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KuiBcbkuii HalioOHAJILHUM YHIBEPCUTET TEXHOJIOTIH Ta TU3aiiHy

BUKOPUCTAHHSA KOMII'IOTEPHUX TPUBUMIPHUX

TEOMETPUYHUNX MOJIEJIEA NETEJBHOI
CTPYKTYPU TPUKOTAXKY VYV BIPTYAJBHHUX
EKCIHEPUMEHTAX

Mema. Bepughikayia po3pobrenux mpueumipHux 2eoMempuyHux mooenell iHmezpo8aHo2o
MPUKOMAACY 21A0KO20 NAAMUPOBAHO20 NepeniemeH s 0 NIOMBEPONCEHHS IX a0eK8amHoCmi ma
MONCIUBOCNT  BUKOPUCTNAHHA OJIsL NPOSHO3VE6AHHA NApamempie CmMpyKmypu ma 61dcmusocmeri
MPUKOMAACY .

Memoouka. Bukopucmana asemopcoka Memoouka KOMN I0MepPHO20 — MPUBUMIDHO20
2COMEMPUYHO20  MOOENIO8AHHSI  CMPYKMYPU — MPUKOMAdXCY —Ma  3a2albHOBI0OMUL  Memoo
00CNIONCEHHA XAPAKMEPUCIMUK CIPYKMYPU  MPUKOMANCY 3 BUKOPUCHAHHAM  eJIeKMPOHHO2O0
mikpockona (usb digital microscope MM-2288-5X-S).

Pesynomamu. Y x00i npogedenux eKCnepuMeHmanbHux OO0CHiOHCeHb BCMAHOBIEHO
Xapakmepucmuky cmpyKmypu mpuKxomaxicy 6ipmyanvHux Mooeseli, 00epHCAHUX  ULIAXOM
MPUBUMIPHO20 2e0MEeMPUUHO20 MOOENI08AHHA MA PealbHUX 3pasKie MpPUKOmaxicy 2iaoko2o
NIamupo8anHo20 nepeniements, UpoOIeHUx HA 6'A3aNbHOMY OONAOHAHHI 3 PIZHUM NOEOHAHHAM
8Udi6  cuposuHu 01 Gopmysanus 2iopoginbHoco ma 2idpogodHoco wapis. Buseneno
aoeksamuicms  po3podONeHux mooeneil ma 6iON0GIOHICMb mMeopemuyHoi 0a3u MmpusUMIpHO20
MOOeN8aHHs 3A0AHOMY DIBHIO MOYHOCMI MA MONCIUGICMb ii 6UKOPUCMAHHA 6 YHIBEPCANlbHUX
NPOCPAMHO-AHAIMUYHUX KOMNIEKCAx, AKI 00360JA10Mb HA OCHOGI 3A2ANlbHUX 3AKOHIE Qisuxu ma
MepMOOUHAMIKY  PO3PAX08Y8AMU  G1ACMUBOCII 00 '€Kmig we Ha cmaodii iX mexHoI02IUHO20
NPOEKMY8aAHH.

Haykoea nosusna. Po3pobneno gipmyanvHi mpusumipti 2eomempudni mMooeni cmpyKmypu
KVIIPHO20 MPUKOMANCY NIAMUPOBAHO20 NepeniemenHs, fAKi a0eK8amHo ONUCYIOMb CMPYKMYDPY
peanbHozo 00'ekmy.

Ilpakmuuna 3nauumicms. Pisenv mounocmi 00epiCaHux MpUBUMIPHUX 2e0MEeMPUYHUX
Mooenell CmpyKmypu mpukomaxicy 00360J14€ iX SUKOPUCMAHHSA O NPOSHO3Y8AHHA NAPAMEmpis
CMpYKmypu ma 61acmueocmell.

Knrouogi cnosa: mpusumipna ceomempuina mooenb CMpYKmypu mpukomas;cy, eipmyanbHa
MoOeb, IHMe2po8aHuLl MPUKOMA’C, NPOSHO3YBAHHS 81ACTMUBOCEN MPUKOMAICY.

