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VJIK 621.311.001 KAILUTYH B.B., [TABJIOB I1.A.°, HITENA B.H.', KAIUIVH P.B."
KueBckuii HallMOHANBHBINM YHUBEPCUTET TEXHOJIOTUN U nu3aiina’
Tonecckui rocyaapcTBeHHbI yHuBepcuTeT, PecryGmuika Benapycs’

MOJIEJUPOBAHUE TMHAMUYECKON CTOUMOCTH
3JEKTPOSHEPT UM B MUKPOHEPTETUUYECKOM CUCTEME
C PACIIPEAEJIEHHBIMHA UICTOYHUKAMU B CHHXPOHHOM
PEXXUME

Lenv. Paspabomamv mamemMamuyeckyro Mooelb O0as  UCCLe008AHUS  NPUHYUNOS
Gopmuposanus OUHAMUYLECKOU CMOUMOCU JIEeKMPOIHEPLUU 8 MACUMAOUPYEMbIX MUKPOCEMAX C
PAacnpeoenieHHbIMU UCTIOYHUKAMU 8 CUHXPOHHOM pedicuMe.

Memoouka. /[ pewieHusi noCmMasieHHbIX MAMEMAMU4ecKux 3a0ay nPpUmMeHeHbl NPUHYUNbL
CMPYKMYPUPOBAHUs, KOHBelepusayuy, da makdice Memoobl OUCKDEMHbIX CUCmeM, meopuu
pacnucanutl, meopuu epagos, 1uHelHvix ouazpamm I anma u aneebpvl mampuy,.

Pesynomamul. B pabome uccnedo6an  CUHXPOHHBIN — percum  OYHKYUOHUPOBAHUS
pacnpeoeneHHol MUKPOIHEPLeMUYECKOU cUucmembsl U NOIYYeHbl MamemMamuieckue coOOMmHOUEHUs.
0151 onpeodeneHus MUHUMAIbHO20 00We20 8peMeHU BbINOJHEHUS. HEOOHOPOOHBIX, OOHOPOOHBIX U
00UHAKOBO PACNpPeOeNeHHbIX NPOYeCco8 Npu POPMUPOBAHUU OUHAMULECKOU (8 pedcume peanbHO20
8PEMEH) CMOUMOCIU JTIeKIMPOIHEP2UU.

Hayunaa mnoeusna. Bnepgvie nonyuena mamemamudeckas Mooelb QOpMUpOSaHUs]
OUHAMUYECKOU CMOUMOCMU INIEKMPOIHEPSUL  MUKPOCEMU C PACNPEOeleHHbIMU UCIMOYHUKAMU, 8
OCHO8Y KOMOPOU NOJIONCEH PeCYPCHO-NPOYECCHBILL NOX00, YMO OAl0 BO3MOICHOCHb Peuambs
3a0a4u  ONMUMUZAYUU C YHUemoM NaApamempos  HeOOHOPOOHBIX, OOHOPOOHLIX U OOUHAKOBO
pacnpeoenennvix microgrid 6 CUHXPOHHOM pedtcume.

Ilpakmuueckasa 3nauumocme. I[lonyuennvie pesyrbmamvl €030al0M NPeONnOCHLIKU OJisl
pewenuss  3a0a4, C6A3AHHbIX C MAmMeMamuyeckum MoOenupo8anuem  @YHKYUOHUPOBAHUsL
UHMENIEKMYATbHbIX — MACWUMAOUPYeMblX — MuKpocemell ¢  PAcnpeOeieHHbIMU — UCHOYHUKAMU
INEKMPOIHEP2UU 8 CUHXPOHHOM pedcume, ONpeoeleHus npoyedyp ux aHamu3a u  CcO30aHus
AnOPUMMO8 YNPABIEeHUS.

Knwouesvie cnosa: mooenuposanue, uUHmMeNIeKMyaibuble Maculmadupyemvle MUKpocemu,
pacnpeoenennvlie  UCMOYHUKU — JIEKMPOIHEPeUU,  CUHXPOHHLIL — pPedcuM,  CMOUMOCHb
IEKMPOIHEPSUU.

BBenenue. B Hacrosiiee BpeMsl BBICOKas CTOMMOCTb SHEPrOHOCUTENEH M JKOJIOTM3alus
KOHOMHUKH OrPAaHUYMBACT WCIOIb30BAHUE  «TPAJAUIUOHHBIX» HMCTOYHHUKOB 3JCKTPUUYCCKOM
OHEPTUM ¥ OTKPHIBACT HOBBIC BO3MOXKHOCTH JIJISl KCIIOJb30BaHHS aJbTEPHATHBHBIX W
BO300HOBJIIEMbBIX UCTOYHUKOB, KOTOPhIE 00Pa3yIOT TaK Ha3bIBAEMbIC PACHIPEACICHHBIC MUKPOCEMU
Wi microgrid u crmocoOHbl paboTaTh Kak aBTOHOMHO, TaK M Ha Mapauiedb C IECHTPaIbHOU
sHeprocucremoit (LI3C).

Mon muxpocemwvio (microgrid) OynmeM moHMMaTh TPYNIY B3aMMOCBS3aHHBIX Harpy30k
OJTHOTO WM HECKOJBKHX JIOKAJIBHBIX OOBEKTOB KOHCUHBIX TMOTPEOMTENICH W HCTOYHUKOB
pacrpeeieHHOW TeHEepalluu 3JICKTPUYCCKOW SHEPTUU B paMKaX YETKO OMPEICICHHBIX TPaHUII,
KOoTOpas (DYHKIIMOHUPYET KaK €IMHBIA HE3aBUCHMBINA YIPABIAEMbIi OOBEKT M KOTOpas MOMKET
moakaodaTbes k [[IC.

Hcnonp3oBanue TexHoioruit Smart grid mo3BossieT co3maBaTh — MHTEIUICKTYalbHbBIC
MaclITabupyeMble  paclpele/ieHHbIe MHUKPOCeTH. [IpUHIMUIBI  MOCTPOCHHSI TaKUX  CeTei

11
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3aKJII0YAIOTCSA B MOJICpHU3AIMH microgrid mMyTeM UCIONb30BaHUs KOMIIbIOTEPHO-MHTEIPUPOBAHHBIX
CUCTEM MOHUTOpPHHIa, ydera, nauarHoctuku u ynpasieHus (KHMC) Ha ocHOBe mnapaijieibHOTO
NPOU3BOJCTBA U TOTPEONCHHUSI JIIEKTPOIHEPTUH, a TaKKe KOMMYHUKAIMOHHOTO OOMeEHa
TEXHOJIOTHYECKON HWHGOpMAIel MeXAy »OSJIEMEHTaMHU CHCTEMBbl. TakKue BO3MOXXHOCTH YXKe
MpeIONPESIUIN HOBBIE MOAXO0Abl K MOHUMAHUIO UHTEJUIEKTYAJIbHBIX JIEKTPOCETEH, a TEXHOJIOTHIO
smart grid Bce yaiie Ha3bIBAIOT KHHTEPHETOM SHEprumn». MHTEIIeKTya IbHbIE MUKPOCETH B PEIKUME
on-line cmoryr 3¢GQeKTHBHO YNPaBIsATh MHOXXECTBOM MapajUICIbHBIX IPOLECCOB: YPOBHEM
TCHEpALUU DJIEKTPUYECKONH SHEPruu  aJbTEPHATUBHBIMU U BO300HOBISIEMBIMH HCTOYHHMKAMU;
MOHUTOPUHIOM COCTOSIHUSI DJIEMEHTOB CHCTEMbI, KOHTPOJIEM U YYETOM 3JIEKTPOINOTPEOICHHUS;
pexxumMamM  (YHKIMOHMPOBAaHUS microgrid ¢ yd4yeToM MUHUMH3AIMU IO0TEePb, JUHAMHUYECKOTO
[IEHOOOpa30BaHMsl Ha AIEKTPOo3HEepruto u np.[1-3].

[Ipn co3gaHuM B3aMMHO—MHTETPUPOBAHHBIX MHKPOCETEH C HECKOJIBKUMH HMCTOYHHKAMM
pacnpeneneHHol reHepanuu siektpuyeckoi sHepru 1 KUC akTyalbHBIMU ABISIOTCS 3aa4yu
MOCTPOCHHUSI U HW3Y4YEHHMs]  MaTeMaTH4YeCKUX  MoOJeNiel,  aJeKBaTHO  OINMCHIBAIOLINX
(GyHKIIMOHMpPOBaHHE MHOTOKOMITIOHEHTHBIX ceTed. KitoueBbIMM 3a7adyaMu MpH 3TOM SIBISIOTCS
CPaBHUTEJIbHBIA aHAIN3 PEKUMOB UX (PYHKIIMOHUPOBAHUSA, OINpeeeHe rpaHull 3pPpeKTUBHOroO n
ONTUMAJIFHOTO SHEPronoTpeOseHus] KOHEYHBIX MOTpeduTeneid 0T BO30OHOBISIEMBIX UCTOYHHUKOB
AJIEKTPOIHEPIUH, PA3BUTHE YIPABISIOUINX ITOPUTMOB U Pa3pabOTKa YHCIEHHBIX METOAOB IS
CO3JIaHUsI CHCTEMHOIO, CETEBOr0 M MPHUKIATHOTO IPOrPAMMHOIO OOECIEeYeHUs YIpaBICHUS
¢dynkronuposanuem smart grid [3-4].

ITocTranoBka 3agaun. B ocHOBY hopmupoBanus Tapudo npu sHeproodoecnedennu ot [[DC
MOJIOKEHBI TpeNiebHbIe 3aTpaThl Ha TEXHOJOTMYECKUH LMKJ TeHepaluH, TPAHCIOPTHPOBKU H
pachpesiesieHus: dIICKTPOIHEPTruu. MHTeIeKTyalbHbIii ypOBEHb yIpaBieHus smart grid momken
ObITh JOCTAaTOYHBIM JJISi BHEOPEHHUS PBIHOYHOIO JMHAMUYECKOrOo IIeHOOOpa3oBaHHUS B
sHepreruueckoil cdepe. C 0mHON CTOPOHBI, 3TO AACT BO3MOXKHOCTH ONTHMHU3UPOBATH PabOTy
LEHTPAJILHOW 3HEPrOCUCTEMbI, CHU3UB ITMKOBBIC HArpy3KH, C JIpyroi, mpuBieyb morpeduteneii k
(bopMHPOBaHNIO WHHOBAIIMOHHBIX NMPHHLUIIOB YIIPABIEHUS SHEPrOCUCTEMOMN B PEKUME PeaIbHOTrO
BpPEMEHH.

[TnanupoBaHue reHepaluu JIEKTPOIHEPTUU B MUKPOCETSIX OTIUYAETCS OT IUIAHWPOBAHMUS
rpa@uKoB  HAarpy3kd B  KJIACCHYECKOW  CHUCTEME JHEeprocHa0dXKeHHs.  XapaKTEepPUCTUKH
BO300HOBIIIEMBIX MCTOUYHHKOB 3JCKTpodHepruu u Hakonurteieh (AKDB) 3sHaunTenbHO OTIHYArOTCS
OT TPAAMIMOHHBIX HMCTOYHUKOB. Kpome TOro, HEBO3MOXHO BCerja MOAJEP>KUBATh OAMHAKOBBIN
YpOBEHb I'eHepali BO300HOBIISIEMBIX MCTOUYHUKOB M, KaK CIIEICTBUE, HEBO3MOXHO OOECIECUUThH
SHEepronoTpediieHue 3apaHee 3aJaHHOrO Trpaduka Ha OCHOBE HCIOIB30BAaHMUSA TOJBKO TaKHX
UCTOYHUKOB. JIyisi Hamboliee 3IIaCTHYHOTO COTJIACOBaHMS TE€HEepali M CIpoca Ha MoTpedieHue
ANIEKTpodHepruu B Smart grid jokanbHBIX OOBEKTOB LIENECOO0Pa3HO pPacCcMaTpUBaTh BPEMEHHBIC
cueHapun ontuMuszanuu. CorjmacoBaHMe ypOBHEH TEHEpalMM  3JIEKTPUUYECKOH  3HEprun
BO300OHOBJISIEMBIMH HCTOYHUKAMHM U €€ paclpeiesieHue MEXJIy KOHEUYHBIMH IOTPEOUTENIIMU
MO3BOJIUT JOCTUYb ONTHMHU3ALMKA B YAaCTH PACXOJOB Ha 3JIEKTPOCHAOKEHUE C YYETOM MPUHSATHIX
OrpaHUYeHU It BO30OHOBIsIEMbIX HCTOYHHUKOB 1 [[DC [5].

CB43b UCTOYHHMKOB PAaCHpECICHHON MeHepaluu ¢ UeHTpalbHOU 3Heprocuctemort 1 AKb
ABISICTCA HEOOXOAMMBIM YCJIOBHEM BBINIOJIHEHHS 3aJlaHHOTO Tpaduka 3JIEKTPONOTpedIeHUs

12
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KOHEYHBIMHU TOTPEOUTENSIMU JIOKAIBHBIX 00BEKTOB. COBEpIIEHHOE MPOTHO3UPOBAHHE OOHEMOB
TeHEepaAIlUU  DJICKTPUYECKOW JHEPruH BO30OHOBISIEMBIMH HCTOYHHKAMH, WX COBMECTHOE
(YHKITMOHMPOBAHKE C TPAAWIIMOHHBIMH WCTOYHUKAMH, SIBISICTCS BaXKHOW W CIIOKHON HAay4IHOUN
3a/auedd, KOTOPYI HY)KHO PEIIUTh TpH pa3paboTKe NPUHIUIOB A()PEKTUBHOTO YIpPaBICHUS
MUKpOCEeThI0. Hamnune B MHUKpPOCETH HECKOJBKUX PaclpeleICHHBIX WCTOYHHUKOB, HAaKOIHUTEICH
AMeKTpodHepru M ux cBa3b ¢ L[DC Tpebyer co3manus umepapxuueckoir KUC, cmocoOHoi
OTHOBPEMEHHO KOHTPOJHMPOBATh MHOKECTBO HEMPEPHIBHBIX M JUCKPETHBIX MapaMeTpoOB s
yIpaBJICHUS] MHOYKECTBOM TMapajlIe)IbHBIX MPOIIECCOB B pexume on-line.

Mamemamuueckas mooenv Microgrid okanvnozo oovekma. MaremaTuueckass MOJETb
MHTEJUICKTYaJIbHOH MacIITaOUpyeMOil pacipeieICHHOW MUKPOCETH BKIIOYaeT B cebs [6]:

" N> 2 — KOJIMYECTBO UCTOYHHKOB PACIPEICIICHHON TeHEPAIIH AIEKTPHUECKON SHEPTUH;

" D> 2 — KOJIMYECTBO KOHEUHBIX MOTPEOUTENCH IIIEKTPOIHEPTHH;

" S>2 — KOJUYECTBO MOPIUH (OJOKOB) CTPYKTYPHPOBAHHBIX KOHKYPHUPYIOIIUX TOTOKOB
SJICKTPOIHCPIUU OT UCTOYHUKOB paCHpeI[CHCHHOﬁ reaepanum ¢ yuCToM ICHOBBIX JIMaria3OHoOB,

=marpuny T =[t;], i =1n, rae j=15 — BpeMs mepeaun dIEKTPHUECKOH SHEPIHH | —M
MCTOYHHKOM M3 | —TO IICHOBOTO JJHAIa30Ha;
=marpuny C=[c;], i =1n, rme j=1S — yueabHas CTONMOCT JEKTPOSHEPIHH U3 j —T'0

[IEHOBOTO JUaIta30Ha MPH FeHepannuu | —M UCTOYHHUKOM;
"c>0 - nmapamerp, XapaKTepHU3yIOIIUH CHUCTEMHOE BpeMs, 3aTpauMBacMoe Ha
OpraHU3aIMIo MapajUIeIbHOM Mepeiaun MEKTPHUECKON SIHEPTUU OT N UCTOYHUKOB K ) KOHEYHBIM

MOTPEOUTEIISAM.

[Ipenmonaraercd, YTO  BCE  MCTOYHMKH  DJIEKTPUYECKOW  OSHEPrUM  SABISAIOTCA
pacnpeoeneHubiMuU, T. €. Bce OJIOKU MOTOKOB 3JIEKTPOIHEPTUH UM UX YACTh MEepedaroTcsi HEKOEMY
MHOKECTBY KOHEUYHBIX MOTPEOUTENEH.

PesxxumMbl  (PYHKIIMOHMPOBAHUSIT ~ MUKPOIHEProCHUCTEMbI. [Ipennonoxum,  4TO
B3aMMOJICHCTBHE  KOHEYHBIX  MOTpPEOUTENeH, HCTOYHMKOB  paclpeleieHHOW  TIeHepalnuu
ANEKTPUUYECKON PHEPTUU U KOMIIBIOTEPHOW CHUCTEMbl MOHUTOPWHIA, TUATHOCTUKUA U YIPABICHUS
MHUKPOCETHIO TOJTYMHEHO CIEAYIONINM YCIOBUAM U OIPAaHUYCHUSIM:

1) HU OHA W3 MOPIMIA DIICKTPOIHEPTUN HE MOXKET MepeaBaThcsi OHOBPEMEHHO OoJiee YeM
OJTHOMY TIOTPEOUTEINIO;

2) HU OJIMH M3 KOHEUHBIX MOTPEOUTENCH HE MOKET MPUHUMATh OJTHOBPEMEHHO 00JIee OTHOI
MOPLIUU AIIEKTPUUECKON IHEPTHH OT HICTOYHUKOB paclpeiesieHHON reHepaluy,

3) nepemaya (mpreM) KayKa0i MOPIUHU 3JICKTPOIHEPTHH OCYIIECTBIIIETCS Oe3 MpephIBaHHIA,

4) pacripeqielieHHe TMOPIUI SIEKTPHUUECKOW HSHEPIHH OT HMCTOYHHKOB pacrpeIeIeHHON
TeHEepaIui KOHEYHBIM MOTPEOUTENSIM KOMITBIOTEPHOW CHCTEMOU OCYIIECTBISIETCS MUKIMYECKU TI0

npaBuiy: Omok ¢ HomepoM J=kp+i, j=L1s, i=1p, k>0, nepemaercs morpeOHUTENIO C
HOMEPOM 1 ;
5) OTCYTCTBYIOT MEpEphIBbI B AIIEKTPOCHAOKEHUH KOHEYHBIX MOTPEOMTENEH MpU YCIOBUU

HAJINYMS TEHEPALUHU 3JICKTPOIHEPTHH, a TaK)Ke OTCYTCTBYIOT NEPEPBIBBI 3JEKTPOCHAOKEHUS TPU
HIMYMM CIPOCa y KOHEYHBIX MOTpeOuTeneii.
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VcenoBuss  1-5  onpenensitoT  aCUHXpOHHbIU  PEKUM  B3aUMOJCHCTBUS  HCTOYHUKOB
pacripenienieHHol TeHepanuu anekrposHeprud, KUC u koHeuHBIX mnoTpeOuTeneil, KOTOpbIi
npeanoiaraeT 00s3aTeNbHyI0 Mepeaady AIEKTPHUECKOW SHEPTHH MPHU HATWYUHM HYKIAIOIUXCS B
Hel moTpeduTeneil, a TakXKe OTCYTCTBUE MEPEephIBOB B 3JIEKTPOCHAOKEHWU KOHEYHBIX
nmoTpeduTesnel mpyu YCIOBUU HATMYHUS HA Tepeavy JIEKTPUIeCcKor sHepruu (puc. 1).

PA
15 1 L3 tis

3t —— — ——

tlg2 t;Z tSLZ th

N
>

Puc. 1. ACHHXPOHHBIIT pe:KUM B3auUMOAeHCTBUA 4 NCTOYHNKOB pacnpeieieHHO# reHepanun
1 3 KOHeYHBIX MOTpednTe e

Bsenem crnenyromue qONOIHUTEIbHBIE YCIOBUS:
6) 11 KaXIOro M3 N HCTOYHUKOB pACIPENCIICHHOW TE€HEepalid MOMEHT 3aBEpIICHHS
nepeaayd MOPLHUH 3JICKTPUYCCKOW SHEPrHM W3 | —T0 IIEHOBOTO JMana3oHa |—My KOHEYHOMY

MOTPEOUTEITIO COBIAIaeT C MOMEHTOM Havana nepenaun ciuenytomieid (j +1)—i nopuuu (i +1) —-my

KOHEYHOMY noTpebutento, i =1, p-1, j=1s-1;

7) U KaXI0r0 KOHEYHOTO TIOTPEOUTENS] MOMEHT 3aBEPLICHUS TTOJIyYCHUS TIOPLUUH SHEPTUH
oT |-ro WCcTOYHWKa COBMANAaeT C MOMEHTOM Hayajla MOJyYSHHs DIICKTPHYECKOW SHEPTHH OT
(I +1) —ro ucrounuka pacnpe/ieIecHHON renepanud, | = 1,n-1.

Ecnu k ycnoBusim 1-4 1oGaBuTh moodepeHo YCIoBUS 6 U 7 COOTBETCTBEHHO, TO MOIYYUM
1Ba 6a30BBIX CHHXPOHHBIX pekuMa (PyHKIIMOHUPOBAHHUSI MUKPOIHEPTOCHCTEMBI.

Ilepsowiii  cunxpouwnslli  pesicum, ONpenenseMblii  ycnoBusimua 1-4, 6, obecrneunBaet
HENPEpBIBHYIO MepeAady dSJIEeKTPUUYECKOW OSHEPruh KOHEYHBIM  IMOTPEOUTENSAM  KaKIbIM
pacrpeieIieHHBIM HCTOYHUKOM (puc. 2).

14
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t, b & ti
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n

Puc. 2. IlepBblii CHHXPOHHBII PeKUM B3aHMMOIEHCTBHUS pacnpeaeeHHbIX HCTOYHHKOB
3JIEKTPU4eCKOH JHepPIuy M KOHEYHBIX NMOTpeduTeei

Bmopou  cunxponnwiii  pexcum, omnpenensemMbii ycnousimu 1-4, 7, obecriednBacT
HEMpPEepPBHIBHOE MOTyYEHUE ITEKTPUUECKON SHEPIUHU KOHEYHBIMU NoTpeduTensiMu (puc. 3).

PA ,
i L i
3 i I
tfz t282 t;z tZz
2 |

' G b L

N
>

Puc.3. Bropoii cHHXpOHHBIIi pesKuM B3aUMOJeHCTBUS pacnpe/ieJieHHBIX HCTOYHUKOB
3J1eKTPUYeCKOil FJHePIruM U KOHeYHBIX noTpeduTeeii

Pacnpenenennyto MHKpoceTh OyneM Ha3blBaTh HEOOHOPOOHOU, €CIIi BpEMEHa Mepeadu
AJIEKTPUUECKON PHEPTUN KOHEUHBIM ITOTPEOUTEINSM pa3HbIe Il Pa3HBIX UCTOYHUKOB.

Pacnpenenennyto MUKpoceTb OyneM Ha3bIBaTb 0OHOPOOHOU, €CIIM BpeMEHa Meperadu
OJIOKOB JIEKTPOIHEPTUH MOTPEOUTENISIM BCEMU MCTOYHUKAMU PACIIpPE/ICICHHON reHepaluu paBHbl,

T. €. t; =t;, i=1n, j=1s.
Pacnipeie/IeHHyI0 MUKPOCETH OyIEM Ha3bIBaTh 0OUHAKOBO pPACNpedesieHHON, €CII BPeEMeHa
nepenayd dHEPrUM KOHEUYHBIM MOTPEOUTENSIM KaXIbIM HCTOUHMKOM COBIIAAIOT, T. €. CIPABEIINBa

ernoyka paBeHeTB 1, =t, =..=t =t i Bcex i = 1n.
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[TonyyeHne MareMaTUYECKUX COOTHOLLICHUM /I BBIYMCICHHUS TOUYHBIX 3HAYCHUHN YIEIbHOMN
CTOMMOCTH 3JICKTPUYECKOH SHEPrUU B PA3IUYHBIX PEXUMAX (YHKIMOHUPOBAHUS MHUKPOCETH
MIO3BOJIUT B PEAIbHOM BPEMEHHU ONTHMAIILHO YIPABIISATH JTIOOBIMU cerMeHTaMu microgrid.

CTOoUMOCTb JIEKTPOIHEPrdM B NEPBOM CHHXPOHHOM peskuMe. PaccMoTpum nepswiii
CUHXPOHHUBIU pedcuM B3aUMOICUCTBUS HCTOYHHUKOB PACpEe/IeIEHHOM TeHepaluy 3JIeKTPOIHEPTHH U
KOHEUHBIX TOTpeOuTeseH, KOTOPBIM O00ECIeunBaeT HENPEPHIBHYIO TIepeaavdy 3JICKTPHIECKOU
SHEPTrUM KOHEYHBIM MOTPEOUTENSAIM KaXAbIM paclpeleieHHbIM HCTOYHHKOM. Kak u g
ACMHXPOHHOTO pE&XHMa (PYHKIIMOHHPOBAHUS MUKPOIHEpreTHdeckoi cucremsl [1], mccnenoBanue
MIPOBEIEM JIJISI HEOOHOPOOHBLX, 0OHOPOOHBIX U 0OUHAKOB0 pacnpedeienHblx microgrid.

Bynem paccmarpuBate N2>2 Heo0OHOPOOHLIX WCTOUYHUKOB pPAacIpe/elIeHHONW TIeHepalvy,
IIOTOKHM 3JIEKTPOIHEPTUM OT KOTOPBIX CTPYKTYPUPOBaHbl Ha S >2 JIMHEHHO—YNOPSI0YEHHbIX
6nokoB Q,,Q,,...,Q, . [Ipeanonaraercs, 4To UCTOYHUKU KOHKYPUPYIOT 3a Nepeaady JEeKTPUIECKOH

SHEPTUU [P > 2 KOHEUHBIM MOTPEOUTENSAM, T. €. SABJSIOTCA paclpeieiCHHbIMU. 3a/ilaya COCTOUT B
HAXO0XJICHUH MUHUMAIBHON CTOMMOCTH MOTPEOIIIEMOM SHEepPTUn CEi( p,N,s,é&).
[ycte T°=[t{] — nxs-marpuna mnepemad OIOKOB DIEKTPUYECKOH OSHEPTrHHM  1-M

HMCTOYHUKOM M3 | —TO IIEHOBOT'O JHMAIa30HA C y4ETOM HAKJIQJHBIX PACXOJOB &, NMPH ITOM t{f -

Bpems nepeaaun Q ;—TO Osoka I-M ucToyHukoM, i =1,n, j=15.

PaccmoTpuM ciydaid, Korja 4YMCIIO KOHEUHBIX MOTpeOuTeneil paBHO dYHCIO OJOKOB
CTPYKTYPHUPOBAHHBIX IIOTOKOB DJIEKTPUYECKON JHEPruu, T. €. P =S. I HaXOXKACHUS BEINYUHBI

CE;(p,n,s,&) nonyaum dopmyiy:

CE (p n S, 8) - Ipua<>’§ ZCU ZC|+1 Jt|é+lj + chj nj? (1)
rae BeJIuYruHa Mmax Zt Ztm il i=1,n-1 — onpenenser MOMCHTHI Hadaja rmepeaadn

1<u<p i1

p
nepBoro OJI0Ka SHEPTruu Ka)JbIM MCTOYHHKOM, HAUMHAs CO BTOPOTO, a Ztr}i — BpeMs nepeaayu
-1

MOCIIEAHETO P—T0 OJ0Ka IIEKTPHUUECKON SJHEPTUH.

PaccmoTpumM nanee oOmmii ciryyaii, korma S> p.

[Tycts S=kp, k>1. YuuteiBas, 4To 4uciio OJOKOB CTPYKTYPHUPOBAHHBIX KOHKYPUPYIOIIHX
MOTOKOB 3JIEKTPO3HEPTHH OOJIbIIE YMCIIa KOHEYHBIX MOTpeOuTeneil B K pas, BBIMOIHUM pa3OHeHue
MHOYECTBa OJIOKOB Ha K rpyrm mo P 0J0KOB B KaKIOH, YTO PaBHOCHIBHO Pa30OMEHUIO UCXOIHOM
MaTpHUIBl BPEMEH Mepefaud 3JeKTpUdYeckod sHepruu T° Ha K moamarpuir mo P crosOIioB B
KaxJ10i. B3anmoelcTBre MCTOYHUKOB PACIpECICHHOW TeHEepallui, KOHEYHBIX MOTPEOUTeNed 1
OJIOKOB C y4eTOM BpPEMEH MX Mepemadd Uil |—ii rpymmsl, | =1k, MOXKHO M300pa3uTh B BUJC

TUHEWHBIX auarpamm [anta. Kaxkmas w3 3Tux aumarpamMm oToOpa)kaeT BO BPEMEHHU Ieperady

OUYEPETHBIX P OJIOKOB AIEKTPUUYECKON SHEPTUU P NOTPEOUTENSIM BCEMH N UICTOYHUKAMHU.
16
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Ha puc. 4 npuBeneHsl HecoBMelleHHbIE (a) M coBMenieHHbIe (0) mOCiemoBaTeIbHbIC
nuarpaMmbl ['anTa cooTBeTcTBeHHO Ipu =4, p=3, s=9.

A a)
p

2 1 12 3 1 2 1 1 2 2 1
3 C— | — >— C— S———
, &. 3 2 1 _1. 2 3 2 3 Zii
8.2 4 2 13 1 2 2 4 3 2

B9

A 6)
p

2 1 12 3 1 2 1 1 2 2 1

1 3 2 1 1 2 3 2 3 2 1 1
C—— ——  Qp— C—

34

v

Puc. 4. HecopMellieHHAs 1 COBMeIIEHHAS anarpaMmmal T'anta

3aMeTHM, YTO TOpU S> P HENPEephIBHOCTH Iepenadyd OJIOKOB CTPYKTYpUPOBAHHOTO
KOHKYPUPYIOILIETO TMOTOKA JJICKTPUYECKOW HEPrHM MOXKET HapylaTtbCs NpHU mepexonpe oT |-
rpynmsl 610koB Kk (I +1) —if, mpuuem Ui KaXI0H W3 TPYMIT COXpaHsSeTCs HelpephIBHAs Nepenada

OJI0OKOB Ka’KIbIM HCTOYHHUKOM.
B zxanLHeﬁmeM HaM MOHA00TCsI ClIeayroue 0003HAUYCHHUS

. —t +e=t 4, t& — Bpema mepenauu j-ro Gnoka B |-i rpymnmne OnokoB i-Mm
MCTOYHMKOM PACIIPe/IeIeHHOI TeHepaIliy ¢ y4eToM mapamerpa &, i=1n, j=1p, | =1k;

- CE/ - obmas croumocts |-ii rpynmel OJOKOB 3JEKTPOIHEPTHH, IepefaBaeMoil N
MCTOYHMKAMH P KOHEUHBIM moTpeGuTersM, | =1k ;

E;j‘" — BpeMs 3aBepILCHUS Tepeadn j—To OJ0Ka I-M UCTOYHUKOM B |-ii rpyrime 6JI0KOB ¢

Y4eTOM CTOMMOCTH, | =ZI], j=Lp, l=1k.

B cootBercTBum ¢ (1) st Beex | =1,k umeem:

CEf =S max| Sl (th +6)= S el ([t +£) |+ e, + &), @
i=1 i=1

1<u<p =)

E = max[Zch( aw + g) uziic('mlw(t"myw + 5)} + Zj:ci'w(ti'w + g).
w=1 w=1

1<u<p

17
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W3 ananusa nuarpamm [aHTa, COOTBETCTBYIOIIMX KaXKIOW M3 Tpymm OJOKOB, HETPYTHO
3aMEeTHTb, YTO 00II1asi CTOUMOCTb NIepeAayy SHEPTHH N HCTOYHUKAMHU PacIpeesIieHHON TeHepaIliy B
cnydae S=Kkp, k >1, onpenensercs kak cymma:

k
CE.(p,n,s,&) =CE,(p,n,kp,&) = > CE’.

1=1

Croumocts  CE!(p,n,kp,£) MOXKHO COKpaTHTh, €CJH BOCIOJNB30BATHCA MPUEMAMHU

COBMEILICHUEM TOCIIEIOBATENbHBIX AuarpaMM ['aHTa 1O OCM BpPEMEHHM  CIipaBa HajueBo. B
pe3yJIbTaTe MOJIYYUM:

K k-1
CE,(p.n,kp,&)=> CEf - > &, 3)
1=1 1=1

rae 6, =min{d,,d, } u ob6o3HavaeT AIMHY OTpe3Ka MAKCUMAILHO BO3MOKHOTO COBMELICHUS

IBYX TOCJIEJOBATENIbHBIX AUarpaMM ['aHTa 1Mo ocu BpeMeHHU. 311eCb O, — OTPE30K BO3MOKHOIO

COBMEILICHHSI TI0 OCH BPEMEHH, NMPEACTABISIONIMN COOOW pPa3HOCTh MEXIy MOMEHTOM Hauala
nepenadu j—ro Oyoka rnepBbiM UCTOUHUKOM Juist (| +1)—if rpymmbl 6JI0KOB 1 MOMEHTOM 3aBEPIICHHS

nepenadu j—ro OJIOKa MOCISIHUM HCTOYHUKOM sl |—ii rpymimbl GJI0KOB, T.€.

1=j<p 1=j<p nw-nw

w=1 w=j+1 w=1

5 = mm{CEch'ﬂtf'+1 E;fj"}=min Zc tow + Z it 1=k -1, (4)

a 3HaUEHHWE O, TPEJACTaBISET COOON Pa3HOCTh MKy HAYaIoM Tepeaady MepBoro 6oka i—
M pacrpeneineHHbIM HUCTOYHUKOM it (| +1) —i Tpynmbel OJOKOB M MOMEHTOM 3aBEpIICHUS

nepenadn P—ro 0J0Ka i—-M UCTOYHUKOM s |—it rpymimbl GJI0KOB, T.€.

S, =min|CEf + E&"* —cliia! ™t —ES' | 1=1k —1. (5)

1<i<n

IMoxcraBnsas B (3) 3nauenus T1,° u3 (2), 6, m3 (4) u o, u3 (5), noayunm Gopmyiy s
HAaXOXJICHUS MHWHUMAJIBHOW OOIIEH CTOMMOCTH SJEKTPHUUYECKON JHEpPrud, mepenaBaeMoil N
MCTOYHHUKAMH pactpeesieHHON reHeparu pu S =Kp, K >1, B HEOTHOPOTHON MHKPOCETH.

B cmyuae s=kp+r, k=1, 1<r<p, MuUHUMaIbHas CTOMMOCTb DJHEPTUU OyIeT

ompenenseTcs mo Gopmyie:

k k-1
CE!(p,n,kp+r,¢) =ZCEf +CE/, —25, -5,
1=1 1=1

rne CE;,, - croumocte mnepemaun (K+1)—if rpymmer u3 r OnokoB BcemMH N
aJIbTEPHATUBHBIMU MCTOYHUKAMH, & O, — BEIMYNHA MaKCHMAIBHO JOIYCTHMOIO COBMELICHHS IO
ocu Bpemenu k—it u (K +1) —ii quarpamm.

3nauenus CE;,, u o, onpenendtorcs no Gpopmynam:

18
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z : 2 : k+ k+1 z : k+1 k+1 2 : k+ k+1 H ' "
k+1 [Dua;)r( - C ltg Cl+lj |g+1] + C 1tg §k = mm{é‘kiék}!
rac

C=minl > et + D cn |,
in| Soni S

w= j+1 w=1
i u-1
& k+14 £, k+1 k+1 4e,k+1
T max ZC T = 2ot |-
j=1

S, =min

1<i<n

&,k &,k
B ]Tua<)[() ZCQJtQJ Zcq+1 i q+1J chlt

PaccMmoTpum oonopoouyro pactipeneneHHyro microgrid, s KOTOpod BpeMeHa mepenadu
OJIOKOB DJIEKTPOIHEPTUH MOTPEOUTENISIM BCEMU MCTOYHUKAMU PaCIIPE/ICICHHON TeHepaluy paBHBI,

Te I =t;, i:1,_n, j:]S. Uepes CEi(p,n,s,g) 0003HaYMM CTOMMOCTH TOTPEOJISIEMOM

AJIEKTPUUYECKON HEPTUH P KOHEUHBIMHU MOTPEOUTENISIMU B TIEPBOM CHHXPOHHOM PEXHME C YUETOM
JOTIOTHUTEBHBIX CUCTEMHBIX pacxosioB £ > 0. C yueroMm ¢opmyisl (1) momyyum:

CE!(p,n,s, &) = Zmax Zc uz_llcjtf +Zslcjt = (n—1)maxc; t5+Zc (6)
= = =

1<u<s
I<j<s

Hanee paccmorpum ciydaii, korma S=Kkp, k>1. [lo aHamoruu ¢ HEOIHOPOIHOU

MHKPOCCTBIO BBCACM CIICAYIOLINUC 0003HAYCHHUS:

. tjg" :t(H)pﬂ- +& — BpemMs Tepemayd  KakAoro u3 |-x p  OJIOKOB  HMCXOIHOMN
nocnenoBarensHoctu t, t,, .., t, j:ﬁ, I:ZL,_k;

- T — oOmee Bpems mepemaud |-ii Tpynmbsl OJOKOB BceMH N ajlbTePHATUBHBIMU
WCTOYHUKAMH P KOHEYHBIM MOTpeOuTeNsm, | =1k;

el .
- E{" — Bpems 3aBepwenus nepenaqn [(I -1)p+ j]-ro 6moka snekrposHeprum Bcemu N
MCTOYHHKAMH j—My rotpeburemo, j=1,p, | =1k.

