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JTIOJATOK A

E
g=9,81m/c2
V(6anka)=0,00001m3
Awunu 5 (Ganku)= 0,002m2
F(additional)= 4,905H
m(rpy3aa)=0,5Kkr

H

p 6ankn_kr/m m 6anku_kr

640
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770
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1060
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890
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F(beam)_H
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F(total)_H P{Tuck)_H/m2
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U(1H/m2)_mB U (Vknown)_B
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VJK 678.05
JOCIIKEHHSA 3AJIE:KHOCTI TAPAMETPIB FDM 3D JIPYKY HA MIIIHICTh
JETAJIEHA

K.A. Yepnos

XapkiBChbKHH HAMIOHANBHHH YHIBEPCHTET PaTi0oeNeKTPOHIKH

Vxkpaina, 61166, Xapxkis, np. Hayku 14

E-mail: kyryl.chernov@nure.ua

Anomayis: V it poGori Oylo HAroJomeHO HAa BAKIUBOCTI aHATI3y MIITHOCTI Oeraneit,
HaJpYKOBaHHX 3a AomoMoroio texuomnorii FDM 3D-apyky mipu cTBopenHi Bupobis. bymo mpoeeneHo
aHali3 3aleKHOCTI MIITHOCTI JeTalecil B 3alc:KHOCTI Bif TakWX HmapaMeTpiB Ak “KimbkicTh miHIiH
ctigke” Ta “lL{iNBbHICTE 3aI0BHEHHA .

Knrwwuosi cnosa: 3D-npyk, FDM, CoPET

AXTyaTbHICTh TOCHIKEHHS 3alleXHOCTI mapaMerpiB 3D Apyky Ha MIIHICTh AeTajeil 3yMOoBlIeHa
CyYacHHMHM BHKJIHKaMH, 30KpeMa BiHHOI B YKpaiHi, SKa NMOCTaBWIIa Ha IMEpIIFH TaH morpedy y
HamiiHUX, CTIHKMX MaTepianax, AKi MOXYTb OyTH IIBHIKO HaapykoBaHi Ha 3D mpmuTtepi[l].
MinHicTh HAAPYKOBAaHUX JeTallell € KPHTHYHO BRKIMBOIO AK JUIA BIHCHKOBHX 3aCTOCYBaHb, 30KpeMa
BHTOTOBJICHHA 0OIagHAHHA, 3aXMCHHX €JIEMEHTIB 1 3aI9acTHH, TaK 1 IIA1 IHUBINBHHX 00'€KTiB, IO
3abe3neuyioTs Oe3neky Ta CTidKICTE iHQpacTpykTypH. B ymoBax oOMexeHHX pecypciB Ta
HeoOXiHOCTI NIBMJIKOTO BWPOOHHIITBA JIOCTI/DKEHHA BIUIMBY TIapaMeTpiB JPYKY Ha MIIHICTE
JI03BOJIATH ONTHMI3YBAaTH ITPOIIEC TA JIOCATTH BUCOKOT AKOCTI MPOIYKIIii.

B xomi excrmepeMeHTY MH 3BY3UMO 00JacTh JOCTiDKeHHA Ta OyaemMo posrianatd Tiisku FDM
JIpyK, AK ojuH 3 HainmonyiapHimmX, Ta CoPET mnacruk y skocTi marepiany Tak SK BiH IIHPOKO
3aCTOCOBYIOTHCS B TIPOMHCIOBOCTI TIPH BHPOOHHIITBI METO/IOM IJHTTS i/l THCKOM. 3a paxyHOK
BHCOKOI IPO30POCTI 1 HETOKCHYHOCTI, 3 HHMX BHPOOJILIOTH Xap4oBYy Tapy, BHPOOH MEIMYHOIO
MIPHU3HAYEHHA, TUIACTHKOBI MUISAIIKA JUTA BOJH 1 T./1.[2].

Jma nocmipkerHs Oyno cnpoeKkTOBaHO Ta BUTOTOBJIEHO CTEH JUTd mepeBipku (puc. 1). 3Bepxy Ha
cTeH;] OYIIO 3aKpiTUIeHO AeTai Juis TecTyBaHHs, Burotosieri Ha 3D mpuaTepi 3 CoPET mnacruky. B
KOJKHOI Ha KOKHY JeTalb 3aKpIIUIIOBAacs CTaTHYHA Bara Ta BUMIPIOBAJIACH MILIHOCTI 3a JOIIOMOI'0I0
TEH30PE3UCTOPA.