Beryn. BukopuctanHs KoM FOTEPHUX MOJIENCH CTPYKTYPH TPHUKOTaXXy CTaHE Yy Haroji 3a
YMOBHU BiJICYTHOCTI HEOOXIJHOTO B’S3aJIbHOTO ab0 J1abopaTopHOro OoOJajHAHHS s 3A1MCHEHHS
eKCIIEpUMEHTY B Marepiaji, A BIATBOPEHHsS MOBEPXHI TPUKOTAXY y XOIl PO3pOOKH TU3aNHY
TPUKOTaXy, a TaKOXX y HaBYAIBHOMY Ipoleci Ta y OaraThox iHIIMX cuTyamisx. Ha ocHoBi
aJIeKBaTHUX TPHUBUMIPHUX MOJENEH CTPYKTYpH TPUKOTAXKY TEXHOJIOT Ma€ MOXKIIUBICTh
MMPOTHO3YBAaTH MOr0 TapaMeTpu Ta CIOXKMBYI BJIACTHBOCTI III€ JO MOMEHTY BHPOOJICHHS Ha
B’s3aibHOMY 00OsaiHanHI. Cy4acH1 MporpaMHO-aHAIITUYHI KOMIUIEKCH, TakKl K, HAaIPHUKIaa Ansys,
Abaqus, 3DPTComposit, Solidworks Ta Autodesk Simulation 3a ymMoBH HasBHOCTI KOMIT IOTEPHOI
MozeNli O0’€KTY JO3BOJISIOTH PO3PAxXOBYBAaTH Ta aHaNi3yBaTH Hor (i3uyHi, MexXaHidHI Ta
eKCIUTyaTalliiiHi BIaCTUBOCTI.
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IlocTanoBka 3aBaanHsi. OCHOBHAa MeTa CTBOPEHHS TPUBUMIPHUX F€OMETPHUYHUX MOJIENeH
CTPYKTYpH TPUKOTAXy MOJIATAE Y MOJAIBIIOMY X BUKOPUCTaHHI y BIpTyaTbHUX €KCIIEPUMEHTAX, 32
JIOTIOMOTOI0 SIKUX 3’ SIBJISIETHCSI MOXJIMBICTH MOMOBHUTHU Ta PO3LIMPHUTHU 3HAHHS MPO BIIACTHUBOCTI
peanbHOTO 00’ €KTY — MPOTOTUNY. Y BHPOOHHUYMX YMOBax HasBHICTh KoMIT toTepHux 3D monenei
CTPYKTYPH TPUKOTAXY JTI0O3BOJISE 3a0IIAIUTH JIIOJICEKI Ta CHPOBHHHI PECYpCH Ha €Tari po3poOKH Ta
BIIPOBA/KEHHS Y BUPOOHUIITBO TPUKOTAXY 3 33JJaHUMHU NapaMeTpaMH CTPYKTYpPU Ta CIOKUBHUMHU
BIIACTHBOCTSIMHU.

[Ilo cTocyeThcst HABYATBLHOTO MPOIIECY, TO cepell MPODITIOIYUX TUCHHUIUTIH, epeadadeHnX
IIPOTrpaMolo MiAroTOBKY (haxiBIliB 3a cnemianbHicTI0 «TexHooril Ta Tu3aifH TPUKOTaXY», € OaraTo
TaKMX, [0 BKJIIOYAIOTh TEMH Ta PO3AUIN, JI€ JAJs 3aCBOECHHS MaTepialy BEIHMKE 3HAUCHHS Mae
3aTHICTh CTYACHTIB CTBOPIOBATH YSABHI OOpa3W TMPEAMETIB, BIIIITOBXYIOUHUCh BiJI YMOBHHUX
MO3HAYEHb Ta CXEMAaTUYHUX 300paxkeHb. J[0 TakuX MpeaMeTiB MOKHA BIJHECTH PO3TALIyBAaHHS
€IEMEHTIB CTPYKTYpH TPUKOTXY Y pamopTi TOro YW 1HIIOTO TOJOBHOTO, IOXITHOTO,
Bi3€PYHKOBOTO, KOMOIHOBAaHOTO KYJIPHOTO YU OCHOBOB’SI3aHOTO TIEPEIUICTCHHS; Bi3epyHYACTI
e(heKTH, 10 YTBOPIOIOTHCS y TPUKOTaXI Ta 1H. Yacro, CTyIEHT, OMaHYBaBIIM TEOPETHUYHUMA
Martepiall, Ma€ He JOCTaTHBO MOBHE YSBJICHHS IPO OCOOJMBOCTI CTPYKTYPOYTBOPEHHS TPUKOTAXKY,
NEPEIUIETEHHSI HUTOK Yy TPUKOTAXXHIA CTPYKTYpi, IIO TEBHUM YMHOM BiZOOpaKa€eThCs Ha SIKOCTI
ioro 3HaHb. BUKOPHCTaHHS TPUBUMIPHUX T€OMETPHYHUX MOJENEH y BHKJIANaHHI JUCHUIUIH 3
TEXHOJIOT1i TPUKOTA)KHOTO BUPOOHUIITBA J1a€ 3MOTY MOKa3aTH CKJIAJHI TEXHIYHI 00 €KTH Y BUTIIAI],
HaWOIIBII 3pYYHOMY IS CTYACHTIB, IPEACTaBUTH 1H(GOPMAIIIIO Y 3pYUHIN IJIs COPUUHATTS dhopmi
Ta € OJTHAM 3 HalOUIbII CydyacHUX Ta €()EKTUBHUX IILJISAX1B ITiIBUINCHHS SIKOCTI HAOYTHUX 3HaHb.