B cuny ¢popmyisr (6) gt Beex | = 1Kk umeem:

w=1

g:_zp:c'j(t}+g)+(n—l)lrpjzi>§c;(t}+g), Ef' = Zc (t +g)+(n 1)maXc (t +g) (7)

OOmee MMHMMaNbHOE BpeMsl IepeJadyd SHEPrud N OJHOPOIHBIMU pacIpeesieHHbIMU
UCTOYHHMKaMU B ciiydae S=Kkp, Kk >1, ompenensercss kak cymMMa JUIMH COCTaBJISIONIMX TUArPaMM

I'anTa YUYCTOM UX CYMMAPHOI'0O MaAKCUMAJIbHO JOMMYCTUMOI'0 COBMCIICHUA IO OCU BPEMCHHU, T.C.

TX(p,n,s, &) =TX(p,n,kp, &) = ZT*" Zqo.,

=1 1=
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rie ¢ =min{p, g}, 1=1k-1. BemuuuHsl ¢, U @, TpeACTABIAIOT cO6OH BpeMEHHbIE

OTPE3KH MaKCHUMaJbHO JOIYCTUMOrO coBMelneHus mpoueccoB |- m (I +1)—ii rpymm Giokos.

3nech T,°, 1 =1,k maxomurcs w3 (7),a ¢ M ¢ BBMHCISIOTCS 110 CIIEAYIOMIM (OPMyIIaM:
j-1
= min Zc (th+ )+ Yttt + )|, (8)
<j<p w=j+1 w=1

o = mln[(l 1)maXC'*1('+l £)+(n- |)maXc (t +5)} l=1k-1.

1<i<n <]<p

MoXHO 3aMeTHTh, 4YTO B Cly4ae, Korja maXc”l(tI+l +g)> maxc; (t'. + 5), MHHUMYM

J J

1< j<p J 1<]< p
H I+1(41+1 |
BeIpakeHUs: (8) mocturaercs mpu i=1, a B ciydae, Korja maxc; (t + 5)< maxc; (t it 8),
l<]< p l<]< p
MHHAMYM jgocturaerca mnpu i=n. Ecmm ke max c'“(t'+1 ) maxc. (t + g) TO TpH JHOOBIX
1<J< p 1<J< p
3HaueHusx I, 1 =1n, Beipaxxenue (8) OyaeT NpUHUMATH OJHO M TO )K€ 3HAYCHHUE. YUUTHIBAs 3TO,

MOXKHO 3aI1ucCaTh.

= mln[(n 1)maxC'+1(t=+l )(n D)maxc! (t +5)}

I<j<p I<j<p

=(n- l)mln[maxd”(t'”+g) maxc! (t: +g)} l=1k-1.

<j<p
B ciyqae s=kp+r, k>1, 1<r < p, MEHUMaIbHOE OOIIEe BpeMs Iepenadd dHEpPruu N

OJTHOPOJHBIMHU UCTOYHUKAMHU ONpeensercs no gpopmyse:
Kk k-1
THpns,e) =THp.nkp+1,8) = YT +T - 0 — o,
1=1 1=1

rne T.,, — Bpems nepenaun (K +1)—x r 6J0KoB A7 BCeX N UCTOUYHHKAMU, a ¢, — BEIMYMHA
MaKCHUMaJIbHO JOMyCTUMOTO COBMeEIICHHS M0 ocH BpeMeHH k—it u (K +1)—it nuarpamm. 3HadeHus

& .
T, 1 @, onpenensroTcs COOTBETCTBEHHO 10 (hOopMyJIaM:

ey = (N—Dmaxc(t +¢)+ zck“(“ ¢), o =minfp,, o1},

I<j<r

rac

j-1 p
o, =min| >t 4 g )+ Ykt + £,
w=1

1<j<r wej+l
k+1(4+k+1
=(n- l)mln[maxC (tj +g), max c; (tj+g)}
l<]<l’ 1<J<p
Takum oOpa3om, UMEET MECTO TEOpEMA.

Teopema 1. FEcwu 63aumooleiicmeue UCMOYHUKOB PACHPEOENeHHOU  2eHepayuu
INEKMPUUECKOU  dHepeuu, KOHEeUHblX  nompeoumenei U  OIOKO8  CMPYKMYPUPOBAHHBIX
KOHKYPUPYIOWUX NOMOKO8 IIEeKMPOIHEPSUU OCYWECMEIAEMC 6 NepeoM 0A3080M CUHXPOHHOM

pedcume, mo O 1oOblx P=2, N2>2, S>2, MUHUMATLHAA 00WAsE COUMOCTL NOMPeOaseMoll
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INEKMPUUECKOU IHEpeUU 6 OOHOPOOHOU pACNpeOesieHHOU MUKPOCemu ¢ y4emom napamempa
e > 0, onpedensemcs credyowum obpazom:

S
(n—Dmaxc;t? + > c;t?, s<p,
=1

1<j<s

Kk k-1
CE.(p,n,s,&) =< > T = > min{g, ¢}, s=kp, k>1,

1=1 1=1

k k-1
DT +T - D0 —¢, s=kp+r, k=1, 1<r<p.
= =1

O6o3HauuM yepe3 CEjp(p,n,s,e) MUHHMAJIBHYIO OOIIYyI0 CTOMMOCTh JJICKTPHYECKOU

SHEPTUH B OJJMHAKOBO PacHpeieIEHHON MUKPOCETH.

Teopema 2. Ecmu 63aumooelicmseue UCMOYHUKOE pPACHPeOeNieHHOU  2eHepayuu
INeKMPUYECKOll ~ SHepeul, KOHEeUHblX nompedumenei u  OIOKO8  CMPYKMYPUPOBAHHBIX
KOHKYPUDPYIOWUX NOMOKO8 3JIeKMPOIHEPLUU NOOYUHEHO YCIO0BUAM NEpP8o20 0A308020 CUHXPOHHO20

pedicuma, mo 011 A00ObIX Pp>2, n>2, s>2, ¢>0, Mmunumanvuas odwas cmMoumMocms

nompeonsieMoll JeKMpPUYECKOU SHePeUU 8 OOUHAKOBO PACNPEOeNeHHOU MUKDOCENU ONPeOesiemcsl
no ¢opmynam:

>ttt +(s —1)[cnt;f + > max{c, 7, — ¢ tf ,0}}, s<p,

i=1 i=2

CE. (p.n,s, &) = KT, (p,n, p,e)— (k=) min{w,, w,}, s=kp, k>1,

KT, (p,n, p,&)+T,(p,n,r,&)—

— (k=D min{w, 0,}—min{&,, &}, s=kp+r, k=1, 1<r<p.

Hoxazarenbcro. Ilpy S<p, moxcrasuB B (1) 3HaueHus t; =t W BBHIIONHUB

HECJIOKHbBIE TIPe0Opa30BaHus, MOTYUHM:

n-1 u u-1 S n-1
CEip (p,n,s,e) = Z EnaX{Zci t’ — chlti‘il} + chtr}g :Z maXI:Sci t°—(s —1)ci+1tf+l]+ s tf =
-1 -1 -1 =

" <u<s
i=1

> max[(s ~De, tF e tf, — (s =D t? ]+ (s—Dc,t° +c,té =
i=2

n n
max[(s Dl tf —atf) + Ci—ltig—l]+ (s=Dc,ty +c,ty = ( ity + cntrfj +
i—2 i—2

" ( ) max[(s ~D(Giat —¢ tig)]—i' (s _1)Cntffj - _Zn:ci tr +(s —1)|:c"trf + Zn: max{c; 7, —t’ ’O}}

2 i=2

B cmyuae, xorma S=Kkp, k>1, BpeMmeHa mnepemaud KaxIblX P OJOKOB BcemMH N

aJIbTEpPHATUBHBIMHU UCTOYHUKAMHU PABHBI MeX 1y co00ii. [ToaTomy:

T, (p.n,kp,&) =KT, (p,n, p,&) — (k—1) min{e;, ®,},
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rae T, (p,n, p,&) = Zci t°+(p —1){cntrf + Z:max{ci_ltf_l - tf,O}} , @ BEIMUUHBl @, U @,
i=1

i=2
MIPEJCTABIISAIOT COO0H BPEMEHHBIE OTPE3KH MaKCHMMaJIbHO BO3MOKHOTO coBmemneHus |-t u (1 +1) -

W nuarpamm ["aHra:
o = (p-Ymin{e,t/, ¢t} @, =T, (p,n, p,&) —pmaxety.
<i<n
1 .
B cnysae s=kp+r, k>1,1<r<p, T, (p,nkp+r,¢) onpenensercs mo popmyse:

T, (p.nkp+r,8) =KT, (p,n, p,&)+T,(p,n.r,&)— (k=) min{e,, 0,} & .

3pece T, (p,n,r,&) = Zn:ci t°+(r —1){cnt,f + Zn:max{ciflti‘il - tf,O}} , a S=min{&, &} -

i=1 i=2
BEJIMYMHA OTPEe3Ka MAKCHMAJIbHO BO3MOXKHOT'O COBMEIEHHs Mo ocu BpemeHu K—it m (K +1)—i
JAUArpamMM, T1e
= =Dmin{ct,ct;}+(p-rety,
1 1 : 1 H
52 = Top(p’ n, p’ 8) - rEIaS'nX(Top(p’ I p' 8) _Top(p’ Lr, 8) + rcitig)'

Teopema nokazaHa.

3akiaouyeHue. B pabore wuccnenoBaH CHHXPOHHBIM — pekuM  (YHKIIMOHUPOBAHUS
pacnpenesleHHOM MHUKPOIHEPreTUYECKOW CHCTEMBI M IOJYYEHbl MATEMaTUYECKHE COOTHOLIEHUS
JUISL OTIPEICIICHUS] MUHIMAJILHOTO OOIIEr0 BPEMEHU BBITIONHEHUSI HEOTHOPOIHBIX, OJHOPOIHBIX H
OJIMHAKOBO PACHpPEICICHHBIX IMPOLECCOB MpU (HOPMUPOBAHWH TUHAMHYECKOH (B pexume
peabHOTO BPEMEHHM) CTOMMOCTH 3J1EKTpo3Hepruu. [lomydeHHble MaTeMaTUUECKUE BBIPAXKSHUS IS
HAaXOXJICHUS MHUHHMAILHON YyIENbHOW U OOIIeld CTOMMOCTH MOTPeOIIeMON AIEKTPUUYECKOM
SHEPTUM SBISIOTCS OTHPABHOM TOYKOW B HCCIACAOBAHUSAX W aHAU3€ M PEIICHUH 3a]a4
ONTUMU3ALMK C YYETOM [AapaMeTPOB MOJEIEN HEOJAHOPOIHBIX, OJHOPOAHBIX M OJIWHAKOBO
pacmpeeieHHbIX microgrid B CHHXpPOHHOM PEXHUME.
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MOJIEJTFOBAHHS JUHAMIYHOI BAPTOCTI EJIEKTPOEHEPTIi
Y MIKPOEHEPTETHYHINA CUCTEMI 3 PO3HO/IIJIEHVUMM JUKEPEJIAMHU B
CUHXPOHHOMY PEXHNUMI
KATUIVH B.B.', IABJIOB I1.A %, IIITEIA B.H.", KATJIVH P.B.!
Kuiscoruti nayionanbrutl ynisepcumem mexmono2ii ma 0u3adHy1
Tonicvruii depacasnuii ynisepcumem, Pecny6nixa Binopycs’

Mema. Pospobumu mamemamuyuy mooenvb O0as OO0CHIONCeHH NPUHYUNIE DOPMYBAHHSL
OuHamiunoi eapmocmi enekmpoenepeii 8 Macumado8aHux MIKpPOEHEepeeMUUHUX CUCmemax 3
PO3NOOINEHUMU 0JHCepenamu Y CUHXPOHHOM) PEHCUMI.

Memoouka. /{ns eupiuienHss nOCMAGIeHUX MAamemMamuyHux 3a0ai 3acmoCcO8aHl NPUHYUNU
CMPYKMYpPYBaHHs, KOH8elepusayii, a maxkoxc memoou OUCKPEemHUX cucmem, meopii po3xnadis,
meopii epagie, ninitinux diacpam I anma i aneeopu mampuyp.

Pe3ynomamu. B pobomi 00CNiOHCEHO CUHXPOHHUL pedcum QYHKYIOHYBAHH PO3NOOINEHOT
MIKpoeHepeemiveckol cucmemu i 00epiHcani MamemMamudui CniGIOHOWEeHHS OJisl BU3HAYEHHs
MIHIMAIbHO2O 3A2ANbHO20 YAC) BUKOHAHHSA HEOOHOPIOHUX, OOHOPIOHUX | 0OHAKOBO PO3NOOLIEHUX
npoyecie npu hopmy8anti OUHAMIUHOT (8 pedcuMi pearbHO20 Yacy) 6apmMoCcmi eleKmpoeHepeaii.

Haykosea noeusna. Bnepuie oldepoicana mamemamuyHa mooenv HopMySaHHs OUHAMIYHOL
gapmocmi enrekmpoenepeii Mikpomepexci 3 po3nooileHUMU 0Hcependamu, 8 OCHO8Y KO NOKIAOEeHO
PeCYpPCHO-NPOYeCHUll NOXi0, WO Oal0 MOICIUBICMb BUPIULYBAMU 3A80AHHA ONMUMI3AYIL 3
VPAXYBAHHAM NApaMempie HeOoOHOPIOHUX, OOHOPIOHUX [ OOHAKOB0 pO3N0JileHux microgrid &
CUHXPOHHOMY DENCUM.

Ilpakmuuna yinnicmos. Ompumani pe3yiomamu CMeopPIOIMsb NepedyMosU 05l BUPIULEHHS.
3a60aHb, NOB'A3AHUX 3 MAMEMAMUYHUM MOOENIOBAHHAM (DYHKYIOHYBAHHS [HMENIeKmMyalbHUx
Macuimabo6anux Mikpocemel 3 pPO3NOOINEHUMU OdHCePeNdMU eleKmpoeHepeii 6 CUHXPOHHOMY
pedicuMi, BUSHAYUEHHS NPOYeOyp iX aHanizy ma CMeopeHHs AOPUMMI8 YNPAGIIHHS.

Knrouoei cnosa: mooenioganus, inmeieKmyaivbHi Macuimado8ani Mikpomepedici, po3nooiiexi
ooicepena enekmpoenepeii, CUHXPOHHULL PeXNCUM, 8apMicCmb eleKmpoeHepeii.
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SIMULATION OF DYNAMIC ELECTRICITY PRICING IN MICROGRID WITH
DISTRIBUTED SOURCES IN SYNCHRONOUS MODE
KAPLUN V.V.}, PAVLOV P.A % SHTEPA V.N.!, KAPLUN R.V.!
Kyiv National University of Technologies & Design®
Polessky State University, Republic of Belarus®

Goal. To develop a mathematical model for studying the formation principles of the dynamic
electricity pricing in scalable microgrid with distributed sources in synchronous mode.

Methods. To solve the mathematical problems, the principles of structuring, pipelining, as
well as methods of discrete systems, scheduling theory, graph theory, linear Gant diagrams and
matrix algebras are applied.

Results. The synchronous mode of functioning of the distributed microenergy system is
investigated and mathematical relationships are obtained for determining the minimum total time
for performing heterogeneous, homogeneous and identically distributed processes in the formation
of the dynamic (in real time) cost of electricity.

Originality. For the first time, a mathematical model of the formation of the dynamic
electricity pricing of a microgrid with distributed sources using a theory of using theory of
processes and resources, which made it possible to solve optimization problems taking into account
the parameters of heterogeneous, homogeneous and identically distributed microgrid in
synchronous mode.

The practical significance. The obtained results create prerequisites for solving problems
related to mathematical modeling of the functioning of intelligent scalable microgrid with
distributed sources of electric power in synchronous mode, determining the procedures for their
analysis and creating control algorithms.

Keywords: modeling, intelligent scalable microgrids, distributed power sources, synchronous
mode, electric power cost.
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KuiBCchbKUil HAITIOHAEHUHN YHIBEPCUTET TEXHOJIOTIN Ta TU3aiHy

OCOBJIMBOCTI BUTOTOBJIEHHSI IIBEMHUX BUPOBIB 3
OIITOBOJIOKOHHUX MATEPIAJIIB

Mema. Bcmanosumu mexHONO2IUHI 0COOIUBOCMI BUSOMOBNIEHHA WBEUHUX 6UpPODI8 3
ONMOBOJOKOHHUX MAMEPIANI8 3 YPAXYBAHHAM IX MEXAHIYHUX 61ACMUBOCTEU.

Memoouka. Buxopucmanua cmaHOapmMu308anHux MemoouK OOCHIOHNCeHH HNOKAZHUKIB
MEXAHIUHUX B1ACMUBOCMEL MA eKCNePUMEHMANbHUX Memooie OO0CHIONCEeHHA MEXHONO02IYHOIL
00pO6KU 8U20MOBIEHHS UBEUHUX 8UPODIS.

Pesynomamu. B pobomi maeedeni pesyrbmamu OO0CHIONCEHHST NOKA3HUKIE MeXAHIYHUX
81ACMUBOCMEL ONMOBOIOKOHHUX MAMePIanié ma 3anponoHo8ari peKoMeHOayii wo0o mexHoni02iuHol
00pOOKU WBEUHUX 8UPOOI6 3 MAKUX Mamepiais.

Haykoeéa noeusna. Ilposedeno amaniz  NOKA3HUKIE@ — MEXAHIYHUX — 61ACMUBOCTEl
ONMOBOJIOKOHHUX Mamepianié ma 6CMAHOBIEHHI MEXHON02IUHI napamempu 00pOOKU WBEUHUX
8UPOOI8 3 BUKOPUCMAHHAM MAKUX MAMepianis.

Ilpakmuuna 3nauumicms. Ompumani pe3y1bmamu NOKA3HUKI8 MEXAHIYHUX 61ACMUBOCMEN
ONMOBONOKOHHUX MAmepianié HAOAMb MONCIUBICMb ONEPAMUBHO NIOOUPAMU  MeXHOI02IUHI
napamempu 06poOKU WeetiHUX 8Upoois.

Knrwouosi cnoea: onmogonoKkoHHI Mamepiany, ONMUYHI HUMKU, HCOPCMKICMb NPU 32UHAHHI,
8071020-menjioge 0OpOO.IeHHs, ULOS.

Beryn. B octaHHI poku 3 SBISETHCS BCE OUIBbIE HOBUX BHJIB TEKCTHIILHUX MaTepiamiB i3
HOBMMHU BIIACTHBOCTSIMH, $SIKI BHUKOPHUCTOBYIOTHCS TIpM BHUIOTOBJICHHI IIBEHHUX BHpOOiB. B
3aJIe)KHOCTI  BiJl TPU3HAYEHHS TEKCTHJIbHI MaTepialii CTald KPaCHBIIIMMH, MIIHIITUMH,
€ACTUYHIMIUMHK, SCKPABIIUMHU, TEIUTIIMMHU Ta iHImE. AJje, MO CyTi, BOHH 3aJHIIMINACA, —
«cTaTMIHUME». {7151 TOTO, 100 YPI3HOMAHITHUTH MIBEWHI BUPOOH, TIPEAMETH 1HTEP'€pPY HEOOX1THO
3aCTOCOBYBATH TEKCTUJIb, SIKUW HaJa€ BUpoOaM «auHaMigHOCTI». OJTHUM 13 HAMPSAMIB ITiABUIIICHHS
«TMHAMIYHOCTI» BUPOOIB € BUKOPUCTaHHS TEKCTWJIBHHUX MaTepiaiiB, SKi MalOTh B CTPYKTYpi
ONTHYHI HUTKH.

Ha cporogni mpu BHrOTOBIIEHHI MHIBEWHUX BHPOOIB IIMPOKOTO 3aCTOCYBaHHS HaOymu
tkanuHu pipmu LUMINEX ta ¢gipmu LUMIGRAM, ski HanaioTe BHpoOaM «IMHAMIYHOCTI» 3a
PaxyHOK CBITJIOBUIIPOMiHIOBaHHS. L{i TKAHWHU 3aCTOCOBYIOTHCS, B OCHOBHOMY, IIPH BUTOTOBJICHHI
TakuxX BUPOOIB, K BEUipHI CyKHI a00 CYKHI JJIsI BUITYCKHOTO Oajy, MITOPH, CKATEPTUHH, CIICHIYHUN
omar, Tomo [1-3]. XapakTepHOH OCOOJMBICTIO 3a3HAYECHUX TKAHWH € HAsABHICTH B iX CTPYKTYpi
ONTHUYHUX HUTOK, SIKI 3a paxyHOK BIJIMOBIJIHOI CXEMH IAKIIOYEHHS J0 JpKepera >KUBIICHHS,
CBITATHCS.

Amnaii3 HayKoBHX Ta iH(GOpMAaIiHUX JKepen BKa3zaB, Ha BIACYTHICTH iH(oOpmarii moo
MEXaHIYHUX Ta TEXHOJOTIYHHUX BJIACTUBOCTEH ONTOBOJOKOHHHUX TKAHWH Ta PEKOMEHJAIIN 00
TEXHOJIOTIYHOT 00pOOKH MIBEHHUX BUPOOIB 13 3a3HAUEHUX MaTepialib.

IlocranoBka 3aBaaHHA. BpaxoByrouu BUIIE BHKIAJECHE, OCHOBHUM 3aBIaHHSIM €
JOCTI/PKEHHSI TOKa3HHKIB MEXaHIYHMX BJACTUBOCTEH TKAaHWH, BHU3HAUEHHS IX BIUIMBY Ha
TEXHOJIOTII0O BUTOTOBJICHHS IIBEHHUX BUPOOIB Ta HAaJlaHHS PEKOMEHJAIl MO0 BUTOTOBJICHHS
OJIATY 13 ONTOBOJIOKOHHUX MaTepialiB.
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Pe3yabTaTu nocaimkenns. s qocmipkenns 0yna oopana tkannaa Gipmu LUMINEX, B
SKIH ONTHYHI HUTKH HAsBHI TUTBKM B CHUCTEMI HHUTOK OCHOBHU. CTPYKTYpHI XapaKTEPHCTHKH
TKaHVHU HaBeleHl B Ta0i. 1.

Tabnuysa 1
CTpPYKTYpHi XapaKTepUCTHKH TKAHUHHU 3 BMicTOM onTHYHUX HUTOK pipmu LUMINEX
YMoBHE Saranpanii | Yucno Hutok Ha 10cMm HOBerHeBaZ T
OBII[MHA,
MO3HAYCHHS BUTISI o ocHOBI o epennerenns | rycruna, r/m M
TKaHWUHA TKaHWUHA YTOKY
10013 300 480 [MonoTHsHE 500 0,3
(3 Hux 60
ONTHYHHUX)

[Toka3HUKH CTPYKTYPHHX Ta MEXaHIYHUX XapaKTCPUCTUK TKAHWHM BH3HAYAIKMCS 3a
CTaH/IapTU30BAHUMH METOTUKAMH.

BusHaueHHs AMHAMIYHUX XapaKTEPUCTHK (ICKPEMEHT 3aTyXxaHHsa § Ta IMHAMIYHUN MOYJIb
npyxuocti E,, MIla) Tkanuau npoBoauiocs Ha ycrtanoBmi YIM-1 [4]. PesyapTatu qocmiakeHb
MpeACTaBICH] y Tabmii 2.

Tabauys 2
Junamivyni xapakTepucTuku TKaHUHA pipmu LUMINEX 3 BMicTOM ONTHYHUX HUTOK
Hanpsm npo6u JunamiuHuil MoyJb ipyxHocTi £, MIla JleKkpeMeHT 3aTyxaHHs, §
OcHoBa 15,49 0,23
45° 1,59 0,14
VTok 0,99 0,15

AHaJi3 OTpUMaHUX pe3yibTaTiB IMOKa3aB, M0 KOHQIryparis Mojas JUHAMIYHOTO MOMIYJIsS
MPY>KHOCTI TKAHMHU Ma€ OCHOBOBHUpaxXeHUH xapaktep (1mo ocHoBi — 15,49 MlIla, mo yroky — 1,59
MllIa, mix kyrom 45°-0,99 MIIa), a nekpeMeHTa 3aTyXaHHs — HAOJMKEHUHN O YTOKOBUPAKEHHOTO
(o ocuogi — 0,14, mo yroky — 0,23, mig KyTom 45° - 0,15). Buxoasuu 3 OTpUMaHUX PE3yJIbTaTiB
JOCHIJUKeHHST MOKHA CIPOTHO3YBaTH, IO CaMe€ 3a HaIlpsMOM OCHOBH Oyne crocrepiraTucs
HalO1IbIIa )KOPCTKICTh TKAHUHHU.

XKopcrkicts Tkanuau ¢ipmu LUMINEX Busnauanacs na npuctpoi IDKY-12M BianoBigHO
10 meroukn TOCT 8977-74. BeranoBieHo, 1o skopetkicts mig kyrom 45° ckmamae 1,30 cH, mo
yToky — 0,83 cH, a mo ocnoBi — 4,99 cH. Ik 1 mepenbadyBangocs B monepeaHix IOCIHIHKEHHSX,
MMOKa3HUK >KOPCTKICTh MO OCHOBI NEPEBUIIYE MOKA3HWKH, BUMIPSHI B HANPsSMKY OCHOBHU Ta TIiJ
KyToM 45°, 1110 TIOSICHIOETCS HASIBHICTIO ONTHYHIX HATOK B CHCTEMi HUTOK OCHOBH.

3 METOI BCTaHOBJICHHS BIUTMBY (PAKTOPY «TEMIIEpaTypu» Ha KOPCTKICTh ONTOBOJIOKOHHOT
TKaHWHU OyB TMPOBEACHUN EKCIEPUMEHT 3 BU3HAYCHHS J>KOPCTKICTh NPH 3TWHAHHI KOHCOJIBHO-
KOHTaKTHUM MeTonoM Ha mpuctpoi [IBX3 B mianmazoni temmepatyp Bin 20 °C o 110 °C [5].
PesynpTati JOCHIKEHb JKOPCTKOCTI NpPHM 3TMHAHHA B YMOBaX TEMIIEPaTypHOTO BILIHBY
npeacTaBieHi Ha puc.l.
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Puc.1. 3mina sxopcTkocti npu 3ruHanHi Tkannau ¢pipmu LUMINEX B ymoBax
TeMIIePaTyPHOI' 0 BIJIMBY

[lim wac mOCHiIKEHHS >KOPCTKOCTI MPHU 3TMHAHHI B HANPSIMKY OCHOBH OINTOBOJIOKOHHOI
TKaHWHHU KOHCOJbHO-KOHTaKTHUM MeToj0M Ha npuctpoi [1BXX3 crpina nporuny npobu maiixe He
3MiHWIacsa. TakuM YMHOM, BCTAHOBUTHU (PAaKTUYHE 3HAUCHHS TTOKA3HMKIB )KOPCTKOCTI MPU 3TUHAHHI
ONTOBOJIOKOHHOI TKAaHWHU B HAINPAMKY OCHOBH Ha IbOMY IIPUCTpOi HeMoOxuBo. lIpore, B
HATIPAMKAX yTOKY Ta mix Kyrom 45° mpu 36insmeni temmneparypu Bix 20°C no 110°C sxoperkicTs
TKaHWHHU 3MEHIIHIAch B 4-6 pasiB (puc. 1).

OTpuMaHi MOKa3HUKH MEXaHIYHUX BJIACTHBOCTEH Ta iX 3aJIKHOCTI BiJl HAMPSMY PO3KPOIO
nmpo0 Ta TEMIIEpaTypHOTO BIUIUBY CJIiJl BPaxOBYBaTH TNpPH BHUKOHAHHI TaKUX TEXHOJOTIYHUX
orepalliii, K 3ampacyBaHHs (pO3MpacyBaHHs) IIBIB, 3rHHAHHS KpaiB Ta i1H., @ TAaKOX MpPHU BUOOPI
ONTUMAJILHUX NTapaMeTPiB Ta METO/1iB TEXHOJIOTTYHOT 00pOOKH 3pi3iB 200 MIBIB MIBEHHOTO BUPOOY.

Jns nochmipkeHHsT BIUIMBY BJIACTUBOCTEH ONTOBOJIOKOHHOI TKAaHMHM Ha TEXHOJOT1UHI
MPOIIECH BUTOTOBJICHHS IMIBEWHUX BUPOOIB SIK 00’ €KT AOCHIHKEHHS Oyno 00paHO KypTKY AUTAYY
(puc.2).

AHaJi3 KOHCTPYKTUBHO-TEXHOJIOTIYHOTO YCTPOIO KYPTKH IUTSYOI TOKazaB (puc.2), M0
Maike BCl IIBM € HAaCTPOYHMMH, a NPUIYCKU HIBIB — 3alpacoBYyIOTbCsA. ToMmy Juis NMPOBEAEHHS
JOCTIDKEHH Oynmu oOpaHi HACTPOYHI IMBH Ta OIEpallis BOJOTO-TEIJIOBOTO OOpOOJeHHS —
3amnpacyBaHHS IIIBIiB.

Hactpouni mBK BUKOHYBajMcs Ha HIBeWHIA MamuHi ipmu «Singer 7468» 3 HaCTYyMHUMHU
napamerpamu: 4 ctioku B 1 oM, HuTku Ne 120 dpipmu Gltermann.

AHasi3 SKOCTI HACTPOYHHUX IIBIB IOKA3aB, L0 HASBHICTh B CTPYKTYpl ONTUYHHUX HHUTOK
BIUIMBA€E Ha SIKICTh BUKOHAHH miBa (puc. 3). [lig yac BUKOHAHHS HACTPOYHUX MIBIB BCTAHOBICHO,
10 TMpU TOTPAIUISIHHI TOJIKM B ONTUYHY HMUTKY BiOyBaeThCcsl i yacTKOBE pYHHYBaHHS, L0 Y
NOJAIBLIIOMY HPU3BOAUTH JO THOTIPUIEHHS CBITJIOBUIIPOMIHEHHS. ToMy Ui BUKOHaHHS
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HACTPOYHHX MIBIB 3 ONTOBOJOKOHHOI TKAaHWHH JIONJIFHO BUKOPHUCTOBYBATH TOJIKH, Y SIKHX BICTpS
Mae okpyriy hopmy puc. 4.

1 2

1 ITineyoBuit

2 ITigbopt
LIoB 3 JInctouka
BIJEOI
301.301 =
3 ) Mzm 301 ~
(\3’ / =
P b k 404 | & (
{ 4 i F=a — | )
301 = al ]
I = \% = j_m_;t m - -

Puc.2. Bupib 3 nera/uno, Aka BAKOHAHA i3 ONTOBOJIOKOHHOI TKAHUHHU, TAa BUIHU IIBIB, AKi
NPONOHYKThCS 32CTOCOBYBATH NIPH BUTOTOBJICHHI IUTAYOI KYPTKH

Puc.3. 3oBHilHI BUT/IAL HACTPOYHOTO 1IBA 3 Puc.4. Bua BicTpsl roJ10K 3 OKPYIJiolo
ONITOBOJIOKOHHOI TKAHUHHU dopmoro
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Jlst BUKOHAHHS oTiepallii 3arpacyBaHHs MPUITYCKIB IIBIB JIeTajei oasry Oy/Iu MiAroTOBIIEH]
npobu posmipom 70xX70 MM y HampsIMKy OCHOBH, Mmig KyroM 45° Ta yToky. Ilpumycku mmiBiB
cxknagamu 1,0 cm. [liaroToBneni mpoOu BUTPUMYBAIUCH 24 TOAWMHU TTPU HOPMAJTbHUX KOHIMIIIHUX
ymoBax (W=65+5%, T=20£2°C).

Jlns BUKOHaHHA omepamii 3ampacyBaHHs IIBIB Oyna oOpana mpacka ¢ipmu «Binatone»
Macoro 986 r. BenmumHa KyTa BiIHOBIIEHHS BHM3Hauayiacs 3a Jomomororo Kyromipa YII-1 sk
cepenHe apumeTHYHE 3HAYEHHS JABOX 3HA4YeHb (3 omHoro Ooky Ta 3 iHmoro). IlomepenHi
JOCITIJDKEHHS oTepallii BOJOT0-TETIOBOIO 0OPOOICHHS MOKa3ald, 10 MaKCHMallbHa TeMIeparypa
HarpiBaHHs IOBEpPXHI TPacKW IMOBHHHA CKJIAAaTH 110°C, Tak sk Marepial BUTOTOBJIECHUU 13
CUHTETUYHUX HUTOK. [lpm 30imblIeHHI TEMIepaTypu -0 150°C Ha MOBEPXHI TKAaHWUHHU
criocTepiraiacs 4acTKOBa JIECTPYKIIisl HUTOK, 1 SIK pe3yJIbTaT — IOJIUCK.

BpaxoByroun Bullle BUKIAJCHE Ta BHKOPUCTOBYIOUM METOJ «YOPHOI CKPUHBKH», OYB
PO3IIISIHYTUH TEXHOJIOTIYHUN IMPOIEC 3alpacyBaHHs IIBIB, /1€ BXIAHUMH KEPOBAaHUMH (haKTOpaMu
X1 Ta X2 Oynu oOpaHi 4ac BUKOHaHHS onepartiii to, (6¢, 8c, 10c) Ta TpuBaicTh (Yac) nponaproBaHHs
tip (4c, 6c, 8c) mpu HE3MIHHMX IapaMeTpax HaBaHTaXXEHHs P Ta TeMmepaTypu HarpiBaHHs
noBepxHi npacku 7. Buxigaum mapamerpom Y (pyHKIS BiAryKy) OyB oOpaHUM MOKa3HHK KyTa
BITHOBJIEHHA Q.

Ha ocHoBi Bu3HaueHUX (akTopiB Oyinu MOOYyI0BaHI MaTPHII TJIAHYBaHHS €KCIIEPUMEHTY Ta
3MiiiCHEHAa MareMaThyHa oO0poOka pe3yJabTaTiB EeKCIEPUMEHTY, IO JO03BOJWIO OTpPUMaTH
IBO(AKTOPHI MaTeMaTUIHI MOJIENI, SKi € aIeKBATHUMHU JOCIIPKYBAHOMY TIPOIIECY K 32 KPUTEPIEM
KoxpeHa (Grass. > Gpos.) Tak i 3a — @imepa (Prags. > Ppos.).

PesynapTatu mociikeHHS omeparii 3ampacyBaHHS IIBa IS JTOCHIHKYBaHOI TKAaHWHH
MOKAa3aJd, [0 HAWMEHIIMN KYT BiTHOBJICHHS (Ta0J. 3) JAocAraeThCs MU Mapamerpax Xji Ta Xz, SKi
3HAXOJATHCS Y HAMPsIMi OCHOBH, M1 KyToM 45°, yTOKy Ha piBHI X1=8¢, X,=10c.

Orxe, mus Tkanuad Gipyu LUMINEX HailGiapmmii KyT BiTHOBJIEHHS CIOCTEPITAETHCS Y
HarpsiMi yToKy. Lle moB’s3aHO 13 TUM, IO caMe B IIbOMY HampsiMi B CTPYKTYpl TKaHUHH BiJCYTHI
ONTHYHI HUTKH, SIK1 1 HAJIAalOTh CYTTEBOI KOPCTKOCTI TKAHUHHU.

Tabauys 3
Pe3yabTaT KyTa BiIHOBJIEHHS ¢ IIBA
Hanpsm npobu CepenHe 3HaueHHS KyTa BiHOBICHHSA O,
OcHoBa 5
Kyt 45° 17
Y10k 65

VY pe3ynbTari MpoBEACHUX JAOCIIKEHb, MOYKHA 3pOOUTH BUCHOBOK, IIIO T YaC BUKOHAHHS
orepailii BOJOTO-TEIUIOBOTO OOpOOJICHHS, HaWKpalla sIKiCTh BUKOHAHHS IIBIB 3a0€3Me4yeThes y
HaIpsIMKy «II0 OCHOBi», B SIKOMY B CTPYKTYpl 3HaXOJATbCS ONTHYHI HHUTKH. 3 OJHOTO OOKY,
ONTUYHI HUTKH MPUJAIOTHh KOPCTKOCTI TKAaHWHH, a 3 IHIIOTO, 32 PaXyHOK HU3BbKUX pelaKcaliiHuX
MpoIIeciB, 30epiraloTh HaJAaHy M Gopmy.

Sk mokazanM MOCHiKEHHs, MPU BUTOTOBICHHI BUpoOy 3 TkanuHu (pipmu LUMINEX
CYTTEBUX CKJAQJHOILIIB HE BHHMKAa€. AJe CIiJ] BIJ3HAUYUTH, IO IHKOJU CIIOCTEPIra€Tbes
IepenaMyBaHHsT ONTHYHHX HHUTOK IPH 3THHAHHI TKaHWHHK Ha 180°, 0 mpU3BOMTE 10 3MiHK 260
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MOPYIIEHHS CBITJIOBUIPOMIHEHHSI TKaHWHU. ToMmy, /uisi oOpoOJeHHSI MIBEWHHX BHUPOOIB 13 TaKUX
TKaHWH, HaMH 3alpOIIOHOBAHO Kpai JieTaTayieil abo OKaHTOBYBATH, 200 BUKOHYBATH BiIKPUTHMHU.

