3aini 6yno
PO3MMAHYTO NpUHUMNKM ronorpadii Ta 1i BMAM Takox Oyno npoaHani3oBaHO aHanornm Ta cdepwu
BMKOPUCTAHHSA rofiorpam y cydacHomy cBiTi. ONnnMcaHo CTPYKTYpYy TEXHOSOFYHOro 3aBAaHHs Woao poboTu
noHHoro npoaykty. 32 PO3[AIN 2 BWEIP TA OBIPYHTYBAHHA MPOMPAMHO-AMAPATHOIO
KOMMJIEKCY 2.1 Bubip mikpokoHTponepy Ta nnatcopmu Arduino UNO BUKOHAHUI Ha MIKPOKOHTpONepi
ATmega328. [ins poboTn MIKpOKOHTpoOriepa € Bce HeobxigHe Ana noyatky poboTu 3 MiKPOKOHTPONEepOM:
14 undpoBmx Bxopis/Buxogis (3 Hux 6 MOXYTb BUKOPUCTOBYBATUCH B AKOCTI LLIIM-BuxogiB) 6 aHanorosux
BXOAiB, KBapLOBWUIA pe3oHaTop Ha 16 MIu, pos3'em USB, po3'em XWBMEHHS, po3'eM AOns NporpamyBaHHS
BcepeauHi cxemu (ICSP) i kHonka ckuparHsi[21]. PucyHok 2.1 — Mnata Arduino Uno LLIo6 noyatn poGoty 3
MIKDOKOHTPONIEpoOM HaM NOTPIBHO nogaTn XMBIMEHHA Big koMmn'totepa 3a gonomorot USB-kabernio,
Gatapenkn abo AC/DC—a,qanTepa. KoxeH 3 14 umdpoBux BMBOAIB MOXe OyTU BUKOPUCTAHUM B SIKOCTI
Buxoay abo Bxogy. PiBeHb Hanpyrn Ha BuBogax 5 B. paHnyHO gonycTume 3HadeHHs LbOro napamerpa
cknagae 40 mA. KoxeH BUBIg Mae BHYTPILWHIN nigaTsratounn pesnctop onopomM 20-50 kOm. Peanctop moxe
OyTn Bigkno4yeHu nporpamHo. 33 [esiki BUBOANM MOXYTb BUKOHYBaTU AoAdaTkoBi doyHKUil. [MocnigoBHMi
inTepcbeiic: Busoau 0 (Rx) Ta 1 (Tx). Bukopucrtoyiotbest anst npuiomy (Rx) i nepenadi (Tx) nocnigoBHMx
AaHux noriyHnx pisHiB TTL. Takox BMBOAM Mif'edHaHi A0 BUBOAIB AKi nepefatoTb AaHHi ATmega328, ska
BUKOPUCTOBYIOTLCA sik MicT USB-UART[21]. 3oBHilwHi nepepvBanHs: BuBoan 2 i 3. Lli BMBOgM ix MOXHa
BUKOPUCTOBYBATU $SK BXOAW 30BHILIHIX MNepepuBaHb. TakoX IX MOXHa MpPOrpamMHO BCTaHOBUTU Ha
nepepuBaHHs MO HU3bKOMY PIBHIO, HEraTUBHOMY YW MO3UTUBHOMY (PPOHTY, abo Ha 3MiHy piBHS curHany.
WIM: BuBogu 3, 5, 6, 9, 10, 1. Aki moxyTb npauytoBati B pexumi LLIM moaynsauii 3 po3ainbHO 3aaTtHicTio 8
poapsiais. MocnigosHwit iHTepdenc SPI: Busoam 11 (MOSI), 13 (SCK) 10 (SS), 12 (MISO). Ceitnogioa; BuBig,
13. Csitnogiog, niaknioveHnn ao smeogy 13. CBITUTLCS Npu BUCOKOMY PiBHI curHany Ha BuBogi. IHTepdenc
TWI: SCL a6o SDA BuBig A4 i AS. KomyHikauinHuii iHTepdperic TWI. Arduino UNO mae6 aHanoroBumx
BX0AiB, ki nosHadvatoTbes AKAO-ADS. PosginbHa 3gaTHiCTb aHanoroBoro umdpoBoro nepetBopeHHs 10
po3psaais. 3a 3aMoBYYBaHHAM, BXiAHa Hanpyra BUMIpOETLCA Woao 3emni B gianasoHi 0-5 B, ane moxe 6yTtn
3MiHEHO 3a gonomoroto BuBeaeHHs AREF i nporpamHmnx yctaHoBoK. LLle 2 BuBegeHHA nnaty marTb OyHKLUIT:
AREF. OnopHa Hanpyra AL mikpokoHTponepa RESET. Husbkuii piBeHb Ha LbOMY BUBRAY BWKINKAE
CKMAaHHa MikpokoHTporiepa. KomyHikauinHi iHTepgericn. B Arduino UNO € 3acobu 3B'A3Ky 3 iHLIOrO
nnatoo UNO 3 komn'toTepoM, abo 3 iHWMMKU MiKpokoHTponepamu. [ns uboro Ha nnarti icHye iHTepdeiic
UART 3 noriunnmu pisHamm TTL (5 B), nos'ssanuin 3 susogamm 0 (RX) i1 (TX).ATmega328 us mikpocxema
Ha nnarti nos'asye UART 3 USB noptom kommn'toTepa. Konv TpannseTbcs NiakniodeHHs 40 NopTy KOMM'loTepa,
3aBnaeTbca COM nopT, BiH € BipTyanbHMM, 4Yepe3 HbOro nporpamy npauloTe 3 ApayiHo. 34 B
ATmega328 npolunBka BMKOPUCTOBYE cTaHAapTHI Apansepu USB-COM i He noTpibHO BCTaHOBMNOBATH
Hisiki gogaTkoBi gpanBepu. Ons onepauiiHoi cuctemu Windows HeobxigHuid BignosigHui .inf dann.
Tabnuus 2.1 TexHiyHi xapaktepuctukn Arduino Uno OcHoBHi kpuTepii 3HadyeHHs MikpokoHTpornep
ATmega328 Pobouya Hanpyra 5B Hanpyra XuBneHHs (pekomeHaoBanuin) 7-12B Hanpyra >KUBMEHHSs
(rpaHnune) 6-20B Lindposi Bxogn | Buxoan 14 (3 HUX 6 MOXYTb BUKOpUCTOBYBaTUCS B sikocTi LLIM-
BuxoadiB AHanorosi Bxoan 6 MakcumanbHuii ctpym ogHoro 40MA BuBedeHHss MakcumanbHUiA BUXIOHWUIA
ctpym 50MmA Bueogy 3.3V Flash-nam'ate 32 KB (ATmego328) 3 gkmx 0.5 KB BMKOpPUCTOBYIOTLCSA
saBaHTaxyBadem SRAM 2 KB (ATmega328) EEPROM 1 KB (ATmega328) TakToea uactota 16MIy
KoHTponep nporpamyeTbcsi 3a OOMOMOrot nporpamHoro 3abesneveHHss Arduino IDE. MNporpamyBaHHS
BioOyBaeTbCA nNig YnNpaBniHHAM pe3nAeHTHOro 3aBaHTaxyBada no npotokony STK500. AnapaTHui
nporpamartop npu uboMy He notpibHo. 35 Mnarta Arduino UNO oTtpumyexusneHHs Big USB nopty a6o Big
iHLIOro mxepena XueneHHs. [Kepenom >XUBMEHHs nnatu Moxe Buctynatu 6atapes abo mepexesui
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apanTtep[21]. MigknioyeHHss apanTepa BinbyBaeTbcs Yepes po3em piametpom 2,1 mMm. Barapes
nigknoyaeTbca 40 koHTakTiB GND i Vin pozemy POWER. Hanpyra mxepena XMBMEHHA Moxe OyTn B
AianasoHi 6 - 20 B. Kpawe He gonyckatu 3HWXEHHS Hanpyrin Huwxk4e 7 Buyepes Te wo npuctpin byge He
CTabinbHO npautoBaTW. TakoX Kpalle He nigBuwyBaTyM Hanpyry 6inbw HixX 12 B, TOMy WO MOXe
neperpietbca crabinisatop i BUATK 3 nagy. ToMy cnifg 3BEPHYTM CBOIO yBary Ha AianasoH Hanpyru XUBMEHHSA
7 - 12 B uen gianasoH € pekomeHaoBaHUM. [nsa Toro wob nigkmounTy XKUBNEHHA NOTPIOHI HAcCTynHI BUBOAMW:
« Vin - XX1BneHHs NnNaTu Bifg 30BHILLHBbOTO JKepena XuBMneHHs. Yu He noB's3aHo 3 xkueneHHsaM 5 B Big USB
abo Bumxogamu iHWMX cTabinizatopis. Yepe3 uen KOHTaKT MOXHa OTPMMYBATU >KUBMEHHS ONsi CBOro
NPUCTPOLO, SKLLO NnaTta xapyyeTbcs Big agantepa. « 5 V - Buxig ctabinizatopa Hanpyru nnatu. Ha Hbomy
Hanpyra 5 B npu 0Oygb-sikomy cnocobi xuBneHHs. >KMBMEHHA nnatuyepe3 Len BUCHOBOK He
PEKOMEHAOYETbCSH, TOMY WO He BUKOPUCTOBYETbCA CTabinizatop, WO MOXe nNpuBecT OO0 BUXOAY
MikpokoHTpornepa 3 nagy. * 3 V 3 - Hanpyra 3,3 B Big ctabinizatopa Hanpyru Ha nnati. Mae rpaHnyHui
ponyctumun ctpym xueneHHs 50 mA. GND - 3aranbHui nposig. * IOREF - Ha BuBeaeHHs iHbopmauia npo
pobouin Hanpysi nnatu. lNnata po3LWMPEHHS MOXE BBaXXaTu 3HAYEHHS CUrHany i NepeksitounTUCS Ha PeXnM
xuBneHHs 5 B a6o 3,3 B. 36 Y mikpokoHTponepa Tpu Tvnm nam'sti: » 32 kb cnew (FLASH); — BoHa
BMKOPUCTOBYETLCA ANa 36epiraHHs nporpamn. AKWO KOHTpornep npowmBaeTbes Yepe3 USB cketyem. Togi
namate Arduino ouuLLyeTbCs, Chig NOTPIGHO NULLE 3aBaHTaXUTU MOPOXHIA ckeTdy. « 2 KB onepaTuBHOI
namsati (SRAM); B uiit nam’siTi 36epiraloTbCsi 06'€KTV Ta 3MiHHI, LLO CTBOPIOIOTLCS B ckeTyi. OnepatusHa
nam’ssiTb BOHa eHepro3anexHa, npu BigkmntodeHHi nnatn Uno, BCi aaHi 6yayte BuganeHi. ¢ 1 kKb He3anexHin
nam'aTi (EEPROM); B U nam'aTb MOXHa 3anucyBaTW AaHHi, AKi MpyM BUMKHEHHI >XuBreHHs Uno He