Pe3yabTaTn Ta ix odroBopenns. Ha 3acamax teopernuHoro miarpyats [1] po3pobieHo
CremiajdbHi aJrOpUTMH Ta KOMIT'IOTepHY mporpamy «Crpykrypa-3D» [2], mo mo3Bosse
CTBOPIOBAaTH KOMII'IOTEPHI TPHUBHMIPHI TEOMETPUYHI MOAENI KYJIPHOTO TPUKOTAXY TIJIAJKOTO
IUIATUPOBAHOTO, TUTIOIIEBOTO, (YTEpOBAHOTO TeperuieTeHb. [Iporpama HamwcaHa Ha MOBI
nporpamyBanHs AutoLisp [3, 4] 1 moxe OyTu BukopucTana mpu po6oti B cepenosuiini AutoCAD
2008 Ta y Oinpm HoOBHUX Bepcisix AutoCAD. 3amyck mporpamu BiiOYBaeTbCs 3 JTOKYMEHTY
AutoCAD uepe3 MeHro «MHCTpyMEeHTBI» > «3arpy3uTh NpuiokeHue». Jlam HeoOXiTHO 3HANTH
nupekropito, ae wmictutbes ¢aitn CTPYKTYPA-3D.Ist 1 3amyctutu mporpamy. 3amuTd [0
KOpHUCTYBaya, a TaKOX BBEJCHHS BHUXIJHUX JAaHUX BIIOYBaeThCS depe3 KOMaHAHUU pAIOK. Y
nporpami nepeadavyeHo MOXKIIUBICTh OOYAOBH MOJIETI CTPYKTYPH TPHUKOTaKy Ha OCHOBI BIJIOMHUX
napaMeTpiB CTPYKTYPH TPUKOTAXKY UM BUXOJSUH 3 3alIPABHOI JOBXMHU HUTKU B TIETIIL.

Ha puc. 1 npeacraBieHo cTBopeHy 3a JomomMoror mnporpamu «Ctpykrypa 3D»
KOMIT I0OT€pPHY FT€OMETPUYHY MOJIENb KYJIIPHOTO TPUKOTAXY TUIATUPOBAHOTO TIEPETICTCHHS.
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Puc. 1. TpuBuMipHa reoMeTpUYHA MOJECIIb CTPYKTYPH IHTETPOBAHOTO KYJIIPHOTO
TPHUKOTaXy IIaJKOr0 IIJIaTUPOBAHOIO NMEPEIIECTEHHS

BuxigHuMu JaHuMU JUTsE CTBOPEHHS BIpTyalbHOI MOJEINI €: MapaMeTpu CTPYKTYpH, JiHiiHa
T'YCTMHA HUTKH, )KOPCTKICTh HUTKU HA 3TMH, OTPUMaHa eKCIIEPUMEHTAIBHUM IIJISXOM, KYT TepTs Ta
BUJ CHPOBUHU HHTKH. Y XOJII PO3PAaxXyHKYy 3 ypaxyBaHHSM CHJI MDKHHTKOBOI B3aeMomii 3a
HaBEJICHOIO BUIIE METOJMKOI0 PO3PaxXOBYIOTHCS TEXHOJOTIUHI MmapaMeTpu. Jlaii BU3HAYAIOTHCS
KOOPJMHATH OMOPHUX TOYOK CIUIailHa Ta OyAyeThCS OChOBA JIiHIS BIpTyalbHOI HUTKH, Ha SIKii B
XapaKTepHUX TOYKAX IIJIOUYHCEITHbHUX 3HAYCHb MapaMeTpa aBTOMATHYHO 3HAXOIUTHCS HAINPSIMOK
JOTUYHOI Ta TOJIOBHOI HOpMalli. Y HOpMaJbHIH TUIONIMHI OyAyeThCs TU1acka (irypa, o BiITBOPIOE
KOHTYp IOIIEPEeYHOro nepepizy B AaHiil Touwi. Ilicns BiATBOpEHHS KOHTYpIB Mepepi3iB, mporpama
Oyaye TBepae Tino «3a mepepizamuy [1]. [licns moOynoBU TpUBUMIPHOT MOJENi, BOHA MOXe OYyTH
Bigpenarosana 3acodamu nporpamu AutoCAD. Kpim Toro, 3a gonomororo iHcTpymeHnTtiB AutoCAD
MO’XHA BH3HAYUTH i1 Maco-1HEPIiitHI XapaKTepUCTHKH, OTPUMATH PO3pI3H Ta Mepepizu, o0epTaTu y
MPOCTOPi, Ta OTPUMYBATH 300PKEHHSI Y PI3HUX MPOCSKITIsX.

