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KwuiBcbkuit HaIlioHATEHUN YHIBEPCUTET TEXHOJIOTIN Ta AW3alHy

JOCJIIIPKEHHS TA INIJIBUINEHHA KOM®OPTHOCTI
B3YTTA 3A IHAUBIAYAJBHUM 3AMOBJIEHHAM

Mema. [[ocrioumu npobremu 6UcOMOBNeH s 3VMM 34 IHOUBIOYATbHUM 3AMOGIEHHAM 3 YPAXYBAHHAM
Y0’ ekmueHo20 8i0Uymms KOMPOPMY CROICUBAYIS.

Memoouxka. Teopemuro-ananimuumi, MapKemun208i ma eKCnepuMermanbHi 00CIIONCEHHS.

Pezynomamu. Ha ocrosi nopieHsaibH020 aHAi3y pe3yibmamie aHmponoMempuyHux 00CIi0NCeHb CION i
cyb'exkmusnux Giouymmis Komgpopmuocmi 3ymms O0OIPYHMOBAHO OOYLNbHICMb YOOCKOHANEHHST Npoyecy
NPOEKMY8aHHA G3YMmsA 34 IHOUBIOVANbHUM 3AMOGIEHHAM 3 BUKOPUCMAHHAM YHIBEPCAIbHO20 MaKema-
mparcopmepa e3ymms. B O0aniii pobomi nposedenuti anauiz Cy4acHux mMamepianis, akxmopu CHONCUBHO2O
8UOOPY, WO GNAUBAIOMb HA (DOPMYBAHHA CNEKMPY 6HPOBAONCEHHS HOBAYIN VY GUPOOHUYMBO 63YMms 34
iHOUBIOYanbHUM 3aMO8IeHHAM, B pobomi HagedeHo pe3yibmamu Kaniopyeants pe3sucmuenoco 0amyuuxa cui ma
npeocmasieHo Makem-mpancgopmep 63ymms 3 UKOPUCMAHHAM OOCTHIOHO020 3PA3KA KOMHI HOMEPHOI cucmemu
015l BUBHAYEHHS KOM@OPMHUX NAPAMempié HA OCHOGI Gi0UymMmIiE MUCKy Ha cmony 3amoenuxa. Hasedeno
pe3yrbmamu 00CHONHCEHb THOUBIOYANbHUX GIOUYMIMIE MUCKY HA CIMONY 83YMMAM Y CMAHI CMOSHHSA Ma CMAHi
X00b0U.

Haykoea mnoeusna. Ha ocnogi xomn’tomepnoi cucmemu 3 mikpokoumponepom Arduino Uno i
pesucmuenumu  damyuuxamu cunu FSR402 po3pobreno npunad O0na GUSHAYEHHA MUCKY MIXC CIMONO0IO 1
BHYMPIUHBbOI0 NOBEPXHEI0 83ymms. Bueomoesnenuii maxem-mpaucgopmep 63ymms 3 BUKOPUCAHHAM YCHIAHOBKU
Komn'tomepHoi cucmemu Ha 0asi mixpoxoumponepa Arduino Uno uadae mooicausicmv Gumipamu pieeHsb
cy0 €EKMUBHO20 KOMPOPMHO20 MUCKY 83YMMS HA CIONY 3AMOBHUKA.

Ilpakmuuna 3nauumicms. /lani O0ocniodcenHs 0aromb MONCIUBICMb OOCHIOUMU [ CHPOSHO3Y8AMU
3a6e3neyeHHs GUCOKOL IKOCI, KOMBOPMHOCMI T hoOPpMOCMITIKOCTNT 83YMMSL 3 6EPXOM I3 CYUACHUX KIACUYHUX | He
MUNOBUX (NiMOH, KPOKOOUJL) HAMYPALbHUX WKIPSHUX MAMepianie K npu MakemysauHi max i npu 6U20MmMoeieHHI
ma excnayamayii upoOy, a maxoiC NiCAsi PEMOHMY | OHOGINEHHS. YU B0OOCKOHANEHHSI KOHCMPYKYIl eupooy.
3anpononosanuii makem-mpancgopmep 83ymms 3 BUKOPUCHIAHHAM OOCTIOHO20 3PA3KA KOMN TOMEPHOT cucmemu

Kntouoei cnosa: anmponomempuuni napamempu Cmonu, KOJL0OKd, Kom@opm, Mmakem-mpaHcgopmep,
83YMms, KOMN TOMepHa cucmema, muck.

Beryn. HeoOxinHicTh HOCIHHS KOM(OPTHOTO B3YTTS 3aBXKIHM OYJIO aKTyaJbHUM HMHUTAHHAM IS
CIOXHBAaya, MPOTE B yMOBaX MacoBOro (pabpuyHOro BUPOOHHUIITBA HE 3aBXKIU BAAETHCS 330BOJLHUTH
KpHUTepii KOMPOPTY B3YTTS JUIsI KOXKHOTO KOPUCTYBaya y 3B’SI3KY 3 1HAMBIYaJIbHUMU OCOOIMBOCTIMU
OynoBU Ta O10MEXaHIYHMX XapaKTEPUCTHK HOTOo cTOmH. B mporieci excrmyaraii B3yTTs, 30epexeHHs
MPUPOHBOI AHATOMIYHOI MOOYIOBU CTOMH Yy 1i 3a0BIIbHOMY (YHKIIIOHYBAaHHIO MOXJIMBE B TOMY
BHIAJIKY, SKIIO 3a0€3MEYUTH 3PYUHICTD 1 3aXUCTUTH CTOIY BiJl 30BHIITHBOTO CEPEIOBHUIIIA.