s nepeBe/ieHHs [TOKA3HUKIB, OTPHMAaHHX 13 TeH30pe3ucTopa dyepe3 Arduino, y 3Ha4eHHS THCKY
(B HBIOTOH/METpP?), BUKOPHCTOBYBAIAcA HACTyNmHa MeToauka: TeHzopesucTop OyIO MAKIIOYEHO 0
pesucropa (10 kOM) md cTBOpeHHA MinbHHKa Hanpyru. OIUH KiHElb pe3ucTopa IMigKIdaBca M0
semm (GND), inmmit g0 Tenzopesucrtopa. Touka 3’e€JHaHHA TeH30pe3HCTOpa 1 pe3ucropa Oyna
MiTKII0YeHa 10 aHajaoroBoro Bxomy Arduino (A0). Ile mo3BonsAino 34MTYBAaTH 3MiHY HAIpyTH,
BHKJIHKaHy 3MIHOI) OIIOPY TEH30PE3UCTOpa Il 4ac HaBaHTakeHHA. Arduino 34uTyBalia aHAJIOTOBHIH
cursan 3 Bxony A0, mio mpencraBifge HaOpyTy Ha BHXoni minbHuKa. lleif curmam oOpoOmaBcsa 3a
JIOIIOMOIOK) [IPOrPAMHOI0 KOAY, 1100 BH3HAYMTH BIANOBLIHE 3HAadeHHS THCKY. JUis BH3HAYEHHS
3aJIeKHOCTI MiXK 3MiHAMH HAIIpYTH i pealbHUMH 3HaUeHHAMH THCKY Oyna mpoeeqeHa kamibposka. 1le
nmepenbavyano BHKOPHCTAHHA BIJIOMHX 3HadeHb Bard, AKi CTBOPIOBAIH NMEBHHH THCK, 1 PEECTpaIiio
[TOKa3HHKIB TeH3opesucTopa. Lli maHi MO3BOMMIN BH3HAYUTH KOE(DIlli€EHT MepeBeACHHA CHTHAILY
JIaTYUKa Y 3HAYCHHS THCKY.
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Pucynok 1 — Maxker cTeH/ia /Ui TeCTYBaHHA MIITHOCTI

VY po6oTi BHKOPHCTOBYBABCA MTPOrPaMHHH KOJI, UTA pOOOTH 3 TEH30PE3UCTOPOM, TiIKITIOYCHHM JI0

Arduino, i npu3HaueHuii 1A BUMipoBaHHA THCKY (B H/M?) 3 mofanbIinM BHBEIEHHAM pe3yiIbTaTiB
HAa MOHITOP IIOCIIiJOBHOTO OPTY.

Const int sensorPin = AQ; // Aranorosuii Bxif

float sensorValue = 0; // 3minHa Jyis 30epiraHHs 3HAYCHHS
float pressure = 0; // 3minna ans 36epiranns Tucky 8 H/m?
void setup() {

Serial.begin(9600); // Inimiamizaris MocTiJOBHOTO MOPTY

}
voidloop() {
sensorValue = analogRead(sensorPin); // 3unryBanns amamoroeoro 3HadeHHS // IlepeTBopeHHS

3HAa4YCHHA

pressure = (sensorValue / 1023.0) * 5.0; // IleperBopenns y Hanpyry pressure = pressure * 1000;

// TleperBopenns y MB

pressure = pressure / 10; // 10 MB pimmoimae 1 H/m* Serial. print(«Trck: «);
Serial.print(pressure);

Serial . println(** H/M?”);

delay(1000); // 3arpumka B 1 cexyHny

}

Ile#t xom 3amyckae IOCHIIOBHHM HOPT 13 3agaHol mBHakicTio (9600 Gox), mo mo3Bose

[epelaBaTi [aHi Ha KOMII'IOTEp Ul MOHITOPHHIY. 3UHMTYE aHAJIOrOBHH cHrHal 3 BuBomy A0, 1o
SIKOTO MiJKITIOYEHO TeH30pe3HcTop. IIpoBoauTs 00UHCIeHHS A1 IepeBeACHHS CHTHATY 3 JaTIHKA Y
3HAYEHHS THCKY. Pe3ynbTaTH BUBOASTHCA HA MOHITOP MOCTIIOBHOTO IIOPTY B 3p03yMUTOMY (hopMarTi.
3abe3neuyeTbes 3aTpUMKY B 1 ceKyHIy MDXK BHUMIDHOBAaHHSMH JUIS YHHKHEHHS IepeBaHTaKCHHA
JAHUMH.

Hetans (puc. 2) 6yna cupoeKkToBaHa TAKHM YHHOM, IIO0 B MOJAIBIIOMY MOXHA OyIIO 3aKpimuTH

Bary Ha pi3Hy BiJICTaHb Bijl KpimueHHs o0 cTeHay. Ilig yac exnepeMmeHTy Oyno oOpaHo 1Ba mapaMeTH,
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sKi 3MiHoBanmucs npH 1mo0ymoei tecrosoi jgerani. Ile “Kinbkicte niniii crinku™ (2 4 Ta 6) Ta
“IinbHicTh 3anoBHeHHA™ (Mianazon 10-100 3 kpokom 10).

