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Mema. /[locniOxxeHHA MOX/UB0OCMI 8UKOPUCMAHHSA Cy4dCHO20 Nnpo2pamHo20 3abe3nedyeHHA O/
nidsuujeHHs AKOCMIi ma cKkopo4YeHHs npoyecy 2padayii 1ekan 0415 8upobie pi3HUX PO3MIPHUX 2pyn 8
yMo8ax Masnoeo nidnpuemcmaa.

Memoduka. [locnioxeHHA 6a3yemeca Ha BUKOPUCMAHHI 3G2a/1bHOHAYKOBUX Memoodi8 NOpIBHA/IbHOZO,
8(3ya/1bHO-AHANIMUYHO20, CUCMEeMHO-IHOPMayiliHo20 ma cmpyKkmypHo-g@yHKYIOHA/IbHO20 aHAI3Y.

Pesynemamu. /[lna OocszHeHHA nocmassieHoi mMemu 8 pobomi npoaHanizoeaHi MOX/aueocmi
epacjjiw-/ux ma napamempudHux CAIIP oaﬂey ona OMPUMAHHSA AKICHUX OCMAMOYHUX /1eKaa 8
npoyec Ix mexHi4Ho20 PO3MHOXEHHSA HA PI3HI po3mipHi epynu eupobis. Poskpumo ocobusocmi ix
8UKOPUCMAHHA MA PYHKUYIOHANbHI MOX/IUBOCML. BUSHAYeHI nepesazu 8UKOPUCMAHHSA NAPaMempuUyHUX
asmomamu3oeaHux npozpam Ha npuknadi CAlP «[payis» 015 3a0a4 KOHCMPYKMOPCbKOL Nid20mMosKu
8UpobHUYMEa. 3anponoHO8aHa yoOoCKOHAeHa cxema nocidosHocmMi nobydosu ma epadayii 1ekan y
NOPIBHAHHI 3 [CHYrOYO, Wo 00380/15€ 3a0Wyadxysamu 4ac ma pecypcu nionpueMcmesa. BusHavyeHo
0CHoBHUU Habip iHcmpymeHmis ma dodamkosi 3acobu 015 npoyecy epadayil. Ha npuknadi xiHo4ol
CnhiOHUY( sBukoHaHa anpobayia 3anponoHo8aHoi nocaidosHocMi npoyecy ma po3pobieHi ocmamoyHi
J1eKana, AKicme AKux 6y/1a nepesipeHa 3a paxyHoK 8UKOPUCMAHHSA 8ipmyaibHUX NPUMIPOK Ha 4ugposux
MaHekeHax 8i{0nosi0HUX po3mipie ma nidmeepoxeHa 8 Npoyeci 8U20MOBJIeHHs Mecmosux 3paskis.

Haykoea Hoeu3Ha. 3anponoHo8aHo nidxid, WO y3a2d/bHIOE Ma cnpoujye npoyec adanmayii
[CHYyr4UX [HCMpyMeHmi8 agmomamu308aHol epadayil nekan 018 supobis pi3HUX pO3MIPHUX 2pyn.
3anponoHosaHo an2opumm yOoCKoHAAeHoi nocaidosHocmi nobydosu ma epadayii ocmamoYHuUX JeKan
Y NOPIBHAHHI 3 ICHYHOHYOK 3 Memor CKOPOYEHHA 8UMPAM HYacy Ha KOHCMPYKMOPCbKY nid2omosKy
gupobHuUymea.

Mpakmu4Ha 3Ha4yumicme. BukoHaHa anpobayis 3anponoHo8aHo2o anzopummy nobydosu ma
2padayii nekas, pesybmamom 4020 CMajau KOMNJieKmu ocmamoyYHuX 1eKaa XIHo4Yux cniOHUYb Ha
pi3Hi epynu po3mipis. [idomeepdxeHa HeobXiOHICMb NnpogedeHHs 8ipmyaabHOl NPUMIPKU 1eKaa Ha
yugposux MmaHekeHax 018 KOXHO20 po3mipo-3pocmy abo 018 2pynu po3mipie (Mani, cepedHi, 8esuKi)
3 Memor KOHMpOoJIHo AKocmi nocadku supobie Ha munosux abo iHOUBIOyanbHuUX gieypax. 3 Memoro
2apMoHi3ayii cnpuliHammas supoby Ha gi2ypi rOUHU Ma nponopyiliHo2o 83aEmMo38's3ky demael
po3pobsieHi npono3uyii uWjodo 8eNu4UH KOHCMPYKMUBHUX e/leMeHmIi8 CniOHUYb XIHOYUX OIS pi3HUX
PO3MIpHUX 2pyn, MAkux K 2U6UHU cKAAOOK, WUPUHU NIAHOK, 2a6apumHi po3mipu KUuwieHs, WUpUuHU
03006.1108aHUX CMPOYOK MOWO.

Knrouoei cnoea: cucmema asmomamu3zosaHozo npoekmysarHs (CAlP) o052y, KoHCmpykmopceka

nidzomoska supobHuUYymea, epadayis (mexHi4yHe po3MHOXeHHS) 1eKaJ, KOHCMPYKMuUeHUU eseMeHm,
0CMamoyHi siekanda.
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RESEARCH OF AUTOMATED PATTERN GRADING PROCESS FOR PRODUCTS OF DIFFERENT SIZE
GROUPS IN SMALL ENTERPRISE

ZUBKOVA L.I., IHNATENKO LV.
Kyiv National University of Technologies and Design, Ukraine

Purpose. The objective is to investigate the possibility of utilizing modern software to enhance the
quality and streamline the pattern grading process for products of various size groups within the
context of a small-scale enterprise.

Methodology. The research is based on the utilization of interdisciplinary methods, including
comparative, visual-analytical, systemic-informational, and structural-functional analyses.