3HUKHYTb. MiHycCOMEEPROM € Te Wwo B Hel obmexeHa KinbkicTb umknie nepesanucy - 100 000 pasis 3a
TBEPAXEHHAMU BUPOOHMKA PucyHok 2.2 — CTpykTypa MikpokoHTponepa 2.2 lNMepepuBaHHa B Arduino B
Arduino Hemae onepauiiHoi CUCTEMM, | TOMY CTae NUTaHHA Npo Garato3agadHicTb KOHTponepy. Tomy Lwo6
BUPILLMTU L0 NpobrnemMy BUKOPUCTOBYIOTb METoauKy nepepuBaHHs[24]. Lle mMoxyTb GyTU nepepuBaHHS
anapartHi abo nporpamti. 37 IMig 4yac poboTn NpoLecop BUNOBHIOE MNEBHI Onepadii, a NnepepuBaHHs 3ynuHse
BCi Ui npouecn sSkMMKn 3ariMaBcsi NpoLecop i 3acTtaBnde nepegaty ynpasniHHA 0BpoOHMKY nepeprBaHHSA
(ISR, Interrupt Service Routine). O6pobntoBay Lie Taka yHKLIA sika NMULWETbCA BXXe CaMUM KOpPUCTyBadveM
AKMA Nomiwae Tyau kop sikmn Oyge sigpearoByBaTu Ha nogito. licna Toro Ak nepepuBaHHSA 3aKiHYyETbCS
npoLiecop BigHoBMoe cBoo poboTy[23]. Lie BinGyBaeTbcsi aBTOMATUYHO, | TOMY KOPUCTYBaueBi MOTPiGHO
nuwe nucatn oOpobHMK NepepuBaHHSA | pobuTn Tak LWob He 3acTaBnAaATK NPOLEecop 3aHaATO YacTo pobuTu
nepepuBaHHs. [na Ttoro wob npautoBatn 3 nepepmBaHHsAIMU NOTPIGHO 3HATK SIK YACTO MOXHa BUKMMKaTH
nepepuBaHHs WNOro OCOBMMBOCTI a TaKoX MOTPIOHO PO3yMIiTM CXeMu i 9K npaulolTb npunagn  SKi
NigKoYeHHi Ao nnatn. Buam nepepuBaHb: « AnapaTtHi nepepuyBaHHs Lie NnepepuBaHHs ki BiabyBatoTbCA Ha
PiBHI MikponpouecopHoi apxitektypu. ig 4ac pobotn npouecopa BiaOyBaeTbCA SIKaCcb 30BHILLHSA Ais.
Hanpuknag nge cvrHan Bua SIKOrocb Aatymky abo HaTUCHYNKM KHOMKY YK Le WOCh i Konn BiabyBaeTbCH LS
nodis 3anyckaeTbCs B nporpamMmi nepepmBaHHSA 3a [JONOMOrOK creuianbHOl iHCTPyKUii. ¢ [MporpamHi
nepepuBaHHA Le NnepepuBaHHA FKi HILIOKOTLCA IHCTPYKUiE B Koai nporpamu. Lli nepepuBaHHA 3a3Buyan
BMKOPUCTOBYIOTb ANs GyHKUin BOygosaHoro MO. BArduino € 4 Buau nepepuBaHb i Ue: * 3asemneHui
KOHTaKT 1 NepepuBaHHs Npautoe Ao TMX nip nokn Ha 6yae noctynatu curHan LOW. « 3miHa curHany. Konu
BiOyBaeTbCA 3MiHa curHarny Ha niHi Togi o6pobHNK NnepepuBaHHA NoYMHAE npavtoBaTtu. « Bigbynack 3miHa
CUrHany Ha niHi 3 HM3bKOrO CUrHamy Ha BWMCOKWUWA Todi BiaOyBaeTbCs nepepuBaHHs. ¢« 3MiHa curHany Big
BMCOKOro A0 Hu3bkoro byae BiabyBaTtucsa nepepuBaHHs. 38 lNepepuBaHHA noTpibHi B Arduino gns Toro
wo6 BmpiwmnTK Npobnemy 3 CUHXpOHi3aLieto[ 23]. Hanpuknag npunag skuit BUBOAWUTL SiKiCb CUMBONM Nofae
CUrHan nepepviBaHHs Ha NpPoLEeCcop a BiH B CBOK Yepry BUKIMKAE NepepuBaHHA SKUIN 3axOnsitoe cMMBoI. |
Le JO3BOSISIE EKOHOMUTK Yac npouecopa ToMy LWo 6e3 nepeprBaHHA BUTpadvanocsa 6v npoLecopHUi Yac Ha
Te wob nepesiputn ctatyc UART. Tomy nepepuBaHHA 3alMaEeTbCA BCiMa HeOOXiOHMMM pevyamu He
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3avinatoum camy nporpamy OCHOBHUMM NpUYMHaMK, Yyepes3 siki HeOOXiAHO BUKIMKATU MepepuBaHHs, €. °
BuaHayeHHs1 3MiHK cTaHy BMBOAY; * NepepuBaHHsa 3a Tanmepowm; ¢ MNMepepuBaHHa gaHux 3 SPI, 12C, UART; «
AHanoroBo-uuppoBe NepeTBopeHHs; « [OTOBHICTb BUKopucToByBaT EEPROM, doneww-nam'arb. OyHKUIs
attachinterrupt BukopucToByeTbcs anst pobotu 3 nepepvBaHHAMU. BoHa cnyxuTb Ans 3'edHaHHs
30BHILLHBLOrO nepepuBaHHA 3 0B6pOOHMKOM. CUMHTAKCUC BUKIUKY: ottochInterrupt(interrupt, function,
mode) ApryMeHTU yHKLii: * interrupt — Homep BUKNNKaAHOrO NepepuBaHHA (ctaHpapTtHo O — ans 2-ro
niHa, ona nnatm ApgyiHo YHo 1 — gns 3-ro niHa), » function — Ha3Ba BUKNUKAHOI dYHKUIT NpY NepepuBaHHi
(BaxnuBo - YHKUiA He NOBMHHA npurMMaTK, Hi noseptatn Oyaob-4kKi 3HayeHHs1), * mode - ymoBa
crnpauboByBaHHA nepepuBaHHa. 39 2.3 LED wmatpuuysa 8x8 CsaitnogiogHa matpuus Le KOMMNaKTHWUIA
rpacdiyHMn Moaynbsikuin nobygoBaHuMi Ha 6Gasi Mikpocxemm MAX7219 Ta Mae npocTte MigKMioYeHHs,
BMBOAMTb NPOCTi 300paxeHHs. B uboMy mogyni € n'aTb BUBOAIB 3 ABOX CTOPiH. 3 OAHIET CTOPOHU OaHHI
BXOOATb a 3 iHLWOI BMXOAATb B iHWKWI Moayrb. Lle fo3Bonse 3'egHatv maTpuuio y naHLuor[25]. PucyHok 2.4
— [Nnata ceiTnogiogHoi matpuui CeiTnogiogHa matpuus Le MoAyrb 3 MIKpOCXeMOH, sika HeobxigHa ans Hel
Ta, BfliacHe, TakoXX caMm MaTpUYHUI iHAMKaTop. 3a3BMyan Len iHOukaTop He BMaleTbCs B nnaTy, a NpocTo
BCTaBNSAETLCA Y THi3go. 3pobneHo ue Tak, wob 1oro Gyno MOXHa crnoyaTky 3akpinuTu Ha Oyab-skKin
NnoBepxHi, ax noTim BcTaButu matpuuto. 40 PucyHok 2.5 — CaitnogiogHa matpuua XapakTepucTUKK
ceiTnogiogHol matpuui: ¢ PoamipHicTe Matpuui: 8x8 < Konip ciTnogiogis: 4epBoHui < Tun martpui:
3aranbHun katog ¢ Hpaneep: MAX7219 « Poboya Hanpyra: 5 B « Poamipu: 3.2 cm X 3.2 cm X 1.3 ¢cm
KpinneHHs: 4 otBopu giametp 3 MM ¢ IHTepdenc: SPI Buoan: « VCC - Hanpyra xuBneHHs 5 B « GND -
3aranbHmn ¢ DIN — Bxig gaHmx ¢ CS - [1o3Bin 3aBaHTaxeHHA gaHux ¢ CLK - cTpobytodi imnynbcn 41
PucyHok 2.6 — lMpuHuunosa cxema LED matpuui 8x8 2.4 EnektpogsuryH ¢ pegyktopom JGA25-370 Lle
npunag, sIKMA BUKOHAHWWA y BUIMSAAI arperaTty, WO CKNagaeTbCa 3 peaykropa Ta enekTpoaBuryHa, SKi
3'eAHaHi Mixx cobol NpomikHOK MydTol abo Ge3 Hel. Ane sk ernemMeHT eneKkTpPonpMBoAdYy, Mae LUMPOKe
3aCTOCyBaHHA Yy GaraTtbOx ranyssix NpOMMUCIIOBOCTI; noro nepeBarn ue - Bucokun KKI, npoctoTa
06CNyroByBaHHs, KOMMAKTHICTb a Lle npocToTa MoHTaxy[26]. PucyHok 2.7 — EnekTpoaBUryH C
peayktopom JGA25-370 Xapaktepuctuku: « Hanpyra »xxueneHHs: Big 6 oo 12B; « JosxuHa Bany: 9mm;
O6epratounii MomeHT 1200 06/xB; + [iametp Bany: 4mm. 42 2.5 [atunk obeptie [aTumk obeprtis
BMKOPUCTOBYETLCA AM1s1 TOro Wo6 BUMIpATU WBMAKICTbOGEPTAaHHA 3a AOMNOMOro Aucka 3 npopizamu abo
AaTynkom nepetukoan. MpuHUMN Moro Ail ue BU3HaunTK 0B 'ekT AKMIN MpoxoauTb Mixk npopisamu. Liein moaynb
TaKOX MOXHA BMKOPUCTATW SIK BUCOKOTOUHWIA KiHLEBUI AaTumk nonoxenHst (ENDSTOP)[27]. Ha nnarti
pO3TalLOBaHUM MOPOroBMIM KOMMapaTop Hanpyru Ans oTpUMMaHHSA BUXigHOro curHany. BiH Bigpi3HAeTbCA Big
HLUMX aHarnoriyHuX OaTyumkiB CBOIMU HeBenukumn poamipamun. PucyHok 2.8 — [datyuk obeptie Busoau: ¢
VCC: + xapyyBaHHs; *« GND: 3aranbHun; < DO: Uudposun Buxig;, < AT: Ananorosun Buxig. 43
XapaktepucTtukn: « Hanpyra xwuBneHHsa: 3,3 - 5B; ¢ lUupuHa nasa gatuvka: 5 mm; ;  Tun Buxoay:
aHanorosui Ta undposui; « BukopuctoByBaHui komnapaTop: LM393. PucyHok 2.9 — lNpuHumMnoBa cxema
Aatynka obeptiB 2.6 bnok xwueneHHa PucyHok 2.10 — Bnok xueneHHs YN 207 44 Bnok XuBReHHsA ue