3 METO TEepeBIPKH BIAMOBIAHOCTI TPUBHMIPHHX TE€OMETPHUYHHUX MOJAEIEH pealbHUM
00'ekTaM Ta iX peKOMEHMAlii 00 MOAAIBIIOT0 BUKOPUCTAHHS JUISl TIPOTHO3YBAHHS HapaMeTpiB
CTPYKTYPH Ta BJIACTUBOCTEH TPHKOTAXy TOMEPEIHO Ha B's3aJbHOMY O0OJIaJlHaHHI BHPOOJICHI
3pa3Kky IHTErPOBAHOIO TPUKOTAXKY BUIIE3a3HAUCHOTO MEPEIUIETEHHS MPH S5-TH PIBHAX 3alpaBHOI
JOBXHHM HUTKH B mieTii (5,1+7,1 MM 3 kpokom 0,5MM) Ta pi3HOMY HMO€IHAHHI BUIB TiApOQiTbHOT
Ta rigpoGoOHOi CHpOBUHU. 3amnpaBHi 1aHi HaBeaeH] y Tab. 1.
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TaﬁJ'[I/II[ﬂ 1. Buau 3aIIpaBoOK iHTerOBaHOFO TPUKOTAXKY I'IAAKOTO IIJIATUPOBAHOT'O IICPCIIJICTCHHA

Ne Bua cupoBunu Jliniiga
3paska IryCTHUHA

1 IpyHTOBa HUTKA — nojiedipHa Hutka (I1E) 16,7 Texcx2
IUTATUPOBOYHA HUTKA — OABOBHIHA MPsDKa 30 Texc

5 rpyHroBa HUTKa — [IE HuUTKA 16,7 Tekcx2
IUTATUPOBOYHA HUTKA — BOBHSIHA MPSIKa 31 tekc
rpyHToBa Hutka — [1E HuTka 16,7 Tekcx2

3 MJIaTUPOBOYHA HUTKA — BICKO3HA KOMIUIEKCHA OararodilaMeHTHA 33,2 Tekc
HUTKA

4 I'PYHTOBA HUTKA — noJiinpornisieHoBa Hutka (I11T) 16,7 Tekcx2
IUTATUPOBOYHA HUTKA — OABOBHIHA MPsDKa 30 Texc

5 rpyHToBa HUTKa — I1I1 HUTKA 33,4 Tekc
IUTATUPOBOYHA HUTKA — BOBHSIHA MPSIKa 31 tekc

5 rpynToBa Hutka — [1I1 Hutka 33,4 Tekc
MJIaTUPOBOYHA HUTKA — BICKO3HA KOMIUIEKCHA OararodilaMeHTHA
HHUTKa 33,2 Tekc

VY Tabn. 2 HaBeneHo Makpodororpadii ITUILOBOI Ta BUBOPITHOI CTOPIH IHTETPOBAHOTO

TPUKOTAXy TJIAJKOTO IUIATUPOBAHOIO NEpEeIUIETeHHS MpU JOBXKHHI HUTKM B meTii 6,1mm. Yci
JOCHIHI 3pa3Kd TPUKOTaXy IONEPEAHbO MPUBEACHO B YMOBHO-PIBHOBR)XHUN CTaH IUIAXOM
IIPaHHS.

Taéauusa 2. Makpodortorpadii 3pa3kiB TPUKOTaXKY TTIAAKOTO IIATHPOBAHOTO MEPETUICTEHHS