Bupimenno mpobieMyu MPOEKTYBaHHS 1 BHTOTOBJICHHS KOM(OPTHOTO B3yTTS NPHUCBIYECHI
¢dbyHgaMeHTanbHI Tpami BITYM3HAHUX 1 3apyOixkHuMx Buenux B. II. JImb6a [1], B. O. ®ykin [2],
3amapamkin H.B [3], FO.I1. 3u6in [4], Ta iH.

Sk mokasaB aHaJli3 poOiT, MPUCBAYCHUX MTPOoOsIeMi KoM(OPTHOCTI B3YTTA [3, 5], MOXkHa 3poOUTH
BUCHOBOK, IO AaBTOPW pO3MIIAZANM TNHUTAaHHS KOM(OpPTHOCTI B3yTITA 3 TMO3UIII MacoBOTrO
BUpOOHUITBA.DOpMaA CTONIHM B TIEBHUX MEKaxX 3MIHIOETHCS TiJ] BILTMBOM B3YTTs, TOMY KOM(OPTHICTh
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B3YTTSl B OCHOBHOMY BU3HAYa€ThCS THM, HACKUTLKH BOHO BUTOTOBJICHE SIKICHO Ta pamioHaabHO. SIKicHe
Ta JOCTYITHE B3YTTsI IOBUHHO BUTOTOBJISITHCH 32 TEXHOJIOT1€10 MACOBOTO BUPOOHUIITBA, aJIe BpaXOBYBaTH
IHIUBITyanbHI 0COOMMBOCTI CIOXKUBaYa. 3HAUHY POJIb B I[bOMY CEHCI BiZIrpae MpoIiec KOHCTPYIOBaHHS
B3YTTS 3 ypaxyBaHHSAM aHATOMIYHHMX TOYOK cTomu. [lpu Oyab-KuX, HaBiTh HE3HAYHHUX BiIXMICHHSIX
CTOIH BiJl HOPMaJIbHUX MOKAa3HUKIB BUTOTOBIIEHE IO OMOCEpeKOBaHii (hopMi B3yTTS CTBOPIOE IEBHUM
TUCKOMGOPT, OCKUIBKH CTOMA - 1€ OpraH 3 AyXKe CKJIaJHOK aHATOMIYHOIO CTPYKTYpoIo [6, 7].

IlocranoBka 3aBaaHHs. B3yTTeBa MpPOMHUCIIOBICTH TPEICTABISE COOOKO SICKPABHMA TMPHUKIAJ
raiysi, e B yMOBaX PHHKOBOT €eKOHOMIKH K€ TOCTpa KOHKYpEeHTHa 00poThOa 3a crioxuBada. [locTiiiHo
3pOCTalOTh BUMOTH JIO SIKOCTI 1 JM3aliHy B3YTTS MPH OJHOYACHIH HEOOXITHOCTI CKOPOYEHHS CTPOKIB
pO3pOOKH HOBUX MOJIEICH.

VY 3B’43Ky 3 TOHUTBOIO 32 MOJIOI0 Ta €CTETUYHHM BUTJSIAOM B3YTTA, OUIBIIICTE BUPOOHUKIB B
OCHOBHOMY YITyCKalOTh HaliBaXXJIMBIIII 3aBJaHHS: BATOTOBUTHU CIIOKHUBAaYaM B3YTT, IKE 3aXHUIIA€ CTOIY
BiJl 30BHIIIHIX BIUIMBIB Ta Oyae KOM(OPTHUM MpH eKCIyaTallii. BUroToBneHHs 1HAWBIIYyaTbHOTO
B3YTTS HAa 3aMOBJICHHS PO3MOYMHAETHCS 3 AHTPOMOMETPUYHHUX OOMIPIB CTOMH, IJIS TOJANBIIOTO
MPOEKTYBAaHHS B3YTTEBOI KOJOAKM Ta JeTaliell MailOyTHbOI Mojeni B3yTTsA. Alle 100 3a10BOJBHUTH
cy0’eKTHBHUI KOM(OPT CIIOKKMBa4Ya HEOOX1THO BPaxyBaTH BiTUyTTS CHIIM TUCKY BHYTPIIIIHBOI TOBEPXHI
B3YTTS HA CTOILY.

CuioBa B3a€MO/Iisl CTOIIM Ta B3YTTS JIy’Ke CKIafHUI nponec. Ha BepX B3yTTS Nit0Th aKTUBHI CHIIH
TUCKY THUJIBHOI YaCTHHH CTOIH, a Ha HU3 B3YTTS - PEAKTUBHI CUJIM TUCKY ITiI0IIIOBHOT YACTHHH CTOTIH 1
aKTHBHI CHUJIM OMOPHOTO TUCKY cTOmH [8, 9].

Ha croroanimiHiii 1eHb HEMAE TOCTATHIX JAHUX 1 €IUHOTO MAXOAY 10 BU3HAUYEHHS KOM(OPTHOTO
TUCKY BHYTPIIIHBOI MOBEPXHI B3YTTA Ha CTOMY 3 YpaxyBaHHSIM aHATOMIYHUX MOKA3HUKIB CTOMH 1
ncuxo(i3MYHUX 0COOIMBOCTEH BITUYTTS KOM(DOPTY 3aMOBHUKA, IPY BUTOTOBIICHH] PI3HUX BUIIB B3YTTSI
3a IHIUBITyaJTbHUM 3aMOBJICHHSIM, TOMY JOIUTBHO JOCITIIUTH 1I€ TUTAHHS.

PesyabTtaTn jpociaipkennsi. BupoOHMITBO BHpOOIB IHAYCTpii MOOM 3a 1HAWBITyaTbHUM
3aMOBJICHHSIM 3 KOKHHM POKOM CTa€ OUIBII MOMYIISIPHUM 1 Ma€ CBOIO CETMEHTHY Hillly CITO’KMBAYiB.