HaMiBNPOBIAHWMKOBUMA Npunag SKWA MNOTPIOHMM ANa CTBOPEHHS HeoOXiAHWX napameTpiB Hanpyrv Aans
npasunbHoi poboTtn npunagy. Cam 6ok He € OCHOBHUM [AXXEPENOM XUBMEHHSA Npunagy a BCbOro Ha BCbOro
BTOPMHHMM DKEPENoOM TOMY LLO BiH HE MOXe BMPOBNATN eneKkTPOEeHEprito 3 iHLWOro BMAY eHeprii a BCbOro
nvwe 3MiHIOE napameTpy MOCTYyNawyuro B HbOro cTpymy. HamndacTiwe noByToBi ONoKM XUBMEHHSA SKi
3HWXKYIOTb Hanpyry 3 220B po 5B, 9B, 12B ta 24B. XapakTtepuctuku: « Bxig 220V 50/60Hz; » Buxig Big 3B
po 12B. 2.7 KHonka Mawxe yci pafioTexHiyHi npunagyM MarwTb KOMMOHEHTW SKi KOHTPOMOTb nogady
XuBneHHs abo woro 3ynuHse. Lle 3a3Buyan Tymbniepn, kHonku abo pakeTHi nepemukadi. B GaraTbox
npunagax BUKOPUCTOBYIOTb KHOMKY. KHOMka npeacTtaBnse coboto HEBENUKWUIA npunag SKoro Tiflbku oaHa
ponb Ue nojada XuBreHHss abo Moro 3ynMHEHHS 0O OKpeMMX enemeHTiB abo yCcboro npucTporo. PUcyHok
211 — KHonka 45 Xapaktepuctuku: ¢ MakcumanbHui Tok 1.5 A; ¢ MakcumanbHa Hanpyra 250B; -
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MexaHiyHa nopoyHictb 10 000 HatmuckaHb i Buwe; * KoHTakTtHuM cnpotuB <=0.03 owm; + Poboua
Temnepatypa: -25-85 °C. 2.8 3acobu npoekTyBaHHA Ta MopymioBaHHA Fritzing — ue 6eskolToBHE
nporpamHe 3abeanevyeHHss mae niueHsieto GPL 3.0 3 BigKpMTMM BUXiAHUM KOOOM Ta ABIMKOBMMWU dhannamm
ANs po3pobKM cMcTeM aBTOMATM30BaAHOIO NMPOEKTyBaHHSA. [1porpamHe 3abeaneyeHHs 6yno po3pobneHo B
YHiBepcuTeTi npuknagHux Hayk Motcpamal28]. Ha possuTok Fritzing BnAuHynu moBa nporpamyBaHHS
Processing Ta cuctema Arduino[29]. B nporpami Fritzing MoxHa nepeTBOpMTM MPOTOTMMN Ha OCHOBI
Arduino Ha TOMmonorito ApyKOBaHOI Nnatn Ans CepiitHOro BUroToBMneHHs. Ha odiuiiHomy canti Fritzing
MOXHa He nuwe ckayatu nporpamy a Le ALinutuca cBOiMM npoekTamum Ta obrooptoBaTn iX Ta
obmiHloBaTUCA [OCBIAOM C  iHWUMKM KOpucTyBadamu. [lporpama CUIbHO CrpoOLye CTBOPEHHS Ta
HanarofXeHHs CXemM 3a [AOMoOMOrol MakeTHux nnat.lanporpama 6yna HanmcaHa Ha MoBIiC++ i3
3actocyBaHHsAM rpadivHoro cteky Qt. 46 PucyHok 212 — MeHwenemenTiBFritzing Y upomy MeHo
nokasaHa BernuvKa KifbKiCTb KOMMOHEHTIB siKi MOXHa BUKOPUCTOBYBATU ANSA BalMX ManbyTHIX abo iCHyumnx
npoekTiB. TakoXx icHytoTb Oibniotekn gns mopgynie. bibnioteka Arduino Mae22 pi3Hi OOWKM Ta LWNUTK
Arduino, ski MoxxHa BMGpaTK Ty sika Bam r|0Tpi6Ha[28].LLlo6 CKOpUCTYBaTUCS MOLyNAMM NOTPIGHO nuie
nepeTAarHyTn Ui MoAayrni Ha BUMMSA4 MakeTa, a NoTiM novaTty MNigKMYeHHS BXIOHMX | BUXIOQHUX WTUPTIB 4O
KOMMOHEHTIB Ha MaKeTi[29]. Micns TOro, Ak BM nig’egHanu yci enemMeHTn CXemu y Bac 3'ABUBCS JTaHLIOT,
NigKIIOYEeH 0 MAKeTq, | ToA4i MOXHa BXe NepernsHyTy rotoBy cxemy.€ B Ui nporpami BENVKUN MiHYC i Le
npy poboTi Hag NPOEKTOM BM 3IiTKHETECH 3i CKYNMYEHHSIM €flEMEHTIB Ha PO3CTaHOBKY SKMX BUTPAYaETbCs
BaraTto 4vacy. llicna Toro gk Bu npoBunn o6pobKy, nepeBipKy Ta MOXIMBO MOAMAIKaLit0 BaLlOro npoekTy,
MOTiM MOXHa BiANpaBMTX CBOK CXeMy B opraHisauito Fritzing Ta 3pobutun apykosaHy nnaty. LliHu 3BicHO He
MarneHbKi, ane BOHW MOXYTb npautoBaTtn 6e3nocepeaHbo 3 danny Fritzing, ctBopeHoro nporpamoto. Be6-
canT Fritzing nponoHye psia nocnyr, Wwob AonomortM Bam noyatu poboTy Ta [ae BaM MOXIMBICTb
noginutuca ceoimMn gusanHamu. Lli nocnyrn BknwoyarTb B cebe 47 cepild NOKPOKOBUX HaBYalbHUX
nocibHKKIB, AKi AonomaralTb KOPUCTyBavyaMm Ai3HaTUCb, SIK BUKOPUCTOBYBATM iIHCTPYMEHTHU, a SKLIO Yy Bac
3'9BUNNCA SKICb MUTAHHS, BU MOXETe 3BEepHYyTUCS Ha (popymu, e BM MOXETe 3adaBaTu MUTaHHA Ta
oTpUMaTn noTpibHy Bam aonomory[28]. Fritzing mae geski obMexeHHs, ane e XOpoLWn iHCTPYMEHT Ans
AOKYMEHTYBAHHA Ta CTBOPEHHS MNPOTOTUMIB MPOCTUX CXEM, OCOOMMBO TMX, WO BUKOPUCTOBYKOTLCS B
Arduino. B nporpami Fritzing B moxete nobaunt 3 Buan BijoOPaKeHH MakeTyBaHHS, cxema Ta TpeTii
BUA Ue BMA nnatn. Bun moxeTe HamantoBaTh CBOKO CXEMY SK MaKETHIiM nnaTi Tak i Ha NPUHLKUNOBIA CXeMi.
Hpyra cxema Oyge OyayBatuca aBTOMatMyHO ane ii noTpibHo Oyae peparyBatm TOMy WO nporpama
aBTOMAaTMYHO PO3CTaBUTb €NleMEHTU SK Monaro i Ha Bawa cxema byae Burnagatv 3annytaHo. PucyHok 2.13
— MakeTtHa nnata 48 PucyHok 2.14 — TllpuHumnoBa cxema PucyHok 2.15 — [MevatHa nnata 2.9 Bubip
cepegosuLia po3pobkn Ta MOBWM NporpamyBaHHs [lyXe BaXIMBUM € MUTAHHA WO A0 BUPILIEHHSA Ta
BMKOPUCTaHHA NporpamHux 3acobiB ansa toro wob cnpoekTyBaTn CUCTEMY Ta HanucaTtu BignoBigHI Habopwu
KOMaHZ Ans npowmBku Nnatgopmu. TOMy po3rnsgHEMO OCHOBHI NMPOrpamHi KOMMOHEHTU Hwkye. 49 2.9.1
Cepeposuie po3pobku Arduino IDE — ue nnatdopma sika ae 3Mory HoBadkami npodpecioHanam LBMAKO
po3pobuTK Nporpamy Anst eneKTPOHHUX NPUCTPOoiB. ArduinO Mae BenuKy MonynsipHiCTb TOMY LWO Yy Hei
npocTa Ta 3pyyYHa MOBa NporpamMyBaHHS, a TaKOX il apxiTekTypa i NporpamMHui Kog 3HaxoAnTbCA Y BiflbHOMY
A0CTyni B Mepexi IHTepHeT. Arduino gae amory Kommn'rotepy B3aeMoaisTh 3 pisuyHum caiToM. MNpucTpoi Ha
6a3i Arduino oTpuMMytoTb iH(OpMaLito NPO HABKOMMWLUHE cepedoBULLE 3a AOMOMOrOK Pi3HMX AATUMKIB, a
TaKoX YNpaBRSOTLPI3HUMN  BUKOHaBYMMKU  npucTposimu[30].  MUKPOKOHTpoOnnep nporpamyeTbcs  3a
nonomoroto Moy Arduino (3acHoBaHuin Ha MOB Wiring) i iHTerpoBaHoro cepenoBuLia po3pobku Arduino
IDE (3acHoBaHa Ha cepenoBULL; Processing)[30]. MpoekTn siki Bynn 3acHoBaHi Ha Arduino, B3aemogitoTb
3 nporpaMHUM 3abeaneyeHHsiM Ha komm'totepi (Hanpuknag, Processing, MaxMSP, Flash) a6o MoxyTb
npautoBaTn camocTinHo. NMnata moxe 6yTn 3ibpaHa camocTinHO abo KynreHa BxXe y noBHoMy 36opi. B
cknag Arduino IDE BxoauTb: ¢« BOyaoBaHWIA TEKCTOBUI pedakTop nporpamHoro kody; ¢ Komninstop;
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Bignapuvk (ninTpumye Tinbkv nnatv Arduino Ha 6asi SAMD i Mbed); « Moaynb nepenadi NpOLUMBKM B
nnaty; « O6nacTti noBigoMneHb; * BikHa BUBEOEHHSI TEKCTY (KOHconi); * [1aHeni iHCTpYMEHTIB 3 KHOMKamu
4YaCTO BMKOPUCTOBYBaHMX KOMaHA i AEKiNbKOX MeH0. [ns Toro wob 3aBaHTaXuTu nporpamy, B CepefoBuLLe
po3pobku NoTpibHo nig'inatncs ao Arduino. CkeTy ue nporpama, sika NMeTbCA B TEKCTOBOMY peaakTopi,
LIO Mae iHCTPYMEHTU BMpi3kM | BCTAaBKM, MOLLYKY 3aMiHW TEKCTY | HanucaHa B cepenoauili 50 Arduino IDE.
Konun npoekT 36epiraeTbcs i eKCropTyeTbCA B 06MNacTi NOBIAOMINEHb MOXYTb 3 ABMATUCA MOSACHEHHA abo