Homep Maxkpodororpadis

3paska

JIAIBOBOI CTOPOHU BHBOPITHOI CTOPOHU

1.3

2.3
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IIpooosocenns maon. 2

3.3

4.3

53

6.3

3a 3ampaBHUMHU JaHUMH pEAThbHUX 3pa3KiB, BUPOOJEHUX Ha B'S3IBHOMY OOJaJHAHHS,
o0y I0BaH1 KOMIT FOTEPHI TPUBUMIPHI TEOMETPUYHI MOJEII 1HTETPOBAHOTO KYJIIPHOTO TPUKOTAKY
IJIJIKOTO TUIATHPOBAHOTO TMeperuieTeHHs. Y Tabn. 3 mpencTaBieHO Mofewi, moOynoBaHi Hpu
CepeHhOMY PiBHI 3alpaBHOI JOBXWUHU HUTKUA B METTi. Y SKOCTI BHXITHUX JaHUX MPH MOOYIOBI
KOMIT' IOTEPHUX TPUBUMIPHUX TE€OMETPHUYHUX MOJEIEH CTPYKTYpH  TPUKOTAXy BHKOPHCTAHO
3HA4YEHHS IIIJILHOCTI Ta TOBIUIMHU TPUKOTAXKY BIJMOBITHUX €KCIIEPUMEHTANIbHUX 3pa3kiB. Ha ocHOBI
[IUX JaHUX TEOPETUYHO PO3PAaXOBAHO KOOPAMHATH XapaKTEPHUX TOYOK CIUIaiHA Ta KOOPIMHATU
OMIOPHUX TOYOK, IO BU3HAYAIOTh XapaKTep KPUBU3HU Ha KOXKHIHM 3 XapaKTepHUX IUISHOK. Y X0l
OJICpKaHHS KOMIT FOTEPHUX T€OMETPHUYHUX MOJEIel BCTAHOBJICHO EMIIPUYHI 3HAYCHHS KyTa
Haxwily JOTHYHOI Yy TOYIl TEPEIUIETeHHs Yy BIAMOBIAHOCTI MO CTPYKTYpH IHTETPOBAHOTO
TPUKOTAXYy, HOTO 3ampaBHUX AAHUX (BUAY CHUPOBHUHHU TipodiabHOrO Ta TiapodoOHOTO mapiB) Ta
MOIyJs meTii. BenuunHy KyTa migiOpaHo TakKMM YMHOM, a0 3a YMOBH 1JIGHTUYHOCTI MapaMeTpiB
CTPYKTYpH Y BIPTYQJIbHUX MOJEISIX Ta Y peajbHUX 3pa3Kax, JOBKHHA CIUIaliHA, 110 MPECTaBIsIE Y
BiIpTyabHIN MOJEIi OChOBY JIIHIFO HUTKH, BIAMOBiJaNa 3 TOXUOKOW * 5% MOBXHHI HUTKU B METII
BIJITIOBITHOT'O PEaJbHOIo 3pa3ka. Y pe3yibTari chopMoBaHO 0a3zy NaHUX PEKOMEHJIOBAaHUX 3HAYECHb
KyTa HaXWJIy JTIOTHYHOI y TOYII MEPETICTEHHS ISl PO3TIISIHYTHX 3Pa3KiB TPUKOTAXY.
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Tab6auusa 3. KoM’ roTepHi Moiei MeTeNbHOI CTPYKTYPH IHTETPOBAHOTO KYJIIPHOTO TPUKOTAXKY
IJIaTUPOBAHOTO MEPETIIETEHHS