Results. To achieve the set goal, this work analyzed the capabilities of graphic and parametric Computer-
Aided Design (CAD) software for obtaining high-quality final patterns during the process of technical
reproduction for various size groups of garments. The usage and functional capabilities of these software
tools were explored. The advantages of utilizing parametric automated programs, exemplified by the
"Grazia" CAD system, for production design tasks were identified. An improved sequence of pattern
construction and grading was proposed, comparing it with the existing method, which results in time
and resource savings for the enterprise. The main set of tools and additional means for the grading
process were determined. Using a women's skirt as an example, the proposed process sequence was
validated, and final patterns were developed. Their quality was verified through the use of virtual
fittings on digital mannequins of appropriate sizes and confirmed during the production of test samples.

Scientific novelty. A proposed approach has been presented that generalizes and simplifies the process
of adapting existing automated pattern grading tools for products of various size groups. An algorithm
for an improved sequence of pattern construction and grading has been suggested in comparison to
the existing method, aiming to reduce the time spent on production design preparation.

Practical value. The proposed algorithm for pattern construction and grading was validated, resulting
in sets of final patterns for women'’s skirts in various size groups. The necessity of conducting virtual
fittings of patterns on digital mannequins for each size-height combination or size groups (small,
medium, large) was confirmed to ensure the fit quality of garments on typical or individual body shapes.
In order to harmonize the perception of the garment on the human figure and establish proportional
relationships between garment components, suggestions were made regarding the dimensions of
structural elements for women's skirts in different size groups, such as pleat depths, waistband widths,
pocket dimensions, decorative seam widths, and so on.

Keywords: Computer-Aided Design (CAD) system for clothing, production design, pattern grading
(technical reproduction), structural element, final patterns.

Bcmyn. CyyacHi cnctemmn aBToMaTn3oBaHOro
npoektysaHHa (CAlP) opAary npornoHytoTb
BENMKMIM Habip yHKUIM | MOXaMBOCTEM Ta
3abe3neuytoTb aBTOMAaTM30BaHe BUKOHAHHA
BCiX eTaniB MPOEKTYBaHHA LUBEMHOro BMpPOObY,
MOYMHAKOUN 3i CTBOPEHHA ecKi3y 3a A0MOMOroro
rpadivyHMX peAakTopIB i 3aKiHUYHOUM OAATaHHAM
BipTya/sibHOro BUpoby Ha LUMPOBUA MaHEKEH.
MocnigoBHICTb PO3pPOHKM HOBOI MOAENi OAATY B
aBTOMAaTU30BaHOMY PeXMMIi Aello BiAPI3HAETbCA
Bif, TPAANLIMHOIO “pPyYHOro” MNpPOEKTYBaHHS.
Ha cyuyacHomy eTani po3BWTKY aBTOMaTuM3auii
weerHoi rany3i CAlP noginsatoTbCA Ha ABi
rpynu: cuctemn 2-CAD/CAM, fAKi BUKOHYHOTb
ABOBVMIPHE  KOHCTPYIOBAHHA, Ta CUCTEMMU
3-CAD/CAM, dki BMKOHYIOTb MPOCTOPOBE
KOHCTpYytOBaHHA ogary. lNepwnin Bug cuctem
6a3yeTbca Ha BMKOPWUCTaHHI  AUCKPETHOI
iHbopmMmauii nNpo po3MipHi 03HakuM irypu

NIOANHW Ta CNPAMOBAaHI Ha CTBOPEHHSA N1ackoro
KpecneHHsA KOHCTPYKLIT AeTanen oaary. [pyrum
BUA cucTeM 6a3yeTbca Ha BUKOPWCTaHHI
BMXi4HOI IHPoOpMaLii y BUrAaal  TPUBUMIPHOTO
306paxkeHHA Qirypu NHOANHU Ta IHXKEHEPHUX
MeToAaxX KOHCTpytoBaHHA. BoHW cnpsamoBaHi
6e3nocepesHbO Ha 06'€eMHO-NPOCTOPOBY GOPMY
BUPOBY, Ae KOHCTPYKLIiA ByAyeTbCA K pO3ropTka
06'eMHOI  MOBeEpPxXHi Mogeni Ha MNAOWMHI [
1,2,3,14,15].

Ha puHKy YkpaiHu npeactaBneHo 6am3bko
20 CATP, po3pobHMKaMu AKNX € 3aKOPAOHHI Ta
BITUM3HAHI GipMun. Hanbinbw Bigomumu €: Lectra
systems (®paHuis), Investronica systems (IcnaHis),
Gerber Garment Technology (CLUA), Grafis
(Himeuunna), Novo Cut systems (HimeuuunHa),
Pad systems (Kanaga), Optitex (I3painb), Consult
(bonrapis), Gemini CAD (TypeuuuHa), JULIVI
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(¢. CAMP-Nlernpom, M. JlyraHcbk), pauia (¢.
IHpokom, M. XapkiB). Lli cuctemn possonatotb
BMKOHYBaTM B aBTOMAaTU30BaHOMY pPeEXMMi
GinblWicTb BUAIB POBIT KOHCTPYKTOPCbKO-
TEXHONOTYHOI  MiATOTOBKM  BMPOBHULITBA,
BK/IKOUAKOUM rpajauito nekan. Bigomo, wo
po3pobka mogenen oaary Ans NPOMUCIOBOro
BI/IpO6HMLI,TBa 34iNCHIOETECA  Ha 6a3oBun
PO3MIp i 3picT y PEKOMEHZOBAHI PO3MIpHIN i
MOBHOTHIW rpynax. [MpoLec po3pobkun KoMMAeKTy
Nnekan fetanen oAsry pisHUX po3MipiB i 3pocTy
Ha OCHOBI JieKkan-opuriHanie aetaner BUpoby
CEPeAHbOro  PO3MIpPO-3pOCTy  3A4iIMCHHOETLCA
MeToAamMu rpagauii nekan.