~ -~ /
- i o
- -
4/-
‘/" [
- ; ’
~ > P
- ¥ A
= >
” |
’ L
N 4
N f \ - ”
o i ) ”~
P —— o
r i
v ¥ -
> ”
P &
-
R

Pucynok 2 — Jlerans, mo 6yzae TecTyBaTHCA

Ha Puc. 3 npejcraBneHi JieKUIbKa JeTanc, 00yJIH HaJPyKOBaHI JIs eKcriepuMeHTy. Yac
BHI'OTOBJICHHS KOXHOT jgetani npuOnmszHo 30 XBWIMH IUTIOC-MIHYC 5 XBHJIMH B 3aJICKHOCTI BiJ
00paHUX napaMeTpiB.

Pucynok 3 — Hanpyxorani gerani

Ilicna mpoBeseHHs excnepuMeHTY Oynu OoTpuMaHi HacTynHi pesynbratd (puc. 4). Sk 1
OYIKYBAJIOCH MILHICTE 3p0OCTae 3 30UIBIICHHAM [apaMeTpy 3alOBHEHHS CTIHKH Ta 31 30UIBIICHHAM
KUIBKOCTI CaMHX CTIHOK. 3 I[IKABOI0 MOMKHA BIIMITHTH Te, IO MIIHICTE JETall 3 MEHIIOK KUILKICTIO
cTiHOK Moxke OyTH Oimblme, HDK y JeTaidi 3 OUIBIIOIO KUMBKICTIO CTIHOK IpH IEBHHX MapaMeTpax
3aII0BHEHHS CTIHKH.
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Pucynok 4 — PesynpraTi excriepuMenTy

Tako BapTO BIAMITHTH Te, 110 HAIIpyr'a HA TEH30PE3UCTOPL 3pOCTaE He JIHIHHO 31 3pOCTaHHAM
3al0BHEHHA CTiHKH, II0 MOXX€ CTATH IPHBOJOM U aHATI3y IBOTO IIapaMeTpy, Ta BHABJICHHA
ONTHMAIBHHAX MapaMeTpiB 1A KOHKPETHHUX MOTpeo.

3 oTpuMaHuX pe3yasTaTiB Oyina mobymoBaHa Tabmunsg xKopemsmil (puc. 5), 3 Akoi MoxeMo OaduTH,
110 MapaMeTp “3aloBHEHHS’ BITHBAE HA (MHATLHY MIIHICTE OinbiIe 3a iHIm o6paHi mapaMeTpH.

Correlations

Temperature MNumber_of_
Voltage_mV B walls Filling
Pearson Caorrelation  Voltage_mV 1,000 064 494 B45
Temperature_C 064 1,000 ,000 0oo
Number_of_walls 494 000 1,000 000
Filling 845 ,000 ,000 1,000
Sig. (1-tailed) Voltage_mV 312 ,000 ,000
Temperature_C 312 500 500
Number_of_walls ,000 500 500
Filling ,000 ,500 ,500
N Voltage_mV 60 | 60 60 60 ]
Temperature_C 60 60 60 60
Number_of_walls 60 60 60 60
Filling 60 60 60 60

Pucynok 5 — Tabnums kopemsmii

BUCHOBKH. V¥V poboti 6yno excrepMMeHTaTbHO ITOKAa3aHO, IO aHATi3 MapaMeTpiB APYKY €
TepCIeKTHBHAM HAIPSAMKOM, OCKLUTBKH JO03BOJNAE NOCATATH OFHAKOBOI MIIHOCTI meraneif IIpH
3Ha9HAX BiMIHHOCTAX Yy NapaMeTpax JApyky. lle BimgkpuBae MOXKIHMBOCTI [Nl ONTHMIizalli
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BHPOOHHYOT0 TMpoIlecy, amke IeTali 3 pi3HUMH IIapaMeTpaMH BHMAraloTh pi3HOI KUIBKOCTI
MaTepiany Ta gacy Ui ApyKy. Taku# miaxia Jo3BOJIsIE€ 3MEHITHTH BHTPATH MaTepiamiB Ta CKOPOTHTH
9Jac BHTOTOBJIEHHS Oe3 BTPAaTH AKOCTI Ta MINHOCTI BEPOOIB, IO € 0COOIHMBO BA}UIMBHM Y CYYacHHX
YMOB@X, KOJIH PECYPCH Ta [IBHJKICTE BEHPOOHHMITBA MAIOTh BHPIIIAIBHE 3HAYCHHS.
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