Ne 3pazka JInnboBa cTopoHa BusopiTaa cropona
1.3

2.3

3.3

4.3

5.3

6.3

3 Metoro Bepudikamii po3poOSIEeHMX TPUBHUMIPHUX TEOMETPUYHHX MOJAEICH CTPYKTYpH
IHTETrpOBAHOIO KYJIPHOTO TPUKOTAXY BHIIE3a3HAUECHUX IEPEIICTEHb MPOBEICHO €KCIIEPUMEHT, Y
X0l SKOTO BH3HAYEHO NapaMeTpH CTPYKTypH BipTyanbHuX (komn'tepuux 3D wmopeneit) Tta
peanbHUX 3pa3KiB IHTErPOBAHOTO TPHKOTAXY IJIAJKOTO IJIATUPOBAHOTO INeperieTeHHs. Pe3ynpraTn
JTOCJTIDKEHD 3aHeceH1 y Ta0. 4.
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Ta6auus 4. [TapameTpu CTPYKTYpU TPUKOTAXKY TPUBUMIPHUX MOJETICH Ta eKCIIEPUMEHTAIbHUX
3pa3KiB IHTETPOBAHOTO KYJIPHOT'O TPUKOTAXY IJIATHPOBAHOTO MEPETIICTEHHS
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51| 1,16 0,8 1,00 39 51 5,29 3,68 4,5 4,29 -4,62
56 | 121 0,93 0,99 36 5,6 5,84 4,21 4,8 4,63 -3,46
1 (61| 1,31 1,05 0,98 28 6,1 6,36 4,23 51 5,04 -1,23
6,6 | 1,40 1,20 0,98 23 6,6 6,74 2,06 54 5,46 1,04
71| 147 1,25 0,97 20 7,1 6,91 -2,62 5,7 5,65 -0,84
51| 118 0,81 1,00 37 51 5,32 4,22 4,4 4,50 2,32
56| 1,30 0,92 0,98 35 5,6 5,61 0,16 4,8 4,77 -0,52
2 161 1,39 1,04 0,96 18 6,1 6,10 -0,06 5,2 5,29 1,79
6,6 | 1,47 1,18 0,94 17 6,6 6,47 -1,93 5,6 5,61 0,20
71| 154 1,25 0,94 5 7,1 6,93 -2,33 6 6,09 1,54
51| 1,18 0,83 0,99 25 51 5,21 2,14 4,5 4,52 0,40
56| 1,25 0,96 0,99 20 5,6 5,57 -0,61 4,9 4,88 -0,48
3 161 132 1,08 0,98 15 6,1 5,94 -2,59 53 5,24 -1,15
6,6 | 1,40 1,23 0,98 10 6,6 6,52 -1,15 5,7 5,82 2,11
71| 147 1,32 0,97 6 7,1 6,88 -3,03 6,1 6,18 1,36
51| 1,28 0,86 1,00 39 51 5,25 2,92 4,5 4,50 0,05
56 | 1,35 0,95 0,99 35 5,6 5,85 4,53 4,9 4,85 -0,93
4 161 140 0,95 0,98 25 6,1 6,04 -0,95 5,3 5,26 -0,76
6,6 | 1,56 1,20 0,98 22 6,6 6,54 -0,95 5,7 5,85 2,69
71| 1,66 1,32 0,97 20 7,1 6,91 -2,65 6,1 6,00 -1,71
51| 1,30 0,83 0,99 37 51 5,24 2,81 4,5 4,70 4,39
56 | 1,37 0,93 0,99 35 5,6 5,83 4,19 4,9 4,96 1,14
5 161 1,49 1,00 0,98 20 6,1 6,25 2,51 53 5,39 1,69
6,6 | 1,64 1,15 0,98 14 6,6 6,83 3,43 5,7 5,94 4,24
711 1,75 1,25 0,97 6 7,1 7,39 4,04 6,1 6,27 2,71
51| 1,28 0,84 1,00 26 51 5,34 4,68 4,5 4,50 -0,01
56 | 1,39 0,93 0,99 20 5,6 5,69 1,57 4,9 4,85 -1,04
6 |61 145 1,04 0,99 16 6,1 6,01 -1,42 53 5,18 -2,33
6,6 | 1,64 1,18 0,98 12 6,6 6,58 -0,25 5,7 5,74 0,71
711 1,69 1,27 0,98 6 7,1 6,97 -1,77 6,1 6,14 0,71
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Ha ocHOBI crmiBCTaBieHHsI 3HAUEHBb MapaMeTpPiB KOMIT IOTEPHUX T'€OMETPUYHHUX MOJENEH 3
napamMeTpamH BiJMOBIIHUX 3pa3KiB TPUKOTAXKY BUSBJICHO, 110 BIAXWJICHHS HE MEPEeBUIYIOTh T 5%,
IO MiATBEpIKYE aIEKBAaTHICTh OJICP)KAHMX KOMIT IOTEPHHX TE€OMETPHYHHX Mojened Ta ix
BIJIMOBITHICTh peaTbHUM 00’ €KTaM.

0 Komn'totepHoi mogeni 0O 3paska TprKoTaxy

@ Komn'totepHoi mogeni @ 3paska TpuKoTaxy

N7

ol

6 . 3 R

B netni, MM

B Nemii, MM
N
|
JloBXWHa rPYHTOBOT HUTKU

Ea A

RN RN RN NN NN

P A A A

T T T T T T T T T T T

FAP AP A A S A
T T T S T A Y
//////////////:I
\\\\\\\\\\\\\\\l
P AP A A S A A A A A
T T T T N Y

J[loBXuWHa NNaTMpoBOYHOT HUTKKN

S
e
AR RN

A

PiBeHb sanpaBHOT AOBXWHU HUTKK B neTni

33

1 2 3 4 5

PiBeHb 3anpaBHOT AOBXUHU HUTKK B neTni

Puc. 2. Pezynbratu Bepudikaiii po3po0iaeHnX TPUBUMIPHUX T'€OMETPUYHHUX MOEIICH
IHTETPOBAHOI'0 KYJIIPHOTO TPUKOTAXY IIATUPOBAHOTO MIEPEILICTCHHS

[ToOymoBaHi 3a pe3ynbraTaMu JOCTiIKeHb rictorpamu (Puc.2) mOBXWH TUIATUPOBOYHOI Ta
IPYHTOBOI HHTOK B METJISX IHTETPOBAHOTO TPUKOTAXY IUIATUPOBAHOTO TMEPEIUICTCHHS, MpU
BUPOOJICHH] SIKOTO y SKOCTI TUIATUPOBOYHOI HUTKH BHUKOPHCTAHO OABOBHAHY NPsDKY KapaHOT
CUCTEMU TMPAIIHHS JiHIHHOT TycTHHH 30 TEKC, y SIKOCTI IPYHTOBOI — MOJIMPOMiJICHOBY KOMIUIEKCHY
OararoilaMeHTHY HHUTKY JiHIHHOI TycTuHH 33,4 TEKC, HarJAIHO UIIOCTPYIOTh HE3HAYHI
BIIXWJICHHSI 3HA4Y€Hb JIOBXMH HUTOK B METJISAX KOMI FOTepHUX 3D Mojaenel Bij 3pa3KiB TPUKOTAXKY,
BUPOOJICHUX Ha B'3aJbHOMY 00JIaTHaHHI.