AHaJTi3 MOXKJIMBHX IIIISIXIB 3aCTOCYBAaHHS ONTOBOJIOKOHHUX TKAHWH ITOKa3aB, IO I1i TKAHHHU
MOXYTbh OyTH BHKOPHCTAaHHI SK 3aMiHHHUKHA CBITJIOBIIOMBHUX TKaHWH, SIKI BUKOPHCTOBYIOTHCS Yy
BUTJISIZII PI3HUX €JIEMEHTIB B 0OJs131. HemomikoM eneMeHTiB 13 CBITJIOBIIOMBHUX TKaHHWH € Te, IO
JTIOUHA MOXKE MO0AYUTH 1X TUTBKH 32 YMOBH, SIKIIO MiJ BiIMOBIAHMM KyTOM HAa HUX THOTPAIHTh
Ny4OoK CBiTHa. Y ONTOBOJIOKOHHUX TKaHWHax (Hampukiaza, ¢ipmu LUMINEX) cBitno
BUIIPOMIHIOETHCS B PI3HUX HampsiMax 1 CTIIBKU Yacy Ha CKUIBKM BHCTAUMTh JDKEpesa KUBIICHHS.
ToMy BU3HAYUTH MICIIE3HAXOKCHHS JIIOJIUHY, sIKa BISTHEHA B OJST 3 TaKOI TKAaHWHU, HE CKJIAJe
TpyAHOIIB. BapiaHTu po3TaniyBaHHsS €JIEMEHTIB 3 ONTOBOJIOKOHHUX TKaHWHU Ha PI3HUX IUITHKAX
JTUTSYOTO OJIATY HaBE/ICHI Ha pucC. 5.

TT YT
T U ok

Puc.5. BapianTu po3ranyBaHHs eJIeMEHTIB 3 OITOBOJIOKOHHOI TKAHMHHU HA Pi3HUX

AUISTHKAX JUTAYOT0 OSATY

BucHoBkM. Buxonsun 3 aHamizy OTpUMaHUX pe3yibTaTiB, MOKHA 3pOOMTH BHCHOBOK, IO
ITiJT Yac BUTOTOBJICHHS IIBEWHUX BUPOOIB 13 ONTOBOJIOKOHHUX MaTepianaiB HEOOX1THO BpaxOBYBaTH
MMOKAa3HUKH JTUHAMIYHOTO MOJYJIS MPYKHOCTI, dKOPCTKOCTI MPHU 3TWHAHHI, Ta BIATOBIAHO 10 IILOTO
oOMpaTy BiJMOBIIHI TEXHOJIOT14HI MapaMeTpu 0OPOOKH BY3JIIB Ta IIIBIB.

Tkaamna Gipmu LUMINEX, mo mocmimkyBanacs, MOKe BUKOPHUCTOBYBATHUCS y HIBEHHHUX
BHpOOaxX sK 3aMIHHHMK CBITJIOBIJOMBHUX TKaHWH, SKI BUKOPHCTOBYIOTHCS Yy BHIJISII PI3HUX
€JIEMEHTIB B OJISI31.
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OCOBEHHOCTH U3TrOTOBJIEHUS NIBEMHBIX U3JIEJIUA U3
OIITOBOJIOKHUCTBIX MATEPHUAJIOB
APABYJIN A.T.

Kueesckuil Hayuonanvuwlii yrusepcumem mexHoao2utl U OU3alHa

Lenv. Onpederums mexuoniocudeckue 0COOCHHOCMU U320MOGIEeHUS WGEUHbIX U30eUll U3
ONMOBOSOKHUCBIX MAMEPUANOE C YUEeMOM UX MEXAHUYECKUX CBOUCMSE.

Memoouka.  Hcnonv3osanvl — CMaHOApMU3UPOBAHHbIE — MEMOOUKU  UCCIe008AHUS
nokazamenei  MeXaHUu4eckux Ceoucme U  IKCNEePUMEHMANbHbIe — Memoobl  UCCIeO08AHUS
MEeXHON02UYEeCKOU 00pabOmMKU U320MOBIeHUs. UBECUHBIX U30eTUL.

Pesyromamuvt. B pabome npueedenvl pes3yibmamvl  UCCAEO08AHUS — NOKAzameell
MEXAHUYECKUX CBOUCME ONMOBOJOKHUCIBIX MAMEPUaios U npeodiodicenbl peKOMeHOayuu no
MEXHON02UHECKOU 00pAbOMKU WBEUHBIX U30EUL U3 MAKUX MAMEPUATO8.

Hayunaa nosusna. Ilposeden  awanuz  nokazamenel  MeXAHUYECKUX  CBOUCMS
ONMOBONOKHUCMBIX MAMEPUANO8 U YCMAHOBIEHbl MeXHOA02UYecKue napamempsl 00pabomxu
WBEUHBIX U30ENULL, 8 KOMOPHIX UCNOb3YIOMCSL MAKUE MAMepuabl.

Ilpakmuueckasn 3nauumocmo. I[lonyuennvie pezyrbmamsl noxazamenel MeXaHU4ecKux
CBOUCME  ONMOBOJIOKHUCIIBIX  MAMEPUAN08 OalOm  BO3MOICHOCMb  ONEPAMUBHO  NOOOUPamy
mexHoL02UYecKue napamempsl 00paboOmKU UEEHbLX U30eTUIL.

Knrwouesvle cnosa: onmogoniokoHucmvle Mamepuabl, ONMUYecKue HUmMu, HcecmKocmv npu
uzeube, GNANCHO-MENLOBASL 0OPADOMKA, UL0B.

FEATURES PRODUCTION OF GARMENTS WITH OPTICALFIBER MATERIALS
ARABULI A.T.
Kyiv National University of Technologies and Design

Purpose. Determine the technological features of garments manufacturing of made from
opticalfiber materials taking into account their mechanical properties.

Methodology. Standardized methods for studying the mechanical property and experimental
methods for studying the technological processing of the garments manufacture were use.

Findings. The paper describes the results of mechanical properties of opticalfiber materials
and proposed recommendations for garments technological processing of such materials.

Originality. The analysis of the mechanical properties of opticalfiber materials is carried out
and the process parameters of processing sewing goods are proposed.

Practical value. The results of the mechanical properties of opticalfiber materials provide
the possible to quickly select technological parameters for the processing of garments

Keywords: opticalfiber materials, optical threads, rigidity on bending, wet-heat treatment,
the seam.
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KwuiBchkuit HaIlioOHATEHUH YHIBEPCUTET TEXHOJIOTIN Ta TU3aiHy

MOPIBHSIJIbHUI AHAJII3 METO/IIB BUSHAUYEHHS
ITAPOITPOHUKHOCTI TEKCTHJIBHUX MATEPIAJIIB

Mema. Ananiz icnyrouux memooié U3HAUEHH NAPONPOHUKHOCII MEKCMUIbHUX Mamepiaiie
ma il NOKA3HUKi6 ONsl BUHAYEHHS OOYLILbHOCMI BUKOPUCMAHHA MIEl YU THWOI Memoouku 6
3anexicHocmi 8i0 3a0au OOCHIOHNCEHHS.

Memoouxa. Aunanimuynuii 0210 ma cucmemMamu3ayis HAyKo80-mexHiuHoi iHgopmayii
w000 Memooi 00CNIOHCEHHs NAPONPOHUKHOCTI.

Pe3ynomamu. B pobomi HasedeHuul awaniz Ccy4acHux CmMaHOApmMu308aHux Memooie
O00CNIOMNCEHHS. NAPONPOHUKHOCMI — 8IOMideHi iX ocobausocmi, nepegasu ma HeOONiKU. Auaniz
oxonnoe memoouku, siki npeocmaeneni 6 ASTM E96; 1SO 15496; BS 7209; JIS L1099; ISO 2528;
JICTY 3672, 1SO 11092; ASTM 1868.

Haykosa mnosusna. Ilposedeno OemanvHuil auaniz ICHYIOYUX MemoOi8 BUIHAYEHHS
NaApONPOHUKHOCMI MEKCMUIbHUX MAamepianie ma CUCmemMamu306aH0 OCHOGBHI HaAnpsamMu ma
nepcnekmusu Q0Cai0HCeHb.

Ilpakmuuna 3nauumicms. Haseoena 6 pobomi cucmemamuszayis mMemooié 00CAiONCEeHHs
NAPONPOHUKHOCMI MEKCMUIbHUX MAMepianié HAO0AE MONCIUBICIb UWBUOKO20 OPIEHMYBAHHS 6
8eNUKIl KIIbKOCMI Memooie ma NOKA3HUKIE Ol 8UHAYEHHs OOYLIbHOCMI GUKOPUCMAHH MI€l YU
[HWOT MemooOuKuU 8 3anexdcHocmi 8i0 3a0ay O0CIIOHCEHHSL.

Knrwouosi cnosa: naponponuknicms, Memoou 00CHIONHCEHHs, MEKCMUIbHI Mamepianu. .

Beryn. ITlponiec mepeHeceHHs BOJIOTH Kpi3h TEKCTHIBHI Marepianu (TM) € BaxJIMBUM
(dbakTopom, sAKWH BIUMBaE Ha TepModizionoriyauii komdopt Tina groauHU. Bomora moxke
nepeHocuTucss dyepes TM y BUIJISAI mapu Ta piAMHHA. AHaJI3 HAyKOBOiI JITEpaTypH BKazye Ha
BUCOKHMH 1 TIOCTIHHUI iHTepec N0 MpoOieMu HaaiiiHOTO BH3HAa4YeHHS maponpoHukHocTi TM [1 —
10]. Ha cporoani icHye Oarato crmoco0iB BH3HAU€HHsS MapOMpPOHMKHOCTI TM Ta TepMiHiB, sKi
XapakTepus3yloTh Il SBHINE. IX aHali3 II0Ka3sye, IO Pi3HOMAHITHICTH YMOB BMIIPOOYBaHb,
KOHCTPYKIIii MPUCTPOIB Ta MIAXO/IIB HAJIA€ MOXIJIUBICTH OLTBII TTHOOKOTO Ta BCEOIYHOTO BUBYCHHS
SIBUIIA MaponpoHUKHOCTI. OMHAaK 3 IHIIOTO OOKY, iICHYE MpoOiieMa HEMOXJIMBOCTI TOPIBHSIHHS
YHCIJIOBUX 3HAYCHb, OJICPYKAHUX MPH BUIIPOOYBAHHSX 32 PI3SHUMU METOAUKAMHU.

IlocTanoBka 3aBaanHs. BpaxoByoun BullieHaBeAeH] (DaKTH, a TAKOXK MPOOJIEMHU, BUSBIICHI
B JOCHIKEHHSX IIOTO SIBHINA, METOK pOOOTH € aHaji3 ICHYIOUHMX METOJIB BHU3HAYCHHS
napornpoHukHocTi TM Ta ii mOKa3HUKIB AJI1 BU3HAYCHHS JOIIIPHOCTI BUKOPUCTAHHS Ti€l UM 1HIIOT
METOJIMKH B 3aJICKHOCTI BiJ] 33724 JOCITIIKEHHSI.

PesyabTtaTn pocaimkeHHsa. B poGori Oynmu mpoaHami3oBaHi METOJAM JOCIHIKEHHS
MapOIPOHUKHOCTI, Ha sKi iCHYIOTh HOpMaTHBHI gokymentu: ASTM E96 Standard test methods for
water vapor transmission of materials (CranmapTHi MeTOIM JOCTIMKEHHS MapOINPOHMKHOCTI
matepianiB); 1SO 15496 Textiles — Measurement of water vapor permeability of textiles for the
purpose of quality control (Texctuis — BuMiproBaHHS TapOIPOHHUKHOCTI TEKCTHIIBHUX MaTepiaiB 3
MeTor0 KoHTpouo sikocti); BS 7209 Specification for water vapor permeable apparel fabrics
(IHCTpYKIisT IO BHU3HAYEHHIO MApONMPOHUKHOCTI IMOJOTEH ojsiroBoro mnpu3HaudeHHs); JIS L1099
Testing methods for water vapour permeability of textiles (MeToau qocikKeHHs TapONPOHUKHOCTI
TekcTriIbHUX MatepianiB); 1SO 2528 Sheet materials. Determination of water vapour transmission

32



Mamepianoznaecmeo, wigeiine i meKcmunbHe
eupoonuymeo. Memponozia ma cepmudpixayis
Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne3 (110), 2017

rate — Gravimetric (dish) method (ITmacki wmarepianu. Bu3HaYeHHS MaPONPOHUKHOCTI —
I'paBimMerpuunuii metron); JACTY 3672 TlomoTHa 1 BHUpOOM TpUKOTaXHI. MeTon BHU3HAYCHHS
MaponpoHUKHOCTI Ta Bojoromorimuuanus; 1SO 11092 (EN 31092) Textiles — Physiological effects —
Measurement of thermal and water-vapour resistance under steady-state conditions (TexkcTabHi
Matepiamm — Di310I0TIYHI XapaKTePUCTHKH — BU3HAYEHHS TEIUIOBOTO OIOPY 1 OMOpPY MOTOKY BOJSTHOT
nmapu B cramioHapaux ymoBax); ASTM 1868 Standard test method for thermal and evaporative
resistance of clothing materials using a sweating hot plate (CrangapTauii MeTOJ AOCIIHKSHHS
TEIJIOBOTO OMOPY Ta OMOPY MOTOKY BOJSHOI TApH 3 BUKOPUCTAHHSM IMOTiF0YO01 TEIJIO1 IIJIACTHHH).
¥Yci MeTou MOKHA PO3IUTUTH Ha JIB1 TPYIIN:

- TpaBIMETPUYHI METOJIH;

—  METOIHU TakK 3BAaHOI «IIOTIFOY0] TEILIOI IIIACTUHMY.

I'pasimempuuni memoou — HaUTOMUPEHIII Ta MPOCTi (y MpUIaToBOMy opOpMIIEHHI Ta 3a
MPOIIEAYPOIO TOCTIDKEHHS) METOIM BU3HA4YCHHS maponpoHukHocti TM. Jlpyra Ha3Ba — «MeTof
CKIstHKM» (y aHIJIOMOBHIM JiTepatypi — “cup method”, “dish method”). Meron Bmepiie OyB
cranfaptu3oBanuM y 1953 poumi. Leit meTon moknaaeHuii B OCHOBY Takux craHaapTiB sk: ASTM
E96; 1SO 2528; I1SO 15496; BS 7209; JIS L 1099; ACTY 3672. IcHye amexinbpka HpoOUERyp
BU3HAYECHHS apONPOHUKHOCTI (puc.1):

— «wMeTox copOeHTy» (y aHITIOMOBHIH Jiteparypi — “desiccant method”) — meron 3a sikumM,
NIEPEHECCHHS TTAPH 3IIICHIOETHCS 3 30BHIIIHBOTO CEPEAOBHILA Y CKISHKY (pHuc.1, a);

—  «BomuHi Merom» (y aHIJIOMOBHIM JiTepaTypi — “water method”) — merton 3a skuM,
MIEPEHECCHHS TTAPH 3IHCHIOETHCS Y HANPSAMKY 31 CKJISIHKU Y 30BHIIIIHE cepepoBuiie (puc.l, 0);

—  «IepeBepHYTHI BOAHHUI MeTom» (y aHIIIOMOBHIM stiteparypi — “inverted water method”)
— METOJI, aHAJIOTIYHUIA «BOJHOMY METOJY», ajle CKIISIHKA MepeBepHYTA TaK, IO MPoOa 3HAXOAUTHCS B
KOHTAKTI 3 BOJIOIO (puc.1, 8).

JUCTUIJIbOBaHAa BOJA

BOJISIHQ Mapa

mpoda TM BOITEA TApa mpoda TM
RN Ny

\J

JUCTHUJIbOBAaHa BOIAa

a. 0. B.

J
| —

COpGeHT BOJsHA ITapa

Puc.1. Cxemu BH3HAYEHHS MAPONPOHUKHOCTI 32 «MeToa0oM CKIAHKI» (ASTM E96):
a — MeToJ copOeHTy; & — BOAHUI METO/1; ¢ — IePpeBePHYTHIA BOAHUIA MeTO]

3rizno ASTM E96 icuye mricts npoueayp BU3HAUYEHHS MAPOMPOHUKHOCTI B 3aJIEKHOCTI BiJ
YMOB IpOBE/IeHHS ekcriepuMeHTy (Tabu. 1). Cepenns TpuBamicts gocuiny 1 + 24 roguHu.

[Mpu pocmimkeHHi 3a «MeTomoM copOeHTy» 3a mporeaypamu A, C, E (ASTM E96)
BHUCYIIIEHUW XJIOPUJ KaJbIlit0o a00 CHITIKAreslb MOMIIIAIOTh Y CKISHKY, SIKa IIUTBHO MOKPUBAETHCS
npoboro TM. IlizroroBneHa a0 EKCIEPUMEHTY CKIISIHKA PO3MINIYETHCS y KOHTPOJIbOBAHOMY
cepenoBuii (tabma. 1). Ilix miero pi3HUIN KOHIEHTpAIii (TUCKY) BOASHOI MapH 330BHI Ta BCEPEIUHI
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CKJITHKU BiOyBaeThcsl audy3is mapiB kpizb TM BcepenuHy CKISHKH, 1€ BOHU aOCOpPOYIOTHCSA
cop6enToM. KibKiCTh OTIMHEHOT Mapyu BU3HAYAETHCSI BATOBUM METOJIOM.

Tabnuysa 1
XapakTepuCcTHKA NPoLeyp BU3HAYEHHS naponponukHocti 3a ASTM E96
Temneparypa BinHnocHa BooricTh MOBITPS 3 ABOX
Meron [Ipouenypa OTOYYIOUYOTO OOKIB TEKCTHIILHOTO Martepiaiy, ¢, %
cepenouia, °C Y CKJISTHITI 330BHI
A 23,0 0 50
Mertox copbeHTy C 32,2 0 50
E 37,8 0 90
Boanwuit meton B 23,0 100 S0
D 32,2 100 50
«lepeneprryrit BW 23,0 100 50
BOJIHUI METO»

IMpu pocmimkeHi 3a «BOAHMM MeTonoM» 3a mpouenypamu B ta D (ASTM E96)
IUCTUIHOBAHA BOJA HAIMBAETHCA Y CKISHKY, fKa MIUIBHO 3aKpuUBaeThcs mpoboro TM.
[TigrotoBieHa 10 €KCHEPUMEHTY CKIISIHKA PO3MILIYETHCS Y KOHTPOJIHOBAHOMY CEepeloBHILI (TalI.
1). ITix miero pi3HHUI KOHIEHTpamii (THCKY) BOASHOI Mapud BCEPEIWHI CKISHKA Ta 330BHI
BiOyBaeThes qudy3is mapiB Kpizb TM 31 CKIISTHKH 10 OTOYYOYOT0 CePEIOBHIIA.

AHaJti3 mokasaB, 10 MapONPOHHMKHICTh, BU3HAYCHA 32 «METOJOM COPOCHTY» Ta «BOJHUM
METOAOM», OLIBIN aJeKBaTHO BigoOpaxkae piBeHb KOMMOPTY mpu HU3BKIA (I3WMYHIM aKTUBHOCTI
(HM3bKOMY TTOTOBUIUICHHIO), ajle HE HaJae iH(pOpMaIlio Ipo KOHICHCALII0 HAa TOBEPXHI TEKCTHIIIO.
JIo HEeJONIKiB LIMX METOJIB CJIiJl BIHECTH HACTYNIHE — XapaKTEPUCTUKU IapONpPOHHKHOCTI,
oJleprKaHi 3a IMMU METO/IaMH, 3aJIekKaTh HE TIIbKU Bij BIACTHBOCTEH mocmimkenoro TM, ane 1 Bix
TOBILMHHY IIAPY MOBITPS, SIKUM CTHKAETHCS 3 MOBEPXHEIO TEKCTUIIO (MPUUOMY TOBILMHA MaTepiany
3HAYHO MEHIIIA TOBIIMHU MOBITPSHOTO MPOIIAPKY 3 OJHOTO Ta iHIIOro 6oky mpodwu). Lli meToauku
MpUAATHI I OIIHKHY MaponpoHUKHOCTI TM ofsroBOi rpymnu 63 moBepxHEBUX 00pOOOK.

Jqna TM 3 BOJOBIAIITOBXYBAJBHOIO  OOpPOOKOIO  PEKOMEHIIOBAaHE  3aCTOCYBaHHS
«IIEPEBEPHYTOr0 BOJHOTO METOAY» 3a mporeayporo BW (ASTM E96). JluctunboBaHa Boja
HaJIMBA€ThCA y CKISHKY, sIKa IIUIBHO MOKPUBAEThCS Mpoboto TM Ta mepeBepraeThes Tak, 00
npo6a 3HaXoAMIacs B KOHTAKTI 3 BOJIOIO.

3a ISO 15496 «Meron CKISIHKH» 3IIMCHIOETHCS «IIEPEBEPHYTUM METOIOM COpPOCHTY» (Y
aHrIIOMOBHIN miteparypi — “inverted desiccant method”). CopOeHT (po3uuH arerary Kalito)
NOMIIIAIOTh Y CKJIAHKY, SKa INIJIbHO TOKpUBaeThes mnoditerpadroperunenooio (IITOE)
MeMOpaHoro (puc.2, a). [ITOE memOpana € BOOJOHETPOHUKHOIO, aJie MPOHUKHOIO JIJIS TIapiB BOJIOTH.
[Ipoby TM, mo nocmimkyeThes, Ta Apyruit map [ITOE memOpanu 3akpimuisitoTs y 1 suiblist (puc.2,
0). [linroToBneny 3a3HaueHUM YrHOM TTpo0y 3 [ITDE mMeMOpaHO0 3aHYPIOIOTH Y €MHICTH 3 BOJIOIO
Tak, o0 [ITOE memOpana Topkanacs Bogu. CKISHKY 3 COPOCHTOM NEPEBEPTAIOTh THOM Bropy Ta
BCTaHOBIOIOTH Ha NpoOy TM (puc.2, B). Ilapu Bonoru mudynayiots kpizb IITOE memOpany ta
aIcopOyIOThCsI COPOCHTOM (PO3YMHOM alleTaTy Kalio).

AmHaJi3 mokasas, 1110 MapOIPOHUKHICTh, BU3HAYCHA 32 «IIEPEBEPHYTUM METOJ0M COPOCHTYY,
OUTBII ageKBAaTHO BigoOpaxae piBeHb KOM(OPTY NMpH BUCOKINH (Pi3MuUHIN aKTUBHOCTI (BHCOKOMY
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MTOTOBUJIICHHIO) TOMY 110 BUKJIFOYA€E BILIMB MOBITPSHOTO mporiapky. Lleit rpaBiMeTpudHuil MeTOT
€ TIPUMITUBHHUM MIPOTOTUIIOM HOBOTO IMOKOJIIHHS METO/IIB BU3HAYCHHS MTapOINPOHUKHOCTI — METO/IIB
«1oTiro4oi Teroi mactuany. [ITOE memOpana Moentoe mkipy 0 IuHH.

a)

Puc. 2. Cxema gociigkenns naponpoHukHocti TM «mepeBepHyTMM MeTOA0M

copOeHTy»

PosrnsHeMo mMOKa3HUKHM, $KI TPUHHATI 1JIs XapaKTEPUCTUKH IMapONpOHUKHOCTI TM,
BH3HAYECHI TPaBIMETPUUYHUMH METOAMHU:
1. [TaponpOHUKHICTS, 17, € abo ¢ 10] (y aHrIoMOBHiii JliTeparypi —
pomp ALC) 2. 05800/ 2 0a L0 [10] (Y paryp

Water Vapor Transmission Rate, WTR) — maca BoasHOI mapw, sika MPOXOAUTH i3 CEpPeIOBHIIA 3
OUTBIIIOI0 BOJIOTICTIO Y CEPEIOBHUINE 3 MEHIIOK BOJIOTICTIO Kpi3h OJMHUINIO ILIOINII TMOBEPXHI
Marepianty 3a OJUHUIIO Yacy:
= G/(t-A) 1)
ne G — 3MiHa MacH CKJISIHKH Y 4aci, T;
t — yac mociimKEHH, TOI;
A — Tomnia mpoOu TEKCTUIILHOTO MaTepiaiy, M.

2. [Tapo- a6o BOJIOrONpOBiAHiCTE, By, © /M2 200 - Ila [10] (y anrmoMoBHiii JiTepaTypi —

Water Vapor Permeance, Wy) — maca BoasiHOI Tapu, sika MPOXOJIUTH 13 CEPEIOBHINA 3 OLIBIION
BOJIOTICTIO Y CEPEIOBHIIE 3 MEHIIOI BOJIOTICTIO KPi3b OAMHUIIO IUIOLII MOBEPXHI Marepiany 3a
OJIMHHMIIIO Yacy MPH OJMHUYHINA PI3HMII THCKIB IMapu 3 000X OOKIB MaTepiay:
By = G/(t-A-Ap) )

ne Ap — pi3HHULA NapLialbHUX TUCKIB BOJSHOI mapu 3 000X OOKIB 10OCIiKyBaHOTo MaTepiainy, [1a.

3. Ju(ysilina maponpoOHUKHICTE, J, € M /12 + 200 - Tlq Y @HITIOMOBHIii niTepatypi — Water
Vapor Permeability, WVP) — maca BoasHOT mapH, sika MPOXO/IKTh i3 CEPEIOBHIIA 3 OLITBIIIOK BOJIOTICTIO Y
CEPEeIOBHILE 3 MEHIIOI BOJIOTICTIO KPi3b OJMHHIIIO IUIONI MOBEPXHI MaTepiaily 3a OJMHHILIO Yacy Mpu
OZIMHUYHIN Pi3HUILII TUCKIB ITapy 3 000X OOKIB MaTepiaity, BITHOCHO TOBIIMHU MaTepiainy:

§=G-h/(t-A-Ap) (3)
1e h — ToBIIMHA TEKCTHIBHOTO MaTepiay, M.
4. Bignocna maponponukHicts, P, % [10] (y anrmomoBHiii miTeparypi — Relative Water

Vapor Permeability, RWVP) — BigHomeHHs KinbkocTi mapiB Bosoru (G), sika BUIapyBaiacsi 4epes
npo0y TEKCTHIILHOTO Martepiaiy, 10 KiibkocTi napiB Bosoru (Gy), sika BUnapyBaniacs 3i CKISIHKH 0e3
poOu TEKCTUIBHOTO MaTepiaiy.
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P = 100-G/G,. 4)

Memoou «nomirouoi mennoi nracmunuy (1ISO 11092 (EN 31092) ta ASTM 1868) moxHa
BiJTHECTH JI0 HOBOTO TIOKOJIIHHS METOJIB JUIsl BU3HAUEHHs napornponukuocti TM [6, 8]. 1li metoau
BIJIPI3HAIOTHCSA TUM, 1110 BUIPOOYBaHHS MIPOBOJAATEH pU Oe3mocepeIHboMY KOHTaKTi TM 3 BOJIOTO10
TaKk 3BAHOI0 «IIOTIIOYOK» TMOBepxHew. [lig Yac HOCHiKEHHS BpaxOBYEThbCS 3arajibHa maca
naponoAiOHoi BoJOrd (MOTTMHYTOI Ta MPOIYIIEHOT), fIKa XapakTepu3ye 3AaTHICTh TM BUpansaTu
BOJIOTY 3 MiJ0AATOBOro mpocropy. Ilpuknamamu takux npuiagise € SGHP-8.2 (CIIIA), PSM-2
(Yecwka Pecrryomika) Ta PERMETEST (Yecbka PecniyGutika).

[Tpu mocmiKeH1 32 METOZIOM «IIOTIFOYO01 TeIUIoi macTuHm» Mpody TM (po3mip 300%300 mm)
PO3TAIIOBYIOTh Ha TIOBEPXHI OOIrpiBaEMOI «IIOTIFOYOI» IUIACTUHHU, SIKA BKPHUTA MApOTPOHHUKHOIO
MeMmOpaHoto 3 nenodany (puc. 4). IlmactuHa 00irpiBaeTbesi Ta Kpi3b MIKpomopu oOirpiBaemMoi
IacTHHU Ta MeMOpanu momaetbesi Boaa (Typ0, = 35 OC), 10 MOJIETIOE MPOIEC MOTOBHILICHHS
IIKIPOIO TIOAMHU. YMOBH BUIPOOYBAHHA: Thosimps = Lnracmum = 39 0C; BiTHOCHA BOJIOTICTb TOBITPS ¢
= 40 %; mBuaKicTs MoBiTps v = 1 M/c. I1ix yac BUMipIOBaHHS TeMIIEpaTypa INIACTUHH MIATPUMYETHCS
Ha noctiifHomy piBHi. [TocTynoBo Boja, MpoXoasyu Kpi3b IJIACTHHY Ta MEMOpaHy, BUIIAPOBYETHCH.
Enepris, sika BUTpauaeTbcs Ha MIATPUMAHHS MOCTIMHOT TeMIepaTypu IUIACTUHU BPAXOBYETHCS IMPU
BU3HAUYEHHI OCHOBHOI XapaKTEPUCTUKH «OTIp MOTOKY BOASHOI Mapw». TpuUBaIiCTh AOCTITY OIHIET
poOu Bi OHOI 10 IBOX TOJIHH.

3axucHuK obirpiBada

BPSZinByap [30110t04a IIACTHHA K/
,.a-/ «[Totiroua»
[Ipo6a TM IUIaCTHHA
. TepmoenemeHT 500 x 500 mm
/ oK PoGoua 4_( )
g ™ ” TIOBITS HOBepXHS - .K
be | | ™ (300 x 300 Mm)
3axUCHUK \ 3axUCHUK
obirpisaua obirpiBaua

Hwxwiit obirpiBau
a. 0.

Puc.4. Cxema BU3HAYEHHS MAPONPOHUKHOCTI 32 METOJI0M «IOTiKYO0I TEIJI01 MJIACTUHID)
Ha npuiaani SGHP-8.2 [1SO 11092 (EN 31092)]

Jist XapakTepUCTHKH MapONPOHUKHUX BiIacTuBOcTed TM, BUBHAUEHUX METOJIOM «IIOTiI0YO1
TEIUIO] MJIACTUHNY, BAKOPHCTOBYIOTh HACTYITHI TOKa3HUKH:

Z_H
M a/B

1. Ormip MOTOKY BOJSHOI mapH, Ret, m (Y QHITIOMOBHIIT stiteparypi — Water-

Vapor Resistance) — BigHOMICHHsS Mepenaay MapiiaabHOro THCKY BOISHOI Iapd MK JBOMa
MOBEPXHSMHU Marepiajly 10 CYMapHOTO TEIUIOBOTO MOTOKY BHIIAPOBYBAHHS Kpi3b OJMHHMIIIO
MOBEPXHI y HANPSAMKY IPATIEHTY:
Ree = Ap - A/(H — AH,) (5)
ne Ap — pi3HUI NapIiiiaTbHUX TUCKIB BOJSHOT apu 3 000X OOKIB JIOCHTIPKyBaHOTO Martepiany, I1a;
A — mutomia o6irpiBaEMoi TUIACTUHH, MZ;
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H — xinpKicTh TerIa, 110 M0Ia€ThCs 10 00IrpiBaeMoi ruracTuHu, BT;
AH, — xoperyounii koedimieHr, BT.
2. KoedirieHT MpOHUKHOCTI BOASHOI MapH, im (y aHTJIOMOBHIM JiTeparypi — Water-
Vapor Permeability Index) — BiHOLICHHS TEIIOBOTO OMOPY A0 ONOPY MOTOKY BOJSHOI Mapu Ta €
0€3pO3MIpHOI0 BETMYUHOIO, 13 3HAUCHHSAMH B Jiana3oHi 0 + 1:
imt = S Ree/Ret (6)
ne S=60 ITa/K;
R¢t — TemutoBuii omip, MZ‘K/BT;
KoedimieHT «HYymb» XapakTepusye Marepiai, Kpi3b KM BOJASHA Tapa HE IMPOHUKAE, TOOTO
MaTepiall Ma€ HECKIHYEHHH OIip MOTOKY BOJASHOI MapH, i HaBHAaKH, KOCQIIIEHT «OIWHULIS»
XapaKkTepu3ye mMarepiaj, y sSIKOro TeIUIOBUH OMip 1 Omip MOTOKY BOASHOI Mapu Takui caMuil, K 1y
I1apy MOBITPs Ti€l caMOi TOBILMHH.
3. [Tapo- abo BojorompoBignicts, Wy , Z/Mz 200 - Ila (y aHIJIOMOBHIH JiTepaTypi —

Water Vapor Permeance) — maca BOASHOI mHapu, sika MPOXOAUTH i3 CEPEIOBHINA 3 OLIBIIOK
BOJIOTICTIO Y CEPEIOBHIIE 3 MEHIIOIO BOJIOTICTIO Kpi3b OAMHUIIO IUIOLII MOBEPXHI Marepiany 3a
OJMHHMIIIO Yacy MpH OJAWHUYHINA PI3HUILI THUCKIB MapH 3 000X OOKIB MaTepiaiy:

Wa = 1/(Ret * $Thnacrunm) (7)
ne OTypacrunn — «OPUXOBaHE (JIATEHTHE)» TEIJIO BUIIAPOBYBAaHHS IMPU TEMIEpaTypl IUIACTHHH
Tnﬂacmuﬂua BTTOH/F-

Sk 3a3HayanoCs BUINE METOJA «IIOTIIOYOI TEIJIol TUTACTHHMY BIAPIZHAETHCS CKIIATHUM
anmapatypHuM OGOpPMJICHHSIM, BHCOKOIO BapTICTIO, CKJIATHICTIO KOHCTPYKINI Ta OOCIIyrOBYBaHHSI.
MeTton MarepiamoeManit (po3mip oxHiel mpoou 300x300 MM) Ta BiAPI3HAETHCS 3HAYHOIO TPUBATICTIO
nocainy oxuiel mpodu (1 + 2 roguHm).

3Ba)karoun Ha HEJOJIIKH METOAY «IIOTI0U01 Terutol uractuamy» BueHuM J1. 'ecom [10], skwmii €
BU3HAHUM aBTOPUTETOM 3 MHUTaHb OL[IHKH KOMQOPTY OAAry, OyB po3poOJIeHUI eKcIipec-MeToa JUIs
IIBUJIKOI OIL[IHKH MApOTIPOHUKHOCTI, TaK 3BAHUH «ILIKIPHUN CUMYIATOPY» (y aHIJIOMOBHIH JiTepaTypi
«skin simulator») ta mnpumax PERMETEST [10]. VYmoBu BumpoOyBanus TM Ha mnpuiaui
PERMETEST Binpizustorsea Big ymoB 3a 1ISO 11092 (EN 31092): Tosimps = 20 + 22 OC; BIJTHOCHA
BOJIOTICTh TOBITPS ¢ = 45 + 60 %; mBuakicte noBitps v = 1,5 abo 3,0 m/c. [Ipu gocmimxeHi Ha
npwiani PERMETEST npo6y TM (miamerpom 90 MM) po3ramoByroTh Ha BifacTtadi 1,0 + 1,5 MM Bix
MOTICPEHRO 3BOJIOKEHOI TOPUCTOI TOBEpXHI. TEMIOBUNM TOTIK, SKHH TEHEPYEThCA T dYac
BUITAPOBYBAHHS PIJIKOT BOJIOTH 3 MIOPHUCTOT MOBEPXHI, BUMIPIOETHCS JaTYUKOM. Yac mocmiKkeHHs 2 +
8 xBuinH. JI71s1 XapaKTepUCTHKH MapOIIPOHUKHOCTI 32 ITUM METOJIOM BUKOPHCTOBYIOTh TOKa3HUK:

1. Bignocna napomnponukHicth, P, % (y anriomoBHiil mitepatypi — Relative Water
Vapor Permeability, RWVP) — BigHomenHs TeruioBux BTpat (H), ki reHepyroThCs IPH PO3MIIICHHI
poOU TEKCTHUIIBHOTO MaTepialy Ha MOPHUCTIN MOBEPXHi, 10 TEIUIOBUX BTpat (Hz), SIKi TeHepyroThCs
MOPUCTOIO MIOBEPXHEIO HE BKPUTOIO MPOOOI0 TEKCTHUIIHHOIO MaTepiaity:

P = 100-H/H,. 8)

PosrisiHyTHIT METOZl € eKcIpec-MeTOZOM, SIKUi J03BOJIsiE OAEp)KaTH BiIHOCHI JaHi LIOZ0
MIapOIIPOHUKHUX XapakTepucTuk TM.

BucHoBkHM. Buxonsunm 3 aHamizy yMOB BHIIPOOYBaHb TI'PAaBIMETPUYHHUMH METOAAMH Ta
METOAAMHU «ITOTiI0YOi TEIUIOl MJIACTUHU» MOXKHA 3pOOMTH BHUCHOBOK, IO HE MOKHA BCTAaHOBHUTHU
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YITKOI KOPEJAIINHOT 3aJIeKHOCTI MK BETHYMHAMU, OJICP’)KaHUMH 32 PI3HUMH METOJaMH, HaBITh 3a
YMOBH TPHUBEIEHHS iX JI0 OJHUX OJMHUIL BUMiproBaHHA. L{e 00yMOBJICHO BEIHMKOIO Pi3HHUICIO B
YMOBaxX BHIIPOOYBaHHS UISl Pi3HUX METOJAMK, a caMe, Yy IMOKa3HWKaxX BOJIOTOCTI Ta TeMIepaTypH
OTOYYIOYOTO0 CEPENOBUINA, IMBUIKOCTI TOBITPSA, a TaKOX caMid Mpoleaypi TOCHIIKECHHS.
BiaminHicTh X0ua 6 ogHOTO 3 (haKTOPIB BUMPOOYBaHHS IMPU3BOIUTH J0 MEPEBArd TOrO YU 1HIIIOTO
croco0y nepeHeceHHs napiB Bosioru uepe3 TM. Takox ciif BIAMITUTH, IO pe3yJIbTaTH, OAepKaHi
3a rPaBIMETPHYHUMHU METOJIAMH Ta METOJAMH «IIOTII0YO1 TEIIO1 TUIACTUHNY, — € XapaKTePUCTUKAMHU
TM 1 He MOXYTbh OyTH 3aCTOCOBaHi JUIS MPSAMOI OIIHKK KOM(OPTHOCTI OJIATY BHACTIIOK TOTO, IO
HE BPAaxOBYIOTh IUIOILY MOKPUTTS TiJla JIOAWHHU, OCOOJMBOCTI KOHCTPYKIII OAATY, OCOOJUBOCTI
(1310JIOT1YHOTO CTaHY JIFOAUHHU HOTO PyXH 1 T.II.