noMunku. PucyHok 2.16 — IHTepdperic Arduino IDE Ha noyatky po6oTtu 3 Arduino IDE moxHa 3HanTu Taki
enemMeHTn ak: ¢ MeHio nporpamu; ¢ [MaHenb LWBMAKOrO AOCTYNy A0 Hambinblw BaXnuBUX QYHKUIW; ©
PepakTtop (LI,J'IFI pO3MiLLleHHA Koay nporpaMM); * [NaHenb nosigomneHb i ctaTycy nporpamu. B meHIo
nporpaMmM Mu ynpaensiEMO MPOEKTOM, MOXHa 30epertm abo CTBOPUTM HOBWUW MNPOEKT TaKOX MOXHa
po3apykyBaTn koa. 51 PucyHok 2.17 — MeHo «Ckety» PucyHok 2.18 — MeHto «IHCTpymeHTu» Baxnueuii
enemMeHT B nporpamMi € MeHK «lHCTpyMeHTU» BOHa [Aae MOXMMBICTb BMBpatTu noTpibHy Bam nnaty. Y
npeacTaBreHoMy BaM CMUCKY 3HaxXogaTbest BCi odoilinHi Bepcii Arduino, TakoX MoxHa BMOpaTvMnopT,ao
sikoro nigkniodeHnin Arduino. 3assuyan Arduino IDE cam BM3Ha4ae MopT, ane iHodi NOTPiOHO Bpy4HY
BMOpaTn nopt.Ane B HoBih Bepcii Arduino IDE 2.0.0 MoxHa i He 3axoguTn MeHK «lHCTPyMEeHTM» o6
Bubpatn nnaty 52 i nopT A0 AKOro BOHa MigKrYeHa, Tenep ue MOXHa 3pobuTn y ronoBHOMY MEHIO
nporpamu[30]. PucyHok 2.19 — Bubip nnatu Ta nopty [1ns Toro o6 HopmarbHo npauosatv BArduino IDE
NoTPiGHO BMKOPUCTOBYBATW NaHenNb LUBMAKOINO AOCTYMNY, BOHA OCHALLEHa BaXnMBMMU KHonkamu. Lle pobutb
poboTy y nporpami 3Ha4yHO nerwe, i Hagae OOCTyn OO0 BCiX HeobXigHMX mapameTpiB Ans HanucaHHs i
TecTyBaHHA nporpamun. 53 PucyHok 2.20 — T[laHenb wBugkoro goctyny [laHenb WBMAKOro A0CTyny
[O3BONSAE CKOPUCTYBATUCS TakumMu pyHKUigammn ak: < Komninatop; ¢ 3aBaHTaxyBad nporpamuv B
MIKPOKOHTporiep; * HoBun npoekT; « Bignaguuk; « Bigkputn icHytoumii NnpoekT; « 36epertn npoekT; ¢ Bubip
nnartu Ta nopty; « MoHiTOp nocnigoBHOro nopty; ¢ BikHO noBigomneHsb i ctatycy; « CkeTubyk; « MeHemxep
nnat; « MeHemxep 6ibniotek; « Bignaguuk 3 getanbHoto iHpopmauieto; « MNowyk. Bei BuLwe nepenivyeHi onuii,
BOHM pO3TaLLOBaHi Ha NaHeni WBWAKOro A0CTyny, Ta NnpoaybnboBaHi B MeHto nporpamu. 54 Arduino IDE B
nopiBHsAHI 3 i aHanoramu Takumm gk WInAVR, AVR Studio, nobpe nigxoguTb Ons HOBaYKiB, siKi TinbKu
NoYnHaKTb po3bupaTuca B nporpaMyBaHHi Ta cxemoTexHiui. B camin IDE € gyxe Garato pisHux 6ibniotek
po3TawoBaHnx Ha BepwwuHi AVR LibC Takox Mae po3ymHui iHTepdenc i 3Ha4yHO CrpoLuye CTBOpeHHFI/
3aBaHTaxeHHs. [Nnatgopma ArduinO B OCHOBHOMY CMPOLLYE T€, L0 BN XO4YETE 3pOOUTK 3i CBOEKD CXEMOLD,
a He 3aMMaTtucsl TEXHIYHMMW TOHKOLLAMW BMKOPUCTaHHSA camoro Mikponpouecopa. 2.9.2 Bubip mosu
nporpamyBaHHs LWo6 nucatn komangn ana mikpokoHTponepa AVR MoxHa ckopuctyBatuca Assembler ta
GCC C/C++. Ane konu BukopuctoByew IDE TO noTpiGHO BMKOpMCTOBYBaTU MOBY Processing ska mae
komninatop GCC C, gakui iHTerpoBaHo [O BignosigHoro cepegosuwa. MoBa nporpamyBaHHS sika
BMKOPWCTOBYETLCS ANst NpUCTpoiB Arduino 3acHoBaHa Ha C/C++ i ckomnoHoBaHa 3 6iGniotekoto AVR Libc
sika [03BONsie BMKopucToByBaTM Oyab-ski i dyHkuii. 2.9.3 HeobxigHi 6noku cketya void setup()
BMKOHYETbCS NULIE OAMH pa3 i BOHa NpMBOOUTL CUCTEMY Y poBOYMI CTaH, Cloou 3a3BuMYaln 3anucyoTb
dhyHKUiT iHiLianisauii nopTiB i nepudepiiHnx npucTpoi. void Ioop() Lie LMKIT SKUW NOBTOPKETLCSH 3HOB | 3HOB
i TaK 4O HEeCKIHYEHHOCTI, Ll& OCHOBHUI LUMKIT NporpamMu, B AKOMY BUKOHYETbCS OCHOBHA YacTuHa. PyHKUiA -
Lie OAMHWLA Nporpamu, BoHa Mae iM'a i MicTUTb B cobi AesKky nocnigoBHicTb Ai. Barato komaHa B Kofi
3aKiHYylOTbCS ', BUKIIOYEHHsIMeonepaTopy 55 Luknis, BMGopy, yMOB i onuc npototuny dyHkuii. Ha noyatky
nporpamu, nepe yHkuUielo setup, oronoLytoTb 3MiHHI | BU3Ha4YeHHs. [py BKNoYeHi nnaTtun nepua dyHKLis
fIka BUKOHYETbCA Le setup. Lia dyHKUis BUKOHYETLCS OOUH pas i B Hill HEe 3ano4aTkoBaHO pexvMu poboTtu
nopTiB: MOPTW, A0 AKUX MIOKMOYEHI Pi3Hi JaTyYMKM, BCTAHOBMIOKTLCA SK BXOAM, @ NMOPTU 3 BMKOHABYMMW
npuctposmn sk Buxogu. 2.10 BucHoBok 3a po3ainom Y gpyromy po3agini gunnomHoi pobotn 6yna obpaHa
MOBa nporpamyBaHHa C++ i Bynn getanbHO OnuvcaHi NporpamMu 3a AONOMOroK SKMX ByB HanMCaHUW Kopg
nporpamu i 6yna 3amogenboBaHa TEXHIYHA YacTMHa AMMMOMHOro npoekTy. A came Bynu BUKOpUCTaHI Taki
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nporpamun sk: Arduino IDE, Fritzing. Takox 6yna po3rnsHyTa TexHiYHa 4acTvHa B AKi AeTanbHo Oynu
onucaHi HacTynHi aetani gki 0ynun BUKOPUCTaHI B TEXHIYHIM YaCTUHI AMNIIOMHOro npoekTy: MiKpoKoHTponep
Arduino UNO, CsitnogiogHa matpuus, Motop ¢ pegyktopom, Bnok xueneHHs 3-12B, JaTtumk obepTis,
KHonka. 56 PO3I11 3 PEAJIIBALIA NMPOTPAMHOIO KOMIMJIEKCY 3.1 AnapatHa yacTtuHa npoekTy 30ipky
npoekTy Oyno po3noyaTto 3 KOprycy Ha sikomy OyayTb po3miliatmca HeoOXxigHi mogyni, Aki NOTpibHI ansa
po6oTn npoekTty. PucyHok 3.1 — lNMepeaHsa yactnHa kopnycy 57 PucyHok 3.2 — 3agHsa yactuHa kopnycy A
TakoX NOTPIBHO 3BEpPHYTU yBary Ha MexaHidHy YacTUHY MPOEKTY, a TOYHIle Ha KPUBOLLMMN,AKAWA LUTOBXaE
ABaHagUATU BOMLTOBMI MOTOPYMK,@ TON B CBOK Yepry pyxae B ropy Ta HM3 CBITNOAIOAHY MaTpuULIo ska
BMBOOAUTb 300pakeHHs. TakMm YMHOM nNpU LUBMAKOMY PpyCi MaTtpuui B BepX Ta HU3 300pakeHHs
PO3MMBAETLCS Ta CTAHOBUTBLCA 06’EMHUM. IHLWMMK crioBamu Le 306paXeHHs sike BUXOAMUTb i3 4BOBUMIPHOIro
00’ekTy B TPUBUMIPHUIA 3a paxyHoOK pyxy. 58 PucyHok 3.3 — Kpueowwn i3 matpuueto PucyHok 3.4 — Cxema
nigknoyeHHa mogynis ao ApayiHo 59 PucyHok 3.5 — lMpuHuunoBa cxema nNpoekTy Ha npuvHUUNOBIN CXemi
nokasaHo MiAKMoYeHHs Moaynie Ao nnatv Arduino Uno 3a HacTynHUM po3BeAeHHsIM BxogiB/Buxopis: * D2
— nig’egHaHnn go DO onTudHoro partumky obeprtis; ¢ D3 — nig'‘egHaHui [o Bxogy KHonku, ¢ D9 —
nig'eaHannn go exogy CS csitnogiogHoi matpuui; < DI — nig’egHannn go sxogy DIN ceitnogiogHoi
maTpuui; « D13 — nig'eaHannin go Bxogy CLK ceitnogiogHoi matpuui; « MoTop nig’egHaHui okpeMo Ao 6noky
xuBneHHs. 60 PucyHok 3.5 — 3ibpaHun npoekt y gii 3.2 MNporpamHa yactuHa JlictuHr 3.1 — anroputm
kepyBaHHsi mMaTpuueto [/dyHkums ans pabotbl ¢ maTpuueit Yepe3 wuHy SPI void sendCMD(uint8_t
address, uint8_t value) { //Monaet LOW aHaueHne Ha undposoii Bxoa digitalWrite(CS_PIN, LOW); [/
TpaHcdep 6GaittoB no wwuHe SPI SPLtransfer(address); SPLtransfer(value); SPLtransfer(address);
SPLtransfer(value); //Monaet HIGH aHaueHne Ha undposoit Bxoa digitalWrite(CS_PIN, HIGH); } //
yctaHoeka sipkocTu void setBright(byte value) { sendCMD(0x0a, value); [/ spkocts 0-15 } void