YaockoHaneHHs rpagadii 1ekan 34incHI0ETbCA
B ABOX HanpAaMax: YAOCKOHa/JIeHHA NPUHLMNIB
(TeopeTnYHMX OCHOB) rpajaLiii nekan Ta TeXHIKM
(NpakTUUYHUX NpUnOMIB) rpagaLii. PaLioHanbHWIA
MeTOoZ rpagaLiii nekan noBuMHeH 3abe3nevyBaTy
OTPVMaHHA BMpPObBIB OAHAKOBOI MOCAAKM |
06'eMHO-NNacTMyHoro obpasy Ha dirypax Ak
cepefHboro, Tak i KpalHbOro PO3MipO-3pPOCTy.
MiHAMBICTb PO3MIpHMX O3HaK Giryp BU3Hayae
BE/NMUYNHN 3MIHIOBaHHA JeTaneln Ha OMOPHMUX
AinsHkax Bupoby. Ha HeonopHux AinsHkax
3MIHIOBaHHA AeTanelr 3a po3MipaMu i 3pOCTOM
3aN1eXWUTb LLie 1 BiJ CUAYETHOTO pilleHHs BUPOOY.
Mpwn ubOMy Cnlif BpaxoByBaTW, WO NpubaBkK
Ha AWHaMiKy pyxiB, MOBITPAHMIM MpPOLIAPOK,
KOMMO3uLito AnA BUPOBIB cepefHix i KpanHix
PO3MipiB TakoX pi3Hi [4].

PO3MHOXeHHA nekan fgetanen € OAHUM i3
HanbiNbL TPYAOMICTKUX Ta CKNAAHUX TEXHIYHMX

3aBAaHb KOHCTPYKTOPCbKOI MiZAroTOBKM
BMpPOOHMLUTBa oaAry Ta BKAOYae B cebe
OTPVMMaHHA  KOMMEKTIB JeKan MnoTpibHUX

PO3MIpiB, 3pOCTIB Ta MOBHOT Ha OCHOBI JeKa
6a30BOro po3mipo-3pocTy LWASXOM 36iNblUEHHS
ab0 3MeHLUEeHHS BigNOBIAHWX AeTanen BUXIgHOTO
po3Mmipy. lpagauia Ao3BONAE ajanTyBaTh AeTani
OAAry A0 Pi3HMX PO3MipiB Tina, 3abe3neuyroun

npu Lbomy 36epexxeHHs GopmMU Ta CTUNICTUKM
Mozen.

IcHye ABa cnocobu PO3MHOXWUTU nekana:
CNocoboM MOCTIMHUX NPUPOCTIB (3a CxemMamu) y
KOHCTPYKTUBHMX TOUKaX Ta LUISXOM nepebysoBm
anropuTmy.

B nepwomy Bunagky nekana iHWUX Po3MmipiB
OTPVIMYHOTb LLIAXOM MPOMOPLINHOTO 36i/bLUEHHS:
abo 3meHLWeHHs nekan 6a30BOro po3Mipy.
Len cnoci6 € HabamxeHUM, BUKOPUCTaHHSA
MOro Mo>e mnpuBeCTM A0 HEeBIAMNOBIAHOCTI
AOBXWHW  Ta KOH®Irypauii 3'eAHyBaHNX 3pi3iB,
CNPSAXEHOCTI NeKan, a TakoX O MOpYyLUeHHS
nocagkm Ta 6HanaHCOBMX XapakKTepucTuk,
noripweHHs akocTi Bupoby. Lo aani po3mip
3HaXOAMTbCSA Bif 6a30BOro, TO 3HAYUHILLIMM MOXe
6yt HeBignoBigHICTb. | Xoua rpagauis yepes
BE/IMYNHN NPUPOCTIB He 3armace baraTo vacy Ha
PO3MHOXEHHA NeKan, NoTIM MOXHa BUTPaTUTH
rOAVHW Ha NepeBsipKy Ta KOpUryBaHHs. [6].

ANbTepHATUBOK BULLE3a3HAYEHOMY METOAY
€ nepebysoBa snekan y KOXHOMY pPO3Mipi Ta
3POCTi 3 BUKOPUCTAHHAM BiJMOBIAHNX 3HAaYeHb
PO3MipHMUX 03HaK. TOHBTO AN KOXHOTO HOBOrO
pPO3Mipy HeobXifHO MOBTOPUTM Ti X Aii, AKi
6ynn BUKOHaHI npu nobyaosi nekan y 6azoBomy
po3mipi. Ller cnoci6 possonse 3abesneuntu
BMCOKY AKICTb leKan y BCiX pO3Mipax Ta 3pocTax,
ane noTpebye 3HaUHO HinbLue yacy.

O6unasa cnocobu  rpagauii  faBHO
aBTOMAaTM30BaHO B crneuianizoBaHux
KOMM'HOTEPHUX nporpamax (cnctemu

aBTOMaTM30BaHOro npoekTyBaHHA abo CAIIP),
O 3HaYHO CMPOLLYIOTE, MPUCKOPHOOTE CaMm
npouec i MoKpaLlytoTb TOYHICTb OTPUMAHNX
pe3yanaT|B 3aranom, CAIP  BupiwyroTb
LWINPOKWIA  CMeKTP 3a4a4  KOHCTPYKTOPCLKO-
TEXHONOrYHOI  MIATOTOBKM | OpraHisauii
WwBerHoro BupobHuuTea [8] (puc.1).