Buxozsau 3 BUIIEBUKIIAICHOTO, OYEBHTHO, 1110 KOXKHHI 3 METO/IIB Ma€ SIK CBOI IIepeBaru Tak
1 HEJIOJTIKH, aJie, Ha KaJlb, IOPIBHIHHS JaHUX, OJCPKAHUX 32 PI3SHUMH METOJIMKAMHU € HEMOKITUBHM.
[Ipu BHOOpPI MeTOAY MOCHIKEHHS TapOonpoHMKHOCTI TM mocmimHuK a00 BUPOOHWK MaiOTh B
nepury uyepry KepyBaTucs (DYHKIIOHAIBHUM MPHU3HAUYEHHSIM BUPOOY, YMOBaMHU MOTO eKCILTyaTalii,
a TaKOXX 3BaYKaTH HA MaTepiajibHi Ta TPYJIOBI BUTPATH.
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CPABHUTEJIbHBINA AHAJIN3 METOJOB OIPEIEJEHUS
ITAPOITPOHUITAEMOCTHU TEKCTUJIbHBIX MATEPHUAJIOB
APABVYIJIN C.N.

Kueeckuil Hayuonanvuwiii yrusepcumem mexHoao2utl U OU3alHa

Lenv. Ananuz cywecmsyrowux memooos onpeoenenuus NnaponpoOHUYAemMoCmu MeKCmMuilbHbIX
mMamepuanog u ee noxazameneu 01 ONpeOeNeHUsl YeaecooOpasHOCmu UCNONb308AHUS MO UIU
UHOU MEMOOUKU 8 3ABUCUMOCU OM 3A0aY UCCIe008AHUAL.

Memoouka. Aunanumuueckuti  0030p U CUCMEMAMU3AYUS — HAYYHO-MEXHUYECKOU
uHpopmayuu OMHOCUMENTbHO MEMOO08 UCCIeO08AHUS NAPONPOHUYAEMOCTIU.

Pesynomamul. B pabome npedcmagnen ananu3 coBPeMeHHbIX CMAHOAPMUUPOSAHHBIX
MEMOO08 UCCIe008AHUL NAPONPOHUYAEMOCTIU — OMMEYEHbl UX 0COOEHHOCMU, NPeuMywecmed u
Hedocmamku. Ananuz oxeamuléaem memoouxu, komopuvie npeocmasiervl 6 ASTM E96; 1SO 15496;
BS 7209; JIS L1099; 1SO 2528; JJCTY 3672, ISO 11092; ASTM 1868.

Hayunan nosusna. I[Ipogeden 0emanvbHulli aHanu3 cyujecmayiouux mMemooos8 onpeoeieHusl
naponpoHUYaeMoCmu meKCmuibHblX MAmMepuailos U CUCMeMamu3upo8aHbl OCHOBHbLE HANPABTIeHUs
U nepcneKmuebl UCCIO008AHU.

Ilpakmuueckasa 3nauumocms. Ilpusedennas 6 pabome cucmemamuzayus Memooos
UCCe006aHUsL NAPONPOHUYAEMOCTNU MEKCMUNbHBIX MAMEPUALo8 NpedoCmasisien 603MONCHOCTb
ObICMPO2O OpUEHMUPOBAHUSL 8 OOILULOM KOIUYECHEe Memo0o8 u nokaszameinei OJisi onpeoeneHus
YenecooopasHOCmMu  UCNONb308AHUS MOU UMY UHOU MEmOOUKU 6 3A8UCUMOCMU OMm  3a0ay
UCCNe008aHUsL.

Kntoueewvie cnosa: naponponuyaemocms, Memoowl UCC1e008aHUs, MEKCMULbHbLE MAMEPUATDL.
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COMPARATIVE ANALYSIS OF METHODS FOR MEASURING WATER VAPOR
PERMEABILITY PROPERTIES OF TEXTILES
ARABULI S.1.
Kyiv National University of Technologies and Design

Purpose. Analysis of existing methods for measuring the vapor permeability of textile and its
indicators to determine the appropriateness of using one or another technique depending on the
research objectives.

Methodology. Analytical review and systematization of scientific and technical information
about methods for studying vapor permeability.

Findings. The paper presents an analysis of standardized methods for studying vapor
permeability - their features, advantages and disadvantages are noted. The analysis covers the
techniques that are presented in ASTM E96; ISO 15496; BS 7209; JIS L1099; I1SO 2528; DSTU
3672; 1SO 11092; ASTM 1868.

Originality. A detailed analysis of existing methods for determining vapor permeability of
textiles has been carried out, and the main directions and prospects of research have been
systematized.

Practical value. The systematization of methods for studying vapor permeability of textiles
makes it possible to quickly orientate in a large number of methods and indicators to determine the
appropriateness of using one or another technique depending on the research tasks.

Keywords: vapor permeability, research methods, textile materials.
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BESKIN N.V., HALAVSKA L.le.
Kyiv National University of Technology and Design

FEATURES RESEARCH OF KNIT FOR MANUFACTURING
FENCING SUITS

Purpose. Produce quality knitted fabric for fencing suits with high strength of knit against
perforation of blade of one of the sporting weapons’ type

Methodology. In the work methods for experimental research and standardized
methodologies of samples of weft double-layer knit with tuck connection of layers by main threads,
which were developed on two needle bed circular machine 16 gauge with interlock arrangement of
needles in cylinder and dial. Dynamometer for test of cloth resistance to perforation was used for
research.

Results. Development of new special purpose double-layer knit with tuck connection of
layers by main threads and the verification of the necessary strength of knit against perforation
(penetration - test).

Scientific novelty. To identify ways of improving of quality of knitting of layers of weft
double-layer knit for fencing suits; were defined and justified demands of against the puncture
strength (perforation) of blade of one of the sporting weapons’ type

Practical value. Research of production for knitting process, which provides normal flow of
process of stitch formation and reception of the counterbalanced structure of weft double-layer knit
with predicted properties; research of knit on resistance against perforation

Keywords: double-layer knit, knit for fencing suits, sports knit, resistance against
perforation.

Introduction. The most important function of a fencing suit is to protect the athlete's body
in the event of weapon’s breakage. This is common, because modern fencing is a very athletic
sport, and the weapons’ blades are not always flexible enough to withstand the pressure put on them
during the collision athletes.

Fig 1. Collision athletes close-in fighting fencing duel with the bending of the blade arms

In Figure 1, we can see the convergences in a duel between world class athletes. Very high voltage
tests blade weapons and, of course, can break. That is why the suit athlete must be strong to such
pressures [1,2]

Objectives. There are mandatory requirements of the International Federation of fencing

41



Mamepianoznaecmeo, utgeiine i meKcmunbHe
eupoonuymeo. Memponozia ma cepmugixauyin
Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne3 (110), 2017

(FIE) to the resistance of textile materials [3], which the fencing suits are made of, against the
puncture strength (perforation) of blade of one of the sporting weapons’ type. The international
tournament of category A (the highest category, which include the World Championships, the
European and Olympic Games) for the manufacture of fencing clothing it is obligatory to use
material which is able to resist perforation by a force of at least 800 Newtons [6]. These
requirements apply for the three major components of a fencing suit, namely fencing jacket,
breeches and under plastron (fig.2). All manufacturers of these products must send fencing suits’
material samples to the certified laboratories and research institutes for confirmation of strength of
the suits and their subsequent labeling. These institutions must be allowed to conduct such
examinations; the main one is located in the home of the Fencing Federation in Germany — DITF
German institutes for textile and fiber research Denkendorf [4]).

@ °

)

1 “
— [

Fig 2. Elements of fencing clothing which are made of double-layer knit

e

At manufacturing double-layer weft knitted fabrics for fencing suits, for formation of their
layers are used conventional, and nonconventional for a knitwear manufacture kinds of raw
materials that substantially influences process of stitch formation. One of the basic problems of
manufacturing double-layer weft knit is choice of parameters of knitting which provide reception of
the counterbalanced structure of its layers. The work purpose is the research of production for
knitting, which provides normal flow of process of stitch formation (of interlooping) and reception
of the counterbalanced structure of weft double-layer knit with predicted properties.

Weft double-layer knit is widely applied to knitting of articles which should possess
different physical-mechanical properties. Owing to change of kinds of raw materials and parameters
of looping structure of double-layer knit we can knit various on properties layers of knit and receive
multifunctional knitted fabrics. The fabric projected by us was made for manufacturing of suits for
fencing. The special protective clothes are required for fencer, which protect a body of the person
from blows lame and cutting surfaces, in case of breakage of the weapon during fight. All clothes
and equipment for fencing should correspond to requirements FIE. In particular, cloths for
manufacturing of a jacket, breeches and plastron, first of all, should possess high stability to
punching of lame the sports weapon, and also the set physical-mechanical properties of quality
which are should possess to sportswear. Thus, before the manufacturer of knitting fabrics there is a
following problem: on the one hand these cloths should protect a body of the sportsman from blows
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lame and cutting surfaces, that is to have protective properties, and with another, to have properties
of sportswear for comfort of fencers.

So, fabric for fencing suits should possess two basic properties simultaneously: to protect a
body of the sportsman and to provide a comfortable condition of the sportsman during physical
activities throughout duels. Therefore use of weft double-layer knit is expedient as its each layer is
independent fabrics which are connected in the process of knitting [5]. One layer which adjoins to a
body of the sportsman should correspond to the hygienic requirements shown to sportswear; the
second layer — should possess high degree of stability to punching action.

In order to check the strength of the knitted fabric to puncture, it is necessary to study the
process, about which there can occur during deformation suit fencing bout. Figure 3 shows the types
of weapons and their cross section. As we can see, the weapon has a different cross-sectional shape.
In case of breakage of the blade arms cutting surfaces will be different. Their appearance, shape,
taper angle may be different depending on the type of weapon and the speed of convergence
conditions of athletes.

{ ? Foil target area

Saber target area

Foil and its cross section

Epée and its cross section @

Saber and its cross section

Fig 3. The types of weapons and cross section

When cutting impacts most frequent fracture: a break and crack the surface layer of the
material, through tears, the destruction of the entire thickness of the material [8]. To check the
strength of the fabric to puncture, it is necessary to use a special unit, which will help to
approximate the conditions of the fight for testing knitted fabric.

Research results. During the analysis of known structures weft knit the structure weft
double-layer knit with tuck connection of layers by main threads (tuck lace) is developed for
manufacturing of fabric of sports destination. The general for all structures of knit with tuck
connection by main threads is presence of the tucking (tuck stitches) formed of threads of one of
layers. These tucking lie on floats (junctures) an opposite raw of loops.

As the knitted fabric projected by us has a certain special-purpose designation, namely for
use as a textile material for manufacturing fencing suits also the basic requirement shown to it, was
minimization of sizes of a micropore in its looping structure. The size of a micropore depends on
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superficial and volume filling of knit and defines degree of stability of a textile material to punching
action. The maximum superficial filling with other things being equal in process of knitting can be
reached by increase of density of knitting. However the increase this parameter leads to increase of
weight of meter of a square fabric and deterioration of its extensibility, that is very important factor
at a choice of a textile material for manufacturing fencing suits. Therefore it is offered to knit both
layers of fabric a stitch of derivative jersey for the purpose of decrease of sizes of a micropore.
Provided that tucking for connection of layers it is offered to have in everyone course through wale
on dial needles from a thread of backing (reverse) layer of knit.

It is experimentally established that a choice of parameters of a mode of knitting of layers of
weft double-layer knit, recognizing that they represent single weft knitted fabric of a certain stitch,
does not provide normal of process of its knitting in case of use tuck connection of layers by main
threads. The size of connecting tucking substantially influences on normalization process of stitch
formation. In the process of knitting of such knit is found out of interaction of layers in a knit plane.
Such knit can be named by unbalanced or strained as elements of its structure occupy the form not
peculiar to them in single knit at its free condition. These elements are deformed in a certain
direction by other elements of structure that is loops of another layer. Change of the form of loops
and structure of knit as a whole leads to change of process of its knitting. Therefore a important
aspect of manufacturing of weft double-layer knit with predicted properties is optimization of
process of its knitting.

a) b)
a) 1 —row of loops of a face layer, 2 — row of loops of a backing layer
b) 1 — tuck connecting stitch from a thread of a backing layer, 2 - loops of a face layer

Fig 4. The arrangement of elements of looping structure of weft double-layer knit

Samples of weft double-layer knit with tuck connection of layers by main threads were
developed on two needle bed circular machine 16 gauge with interlock arrangement of needles in
cylinder and dial. The specified arrangement of needles provides reception in the process of knitting
line coverage of face and reverse (backing) surfaces of knit, despite presence tuck connecting
stitches from a thread of one of layers which in an is conditional-equilibrium condition aspire to
move apart the next wales. As raw materials for its manufacturing were used multifilament
texturing polyester yarn by a linear density 150 den (a backing layer of knit on cylinder needles)
and 450 den (a face layer of knit on dial needles). Placing of loops of one layer of knit concerning
another in knitted fabric is shown in a photo of macro shooting of looping structure of weft double-
layer knit (fig. 4,a).
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Is shown on fig.4,a, loops of opposite layers are located one opposite to another because of
arrangement of needles in a interlock. From behind of knitting of a derivative jersey on different
needles in each following knitting system is received the texture which in each layer have wales are
pull together closely one to another and no intervals between the next needle wales. Is shown on
fig.4,a loops of opposite layers 1 and 2 are located one opposite to another because of arrangement
of needles in interlock and to knitting of a derivative jersey on different needles in each following
knitting system. Thus, loops of both layers of knit will resist to action of punching effort. In other
photo (fig. 4,b) we see an arrangement tuck connecting stitch 2 in structure of weft double-layer
knit which as already it was marked earlier, aspire to move apart the next wales which directly
connected to them.

The prime problem of manufacturing weft double-layer knit of such refueling, first of all,
consists in a considerable difference in a linear density of the threads forming face and backing
layers of knit (a linear density of a thread of a face layer three times more backing). The increase of
a linear density of the thread forming a face layer of knit, allows to reach necessary level of stability
of a material to punching action. It in turn demands a choice of parameters of a mode of the
knitting, providing normal course of process stitch formation. The interrelation determination
between draw lever at formation of loops in the cylinder and a dial, and also in a dial at formation
of tucking with the account of a kind and a linear density of raw materials and design data of the
knitting equipment will allow to normalize process stitch formation and to receive the
counterbalanced structure weft double-layer knit with tuck connection of layers by main threads
[12].

The developed double-layer knit, the must pass verification of the necessary strength of knit
against perforation (penetration - test). A special setting was used to check the canvas for the
strength measure [6]. To imitate the conditions of the puncture of knit during a fight the special
blade puncture conditions were developed at the facility for this study.
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Fig 5. Dynamometer for test of cloth resistance to perforation

Figure 5 presents circuit device for research of knit on resistance against perforation.
Method of work for the study: the sample material is placed in the clamp with a hole of 25 mm and

fixed spring ring. Sample holder is mounted on the platform lever cargo handling system, which
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with a given initial load of 2.3-2.5 kg presses the sample. Rod to puncture at a speed of 720-750
mm / min until the sample is moving until the sample will puncture. As soon as a puncture leaf,
stem stops and on the scale of the installation will be fixed load and deflection of the sample before
the break. In conducting the study, we also examined what deformation on the sample during the
experiment. From the standpoint of the nature of the contact deformation of the material in the zone
of interaction with the cutting surfaces is difficult to distinguish the predominant deformation.

To imitate the conditions of the puncture of knit during a fight the special blade puncture
conditions were developed at the facility for this study. The synchronization of the activity at the
facility with the computer provided us with the graphs of pressure — deformation, which allows
studying the process of fabric puncture over time. It gave us the opportunity to study in detail the
process puncture of knitted fabric for improving the strength of knit.
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OCOBJIMBOCTI AOCIIZKEHHSA TPUKOTAXKY AJIsI BUT'OTOBJIEHHA
PEXTYBAJIbHUX KOCTIOMIB
BECKIH H.B., 'AJJABCBKA JI.€.

Kuiscoxuil nayionansruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. BucomoenenHsi UCOKOAKICHO20 MPUKOMANCHO20 NOJOMHA 07 hexmyeanbHux
KOCMIOMI8 3 UCOKUMU NOKAZHUKAMU MIYHOCMI 00 CUiu npokony (nepghopayii) KIuHKOM 00HO20 3
8U0I6 CNOPMUBHOI 30POT

Memoouka. Buxopucmano memoou eKcnepumeHmanbHo2o OO0CIIONCEHH 3a ICHYIOUUMU
CMAHOApMU308AHUMU MEMOOUKAMU 3DA3KI& 080UAPOBO20 KYIIPHO20 MPUKOMALCY, 8UPODIEHO20
Ha 080GhoHMYPHIl Kpyenos azanvuit mawuni 20-20 Kiacy 3 iHMeproYHUM POZMAULYBAHHAM 20NOK.
s eunpobyeanns nonomua Ha CMIUKICms 00 NPOKOJLY BUKOPUCTIAHO OUHAMOMEMD.

Pesynomamu. Po3pobneno HO8Y cmpykmypy ma mMexHON02i0 6'A3aHHA 080ulapo8020
KVIIPHO20 MPUKOMANCY CHEeYIAIbHO20 NPUSHAYEHHS 3 NPecosuM 3'€OHAHHAM Wapié OCHOBHUMU
HUMKAMU, HA CReYialbHill YCMAaHO8Yi nepesipeno CmitlKicms mpuKomasicy 00 nepgopyeanis.

Haykosea nosusna. Busnaueno winsaxu NONINWEHHS Npoyecy 8'3aHHA Wapie KyIipHO20
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080UAPOBO2O  MPUKOMAdCY OISl 8UCOMOGIEHHA  (DeXmy6albHUX KOCMIOMI8, GU3HAYEHO U
NPOAHANI308AHO BUMOSU 00 NOJIOMEH WO0O00 IX CMItikocmi 00 culu npokoxy (neppopayii) KiuHKom
00HUM 3 8UOI8 CHOPMUBHOI 30pOI.

Ilpakmuuna 3nauumicms. Bcmanosneno pedcumu '13anHs, K 3abe3neuams HOPMAIbHUU
nepebic npoyecy nemiemeopenHs U OMPUMAHHA BPIBHOBANCEHOI CMPYKMYPU KVAIPHO20
080UAPOBO2O MPUKOMANCY 13 3A0AHUMU BIACMUBOCMAMU; PO3POOIEHe MPUKOMANCHE NOTOMHO
nepesipeHo Ha 8I0N0BIOHICMb NOKAZHUKAM MIYHOCMI 00 CUIU NPOKOIY (nepghopayii).

Knrouoei cnosa: 0sowaposuii mpuxomasic, mpukomaxjc 07 GexmysaibHux KOoCmiomis,
CHOPMUBHULL MPUKOMAIC, CMIUKICMb 00 NPOKOILY.

OCOBEHHOCTHU UCCIIEJOBAHUS TPUKOTAXA IJIAA U3I'OTOBJIEHUSA
®EXTOBAJIBHBIX KOCTIOMOB
BECKUWH H.B., TAJTABCKAS JLE.
Kueeckuii Hayuonanvuwiii yrusepcumem mexHoao2utl U OU3auHa

Ilenv.  U3eomognenue  8blCOKOKAUECMBEHHO2O — MPUKOMAICHO20 — NOAOMHA  OJis
PexmosanbHbIX KOCMIOMO8 C 8bLCOKUMU NOKA3AMENAMU NPOYHOCMU K CUle NpoKoa (nepgopayuu)
KIUHKOM 0OHO20 U3 8UO08 CHOPMUBHO2O OPYICUSL.

Memoouka.  Hcnonvsosanvl — Memoobl — IKCNEPUMEHMANbHO20 — UCCIEO08AHUSL  NO
CYuWecmeyowum CmaHoapmu3uUpPOSaAHHbIMU  MeMOOUKAMU  00pA3Y08 OBYXCIOUHO20 KYIUPHO2O0
MPUKOMANCA, U30MOBIEHHO20 HA 080OHMYPHOU Kpyenoeszanvhou mawune 20-20 kiacca c
UHMEPIOYHbIM PACRONIOdCeHUeM uel. [lnsa ucneimauus NOIOMHA HA CMOUKOCMb K NPOKOILY
UCNONIb308AH OUHAMOMEMP.

Pesynemameut. Paspabomana HO6as cmMpyKmypa u MeXHONO2US 6A3aHUS O08YXCIOUHO20
KYIUPHO2O0 MPUKOMAICA CHEYUATbHO2O0 HAZHAYEHUSL C NPEeCCOBbIM COCOUHEHUEM CLO€8 OCHOBHbIMU
HUMAMU, HA CREYUATbHOU YCMAHOBKE NPOBEPEHO YCMOUYUBOCHb MPUKOMAdCA K nepghopayuu.

Hayunas nosusna. Onpedenenvl nymu yayuulenuss npoyecca 6a3aHus ClL0e8 KYIUPHO20
08YXCIOUHO20 MPUKOMAaNica Ol U320MOBNEeHUS  (DeXmOBATbHbLIX KOCMIOMOG;, ONnpedeneHbvl U
NPOAHATUZUPOBAHbL MPeDOBAHUSL K NOJIOMHAM NO UX YCMOUYUSOCMU K CUle npoKoaa (nepgopayuu)
KAUHKOM OOHUM U3 8UOOE CNOPIUBHO20 OPYIHCUSL.

Ilpakmuueckan 3nHauuMoOCmb. YCmanosieHvl pexcumvl 6513anusi, KOmopbvie obecneuam
HOPMAbHOE MeyeHue npoyecca nemieobpaz’o8anuss U NOLY4eHUs YPAGHOBCULEHHOU CMPYKMYpbl
KYIUPHO20 — OBYXCIIOUHO20 — MPUKOMANCA — C  3A0QHHbLIMU  CEOUCMBAMU,  pa3paboOmanHoe
MPUKOMANCHOE NOIOMHO NPOBEPEHO HA COOMEEMCMBUe NOKA3AMENIM NPOYHOCMU K CUle NPOKOJA
(nepghopayuu).

Kniouesvie cnosa: 08yxciotinwiii mpuxomasqc, mpukomasjic 0. (pexmosaibHblx KOCIMIOMOS,
CHOPMUBHBILL MPUKOMAIC, YCMOUUUBOCHb K NPOKOILY.
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BEZSMERTNA V.1, IELINA T.V., HALAVSKA L.le.
Kyiv National University of Technology and Design

ANALYSIS OF CFD SIMULATION OPPORTUNITIES FOR
DETERMINATION OF KNITWEAR QUALITATIVE
CHARACTERISTICS

Purpose. To develop method for determining knitted fabric’s characteristics for special
purposes by using modern computer programs.

Methodology. In the work methods for analysis and synthesis of scientific, technical and
patent literature in the modeling field of physical and mechanical processes in various industries
were used. Tools that are embedded in the Autodesk AutoCAD software were used to predict
properties of the materials CFD software and 3D modeling.

Results. The number of software analysis packages and their capabilities. Best software was
selected for determining knitted fabrics quality characteristics.

Scientific novelty. To identify ways of improving the method for determining physical and
mechanical characteristics of jersey special canvas. Also: CFD modeling capabilities were
described for determining knitted fabric’s quality; were defined and justified demands of 3-D
models for the prediction of high-quality physical and knitted fabrics mechanical properties using
computer tools.

Practical value. The method was offered to determine the knitted fabrics properties using
specialized software. This technique allows the help of 3D modeling to recreate experiments in
close to real conditions in the laboratory equipment.

Keywords: CFD, modeling, knitwear, physical and mechanical properties.

Introduction. Nowadays, with the development of computer technology and continuous
improvement of engineering research algorithms, modern engineers have more possibilities for
virtual tests of complex hydro - gas-dynamic testing products. This dramatically reduces the need
for costly testing physical prototypes. In some cases the need for real tests is eliminated completely.
This is especially true in specific areas which makes it difficult to conduct, for example, in outer
space or in the area of a disaster.

In such cases it is advisable to use modern methods of computational aero-hydrodynamics-
CFD (Computational Fluid Dynamics).

Objectives. The aim of this work is to analyze the possibilities of CFD simulation in terms
of suitability for predicting jersey characteristics for special purposes.

CFD technology - a combination of physical, mathematical and numerical methods designed
to calculate the liquids and gases flow properties. This modeling method has the greatest
opportunity to analyze the data obtained due to the coloring of the calculation results. The progress
of computer technology in aero and hydrodynamics allows virtual full replacement of natural
physical experiments conducted in a wind tunnel with computing experiment, and the resulting
information contributes to understanding of physical processes.

The first development of CFD-modeling technology started at the early 80th. Thanks to the
program’s versatility they were widely used in various scientific fields and industrial production.
CFD-models can solve a variety of tasks — calculate the flow of aircraft wing to combustion of the
material in furnaces, produce glass or to simulate movement of blood through the vessels and so on.
CFD- modeling is used by many well-known companies in the aviation - and affecting the car
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production industry for modeling aerodynamic forces. Design flow processes programs are high-
tech products, their creation required more than a thousand man- years of skilled programmers work
and physicists from around the world. CFD programming used in various fields, namely:
instrumentation, electronics and lighting; valves, nozzles, throttles; pumps, compressors, turbines,
fans; heat exchangers, coolers, air conditioners; construction, architecture, AEC, HVAC, BIM.

The question of the need for virtual experiments to study the nature of the deformation of
knitted fabrics for special purposes under power loads, thermal and gas-exchange processes in
knitted fabrics and products arose long ago. This method of determining the jersey quality
characteristics allows to set knitting parameters while in the design phase, ensuring the production
of knitwear with desired properties. Simulation provides adequate jersey dimensional geometric
models. In addition, one of the key elements in implementing virtual experiments is to determine
the best software that will predict physical and mechanical characteristics of the fabric.

Research results. Currently there is a lot of works on the topic of creating 3D jersey models
with appropriate structure. Scientists use different ways to obtain three-dimensional structures that
meet the specifications of the real fabric. So in their works [1, 2] the authors used X-ray micro-
computer tomography. This method gives very accurate information about the fibrous structure
geometry, but it can be only applied to already produced fabric.

Other researchers created structure’s topology and improved it by mechanical methods. This
is one of the core methods that allow reproduction of the knitwear geometry in a short period of
time. The first scientists who created these structures were Pierce and Kemp [6, 7].

In works [3-5] the model of complete production process is represented. For example, in his
work R. Ackerman [4] reproduces the entire process, from weaving machine to creating the finished
canvas. This method requires many calculations, which in turn takes time.

In works [8,9,10] we have developed a theoretical basis for creating 3D models of the jersey
color weaves and tested the possibility of using these models for computer analysis of the jersey
properties and behavior.

Erdan Kesov in his article [11] examines the most common geometric modeling methods of
textile structures. For comparison, he chose geometry using only the key points and the geometry
using key points with well-defined curves between these points. The author describes the software
packages for simulating knitted fabrics and analyzes their capabilities at the moment.

E. Kesov conditionally divided the creation process of multiple textile structure on different
levels. Zero level is fiber, the first - thread, the second - twisted yarn, third is knitwear, and fourth is
rope or clothing. The scientist's work described the designs to 3-level simulation.

In article [12] an overview of the existing geometric and physical models of loops knitted
fabric is presented. Author's work describes a method of imaging the mentioned loop for future
analysis. In this way the change of contour shape is possible using polynomial functions and
determining curvature center loop. The final result of this work is the dependence of circuit loop
parameters during deformation in the direction of columns. Knitwear was checked in operation. It
was made of special material NiTi, characterized as superelastic. The elastic properties of NiTi are
displayed on the properties of the loop, which proves the correctness of the jersey imaging.

To determine the deformation properties of knitwear the adequate knitted fabric structure is
not enough. For such modeling there is the need for a more flexible knitted fabric model.
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Simulation process consists of two key phases. It is creation of 3D models in computer
environment (modelling) and conduction of virtual experiments with it (simulation) [13].
Accordingly, the accuracy of analytical calculations in CAE systems depends on the adequacy of
the models created in the first stage of consideration of all object modeling essential characteristics.
In terms of built-in tools suitable for automation hydrodynamic calculations determining the knitted
fabrics quality characteristics results can be achieved by such well-known software like ANSYS
FLUENT and ANSYS CFX, Flow Vision, OpenFOAM, SigmaFlow, Autodesk Simulation CFD
and others.

For model to be adequate many characteristics of the object must be considered. In previous
studies we identified indicators of jersey breathability [14] using software Autodesk Simulation
CFD. Virtual experiment was conducted using a 3D model of the structure of knitwear created in
AutoCAD software environment [10]. This model takes into account such factors of jersey structure
as loopy step; height looped series; horizontal density; vertical density; thick knitwear; the length of
thread in the loop; penetrating porosity. Also material was tested on air flow and steel tube.

For a more detailed analysis of the knitted fabric properties for special purposes, which in
the course of the product can withstand various kinds of power loads, and determine their quality,
including tensile deformation and fracture looped structure, it is not enough. Besides the above-
mentioned jersey characteristics and software environment conditions also must be specified:
material properties; commodity composition of threads or fibers (wool, flax, etc.); filament threads;
thread twist; material density; viscosity; thermal conductivity; specific heat; crease; radiated
capacity; roughness.

These figures can change or leave the default for the selected material depending on the
purpose of knitwear and physical and mechanical characteristics to be figured out. In addition, when
the material characteristics need to be determined it is necessary to specify if it is fixed or variable,
and then set the conditions of the script. Material properties can be evaluated in these conditions,
and / or continuously maintained, or used the original ones.

CFD modeling fits the determining the knitted fabrics quality characteristics because the
software allows to use simple geometric objects (loop structure), as well as complex parts or even
assemblies (structure jersey). For a more precise calculation there is the ability to adjust the size and
density of the mesh in critical areas such as the intersection of two loops.

Tool to determine the qualitative properties of knitted fabrics is offered in such software
products as: Autodesk Simulation CFD, ANSYS FLUENT and ANSYS CFX, Flow Vision,
OpenFOAM, SigmaFlow and others.

Autodesk Simulation CFD is software that has a complete set of tools for the simulation of
heat and fluid flow processes. This helps to predict the behavior of products during use, optimize
design and thoroughly check projects before transmission into production. For convenient use
Autodesk Simulation CFD is equipped with the following tools: modeling-oriented interface,
automated grid for Finite Element Analysis of size selection and specification, modeling kernel
Accelerant, and special environment for project learning. The software is used in the design of
industrial equipment, medical devices, consumer goods, oil and gas industry and the automotive
industry. Autodesk Simulation CFD provides the following features:

« automation of project studying - a set of tools that will optimize process design and
improve analysis efficiency;
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 important decision-making center- a convenient powerful environment for comparing
design options;

* project-checking center - a visual environment for learning project that simplifies and
accelerates the process of decision-making;

» model-oriented interface - provides multiple ways to interact with the model at any time;

* customizable database of materials - flexible materials management.

ANSYS - the universal program system of finite-element (FEM) analysis of existing and
evolving over the past 30 years, it is quite popular among professionals in the field of automated
engineering calculations (CAD or CAE, Computer-Aided Engineering) for solving linear and non-
linear equations stationary and non-stationary spatial problems and mechanics of deformed solid
forms and structures, problems in mechanics of gas and liquid, heat exchange and heat transfer,
acoustics, electrodynamics, mechanics and related fields.

ANSYS CFD technology provides access to a well-known software products: ANSYS
FLUENT and ANSYS CFX. These are the main products for general purpose tasks hydro and gas
dynamics offered by ANSYS Inc. Programs are available separately. These two program solvers
were developed independently and despite some similarities have several significant differences.
They lie in the method of integrating the equations of fluid flow and strategies for solving
equations. ANSYS CFX platform is fully integrated into ANSYS Workbench.

ANSYS CFX software uses finite element mesh (numerical values in the grid), similar to
those used in the analysis of strength for the sampling area. Unlike ANSYS CFX, ANSYS
FLUENT product uses a mesh of finite volumes (numeric value in the centers of holes). In the end,
both approaches form the equation for finite volumes, which ensure conservation values of the flow,
which is a prerequisite for exact solutions of the problems with hydro gas dynamics. In ANSYS
CFEX special emphasis is set on solving the basic motion equations (coupled algebraic mesh) and
ANSYS FLUENT offers several approaches to solving (method based on the density split, method
based on pressure associated, method based on pressure). Both programs contain valuable physical
simulation capabilities for accurate results.

ANSYS solvers for liquids and gases contain over a thousand man-years of research and
development. These efforts are expressed in ANSYS software advantages over other similar
programs, especially in experience, reliability, breadth and depth.

FLOWVISION. Program computational complex for aero - and hydrodynamics. FlowVision
is designed for mathematical modeling of various physical processes and of industrial infrastructure
and nature, as well as the operation of vehicles. FlowVision based on the numerical solution of
three-dimensional stationary and non-stationary dynamics equations of gas and liquids, which
include the laws of conservation of momentum, mass (Navier-Stokes equation), state equation. To
calculate the complex movements of liquid and gas, accompanied by additional physical
phenomena, such as turbulence, combustion, porous medium, heat, mass transfer and so on, in the
mathematical model were included additional equations describing these phenomena. FlowVision
uses conventional volumetric approach to approximate equations of mathematical model. Navier-
Stokes equations are solved by splitting on physical processes (projection method MAC).
FlowVision based on such technologies of computational fluid dynamics and computer graphics:

« rectangular grid design with a local settlement centers fragmentation;

« approximation of curved boundaries of the settlement area by subgrid division geometry;
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« import CAD systems geometry and finite-element through the surface of the grid,;

* program core written in C++;

* a client-based server architecture;

« user interface — for operational systems MS Windows and Linux;

« simulation results analysis system using high-quality graphics based on OpenGL.

OpenFOAM - open integrated platform for numerical modeling of continuum mechanics
problems. OpenFOAM - free program for computational fluid dynamics tools for operations with
fields (scalar, vector and tensor). It is a one of "complete” and known applications designed for
FVM-computing. Initially the program was designed for strength calculations, but the result of
years of academic and industrial development up till now allows us to solve many different
problems of continuum mechanics (though it isn’t limited to it), including:

« calculations of strength;

« heat conduction problems in solids;

» multiphase tasks including chemical reactions describing the component stream;

» tasks associated with the estimated net deformation;

« conjugated problems;

* other tasks, which require mathematical formulation solving differential equations in
partial derivatives in the complex geometry of the environment;

« parallelization of calculation to run on multiprocessor systems (including cluster systems).

At the core code is a set of libraries that provide tools for the solution of partial differential
equations derived in time and space. The working language of the code is C++. In terms of the
language most mathematical differential and tensor operators in the code equation (to broadcast an
executable file) can be presented in an understandable form. The method and sampling solution for
each operator can be selected by the user in the process of calculation. Thus, encoding is fully
encapsulated and separated. This is the concept of computational grid method, sampling the basic
equations and methods of solving algebraic equations.

SIGMAFLOW. The program SigmaFlow - a universal commercial software product for a
wide class of problems: fluid dynamics, heat transfer and combustion. SigmaFlow is a further
development of AeroChem program, developed since 1993. Specialized versions are used by a
number of researchand design organizations and in the education. The program development is
provided in the implementation of projects under grants and contracts for research.

The program SigmaFlow can simulate following processes:

« steady and unsteady fluid and gas flow;

* non-Newtonian fluids flow;

« turbulent flows using RANS and hybrid RANS / LES models;

» conductive and radiative heat transfer;

« chemical reaction and mixing processes in multicomponent mixtures;

» combustion of gaseous, liquid and solid fuel;

« dispersed phase movement in the carrier flow (solid particles, droplets, bubbles);

« drying processes and pyrolysis, chemical reaction of the dispersed phase;

« free boundary problems;

» movement of solids in the gas stream;

* deformation of solids;
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« flow with phase transitions (melting - crystallization);

* cavitation flow;

* volumetric flow of forces.

SigmaFlow program like all universal programs allows you to create geometry of calculated
object prepare estimated, perform own calculations and analyze simulation results using graphical
tools. Recent versions allow high-performance parallel computing on cluster systems running
Windows operating systems or Linux. The numerical technique embedded in a program is based on
the finite volume for unstructured grids, provids conservative algorithm and allows to model
processes in geometrically complex objects. For approximation of differential equations uses
sustainable schemes of high accuracy order. The interaction between velocity and pressure fields is
realized using the procedure of splitting. Systems with difference equations are solved by an
iterative method using multigrid methods.

Conclusions. Analysis capabilities allowed finding out that all of the listed above software
packages above to perform 3D modeling are suitable for determining the quality characteristics of
knitted fabrics. We suggest performing 3D modeling knitwear patterns in the program Autodesk
Autocad. Autodesk Simulation CFD software are from the one kind. This allows avoiding
additional conversion when opening files from Autocad 3D models of structures designed knitwear
in Autodesk Simulation CFD.