sendDATA(uint8_t address, uint8_t value) { digitalwrite(CS_PIN, LOW);
SPLtransfer(++address); 61 SPLtransfer(value); digitalWrite(CS_PIN, HIGH); } //ounctka matpuub
void clearMatrix() { for (byte i = 0; i < 8; i++) { sendDATA(i, 0); } } 3.3 BucHosok 3a posainom B
TpeTboMy po3aini byna nposegeHa pobota 3 MexXaHIi3MOM SIKMIN BUBOOAUTb TPbOX BUMIpHE 300pakeHHs 3a
AOMOMOroK MocTynanbHUX pyxiB, Ta Byna npoBegeHa poboTa 3 KOPEKTYBaHHAM BCiX NMOMWUIIOK Kogy Ta
MexaHiaMy BuBeOeHHs1 306paxeHHa 62 BUCHOBOKW MMig wac pobotn Hag aunnomHow pobototo Byno
AOCSArHYTO OCHOBHOI MeTU a came, ByB CTBOPEHMI NPUCTPIN KU BUBOOUTL TpUBUMIpHE 306paxeHHs. Iig
Yyac BMKOHaHHS poboTun Bynm nocTaBrneHi HacTynHi 3agadi siki 6ynu ycnilwHoO BMKOHaHI: 6yno BMBY4EHO Mogeni
poboTn npunagis Ana NpoekTyBaHHsS ronorpamu, 3ibpaHo mMarepianu §K 3 iHTEPHET pecypciB, TaK i 3
di3nyHMX, NpoaHani3oBaHo Ta NigibpaHo IHCTPYMEHTU A5s po3pobkM NporpamMHoi YacTUHW,ByB HanMcaHumn
kog Ha MoBi C++, po3pobneHo TexHiYHy YacTuHY, NPOBEAEHO TeCcTyBaHHs npwunagy, byna HanucaHa
NOSICHIOBasibHa 3anmcka OMMoMHOI poboTuW,HanMcaHi BUCHOBKM AK Ans BCiel poboTn, Tak i Ans KOXHOro
po3ainy. [ns TexHiYHOI YacTUHU NpoekTy Bynun po3rnaHyTi | oNucaHi HacTynHi getani ski 6ynn BUKOpUCTaHi
B AunnomHomy npoekTi: MikpokoHTponep Arduino UNO, ceitnogiogHa Matpuus, MOTOP C peaykTopoM, 6ok
xuBneHHa 3-12B, aatumk obepTiB, kHonka. B TpeTbomy posgini 6yna nposBeaeHa poboTa Hag NPOEKTOM a
came Gyna po3pobreHa nNpuHUMNOBa CXema MpPOEKTy,caM MPOEKT i Takox OGyna cTBopeHa nporpamHa
yacTuHa. 63 CMUCOK BUKOPUCTAHWX IXKEPEN 1. M'yamax Ox. B. Ta Nloypenc P. B. (1967) ®opmyBaHHs
LMPOBOro 306paxeHHs 3 enekTPOHHO BUsiBNeHux ronorpam [Tekct]| / M. Fyaman Ox. B. Ta INoypeHc P. B.
(1967). 77-79 c. 2. Poon T C, Ta Liu J P (2014) BBeaeHHs y cyyacHy LmdpoBy ronorpadito 3a [J0MNOMOroto
MATLAB (BupaBHMLTBO KemGpuaxcbkoro yHiBepcutety, Hbto-Mopk). [Tekct] / Poon T C, Ta Liu J
Prncema no enektpoiku (2014). 179¢. 3. Takeda M, Ina H, i Kobayashi S (1982) Meton nepeTsopeHHs
dyp'e aHani3 WabGnoHiB Ans KomM'toTepHoi Tonorpadii Ta iHTepdepomerpii. J. [TekeT] | Takeda M, Ina H,
and Kobayashi S (1982) 156-160c. 4. Bruning J H, Herriott D R, Gallagher J E, Rosenfeld D P, White
A D i Brangaccio D J (1974) Lundposuin iHTepdepoMeTp AN BUMIPIOBaHHS XBUITLOBOTO dpoHTYy Ans
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ronorpadis [ EnekTpoHHwiA pecypc] / Pexum [ocTyny: WWW. URL:
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Pexxum goctyny: www. URL: https://www.hiraholovision.com/pdf/td-td-holograms.pdf 8. Tahara
T, Awatsuiji Y, Nishio K, Ura S, Kubota T, Ta Matoba O (2010) MopisHanbHWit aHania Ta KinbkicHa oLliHka
nons 3opy Ta 30HUM oOrnsgy OAHOKaApoBOl (asoBol  uUMdpoBOl ronorpadii 3 BUKOPUCTAHHSM
MyFLTUNMNEKCYBaHHs 3 npocTopoBuM posnoainom. [Teker] / Tahara T, Awatsuji Y, Nishio K, Ura S,
Kubota T, Ta Matoba O (2010) 519-524c. 64 9. Xia P, Awatsuiji Y, Nishio K, and Matoba O (2014)
Lincbposa ronorpacis 3 ogHMM MinbiioHoM Kaapis B cekyHay. [Tekct] / Xia P, Awatsuiji Y, Nishio K, and
Matoba O (2014) 1693-1695c. 10. 3D ronorpamu [EnektpoHHuii pecypc] |/ Pexum goctyny: www. URL:
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(2016) Ornsp WBUAKMX anropuUTMIB Ta anapaTHUX peanisauil Ha Kommn'loTepHii ronorpadii. [Tekct] /
Shimobaba T, Kakue T, and Ito T (2016) 1611-1622c. 12. C. Aise6itT, . Mioninr, B.®. WnotTep, M.
Nbopren, O. Xennsir, B. E6epxapat i W. Lltep, «besniH3oBe 306paxeHHs MarHiTHUX HaHOCTPYKTYp 3a
[I0MOMOrOI0 peHTreHiBCbKOi criekTporonorpadii» (2004). 13. . Botbe, A. MapTi, ®. NiseT, . BaH Aep MNaaH,
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Cepena po3pobku  Arduino IDE  [Enektponuwit  pecypc] | Pexum  goctyny:  www.
URL:http://arduino.ru/Arduino_environment 66 [omatok A Kog npoekty #define OFFSET 10 //
MO3BOJISIET CKOMMEHCUPOBATL HEMPABUIIBHO BbICTaBEHHY ANUHY KpyBowwuna #define START_EFFECT 5
|| acbbekt npu crapte [/ Tawke apdekTbl MOXHO nepeknioyaTh kHomnkoi #define CS_PIN 9 #include
#include #include #include "buttonMinim.h” #include “fonts.h” buttonMinim butt(3); //
NByXMepHbIii Macue 6GaiiTos byte buffer[8][8]; #define drawDot(x, y, z) bitSet(buffer[(x)][(z)], (y))
#define clearDot(x, Y, z) bitClear(buffer[(x)][(z)], (y)) /] MaKpoChl
[[|=========================== #define EVERY_MS(x) \ static uint32_t tmr;\ bool flag
= millis() - tmr >= (x);\ if (flag) tmr = millis();\ if (flag) #define FOR_i(from, to) for(int i =
(from); i < (to); i++) #define FOR_j(from, to) for(int j = (from); j < (to); j++) #define FOR_k(from,
to) for(int k = (from); k < (to); k++) #define EFF_AMOUNT 6 bool loading = true; byte effNum =
START_EFFECT; const byte sinDivider[] = {215, 115, 89, 82, 82, 89, 115, 215}; volatile uint32_t cycle;
volatile uint32_t debounce; volatile int8_t counter = 0O; volatile byte state = 0; 67 bool flag =
false; int cycleF; [[3anyck npunoxeHns, To ectb Touka Bxoaa void setup() { //ycranaesnusaet pexum
paboTbl 3a4aHHOro BbiXoda pinMode(CS_PIN, OUTPUT); //yCTaHaBJ'II/IBaeT NnopsAAdOK BbIBOOA OaHHaxX w3
wuHel SPI SPLsetBitOrder(MSBFIRST); //Wnuumanuaupyet wuny SPI SPLbegin(); //yctanaenusem
HacTpoiiku okpyxennss maxinit(); //oumwaem wmatpuuy clearMatrix(); //yctranaenusaem sipkocTb
setBright(15); //VHnummpyem nocneposatenbHoe coeanHeHne u 3aaéM CKOPOCTb Mepefayl AaHHbIX.
9600 6uToB B cekyHay Serial.begin(9600); //sanaém obpaboTumka BHELIHMX NpepbiBaHMit - isr. B
[aHHOM cryyae 06paboTunk GyaeT Bbi3blBATCS KOFAA COCTOSIHME BbIBOAA U3MEHUTCS C BbICOKOTO YPOBHS Ha
nuakuit attachinterrupt (0, isr, FALLING); //ycTaHoska Timer Ha ogHy cekyHay Timerl.setPeriod(1000);
Timerl.enableISR(CHANNEL_A); } //3auvknenHas YHKUMSA NS OTCneXuBaHus TMKOB void Ioop() {
systemTick(); effectsTick(); controlTick(); } //xoHTpons Haa Tukamm - nepuomamu void controlTick()
{ 68 if (buttclicked()) { if (++effNum >= EFF_AMOUNT) effNum = 0; loading = true; } } //
obpaboTka nepuomos n obpaboTka BpauieHna void systemTick() { EVERY_MS(100) { // dunbrpyem
nepwopg cycleF = (12 * cycleF + 4 * CyCIe) >> 4; [| npoBepnTb €CTb Nt BpaLLEHWUE, €CRIN HET TO OYUCTUTL