Puc.1. 3apaui, aki Bupiwytorb CAMP oasary

Bci CATP ogary MoXxHa yMOBHO no,u,mvm/l Ha
ABI BeNUKi rpynu: rpadiyHi Ta napameTpuyHi (3a
Ccnocobom oTpuMaHHA KpecneHHs). OcTaHHi, B
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Benvika kinbkicte CAMP, AKi CbOroAHi NPUCYTHI
Ha PWHKY, € rpadiyHmn. Ha nepwimi nornsag,
poboTa B HMX MOXe 34aTVCA NPOCTILLIOK, HIX B
napamMeTpUYHUX Nporpamax, ane npu BHECEHHI
3MiH y npouec nobysoBM OAHOrO Jsekana
BIAMOBIAHI 3MIHM He BPAaXOBYHOTbCA B IHLUMX,
B3aEMOMOB'A3aHMX 3 HUM aekanax. Hanpuknag,
AKWO KOHCTPYKTOp BiApeAaryBaB JOBXWUHY
NPoOMMK, AOBXMWHY OKaTa pykaBa JOBeAeTbCA
nepesipAaT | peaarysaty gogatkoso [11]. TobTo,
B pe3y/bTaTi OTPMMYEMO JieKana, rpagyBaTti AKi
MO>Ha TilbkM CNOCOHOM MOCTINHWUX NPUPOCTIB
Yy KOHCTPYKTMBHMX TOYKaX, a Liel cnocib aae
AOCUTb HabBAMXKEHUIN pe3ynbTaT, 0COBANBO Ha
LUMPOKUX PO3MIPHMX pAAaX.

Ha BigmiHy Big rpadiyHux nporpam,
napameTpuyHi nporpamu A03BONIAOTH
3abe3neunT” B3aEMO3B'A30K JeTanen Ta ix
OKpeMux AiNSHOK nij 4ac nobysoBu nekan.
Mpy BHECEHHI 3MiH B OAHY AeTanb BiAMOBIAHI
3MiHW aBTOMaTUYHO BHOCATLCA Y NOB'A3aHI 3 Heto
nekana. B napametpunuHmnx nporpamax rpagauis
peanizoBaHa LUAAXOM NepebyAoBM anroputMmy
AN KOXKHOTO po3Mipy, Lo 3abe3nevye HanBuLLy
AKICTb PO3MHOXEHHA Nekan. Kpim Toro, HasBHICTb
HeobMmeXeHOi  napameTpu3auii  nobyaosu
KOHCTPYKLi AO3BO/IAE BPAaXxOBYBaTW He TiIbKK
yHipikoBaHi abo HOpMani3oBaHi KOHCTPYKTMBHI
XapakTepuCTUKN  (Hanpukaag,  BeANYUHK
NPWUNYCKiB, PO3MiPWN KOHCTPYKTUBHUX €leMEHTIB
TOWO), ane W MNOKa3HUKM BAACTMBOCTEN
MaTepianis, Hanpuknag, CTyniHb Yycagku no

Tabanus 1.

AOBXWHI  Ta LWWPWHI  TKaHWHKW, BeANYUHY
PO3TAXHOCTI MaTtepiany Towo [12].

3akputi  napameTtpuuHi  CAMP  patotb
MOX/MBICTb  OTPMMYyBaTWM  HOBI  MOZEJbHI

KOHCTPYKL,ii LUNSXOM MepeTBOPEHHA TOTOBUX
6a30BMX KOHCTPYKLiK, WO € B nporpami. B akince
Mipi, TaKWI Nigxis 06MeXye KinbKiCTb MOMUOK,
AKMX MOXe MpPUMYyCTUTUCA KOHCTPYKTOp, ane,
pa3oMm 3 TUM, Lie 0bMeXye caMoro KOHCTPYKTopa
B peani3aLii HecTaHAAPTHMX TBOPUMX 3aAyMiB.
[o npuknagy, nobyayBatn KOHCTPYKLitO 3a
aBTOPCbKUM, HanpalboBaHMM 3a barato pokis
NPaKTUKK, METOAOM B TaKOMY CEpPEeAOBMULLI BaXXKO
abo Hemoxnmeo. pagauia B Taki nporpami
BifOyBaETbCA aBTOMATU4YHO, ajse BMJMBY Ha
Hel KOHCTPYKTOP He Ma€ abo Ma€e MiHiMaibHUM
[1,13].

Hanbinbwe cBoboam i iHCTpymeHTiB daxiBeLb
oTpumye B napameTtpuuHin CATP BigkpuToro
TMNy. HaABHICTL anroputMiB  MOCAIAOBHOTO
3anucy nobyaoBu KpecseHb Ta 0GOpPMAEHHSA
Nekan J03BONAOTb BHOCUTU 3MIHN B KOHCTPYKLLIFO
Ha byAb-aKkomy eTani nobyaosun. KoHcTpykTOop
Mo>Ke TBOpUTK, ByayBaTh 3a ByAb-AKOHO, B TOMY
YNUCAI | BAACHOK METOAMKOK, @ HafaluTyBaBLUW
rpagaLito 3a ZOMNOMOrOHO ICHYHOUMX NapameTpiB,
rapaHTyBaTh AKiCTb BUPO6IB y BCiX po3Mipax i
3pocTax, a TakoX OTPUMYBaTK ieKana He TibKK
Ha TMNOBI, ane i Ha iHAMBIgyanbHi ¢irypu [10,11]
(tabn.1).