BuroroBneHHs B3yTTA 32 iHIUBIAyaIbHUM 3aMOBJICHHSIM HEOOX1THO TIEPIII 32 BCE TUM, XTO LIHYE
IHIUBIYalbHICTh, YHIKAJIBHICTh 1 €KCKIIIO3UBHICTH Yy BCHOMY, a TaKOX ISl TUX, KOMY Ba>KIHBUI
MiIBUIICHUA KOMQOPT.

[Ti3HaHHS B3YTTS K 00’ €KTY JOCHIHKEHHS 3 TOUKH 30pY (hakTUUHOI KOM(MOPTHOCTI MOXKE OyTH
OIIIHEHE Ha OCHOBI BIAUYTTSI Ta CIPUHHATTS Oe3mocepeIHIMU CrioKUBa4aMU. TOOTO COPUMHSATTS B3YTTS
CIIO’)KMBAaYeM MOXKHA PO3TJISIATH SK IUTICHUN 00pa3 abo 00’ €KTUBHO-CYO €KTUBHY OIIIHKY B3YTTS, IIIO
MICTHTBh B CO0i CYKYITHICTh BIaCTHBOCTEH, SIKI OTPUMY€ 1HIMBIJ 32 JONOMOTOIO YyTTEBHX OpraHiB. 3a
CBOEIO MPUPOJIOI0 CIIPUUHSATTS, K 1 BIIUYTTS, Ma€ peICKTOPHUIN XapakTep.

3a pe3yapTaTaMH TEOPETHUKO-aHATITHIHNX, MAPKETHHTOBUX 1 €KCIIEPUMEHTAIILHUX JOCTIIKEHb
OyJ70 cIpoeKTOBaHO MakeT-TpaHchopmep B3yTTs (puc. l.a) a1 momepeaHroro oOMipy CTOMH Ta
JTOCTIAHUM 3pa30K 3 BUKOPUCTAHHSIM KOMI'TOTEPHOI cucTeMu Ha 6a3i mikpokoHntpoiepa Arduino Uno
(puc. 1.6) ansg BUMIpIOBaHHS TUCKY BHYTPIIIHBOI TOBEPXHI B3yTTA Ha CTOIY.

Maker siBIsie cOO0OK0 3arOTOBKY BEpXY 3aKPUTOTO B3YTTS 31 MIKIPH, 3 HIKIPSHUM MiJIKIAIOM,

3aTATHYTY Ha I{O.]'IOBi‘ly B3YTTE€BY KOJIOAKY, OO SIKO1 IpUKJIICEHAa TOHKA, IIJIOCKA HiI[OH_IBa 3 Ka6J’IYKOM,
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po3mipom 275mm. Ha makeri 3adikcoBaHo 7 3acTiOOK, Ha SIKMX BiJMIYeHA IIKaja JTOBXKHHOW Big 70-
100MM, KOXHa 3 AKHX pO3MillIeHa Y BIAMOBIAHUX MICISIX:

1 - HaliBHIIIa TOYKA BUCOTH Oepiist HarmiBuepeBuka (Bix T.C +70MM BBEpX 10 HEHTPY TpeOCH);

2 - Ha ipsimomy miaiomi (0,55/1cT);

3 - Touka kanbiaty T.C (1IeHTp JiHIi BHYTPIITHROTO Ta 30BHIIIHBOTO MYYKiB (KaJbllaTa));

4 - cepenauHa comu 3 30BHIMHBOTO 00Ky (0,5/cT);

5 - Touka 30BHIIIHBKOrO mMyuka (0,68/1cT);

6 - cepenuHa cTomnu 3 BHyTpimHboro 60Ky (0,5/1cT);

7 - Touka BHYTpimHbOro mmyuka (0,72/1cT).

KomMmm’toTepHa cucteMa CKIaIaeThCsl 3 HACTYIHUX €eMEHTIB: MikpokoHTposiep Arduino UNO,
pesuctop 3,3 kOM, pesuctuBHui natuuk cuwin FSR402. PesuctuBHUN naTYWK CHIM Ta TOILTBHUK
HaIpyTy i1’ €IHaH1 10 BUBOY MiKpokoHTposepa Arduino Uno. Hampyra »xuBnenns ckianae 5 B.

Pe3ucTrBHI TaTYMKK CUITH TIO CYT1 € PE3UCTOPAMH, K1 3MIHIOIOTh 3HAYSHHS CBOTO oropy (B Om)
B 3aJIC)KHOCTI BiJ] CUJIM HATUCKAHHS HA YYTJIMBHI €JIEMEHT.

[Mpunnun pobotu mnpuiagy monisrae B HacTynHoMmy. Konm cuna mpukiajgeHa 10 JaT4yHka
TOPIBHIOE HYITIO, OTO omip Oye Maiike HECKIHUCHHU, BIIOBITHO CUTHAII 3 TATYMKA TAKOXK JIOPIBHIOE
HYJIIO.

Konm Ha pe3ncTMBHMI NaTUWMK CHIM Oyle MPUKIAICHE HABAHTAKEHHS HA BUBOMAL 3 SIBUTHCS
ananorouii curnain. ALIl meperBoproe 1eil curHan Ha nMQpoBe 3HAYCHHS CHIIM, TPUKIANEHOI 10
JaTYMKa Ta BUBOJIUTH HOTO Ha JAWCIUICH MOHITOPA.

Jlist kamiOpyBaHHS MPHIIay BUKOPUCTOBYBAIKMCH BaHTaxi Macoro 0,1 xr; 0,2 kr; 0,3 kr; 0,4 kT 1
0,5 kr, SIK1 BCTAHOBJTIOBAJIMCh HA JATYMK TUCKY Yepe3 MEePexXiTHUN TUCK.