matpuuy if (millis() - debounce > 1000) { if (flag) { flag = false; clearMatrix(); } } else { if (!flag) {
flag = true; } } } } //ycTaHoeka ocHosHbIx napametpos okpyxeruns void maxinit() { sendCMD(0xOf,
0x00); [/ otkmounts pexum Tecta sendCMD(0x09, 0x00); [/ BbiknounTb AeKoaMpOBaHWE
sendCMD(0x0a, 0x00); // sipkoctb sendCMD(0x0b, 0x0f); [/ otobpaxaem Bcé sendCMD(0x0C,
0x01); // Bkmountb } [/dyHKUMsS ans paBoTbl ¢ MaTpuuen yepes wuHy SPI void sendCMD(uint8_t
address, uint8_t value) { //Monaetr LOW 3Hauenne Ha umdposoii Bxog 69 digitalWrite(CS_PIN,
LOW); [[tpaHcdep GaitoB no wuHe SPI SPLtransfer(address);  SPLtransfer(value);
SPLtransfer(address); SPLtransfer(value); [/Momaer HIGH 3HaueHMe Ha LMGPOBOI  BXOA
digitalwrite(CS_PIN, HIGH); } //yctaHoska sipkocTu void setBright(byte value) { sendCMD(0x0q,
value); // apkocts 0-15 } void sendDATA(uint8_t address, uint8_t value) { digitalwrite(CS_PIN,
LOW); SPLtransfer(++address); SPltransfer(value); digitalWrite(CS_PIN, HIGH); } /[[/ouucTka
matpuusl void clearMatrix() { for (byte i = 0; i < 8; i++) { sendDATA(;, 0); } } //xnacc ans pa6otsi ¢
kHonkon #pragma pack(push,1) typedef struct { bool holdedFlag: T; bool btnFlag: 1; bool pressF: I;
bool clickF: 1; bool holdF: 1; } buttonMinimFlags; #pragma pack(pop) 70 class buttonMinim {
public: buttonMinim(uint8_t pin); boolean pressed(); boolean clicked(); boolean holding();
boolean holded(); private: buttonMinimFlags flags; void tick(); uint32_t _btnTimer; byte _pin; };
buttonMinim:buttonMinim(uint8_t pin) { pinMode(pin, INPUT_PULLUP); _pin = pin; } void
buttonMinim:tick() { boolean btnState = digitalRead(_pin); if (IbtnState && !flags.btnFlag &&
((uint32_t)millis() - _btnTimer > 90)) { flags.btnFlag = true; _btnTimer = millis(); flags.pressF =
true; flags.holdedFlag = true; } if (btnState && flags.btnFlag && ((uint32_t)millis() - _btnTimer <
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350)) { flags.btnFlag = false; _btnTimer = millis(); flags.clickF = true; flags.holdF = false; } if
(flags.btnFlag && ((uint32_t)millis() - _btnTimer > 600)) { if (IbtnState) { 71 flags.holdF = true; }
else { flags.btnFlag = false; flags.holdF = false; _btnTimer = millis(); } } } boolean
buttonMinim:pressed() { buttonMinim:tick(); if (flags.pressF) { flags.pressF = false; return true;
} else return false; } boolean buttonMinim:clicked() { buttonMinim:tick(); if (flags.clickF) {
flags.clickF = false; return true; } else return false; } boolean buttonMinim:holding() {
buttonMinim:tick(); if (flags.holdF) { return true; } else return false; } boolean
buttonMinim:holded() { buttonMinim:tick(); if (flags.holdF && flags.holdedFlag) {
flags.holdedFlag = false; 72 return true; } else return false; } #define BALL_SPEED 100 #define
RAIN_SPEED 100 #define CUBE_SPEED 200 #define NOISE_SPEED 100 #define TEXT_SPEED 50 //
6uTmana 13 nporpammbl (adhdbekt Ne2). const byte bitmap[8][8] = { {0xFF, 0x81, 0x81, 0x81, 0x81, 0x8],
0x81, OxFF}, {0x81, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x81}, {0x81, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x81}, {0x81, 0x00, 0x00, 0x18, 0x18, 0x00, 0x00, 0x81}, {0x81, 0x00, 0x00, 0x18, 0x18, 0x00, 0x00,
0x81}, {0x81, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x81}, {0x81, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,
0x81}, {OxFF, 0x81, 0x8]1, 0x81, 0x81, 0x81, 0x81, OxFF}, }; int effSpeed = 100; //ycraHoska achcekTos void
effectsTick() { EVERY_MS(effSpeed) { switch (effNum) { case 0: ball(); break; case 1: rain();
break; case 2: drowBitmOIO(); break; case 3: cube(); break; case 4: noise(); 73 break; case 5:
text("K1-118"); break; } } } // pucosanne msunka void ball() { static int8_t coord|[3]; static int8_t
speed[3]; if (loading) { effSpeed = BALL_SPEED; loading = false; FOR_i(0, 3) { coord|i] =
random(80); speed|i] = random(5,15); } } clearBuffer(); FOR_i(0, 3) { int newCoord = coord[i] +
speed|i]; if (newCoord < 0 || newCoord > 70) speed|i] = - speed|i]; else coord][i] = newCoord; }
byte newCoord[3]; FOR_i(0, 3) newCoord[i] = coord[i] / 10; drawDot(newCoord[0],
newCoord[1], newCoord[2]); drawDot(newCoord[0] + 1, newCoord[l], newCoord[2]);
drawDot(newCoord[0], newCoord[1] + 1, newCoord[2]); drawDot(newCoord[0], newCoord][1],
newCoord[2] + 1); drawDot(newCoord[0] + 1, newCoord[l]] + 1, newCoord[2]);
drawDot(newCoord[0] + 1, newCoord[1], newCoord[2] + 1); drawDot(newCoord[0], newCoord|1]
+ 1, newCoord[2] + 1); drawDot(newCoord[0] + 1, newCoord[1] + 1, newCoord[2] + 1); 74 } //
===== poxab ===== #define RAIN_PROB 10 // sepostHocTb goxas void rain() { if (loading) {
effSpeed = RAIN_SPEED; loading = false; clearBuffer(); } FOR_i(0, 8) { FOR_j(0, 8) { clearDot(j, j,
7); if (random8() < RAIN_PROB) drawDot(j, j, 7); } } shiftDown(); } void shiftbown() { FOR_i(0, 7) {
FOR_j(0, 8) { buffer[j][i] = buffer[j][i + 1]; } } } // pucosanne no 6urmane void drawBitmap() { if
(loading) { loading = false; clearBuffer(); FOR_i(0, 8) { FOR_j(0, 8) { buffer[i][j] = bitmapli][j]; }
}1 751 /] ===== ky6 ===== void cube() { static int8_t counter = 0; static bool dir = true; if
(loading) { loading = false; clearBuffer(); effSpeed = CUBE_SPEED; } clearBuffer();
drawCube(counter, counter, counter, 8 - counter * 2); counter += dir ? 1: -1; if (dir && counter >
4) { dir = false; } if (Idir && counter < 0) { dir = true; counter = 0; } } // pucosatb ky6 void
drawCube(byte x, byte y, byte z, byte size) { size -=1; if (x + size + 1> 8 || y + size + 1> 8| z + size
+ 1> 8) return; FOR_i(x, x + size + 1) { drawDot(j, y, z); drawDot(i, y + size, z); drawDot(i, y, z +
size); drawDot(i, y + size, z + size); } FOR_i(y, y + size + 1) { drawDot(x, i, z); drawDot(x + size, i, z);
drawDot(x, i, z + size); drawDot(x + size, i, z + size); 76 } FOR_i(z, z + size + 1) { drawDot(x, y, i);
drawDot(x + size, y + size, i); drawDot(x, y + size, i); drawDot(x + size, vy, i); } } [/ ===== wym
===== #define STEP 50 void noise() { static int value = 0; if (loading) { loading = false;
effSpeed = NOISE_SPEED; } value += 30; clearBuffer(); FOR_i(0, 8) { FOR_j(0, 8) { drawDot(i, j,