MopiBHAHHA rpadiuHnx Ta napameTpuuHnx CAMP opary

MocTaHoBKa 3aBAaHHSA. 3 MeTOo 3abe3neyeHHs
AKOCTI OTPUMaHHA NiCAA rpajauii 0CTaTOUYHNX
NleKkan Ha pisHi rpynu po3mipis, 6ys10 noctaBieHe
3aBZlaHHSA BUBYEHHS MOXJ/MBOCTEN Cy4aCHUX

CATIP Ta iX IHCTPYMEHTIB WO0A0 YAOCKOHANEHHS
TEXHIKM PO3MHOXEHHS J1eKan B YyMOBaxX Maaoro
niANpPUeEMCTBaA.
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Pesynemamu docnid)keHHa. Buxoasun
3 BWLIE3a3HAYeHOro, Ha npukaagi Maaoro
NiANPUEMCTBA, WO NPALLOE 3a 3aMOBJEHHAMM
iHo3eMHuMXx ¢ipM, byna 3anpornoHoBaHa Ta
anpoboBaHa NOCNIAOBHICTb BUKOHAHHSA rpaauii
nekan, WO Jo3BosA€e 3abe3neunmtn BUCOKY
AKICTb BMPOOY MpW 3MEHLUEHHI BMTPAT 4acy.
Po3pobka Ta rpagauif nekan 3gincHoBanach B
BigKpuTIn napameTtpuuHin CAMP «lpauis», ska
Ma€E HeobOXiAHWIM | JOCTaTHIA IHCTPyMeHTapin
ANS BUpPIWEHHA noctaBneHux 3agady. B CATP

«[paLis» eTann KOHCTPYHOBaHHSA, MOZEOBaHHSA
BMpPOGIB Ta rpasalii nekan peanizoBaHi B OAHI
nigcucTeMi, OCKiNbkM MNobyaoBa KpecaeHHs
BMPOOY Ta OTPUMAHHA NeKan HepO3PUBHO
noB’A3aHa 3 rpagauieto.

Mpun BWMKOHaHHI nNpouecy PO3MHOXEHHSA
Nnekan, AK B py4HOMY, TaK i B aBTOMaTM30BaHOMY
pexunmax, 3a3Buyan BMKOPUCTOBYETHCA
NOCNIAOBHICTb Ail, WO HaBeAeHa Ha puc. 2.

Puc.2. Cxema icHyrouOi NOCNiAOBHOCTI AilA npu po3pobui Ta rpagauii nekan

Matoun Ha MeTi NigBULLLEHHA AKOCTI OTPUMAHNX
OCTaTOYHMX JleKan Ha Ppi3HI rpynn posmipis
Ta  3ao0llaf>kKeHHA pecypciB MigNPUEMCTBA,
6yna 3anpornoHOBaHa YAOCKOHaneHa cxema
MOCNIJOBHOCTI Ail OTPMMaHHA rpajoBaHMX
nekan, fika byna anpoboBaHa Ha npukaagi

PO3p06KN MoAenen CnifHWLb XIHOUMX. TEXHIYHI
PUCYHKWN BMPOBIB, WO CNPOEKTOBAHI Ha OAHIN
KOHCTPYKTMBHI/A OCHOBI Ta  Bifpi3HAOTbCA
JOBXMHOK  BMPOBY Ta JeTanaMu  MOAcy,
npeacrasaeHi Ha puc.3.

Puc. 3. TexHiuHi pUCYHKM cnigHWLb XXIHOUNX
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Jllekana 6ynn po3pobneHi Ha  po3Mmipu
ctaHgapty ALVANON (CLLUA), BignoBigHO Ao
3aTBEPAXKEHOI 3aMOBHMKOM PO3MIPHOI CITKW.

Tabaunusa 2.

MobyaoBa Ta rpaadis nekan 34iMcHoBanacb Ha
12 po3mipiB (po3M. 2-24 ana obxsaTy rpyaen 85-
130 cm) pna 3pocty 170 cm  (Tabn.2).

BignosigHicTb po3mipiB ctaHgapty ALVANON a6contotHum 3HaueHHAM obxBaTtam
rpyaen, Tanii Ta CTeroH XiHouoi ¢pirypmu

Ha pucyHky 4 nokasaHo, AK rnpautoe
pO3pObAEHUIN anrTOPUTM ANA MPOEKTYBAHHS
CnigHVLUb Y ABOX BapiaHTax. [na oTpuMMaHHA
nepBuHHuUXx nekan B CATP «[lpauis» 6yB
BMKOPWCTaHUIM YMOBHMI onepaTop «fAKLLO...,
TO .., iHakwe..». 3a WOro AOMNOMOrOL0
MO>Ha 3anncaTtn 6yab-aKi YMOBHI NOTiYHiI
CUTyaLlil Ta nepeBecTn iX B aBTOMaTUUYHWNI
pexunm BuKOHaHHA [10]. Akwo BBecTu
napameTtp «BapiaHT» (HasBa mMoxe 6yTu
AOBINIBHO) | HajaTV MOMY ABa 3HaUYEHHSH,
acame 1i2 BiaNoOBIfAHO 40 BUAIB CNiAHWLI,
TO MOXHa 3anucyBaTW B aaropuTM pi3Hi

KPOKM MobysoBWM B 3aneXHOCTI Big TOro,
AKWIM BapiaHT aKTUBHWUWA B AaHWN MOMEHT
yacy.

Ak pe3ynbTaT, B o4HOMY dalini nporpama
3anucye gaii, wo BigobpaxkatoTb Nobyaosy
ob60x cnigHMLb NapanenbHo.

TakMM YMHOM, BUKOPUCTAHHA YMOBHOTO
onepartopa BiAKPWBAE WNPOKI MOXANBOCTI
ANA  opraHilauii  iHTenekTyaabHux (B
TOMY UYWUCAT LMUKAIYHUX) NpPOLLeCiB, KOaW
cncTemMa 3 CyMAIHHOTO BMKOHaBLA KOMaHA
NPOEKTYBaibHNKA NEPETBOPHOETLCA Ha MO0
iHTenekTyanbHOro nomivHuka [5,7,10].