Tuck Ha naTYMK BU3HAYABCS 7151 KO)KHOTO BaHTaXy 3a GOpMYIIOLO:

p = et mg, (1)

e P; — tuck i-ro BaHTaxa, [la; m; — maca i-ro BanTtaxa, kr; m = 0,01 kr maca mepexiHOTO
JIMCKa; ¢ — MPUCKOPEHHS BUTLHOTO Ma IHHS, m/c%; S — mroma MePEX1THOTO AUCKA, HA IKY THCHE BaHTAX,
M.

[imoma, Ha SIKy TUCHE BaHTaX:

S =nmnr?, (2)
ne r = 0,005M — paaiyc mepexiHOTrO AMCKa.

[TincraBnsroun (2) B (1), orpumaemo:

P, = (mi+m)g’ 3)
2
Arnpokcumyrouda (QyHKIIIS Ma€ BUTIISI:
Y = 0,0353 - POo341, “4)

ne Y — noka3Huk npuiany; P — tuck Ha matumk, Ila.
3 Bupasy (4) orpumaemo ¢GopMmyily Ui BU3HAYCHHS TUCKY Ha JTAaTYUK B 3aJIeKHOCTI BiJ
MOKa3aHHA MPUJIaNy:
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A
pP= (m)(o,%u) (Ta)

)

Puc. 1. a) - Maker-Tpancdopmep B3yTTH; 0) - JlocaigHuii 3pa30K 3 BHKOPHCTAHHAM KOMII'IOTEPHOI CHCTeMH Ha 0a3i
YTTH;

MikpokoHTpoJiepa Arduino Uno

Tabnuys 1

IIkajna ouiHIOBaHHA KOM(OPTHOCTI B3yTTs Ha 0CHOBI (ikcauii 3acTiO0OK HA MaKeTi

Orminka BimuyTTs ctany komdopty
90-100 BigminHO
60-80 [TomipHwmii cTyniHb quckoMdopty
30-50 Baxkuii cTynias 1uckoMbopTy
1-20 Hes3anoBuisHO

Hirkue HaBeseH1 mapaMeTpH MPUIIACYBaHHS MaKeTa JJ0 CTONM 3aMOBHHKA y CTaHI CTOSHHS Ta
CTaHi X0AbOM /715l BUSHAYCHHS PiBHS KOM(OPTHOTO THCKY (Tabm.2).

Tabauys 2
ITapamMeTpu npunacyBaHHsi MaKeTa 10 CTONM
Criagae 3 HOTH
JoBxuHa 3acTiOkm 1, | 3actiOkm 2, | 3acTiOkum 3, | 3acTiOku 4, | 3acTiOku 5, | 3acTiOku 6, | 3acTiOKu 7,
3aTATHYTO1 MM MM MM MM MM MM MM
YaCTHHH:
[TapameTpu 51,0 51,0 33,0 34,0 34,0 32,0 32,0
Jly>xe BiTbHO
JoBxuHa 3acTiOku A, | 3actioku B, | 3actioku C, | 3actioku D, | 3actioku E, | 3actiOku F, | 3actiOku G,
3aTATHYTO1 MM MM MM MM MM MM MM
YACTHHH:
[TapameTpu 45,0 45,0 28,0 29,0 29,0 28,0 28,0
BinpHO npunacoBaHo
JloBxxnHa 3acTiOkm A, | 3acTiOku B, | 3acTioku C, | 3actiOku D, | 3actioku E, | 3actiOkm F, | 3actibku G,
3aTATHYTOl MM MM MM MM MM MM MM
YACTHHH:
[Mapamerpu 39,0 39,0 26,0 26,5 26,5 25,0 25,0
ITpunacosaHo
JloBxxnHa 3acTiOku A, | 3acTiOku B, | 3acTioku C, | 3actiOku D, | 3actioku E, | 3actiOkm F, | 3actibku G,
3aTATHYTOl MM MM MM MM MM MM MM
YACTHHH:
[TapameTpu 34,0 34,0 22,0 22,0 20,0 22,0 20,0
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IIpooosoicenna mabnuyi 2

1[inpHO MPHUIACOBAHO
JoBxuna 3acTiOkm A, | 3acTiOku B, | 3actioku C, | 3actiOku D, | 3actioku E, | 3actioku F, | 3actibku G,
3aTATHYTOl MM MM MM MM MM MM MM
YACTHHH:
[apameTpu 31,0 30,0 19,0 20,0 17,02 20,0 17,0
Jyxe 1miipHo
JoBxuna 3acTiOku A, | 3acTiOku B, | 3actioku C, | 3actiOku D, | 3actioku E, | 3actiOku F, | 3actibku G,
3aTATHYTOl MM MM MM MM MM MM MM
YACTHHH:
ITapameTpu 28,0 29,0 17,0 17,5 15,5 17,0 15,5
[Tepexumae
JoBxuna 3acTiOku A, | 3acTiOku B, | 3actioku C, | 3actiOku D, | 3actioku E, | 3actiOku F, | 3actibku G,
3aTATHYTO1 MM MM MM MM MM MM MM
YaCTHHH:
ITapameTpu 24,0 25,0 15,0 16,0 15,0 16,0 15,0

3akpiryIeHHs JaTYMKIB HA BHYTPIITHINA MOBEPXHI MAKETy B3YTTS J03BOJISIE BUMIPIOBATH THCK
MIXK CTOTIOO 1 BHYTPIITHBOIO MIOBEPXHEIO B3YTTS SIK B CTATUYHUX, TaK 1 B AMHAMIYHUX YMOBaxX.