inoise8(i * STEP, j * STEP, value) [ 32); } } } /| ===== tekct ===== void text(char* thisText) {
static int8_t charPos = 0; static byte currentChar = 0; if (loading) { loading = false; effSpeed =
TEXT_SPEED; charPos = -1, currentChar = 0; } if (charPos == -1) {
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loadChar(thisText[currentChar]); charPos++; 77 } if (charPos > 0) shiftForward(); if (charPos ==
1) loadChar(thisText[currentChar]); if (charPos > 1) loadChar(32); charPos++; if (charPos > 7) {
charPos = -I; currentChar++; if (thisText[currentChar] == '\0') currentChar = 0; } } void
loadChar(char thisChar) { FOR_i(0, 8) { byte thisFont = getFont(thisChar, i); // 32 - nycTo! byte
mirrorFont = 0; FOR_j(0, 7) { if (thisFont & (1 << 6 - j)) mirrorFont |= (1 << j); else mirrorFont |= (0
<<j); } buffer[0][7 - i] = mirrorFont; } } void shiftForward() { FOR_i(0, 8) { FOR_j(0, 7) { buffer|[7 -
jlli] = buffer[7 - j - 1][i]; } } } const uint8_t fontHEX[][8] PROGMEM = { {0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00}, 78 {0x02, 0x02, 0x02, 0x02, 0x02, 0x02, 0x00, 0x02}, // ! {0x05, 0x05, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00}, // " {0x28, 0x28, Ox7E, 0x14, Ox14, Ox3F, Ox0A, 0x0A}, // # {0x04, OXIE,
0x05, 0x05, OxOE, Ox14, Ox14, OxOF}, // $ {0x46, 0x49, 0x29, 0x26, 0x90, 0x50, 0x48, 0x88}, // % {0x086,
0x09, 0x09, 0x26, 0x29, Ox11, 0x31, 0x4E}, [/ & {0x01, 0x01, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00}, //
{ox02, 0x02, 0x01, 0x01, 0x01, 0x01, 0x01, 0x02}, // ( {0x02, 0x02, 0x04, 0x04, 0x04, 0x04, 0x04, 0x02},
/] ) {0ox15, OxOE, 0Ox15, 0x04, 0x00, 0x00, 0x00, 0x00}, // * {0x00, 0x08, 0x08, 0x08, 0x7F, 0x08, 0x08,
ox08}, /| + {0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x02, 0x02}, // , {0x00, 0x00, 0x00, 0x00, 0x07,
0x00, 0x00, 0x00}, // - {0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x02, 0x02}, // . {0x04, 0x04, 0x02,
0x02, 0x02, 0x02, 0x02, 0x01}, // |/ {OxOE, 0x11, Ox11, Ox11, Ox11, Ox11, Ox11, 0xOE}, // 0 {0x04, 0x06, 0x04,
0x04, 0x04, 0x04, 0x04, 0x0E}, // 1 {OxOE, 0x11, 0x10, 0x08, 0x04, 0x02, 0x01, OxIF}, // 2 {OxOE, Ox11,
0x10, 0xOC, 0x10, 0x10, Ox11, OxOE}, // 3 {0x08, 0xOC, 0x0A, 0x09, OxIF, 0x08, 0x08, 0x08}, 79 // 4 {OxIF,
0x01, 0x01, OxOF, 0x10, 0x10, Ox11, OxOE}, // 5 {0x0C, 0x02, 0x01, OxOF, Ox11, Ox11, Ox11, OxOE}, // 6 {OxXIF,
0x10, 0x08, 0x08, 0x04, 0x04, 0x02, 0x02}, // 7 {OxOE, OxI1, 0x11, OxOE, Ox11, Ox11, Ox11, OxOE}, // 8 {OxOE,
0x11, Ox11, Ox11, OXIE, Ox10, 0x08, 0x06}, // 9 {0x00, 0x00, 0x02, 0x02, 0x00, 0x00, 0x02, 0x02}, {0x18,
0x18, 0x24, 0x24, 0x24, Ox7E, 0x42, 0x42}, [/ A {OxIE, 0x22, 0x22, OxIE, 0x22, 0x22, 0x22, OxIE}, // B
{ox78, 0x04, 0x02, 0x02, 0x02, 0x02, 0x04, 0x78}, [/ C {OxXIE, 0x22, 0x42, 0x42, 0x42, 0x42, 0x22, OXIE},
/] D {0x3E, 0x02, 0x02, OxIE, 0x02, 0x02, 0x02, 0x3E}, // E {Ox3E, 0x02, 0x02, 0x3E, 0x02, 0x02, 0x02,
0x02}, /| F {0x78, 0x04, 0x02, 0x02, 0x72, 0x42, 0x44, 0x78}, /| G {0x42, 0x42, 0x42, OX7E, 0x42, 0x42,
0x42, 0x42}, /[ H {0x1C, 0x08, 0x08, 0x08, 0x08, 0x08, 0x08, 0xI1C}, // | {0x38, 0x20, 0x20, 0x20, 0x20,
0x20, 0x20, 0x1C}, /[ J {0x22, 0x12, 0x0A, 0x06, 0x06, OX0A, 0x12, 0x22}, // K {0x04, 0x04, 0x04, 0x04,
0x04, 0x04, 0x04, 0x3C}, // L {0x63, 0x63, 0x55, 0x55, 0x49, 0x49, 0x41, 0x41}, // M 80 {0x46, 0x46,
Ox4A, 0x4A, 0x52, 0x52, 0x62, 0x62}, // N {OxIC, 0x22, 0x41, 0x41, 0x41, 0x41, 0x22, 0xIC}, // O {OxIE,
0x22, 0x22, 0x22, OXIE, 0x02, 0x02, 0x02}, /| P {OXIC, 0x22, 0x41, 0x41, 0x41, 0x41, 0x22, 0xIC}, [/ Q
{OxIE, 0x22, 0x22, 0x22, OXIE, 0x12, 0x22, 0x42}, /| R {0x3C, 0x02, 0x02, OxIC, 0x20, 0x20, 0x20, OXIE},
/] s {0x3E, 0x08, 0x08, 0x08, 0x08, 0x08, 0x08, 0x08}, // T {0x42, 0x42, 0x42, 0x42, 0x42, 0x42, 0x42,
0x3c}, /] U {0x22, 0x22, 0x22, 0x14, 0x14, 0x14, 0x08, 0x08}, // V {0x91, 0x91, 0x91, OXAA, OXAA, OXAA,
0x44, 0x44}, [/ W {0x22, 0x22, 0x14, 0x08, 0x08, 0x14, 0x22, 0x22}, // X {0x22, 0x22, 0x14, Ox14, 0x08,
0x08, 0x08, 0x08}, // Y {0x3E, 0x20, 0x10, 0x08, 0x08, 0x04, 0x02, 0x3E}, // Z {0x10, 0x10, Ox10, OXI10,
0x10, 0x10, 0x10, 0x10}, // [ {0x01, 0x01, 0x02, 0x02, 0x02, 0x02, 0x02, 0x04}, // \ {0x04, 0x04, 0x04,
0x04, 0x04, 0x04, 0x04, 0x04}, [/ ] {0x08, 0x14, 0x22, 0x41, 0x00, 0x00, 0x00, 0x00}, // A {0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00, 0x00}, // _ {0x04, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00}, // °
{ox00, 0x00, 0xIC, 0x20, 0x3C, 0x22, 0x22, 0x3C}, 81 // a {0x02, 0x02, OXIE, 0x22, 0x22, 0x22, 0x22,
0x1E}, // b {0x00, 0x00, 0x38, 0x04, 0x04, 0x04, 0x04, 0x38}, // c {0x20, 0x20, 0x3C, 0x22, 0x22, 0x22,
0x22, 0x3C}, // d {0x00, 0x00, OXIC, 0x22, 0x3E, 0x02, 0x22, 0xIC}, // e {0x30, 0x08, 0x08, OxIC, 0x08,
0x08, 0x08, 0x08}, [/ f {0x3C, 0x22, 0x22, 0x22, 0x3C, 0x20, 0x20, 0x1C}, // g {0x02, 0x02, 0x02, OXIE,
0x22, 0x22, 0x22, 0x22}, // h {0x10, 0x00, 0x10, 0x10, 0x10, Ox10, 0x10, 0x10}, // i {0x10, 0x00, 0x18, OXI10,
0x10, 0x10, 0x10, 0x0C}, // j {0x02, 0x02, Ox12, OX0A, 0x06, 0x0A, 0x12, 0x22}, // k {0x08, 0x08, 0x08,
0x08, 0x08, 0x08, 0x08, 0x08}, // | {0x00, 0x00, 0x37, 0x49, 0x49, 0x49, 0x49, 0x49}, // m {0x00,
0x00, OxIE, 0x22, 0x22, 0x22, 0x22, 0x22}, // n {0x00, 0x00, OXIC, 0x22, 0x22, 0x22, 0x22, OxIC}, // o
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{OX1E, 0x22, 0x22, 0x22, OXIE, 0x02, 0x02, 0x02}, // p {0x3C, 0x22, 0x22, 0x22, 0x3C, 0x20, 0x20, 0x20},
/] g {0x00, 0x00, 0x34, OxOC, 0x04, 0x04, 0x04, 0x04}, // r {0x00, 0x00, 0x38, 0x04, 0xOC, 0x30,
0x20, 0x1C}, // s {0x08, 0x08, 0x3C, 0x08, 0x08, 0x08, 0x08, 0x30}, // t 82 {0x00, 0x00, 0x22, 0x22,
0x22, 0x22, 0x22, 0x3C}, // u {0x00, 0x00, 0x22, 0x22, 0x14, 0x14, 0x08, 0x08}, // v {0x00, 0x00, 0x49,
0x49, 0x55, 0x55, 0x22, 0x22}, [/ w {0x00, 0x00, 0x22, 0x14, 0x08, 0x08, 0x14, 0x22}, // x {0x00, 0x00,
0x12, 0x12, 0x12, Ox1C, 0x10, 0x0C}, // y {0x00, 0x00, 0x3C, 0x20, 0x10, 0x08, 0x04, 0x3C}, /[ z {0x04,
0x04, 0x04, 0x04, 0x03, 0x04, 0x04, 0x04}, }; /| nutepnpertatop koga cumsona no ASCIl B ero Homep B
maccuse fontHEX uint8_t getFont(uint8_t font, uint8_t row) { font = font - '0' + 16; // nepeson kon
cumBoria u3 Tabnuubl ASCIl B HOMep cormacHo Hymepauwn Maccuea if (font < 126) return
pgm_read_byte(&(fontHEX[font][row])); [/ ana awrnwitckux 6yke n cumeonos else return
fontHEX[font - 65][row]; // ans pycckux Gyke u cumeonos } [[oBpaboTuvk npepbiBaHus. CRyXuUT Ans
pearnpoBaHusa Ha cobbiTe npepbiBaHusa B attachinterrupt void isr() { if (millis() - debounce > 5) {
cycle = millis() - debounce; debounce = millis(); counter = 0; state = 0; drawBuffer(counter);
[[Timerl.setPeriod(cycleF [ 2 [ 8 * 1000); Timerl.setPeriod(cycleF [ 2 * (sinDivider[counter]| +
OFFSET)); } } 83 ISR(TIMERI_A) { // pvicyem n BBepx u BHM3. B 3aBucuMMOCTM OT state MeHsiem
HanpsiBneHue pucosanust switch (state) { case 0: counter++; if (counter > 7) { counter = 7; state =
1; break; } drawBuffer(counter); Timerl.setPeriod(cycleF [ 2 * (sinDivider[counter] + OFFSET));
break; case 1: counter--; drawBuffer(counter); Timerl.setPeriod(cycleF [ 2 * (sinDivider[counter]
+ OFFSET)); if (counter < 1) { state = 2; Timerlstop(); } break; } } //3anucs B 6ydep void
drawBuffer(byte layer) { for (byte i = 0; i < 8; i++) { sendDATA(), buffer[i][layer]); } } //ounctka
6yddepa void clearBuffer() { for (byte i = 0; i < 8; i++) { for (byte j = 0; j < 8; j++) { 84 buffer[i][j]
=0; } } } 85 Nopatok b MpuHuunosa cxema ArduinoUno 86 [opatok B MpuHUMNoBa cxeMa NpoekTy