Thus, with Autodesk Simulation resources CFD with available 3D model of jersey virtual
experiments could be implemented to determine the quality characteristics of knitted fabrics. In the
absence of technological equipment it gives the opportunity to set optimal structure parameters that
ensure predictable properties of jersey. Today it is especially important for special purpose knitwear
produced from high strength materials.

This method can significantly reduce the time and cost to manufacture prototypes for
knitting equipment. It does not require additional laboratory equipment and comfortable in
operating. Improved accuracy of calculations can be achieved by improving the geometry of the 3D
jersey structure model of given physical and mechanical material characteristics, including its
bending stiffness, density substances, twist, etc.
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AHAJII3 MOXJUBOCTEM CFD MOJEJIOBAHHSI 1151 BASBHAUEHHSA SAKICHAX
XAPAKTEPUCTUK TPUKOTAXKY
BE3CMEPTHA B.IL., €JIIHA T.B., TAJIABCBKA JI.C.

Kuiscoruii nayionanvrutl ynisepcumenm mexnonozit ma ousaiiny

Mema. Po3pobka memoody usHA4eHHs AKICHUX XAPAKMePUCMUK MPUKOMANCHUX NOTOMEH
cneyianbHo20 NPUSHAYEHHS 3 BUKOPUCTIAHHAM CYYACHUX KOMN TOMEPHUX NPOCPAM.

Memoouxka. Buxopucmano memoou awanizy ma CcuHme3y HAYKOBO-MEXHIYHOI ma
namenmuoi aimepamypu y cghepi Mooento8anHs QPi3uKo-MexaHiyHux npoyecie 8 00’ ekmax pizHux
eanyseil ma npocHO3y8aHui ix eracmueocmetl 3a Oonomocoro CFD npocpam, a makodic
incmpymenmu 3D mooenioeanns, 66yoosani y npoepamui npodykmu Autodesk AutoCAD.

Pezynomamu. I[lpoananizoeano pso npocpamuux naxemie ma ix moocausocmi. Obpano
npozpammue 3abe3neyenus 0Jis 6USHAYEeHHs AKICHUX XAPaKMepUucmuK mpuKomaiCHux noJiomeH.

Haykosa noeusna. llonscac y euaenenui wiiaxie YOOCKOHANEHHS MemoOy 6UHAYEHHs
QDi3uKO-MeXaHIYHUX XApaKmMepucmux  mpuKxomaxicy chneyiaioho2o npusHavauus. Illpu yvomy:
oxapaxmepuzosano modcrusocmi CFD  moodentosanns 0na 6UHAYEHHS NOKA3HUKIE AKOCHI
MPUKOMACHUX NOJIOMEH, BU3HAYeHI ma oO0IpYyHmMoeaHi eumocu 00 3-D modeneii 011 saKicHo20
NPOCHO3Y8AHHA  (DI3UKO-MEXAHIYHUX — GIACMUBOCMEN — MPUKOMAXCY 3  BUKOPUCMAHHAM
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KOMN tomepHux 3acoois.

Ilpakmuuna 3nauumicmes. 3anpononosano  mMemoo  GU3HAYEHHS  GIACMUBOCHEl
MPUKOMAINCHUX NOJOMEH 3 GUKOPUCMAHHAM CReyiani308aHux Komn'tomepuux npoepam. Jlauma
MemoOUKa 00380J5€ 3a 00NOM0o2ol0 3acobie 3D moodentosanHs i0meopumu excnepumenmu 8
VYMOBAX, OIU3LKUX 00 PealbHUX YMO8 HA 1a00paAmopHOMY 00AOHAHHI.

Knrouoei cnosa: CFD, mooeniosants, mpuxomanic, Qizuxo-mexaniuui 61acmueocmi.

AHAJIN3 BO3MOKHOCTEH CFD MOJIEJUPOBAHUA JJI51 ONPEAEJEHUS
KAYECTBEHHBIX XAPAKTEPUCTHUK TPUKOTAXKA
BECCMEPTHAA B.U., EJIMHA T.B., TAJJABCKA JLE.

Kueeckuil Hayuonanvuwliii yrusepcumem mexHoao2utl U OU3alHa

Llens. Pazpabomka memooa onpeoenenus KaueCmeeHHbIX XapaKmepucmux mpuKomaicHbix
NoJI0MeH CneyuaIbH020 HA3HAYEHUsL C UCNONb30BAHUEM COBPEMEHHBIX KOMNLIOMEPHBIX NPOSPAMM.

Memoouxa. Hcnonvzosanvl MmemoObl auaiu3a u CuHmesa HAYYHO-MEXHUYEeCKoUu U
NAMeHmHOU Jaumepamypol 8 001acmu MOOEIUPOBAHUS.  (PUUKO-MEXAHUYECKUX NPOYecco8 8
00beKmMax pasiuyHvlX ompaciell U nPocHO3Uposanus ux ceoticms ¢ nomowwio CFD npoepamm, a
makaice uHcmpymeumol 3D mooenuposanus, 6cmpoeHHble 8 npocpammuvle npodykmol Autodesk
AutoCAD.

Pesynomamul. Ilpoananusuposan pso npoSpamMMHbIX NAKEMO8 U UX BO3MONCHOCHIU.
Buibpano npoepammmoe obecneuwenue 0L onpeoeneHuss KAYECMEEHHbIX — XAPAKMepUCmuK
MPUKOMANHCHBIX NOJIOMEH.

Hayunaa mnosusna. Cocmoum 6 @vlagleHUU Nymell COBePUICHCMBOBAHUS Memooa
onpeoeneHus QU3UKO-MEeXAHUYECKUX XAPAKMEPUCMUK MPUKOMANCA CNEeYUATbHOSO HASHAYEHUSL.
Ilpu smom: oxapakmepuzosanvl 6o3modcHocmu CFD  modenuposanus 0ns  onpeoenenus
noxazamejeil Kauecmea mpuKOmadMdCHovlxX NOJ0meH, onpeoeieHvl U 000cHosanvl mpebosanus k 3-D
MoOensam OJisl KAYeCmBeHHO20 NPOSHO3UPOBAHUS (PUUKO-MEXAHUUECKUX CBOUCME MPUKOMAMCA C
UCNOIb308AHUEM KOMNBIOMEPHBIX CPEOCME.

Ilpakmuueckan 3nayumocme. [lpeonodicen memoo onpeoeieHus C8OUCME MPUKOMANCHBIX
NOJIOMeEH ¢ UCNONb30BAHUEM CNEYUATUSUPOBAHHBIX KOMNbIOMEPHBIX NPOCPAMM. J{aHHASL MemoouKa
no360/sem ¢ nomowpto cpeocme 3D modenuposanus 60CNPoOU3BeCmu IKCNEPUMEHMbL 8 VCIO0BUX,
OU3KUX K PeAibHbIM YCI0BUAM HA 1AO0PAMOPHOM 000PYO008AHUU.

Knroueewie cnosa: CFD, modenuposanue, mpuxomasic, usuKo-mexanuyeckue colucmad.
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YK 687.016 BYJIT'APY B., KOHOPBA O.

TexHuueckuit yauBepcuteT MoJijJoBbI

HUCMOJb30BAHUE KOHTPOJIbHbBIX KAPT IIYXAPTA JJIsI
AHAJIN3A CTABWJILHOCTH NPOLIECCA IPOU3BOJICTBA
OJIEXKIbI

Iens. Buiasnenue cmamucmuueckou cmabuibHOCMu npoyecca npousso0cmed 00excobl Ha
weetinoti  gpabpuxe ¢ nomowwio xapm Illlyxapma O0na oyenku OanbHelwe2o BHEOPeHUs.
Meponpusmull no Yay4ueHuo.

Memoouka. B pabome ucnonv3osamvi mMemoobl AHATUMUYECKO2O U CMAMUCMUYLECKO20
aHanu3a OAHHBIX O Kauecmee BblNyCKAemol NpOOVKYUu WEetHou (Gabpuxu ¢ UCHONb308AHUEM
cmamucmuyeckux p-kapm [Llyxapma.

Pesynomamur. Ha ocnose nposedeHno2o amaiusa YCmMamosileHd CMAmucmuiecKkast
HeCmabuIbHOCMb NPOYECCO8 NPOUIBOOCBA 00eHCObl 80 BCeX MpeX UCCIe0YeMbIX Yexax WEetHou
Gabpuxu u NOKA3AHO UYMO NPOYEHM HecOOMBEemMCmMEYIOWUX U30eaUll, B036PAUEHHbIX O]
nepeoenKu, 04erb 8blCOK U MO 00YCI06IEeHO KAK CUCMEMHBIMU, MAK U 0COObIMU NPOOIEMAMU.

Hayunasa noeusna. Hccneoosana 603MONCHOCMb UCHONL30BAHUSL KOHMPOJIbHHIX KAPM
lyxapma ons ananuza npoyecca npouzBo00Cmea 00edcobl U ONpeoeneHbl 3A6UCUMOCTU MENCOY
NPOYEHMOM HeCOOMEEMCMBYIOWUX U30eNUll U KA4eCmBOM NPOYeccos WeelHo20 npou3soocmea ¢
HOMOWbIO P-KaApm.

Ilpakmuueckoe 3nauenue. Pazpabomanvi pexomeHOayuu nO UCNOIL30BAHUIO KAPM
Llyxapma 0na ananuza npoyecca Npou3BoOCMEd WBEUHbIX U30eNUll, YMmo Odem B03MONCHOCHDb
PYKOBOOCMBY 8blABUMb 00Wue (CucmemHuvle) U 0CcobOble NPUYUHLL HOHKAYecmeéa U NpasUibHO
PEKOMEHA08AMb U 6HEOPUMb MePONPUSIMUSL NO VIIYYULEHUIO.

Knrouesvie cnosa. xauecmeo, o00edcoa, CmMAmMucmMuyecKuti KOHMpOdb, CMAOUTbHOCHb
npoyecca, kapma LLlyxapma, ynyywenue.

Berynuienne. Koria roBoprM O KayecTBE OYEHb BAXKHO IMMOHATh, YTO TaKOE KauecTBO.
[Ipobnemam oOecniedeHusi KadecTBa B IIEJIOM M B YaCTHOCTH TIPH TPOU3ZBOJACTBE OJICHKIBI
MOCBSIICHBI pabOTHI pa3HbIX aBTOPOB [1, 2, 5-7].

B nepBoii rnaBe cBoeit kHuru «Bbeixoa u3 kpusuca: HoBas mapagurma ynpaBieHus JIOAbMH,
cucteMaMu U niporieccamuy [1] 3. demunr numrer: «KadecTBo 1151 TPOU3BOACTBEHHOTO pabodero —
3TO TPEXKIE BCEro BO3MOXKHOCTH IIOJIy4aTh YIOBIETBOPEHHE OT pPadOThI, TOPAUTHCS CBOUM
MacTepcTBOM. [I0BbIIIas Ka4ecTBO, MBI MpeBpaliaeM OeclebHO PacXoyeMbIe YEIIOBEKO-9achl H HE
MOJTHOCTBIO UCIOJIb30BAaHHOE MALTMHHOE BPEMS B OTJIMUHYIO MPOAYKIIUIO U IPEBOCXOAHBIC YCIYTH.
B  pesyapraTe BO3HUKAaeT LEMHAas  peaKUUsi — CHUXAIOTCA  3aTpaTrhl, IOBBIIIACTCS
KOHKYPEHTOCIIOCOOHOCTH, JIFOJM Ha TTPOU3BOJACTBE YYBCTBYIOT ce0s1 OoJiee CHaCTIMBBIMU, pabodme
MecTa MPEyMHOKAIOTCS. .

Takum o0Opa3om, MENbI0 ACITEIBPHOCTH PYKOBOJUTENEH IOJKHO OBITH CO3JaHHE YCIOBUH
JUTSl THUITMAPOBAHUS JTAHHOM 1lenmHOoN peakiuu. OnuckiBas npooyxaeHue Amonun B S0-bIX Tomax
XX-to cronetusi JIleMUHT yka3pIBae€T Ha TO, YTO MEHEHKMEHT OCO3HAJ CBOIO POJIb B YIYUIICHUU
Ka)KJIOTO Ipoliecca, a UHKEHEPhI OBJIAJIEIH MPOCTHIMU, HO MOUTHBIMHU CTAaTUCTUYECKUMU METOAaMH,
MO3BOJISIIOIIMMU YCTAHOBUTH HaJIW4Me OCOOBIX (CIEUUANbHBIX) MPUYUH BapUAIUU, U TOHSIIH,
HACKOJIBKO BaKHO HEMIPEPHIBHO COBEPILIEHCTBOBATH MPOLIECCHI.

Hcxonst u3 COOCTBEHHOrO oOImbITa, JleMHHr JenaeT BbIBOA 4TO OoibmuHCTBO — 94 %
npoOJieM M BO3MOXKHOCTEH YIyUIICHUH TPUHAIICKAT CUCTEME W SIBISIOTCS OTBETCTBEHHOCTBIO
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MEHEeDKMEHTa W Julnb 6% mpobrem — ocoObie. [103TOMy HCHONB30BaHHWE CTATUCTUYECKUX
METOJIOB, B TOM YHKCJIe KOHTPOJIbHBIX KapT LllyxapTa, s aHANIM3a U YITYYIICHHUS MPOLIECCOB BaXKHO
C TOYKH 3PEHHUS CTPAaTErMYeCKOTo MOAXOAa MPeryNpekIeHUs MOSBICHUS AEPEKTOB U CHIKEHUE
3aTpaT Ha MepeeNKu.

BriepBbie KOHTpOJIbHBIE KapThl ObLIN MpeioxkeHbl B 1924 roxy V. lllyxaptom (CILA) ¢
HaMEpEeHWeM OTAEIUTh BapuUalldd [apaMeTPOB TEXHOJOTWYECKOro Mpolecca, KOTOphIe
00YyCIIOBJICHBI OTPENEICHHBIMU IPUYUHAMHE, OT T€X, KOTOPHIE BBI3BAHBI CIIyYallHBIMH MPUIHHAMHU.
KoHTposibpHast kKapTa COCTOUT W3 LEHTPAIBLHOUN JIMHUU, Tapbl KOHTPOJILHBIX MPEAEIIOB, M0 OJHOMY
HaJl ¥ MOJ UEHTPAJIbHOU JTIMHUEW, U 3HAYCHUI mapamMeTpoB (MOKa3aTesell KauecTBa), HAHECEHHBIX
Ha KapTy AJisl MPEJICTaBICHUsI COCTOSIHUS Tpoiiecca. Eciii Bce 3HaYeHUs1 MapaMeTpOB OKA3bIBAIOTCS
BHYTPU KOHTPOJBHBIX TpPEAENOB, HE MPOABIAA KaKMX-TO OCOOEHHOCTEH B PACIOJIOKEHUH, TO
nporiecc cuutaercs koutpoaupyembim [2]. Kapter [lyxapra ucnonb3yroTcs Kak CTaTUCTUYECKHUI
HHCTPYMEHTAPHl B pa3HbIX 001aCTAX MPOMBIIUIEHHOCTH 1 oOpa3oBanus [8-10].

Pe3yabTaTsl ucciaenoBanus. VcciaepoBanue NMpoOBOAMIOCH Ha IMBeHHOW (aOpuke B T.
OpreeBe pecnyOnanka MomgoBa, koTopas paboTaeT Ha JaBalbUeCKOM ChIph€ C MHOCTPAHHBIMU
MapTHEpPaMH U CHEUATM3UPYETCS Ha MPOU3BOJICTBE U3/IETUN U3 TPUKOTAXa: MAEK U IOJIO.

B tedenue ogHoro mecsua (sHBapb 2016 rona, 18 pabouux aHEit) BeIHCh 3alTUCH BO BPEeMs
KOHTpPOJISl KadecTBa B IBEHHBIX II€XaX M OTMEYCHO KOJMYECTBO HM3ACTUN U JAE(PEKThI, KOTOpHIC
BO3BpAIIAJIUCh ISl UcrpaBieHus. KoHTponb KayecTBa OCYIIECTBISUICA I BCEX M3ICIUN U
MOCKOJIbKY B K&)XKJIOM LI€X€ KOJMYECTBO BbIpaOaThIBAEMbIX W3JEIHI ObLIO pPa3HBIM, pacCUMUTAIU
MPOLIEHT HECOOTBETCTBYIOMIMX H3EIUN U aHAIU3UPOBAINU COCTOSIHHE MPOILECCOB C MOMOIIBIO P-
kaptel lllyxapra. B 1abn. 1 npuBeneHsl JaHHBIE, HA OCHOBE KOTOPBIX CTPOMJIHMCH KOHTPOJBbHBIE
KapThl. BepXHuil 1 HXKHUN KOHTPOJBHBIEC MPENeNbl, a TaK )K€ LEHTpaJbHas JIMHUS ONpeesieHbl B
coorBercTBuM ¢ 'OCT P 50779.42-99 (MCO 8258-91) [3].

Tabauya 1
PacuerHbie 1aHHbIE 1JI51 NOCTPOEHUSI KOHTPOJIbHBIX KapT Ilyxapra

No Cpennee OO611ee KOTMIECTBO Cpenne Bepxuuit Hwxunit
1e- | KOJMYECTBO | HECOOTBETCTBYKOINUX | apUPMETHUECKUH | KOHTPOJBHBIA | KOHTPOJIBHBIH

Xa | MPOBEPEHHBIX 171631 (3313107 MPOIICHT npeaen npenen

171631 (SN11707 8] BEBISIBJICHHBIX B HECOOTBETCTBYIOIIHX (BKII) (HKIT)
JIeHb teueHuu 18 gHEH m3nenuii (L1JI)

1 1199 2180 10,09 12,70 7,48

2 938 2220 13,14 16,44 9,83

3 1487 2236 8,35 10,05 6,19

AHanu3 MOCTPOCHHBIX KOHTPOJIBHBIX KapT (puc.1-3) mo3Bomsier cienaTh BHIBOA O TOM, YTO
IIPOLIECC IPOU3BOJCTBA OJEXKABI BO BCEX TPEX Li€XaX B pacCMaTpPUBAEMOM IEPHOJE BPEMEHHU
HAXOJUTCSl B CTAaTUCTHUYECKH HEYNpaBiIsieMOM cOCTOSIHUU. OO0 3TOM CBUAETENIBCTBYET BBIXOJ B
OINIpe/IeJIEHHbIE JHM MpPOLEHTa Je(QEeKTHbIX u3Jenuil 3a
KOHTPOJIbHBIE TPAHULIBL.

CTaTUCTUYECKHU YCTAaHOBJICHHBIC
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Puc. 1. KourpoasHnas kapra lyxapTa 11 NponeHTa HeCOOTBETCTBYIOIINX M3/1e/ TNl BLIpPA0OTAHHBIX B
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Puc. 2. Kontpoabnas kapra lllyxapra A5 NpouLeHTa HeCOOTBETCTBYIOLIMX H3/1eJIMil BLIPAOOTAHHBIX B
mBeliHOM Hexe Ne2

KonTponpHast kapra Uisi NPOLEHTa HECOOTBETCTBYIOUIMX W3JENIUM, BBIPAaOOTaHHBIX B
mBeHOM 1iexe Ne2, mogaeT cTaTUCTUYECKUE CUTHAIBI O BOSHUKHOBEHHH 0CO00M MPUYHMHBI Ha 5-U
JIeHb, KOTOpas MOXXET OBbITh CBsi3aHAa C KAaKUM-TO KOHKPETHBIM COTPYIHUKOM WM TPYIION
COTPYZHUKOB, 000pyIOBaHMEM MO0 MapTHell MaTepualla U KOTOopas MpHUBesa K HEOOXOAMMOCTH
NepefesKi TPEeTH OT oduero odbeMa Mpou3BojAcTBa. Jlaxke mocie ycTpaHeHus JaHHOM ocoOoi
IPUYMHBI YPOBEHb AE€()EKTHOCTH OCTAETCS BBICOKMM, YTO CBHJETEIBCTBYET O HEOOXOAMMOCTH
aHaJln3a CO CTOPOHBI MEHEKMEHTa C MCIIOIb30BAHMEM KIACCMYECKHX IPOCTBIX MHCTPYMEHTOB
MEHEJKMEHTa KauecTBa Takux Kak nuarpamma Ilapero, nmarpamma MmmkaBbl, cTpaTuukaiys,
KOTOpBIE TO3BOJISIIOT BBIABUTH IPUYMHBI TaKOTO COCTOSIHUS IIpoLecca W YCTPAaHUTh WIH
MUHUMU3HUPOBATh UX BIHUSIHHUE.
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Puc. 3. KourpoasHas kapra lllyxapTa 11 nponeHTa HeCOOTBETCTBYIOIINX M3/1e/ TNl BLIPA0OTAHHBIX B
mBeliHOM Hexe Ne3

CratucTudeckass yOpaBIsieMOCTh HE HCKIIOYAaeT HaIW4yus JEPEKTHBIX — M3ICIIH.
CraTtrcTudeckast yrpaBisieMOCTb — 3TO COCTOSTHHE, B KOTOPOM BapHaIliy CIyYailHbI M CTa0MIBHBI B
TOM CMBICIIC, YTO WX TpeAebl MpeackasyeMbl. [Ipomecc MOXXET HAaXOOUThCS B CTaTUCTHYCCKH
VIPaBIsIEMOM COCTOSIHUM, BBIJaBas npu SToM jaedexTHbie wu3genus. Ha neme oH MoOxker
MIPOU3BOIUTH OYCHB BBICOKYIO OO JIe(hEKTHBIX U3/ICITHIA.

YMeHblieHre pa3dpoca OOBIYHO MPEACTaBIseT Oojiee TPYIHYIO 3a/Jady, YeM H3MEHEHUE
Touku HacTpoiiku [4]. [IpoOaembl pa3iudHbl, U Ui HUX HE CYIIECTBYET OOIIMX MPaBHI. ITO
3a/1a4a, HaJ KOTOPOH JOJDKHBI paboTaTh CIIEUAINCTHI B TaHHOW 00JIacTH.

BoiBoabl: Kak mokaszanm pe3yiapTaThl aHaM3a TPOIECC TPOM3BOJACTBA HAa JAHHOM
NPENpPUATAN HECTa0WJICH W MEHEKMEHTY HYKHO pa3paboTaTh MEpOINpHSTHS 10 €ro
crabmim3anuu. OHaKo cama 1Mo ce0e CTaTUCTHYEeCKas YIPaBIIsieMOCTh IPoIiecca He eCTh KOHEYHAs
nenb. Kak TombKo mporiecc CTaHOBUTCS CTaOMIIBHBIM, CTAHOBHUTCSI BOBMOKHA Cepbe3Hast paboTa 1o
COBEPIICHCTBOBAHUIO KA4eCTBA M SKOHOMUYHOCTH IPOU3BOJICTBA.
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BUKOPUCTAHHA CTATUCTUYHUX KAPT INYXAPTA JJISI AHAJII3Y
CTABIJIBHOCTI TIPOLECY BUPOBHULITBA OJATY
BYJII'APY B., KOUOPBA O.

Texniunuti ynisepcumem Mondosu

Mema. Busasnenns cmamucmuunoi cmabinbHocmi npoyecy supooHuymea 0052y Ha ueelitill
¢adbpuyi 3a oonomoecoro kapm Illyxapma 015 OYiHKU NOOATLULO2O BNPOBAONCEHHS 3AX00I8 UWOOO
NOJIINUIEHHS.

Memoouka. Y pobomi uxkopucmaui mMemoou aHalimuyHo20 i CMAMUCMU4H020 aHAi3y
0aHux npo AKicmb HPOOYKYil, W0 BUNYCKAEMbCA WBEUHOI (HAabpuKow 3 BUKOPUCAHHAM
cmamucmuynux p-kapm LlLlyxapma.

Pesynomamu. Ha ocHnoei  nposedeHozo  auanizy  8CMAHOGIEHO — CMAMUCTMUYHY
HeCcmaoibHICMb Npoyecié 8UPOOHUYMBA 00512y 8 YCIX MPbOX O0CHIONHCYBAHUX YeXax WEEeUHOI
¢abpuxu i nokazano, wo i0COMOK HeGIONOGIOHUX GUPODI8, NOGEPHYMUX O/ nepepodKu, Oyuce
BUCOKUIL [ Ye 0OYMOBNIeHO AK CUCEMHUMU, MAK I 0COOTUSUMU NPODTIeMaAMU.
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Haykosa Hnoeusna. J[ocniodceHo MOXCIUBICMb  BUKOPUCMAHHS  KOHMPOJbHUX —KAPM
LIlyxapma Ons ananizy npoyecy upoOHUYMSEA 0052y MAa BUHAYUEHO 3AJEHCHOCTI MIdHC 8I0COMKOM
HEeBION0BIOHUX BUPODIE i AKICMIO NPOYECI8 WUBEUHO20 BUPOOHUYMEA 3a OONOMO20I0 P-KAPML.

Ilpakmuune 3nauennsa. Po3pobdneno pexomenoayii wooo suxopucmanus kapm Lllyxapma
07151 aHani3y npoyecy UpOOHUYMBA UBEIHUX 8UPODI8, WO 0AE MONCIUBICMb KEPIBHUYMEY UABUMU
3a2anvHi (cucmemti) i 0coOIUB] NPUUUHU HOHKAYECBA i NPABUTILHO PEKOMEHOY8amu i 6npo8aoumu
3axX00U WOOO NOJINUICHHSL.

Knrouoei cnosa: sxicms, 0052, cmamucmuyHuil KOHMpOJib, CMAOLIbHICMb NpoYecy, Kapma
Llyxapma, noninuienus.

THE USE OF SHEWHART CONTROL CHARTS IN ANALYZING STABILITY OF THE
PROCESS OF CLOTHING PRODUCTION
BULGARU V., KOCHORVA O.
Technical University of Moldova

Goal. Identifying the statistical stability of the garment factory using the Shewhart charts in
order to evaluate further implementation of the improvement measures.

Methodology. In the working process there are used methods of analytical and statistical
analyses of data on the quality of the products of the garment factory using statistical Shewhart p-
charts.

Results. On the basis of the analysis, the statistical instability of the clothing production
processes in all three shops of the garment factory was established and it was shown that the
percentage of the improper items that were returned for conversion is very high, and this is due to
both systemic and specific problems.

Scientific novelty. The possibility of using Shewhart control charts for the analysis of the
process of clothing production was investigated and the dependences between the percentage of
non-conforming products and the quality of sewing production processes with the help of p-cards
was determined.

Practical significance. Recommendations for the use of Shewhart control charts to analyze
the process of production of garments, which enables management to identify common (systemic)
and specific reasons for non-conciliation and correctly recommend and implement improvement
measures.

Keywords: Quality, clothing, statistical control, process stability, Shewhart charts,
improvement.
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DZYKOVYCH T.A.
Kyiv National University of Technologies and Design

RESEARCH OF EXTENSIBILITY OF RACKED STITCHES

Purpose. The purpose is to conduct the research of influence of knitting’s technological
parameters on the relaxation characteristics of racked stitches based on rib, half cardigan and full
cardigan.

Methodology. Theoretical, analytical and experimental research methods are used in this
work. The researches have been conducted by the procedure in accordance with the State Standard
of Ukraine 3823-98 "Knitted fabrics. Norms and method of quality inspection”.

Results. Influence of the number of racking of the needle bed on physical mechanical
properties of racked stitches has been revealed. Mathematical regression equations to calculate the
full deformation of racked stitches have been obtained depending on knitting’s technological
parameters.

Scientific novelty. It has been established that the number of racking of the needle bed is an
important technological parameter that significantly affects the extensibility properties of racked
stitches. Mathematical relationships of full deformation have been obtained depending on the
number of racking of the needle bed, linear density of the yarn and sinking depth.

Practical value. Character of the influence of knitting parameters on a full deformation on
width and length of racked stitches based on rib, half cardigan and full cardigan has been
established. Technologic parameters of racked stitches for manufacturing of high quality knitted
fabrics according to the extensibility characteristics has been recommended.

Keywords: weft knit, racked stitches, physical mechanical properties, extensibility of knitted
fabrics, the number of racking of the needle bed.

Introduction. Modern technologies allow to change designs, patterns areas, interlooping
and to manufacture a wide assortment of knitted goods on knitting equipment easily, without huge
efforts and time spending.

The research and determination of the properties of knitted fabrics are important when
designing competitive knitted goods. Racked stitches is interesting and promising in terms of the
search for new artistic solutions for knitted fabrics and goods. It is important to know the properties
of racked stitches based on rib, half cardigan and full cardigan for their further use [1, 2].

Objectives. Stretching properties of knitted goods is one of the main physical mechanical
characteristics to assess the quality of knitted fabrics. Determination of the relaxation characteristics
of textile fabrics in case of stretching is important to assess their shape stability and elastic
properties.

Therefore, the influence of knitting’s technological parameters on the relaxation
characteristics of racked stitches based on rib, half cardigan and full cardigan is important for
evaluation of the quality and prediction of the properties of knitted fabrics.

Results of research. Racked stitches is called double weft knit where its loops instead of
being drawn through the preceding loops of their own wales are drawn through the loops of
neighbouring wales and as a result, there is a crossing of loop carcasses. The kind of knit is
produced by shifting the face loops of double weft knit in respect to the back loops over one and
sometimes more loop spaces to one or the other side [3,4]. During the use, knitted goods receive
significant load. To assess deformation properties of racked stitches, full deformation and its
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components have been established. Correlation of the components of full deformation indicates

mechanical properties of the fabrics.

The research results of an extensibility of knitted goods with base stitches and racked
stitches under loads less than breaking ones depending on the number of racking of the needle bed

are presented in Table.

Table 1
Extensibility of racked stitches
Number deformation on lengthwise deformation on widthwise
of Full Elastic, | Plastic, | Residual, Full Elastic, | Plastic, | Residual,
racking | deforma | &1, % &, % &3, % deformat e1, % &2, % &3, %
of the tion, ion,
needle e, % e, %
bed
Racked stitches based on rib
0 84 62 7 15 250 178 24 48
1 97 67 7 23 111 58 10 43
2 84 62 6 16 107 83 8 16
3 80 58 6 16 63 52 4 7
4 85 57 11 17 56 45 5 6
5 92 68 8 16 56 44 3 9
6 95 70 9 16 53 43 3 7
7 90 63 8 19 49 38 6 5
Racked stitches based on half cardigan
0 107 82 15 10 153 107 25 21
1 135 83 28 24 83 60 9 14
2 97 72 12 13 72 54 10 8
3 93 63 12 18 68 48 11 9
4 72 55 9 8 55 43 6 6
5 82 57 10 15 58 42 10 6
6 92 62 13 17 54 40 8 6
7 91 61 13 17 52 37 9 6
Racked stitches based on full cardigan
0 97 71 11 15 130 90 18 22
1 165 85 31 49 57 41 3 13
2 161 10 19 32 64 41 8 15
3 158 106 14 38 52 40 5 7
4 122 88 10 24 51 37 5 9
5 98 72 6 20 50 32 10 8
6 88 61 13 14 53 39 4 10
7 127 82 15 30 45 33 3 9

Full deformation ¢ is composed of: elastic deformation ¢; that disappears immediately after
stress relief in the testing sample, plastic deformation ¢, with a long period of relaxation that
develops over time with low speeds, residual deformation ¢3 that does not disappear after stress

relief in the sample [5,6].

Experimental researches of racked stitches extensibility under loads less than breaking ones
have been conducted in laboratory conditions on the relaxometer of “stand" type according to a
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standard procedure. Loads less than breaking ones have been applied to the fabrics - 6H according
to the State Standard of Ukraine 3823-98 [7].

Analysis of the research results on full deformation of racked stitches based on rib, half
cardigan and full cardigan depending on the number of racking of the needle bed compared to the
base stitches has demonstrated that:

- full deformation of racked stitches based on rib widthwise is changed insignificantly, and
lengthwise it is 2-5 times less than full deformation of base stitches;

- full deformation of racked stitches based on half cardigan widthwise and lengthwise
based also significantly less than full deformation of base stitches;

- full deformation of racked stitches based on full cardigan widthwise is increased and full
deformation of racked stitches based on full cardigan lengthwise is reduced significantly compared
than full deformation of base stitches;

It is necessary to build the polynomial models for full deformation in the form of second
order for more accurate mathematical description of the knitting process of racked stitches based on
rib, half cardigan and full cardigan.

As a result of conducted researches the most important and influential input factors have
been defined [8]. Therefore, we have confined to three technologic parameters - the number of
racking of the needle bed, linear density of the yarn and sinking depth for conducting of
multivariate experiment. Thus, as input factors we have taken:

- x1 — the number of racking (number of racking of the needle bed have been defined by
design features of the flat knitting machine, on which it is possible to make from 1 to 10 racking, as
well as compliance of high quality process of loop formation when knitting basic interlooping, so
the number of racking of the needle bed have been performed from 1 to 7);

- xo — linear density of the yarn (varying intervals are set so that the process of loop
formation also take place under normal conditions, changing of the linear density has been made
from 31 tex x 2 to 31 tex x 8);

- x3 — sinking depth (it has been changed from 4.10 mm to 5.90 mm).

The experiment has been conducted according the second-order model for three factors in
accordance with the central compositional rotatable design. The samples have been made of half-
woolen yarn (40% - wool, 60% - nitron) on the flat bed knitting machine of 6 gauge class, the
number of needles and the number of rows have remained unchanged. Draw-off of the fabrics and
input yarn tension have been recorded on the same level and have remained unchanged.

The samples has been produced in accordance with the technical requirements. The adequate
equations have been obtained with probability 0.95 with the help of the least squares procedure and
statistical analysis [9,10]. Mathematical processing of the experimental results has been performed
on ECM.

Taking into consideration the significance of the regression coefficients, the second-order
mathematical models are presented to calculate the full deformation widthwise and lengthwise of
racked stitches based on rib, half cardigan and full cardigan in coded values:

Y{e }, =84,25-24,87x, +4,27x, (1)
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Y{&,}, =78,45-6,37x — 21,5, +9,53% (2)

Y{s.} =117,22-16,26x —25,33x, +8,85x @)

Y {¢,}, =56,87 — 22x, —8,91x, +5,02x;, + 6x,x, +9,95x,” + 6, 23x,’ (4)
Y {&,}, =56-12,98x, —16,76x, + 6,61, + 6,63x,x, + 5,06x, +4,7x,’ ®)
Y {s.} =49,78-58x,~9,16x, +4,82x, +5,88x,x, (6)

Analysis of the results of obtained mathematical regression of full deformation of racked
stitches (1-6) has demonstrated that:

1. Change of the number of racking of the needle bed does not affect the full deformation
widthwise of racked stitches based on rib;

2. The full deformation of racked stitches based on half cardigan and full cardigan
widthwise is decreased when the number of racking of the needle bed is increased from 1 to 7:

- full deformation of racked stitches based on half cardigan widthwise is decreased at T min
- by 14%, at T max — by 26% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on full cardigan widthwise is decreased at T min
- by 26%, at T max — by 26% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on half cardigan widthwise is decreased by 18 %
when while maintaining the linear density of the yarn at the secondary level,

- full deformation of racked stitches based on full cardigan widthwise is decreased by 32%
while maintaining the linear density of the yarn at the secondary level;

3. The full deformation of racked stitches based on on rib, half cardigan and full cardigan
lengthwise is decreased when the number of racking of the needle bed is increased from 1 to 7:

- full deformation of racked stitches based on rib lengthwise is decreased at T min - by
63%, at T max — by 37% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on half cardigan lengthwise is decreased at T
min - by 53%, at T max — by 12% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on full cardigan lengthwise is decreased at T min
- by 58%, at T max — by 32% when while maintaining the sinking depth at the secondary level.

- full deformation of racked stitches based on rib lengthwise is decreased at Hy min - by
65%, at H, max — by 57% when while maintaining the linear density of the yarn at the secondary
level;

- full deformation of racked stitches based on full cardigan lengthwise is decreased at H
min - by 54%, at Hy max — by 42% while maintaining the linear density of the yarn at the
secondary level;

- full deformation of racked stitches based on half cardigan lengthwise is decreased at Hy
min - by 37%, at H, max — by 29% when while maintaining the linear density of the yarn at the
secondary level;

It has been determined that racked stitches based on rib, half cardigan and full cardigan
refers to the fabrics of I group of extensibility when the number of racking of the needle bed is more
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than 1. Racked stitches have less spring properties compare to the fabrics base stitches. This
contributes to better performance and shape stability properties of racked stitches based on rib, half
cardigan and full cardigan compared to base stitches.
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JOCJIJUKEHHS PO3TSIKHOCTI TPUKOTAXKY
MEPEXPECHUX NEPEIUVIETEHD
JIBUKOBUY T.A.

Kuiscoxuil nayionansruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. Jlocniodcennsi 6naugy mexHON02IUHUX NAPAMEmpI8 8 sA3aHHA HA PenaKcayiuHi
Xapakmepucmuky mpuxomasicy nepekpecHux nepeniemeHv Ha 0a3i 1acmuxy, Haniépanzy ma
ganey.

Memoouka. Y pobomi 3acmocosani meopemuuhi, AHATIMUYHI MA eKCNePUMEHMANbHI
Memoou 00cnioxcens. JJoCiodNceH s NPOBOOUNUCS 3d MeMOOUKOI 32i0H0 3i cmanoapmom J[CTY
3823-98 «llonomua mpuxkomasicui. Hopmu ma memoo oyinxu axocmiy.

Pe3ynomamu. Bussneno e6niue — KiibKOCmi 3CY8i8 20JeYHUYl HA  DI3UKO-MeXAHIUHI
61ACIMUBOCMI  MPUKOMAXCY nepexpecrux nepeniemenv. OmMpumano Mamemamuydti pPIGHSHHSL
peepecii 018 po3paxyHKy NoeHOI Oeopmayii mpuxomasxicy nepexpecHux nepenjiemeHnv Ha 0a3i
JACMUKY, Hanieghaney 1 paney y 3a1edcHoCmi 8i0 MexXHON0IUHUX NAPaAMempi6 8 A3AHHL.