BpaxoBytoun  WMPOKUA  PO3MIipHUI
pAA, AOLINBHO pPO3pObAATM nekana y BCiX
po3Mipax psay OAHOYaCHO, Bi3yalbHO
KOHTpONOOUM pe3yabTaT. fAK nokasye
npakTuKa, Nicna po3pobku nekan Ha Manum
abo cepegHii 6a30BMK pPO3MIp, MOXe
BUABUTUCA, WO B BEAMKOMY PO3MIipi geTani
He NPOXOAATb B LUMPUHY TKaHUHW. | xoua B
nporpami 3aMiHWU MOXHa BHOCUTU B ByAb-sKYy
YacTUHY anropuTMy i Ha Byab-aKkomMy eTani,
BUABUTM | BUNPaBUTK Lie aerwe Ha eTani
NMPOEKTYBaHHS.

3anponoHoBaHa MNOCAIAOBHICTb TaKOX
[03BOJ/ISIE BPaxOBYBaTN MOXAUBI BIAMIHHOCTI
B AOBXMWHax Ta KOHirypauiax AiHin nekan
Pi3HMX po3MmipiB. Hanpwuknag, Koanm €
notpeba 3asatn pi3Hy KOH®Iirypawito niHii
HU3Yy abo NiHii Tanii cnigHVyi AnA NeBHUX
PO3MIpiB UM rpyn po3MipiB, B Harogi 3HOBY
CTaHe YMOBHWI onepaTop (puc.5).

Bpaxysatu neBHI KOHCTPYKTUBHI

ocobamBocTi i TUM camum  3abesneunTun
AKICTb rpagauii nekan BMpobiB LWMPOKOTo
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puc. 5 3apaHHa 6axxaHoi KoH}irypauii niHii Tanii AnA pisHMX rpyn po3mipis

pPO3MipHOro  pagy  Aa€  MOXJWBICTb
BUKOPUCTaHHA  «TabanyHoi  dopmynn»
[10]. BoHa aa€ 3mory 3agatm Ana OKpPeMux
po3MipiB  abo rpyn po3MipiB  pi3Hi
BE/IMYMHN KOHCTPYKTUBHUX MNapamMeTpiB.
Ana pocnig>xyBaHux cnigHWUb Le ranbuHa

CKNaaKm, PO3MipU KWLLEHb, LWMPUHA
NAaHKW, LWWMPWHa 03406/110BaibHOI CTPOUKMW.
Ockinbkn  3agaBaTth  pi3HE  3HAYeHHA
KOHCTPYKTUBHWUX NapaMeTpiB AN KOXHOIo
po3Mipy paay byBa€ HefoUiNbHO,  BUPOHMU
Tabanuys 3.
3HauyeHHA TAM6UHM cKknaaok  AnA

pPi3HUX rpyn po3mipiB

Tabavus 4.

3HauyeHHA WUPUHM KULLIEHi AnA pi3HUX
rpyn posmipis

3a po3Mipamu 6ysno nogineHo Ha 3 rpynu:
mMany - (po3m.2-8), cepegHio - (po3m.10-16)
Ta BeAuKy (po3m.18-24) i ana KOXHOI rpynu
BM3HaueHe CBOE 3HaYeHHA napameTpa (Tabn.
3,4).

Mig 4yac rpapauii nekan nporpama
6paTvme BignoBigHe ANA PO3MipYy 3HAUEHHSA
rMMOUHU cknagkyu abo WWUPUHU KULLEH] i
niAcTaBAATUME NOTO B aNropmuTmM Nobysosm
KOHCTPYKU,T.

[nAa KOHTPONHO AKOCTI Mocaaku BUpoOOLy
B PI3HMX rpynax po3MipiB AOUINbHO
BMKOpPUCTOBYBaTM 3acobm 3D Bisyanizauii
abo BIipTyanbHOT  NMPUMIPKM  nekan.
Bizyanisauia € 3aMiHOO BWUrOTOBAEHHSA
NepBMHHOrO TeCTOBOrO 3pa3ka Ta A03BOJIAE,
TMM CaMWUM, 3a0W,aANTK Yac Ta pecypcu. Tak,
BipTyanbHY MPUMIPKY MOXHa 34INCHUTN B
nporpamax CLO 3D, Brozewear, Style3D
[9]. B saHOMy BuMnagky 6ynu BUKOpPWUCTaHI
pecypcn nporpamu CLO 3D.

HeobxiagHicTb  Bi3yanizauii no'aA3aHa
e v 3 TMM, WO Aeski MOMEHTU nig 4ac
nobyA0BM KOHCTPYKL,T BaXXKO nepesbaunTu
aHaNITUYHO. MpakTUyHUn AOCBIA,
KOHCTPYKTOpa, 3BiCHO, Aa€e H6arato nepesar
i MOXe pobuTM npouec MNPOEKTYBAHHSA
6inblW NpoOrHo3oBaHUM. Ae fesiKi MOMEHTU

Puc.6. Bisyanisauis cnigHuui B pisHuX po3mipax Ha uudppoBoMy MaHeKeHi
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NpocTiwe OLWIHUTKN Bi3yaabHO i, 3a
HeobXiAHOCTI, Bifpa3y BHECTN B KOHCTPYKLLiFO
HeobXigHI KopuUryBaHHs.

Ha uwdppoBuMx MaHekeHax AOUiNbHO
OLiHIOBATH 06’EMHICTb, AOBXWNHY
BMPOOY, AOBXMHY nosicy, KOH}irypauiro
KOHCTPYKTUBHUX  NiHIKW,  nponopuinHe
CMNiBBIAHOLWEHHA AeTanemn BMUpOOY,
3ara/sibHy rapMOHIHICTb 06pa3y B KOXXHOMY
okpemoMy po3Mmipi (puc.6). HeobxiaHi
KOPWTyBaHHA BpPaxoBYTbCA B JeKasax
BIAMNOBIAHMX PO3MIpIB.