Ha makeri B3yTTs pO3MIIIICHO PE3UCTHBHI JaTYUKH, 1110 HAWMEHTIIIE y 4 aHTPOTIOMETPUIHUX TOUKAX

CTOIIH:

1 Touka — BHYyTpimHiH my4dok (0,72/IcT),

2 To4ka - 30BHimHIi my4ok (0,68/cT),

3 Touka - mpsimuii migiiom cromu (0,55/1cT),
4 Touka - Bucora 1’ stk (B = 0,2N+12).

3aMOBHHK OILIiHIOE KOM(OPTHICTH THCKY y 6anax Big 1-100 (Tabm. 1).

Tabauys 3
Ouinka koM$opTHOCTI B3yTTs 3a 10n0MOro10 (Pikcainii makera-rpancpopmepa Ha cromni B
craTumi
dikcaris Cnamae | Jlyxe BinsHO [Ipunacosano IiseHO Hyxe | [lepexumae
MaKeTa Ha HO31: | 3 HOTH | BUIBHO | NMPUIIACOBAHO MIPUTIACOBAHO | MIIIHHO
BiguytTs 30 70 80 90 100 60 22
koMmdopTy, 6anu
Tuck B TouLi -
BuMmipy 1, [1a 688.,4 2944 .4 8269,5 10491,2 162279 16952,8
Tuck B Touwi -
BuMipy 2, [a 614,1 2540,7 7475,3 8869.,9 14544,8 16090,1
Tuck B TouLi -
BuMipy 3, [a 628,0 2221,8 7224,5 9645,0 15070,2 16952,8
Tuck B Touwi -
BuMmipy 4, [a 628,0 1861,1 4964,3 8209,1 13259,7 15831,8

3 1abi. 3 BUIHO, 10 HAMBUIIY OLIIHKY KOM(OPTHOCTI Y CTaHi CTOSIHHS 3aMOBHHK BiT4yBa€ MpH

IIUTFHO MPHUITACOBAHMX 3acTiOKkax Makera 70 cronu. DIKCOBaHMN TUCK Ha CTOMY B PI3HUX TOYKAX MpPHU

Takii dikcamii B mexax Big 8869,9 - 10491,2 I1a. IlepBuHHa OIiHKa 3pYYHOCTI B3yTTS B MOMEHT HOTO
MPUMIPKHU 3B’s13aHA 3 PO3ITI3HABAHHAIM 1 TOPIBHSHHSAM IICUXIYHOTO 00pasy B3yTTs, 110 MPUMIPSETHCS.
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HacrynHe nuTaHHsS eKCIEpUMEHTY 3BOAMIIOCH 0 TOT0, 00 BU3HAUUTH TUCK MIPU XOb01, KU

BIJIMOBIA€ BIIUYTTIO KOMDOPTY.
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Puc. 2. Jiarpama koM(pOPTHUX MapaMeTPiB TUCKY B Pi3HUX TOYKAX NPH IIJILHO MPUNACOBAHOMY MAaKeTi 10 CTONH

Tabnuys 4

Ouninka KOM(pOPTHOCTI B3yTTHA 3a JonoMorom gikcanii Makera-Tpancgopmepa Ha CTOMi B CTaHi

X0abL0H

®dikcarisa makera
Ha HO3I1:

Cmapae
3 HOTH

Hyxe
BIIIBHO

BinsHO
[IPUITACOBAHO

[TpunacoBano

[inpHO
MIPHUITACOBAHO

Hyxe
LIJIBHO

[Tepexumae

BimuyTtTs
koMdopTy, 6anu

9 52

79

100

81

61

11

MakcumaibHHMA
THUCK B TOUYIIl
BUMIipY 1, B pi3HHX
(azax kpoky, [1a

- 4065,8

8869.,9

11039,1

14146,0

16664.,9

18860,9

MakcumaibHHMA
THCK B TOYLIL
BUMIpY 2, B Pi3HUX
(azax kpoky, [1a

- 3856,3

8209,1

9367,7

10647,5

13691,0

17818,5

MakcumaibHHMA
THCK B TOYLIL
BUMIipY 3, B Pi3HUX
(hazax kpoky, [1a

- 3961,0

8759,5

9922,8

11263,3

14430,8

16090,1

MaxkcuManbHHN
THCK B TOYLIL
BUMIpY 4, B pI3HHX
(hazax kpoky, [1a

- 2923,8

7224,5

8209,1

8869,9

11656,4

163773

B pesynbTraTi MOXHa 3a3HAYUTH, 0 MAKCUMAJIbHUI KOM(POPTHUN TUCK Yy CTaHI CTOSHHS CSTae

10491,2 Ila, a npu xoa601 3HaueHHs migBuiyerses 10 11039,0 ITa. Pi3Huis jaHux 3Ha4eHb JOPIBHIOE
547,8 Ila. [lnst Toro, o0 3aMOBHUK BiuyBaB KOM(OPT HE TUIBKH CTOSYM, a i pH X0Ab01, B yMOBax
CTOSIHHSI TMIOTPIOHO 3MEHIITUTH TUCK Ha CTOITY 3a JIOMOMOTO00 3acTiOOK Ha pizHHI0 547,8 [1a. IlikoBuii
3a/I0BUTBHHI THUCK B cTaTulll moBuHeH OyTtu: 10491,2-547,8=9943 .4 T1a. Toni, 3 ypaxyBaHHSM BETUIHHHI
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301IBIIEHHS THCKY NMPH X0Ab01 JtouHa Oyne BiauyBaTH KOMGOPTHHH THCK Ha CTOIY, aHAIOTIYHHMA
TOMY, SIKU/ BU3HAYAETHCS B YMOBA.

tgenHes na nan Inck
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il
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MNepex
=[lpun
-LN

DA v Toua - s

Puc. 3. Jliarpama nmopiBHSIHHSI OIIiIHIOBAHHSA BiTUyTTH CY0'€KTHBHOTO KOM(pOPT i3HHX cTaHax
Yy Y Yy