Haykoea noeusna. Bcmano6neno, wo KilbKIiCmb 3CY8I68 20JeYHUYI € BANCTUBUM
MEXHONI02IYHUM NAPAMEMPOM, AKUU 3HAYHO BNIUBAE HA POZMANICHICIb MPUKOMAICY NEePexpecHux
nepeniemensb. OMpUMaHo MameMamudui 3a1edCHOCmi NnoeHoi deopmayii y 3anexcrocmi 6i0
KIIbKOCMI 3CY8i6 20neUHUYi, NIHIUHOL 2yCMUHU NPAXCT MA 2IUOUHU KYLiPYBAHHSL.
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Ilpakmuuna 3nauumicms. Bcmanoeneno xapaxmep 6naugy napamempie 6 sA3aHHA HA
nosHy Oeopmayito no WUPUuHi 1t O0BHCUHI MPUKOMAICY NepexpecHux nepenjiemeHv Ha 0a3i
nacmuxy, Hanieghaney i ghaney. PekomeHo0o8ano 3anpasku mpukomas’icy nepexpecHux nepeniemetsb
015 8UCOMOBGNEHHS AKICHUX MPUKOMANACHUX NOTOMEH 32I0HO NAKAZHUKAM PO3MAHCHOCMI.

Knrouoei cnosa: xynipnuii mpuxomasic, mpuxomasdc nepexpecHux nepeniemeHnv, Qisuxo-
MEXaHIuHI 61ACMUBOCI, PO3MAIICHICMb MPUKOMAIICY, KIIbKICMb 3C)6i8 20J1eUHUYI.

UCCJEJTOBAHHUE PACTSI’)KUMOCTH TPUKOTAKA
NEPEKPECTHBIX NEPEILIETEHU
JI3BIKOBUY T.A.

Kuesckuii hayuonanvhsiil yHusepcumen mexHoao2uil 4 Ou3aiiia

Lens. Hccneoosanue nusanus mexHOLI0SULECKUX NAPAMEMPOE GA3AHUS HA PENAKCAYUOHHbLE
XapakmepucmuKky mpuKomanxica nepeKkpecHvix nepenjiemeHull Ha 0Oaze nacmuka, noaygamey u
¢anea.

Memoouka. B pabome  npumenenvi  meopemuueckue,  aHaIUMuyecKue - U
IKCHepUMEHMAIbHble Memoobl ucciedosanuti. Mcciedosanusi nposoouUIucL no MemoouKe co2iacHO
cmanoapmy JICTY 3823-98 «llonomna. Hopmsi u memoo oyenku xavecmeay.

Pe3ynomameul.  Bvisigneno @nusiHue Koauwecmea CO8US08 USONbHUYbL HA  QU3UKO-
MexaHuyecKue — CGOUCMBA  MpuKomanxca  nepekpécmuuvlx  nepeniemenuti.  Ilonyuenwvl
Mamemamuyeckue YpAaeHeHus peepeccuu Oas pacyema HOAHOU Oedopmayuu mpuKoma’ica
NnepeKpEéCmMHbIX nepenyiemenull Ha 0Oasze Jaacmuka, noaygawea u ¢havea 8 3aA8UCUMOCTIU OM
MEXHOI02UYECKUX NAPAMEMPOB BA3AHUSL.

Hayunasa noeusna. Ycmawnosneno, uymo KOIUYECMBO COBU208 USONbHUYLL SGIAEMC S
BAICHBLIM MEXHOIO2UYECKUM NAPAMEMPOM, KOMOPbIL 3HAYUMETbHO GIUAEM HA PACMAICUMOCHLb
MpUKOMadica nepekpecmuvix nepeniemenuil. Ilonyuenvt mamemamuyeckue 3a8UCUMOCIU NOTHOU
dehopmayuu 8 3a8UCUMOCIU OM KOTUYECMBA COBUL08 ULOIbHUYDL, TUHEUHOU NIOMHOCMU NPAXNCU U
2NYOUHBL KYIUPOBAHUSL.

Ilpakmuueckas 3HauumMoCcms. YcmaHnogieH Xapakmep 6IUSHUS NAPAMEMPOS GA3AHUS HA
NOAHYIO Oepopmayuro no wupune u OIuUHe MPUKOMAdXCA NePeKpecmHbIX nepeniemenutl Ha Oase
nacmuka, noayganea u ¢panea. PexomeHO08aHO 3aNPAGKU  MPUKOMANCA NePEeKPecmHblX
nepeniemenuti 0 U320MOBNEHU  KAYECMBEHHbIX — MPUKOMANCHBIX — NOJOMEH  CO2NACHO
NOKA3aMensiM pacmadCUMOCmu.

Knrwouesvie cnoea: KynupHwlii mpuxomasic, MpPUKOMANC NepeKpeécmHbIX nepeniemenull,
@uszuko-mexanuveckue  CGOUCMBA,  PACMANCUMOCb  MPUKOMANCA, — KOIUYECMBO  COBUS08
UCOILHUYbI.
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YIAK 677.025.1 I'OJIOBHA O.B.

JIbBIBCHKA HAILlOHAJIBLHA aKaIeMisi MUCTELTB

MOJIBIMHUIM IMPECOBUM TPUKOTAX 3 E®EKTOM
NEPEXPECHHUX IEPEILJIETEHD

Mema. Jlocniodsicenns ocobausocmeti CmMpyKmMypoOymeopeHHs MpPUKOmanicy HnooGIuHUX
npecosux nepenjiemenv 3 egekmom nepexpecHux cmpykmyp. Haykoee obrpynmyeanus npudun
Haxuy nemenv y NOOBIUHOMY NPecO8OMY MPUKOMANCI, OMPUMAHOMY Oe3 3MILeHHs PoHmyp.

Memoouka. 3azanvni nOnONCEHHA Meopii 8 A3aHHA Ma CMPYKMYPOYMEOPEHHS KYIIPHO20
NOOBIUHO20 MPUKOMACY, MEXAHIKU 2HYYKOI HUMKU, d MAKOHC MEMOO 2e0MEMPUYHUX MOOelel.

Pe3ynomamu. 30ilicneno Haykoge O0OTPYHMYBAHHS NPUYUH HAXUTLY Nemelb ) NOOGIUHOMY
KVIIPHOMY ~MPUKOMANCI 3 NpecoguUMU HAKUOAMU, OMPUMAHOMY 0e3 3MiueHHs doHmyp.
3anpononosano i anpobosano memooonoz2iio 0is AKICHOI OYIHKU 83AEMOOIL Npecosux HaKuoie 3
nemasaMuU, Wo HaxuIsAomoscsl.

Haykoea noeusna. Bnepuwe cpopmynvosani HeoOXiOHi ma 00Cmamui ymo8u nOBHOYIHHO20
Haxuny nemeib y KYIIPHOMY MPUKOMANCI NOOBIIHUX NPeco8ux nepeniemensb, OMpUMAaHoOMy Oe3
3MiuenHs honmyp.

Ilpakmuune 3nauenna. O6Ipynmosane npoeKmy8aHHs nepexpecuux CmpyKmyp He miloKu 3
080POHMYPHUX NIOCKOGDAH208UX MaWwiuH, ane i 3 BGUCOKONPOOYKMUBHO20 0A2amoCUCmMemMHO20
KpY2108 a3a/1bH020 00/IA0HAHHS.

Knrouosi cnosa. [lemns, npecosuii Hakuo, Haxui nemii, 3¢y8, 83aeM00is, PoHmMypa.

Beryn. Bigomo [1], mo st oTpuMaHHSI TPUKOTaXy MEPEXPECHUX IMeperuieTeHb HeoOXiIHe
MO3JIOBXKHE 3MIIICHHS OJHI€T 3 (POHTYpP BITHOCHO 1HINOI Ha OJWH a00 JACKUIbKA TOJKOBUX KPOKIB.
[Tin yac BUKOHAHHS IILOTO 3MiIIEHHS (200 3CyBYy) poO0Yl TOJIKH MPOTHICKHUX (HOHTYp HE MAIOTh
B3aEMHO TEpPEXpeIlyBaTUCh. 1OMYy 3CyB BHUKOHYIOTh Yy TOW UM I1HIMMK OIK TIiCHs 3aKiHYCHHS
(dbopMyBaHHSI TIETEIBHOTO PAAY 1 OTKE, OTPUMAaHHS TAaKOTO TPUKOTAXY MOJKIIHMBE TUIBKH Ha
IBO(OHTYPHUX TUIOCKO(AHTOBUX MammuHax [1], sKi € 3HaYHO MEHII MPOAYKTUBHHUMH MOPIBHSIHO 3
KPYTJIOB’SI3a/IbHUMU MallTUHAMU. 3MIIIEHHS TOJICUYHUIlI MOXKE TIPU3BOJIUTH JI0 CYTTEBOTO 3HMKCHHS
MPOAYKTUBHOCTI B’ SI3aHHS Ta HAAIMHOCTI pOOOTH MJI0CKO(pAHTOBOT0 00JIaHAHHS.

BuroroBneHHs KylTipHOTO TPUKOTAXY 13 JUITHKaMU MPSMHUX Ta 3Ur3aronoiOHNX MeTeNTbHIX
CTOBMYMKIB 0€3 3MIIICHHS OJHI€T 13 TOJCYHMIP OyJIO 1 3aJIMINAETHCA A0 HUHI TEXHOJOTIYHO
JOIUThHUM Ta €KOHOMIYHO BWTITHUM 3aBIAHHSAM JJII TPUKOTAKHOTO BHpoOHHUIITBA. Crocid 6e3
3a/IIF0BaHHS 3CYBY JIO3BOJISIE PEasli30BYBATH OLIBII CKJIA/IHI 1 pI3HOMaHITHI PUCYHKH 3 TIPSIMUMH Ta
HaxXWICHUMHU TETISAMH, TABUIIUTH MPOAYKTUBHICTD 1 HAIHHICTD B’S3aHHS MEPEXPECHUX CTPYKTYP
Ha TJI0CKO(AHTOBHX MAIIMHAX 1, TOJOBHE, 3'IBISETHCS MOXJIHBICTH BUTOTOBIICHHS MEPEXPECHOTO
TPUKOTXY HA  BUCOKONPOIYKTUBHUX  OAaraTOCUCTEMHHX  KpPYIJIOB S3JIbHUX  MAIIMHAX,
KOHCTPYKTHUBHE OOJAIITyBaHHS SIKAX HE JO3BOJISIE€ 3aCTOCOBYBATH 3MIICHHS OAHIET TOJICYHHMIII
BIJIHOCHO 1HIIIOT [2].

OKpiM 4YHUCTO TIPAKTUYHOTO 3HAYEHHS, OTPUMAaHHS IMEPEXPECHUX CTPYKTYp Oe3 3MIIICHHS
(OHTYp CTAaHOBUTh 3HAYHWNA HAYKOBHUU IHTEpPEC, OCKUIBKM HAOYHO, HAa MAaKpPOPiBHI, LIIOCTPYE
BHYTPIIIHIO MIKPOCHJIOBY B3a€MOJIII0 MIXK €JIEMEHTAaMH METEIbHOT CTPYKTYPH TPUKOTAXKY.

IlocranoBka 3aBaaHHs. ABTOp poOotu [3] Bmepiie y crHemiagbHIA JiTEeparypi 3BepTae
yBary Ha IPECOBY CTPYKTYPY 3 €(PEeKTOM IMepeXpecHOr0 TPUKOTAXy, OTpUMaHy Oe3 3MIIeHHS
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dbouTyp. BiH posrisgae KydipHUNA TPUKOTaX, MOKa3aHUM Ha puC. 1, 1 Ha3UBa€e MOro JACTUKOBUM
maxoBuM HamiBdaHroM. Bka3zye Ha po3MillleHHs TeTeldh 1 NMPECOBHX HAKUIIB y TEpIIOMYy Ta
ApYyroMy psiiax B’s3aHHS 1 KOHCTAaTye, MO0 3a BIIACTHBOCTSAMH IIaXOBHWH HamiBpaHT Haramye
KJIACHYHUN TO/BIMHUHN HamiB(daHT, ajie «BIAPI3HAETHCS Bl HHOTO 33 CBOIM 30BHINTHIM BUTJISIAOMY.
ABTOp [3] HE YTOUYHIOE OCTAaHHE 3ayBaKCHHsI, HE OIMCYE 3OBHINIHIA BUTIIA TPUKOTAXy 1 HE
PO3KpUBAE MPUYHH YTBOPEHHS 3UT3ar0MOIi0HUX METEIHHUX CTOBITYUKIB.

Puc.1. T'pagiunuii 3amuc (a) Ta crpykrypa (6) moasiiiHoro maxosoro HamiBganry

Kuwnra [4, c.254] MICTUTh CTUCIIHI ONMUC 30BHIIIHBOTO BUTIIAIY JIACTUKOBOTO IIaXOBOTO
HamiBgaHry, ajie y Hiil TaKk Ha3MBAIOTh ACLIO 1HIIUH TPUKOTAX, Y SIKOMY YEpPryIOTHCS JIBa MPECOBI
PSAIU TIOTIEPEIHBOI CTPYKTYpH (puc. 1) 3 psioM MOBHOTO JacTUKy. ABTop [4] 3a3Hayae, M0 Takui
TPUKOTX Ma€ CTPYKTYPHUI PUCYHOK y BHUIJISAl YapyHOK, SIKI PO3MIIIYIOTHCA y IIAXOBOMY
MOPSIZIKY, 1 32 BIACTHBOCTSMHU Harajaye KJIaCHYHHUI MoMABiMHUI HamiBdaHT. Ane y naHiid poOOTi He
BKa3ylOTh Ha TNPUYUHU YTBOPEHHS YapyHOK, HE aHANI3YyIOTh (GopMy, po3Mip Ta PO3MIIICHHS
€JIEMEHTIB METEeNbHOI CTPYKTYPH, X B3aEMOIII0 MK COOOIO.

VY pobori [2] Buepiue 37iiicHeHo cripoOy 3'iCyBaTH MPUYMHU HAXUITY METENb 0€3 3MIIICHHS
¢doHTYyp Ha 0asi KyJipHOTO TPHKOTaXy IPECOBUX NeperuieTeHb. ABTOp [2] anamizye rpadidny
CXeMy IMOJBIHHOI KyJipHOI CTPYKTYypHW, yCi MHETJI CYyCIOHIX psAAiB Ha OAHIA 13 CTOpPIH AKOI
HaxXWISIOTHCS y MPOTUIICKH] CTOPOHU. AJie 115 rpadiyHa cXxema HeJJOCTaTHRO JIeTalli30BaHa 1 Ha Hii
BiICyTHI TM(POBI TO3HAYCHHS EJIIEMEHTIB TPECOBOI CTPYKTYPH, SKUMH OIIEPYE aBTOp CTaTTi,
MOSICHIOIOYM MPUYMHUA HAXWUJy TMeTenb. ToMy NI BIATBOPEHHS 3arajbHOi JIOTIKM CTPYKTYPHOIO
aHaiizy po0oTu [2] ckopucTaemMoch TpadiuHUM 3alMCOM HaBEJEHOI y HIM MPECOBOI CTPYKTYpPH
(puc. 2,a). Y poboti [2] Ttakuii rpadiuHuil 3amuc BiJICYTHIHM, aje BiH BHUIUIMBA€E i3 MOSCHEHb 0
HaBe/eHOI y CTarTi rpadivHoi CXeMH L€l MeTeNbHOI CTPYKTYpPH, 1 HOT0 MiIATBEPHKYE MOJAHUHN Y
i ke crarTi rpadiunuil 3anuc (puc. 3) iHIIOI CTPYKTYpH, AKa € MOXIJHOIO BiJ 3rajiaHoi BUIIE
CTPYKTYpH.

Orxe, aBTOp poOoTH [2] CTBepIKYye, IO METIi 0, ¢ y psanax B’si3anHa 1, 2 (puc. 2,a)
HaXWIAIOTHCA BJ'IiBOl, ameriia, 6 y psgax 4, 5 — Bnpauso1 4yepe3 Te, 110 HAKUIH Hi, Hy PO3MIIICHI Ha
CYCIIHIX TOJIKax MPOTHJICKHOT (POHTYPH, JIBOPYY Bija NETENb 0, 2, a HAKUIAU H3, H4- HA CYCIIHIX
rojIKax MpOTUJIEKHOT POHTYpH, MpaBOpyd BiJ METeNb 4, 6. letni a, 6, 6, 2 HAXUIAIOTHCA 3aBISKU

- mpuMm. aBTOpa: Ha puC. 2,a el HAIPAMOK HaXHITy HE IOKa3aHo.
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MParHeHHIO 3ITHYTOI HUTKU MPECOBUX HAKHUIIB Hi-H4 BUTIPSIMUTHCH. AJe, 3 1HIIOTO OOKY, MOXXHA
BBa)XaTW HABIAKH, 10 HAKUIU Hi, Hy PO3MIIICHI MPaBOpYyY BiJ METENb 0, 2, a HAKUIU H3, Hy —
JIBOPYY BiJ MeTENb @, 6. Y po0oTi [2] BiACYTHI MOSICHEHHS, YOMY IEpIlia TOYKa 30py BH3HAYa€
HaxXWJi TeTelab, a Jpyra — Hi. [HIIa YacTHMHa HaBEIACHOTO BHIIE TOSCHEHHS, CTOCOBHO
PO3MPSIMIIEHHS HUTKH MPECOBUX HAKHIIB, IOBOJII 3arajibHa i IUJIKOM OYEBHUHA.

Puc.2. T'padiunuii 3anuc (a) Ta crpykrypa (6) moaBiiiHOro KyJIipHOr0 MPeCcOBOro TPHKOTAKY 3
HeCHMeTPUYHHMH HAKUIAMU

VY xHu3zi [5, c.15] aBrop [2] cnpoOyBaB BUPILIMTH
chopMynbOBaHy BHILE MpoOJieMy JBOX TOYOK 30py
CTOCOBHO PO3MIIIEHHS 1 Mii MPECOBUX HAKUIIB H1-H4 HA
nerii a, 0, 6, 2. Bin mosicHIOE, 10 JiBI (KOPOTII) AyTH
MIPECOBUX HAKHUIIB H1, Hy PO3MIIIYIOTHCS HAJ TPOTSHKKAMU
ny TIAIl TPEThOTO POy B’S3aHHS, a TpaBl (IOBII) ITyTH
HAaKHUIIB Hi, Hp Y BUTISAI TPOTSHKOK (?) PO3MIIIYIOTHCS
i MPOTSHKKAMU mq THall, TOMY METJ 0, 2 HaXUIISIOTHCS
BIiBO. Y HAaKWIIB H3, H4, HABIAaKW, TpaBa (KOPOTIIA)

Ty)KKa 3HAXOJUTHCS HAJl MPOTSDKKAMH My Tl HIOCTOTO
psany B’s3aHHA 1 JiBa (AOBIIA) Jyra HAaKUIIB H3, Ha

Puc.3. I'padiunnii 3anuc noasiiiHOr . . .
c.3 p q) 3 ¢ mon oro p03M1HleHa (TaKO)K y BUTJIAO1 HpOTfDKKI/I) I HpOTfDKKaMI/I

ny, TOMY TETI1 @, & HaXWISAIOTHCS BIIPABO.

AHani3z puc. 2,a CBIAYNATH, 10 NMPECOBI HAKUAN H1,
Hy B psagax 1, 2 GopMyrOTh y IIaXOBOMY TOPSJIKY, Yepe3
rosky. Iletni Ha mpoTuaeXHUX (GOHTYpax B psAaax 1, 2 mpoB’s3yl0Th TAKOX Y IIAXOBOMY MOPAIKY,
yepe3 TOJIKY. 32 YMOBH PO3MIIIEHHS TOJIOK 000X (POHTYp y IIAXOBOMY MOPSIIIKY, IPECOBI HAKUAU
OTPUMYIOTh HECUMETPHUUHUMHU: IYTH OJHMX 1 TUX CaMHUX MPECOBHX HAKHIIB, 3’ €IHaHI 3 METIAMU

OMmKYe PO3MILICHUX TOJIOK € KOPOTUIMMH, a 3 METISIMM, PO3MILIICHHMH 4epe3 TOJKy —
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noBImMMH. Y psaax 1, 2 metni 6,e 3’€IHaHI HAKUAAMHU Hi,Hp BinnoBinHo. 1li Hakuam ¢GopmyroTh
TOJIKH TIPOTHIICKHOT (POHTYPH.

TBepmxeHHs aBTopa [S], 110 HAKUAM Hi-H4 OJTHOYACHO CKJIAIAIOTHCS 3 MPECOBOI AYyTU Ta
MPOTSDKKH € TOBOJI TUCKYCIHHUM. OKpiM TOTO, BOHO KOJAHUM YHHOM HE TIOSICHIOE IPUYHH HAXHITY
neTeib, a TIIBKM YCKJIQJHIOE PO3YMIHHS 3arajbHOi KapTUHHU iX CHJIOBOI B3a€MOJIl 3 I1HIIMMH
eneMeHTaMu cTpyktypu. Cripasni, rpadiunuii 3anuc psaiB 1-3 mokasye, Mo y mporeci B’s3aHHS
NIPECOBl HAKUAW H1, Hy HAKIAJAIOTh OJUH HA OJHOTO. Y psiji 3 Kpi3b HUX MPOB’A3YIOTH PAJ TaIl.
Bepxust yacTuHa (TOJIOBKM) 000X HAKWIIB pO3MillleHA HaJ MPOTSDKKAMHU Mq, OIS TOJKOBHUX JIyT
NeTenb Tajl MOoCToro psay B’si3aHHs. KopoTmni 1 TOBIII Iyrd MPEecOBUX HAKHJIIB PO3MILIECHI Mij
NPOTSDKKAMU M7 Y TIPOMDKKAX MK TIETETBPHUMH CTOBITYMKAMH TPECOBHX IMETENb. 3 MOTIISILY
PO3MIIIEHHSI AOBIIOI 1 KOPOTIIOi AYT MPECOBUX HAKHUIIB H1, Hy 1O BIAHOIIEHHIO JO MPOTSIKOK M1
CTPYKTYpHA KapTHHA € aOCOJIOTHO 1EHTUYHOIO. A TOMY B3aEMHE PO3MIIICHHS HAKUIIB Hi, Hy 1
MPOTSHKOK M1 HE MOXE OOTPYHTOBYBATH HAXWUJI TIETEIb 0, & y TOW UM IHIINN OiK.

Takum 9YMHOM, PO3BUBAIOYM LIKaBY 1 MEPCIEKTUBHY 17€10 OTPUMAHHS ePEeKTy MepexpecHux
CTPYKTYp 0€3 BUKOPUCTAHHS 3CYBY Ha KYJIPHOMY TPUKOTaKi MOJABIHHUX MPECOBUX IEpEIUICTCHb,
aBTOpH [2-5] QakTHUHO HE [AIOTh KIIOoYa JUIsi WOT0o IMPOEKTYBAHHS, OCKIJIBKM TIOBHICTIO HE
PO3KPUBAIOTh TPUYMH HAXWIy IMETeNb 1 HE MPONOHYIOTh YITKOi KapTUHU MEXaHIKH CHJIOBOL
B3a€MO/IiT IPECOBUX HAKUIIB 3 TICTISIMH, 1110 HAXHIISIOTHCSL.

Pe3yabTati Ta iX 00roBopenHsi. Y pobOorax [6, 7] po3KpuTO MexaHi3M (popMyBaHHS
neTeabHO1 KOH(pIrypaiii CTpyKTYpHHX KOMIUIEKCIB MTPECOBOI METIII Y OJMHAPHOMY Ta MOABIHHOMY
MPECOBOMY TPHUKOTaX1 1 CcHOpPMYIbOBAaHO OCHOBHI (akToOpH, 5KI BH3HAYAIOTh T'E€OMETPIIO
KOMILIEKCY TpecoBoi meTi. CKOPHCTAEMOCH ILI€I0 METOAOJIOTIEI0 ISl BHUPIMICHHS PO3TISHYTOI
BHUIIE 3a/a4l.

Jlo ¢akTopiB, fKi BH3HAUAIOTh T'€OMETPII0 KOMILIEKCY MPEecoBoi metrii y poborax [6, 7]
BiJTHOCSITh:

1 - paxun merenb, 3’€IHAHMX Yepe3 3ITHYTHH y BEPTUKAIBHIM TUTOMMHI Hakuj (y TUTONIWHI
TPUKOTaXy a00 MOJIOTHA), Ha3yCTPiy OJTHA OJIHIH, Y HAIPSAMKY J0 MPECOBOT METTi;

2 — HaxWJI TIeTeNb, CKHHYTHUX Ha TeTI MyHKTY 1 (Kpi3b sIKi IPOB’A3yIOTh 3ITHYTUHA y BEPTUKAIBHIN
TJIOIIHMHI HAKUJ), B MPOTHJICXKHI OOKM OJHA Bij OJTHOT, Y HAIIPSIMKY BiJI TPECOBOI METIIi;

3 — 3MIIIEHHS METeNb, 3 €HAHUX Yepe3 3ITHYTHH Yy TOPU3OHTAIbHIN TUIOMMHI Hakua (Y TUIOIIHHI,
NEPIEHANKYIISPHINA 10 MOBEPXHI TPUKOTAXyY a00 MOJIOTHA) Ha3yCTPid OAHA OJIHIHN, Y HAPSAMKY
710 TIPECOBOT METIII.

Sk Gaummo, HaBeneHi ()aKTOpU BPAaxXOBYIOTh 3THHAHHS MPECOBOTO HAKUAY OJHOYACHO Yy
JBOX B3a€EMHO NEPHEHAUKYISAPHUX IUIOIIMHAX. Y TOABIMHOMY TpPHUKOTaXl MPECcOBl HaKUAU
3’€THYIOTh JBa IIapH TETENb 1 3HAXOAATHCA 1] IEBHUM KyTOM 110 HMX. Ha BigMiHY BiJ MPecoOBUX
HaKUJIB y OJWHAPHOMY TPHKOTaXi, iX nedopmariii y MIomMHI MOJIOTHA 1 Yy TUIOMIWHI, SKa €
MEPIICHANKYIISIPHOIO IO TIOBEPXHI MOJIOTHA MOYKHA PO3IIISAIATH BIAMOBIMHO SIK TOPH3OHTAIBHY Ta
BEPTUKAIBHY MPOEKIIIIO 3ITHYTOT0 y MPOCTOPI1 MPECcOBOTO HakuAy. BpaxoByrouu 1ieii paxT, a Takox
Te, mo Ais ¢akTopiB 1, 3 Mae ogHAKOBMI HANpPSIMOK, VIS IHTEpIIpeTarii CHJIOBOI B3a€MOIl
NPECOBUX HAKUJIB 3 TETISMH, I[I0 HAXWIAIOTHCS Yy TMOJABIHHOMY TPUKOTaXi OOMEXHMOCH
¢bakxropamu 1, 2, hopMyIIOI0UH iX HACTYTHUM YHHOM:

1 — metni, 3’eqHaHI Yepe3 NMPECOBUN HAKHJ, HAXWIAIOTHCS HA3YCTpid OJHA OJHIM, y HAIPAMKY 10
MIPECOBOT METIIi;
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2 — meTyi, Kpi3b SKi MPOB’SA3YIOTh MPECOBUM HAKHJ, HAXHWISIOTHCSA B MPOTHIIC)KHI OOKH OHA Bij
OJIHO1, y HaNPSIMKY BiJ MPECOBOT METI.

3a nmpaBmiioM 2 y psazai 1 rpadigHoro 3anucy Ha puc. | meTin 6 monepeaHbporo psay B’ sI3aHHS
3MINIYIOTHCS 1 HAXUJISIOTHCS TTPOB’SI3aHUMH KPi3b HUX MPECOBUMH HaKUJAMHU @ y TIPOTHIICKHI OOKH
BiJI HAKUJIIB @. Y 3a3HAYCHUX Ha pHUC. | mapax meTenpb 6 1ei HaNpsSMOK HaXMITy BKA3aHO CTPLIKAMH
01151 iX TONKOBUX 1yr. BHacmigok 4oro, 3’ €JHaHi MPECOBUMHU HaKUAAMU @ 1 IPOB’sI3aHi KPi3b MeTIi
0, TIETIIl 6 HAXWIAIOTHCA HA3ycTpiu OJlHA OJHIHM, 3a HANMpPSIMKOM CTPIJIOK OIS KOXHOI i3 HUX Y
3a3Ha4YEHUX Ha pUCYHKY | mapax (mpasuio 1).

VY psani 2 mpecoBi HAKUAM 2 TaKOXK HAXWIAIOTH METI 6, Kpi3b SKI BOHHM NPOB’s3aHi, Yy
MPOTHJICKHI OOKM Bim cebe. Y 3a3HA4YeHWX y psial 2 TMapax MeTellb 6 e HampsSIMOK HaXHITy
MOKa3aHO CTpPUIKaMU OuIs TOJKOBHX Iyr MeTenb 6. Toji, 3’€aHaHi NMPECOBUMH HAKUIAMHU 2 1
MIPOB’sI3aH1 KPi3b METJI1 6, IETII1 # 3a3HaYCHUX Ha puc. | map HaXUJISIOTHCS HA3yCTPid OJHA OJHIN 3a
BKa3aHUM CTPUIKaAMH HAIPSIMKOM O1J1s1 KOKHOT 13 TIeTenb 6 (y MPOTHIICKHHUM OiK TI0 BIAHOIIEHHIO JI0
PO3MIIICHHX ITi]T HUMHU TICTEIb 6).

Takum yuHOM, TETHi 6, 3’€HAHI NPECOBUM HAKUAOM &, y psaal 1 HaXWIAIOTbCA HA3ycTpid
OJTHa OJIHIH 3aBJSKH ONOCEPEAKOBaHIN il (dYepe3 meTi §) Ha HUX MPECOBOr0 HAKuAY a. Y paai 2 Ti
caMi MeTJi @ JI0IaTKOBO HAXWISAIOTHCS y TOMY CaMOMY HaNpsIMKY 3aBISIKH Oe3mocepeaHiil nii Ha
HUX MpecoBUX HakuiB 2. [leTni 6, 3’eaHaH1 MPECOBUM HAKUIIOM 2, Y PsiIl 2 TaK caMO HaXHUJISIOThCS
Ha3yCTpid OJIHA OJIHIH 3aBIISKH OTIOCEPEAKOBaHIN i Ha HUX (Yepe3 MEeTIi ) IPECOBOro HaKuay 2. B
psami 1 Ti 5k TeTyi 6 Tak camMo J0JIaTKOBO HAXWIISIIOTHCS Y TOMY CaMOMY HAmpsIMKY, 10 W y psial 2,
3aBASKH OE3MOCepe/IHIN A1i Ha HUX MPECOBUX HAKWIIB @, SKI HAMararoThCsl BUNMPAMHUTHCH. OTXKe,
MIPECOB1 HAKUH 4, 2 Y psiax 1, 2 MOCHITIOIOTH /1110 OJIMH OJJHOTO Ha NETII 0, 6.

HaknagaHHs OJHAaKOBO CIHpPSIMOBAaHMX O€3MOCEpeAHIX Ta OMNOCEPEAKOBAHUX 3YCHIIb
MIPECOBHUX HAKUJIB @, 2 HA TIETII §, 6 BU3HAUAE IHTEHCUBHUIA HAXWUJI OCTAHHIX Y MPOTUJICKHI OOKH Yy
CYCIZHIX psilax OJJHOTO M TOTO CaMOro METEIbHOr0 CTOBMYMKA. [leTenpHa CTPyKTypa TPUKOTAXY
Ha0yBa€e YITKOTO IPIOHO3EPHUCTOTO 3Wr3aromnoaioHoro xapakrepy (puc. 1,6). Ha mporusary mo
TPUKOTAXY KJIACHUYHUX MEPEXPECHUX MEPEIIeTeHb, METI1 OJHOrO PSAAY Y HbOMY HAXWIISIIOTHCS HE
TUIBKH B OJIMH, a ¥ B IPOTUJICKH] OOKH.

OcCTOBM HaxXWJICHHX IETEIb O, 6 PO3MIIIEHI M1 KyTOM JI0 TTOBEPXHI TPUKOTaxy (puc. 1,0).
BoHu po3BepHYTI BIIHOCHO iX BEPTUKAIBHOI OCI CHMETpii y HAmNpsSMKy 10 3’€IHAHUX 3 HUMH
NIPECOBUX TNeETeb. 3aBASKH BKa3aHOMY PO3BEPTAHHIO OCTOBIB METENb O, 6, iX OUIbII HpsMi 1
KOPOTIIi MaJH4YKd 01, 61, 3’€IHAHI 3 HANPYXEHUMHU MPECOBUMH IETJISAMH, BIITATHYTI y TIHOUHY
CTPYKTYpU 1 ONUHSIOTHCS 3HHM3Y. A 30iiblleHi, OUTBII OKpYIJIi NAIWYKH 0, 62, 3 €AHaHI 3
MIPECOBUMHU HAaKUJaMH, PO3MILIYIOTHCS 3BepXy. BOHM BHCTYMaIOTh HAJ MOBEPXHEIO TPUKOTAXKY 1
YTBOPIOIOTh XapaKTepHY IPIOHO3EPHHUCTY 3HUI3aronoAiOHy (axTypy MOJOTHa Ha CTOpPOHI 0e3
pecoBuX HaKumIiB (puc. 1, 0).

Ha BigMmiHy Big CTpYKTypH Ha puC. 1, y TPUKOTaXi Ha puC. 2 TIETJI HAa CTOPOHI 0€3 HaKWIiB
3’€THaHI TUIBKK 3 TMPECOBUMH HakujamMu. OOWABI TMaqudKd [UX TETeNb 3 €QHAHI 3 Jyramu
MPECOBUX HAKUIIB: y psAngax 4,5 miBa — 3 KOPOTIIOIO AYrolo, a mpasa — 3 JOBLIOKO; Yy psnax 1,2,
HaBIaKH, JIiBa — 3 JIOBIIOIO, a IIpaBa — 3 KOPOTIIOW. Ha KOXHY 13 IIMX MeTeNb OJHOYACHO iI0Th
CHJIU TIPY’KHOCTI IBOX PI3HOTO PO3Mipy AYT MPECOBUX HAKUIB, 110 3HAXOAATHCA 3 Pi3HUX OOKIB BiJ
HuX. HampsiMok Aii cui mpyKHOCTI HUTKH KOPOTIIOi TYXKH TNPECOBUX HAKUAIB IO3HAYUMO

MPSIMOIO CTPUIKOIO, TOBILIOT — XBUJIACTOIO.
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VY psani 1 (puc. 2,a) KOpOTII yry MPECOBUX HAKHUIIB H1 0€3MOCcepeIHbO HAXWISIOTh METII1 a
MONIEPETHHOTO PSIAY BIIBO (HANMPSMOK HAXMITY MOKa3aHO MPSIMHUMH CTPIJIKaMH OIS TOJIKOBUX IYyT
nerens a). JloBmii Ayru TpPEcOBUX HAKUIIB Hi O€3MOcepeHhO HAXWIAIOTH Il XK TETIl a y
MIPOTHJISKHOMY HAMPSIMKY (BKa3aHOMY XBHJISICTUMU cTpinkamMu). [IpoB’si3aHi Kpi3h NeTi a, eTii 6
y psiai 1 omocepenkoBaHO HAXUIISIOTHCS TPU IIbOMY BIIPABO JJISI KOPOTKHUX TYT HAKUIIB 1 BIIIBO —
UL AOBIIMX. Y DSl 2 KOPOTIIi JYTH MPECOBUX HAKHUIIB Hp O€3MocepeqHbo III0Th Ha METi 6,
HaXWJISIOUW 1X BIIBO, a METII 2 MPH [OMY OMOCEPEAKOBAHO HAXUISIOTHCS BIpaBo. JloBiii ayru
MIPECOBUX HAKUIIB H2 Y DS/l 2 HAXWISAIOTH METII 6, 2 y MPOTUIISKHUX HAIPsIMKaX 10 BiTHOLICHHIO
70 X HANPSMKIB HaXUJTy, 3yMOBJICHUX J1€10 KOPOTIIUX AYT HAKUIIB.

VY psni 4 KOpOTIIi Iyry MPEeCOBUX HAKUIIB H3 OE3MOCEPETHHO HAXWISIOTH METII1 6 MEepIIoro
psny B’si3aHHS BIIPABO, 1 OMOCEPENKOBAHO METJI @ — BIiBO. J[OBIN Ayru MpecoBUX HAKHUIIB H3
HAXWISIFOTh TETI @, 6 y TPOTHJICKHUX HANpPSAMKaX IO BiTHOUICHHIO 10 HANPSMKY iX HaxXWIy,
3YMOBJIEHOMY JI€0 KOPOTIIUX YT HAKUAIB. Y Psii 5 KOPOTIII 1 JOBII YT MPECOBUX HAKUIIB Hy
HaXWISIOTh TETHl 2, 6 Y TOMy CaMOMY HaIlpsIMKY, 0 ¥ BIAMOBIAHI IyTd MPECOBUX HAKUIIB H3—
nerii a, 6 'y pani 4.