Puc.8. PedepeHcHi niHix (KOHTYypwn
MoOYaTKOBUX JiIeKaa)

Tak, B pe3ynbTaTi BipTya/sbHOI MPUMIPKW,
6yn0 NPUUHATO PpilleHHA TMJAaHKy Mijg
3acTibKy y rpyni BeNMK1UX po3MipiB 3pobutun
WMPUHOK 4 CM, B TOW Yac AK B Manux i
cepeaHix po3mipax 3aJavWnNTK T WWMPUHOH
3,5 cm (puc.7).

Micna Bi3yanizauii i NO4aTKOBOro ayauTy
nekan BMpoby BHOCATLCA 3MiHW B aNrOPUTM

Pnc.9. HanawTtyBaHHA 3HayeHb

napametpiB B CAMP «Ipauia»
nobysosn mMogeni (BiH Xe
rpagauii) B CATP.

anroput™m

Lle MoO>Ha 3pobuTn, OpPIEHTYHOUUCL Ha
cipi pedpepeHcHi niHii B CLO 3D (KoHTypwu
noyaTtkoBux nekan). [o HAM Nerko ouiHNTK
cuTyauito «byno-ctano» (puc. 8).

Ana kopuryBaHHs AeTafen CKAafHUX
dopm abo nNpw HaABHOCTI  BeNMKOIl
KINbKOCTI BWMNpaBAeHb ICHYE MOXJ/WUBICTb
imnoptyBatn B CATIP intocTpauito HOBUX
KOHTYpiB AeTani, sk nigknagku, wob 3 ii
AOMNOMOroto  BIATBOPUTUM HOBY ¢opmy
Nlekana MakcMMasibHO TOYHO.

Bci kopuryBaHHA B napamMeTpUuUHUX
CAMP 3pivicHOOTBCA 3@ AOMOMOTORO
3MiH 3HauyeHb NapameTpiB. Ans BupobIB,
WO NPOEKTYHOTbCA, Npukaag Tabauuyi 3
nepenikoMm napamMeTpiB  HaBeAEHWW Ha
pwnc.9.

MMicna BHeceHHA BMNpaBAeHb B Jiekana
AOUINBHO LWe pa3 npoBecTu BipTyainbHY
NPUMIpKy, WO6 OUIHUTM  OTPUMaHMUMN
pesynbtat. OcobamBo uUe aKTyaabHO,
AKWO 3@ pe3ysbTatamMun Bidyanisauii Manm
Micue 3Ha4Hi CTUAICTUYHI BUMpPaBAEHHSA,
KOpWUryBaHHsA nponopuin Bupoby abo
3MiHa po3TawyBaHHA | KOHirypauii
KOHCTPYKTUBHWUX NiHIN.

BipTyanbHa npumipka Aa€Ee MOXAUBICTb
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Pnc.10. TectoBi 3pa3ku y 6a3oBomy Ta KpalHix po3mipax

3abe3neunTn SAKICHUN pe3ynbTaT
po3pobui i

npv
rpagauii nekan npmbansHo
Ha 80-90%. PewTta pgocAraetbca 3a
paxyHOK O6O0B'I3KOBOrO BWFOTOBJIEHHS
TectoBux 3paskiB (Puc. 10). Micna HboOroO,
3a HeobXifHOCTI, B eKana TakoXX MOXYTb
6yTW BHECeHi 3MiHW | NpoBejeHa LWe oAHa
3D npumipka. 3a3Bnya peKkoOMeHAYyEeTbCA

npoBoOANTK 2-3 BipTyaibHUX MPUMIPKK Ta
BUrOTOBAATM 1-2 TECTOBUX 3pa3KiB B KOXXHil

rpyni posmipis.

KnacnuHo, npouec po3pobkum nekan
i X rpagauii (puc. 2) € He Tinbkn H6inbLu
pecypCcoEMHUM i goBwwum. Jocutb

yacto 6yBae€, WO po3pobky i rpagauiro

Puc.11. 3anponoHoBaHa cxemMa npouecy po3po6ku Ta rpagauii nekan

3MiNCHIOOTB Pi3HI cneyianictn abo HaBiTb
Pi3HI opraHisauii, AKi He MatoTb Mix coboro
kKoHTakTy [9]. To6TO, 3BMYHa cxema poboTu
Ma€ BU3HAUYEHWUN pAj HeAONIKIB, a BigTakK €
BiNbLl CKNAAHOM | MEHL ePEKTUBHOHO.
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OcobausicTtio 3anponoHoBaHoI
nocnigoBHocTi ( puc. 11) € 34iNCHEHHS
rpagauii nekan napanenbHo 3 NobysoBoto

KOHCTPYKLLIT, o AO03BONAE 3HA4HO
3aowaaXXyBaTu  4ac Ta  MaTepianbHi
pecypcu Ha po3pobky nekan. Kpim
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Puc.12. Jlekana 12 po3mipiB A0Broi Ta KOPOTKOI cNigHULb (BapiaHT1 Ta BapiaHT2)

Tabanus 5.

Bumipu Bupo6iB B rotroBOMY BUIrNAAi 3a po3mipamu ana 3pocty 170 cm

Tabanug 6.

Pi3HMLIA 3HaUeHb PO3MipPHMX 03HaK CYMDKHUX po3MipiB

TOro, y BWNaAKy BWKOPWUCTaHHA JAaHoI
cxeMu, obuaBa npouecu 3A4iMCHIOTbCA
OAHWM cneuianictom, WO TaKOX CNpuUse
NiABULWEHHIO PIBHA AKOCTI rpagauiii.

Takmm 4YMHOM, B pe3ynbTaTi BUKOHAHHA
MPOEKTHUX pobiT BiAMOBIAHO 40
3anponoHOBaHOI NOCAIAOBHOCTI 34iIMCHEHHA
rpagauii 6ynM BUTOTOBJIEHI TECTOBI 3pa3ku
BMpob6iB BiAMOBIAHO A0 Tabento BUMIpIB Y
rotoBomy Burasai (tabn. 5). Pesynbtatom
poboTn cTana MOXAMUBICTb OAHOYACHO
OTpUMyBaTU rpagoBaHi fekana foBroi abo

KOpPOTKOI cnigHuui (puc.12).