Source

Arduino Uno - Bikineais 0.29%
Arduino Uno - Bikineais L . . -
https://uk.wikipedia.org/wiki/Arduino_Uno

Bxoawm i Buxoau - Studopedia.su 0.29%

Bxoam i Buxogu - Studopedia.su . R
https:/[studopedia.su/20_7144 _vhodi-i-vihodi.htmi

Arduino UNO R3 ATMEGA16U2 +usb - IHTepHeT mara3uH JlaHxepoH 0.29%

Arduino UNO R3 ATMEGAI16U2 +usb - IHTepHeT MarasuH JlaHxepoH

https://langeron.net.ua/arduino-orange-pi/platu-arduino/arduino-uno-r3-atmegal
6u2-_usb
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https://uk.wikipedia.org/wiki/Arduino_Uno
https://studopedia.su/20_7144_vhodi-i-vihodi.html
https://langeron.net.ua/arduino-orange-pi/platu-arduino/arduino-uno-r3-atmega16u2-_usb

Apte meHKo A.[1,2PK -5 - PDF Free Download - DocPlayer.net 0.29%

Apte me Hko A. 1,2 PK -5 - PDF Free Download - DocPlayer.net

https://docplayer.net/205518585-Ar-te-me-n-ko-a-d-2-rk-5.html

by ALl AptemeHko - 2019 — PucyHok 2.2 — Cxema Arduino Uno R3. Hanpyra s... 0.29%

by Al AptemeHko - 2019 — PucyHok 2.2 — Cxema Arduino Uno R3. Hanpyra 30BHiLLUHBbOrO
AXepena XuBneHHs moxe Oyt B gianasoHi 6 - 20 B. Ane pekoMeHAyeTbCA He AonyckaTu
3HVDKEHHS Hanpyrn HUXYe ...

https://ela.kpi.ua/bitstream[123456789/28772/1/ Artemenko _bakavr.pdf

AppyiHo napanenbHi npouecu. Arduino: NapanensHe Ta nocnigosHe ... 0.57%

AppayiHo napanenbHi npouecu. Arduino: MNapanensHe Ta NOCnigoBHE ...

https://pzik.ru/uk/arduino-parallelnye-processy-arduino-parallelnoe-i/

Dec 04, 2019 - for (byte i = 0; i < 8; i++) myBitArray[7 - i] = bitRead(x, i); H...

Dec 04, 2019 - for (byte i = 0; i < 8; i++) myBitArray[7 - i] = bitRead(x, i); Having all of
my “bits” in one array makes them a bit easier to work with, but | can't figure out
how to temporarily put my variables in the array and still have them change the
value.

https://forum.arduino.cc/t/getting-individual-bits-from-bytes-and-vice-versa/6241
87/

Another array and a variable name for loop question - Arduino ...Christ... 0.86%

Another array and a variable name for loop question - Arduino ..Christmas card
(arduino, max7221, 8x8 matrix led) - Interfacing

https://forum.arduino.cc/t/another-array-and-a-variable-name-for-loop-questio
n/317337
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https://docplayer.net/205518585-Ar-te-me-n-ko-a-d-2-rk-5.html
https://ela.kpi.ua/bitstream/123456789/28772/1/Artemenko_bakavr.pdf
https://pzik.ru/uk/arduino-parallelnye-processy-arduino-parallelnoe-i/
https://forum.arduino.cc/t/getting-individual-bits-from-bytes-and-vice-versa/624187/
https://forum.arduino.cc/t/another-array-and-a-variable-name-for-loop-question/317337
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