B pe3ynbrari MOXHA 3a3HAYMTH, M0 MAKCUMAIBHUN KOMGMOPTHUN THUCK Y CTaHI CTOSIHHS CsATae
10491,2 I1a, a mpu xoan01 3HaueHHs miaBuiyetbes 10 11039,0 [Ta. PizHuns qaHux 3HaYeHb TOPIBHIOE
547,8 Tla. [Ins Toro, mo0 3aMOBHHK BigdyBaB KOM(OPT HE TIIBKH CTOSYH, & M MpU X01601, B yMOBax
CTOSHHS IOTPIOHO 3MEHIIMTH THUCK Ha CTOIY 3a JOITIOMOT'0I0 3acTiOoK Ha pizHuLio 547,8 [1a. IlikoBuit
3aJIOBUTHHHM TUCK B cTaTHI ToBUHEH OyTH: 10491,2-547,8=9943 .4 T1a. Toxi, 3 ypaXyBaHHSIM BEIMYUHU
301IbIIEHHS THCKY NMPH X0AbO01 JItouHa Oyne BiauyBaTH KOMGOPTHHH THCK Ha CTOIY, aHAIOTIYHHUMA
TOMY, SIKH/ BU3HAYAETHCSI B YMOBaX

Jlnst BUTOTOBJIEHHST Oa)kaHOI MOZENI B3yTTs 3a IHAWBITYyaJIbHHUM 3aMOBJICHHSIM TakKOX OyIio
JOCITIKEHO (h13MKO-MEXaHI4HI BJIACTUBOCTI 32 BU3HAYCHUMH MOKAa3HUKAMH BaroMOCTI.

Harypanbhi mkipu MarTh MHPOKY cdepy 3acToCyBaHHsS. binbllla yacTWHa HampaBiieHa Ha
BUTOTOBJICHHSI IIKIpP JUIS BEPXY B3YTTS. TOMY KOHTPOJIb SIKOCTI HATYypaJIbHUX HIKIp € TIOCUTh BAKIUBUM
¢dakTopoM. OCKINBKH JIIOAMHA TPOBOIUTH TPUBAIHI yac 100U y B3YTTi, BaXJIMBO, 100 1if Oys0 3pydHO
1 KoM}OpTHO.

JUis mociKeHb SIKOCTI MIKIpH 7Sl BEpXY B3YTTsS Oyno mifgiopaHo 4 3pa3ku HaTYpajJbHHUX LIKIp
pi3HUX BUPOOHHUKIB. 3arajibHO OpraHOJIENTHYHI O3HAKH IIKIp 7Sl BEpXY B3YTTS MpeACTaBieH] B Ta0I.S.

Jlnst omiHKM SIKOCT1 IKIp 32 (PI3MKO-MEXaHIYHUMH BJIACTMBOCTSIMH BHU3HAYHJIM MEXKY MIIHOCTI
Marepiaiay IpH pO3TATYBaHHI, BIIHOCHE BHIOBXKEHHS npu HampyxkeHi 10 MIIa, cTiiikicTh TOKPUTTS 10
0aratopa3zoBOTO BUTHHY, aJre3ir0 MOKPUBHOI IUTIBKM 1O MOKpOi Ta cyXxoi mKipu. st oIiHKH
nedopMaIliiHuX BJIACTMBOCTEH MaTepiaiiB OyJI0 BUKOPHUCTAHO 3pa3KH OMKMCAHUX BHUIIE MaTepialiB. .
3rigno meroauk onucanux B JICTY [10] Ha BiamoBiaHi BUnpoOyBaHHs Oys0 BiiOpaHO MO TP 3pa3Ku
BUKPOEHUX 3 PI3HUX AUISHOK HIKIpH, 110 IMITYBaJI co103Ky (3 BapianTn). OiHa COI03Ka BUKPOIOETHCS 13
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YerpakoBOl YaCTUHHU B IO3[0BXXKHHOMY HampsiMi, Apyra — i3 4YemnpakoBOi YAaCTHMHU B MOINEPEYHOMY
HampsMi, TPETs BUKPOIOETHCA 13 KpaWHBOI AUISHKM YEHPAKOBOI YACTHUHMU IIKIPU Y IMO3IO0BXKHBOMY
Harpsimi. Beporo 15 3paskis [10].

Tabnuys 5
OprasoJjienTHYHI 03HAKHM LIKIpP MJIs1 BepXy B3yTTH
ITokazauk 3pa3oK MKipu
1 2 3 4

Haspa BPX KPOKOJWII MiTOH cTpayc

ApTukyn 350-P15- 650-P-154352 100-P-110601 200-P-151215
5505

Komip 6opmo OTaKuTHUI Oimit JOpHUH

Cran [Mpupoxnuit | YiTKO BUpa)keHi CErMEHTH [TpupoaHi 4iTKO [TpupoaHi 4iTKO
MEpEKIBKH CTaH «KBaJIpaTiBy BHPaXKEHI JIYCOUKH BUPaXEHI OTBOPH

OTtxe, oOpaHi 1 NOCHIKEHb 3pa3Kd Oylu OLIHEHI Ha fAKICTh 3a MOKa3HUKaMH (i3uUKO-
MEXaHIYHUX Ta AedopMaIliiHuX BIACTUBOCTEH. Pe3ynbTaTi mpoBeneHUX JOCTIIHKEHb MPEICTaBIICHI B
(Tabm. 6). SIxk BUIIHO 3 MIPECTABICHUX JaHUX BHUIIE3a3HAUYCHUX TAOJIMIIb, TOCITIKYBaHI 3pa3Ku MIKIp 3a
MOKa3HUKAMH TMOBHICTIO 3a/I0BOJIBHSIOTH BUMOTH CTaHIAPTY JUTS IIKip 1J1s BepXy B3yTTs [10].