BucHoBkmu. 111x0M TpUBHMIpHOTO aBTOMAaTH30BAaHOTO MOETIOBAHHS T'€OMETpPii HUTOK B
CTPYKTYpi I1HTEIpPOBAHOTO KYJIPHOTO TPUKOTaXy IUIATHPOBAHOTO TEPEIUIETCHHS BCTAHOBIICHO
XapaKTePUCTHKH MapaMeTpiB CTPYKTYPU TPUKOTaxy. Pesynabratu mocmikeHb koMmm roTepHux 3D
MoOJIeNiel CTPYKTypU TPUKOTa)xy 3IIBCTABICHO 3 pealbHUMH O0O0'€eKTaMH 3pa3KiB TPUKOTAXKY,
BHpOOJICHUX Ha B's3alibHOMY oOJnagHaHHI1. Bepudikairis po3po0ieHrX TPUBUMIPHUX T€OMETPUUHUX
MOJIeJICH THTErPOBAHOTO TPUKOTAXKY IMIATBEpUiIA iX aJeKBaTHICTh Ta MOXKJIUBICTh BUKOPHCTAHHS
JUIS TIPOTHO3YBaHHSI MapaMeTpiB CTPYKTypH Ta BiacTuUBocTed. [[ns moOymoBH TpUBHMIpHUX
TE€OMETPHUYHUX MOJIEJICH IHTErPOBAHOTO KYJIIPHOTO TPUKOTAXKY, PO3TIIIHYTUX CTPYKTYP 1 3aIpaBok,
BCTaHOBJICHO PEKOMEHOBaH1 eMITipHYHI 3HAUEHHsI KyTa HaXWJTy JOTHYHOI y TOYI MEeperyIeTeHHSI.

[TpoBeneHi ekcriepuMEHTaIbHI JOCIIPKEHHS! CBIIYaTh PO BiAMOBITHICTh TEOPETUYHOI Oa3u
TPUBHMIPHOTO MOJENIIOBAHHS 33JaHOMY PIBHIO TOYHOCTI Ta MOXJIHMBICTH ii BHKOPHCTaHHS B
YHIBEpCAJIbHUX MPOTPAMHO-aHATITHYHUX KOMIUIEKCAX, SKI JO3BOJISIOTH HAa OCHOBI 3arajlbHHX
3aKOHIB (DI3UKM Ta TEPMOJMHAMIKH pO3pPaxOBYBAaTH BIACTUBOCTI O0’€KTIB Ie Ha cTamii ix
TEXHOJIOTIYHOT'O MTPOEKTYBaHHSI.
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NCIIOJIB30BAHUE KOMIIBIOTEPHBIX TPEXMEPHBIX TI'EOMETPUYECKHUX
MOJEJEM TETEJABHOH CTPYKTYPbI TPHUKOTAXKA B BHUPTYAJIBHBIX
IKCIIEPUMEHTAX.

I'AJTABCKAA JLE., EJIMHA T.B.

Kueesckuii hayuonanvHulil yHugepcumem mexHoio2uil u Ou3atiHa

Heas. Bepudukauus pa3pabOTaHHBIX  TPEXMEPHBIX  TI'COMETPUYECKUX  MOAETeH
MHTETPUPOBAHHOIO TPUKOTa)ka IJIAJKOr0 IUIATUPOBAHOTO MEpPEIUIeTEeHUs Ui MOATBEPXKICHUS UX
a/JIeKBaTHOCTU M BO3MOXKHOCTH HCIIOJIB30BAHUS AJI MPOTHO3MPOBAHUS IApPaMETPOB CTPYKTYphl U
CBOWCTB TPUKOTAXKA.

Metoauka. Mcnonp3oBaHa aBTOpPCKas METOJUKA KOMIBIOTEPHOIO  TPEXMEPHOIO
reOMETPHUECKOr0 MOJIEIIMPOBAHNUS CTPYKTYpPhI TPUKOTaXa U OOLIEU3BECTHBIA METO/] UCCIIEIOBAHUS
XapaKTePUCTHK CTPYKTYPHI TPUKOTAXXKa C MUCIOJIb30BaHUEM AJIEKTPOHHOrO MUKpockona (usb digital
microscope MM-2288-5X-S).