[TopiBHIOIOYM HAmpsIMOK HAXWJy OJHUX 1 THX CaMUX METEeNb 3a MPSIMUMHU CTPUIKAMHU Y
psanax 1,4 ta 2, 5 HEBaXKKO MEPEKOHATUCH, IO OE3MOCepeIHs il KOPOTIINX AyT MPECOBUX HAKHUIIB
H1 y psani 1 Ha TETI @ MOCWITIOETHCS OTIOCEPEAKOBAHOIO JII€I0 KOPOTIIUX YT HAKUIIB H3 Y psafl 4. 1,
HaBIIaKH, OMOCEPEAKOBAHA JIisl WX K€ AYr Ha METJ 6 y psAal 1 moCHIIoEThCsl 6€3MmocepeTHbOI0 X
niero Ha ety 6 y psaai 4. Tak camo omocepekoBaHa 1 6e3mocepeaHs aiss KOPOTIIUX AYT MPECOBUX
HaKUIIB HA TETN 6, 2 MOCWIOITh OJHA OAHY Yy psmax 2, 5. Omxke, SK MOKa3aHO MPSIMHMHU
CTpLTKaMu, MIETII 6, 2 psAAiB 1, 2 HAXUISIOTHCS BIIPABO, a METH &, 8 psAniB 4, 5 — BiiBo. Ha cropoHni
0e3 MpecoBUX HAKH/IIB MaTH O YepPTyBATUCH PSAIU 3 TPOTUIICKHUM HAXUJIOM TeTellb. POTO MpecoBoi
CTPYKTYpH 3 Iii€l cTOpoHHu (puc. 2,0) CBITUUTH, IO METJII HAXUIISAIOTHCS CaMe TaKUM YHHOM. AUle,
MOPIBHIOIOYM X HAaXWJI 3 HAXWIOM MeTelb y CTPYKTypi Ha puc. 1,0, MoxHa Oauutu, 1O B
OCTaHHBOMY BHIAJIKy BiH € OUIbIN IHTEHCUBHUM, X04a OOHMIBI CTPYKTYPH BHTOTOBJICHO 3 OJHI€T 1
TOI1 caMOi IPsDKI 1 32 OTHUX 1 TUX CAMHX YMOB.

MeHI iHTeHCUBHUI HAXWJI TIETENh Y CTPYKTYPi Ha pHC. 2,0 MOSCHIOETHCS BIUTMBOM JIOBIIINX
nyr ii mpecoBUX HaKuMiB. I3 puc. 2,a BUIHO, IO HAMPSMOK [ii CHUJ MPYXHOCTI JOBIIOT AYTH
MPECOBUX HAKUIIB Hi-H4 Ha TIETII 4, 0, 8, 2 € MPOTWICKHUM 10 HAMPSAMKY il BIAMOBIIHUX CHJI
KOPOTIIOi yr'M MPECOBHX HAKHIIB y KOKHOMY 13 psafdiB 1, 2, 4, 5 panopty B’si3aHHs. JloBina ayra
MIPECOBHUX HAKU/IB OLIBII OPIEHTOBAHA B3/IOBX METEIHLHOTO PsIly, BOHA MEHII 3iITHYTA, a, OTXKE, Ma€e
MeHIIMil 3amac MoTeHIiaabHOI eHeprii. 11 cui mpyXHOCTI He JOCTaTHBLO ISl 3PIBHOBAXKEHHS il
OUTBII 3IrHYTOI 1 TOMY OLIBII MPYXKHOI KOPOTIIOi AYTH MPECOBOr0 HAaKuAy. BoHa TijbKu y meBHIN
Mipi TTOCTa0II0€ HAXWIT TIETENh Yy HAMPSAMKY, SKAW BU3HAYAE sl KOPOTIIMX AyT TPECOBUX HAKHUJIIB.

Orxe, 3urzaronomiOHe pO3MIIICHHS TETeNh Yy CTOBMYMKAX CTPYKTYpH Ha puc. 2
BH3HAYAETHCS PI3HMIICIO MOTEHITIATBHUX SHEPTiNd MOBIIOI 1 KOPOTIIOl AYT ii MPecoBUX HAKHIIB Ta
dbopMyBaHHSIM MPECOBUX HAKUAIiB y psagax 1,2,4,5 Ttakum uywHOM, MO0 Oe3mocepenaHs i
orocepeIkoBaHa Jii KO>KHOTO 3 HAKU/IiB Ha OHY 1 Ty caMy HETII0 OCHIIIOBATIM O/IHA OJTHY.

Jlyis mepeBipKM JaHOTO BHCHOBKY, MOKa3aHy Ha PHUC. 2 CTPYKTYpPYy IMPOB’SI3aHO 32 YMOBHU
IHTEPIOYHOTO PO3MIIICHHS TOJIOK 000X (DOHTYp, 3aCTOCOBYIOYH Ty caMy MpPsDKY 1 HE 3MIHIOKYU
nmapaMeTpy Ta YMOBH B’si3aHHS. SIK BHAHO 3 puc. 4, y IbOMY BHIMAJIKYy MPECOBI HAKUIU OyIyTh

CUMETPUYHHUMH, a, OTXKE, 1 IX OOMABI Jyrd MaTUMYTh OJHAKOBUW PO3MIp 1 pO3MIIICHHS. 32 TaKUX
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00CTaBHH KOXKHA 13 IyT MPECOBUX HAKHUAIB, 3’€THAHUX 3 TIEIO K CaMOIO METJICIO 1HIIOI CTOPOHH
CTPYKTYPH MalOTh TaKOXK MPOTHIJICKHO CIIPSIMOBAHY JIif0, ajie, Ha BIIMIHY BiJl CTPYKTYpH Ha pHUC. 2,
ix nmii omHaKOBI 3a CBOIM 3HAYECHHSIM. 3UT3aronoAiOHuii eeKT Ha CTOpoHI 0e3 HaKWIIB 3HHKAE
(puc. 4,0).
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Puc.4. I'pagiunmii 3anuc (a) Ta crpykrypa (6) moABiliHOro KyJJipHOIro MpecoBoro TpUKOTAKY
3 CUMETPUYHUMHU HAKUAAMU

BucHoBkHu.

1. AHaJi3 HaBeACHUX y poOOTI CTPYKTYp CBITYUTH NPO HASBHICTH BHYTPINTHBOT
MIKpPOCHJIOBOI B3a€MOJIl MiXK HETISIMH Ta NPECOBUMHU HakKuIaMH. BoHa Moke MpOSBIATHCH Ha
MakpopiBHI — y 3MiHI PO3MIIICHHS TETEeNb, 30BHINIHBOT ONTHKHA TPUKOTAXy, WOTO HIUPHUHH,
BHYTPIIIHBOCTPYKTYPHUX IPOMIAPKIB, @ 3HAUUTh, (i3UKO-MEXaHIYHHX BiacTuBocTeil. OTxe, 10
B3a€EMO/IIF0 TOTPIOHO BPaxOBYBATH MPHU aHATI31 ICHYIOUHUX MTPECOBUX CTPYKTYP Ta PO3POOIl HOBUX.

2. OnHuM 13 0a30BHX IHCTPYMEHTIB JUIsL SIKICHOI OLIHKM TaKOi B3aEMOAIl MoOXke
CITyTyBaTH MeToaoJIoris [6, 7].
3. HeoOxinHOI0O yYMOBOIO OTpMMaHHS IOBHOLIHHOTO HaxWiy TIeTelb Ha 0asi

MOABIMHOTO KYJIPHOTO TPECOBOIO TPUKOTAXKY O€3 3MileHHS (OHTYp € B3aEMHE TOCHWJICHHS 1
HaKJIaJaHHs OJIHAKOBO CIPSIMOBAHMX Oe3MocepeiHiX 1 OMocepeIKOBaHUX il MPEecOBUX HAKUAIB Ha
1i retsi. JlocTaTHROI0 YMOBOIO € BiJICYTHICTh YPIBHOBOKECHHSI BKa3aHUX MM MPECOBUX HAKU/IIB.
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THE WEFT KNITTED FABRIC OF DOUBL TUCK INTERLOOPINGS WITH THE
EFFECT OF CROSSED STRUCTURES
HOLOVNIA O.
Lviv national academy of arts

Purpose. The research of features structure formation of fabric of double tuck interloping’s with the
effect of crossed structures. The scientific justification of the reasons of incline loops in the double tuck
fabric got without offsetting of needles bars.

Methodology. The common positions of the theory of knitting and the structure formation of the weft
double knitted fabric, the mechanic of flexible thread, and also the methods of geometric models.

Results. It has been done the scientific justification reasons of incline loops in the double weft knitted
fabric with tuck half-stitch. It was offered and tested the methodology for the qualitative assessment of
interaction tuck half-stitches with loops which bend.

Scientific novelty. For the first time formed necessary and sufficient conditions of full incline of
loops in the weft knitted fabric of double tuck interloping’s, without offsetting of needles bars.

Practical value. The reasonable design of crossed structures not only double flat machines, but also
with highly multisystem circular-knitting equipment’s.

Keywords: loop, tuck half-stitch, the incline of loop, bias, interaction, needles bar.

KYJUPHBIN TPUKOTAXK JIBOMHBIX IPECCOBBIX NEPENJIETEHUI C 3®PEKTOM
HEPEKPECTHBIX CTPYKTYP
I'OJIOBHA O.B.
JIb806CKaA HAYUOHATbHAS AKAOEMUS UCKYCCNE

Ilenv. Hccneoosanue ocobennocmeil —CMPYKMypooOpa3o8anus  MmMpuKomaxca OBOUHbIX — NPecCO8bIX
nepeniemenuti ¢ s¢pgexmom nepexkpecmuvix cmpykmyp. Hayunoe obocnosanue npuduH HAKIOHA nemenb O080UHO20
npeccoso2o MpuKomasicd, NOIy4eHHo20 be3 cmeujeHus poHmyp.

Memoouka. Obwue nonodcenuss meopuu 6A3anusi U CHMPYKMypooOpa30eanus KyaupHo2o MpUuKomaicd,
MeXaHuKuy 2UOKOU HUMU, d MAKIHCE MEMOO 2eOMEMPUYECKUX MOOeell.

Pesynemamut. Coenano Hayunoe oOOCHOSBAHUE NPUYUH HAKIOHA Nemelb 6 08OUHOM KYIUPHOM MPUKOMAdICE
Npeccoevix nepeniemeHutl, NoayueHHom oe3 cmewenus ¢onumyp. Ilpednosiceno u anpobuposano memooonro2uio
KauyecmeeHHOl OYeHKU 83aUMO0eliCmEUs NPeCcco8blx HAOPOCKO8 ¢ HAKAOHAIOWUMUCS NeMIAMU.

Hayunan noeusna. Bnepevie cghopmynuposansvi nHeobxooumvie u 00CmMamouyHvle YCIA06Us NOIHOYEHHOZO
HAaKJIOHA nemeinb 6 KyJIUPHOM MPUKOMAdCce OBOUHbBIX NPecco8blX nepenyiemeHull, Noay4eHHoM be3 cmeujerus houmyp.

Ilpakmuueckas 3nauumocmso. Paspabomana memoouka KaieCmeeHHoU OYeHKU 83aUMOOelCTNEUsL NPECCOBbIX
HabpoOCKO8 ¢ HAKIOHHBIMU NeMAAMU, KOMOpds Nno3eoisem 0Oojiee 0OOCHOBAHO NPOEKMUPOBAmb NepeKpechmuble
CMpYKMypbl, NONIY4eHHble 0e3 cMewjeHus (QOHmMyp, He mMOAbKO C NIOCKO(pAH208bIX MAWUH, HO U C
8bICOKONPOU3B0OUTNETLHO20 MHOSOCUCTNEMHO20 KPY2N08A3ANbHO20 000PYOO0BAHUSL.

Knroueeste cnosa: nemus, npeccogulii HAOPOCOK, HAKIOH Nemau, cosue, 83aumoodelicmeaue, ponmypa.

76



Mamepianoznaecmeo, wigeiine i meKcmunbHe
eupoonuymeo. Memponozia ma cepmudpixayis
Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne3 (110), 2017

YK 677.07:613.481 KURGANSKA M.M.*, BEREZNENKO S.M.*,
PAVLOVA M.S.**, VASYLENKO V.M. *

* Kyiv National University of Technologies and Design
** Kazimierz Pulaski University of Technology and Humanities in Radom

EFFECTS OF PHYSICAL PROPERTIES OF CLOTHES ON
PARAMETERS OF THE MICROCLIMATE LAYER

Purpose. It is to set dependencies parameters of the microclimate layer from the physical
properties of the fleece garment and physical activity of the subject during accumulation and output
of temperature and humidity.

Methodology. Applied the principle of area-differentiated arrangement of wireless sensor
networks monitoring microclimate under clothing, used standardized methods for determining the
physical properties of textile materials. Used wireless monitoring system IBK 2 and specialized
software WBIMSoft during research.

Findings. The effect of physical parameters of fleece garmentin the process of
accumulation and output of temperature and humidity from the microclimate outer layer is
determined in the laboratory exercise on the subject within the light activity zone.

Scientific novelty. The dependences of microclimate temperature and humidity in the outer
layer of the physical properties of the fleece garment and physical activity of the subject were
obtained. The coefficient of heat and moisture transfer out of the microclimate outer layer was
offered.

Practical value. The results of the research to assess the compliance of the systems within
subject activity and for prediction of compatibility with other elements of special clothing.

Keywords: heat and moisture transfer processes, heat, fleece, comfort, IBK2, WBIMSoft.

Introduction. Thermal comfort, influenced by thermal sensation is an important human
performance indicator. Clothing acts as a hurdle for heat and vapor transport between the skin and
the environment. This hurdle is formed both by the clothing materials themselves and by the air
layer. It will affect the heat loss of the body and will affect the thermal sensation experienced by a
subject [1].

Heat Vapour e

Skin skin
Temperature Wettedness

bl

Fig. 1. Schematic representation of factors influencing thermal comfort [2]

]
N 0N

The comfort is one of the most important properties of the clothes to be considered. The
significance of comfort has been underestimated while the complex mechanism and the variables
involved in heat and moisture transfer processes within the microclimate can be controlled [3].
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The process of moisture output is an important factor which influences the dynamic comfort
of the wearer in practical use.

Setting objectives. Role of clothing is important towards the environment and our body
metabolism. Clothing acts a bridge between two factors.The human body tries to maintain a
constant core temperature about 37°C. The actual value varies from person to person but the
temperature is maintained within narrow limits. However, the body must be kept in thermal
balance. The metabolic heat generated with the heat received from external sources must be
matched by the body losses of an equivalent amount of heat. If the heat gain and the heat loss are
not in balance then the body temperature will either rise or reduced [4]. The purpose of the research
is to set dependencies parameters of the microclimate layer from the physical properties of the
fleece garment and physical activity of the subject during accumulation and output of temperature
and humidity

Research results. On the figure 1 schematically the placement of temperature and humidity
sensors weighted on underwear in air gap of outer layer. In turn, the body generates heat and
moisture, transfer through air gap of inner layer, underwear and gets in air gap of outer layer.

Temperature and relative
humidity sensors

Air gap of
outer layer
Inner layer
(underwear)
heat and
moisture
Skin R \ Environmental
conditions
Outer 1ayer
Air gap of (fleece fabric)
inner layer

Fig. 1. Schematic of heat and mass transfer through clothing system

Three original fleece garments have been tried out. The characteristics of garment fabrics are
shown in Table 1, measured in a laboratory ADVL “ Textile - TEST ” (KNUTD, Kyiv).

Table 1
Characteristics of fleece fabrics
N° Type of fleece Raw Hygroscopic, Air Surface Application
fabrics material % permeability, density,
dm3 / (m2s) glem?
1 FF1 100% 2,4 525 245 outer layer
polyester
2 FF2 100% 1,45 503 261 outer layer
polyester
3 FF3 100% 2.35 506 259 outer layer
polyester
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Clothing microclimate temperature (Tm,°C) and relative humidity (RHmM,%) were measured

(1 time per second) during exercise using complex IBK2:
the central unit IBK 2D;
remote measurement unit of temperature and humidity IBK3.4R002.

The group of subjects consisted of 12 male participants. The mean age, height and weight of
the subjects were 22 (SD + 2) years, 171,5 (SD + 1,5) cm and 67,5 (SD * 2,5) kg. The entire test
procedure and the conditions of the test were explained to each participant, and the consent was
signed.

Each subject tested three types of fleece garment and went through the test protocol once a
day at the same time each day for 70 minutes [5]. The subject were weighted by sensors on
undergarment. The test consisted of the following protocol (Figure 2): 10 min rest; 10 min warm up
at a workload of 110watt using treadmill speed 2 km/hour; the workload then increased to 140, 200
and 460 watt. After this, the workload decreased to 58 watt.

Activity
® >
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6
Sitting Run 2 km/h Run 3 km/h Run 5 km/h | Run 10 km/h Sitting
58 W/m® | 110 W/m? 140 W/m? 200 W/m? 460 W/m? 58 W/m?
10 min 10 min 10 min 10 min 10 min 20 min

Air temperature +19 C
Fig. 2. The test protocol

The outer layer clothing microclimate temperature and relative humidity were assessed
using sensors. Those attached to the underwear (100% cotton T-short) and have area-differentiated
arrangement [6] (Figure 3).
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Absorption, distribution, and transport of moisture originating from sweat depend on the
presence of underlying clothing layers. The processes associated with this part of moisture transfer
include wicking, evaporation and condensation [7]. The results of the research are presented
graphically in Figure 4.

32 90

31,5 80

’ FF3 10 FF1
28 T T T T T 1 0 T T T T T 1
1 2 3 4 5 6 1 2 3 4 5 6
Activity phase type Activity phase type

Fig. 4. Effect of activity phase on microclimate temperature and humidity

Table 2
Evaluation of the microclimate temperature and humidity as a function of the activity phase
type and type of fleece garment

No Type of fleece Equations Kepym
fabrics Microclimate temperature, °C | Microclimate humidity,
%
1 FF1 y = 0,0056x° - 0,0369%° + | y =1,0324x° - 6,7263x° 2,36
0,2304x + 30,16, R2= 0,875 | + 8,3041x + 21,973, R?
=0,9908
2 FF2 y = 0,0943x° - 0,9604x° + y = 0,9133x3 - 1,52
2,7724x + 27,987, R2 = 3,6554x2 - 0,6301x +
0,9178 22,91, R2=0,9841
3 FF3 y =0,1729x3 - 1,8689x2 + y = 0,9133x3 - 1,78
6,0111x + 24,147, R2=0,868 | 3,6554x2 - 0,6301x +
22,91, R2 = 0,9841

The coefficient of moisture output from the microclimate outer layer, Kzy.,,, Was calculated as:

RHmMs

K B —
RHm RHmMr

1)

where RHmr — average relative humidity for the 6th phase,%; RHms- average relative
humidity for the 5th phase,%.
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Those equations can use for prediction of outer layer clothing microclimate temperature and
relative humidity with known activity phase and by using same clothing system.

Conclusions. The output humidity under the outer layer of clothes space at rest, (phase 1)
was at the same level, within 19-25%, in subsequent loads person (from 2 to 5 phases) the gradual
increase in humidity according to intensity of movement. Further, the process of accumulation of
moisture continued (phase 6). The research process of moisture absorption and moisture output is
divided into stages of lower humidity in the space under clothes by absorbing moisture by package
of underwear material and fleece garment (phase 1-3), accumulation stage of moisture (phase 3-5),
moisture output (phase 6) within 53-84%. As seen in Figure 6 most intense humidity output was
from outer layer of the sample FF2 and the coefficient of moisture output from the microclimate
outer layer is 1,52.
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* KuiBChbKUH HaIliOHATBHUHM YHIBEPCHTET TEXHOJIOTIH Ta TU3alHY
** Kazimex [lymacki yHiBepCUTET TEXHOJIOTIH Ta TyMaHITApHUX HayK B Pamomi

Mema. Bcmanosenenns 3anedchocmei napamempis 308HIUHb020 MIKPOKIIMAMUYHO20
npowapky 6i0 hizuunux eracmusocmeti 002y 3 mamepianie muny «guicy ma cmynens QizuuHoi
akmuenocmi cyb '€kmy Ha emani HAKONUYEHHs MA 8UBCOEHHS MeMNepamypu ma 01020CHi.

Memoouka. 3acmoco8ano  NPUHYUN  30HANLHO-OUDEPEeHYTIOBAHO20 — POZMAULYBAHHS
elemMenmie  0e30pOmoBUX  CEHCOPHUX MepedC MOHIMOPpUHey MIKpOKIiMamy nid 00520M,
3aCmMoCco8aHO CMAHOAPMU308AHI MemOOU BU3HAYEHHA @I3UYHUX 61ACMUBOCMEL MeKCMUIbHUX
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mamepianie. Buxopucmano cucmemy 6Oe30pomosozco monimopuney IBK 2 ma cneyianizosane
npocpamne 3abesneuenns \WBIMSoft 6.0 nio uac nposedenns oocnioxcens.

Pesynomamu.  Bukomano  moldeniosamnsa y — 1a60pamopHux — ymoax  hizuuHozo
HABAHMAIICEHHA HA CYO '€KM 8 MeHcax 30HU JIecKOi aKmueHoCmi ma ompumaHo pe3yiomamu OJisl
BUBHAUEHHS BNAUBY DI3UYHUX NApaAMempie Mamepianie muny «@uicy» na npoyec ueedeHHs menja
ma 601102u 3 306HIUHbO20 MIKPOKAIMAMUYHO20 NPOWADK) .

Haykoeéa noeusna. BcmanoeneHo 3anexicHOCmi 3MiHU meMnepamypu ma 601020CMmi Y
308HIUHbOMY MIKPOKIIMAMUYHOMY APOWAPKY 6i0 (QisuyHux enacmueocmell 0052y 3 mamepianie
muny «guicy ma cmyneHa @isuyHoi akmusHocmi cy0’ekmy. 3anponoHO8AHO 3ACMOCO8Y8aAMU
Koe@iyienm 8010208UBCOeHH s 3 3068HIUHbOMY MIKPOKIIMAMUYHOMY HPOULADKY.

Ilpakmuuna 3nauumicms. Ompumani pe3yromamu O0CHIONHCEHb O00360JIAI0Mb OYIHUMU
CMYNiHb GIONOGIOHOCMI CUCMEMU 8 MeJHCAX 30HU JIe2Koi aKmueHoCmi ma 3acmocogygamu ix 0/
nOO0ANbLULIO20 NPOCHO3YB8AHHSA CIMYNEHs. iT CYMICHOCMI 3 THUUMU eleMeHmMaMu CneyianbHO20 002).

Knrwuosi crnosa: sonocosusedenns, mennosiooaua, ¢uic, kompopm, IK2, WBIMSoft.

BJIUAHUE ®PU3NYECKUX CBOMCTB OAEXK/IbI HA TAPAMETPBI BHEIIIHET' O
MHUKPOKJINMATHYECKOI'O CJ10A
KYPI'AHCKASA M.M.*, BEPEBHEHKO C.M.*, [IABJIOBA M.C.** BACUJIEHKO B.H.*

* Kueackutl HayUOHALHBLI YHUGEPCUMEm MEeXHOI02UN U OU3AUHA
** Kazumenc [lynacku ynusepcumem mexHonro2utl u 2yManumapHuix Hayx 6 Padome

Ilens. Ycmanoenenue 3asucumocmeil nApamMempos 6HewHe20 MUKPOKIUMAMUYECKO2O0
NpOCIOUKU OM  QU3UYECKUX CBOUCME 00ex#cObl U3 Mamepuara muna «@pauc»y u cmeneuu
Quszuueckoll akmueHocmu CcyOveKma Ha dmane HAKONIEeHUs U 6bl800d MeMnepamypvl u
8NAIHCHOCTU.

Memoouka. Ilpumenen npunyun 30HAILHO-OUPDDEPEHYUPOBAHHOZO — PACNOIONCEHUS.
9/1eMeHmo8 6ecnpOBOOHbIX CEHCOPHBIX cemeli MOHUMOPUHESA MUKPOKIUMAMA HOO 00eXHcOoll,
NpUMeHeHbl CIAHOAPMUUPOBAHHBIE MeMOObl ONPEOeleHUs. PUIUYECKUX CEOUCME MEKCMULbHBIX
mamepuanos.  Hcnonvzogana — cucmema — Oecnpooonozo  moHumopunea HCK 2 u
cneyuanusuposannoe npozpammmoe obecneuenue WBIMSOft 6.0 npu nposedenuu uccredosanuil.

Pesynomamul. Bvinoineno moolenupoganue 6 J1aOOPAMOPHLIX YCI0BUAX DUIUYECKYIO
HaepysKy Ha cyOveKkm 6 npeoenax 30Hbl e2KOU AKMUBHOCMU U NOLYYEeHbl pe3Vibmambl O
onpeodenenus GIUAHUA QUIUYECKUX NAPAMEMPO8 00eXHcObl U3 MAmepuanog muna «gaucay ma
npoyecc 6b1600a Menad U 61d2uU U3 6HewHel MUKPOKIUMAMUYECKOU NPOCIOUKU.

Hayunas noeusna. Ycmanognenvl 3a8UcumMocmu UsMeHeHUs: memMnepamypuvl U 61a*CHOCU
80 BHeUlHell MUKPOKIUMAMUYECKOU NPOCIOUKe Om (PU3UYecKUx c8OUCME Mamepuaia munda «Qaucy
u cmenenu @usuueckon akmugHocmu cyovekma. Ilpednodiceno npumensms Kodduyuenm
B0/10208UBCOEHHS C BHEUHEel MUKPOKTUMAMUYECKUX NPOCIOUKU.

Ilpakmuueckasn 3nauumocme. I[lonyuennvie pesyrbmamsl UCCIEO08AHUL  NO3B0IAIOM
OYeHUmb CmeneHb COOMEEMCMEUs CUCIEMbL 8 NPEOelax 30Hbl 1e2KOU aKMUSHOCMU U NPUMEHAMb
UX 018 OanbHeuuleeo NPOSHO3UPOBAHUS CMENeHU ee COBMEeCMUMOCIU C Opy2UMU NeMeHmMAaAMU
CNeyuaIbHoU 00exdcobl.

Knroueswvie cnosa: sonocosusedenns, menioomoaua, ¢pauc, kompopm, UBK2, WBIMSoft
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INFLUENCE OF TECHNOLOGICAL PARAMETERS ON
THE BASIS WEIGHT OF ELASTICIZED FABRIC

Purpose. The study of the influence of knitting technological parameters on the structure
and the basis weight of elasticized warp knitted fabric for the rehabilitation and prevention goods
manufacture.

Methodology. The mathematical planning of an experiment, standard test methods of the
knitted fabric, as well as statistical methods for processing and analyzing of an experimental data
were used to achieve this goal.

Results. The regression dependences between the knitting technological parameters and the
properties of knitted fabric were obtained based on the planned and conducted experiment. The
tension of the ground yarn, the linear density of the weft thread and the preliminary elongation of
the elastomeric thread were chosen as input factors. The dependences determine the influence of
the selected factors on the structural characteristics of elasticized warp knitted fabric, especially its
basis weight.

Scientific novelty. Mathematical models for prediction the basic structural parameters and
the basis weight of warp knitted elasticized fabric are proposed based on the following
technological parameters of knitting: the tension of the ground yarn, the preliminary elongation of
the elastomeric thread and the linear density of the weft inserted yarn.

Practical value. The research results increase the knowledge of the effect of knitting
technological parameters on the material consumption of elasticized warp knitted fabric of filling
interlooping and can be used at the design stage of rehabilitation and prevention goods to provide
high quality.

Keywords: technological parameters of knitting, structural parameters, elasticized warp
knitted fabric, elastomeric thread, medical textile.

Introduction. Resent decades the range and scope of medical textiles are significantly
expanded worldwide. There are several reasons for this. The main one is: significant increase of
requirements for social welfare and environmental safety rights [1]. Other important thing is the
rapid development of basic research in chemistry, physics, biology, and in engineering and applied
science. The choice of fiber composition, structural features and production technology of medical
textile is determined by its functionality and specific requirements for materials and products for
various purposes.

Elastic compressing and fixing goods are identified as a separate group of medical textiles
[2]. This group includes elastic bandages, abdominal binders, posture correctors, corsets, recliners,
etc. The design of products [3, 4] and their design features [5] are the topic of number of studies
carried out. The analysis of physical-mechanical and hygienic properties of abdominal bandages at
the Ukrainian market and the elastic bands used for their production are another topic of the
research publication in this field [6, 7]. The main attention during design of new elastic fabric for
rehabilitation goods is paid to such physical-mechanical properties as extensibility and deformation
characteristics, since they provide the basic functional properties of the medical compressing goods.

On the other hand, the materials consumption and resource-saving is the main task of
today’s economy. The resources cost is being reduced as result of scientific and technical activities
using the new energy saving technologies and new types of equipment, and introduction the low-
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waste processes and sustainable methods for raw materials use. The reducing of materials
consumption is the result of a successful technology or design and proper account of social,
functional and ergonomic requirements. Thus the design of elasticized fabric which would reduce
the raw material consumption throughout the combination of the structural parameters and physical
and mechanical properties is an actual task.

Objectives. The aim of this research is to create the elasticized knitted fabrics and to
investigate their structural parameters as well as to establish the properties dependence on basic
knitting parameters. The warp knitting has been chosen for fabrics manufacturing as the most
productive way. Modern warp knitting equipment [8] provides an interlooping variety for high-
quality fabric.

Research results. Elasticized warp knitted fabrics was an object of this research. The chain
with closed loops is the ground interlooping. The elastomeric thread is laying walewise at each
wale. The weft filling yarn is using for connection the separate chains into fabric. The weft yarns
are laying on both sides of elastomeric threads to cover them better. The weft guides movements are
in opposite direction to prevent the buckling.

All samples were made on a 15 gauge TCH Crochet Knitting machine [9]. The polyester
yarn 16.7 tex was used as ground and the polyester yarn 33.4 tex was used as weft. The
polyurethane with 0.8 mm diameter has been used as elastomeric thread. The number of using
needles are 150 that provides 240 mm fabrics wide.

In order to research the influence of technological parameters on the properties of fabric
three factors have been chosen: x; - the linier density of weft inserted yarn; X, - the tension of the
ground yarn; xs — the pre-elongation of elastomeric thread (Table 1). The linier density of weft
inserted yarn has been changed by yarn ends (k) that inlaying at each side of fabric: 2, 3 or 4. The
tension of ground yarn has been changed by the additional load (g) on the yarn: 2, 6 or 10 g. The
pre-elongation of elastomeric thread (¢) has been fixed at 210, 240 and 270 %. 27 variants of
elasticized warp knitted fabric have been produced totally (Table 2).

Table 1
Experimental Conditions
Additional load on Pre-elongation of
Weft yarm ends, k the ground yarn, q, g elastomeric thread, €, %
Factors level X1 X2 X3
Low (-1) 2 2 210
Middle (0) 3 6 240
High  (+1) 4 10 270
The variation interval 1 4 30

The structural parameters are the main characteristics that affect the basis weight at other
equal conditions. Therefore, the number of wales and courses per 100 mm as well as fabric
thickness have been tested according standard methods [10]. The ten parallel measurements were
made for each option, which average values are presented in Table 2.

Experimental results have shown that the number of wales per 100 mm of knitted fabric
(horizontal density) varies slightly with the changing of elastomeric yarn pre-elongation. So, the
number of wales per 100 mm is 62-63 for fabric made with 270% pre-elongation, while it is 64 for
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fabric made with 210% pre-elongation of elastomeric yarn that laid walewise. Mathematical
processing of experimental data has revealed no adequate regressions describing the process. The
filling interlooping on the chain base have been chosen for elasticized fabric production. In this case
the loop step, which is the inverse characteristic of Ny, is defined by the machine gauge. It is logical
that all fabric samples have a practically the same value of the number of wales per 100 mm of the
knitted fabric since they are made on the same knitting machine with the same fixed tension of the
weft filling yarn. The difference in measurement results that does not exceed 3% can be attributed
to the measurement error.

Table 2
Structural parameters of warp knitted fabrics
. Conditions Number per 100 mm Thickness, | Basis weight,
Variant
X1 X2 X3 wales, Ny, courses, N¢ T, mm ms, 9/sq.m
1. + + + 62 87 1.58 912.9
2. - + + 64 104 1.43 792.5
3. + - + 61 91 1.66 957.5
4. - - + 64 105 1.45 817.9
5. + 0 + 62 90 1.60 943.2
6. - 0 + 62 106 1.42 812.8
7. 0 + + 62 96 1.54 894.6
8. 0 - + 63 97 1.50 887.8
9. 0 0 + 63 96 1.50 864.7
10. + + 0 64 87 1.60 948.8
11. - + 0 64 100 1.42 793.8
12. + - 0 63 90 1.64 979.7
13. - - 0 64 102 1.43 809.1
14, + 0 0 63 88 1.60 958.2
15. - 0 0 64 101 1.42 806.6
16. 0 + 0 64 96 1.54 883.2
17. 0 - 0 63 96 1.52 901.4
18. 0 0 0 64 94 1.52 893.0
19. + + - 64 86 1.60 935.1
20. - + - 64 98 1.40 788.1
21. + - - 64 90 1.68 973.5
22. - - - 64 101 1.46 810.9
23. + 0 - 64 88 1.63 952.6
24, - 0 - 64 99 1.44 795.9
25. 0 + - 63 95 1.56 906.2
26. 0 - - 64 93 1.53 881.8
217. 0 0 - 64 93 1.50 881.2

As regards to the number of courses per 100 mm of knitted fabric, a wide spread of data
from 86 to 106 (table 2) is observed. The regression dependences were obtained as a result of
mathematical processing of the experimental data. The regression dependences on two parameters
for a fixed value of third factor that adequately reflect the dependence of N. on the variable process
parameters are presented in Table 3. It is observed that the number of courses per 100 mm of
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knitted fabric (vertical density) depends on all three factors xi, X, and xs, but their effects are
different.

It is obvious that the number of weft inserted threads has the greatest influence on N that
is, the linear density of the weft yarn is very important factor. When it is doubled (from 2 to 4 ends),
the number of courses per 100 mm of the knitted fabric decreases by 12-15%, which is directly
related to the increase in the loop height to the positioning of weft threads.

Table 3
Regression Dependences

Fixed factors level Number of courses per 100 mm Thickness, mm
£€=210% N.=111,8-58k-0.2q T=1,242 + 0,102 k - 0.004 q
£=240% N.=1146-6,2k-0,2q T=1,223+0,097 k
e =270% N.=119,7-7,7k T=1,235+0,089 k

q=2g9 N.=1058-6.2k+0,03 ¢ T=1,208 + 0.108 k
q= 69 N.=68,7+28k+0,2¢-0,04ke T=1,236 + 0.092 k

g=10g N.=81,0+0.3k+0,14¢-0,03k e T=1,240 + 0.091 k
k=2 N.=82,0+0,08¢-0,2q T=1,418
k=3 c=84,7+0.04¢ T=1,550-0.005q
k=4 N.=84,0+0,03¢-0.4q T =1,656 - 0.008 q

The effect of the pre-elongation of the elastomeric thread on the vertical density of knitted
fabric is directly related to the linier density of weft inserted yarn. Thus, for fabrics with two yarn
ends (k = 2), the pre-elongation change from 210 to 270 % leads to an increase of the vertical
density by 5 %, while for fabrics with k =3 or k = 4 the number of courses per 100 mm increases
by 3 % only. This is due the fact that the relaxation processes of elongated elastomeric threads
occur better conditions in knitted structure with a smaller number of threads as the weft. In such
structure, the chain loops of wale are tilted in opposite direction at neighboring courses and the loop
slope to the vertical increases with relaxation degree of elastomeric threads.

The tension of the ground yarn has the least influence on the number of courses per 100 mm
of fabric (vertical density). The change of additional loads from 2 to 10 leads to a decrease in the
number of courses N¢ by 1.5-3.0% only, which is associated with a change of the loop length. But
due to loops slope changing the loop length leads to a change of the slope angle and not the height
of the course. It should be noted that the effect of this factor was not fixed when pre-elongation of
the elastomeric threads was 270%. In this case, the loop configuration depends on the relaxation
degree of the elastomeric thread only and not on the tension of the ground yarn itself.

The thickness of knit is an essential factor determining the performance of elasticized
fabrics, and their raw material consumption particularly. The regression equations which adequately
describe the process under study have been obtained based on the mathematical processing of the
experimental data (Table 3). It is obvious and predictable that the thickness of the fabric depends on
the linear density and the number of weft threads. The doubling of the linear density (from 2 to 4
yarn ends) of the weft leads to an increase by 15% the fabric thickness. As a result of the studies, it
has been established that the pre-elongation value of the elastomeric thread does not affect the
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thickness of the elasticized fabrics, which indicates an equal degree of its relaxation in the knitted
structure: the thickness of the elastomeric yarn is the same for all fabric variants.

The influence of the ground yarn tension on the fabric thickness is directly related to the
weft inserted threads. With an increase in the number of threads in the weft as the pre-tension of the
ground yarn increases, the thickness of the elasticized knitted fabric is varying: there is no change
for k =2; the thickness decreases within 3 % for k =3, and the thickness decreases by 5 % for
k = 4. It can be assumed that with decrease of the loop length, which occurs due to the increase of
the additional weight on the thread, the loop is tightened and it presses the weft yarns to the
elastomeric thread that laid longwise. When using 3 and 4 threads as a weft, they can position in
several modes, which will depend on the loop size. When using 2 ends of weft yarn, they are
arranged one above the other anyway.