Tabnuys 6
PizuKo-MexaHi4yHi BUNPOOYBaHHSA HIKIip

3pa3ox Meska MIITHOCTI TIpH BigHocHe BHIOBXKEHHS, TIPU BigHocHe BHIOBXKEHHS
po3tsrenHi 9,8 Mlla HaBaHTa keHHi 9,8 Mlla, % pu po3puBi, %
1 1,7 52,0 80,0
2 1,5 35,0 65,0
3 1,6 35,0 58,0
4 1,8 24,0 59,0
Bumorn 1,5 20,0-40,0 -
CTaHapTy
100
80
60
40
20
, AN HN HE =
BPX KpoKoann NiTOH cTpayc

B MeXa mMiLHOCTI npu po3TarHeHHi 9,8MTa
H BigHOCHe BMAOBXEHHSA NpW HaBaHTaXkeHHi 9,8 Mna, %

BigHOCHe BMA0BXEHHA Npu po3puBi, %
Puc. 4. liarpama ¢izuKo-MexaHiuYHUX BJIACTHBOCTEH HATYPAJbLHUX HIKIip

OT1xe, cini BIAMITHTH, 110 BC1 3pa3Ku HATYPAIbHUX IIKIp JJIS BEPXY B3YTTS 3TiTHO MTOKa3HUKIB
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XIMIYHOTO CKJIany, Gi3uuHUX Ta (Pi3UKO-MEXaHIYHHX BJIIACTUBOCTEH MOBHICTIO BiMOBIJAIOTH BUMOTaM
HOPMATHUBHUX JOKYMEHTIB 1 € O€3[EYHUMHU JIJIsl CTOIIHN JIFOIUHH.

BucnoBku. Ha ocHOBI komm’iorepHOi cuctemMu 3 MikpokoHTpojepoM Arduino Uno i
pesucTuBHUMHU natuyukamu cui FSR402 po3poGrieHo mpuiian uisi BU3HAYEHHS TUCKY MK CTOIIOHO 1
BHYTPIIIHHOIO TIOBEPXHEIO B3YTTA. B pe3ynbrari mpoBeAeHOro KamiOpyBaHHS NMPHUIaAy BCTAaHOBJIEHO
OJTHO3HAYHY 3JICKHICTh MK MOKa3aHHSIMH TIPHIIATY 1 BETMYUHOIO BUMIPIOBAHOTO THCKY, IIIO JO3BOJISIE
BU3HAYUTHU TUCK BHYTPIIIHbOT MOBEPXHI B3yTTS Ha CTOILY SIK B IIPOLIEC] CTOSHHS, TaK 1 B MPOIECi XOAbOH.
AHaui3 OTpUMaHUX JOCTITHUKAMHU Pe3yJbTaTiB MOKa3ye, 1110 He BCl iHAMBITyaIbHI 0OCOOIMBOCTI CTOMH
3aMOBHHMKAa MOXYTh OYTH BpaxoBaHI NpHU MPOEKTYBaHHI Ta BUTOTOBJICHHI KOM(OPTHOro B3YTTH 3a
1HAWBIAyaIbHUM 3aMOBIIEHHSIM. Ha ChOTOHINIHIN JeHh HEMA€E TOCTATHIX JAHUX 1 €MHOTO MiTXOIY 10
BU3HAYCHHS KOM(OPTHOTO TUCKY BHYTPIIIHBOI MOBEPXHI B3YTTsI HA CTOMY 3 ypaxyBaHHSM aHATOMIYHHUX
MOKA3HUKIB CTOIH 1 MCUXO(I3UIHUX OCOOTMBOCTEH BITUYTTS KOM(POPTY 3aMOBHHUKA, P BUTOTOBJICHHI
PI3HUX BHJIIB B3YTTS 32 1HAUBIAyaTbHUM 3aMOBJICHHSIM.

3anpornoHoBaHUH B poOOTI CrociO BUMIPIOBaHHS THCKY BHYTPINTHBOT TOBEPXHI B3YTTs HA CTOITY
3 ypaxyBaHHSM i OCHOBHUX aHAaTOMIYHHUX IMapaMEeTPiB 3a JIOMOMOTOI0 CTPYKTYPHOI CXEMH JTOCIIITHOTO
3paska J03BOJISIE CIIPOSKTYBAaTH Ta BUTOTOBUTH KOM(DOpPTHE iHIWBIIyadbHE B3YTTS IS 3aMOBHUKA.B
pe3ysbTaTi MPOBEACHHS BUMIPY TUCKY y CTaHi CTOSIHHS Ta CTaHi X0p01 HaBeseH1 (iKcoBaHi 3HAUCHHS
KOM(OPTHOTO THCKY Ha CTOIY B Pi3HUX 3a3HAUEHUX TOYKAX Ta IPH pi3HUX (Pa3ax Xxoap0u.Y T0CKOHAIEHO
eproHOMIYHI BJIACTHBOCTI BUTOTOBJCHOTO B3YTTSA 3a IHIMBIAYyaJbHHUM 3aMOBJICHHSM 33 PaxyHOK
BUKOPHUCTAHHS MaTepialliB 3 MOKPAIICHUMH (13MKO-MEXaHIYHIMH BIACTHBOCTSIMHU.
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Kueeckutl nayuonanonulil ynugepcumem mexHoao02utl U Ou3aina

Henw. Uccreoosamsv npobremvl uU320moGieHUss 00y8U NO UHOUBUOYAILHOMY 3aKA3Y C YYEemoM
CcyOvLeKmuHo20 ougywenus Komgopma nompedbumenetl.

Memoouxa. meopemuKo-aHarumuiecKue, Mapkemuneoebie U SKCNepUMeHMAIbHbLe UCCAe008AHUS.