Pesyabrarel. B Xozxe IpOBEACHHBIX HKCIEPUMEHTAIbHBIX HCCIEAOBAHUN YCTAHOBIIEHO
XapaKTEPUCTUKH CTPYKTYPhl TPUKOTAKa BUPTYaAJIbHBIX MOJEIIEH, MOIY4YE€HHBIX IIyTEM TPEXMEPHOTO
re€OMETPHUECKOT0 MOJICIHPOBAHHUS, M PEAIbHBIX 00pa3lloB TPUKOTAXKa TJIAIKOTO IJIATHPOBAHOTO
HEepPEeIUIeTEeH s], U3TOTOBIEHHBIX Ha BA3AJIbHOM OOOpPYIOBAHMU C PA3JIMYHBIM COYETAaHHEM BHIIOB
CBIPBS T OPMUPOBAHUS TUAPOGUIBLHOTO U TUAPOodoOHOTO cinoeB. [ToaTBepKAeHA aIEKBAaTHOCTh
pa3paboTaHHBIX MOJEIEH M COOTBETCTBUE TEOPETUYECKOH 0a3bl TPEXMEPHOTO MOEIUPOBAHMS
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33JaHHOMY YPOBHIO TOYHOCTM M BO3MOXKHOCTH €rO HCIOJB30BaHUS B YHUBEPCAIBHBIX
POrPaMMHO-aHAIUTHYECKAX KOMIUIEKCAaX, KOTOPHIE IO3BOJIIIOT HA OCHOBE OOIIMX 3aKOHOB
Gu3MKH W TEPMOAMHAMHUKU DPACCUUTHIBATE CBOWCTBA OOBEKTOB €Il€ Ha CTaAuUd HX
TEXHOJIOTUYECKOI0 TPOEKTUPOBAHMSL.

Hayynass HoBu3Ha. Pa3paboTaHbl BUPTyaJIlbHble TPEXMEpPHBIE I€OMETPUYECKHE MOJEIH
CTPYKTYpPbI KYJIUPHOTO TPUKOTaXa IJIATUPOBAHOTO MEPETIETEHUS, KOTOPBIE aJIEKBATHO ONHCHIBAIOT
CTPYKTYPY peaibHOTO OOBEKTA.

IIpakTHyeckass  3HAYMMOCTb. YPOBEHb  TOYHOCTH  IIOJYYEHHBIX  TPEXMEPHBIX
T€OMETPUYECKAX MOJENEH  CTPYKTypbl TPHUKOTaKa IIO3BOJISIET  HUCHOJIB30BaTh HX  JUIA
IIPOrHO3UPOBAHUS TAPAMETPOB CTPYKTYPhI U CBOICTB.

Knwouesvie cnosa: mpexmepnas eceomempuueckas Mmooenb CMPYKmMypvl MpuKomaxicd,
BUPMYANIbHAS MOOENb, UHMESPUPOBAHHBIL MPUKOMAIIC, NPOCHO3UPOSAHUE CEOLICIE MPUKOMAICA.

USING OF COMPUTER 3D GEOMETRIC MODELS OF THE KNITTED STRUCTURES
KNITWEAR FOR VIRTUAL SIMULATIONS.

GALAVSKA L.JE., IELINAT.V.

The Kiev National University of Technologies and Design

Purpose. Verification of the new-developed three-dimensional geometric models of
integrated plating plane structures to verify their adequacy and use for parameters and properties
prediction.

Methodology. The author's technique of computer 3D geometric modelling of knitted
structures and well-known method of knitting structure characteristics study have been used with
electron microscope (usb digital microscope MM-2288-5X-S).

Findings. In the course of experimental studies geometric characteristics of virtual models
obtained by three-dimensional geometric modelling and real samples of plating plane knits,
manufactured with different types of raw materials for the formation of hydrophilic and
hydrophobic layers have been studied. The adequacy of the developed models and matching of
theoretical framework of three-dimensional models of a necessary level of accuracy and the
possibility of their use in universal software and analytical systems that allow to calculate the
properties of objects at the stage of technological design on the base of general laws of physics
and thermodynamics.

Originality. A virtual 3D geometric models of the structure of weft plane
plating knits that adequately describe the structure of the real objects have been worked out.

Practical Value: the level of accuracy of obtained three-dimensional geometric models of
the jersey allows their use for predicting of structure parameters and properties.

Keywords. 3D geometric model of the jersey, the virtual model, integrated knitwear,
knitwear properties forecasting.
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