AKWO OuiHIOBATM OTPUMaHUIN pe3yabTaT
rpagauii BisyanbHo (puc.12), Moxe 3aatumcs,
WO iCHYOTb AOCUTb BENUKI «CTPUOKN» MiX
rpynamuv posmipis (Manow, cepeaHboro
Ta Bennkoro). Ane Hacnpasgi uLe He Tak.
PisHMUi MiX BignNoOBIiAHUMW 3HAYEHHAMMU
KOHTPOJIbHUX BEAUNYMH CYMIDKHUX PO3MIpIB
3MIHIOOTbCA  piBHOMiIpHO (Tabn.6) Ta
KOpentotoTbCA 3 BIANOBIAHUMU AaHUMU 3
3aTBepA>KeHOT pO3MipHOI ciTku (Taba. 7).
A «cTpnbkn» MiXK rpynamm nekan craamca

IM N92,2023 / 57



HAYKOBWMW MOLWLYK

Tabaunusa 7.

PisHMLA MK 3HaueHHAMM 06xBaTy Tanii Ta 06XBaTy CTEroH 3riHO 3aTBepAKeHOT
po3MmipHoOI ciTkn

TOMY, WO ANA Pi3HUX rpyn po3MipiB 6yan

BUKOPWUCTAHI Pi3HI 3HaYeHHA TAUOUHMU
CKNaj oK.

BucHoeku. BukopucTtaHHa
napamMmeTpuyHux CAMP BIAKPUTOTO
TMNY  AaroTb LWWPOKI MOXAMBOCTI ANf

OTPUMAaHHA AKICHWX OCTaTOYHWX Nekan B
npoueci rpagauii. FlonoBHMMMK nepeBaramu
BukopuctaHHa Takux CATP ana 3agauv
KOHCTPYKTOPCbKOI MiAroTOBKN BUPOOHMLTBA
€ 3abe3neyeHHA B3aEMO3B'A3KY AeTanen Ta ix
oKpeMmx p,inﬂHOK nig yac nobysoBM nekan.
BHOCAUM 3MiHM B OAHY A€TaNb, KOHCTPYKTOP
MOXe OyTV MeBeH, WO BIAMOBIAHI 3MiHW
aBTOMATMYHO ByAYyHOTb BHECEHI 0 CYMIXKHUX
fetanen. HeobxigHy SKiCTb PO3MHOXEHHSA
Nnekan 3abesnevye nepebygoBa anroputmy
B KOXXHOMY pO3Mipi. l[0JIOBHMM 3aBAaHHAM
KOHCTPYKTOpa 3a/INWAETbCA CTBOPEHHA
paLlioHanbHOro pobo4Yoro aaropuTMmy.

[ns BupileHHA nocTaBieHUX 3agay byna
3anpornoHoBaHa YyJAOCKOHajneHa cxema
nocnifoBHOCTI nobyaoBu Ta rpagauii
Nekan, Wo A03BOAMNO 3a0WAANTM Yac Ta
pecypcu NigNpPUEMCTBA Ha KOHCTPYKTOPCbKY
nigrotosky BupobHuyrtea. Kpim TOrO,
KOHCTPYKLIT  PI3HMX  PO3MIpO-3pOCTIiB
MOXHa  oTpumatu 3i  36epeXXeHHAM
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eCTETUYHUX, EPrOHOMIYHNX Ta IHLIMX AKICHNX
XapakTepucTrK MoZeni BUXiAHOTO po3Mipy.
BusHaueHo OCHOBHUIA Habip iHCTPyMeHTIB
Ta AOAATKOBI 3aco0bun AndA npouecy rpasadii.
Ha npwknaai >XiHO4YOT CcNigHWLiI BUKOHaHa
anpobalis 3anponoHoOBaHOI NOCAIAOBHOCTI
npouecy Ta po3pobsieHi oCcTaTouHI nekana,
AKICTb AKMX Byna nepeBipeHa 3a paxyHOK
BUKOPWCTaHHA BIpTyaJbHUX MPUMIPOK Ha
LMPPOBUX MaHEKeHaxX BiANOBIAHUX PO3MIpPIB
Ta NnigTBEpA>KeHa B Npoueci BUrOTOBJIEHHA
TecToBuXx 3paskiB. BipTyasnbHa npumipka
Bifirpae BaXNuMBy poOJb ANA OTPUMaHHA
Nekan Ta ix rpagauii i Xo4 NOBHICTHO BOHa
He BUKIHOYA€E HEOOXIAHICTb BUTOTOBJ/IEHHS
TEeCTOBMX 3Pa3kiB, BUKOPUCTAHHA BidyanisaLiii
3HaYHO 3aolaAXye 4ac | pecypcu Ha

NiAFOTOBKY MPOEKTHO-KOHCTPYKTOPCLKOI
AOKYMeHTauii  ana 3anycky wmogeni y
BUPOOHMLTBO.

3 MeToro rapMOHi3aLii CNIPUMXHATTA BUPOby
Ha irypi nAMHW Ta NPOMOPLiNHOro
B3aEMO3B'A3KY AeTanen po3pobneHi
NPONO3UNLT WOAO BENNYNH KOHCTPYKTUBHUX
eNeMeHTIB CMigHULUb XIHOYUX ANA PI3HUX
PO3MIiPHUX FPyn, TakKnX K IMNOBMHN CKIaAoK,
WMPUHW  NAAHOK, rabapuTHi  po3mipwu
KVLEHb, WWMPUHM 03406/1H0BaHNX CTPOYOK
Towo.
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