Pe3ynvmamot. Ha ocHoge cpasHumenbHo20 aHAIu3d pesyabmamos aHmponoMempuieckux uccie008aHuil

CMON U CYOLEKMUBHBIX OUYWEeHUTI KOMPOpmMHOCmU 00Y8U 000CHOBAHA YeNeCO0DPAZHOCHb COBEPULEHCIBOBAHUS
npoyecca npoeKmuposanusi 00y8u no UHOUBUOYANLHOMY 3aKA3Y C UCHOAb30BAHUEM VHUBEPCAIbHO20 MAKEema-
mpancgopmepa 00ysu. B oOaunnou pabome nposeden aHanuz COBPEMEHHbIX MAMEPUanos, axkmopvl
nompedumenbcko2o vlbopa, eruUsIOWUe HA HOPMUPOSAHUE CNEeKMPa GHEOPeHUs UHHOBAYUL 8 NPOU3BOOCMEO
00y8uU N0 UHOUBUOYATLHOMY 3aKA3Y, 8 pabome NpudedeHsbl pe3yabmamvl KAIUOPOSKY Pe3UCMUBHO20 0AMUUKA
CUnbl U NPeOCmagieH MaKem-mpanchopmep 00y8b ¢ UCHOJL30BAHUEM ONBIMHOZ0 00paA3yad KOMHbIOMEPHOU
cucmemul 071 OnpedeleHUss KOMPOPMHBIX NAPAMEMPO8 HA OCHOBe OWYWeHUU OABIeHUs. HA CIMONY 3aKA3YUKA.
Tlpusedenvl pesynomamsl UCCIe008aHUL UHOUBUOYATLHBIX OWLYUWeHU 0A8NeHUsl HA CINONY 00Y8bl0 8 COCMOSHUU
CMOAHUSL U COCMOAHUU XOO0bObL.

Hayunaa noeusna. Ha ocnoge KOMNbIOMEPHOU cucmemvl ¢ Muxpoxoumponepom Arduino Uno u
pesucmusHviMu damyukamu cunvt FSR402 pazpaboman npubop 0ns onpedenenust 0aieHus Mexicoy Cmonou u
BHYmpeHHell NosepxHocmulo 00ysu. HMzeomoesnen maxem-mpancgopmep 00ysu ¢ UCNOAb308AHUEM YCHAHOBKU
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KOMRbIOMEPHOU cucmemsl Ha 6aze mukpokowmposiepa Arduino Uno, Komopblii no3601sem usmepums yposeHs
CYyOBLEeKMUBHO20 KOMPOPMHO20 0asiieHus 00Y8U HA CMONY 3aKA3HUUKA.

Ipakmuueckas 3nauumocmy. [lanHvle UCCIe008aHU OAIONM  BO3MOICHOCMb  UCCIE008AMb U
CNPOCHO3UPOBAMb 0becneyeHUe BbICOK020 Kauecmed, KOM@POPMHOCMU U hopmoycmoudusocmu 06ysu ¢ 6epxom
U3 COBPEMEHHBIX KIACCULECKUX U He MUNOBLIX (RUMOH, KDOKOOUL) HAMYPATbHbIX KONCEBEHHbIX MAMEPUANO8 KAK
npU MAKemupoSanHuu max u npu U320MoGIeHUU U IKCIIYAMAYUU u30eusl, a makice nocie peMoHma u 0OHOGeHUs.
UM COBEPUEHCMBOBAHUe  KOHCMpYKyuu — usoenus.  [Ipeonodicennviti  makem-mpancgopmep 06ysu ¢
UCNONIL308ANHUEM ONBIMHO20 00PA3YA KOMNBIOMEPHOU CUCMEMbl

Kniouesvie cnoea: amwmponomempuyeckue napamempvl CMonvl, KOAI0OKA, KOM@opm, Maxem-
mparncghopmep, 00y8b, KOMNLIOMEPHAS CUCEMA, OABICHUE.

RESEARCH AND INCREASE OF COMFORT OF SHOES ON THE INDIVIDUAL
ORDER

LESHCHYSHYN M.
Kyiv National University of Technologies and Design

Purpose. Research and solve the problems of custom-made shoes, taking into account the subjective
feeling of consumer comfort.

Methodology. Theoretical and analytical, marketing and experimental research.

Findings. On the basis of the comparative analysis of results of anthropometric researches of feet and
subjective feelings of comfort of footwear expediency of perfection of process of designing of footwear by the
individual order with use of the universal model-transformer of footwear is proved. This paper analyzes modern
materials, consumer choice factors influencing the formation of the range of innovations in the production of
footwear by individual order. comfortable parameters based on the sensations of pressure on the customer's foot.
The results of researches of individual sensations of pressure on the foot by footwear in a standing and walking
condition are given.

Originality. Based on a computer system with an Arduino Uno microcontroller and resistive force sensors
FSR402, a device for determining the pressure between the foot and the inner surface of the shoe has been
developed. The made model-transformer of footwear with use of installation of computer system on the basis of
the Arduino Uno microcontroller gives the chance to measure level of subjective comfortable pressure of footwear
on a foot of the customer.

Practical value. Creating a comfortable and convenient shape of the product is one of the main stages of
shoe production, the quality and careful implementation of which depends not only on the shape stability and
comfort of shoes during operation, but also the appearance of the product. These studies make it possible to
investigate and predict the provision of high quality, comfort and durability of shoes with uppers of modern classic
and non-typical (python, crocodile) natural leather materials both in the layout and in the manufacture and
operation of the product, as well as after repair and upgrade or improvement product design. The proposed model-
transformer of shoes using a prototype computer system

Keywords: anthropometric parameters of the foot, pad, comfort, model-transformer, shoes, computer
system, pressure.
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