Previous studies [7] have detected that the above indicators determine the basis weight of
knitted fabrics in one or another way. Ehe mathematical dependences of the basis weight of knitted
fabrics on technological factors were obtained by mathematical processing of the experimental data

(Table 2). The graphical representations of dependences are showed on Fig.1 for a fixed value of
one of the technological parameters X3, X, Or Xs.
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Fig. 1. Basis weight dependences

Obviously, the number of yarn ends in the weft (Fig.1.a-f) has the greatest influence on the
basis weight of the elasticized knitted fabric. Reducing the ends number from 4 to 2 leads to a
significant (up to 20 %) reduction of the fabric weight, which naturally and without doubt. In some
cases, the effect of the pre-tension of the ground yarn (q) on the basis weight has been revealed.
This influence is very insignificant: a change of the additional load on the filament from 2 to 10 g
leads to a decrease of the basis weight by 3 + 4 % only (Fig.1.b, c, g), and by 5 % in case of using 4
yarn ends in the weft (Fig.1.i). Such influence of the tension of the ground yarn occurs by changing
the loop length of the chain interlooping. As for the pre-elongation of the elastomeric threads (g), no
effect on basic weight of elasticized knitted fabric has been established in this study.

It should be noted that the elasticized knitted fabric has the smallest basis weight when only
2 yarns ends are used as the weft and the additional load on the ground yarn is 8 + 10 g. From 0.25
to 0.35 m? of elasticized fabric is used for one abdominal binder production. Consequently, the
using of fabric with up to 800 g / m? basis weight instead the traditional 900 + 1000 g / m? leads to
an average decrease the items weight by 50 g.

Conclusion. Design of elastic materials for medical purposes is aimed not only at improving
the structural and functional properties, but also at reducing the material consumption as well as the
items weight. It has been established as a result of the study that the linier density of weft inserted
yarn has the greatest influence on the characteristics of knitted fabric, especially on the basis weight
of fabric. Twice increase of linear density leads to increase by 15% the number of courses per 100
mm as well as the fabric thickness and by 20% the basis weight. The influence of the tension of the
ground yarn and the pre-elongation of elastomeric thread does not exceed 5%. Therefore, in order to
reduce the material consumption, it is necessary to reduce the linear density of the weft yarn, which
used as a binding element and as the cover to prevent the elastomeric yarn contact with the human
body also.
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BJIMAHUE TEXHOJOI'MYECKHUX ITAPAMETPOB HA ITIOBEPXHOCTHYIO
IIVIOTHOCTD 3JJACTUYHBIX TIOJOTEH
KM3UMYVK E.II., MEJIbHUK JIL.M., JIIXOBA B.P., 'YBAP N.U.

Kuesckuii hayuonanvhsiil yHusepcumenm mexHoao2uil 4 Ou3atiia

Ilens. M3yuenue enusnus MEXHOIOSUYECKUX NAPAMEMPOS8 6A3AHUS HA CMPYKMYpY U
MamepuanroemMKocmy OCHOBOBA3AHO20 INACMUYHO20 MPUKOMAXCa OJisl U320MOGNEHUS. U30enUll
PeaburumayuoHHO20 HA3HAYEHUS.

Memoouka. J{na  Oocmudicenus  NOCMABIEHHOU  Yeau  UCNONb308AHbL  Memoobl
MAMeMAmMuyecKkoe0 NIAHUPOBAHUS  IKCNEPUMEHMA, CMAHOAPMHblE MemoObl  UCCIe008AHUS
napamempog CmpyKmypbvl MpUKoOmanxcd, a makice cmamucmuyeckue memoosvl 00padomru u
AHANU3A IKCNEPUMEHMATbHBIX OAHHDIX.

Pesynomamul. Ha ocHosanuu CniaHupo8aHHO20 U NPOBEOEHHO20 JKCNepumMenmad, 8
KOMOPOM 6 Kauecmee 6XOOHbIX (Dakmopog Obliu GblOPAHbl HAMANCEHUe 2PYHMOBOU HUMU,
JIUHENHAs NJIOMHOCMb NONEPEYHOU YIMOYHOU HUMU U npedsapumenvroe YOIuHeHue 31acmomMepHou
HUMU, NOJYYeHbl MamemMamuyecKue 3a8UCUMOCTU, NO360IAI0WUe ONpedeums Cmenets GIUsHUs
BbLIOPAHHBIX  MEXHONO0SUYECKUX NAPAMEempos8 6A3aHUs HA CMPYKMYPHble XAPAKMEPUCMUKU
MPUKOMANCca, 0COOEHHO €20 NOBEPXHOCHMHYIO NJIOMHOCb.

Hayunasa mnoeusna. Ilpeonosicenvt mamemamuyeckue mooenu O HPOEKMUPOBAHUsL
OCHOBHbLIX NAPAMEMpPO8 CMPYKMYPbl U NOBEPXHOCMHOU NIOMHOCIU OCHOB0BA3AH020 INACMUUHOZO
MPUKOMAACA, 8 OCHOBY KOMOPLIX NOLOHCEHbI CedyIoujue MexHoI02UYecKue napamempol 6A3aHUL:
HamsiceHue 2pyHmosol Humu, npeogapumenvhoe YOJIUHeHUe 1ACMOMEPHOU HUMU U JTUHelHAs
NJIOMHOCIb HONEPEYHOU YMOYHOU HUMU.

Ilpakmuueckasa 3nauumocmes. Illonyuennvle pe3yrbmamvl UCCAEO08AHUS  PACUUPSAION
3HAHUSA O GIUAHUU MEXHOIO02UYECKUX NAPAMEMPO8 6A3AHUA HA MAMEPUATOEMKOCIb OCHOBOBA3AHBIX
NACMUYHBIX  NOJOMEH YMOUHO20 Nepenjiemenus U MOZYm UCHOIb308AMbC HA  dmane
NPOEKMUpOBaHUsi peabuUIUMayuoHHbIX U30enusi obecneyusdas npocHo3upyembvie NOKA3amenu
Kayecmea.
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Knrouesvie cnoea: mexnonocuueckue napamempwvl 6:A3aHUSA, NApaMempvl CMPYKmMypbl,
OCHOBOBA3GHbIL INACMUYHBIU MPUKOMANC, INACTNOMEPHASI HUMDb.

BIIJIMB TEXHOJIOTTYHUX ITAPAMETPIB HA ITIOBEPXHEBY I'VCTUHY
EJACTUYHHUX ITOJIOTEH
KM3UMYVYK O.I1., MEJIbBHUK JI.M., JIIXOBA B.P., I'VBAP LL

Kuiscoxuil nayionanbruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. Bcmanoenenns 6naugy mexXHONOSIYHUX NAPAMEMPIE 6 A3aHHA HaA napamempu
CMpPYKmypu ma MamepianoEMHICMb OCHOB08  A3AH020 eNACMUYHO20 MPUKOMAHCY NPUSHAYEHO20
07151 8U2OMOBGIEHHS peadiiimayiuHux eupoois.

Memoouka. /[ns 0ocsicHeHHs NOCMABNEeHOI Memu 8UKOPUCTIAHO MemoOU MamemMamuyHo2o
NIAHYBAHHA ~eKCNePpUMEHMY, CMAHOAPMHI Memoou OO0CHIONHCEeHHs napamempis CmpyKmypu
MPUKOMA®CY ma CMamucmuyHi Memoou oo6pooKu ma ananizy eKCnepuMeHmaitbHux OaHuUXx.

Pesynomamu. Ha ocHo8i cniano8ano2o ma npogedeHo20 eKCnepumenmy, 6 aKomy K 6XioHi
¢daxmopu obpano Hamse epyHMOB0I HUMKU, JIHIUHY 2YCMUHY NONepedHOol YMOK080I HUMKU md
NONepPeoHe BUOOBHCEHHS eNACMOMEPHOI HUMKY, PO3POOIEHO MAmMeMamuyti 3a1eHCHOCMI, Wo
003601510Mb BUHAUUMU CMYNIHbL GNIUSY MEXHONO02IYHUX Napamempie 6 A3aHHA HA CMPYKMYpPHI
XapakmepucmuKu mpuKomasicy, 0coOIUB0 U020 NOBEPXHEBY Y CIUHY.

Haykosea nosusna. 3anponoHosano mamemamuyni Mooeni O NPOeKmy8aHHs OCHOBHUX
napamempie cmpykmypu OCHO808 A3AH020 eNACMUYH020 MPUKOMANCY, 8 OCHOBY AKUX 3AKIA0EHO
HACMYNHI  MeXHON02IYHI napamempu: Hamse 2PYHMO80i HUMKU, NONEPeoHE BUOOBIHCEHHS
e1acmomMepHoi HUMKU ma JiHIUHA 2YCMUHA NONEPEYHO20 YIMOKY.

Ilpakmuuna 3nauumicme. Ompumani pesyrbmamu, 00360J10Mb POSUUPUMU SHAHHS NPO
6NIUE MEXHONOIYHUX NAPAMEmpPI8 8 A3aHHA HA MAMEPIalOEMHICIb OCHOBO8 A3AHUX eNACTNUYHUX
macvM YMOKO8020 NEpPenyiemenHs ma MOJ’CYMb OYmu BUKOPUCMAHI HA emani NpoexKm)y8aHHs
8UpobiI6 3a6e3neuyrouu NPOSHO308aHI NOKA3HUKU AKOCTI.

Kniouosi cnosea: mexuonociuni  napamempu 6 A3aHHA,  napamempu  CMpyKmypu,
OCHOB08’ A3aHUIL eNACMUYHU MPUKOMAIC, e1ACTNOMEPHA HUMKA.
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VK 685.31 JIOBAHOBA I'.€., KOBAJIIOK O.B.

XMeNbHULBKUH HaliOHAJbHUH YHIBEPCUTET

JOCIIIDKEHHA YMHHHUKIB, IO BINIMBAIOTH HA
®OPMYBAHHSA ACOPTUMEHTY JUTAYOI'O B3YTTA

Mema. J[ocniodxcenns YUHHUKIS, WO 6NIUBAIOMb HA (POPMYBAHHS ACOPMUMEHM) OUMAY020
83ymms i 3a00801bHAIOMb GUMO2U NOKYRYSL 00 OAHO20 MO8apy.

Memoouka. /{15 ncuxono2iyHo2o OO0CHIOHNCeHHA Ma SUSHAYEHHS HAUBALOMIWUX Kpumepiig
8NAUBY HA BUOIp cnodcusavem 63ymms, 00pAHO MemooO eKCHEPMHUX OYIHOK 3 HOOANbULOI0
MamemMamuyHoO-CMmamucmu4How oopooKo OaHUX.

Pezynomamu. Bcmanoeneno, wo cnoocusyi 61acmugocmi moeapie 6U3Hauaioms pizHOI0
MIpor  egheKmuBHicmeb BUKOPUCMAHHS 8UPODIE 3a NPUHAYEHHAM, IX COYIANbHY 3HAYYWICMb,
NPAKMUYHy KOPUCHICMb, HEWKIOIUBICMmb ma ecmemudHy Oockonanicms. Ha ocnosi ynoodobans
CROJCUBAYIE PO3POONEHUL ACOPMUMEHM OUMAY020 83YMMs, AKUU MAKCUMANbHO GI0N0siodc ix
3anumanm.

Haykoea nosusna. BcmanogieHo po30idcHOCMI 8a20MUX NOKA3HUKIE ceped CRONCUBAYIE 3a
pieHem 00c8idy 8uxosanis oimeti y cim’i ma npooasyie 63ymmsi.

Ilpakmuuna 3nauumicme. Po3pobneno  acopmumenm — OumMA4020  63YMmMA  Mda
3aNPONOHOBAHT peKoMeHOayii 051 NIOBUUWEHHS NCUXOJNO2IYH020 KOMGOopmy ma 3a0080JeHH s
nompeb CnodCUBAYis.

Knrouoei cnoea: oumsaue 63ymms, CnoMCUBYI  8IACMUBOCTMI, CHONCUBYI  BUMO2U,
NCUXONO2TYHULU KOMPOpM.

Beryn. CywacHuii mokyners moTpeOye Bij B3yTTS HAsSBHOCTI HE TIIBKH MPHUBAOIUBOTO
30BHINIHKOTO BUTJISY, aJie 1 BIAMOBIIHUX CIOKMBYMX BJIACTUBOCTEH, 30KpeMa, EKCIUTyaTaIliiHuX,
eCTeTUYHUX 1 (YHKIIOHATBHUX. BakinMBO0O MpoOIeMOI0 CydyacHHUX MIAMPUEMCTB € BU3HAYCHHS
SIKOCT1 1 Oe3meku BUPOOIB, OCKUIBKH II€ TIOB’SI3aHO 13 HACHYCHHSIM PHUHKY (aibcudiKOBaHUMU
MaTtepiaJlaMd Ta B3YTTAM BITYM3HSHHUX 1 3aKOpJOHHUX BHUPOOHMKIB. OcTaHHIM YacoM
CIIOCTEPITaeThCsl TeHICHIIIS 3alliKaBJICHOCTI CIOXHUBaya y npua0aHHi cepTu(hiKoBaHOTO TOBapy, SIK
TaKOro, L0 MPOHIIOB BUMPOOYBaHHS 3a PI3HUMH IOKAa3HUKAMHU 1 € HaJifHUM Ta EKOJOTI4HO
oesnmeunum [1-6]. OcobmuBo 1e crocyeThes TOBapiB uisi giteil. OIiHKAa PIiBHS SKOCTI B3YTTs
HEMOXJIMBa 0Oe3 BUBYCHHS HOrO0 BJIACTUBOCTEH Ta BU3HAYCHHS OIWHUYHHX ITOKA3HUKIB,
MaKCHUMAaJIbHOT'O BPaxyBaHHsI BUMOT Ta MO0aKaHb CIIOYKUBAYIB.

IMocTaHoBKa 3aBaaHHs. B yMOBaX pMHKOBOI €KOHOMIKM Ha eTarax MPOEKTYBaHHS HOBHX
MoJieNIell B3yTTS Ta PO3POOKH TEXHOJIOTIYHOTO TMPOIECY IXHBOTO BHUTOTOBJICHHS JOIIEHO
MIPOBOJIUTH PETENIbHUIN aHalli3 1 pO3paxyHKH, 30KpeMa, MOKA3HUKIB BIACTHBOCTEH JJISI 3HUKCHHS
BUTpAT MpH 3a0e3neueHHI BHUCOKOrO piBHSA SKOCTI BHpoOy. [l CTBOpeHHs B3yTTs, sike O
KOPUCTYBAJIOCS BEIMKUM TOMTUTOM ChOTO/IHI Ha PUHKY YKpaiHu, HEOOX1IHO JOCITIIUTH MICUXOJIOTIIO
BUOOpPY CHOXKMBAue€M TOTO YW IHIIOTO TOBAapy, a TaKOX HEOOXiHI MapKETHHI'OBI JOCHITKEHHS B
TOYKax PO37piOHOrO 1 OMTOBOTO MPOJAXKY B3YTTS JJIsi BCECTOPOHHBOTO JTOCIIKEHHS CIOKHBYHMX
BUMoOr. sl IbOro HEOOXiAHO BU3HAYWTH, Ha SIKi IMOKA3HUKU 3BEPTAIOTh yBAry B IEPIIy Yepry
MOJIOJII 1 TOCBIYeH1 OAaThKU MPH TMOKYIIII B3YTTsI, T IO JIJI1 HUX € BAKJIUBHUM IIPH BUOOPI MOl
B3yTTs. [l BH3HAUEHHsI BarOMUX IMOKAa3HHKIB Tepen0adacTbesi MPOBEICHHS aHKETYBaHHS, TOMY
JOLITFHO 3aCTOCOBYBAaTH METOJI €KCHMEPTHUX OIIHOK. OO’ €KTUBHICTH IILOTO METOMAY IOB’si3aHa 3
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YAOCKOHAIIOBAHHSM TIPOIECY OIIIHKH, METOAIB 1 crmocobiB oO0poOku pesymnbTariB. lle macte
MOXJIMBICTh TIPEJACTAaBUTH PO3PAaXyYHKOBO Ta TpadiuHO BAKIUBICTh IOKAa3HUKIB TP OIIHII
CHOKMBYMX BHMOI, a TaKOXX BH3HAUUTU BaroMi KpUTepil MNOMYJISIPHUX MOJENEH IUTSYOrOo
ACOPTUMEHTY B3YTTS y HiAMPHEMIIIB, SIKi O€3IM0CEPEIHBO 3aiMalOTHCS peaiizaiieio B3yTrs [1-4].

PesyabTaTi AociigikeHb. BHUTrOTOBIEHHS SKICHOTO IUTSYOrO B3yTTS HEMOXIUBE 0e€3
CTaTUCTMYHHUX [aHMX, SKI CKJIAJal0Th OCHOBY Ul 3MiHM KOHCTPYKIii, (hOpMH, 3aCTOCYBaHHS
pPI3HHX BKIAIHUX KOpPUTYBaHb. /I 1BOTO TEPIOJUYHO TPOBOASTHCS AHKETYBAHHS CEpej
PECIIOHICHTIB, 00 CIIPUATH 3POCTAHHIO MOMUTY Ta mpomno3wuiii [1,6].

3 MEeTOI0 BUSIBJICHHS KUJIbKICHUX 3HaUY€Hb BaroOMOCTI IMOKA3HUKIB, K1 31HCHIOIOTh CYTTEBUIN
BIUIUB Ha BUOIp B3YTTs Mepe0avacThCs MPOBEICHHS aHKETYyBaHHS.

B HamioMy BUMNaAKy €KCHEPTHI OIIHIOBAHHS IMPOBOJUIIUCS TPYIIOI EKCIEepTiB-0aThKiB, a
TaKOXX MPAIIBHUKIB ONTOBO-PO3JAPIOHOT TOPTIBII JUTAYUM B3YyTTsAM. [Ipu BHU3HA4YeHHI KiJIBKOCTI
eKCIEepTIB MU KEpyBaJUCS MpaBHJIAaMH BHUOIPKOBUX COLIOJOTIYHUX JOCHIDKEHb 1 EKCHEpTHHX
ONUTYBaHb [2].

JUis MOCSATHEHHS TPaBUIBHUX Ta TOYHHX PE3yAbTaTiB JOCTIIKEHHS 3alpPOMOHOBAHO
3aJy4UTH TICUXOJIOTIB 1 MapKeTOJOTiB, IO 3a0€3MeYnTh MPABUIIBHICTD PO3POOKH ICHUXOJIOTTYHO
JOLTBHOT aHKeTH il O0aThKiB, a TaKOX JAaCTh 3MOTY BHU3HAYMTH BaroMi KpHUTEpii MOMYISIpHHUX
MOJICJICH TUTSAYOTO aCOPTUMEHTY Ta JIaTH BJIACHI pEKOMEH 1a1lii BUPOOHUKAM B3YTTSI.

SkicTh BU3HAUEHHS BHOIPKH PECHOHICHTIB ICTOTHO BIUIMBA€ HAa CTYIiHb 3aJI0BOJICHHS
BUMOT TEHEpaJIbHOI CYKYITHOCTI CIOXKHMBAadiB B3YTTSA. Y JaHOMY BHUMIAAKY, IiJ Yac PO3pOOKH
MMOKa3HUKIB BIACTUBOCTEH B3YyTTs, BU3HAYAIbHIUM YHHHUKOM € BUKOPHCTOBYBaHUI MeTOJ 00poOKH
JaHUX 1HTEPB'I0 — amnpiopHe paHXXyBaHHS YMHHUKIB. [Ipm aHami3i JIyMOK EKCIEpTiB
3aCTOCOBYBAJIMCSI MAaTEMAaTHUKO-CTATUCTUYHI METOAM, 30KpeMa, METOJl PAaHTiB, TOCTIIOBHUX Ta
NapHUX MOpiBHSHB. IlepeBipka y3roJKEHOCTI OLIHOK, OTPUMAHHMX BiJ JEKUIbKOX EKCIEpTiB,
MIPOBOJIMIIACS METOJIaMH PAHTOBOI KOPEJIALIi.

Jnst otpumanHss HeoOXimaHOI iH(MOpMarlii Oyma po3poOieHa aHKeTa, IO BKIOYAE B cebe
Mepesiik OCHOBHUX CIIOKMBUMX BIIACTHUBOCTEH B3YTTA 3 KOPOTKOIO XapaKTEPHUCTUKOIO, Ha SKI B
MepIry 4Yepry 3BepTaroTh yBary OaTbku. OTxe, OaThbKOBI YM MaTepi MPOMOHYBAJIOCS HE TIIBKH
OIIIHUTH BaroMiCTh MOKAa3HUKIB, ajie i 00paTH €IeMEHTH, K1 HalO1IbII MPUBEPTAIOTH IXHIO YBary
npu BuOOpi B3yTTs. L{f0 iHpOpMaLito miIaHyBalocsi BUKOPUCTATH MPHU CTBOPEHHI HOBOI KOJIEKIIII.
JUist TICUXOJIOTIYHOTO aHanizy BHOOpy OaThbkaM Ha MOYATKy aHKETH MOCTaBHJIM MUTAHHSA MPO BIK
OMUTYBAHOTO Ta HASBHICTh/KUIBKICTH JITEH.

3 METOI0 MOPIBHSHHSA Ta BU3HAYEHHS BIJIMIHHOCTI BUMOT 10 B3YTTsI 0aTbKiB, CTBOPEHO
aHKETY TS TiITPUEMITIB-PEATI3aTOPIB Y MICIIIX ONTOBO-PO3APIOHOTO MPOJAXKy JTUTIIOTO B3YTTS.

OCKUTbKH €KCTIEPTHUI MeTO/ 0a3yeThCsl Ha BpaxyBaHHI OIIHOK €KCIIEPTiB, OyB MPOBEACHUMN
MOALT PECNOHACHTIB Ha JBI TpyNH. Tepiia — 3a HAasBHICTIO BJIACHHX [ITed Ta Japyra — 3a
MPUYETHICTIO 0 MPOJAXY B3YTTA. 3a pe3ysbTaTaMH CTATUCTUYHUX JaHUX BIJOMO, IO Y OATHKIB 3
OUTHIIIMM KUTTEBUM JIOCBIJIOM OLIBII YiITKO (POPMYIOTHCS CITOKMBYI BUMOTH JIO0 TOBAPIB TPHUBAIOTO
BUKOPHUCTaHHSA, B TOMY YHCII B3YTTS. BOHM KepylOThCS OCOOHMCTOIO JIyMKOIO, 3Ba)KalOUM Ha
BIacHU gocBia. Tomy cepesn 6aTbKiB Takok OyB MPOBENECHUH MO 32 PIBHEM JJOCBiY BUXOBAHHS
aitert y cim’i: 32 ocoOwu, 1110 BUXOBYIOTh OJIHY AUTHHY, a 38 0ci0 — ABOE 1 Oinblie JiTei.

KinpkicTp ekcrepTiB y rpymi HiANPUEMIIB, SKi 3alMalOThCS OE3MOCEPEHBO peatizalliio
B3yTTs cTaHOBUTH 40 oci6. Cepen UX PECTOHICHTIB HE MPOBOAMBCS MO 3a CTaTEBOIO 03HAKOIO,
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OCKIJTbKM KOMIIETEHTHA B JIJaHI{ Tay3i JIIOJAWHA Ma€ KePYBAaTHCh HAOYTUMH 3HAHHSIMH, HE3BKAIOUN
HAa CTaTh.

Excnieptu npucBoinm nokasHukaM panry Big 1 1o 10, To0TO, HallBaromMinmomy moKa3HUKOBI
MPUCBOIOETHCS padT R = 1, a HaiimeHmomy — padr R = 10. Taky paHTOBY OILIIHKY MOKHA TIOSICHUTH
TICUXOJIOT1YHHMM ITiIXOJ0M JI0 TUTaHHS.

B siKOCTI OCHOBHHMX KPUTEPIiB CHOXKHBYMX BIACTUBOCTEH IUTSIYOTO B3YTTS 3alpPOIIOHOBAHO
Mepesik MOKa3HUKIB JJIT aHKeTH OAThKIB:

1—- koncmpykyis 63ymms (M’siKa, KOPCTKa, HaMiBXKOPCTKA) X1;

2 — cnocib ¢ikcayii na Ho3i (peMiHIIi, 3acTiOKa «OJIMCKaBKa», pe3MHKa, MHYPiBKa, CTpiuKa
«\Velcro») Xo;

3 - cnissionowenns yinu ma skocmi éupo0Oy (AKiCTb, IiHa, IiHA-AKICTh, OPEHI0B1 KOJIEKIIiT)
X3;

4 — mamepianu Ons e3ymms (BUpOOW 3 TEKCTHIIO, BUPOOW 3 LIKipH, BUPOOW 3 BEIIOPY,
BUPOOU 31 IITYYHUX MaTepialiB) Xa;

5 — 6uo nioowsu (PU (momiyperan), TR (tepmoenacroruiact), RB (I'yma + PU metomgom
MPSIMOTO MPHIIUBY MOJIIyPETaHy IO TYMOBOMY IIPOTEKTOPY), HATypalibHa IiKipa) Xs;

6 — cmunb 63ymms (CIOPTUBHUMA, KIacuuHU) Xg;

7 — xonip (MODHI KOIILOPH CE30HY, SICKPaBi-KHUCIOTHI KOJBOPH, IMMOETHAHHS ICKITBKOX
PI3HUX KOJIbOPIB, CIIOKiliHA KOJBOPOBA rama) X7;

8 — ceson (miTO, 3MMa, BeCHA-0OCIHb) Xg;

9 — mepmin nocinus 6¢3ymms (Ha «BHPICT», Ha MIBPOKY, Ha CE30H, Ha JIEKiJIbKa ce30HIB) Xo;

10 — momusayis eéubopy (BnacHUN cMakK, MOJIHI TEHJICHIi, KJIaCH4HI (OPMH, OpUTIHAITEHHIA
nu3aiin) Xio;

AHKETH Ui TPYNH EKCHepTiB-MiINPUEMIIIB, SKI 3aiiMal0Thcsl 0e3MocepeIHbO pealli3ali€eio
JTUTSYOTO B3YTTS BIAPI3HSAIOTHCS Bijl aHKETH ISl €KCIIEPTIB-0aThKIB TUTBKH OJTHUM MOKAa3HHKOM X3
— 8UPOOHUK 3aMICTh TIOKa3HUKA KOHCMPYKYIS 83yMMsL.

[IpoBeneHO OMUTYBaHHS yCiX PECHOHACHTIB Ta 3JIMCHEHO CTAaTUCTUYHO-MATEMATHYHY
00poOKy OTpUMaHUX JaHUX, SKAa Yy TMCHUXOJIOTIT 0a3yeThcsi Ha cratucthili. OOpoOKa eKCImepTHUX
OIIHOK TIOJISITA€ Yy BHUSBJICHHI CTYIEHS Y3TO/PKEHOCTI JAYMOK EKCHEpPTIB, MIAPaxXyHKY 3BEACHHUX
XapaKTePUCTUK ONUTYBAHHS TPy EKCIEPTiB, BU3HAYCHHI KOE(DIIIEHTIB BaroMocTi (3HAYyIIOCTI)
OKpEMHUX MOKA3HUKIB SKOCTI 1 pO3MillleHHI iX y TIeBHIil iepapXivHiii mociigoBHOCTI [2,6,7].

VY pe3ynbTari NpOBEACHHS PO3PAaXyHKIB Ta aHAN3y OTPUMAHUX JAHUX BHSIBICHO, LI0 CBOIM
BUOOPOM y Tiepiny 4epry O0aThbKy BUAUTIIM Ti MOKa3HUKH, IO BiJIMOBIIAIOTH 32 SKICTh Ta KOMQOPT
B3YyTTS, CTBOPIOIOTh OE€3MEYHUN pyx Ta picT AuTHUHHU. Jlpyra rpyma eKCHepTiB, Y CBOIO 4epry,
BUJIUIMIA TIOKa3HUKU BIIACTHUBOCTEM IUTSYOTO B3YTTH, SIKI KOPUCTYIOTHCS TMOMYJSPHICTIO Yy
cnokuBava: croci® (ikcariii Ha HO31, CHIBBITHOIIEHHS IIIHA Ta SKOCTI BUpoOy, mMaTepian Bepxy,
CTHJIb B3YTTH, Kouip (puc. 1.).
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Puc. 1. IlopiBHsIHHSA BHOOPY NMOKA3HUKIB IPyNIAMHU €KCIIePTiB:
1 psin — nepwa rpyna; 2 psig — Apyra rpyna; 3 — 3Ha4yIicTh NOKA3HUKIB

Jns mepmioi Ta apyroi rpynu eKCHepTiB HaWBaKIMBILIMM BHSBHIIMCS TOKa3HUKHU: CIOCIO
KPITJICHHS HAa HO31, MaTepiaJid BEpXY B3YTTsI, CITIBBIIHOIICHHS IIHU Ta SIKOCTI BUPOOY.

barbku HamaOTH TIepeBary >KOPCTKii KOHCTPYKIIIT B3YTTH, sika 3a0e3neuye HaaiiHy (ikcarito
1 3aXMCT I’STKOBOI Ta HOCKOBOI YaCTMHM B3YTTS 1 BOJHOYAC HE IEPEIIKOPKAE BIIBHOMY pPYyXY
muTHHU. HalOumbImii BIZICOTOK PECIIOHACHTIB 000X TPYIT BiAAIOTh TIEpeBary 3py4HOCTi y (ikcarii
CTOIIM Ta BUOMPAIOTH CTpiuKy «VelCcro», aprymeHTyroum Iie THM, IO JUTHHI JICTIIC 3aKPiMUTH
peMiHelb Ha B3YTTI «IUITyYKOIO», HUK IIHYPYBAaTH B3YTTS UM BCTABJSITU PEMiHENb y MPSHKKY. 25 %
ONMTaHUX OaTBhKIB OOMPAIOTH 3aCTIOKY «OJIMCKaBKYy», OCOOJIHMBO y TOEIHAHHI 3 MHYypiBKaMu (22 %)
JUISL 3pYYHOI 3MiHH TIOBHOTH B3YTTs. LliHa BUpOOY TakoX € BaXKJIMBUM YHHHHUKOM. BijbIIicTh 6aThKiB
o0MparoTh BUPIO 3 TO3WINH BiAMOBIIHOCTI IIHA-SAKICTh, MPOTE 3HAYHA iX YAaCTHHA MPIOPUTETHUM
BBa)KAa€ SIKICTh B3YTTS, a I[iHA € APYTOPSIHUM TMOKA3HUKOM. EKCHEpTH-TIANPHUEMII MPIOPUTETHOIO
BKa3aJIk caMe IiHy BUPOOYy.

[Tpu BuOOpI MaTepiaiB BEpXy B3YTTS MEPIIOK TPYIOK EKCIEPTIB, JIAEPOM 3aTUIIAIOTHCS
HaTypaJibHa IIKipa Ta INTY4YHI MaTepiaiau. BibIIicTh ekcnepTiB Ipyroi rpymu BHOpaiu B3YTTS 3
BEPXOM 13 IITYYHUX MarepialliB, OYEBUIHO TOMY, 110 BOHO JEIIEBILIE 1 HOTO JIETIe peani3yBaTu Ha
punky. llono BuOOpy MaTepiany mioOMIBY, pe3yIbTaTH OMUTYBAHHS JBOX I'PYI E€KCIEPTIB CIiBIAJIH:
MOJIypeTaH Ta TEPMOEIacTOIIaCT.

Bareku 1 mignpuemii-peanizaTopu B3yTTS BiAIAIOTh MepeBary CIOPTUBHOMY CTHIIIO B3YTTS
JUTSL 3pYYHOCT] Y TIOBCSIKJIEHHOMY HOCIHHI, a TaKOXK MPOCTOTI KJIacHYHUX (OpM Ta HEBHOATJIMBOCTI
KOHCTPYKII{ JUIsl OJIETIIEHHS JOTJIALY 3a B3yTTAM. Pe3ynpTaTté BHOOpPY KOJIBOPOBOI raMy MOKa3aly,
1110 OaTbKM BIJIAIOTh MEpEBary KJIAcHIll — CIIOKIHHIN KOJIbOPOBIH raMmi, MpoTe iX BUOIp 3yMUHAETHCS
TaKOX 1 HA MOJJHUX KOJIbOPAX CE30HY.

[Ipu onuTyBaHHI pECIOHICHTAM TAaKOX MPOINOHYBAIOCS 00paTH HE TIMBKH BAKIMBUHN TSI HUX
MOKa3HMK, aJle i KOHKPETHY MOTo XapakTepucTHKy. Lls iHdopmaliis T03BOIUTH OUIBII JETATBHIIIE
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BU3HAUWTH, SIKMA caMe Marepiajl BepXy, THUI MiJONIBH, CTHJIb, KOJIp, CMOCiO KpilieHHS Ha HO3i,
KOHCTPYKIIIIO JOIIIFHO BUKOPHUCTOBYBATH MPH CTBOPEHHI KOJEKIIT B3YTTS JUIS MIT€H JOIMIKUILHOTO
BIKY.

barbky 3a3HaYMIIM  BaroMiCTh TIOKYNKH B3YTTS Yy OyAb-IKOMY CE€30HI, OCKIJTbKA B
JOIIKIJIBHOMY Billl y JiTei BinOyBaeTbcs IMIBUIKHM PICT Ta PO3BUTOK, 1 SIK HACTIJIOK, IIBHUIKO
3MIHIOETBCSI PO3MIp B3YTTs. 3HAUHA KUIBKICTH OAThKIB 3ayBaKWiia, L0 3UMOBE B3YTTS KYyMYETbCS
pinire, ocoOMuBO y CiM’sIX, € € CTaplll JIiTH, OCKUIBKM BOHO HE TaK IIBHJKO 3HOIIYETHCS, 1 TOMY
«TIePEIAEThCS Y CIAI0K» BiJl CTapIINX JITEH.

TepMiH HOCIHHS B3YTTS 3aJICKUATh HE JIMIIE BiJl AKOCTI BUPOOY, (i310J0TTYHIX 0COOTMBOCTEN
JTUTHHM, a ¥ BIJT JOCTAaTKyY, 00 HE KOXHA CIM s Ma€ MOYKJIMBICTh KYITyBaTH JIEKUTbKa BUPOOIB HAa CE30H.
OCKIUTBKM JUTSYE B3YTTS IIBHJIKO 3HONIIYETHCS a00 CTAaE MaJUM 3a pO3MIPOM, HalJacTIIIE MOKYIIITi-
6arpku (46%) BHOMPAIOTH CBOIM NUTHHI B3YTTS Ha CE30H, MEHIIA KUIBKICTh — 26% KyMyIOTh B3yTTS
«Ha BUPICT», X0Ya 116 MOYKe MPU3BECTH JI0 BIIXWJIEHb Y PO3BUTKY OMOPHO-PYXOBOT'0 anapaTy TUTHHH.

[Ipu omparfoBaHHi aHKeT OATHKiB, 1[0 BUXOBYIOTH OJIHY AMTHHY Ta JIBO€ 1 OuIbIIe aiTei
Oyno BHSABJICHO, IO HASBHICTH PI3HOTO OATHKIBCHKOTO JIOCBIy BIUIMBAaE Ha BHUOIp CHOXKHUBYHMX
BJIACTUBOCTEHN UTSAYOTO B3YTTH (pHC. 2).
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Puc. 2. IlopiBHsIHHS BUOOPY NMOKA3HUKIB €KCNEPTIB 3 Pi3HUM 0aTHKiBCHKHM J0CBiIOM:

1 — 6aTbKM, 110 BUXOBYIOTh OJHY TUTHHY; 2 — 6aTbKH, 110 BUXOBYIOTH JIBO€ i OijIbIIe JTiTeii;
3 — 3HAYYNIiCTh MOKA3HUKIB

[IpoBeneHne onmuTyBaHHS CBIAYWTH, MO OaThKW 3 OUIBIIMM JOCBIJIOM BHUXOBAaHHS JITEH,
3BEpPTAIOTh YBary CyTO Ha CIIOKMBYI BJIACTHBOCTI B3YTT#, SIKI 3a0€3MEeUYyIOTh SIKICTh 1 KOM(MOPTHICTh
BHUpOOY, a, BIAMOBITHO, 3IOPOBUI PO3BUTOK CTOIH AUTHHH.

PecrionieHTH 3 OHIEIO AUTHHOIO € B TIEPEBAXKHIM OLIBIIOCTI MoJIomuMu ciM’simu. Yepes Opak
JIOCBily BOHM HAJAlOTh IEpeBary HaiyacTillleé TakuM IOKa3HWKaM sK KOJIp, MOTHBAIls BUOOpY
(Mona, opuriHanbHui Au3aiiH). Lle mosicHIoeThCcs OakaHHIM BUIUIUTHCS 3 HATOBITY 1 CIIpUAMAEThCA,
SK KPUTEPil YCHIITHOCTI.
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BucnoBku. TakuM 4YHMHOM, Yy pe3yibTaTi MPOBEIECHUX IOCITiIKEHb, BH3HAYCHO OCHOBHI
MMOKA3HUKH, sIK1 (POPMYIOTh BUOIp B3YTTs OaTbKaMH 3 PI3HUM KHTTEBUM JOCBIIOM Ta MAMPUEMIIIMHU-
peayizaTopamM#l AUTSYOTO B3YTTSA. 3IIMCHEHO IICHXOJIOTIYHUHN aHami3 OTpUMaHUX pe3yJbTaTiB Ta
MIPOBEJICHO TTOPIBHIHHS MOKA3HUKIB CIIOKMBYMX BUMOT YCiX ekcriepTiB. OTpumaHi po301KHOCTI MpU
BUOOpI JUTSYOro B3YTTS cepel OAThKIB CBIAYATH MPO 3AICKHICTH BUOOPY Bifl JKUTTEBOTO JOCBiNY,
TOOTO HAsABHOI KIJIBKOCTI JITEMN.

Ha ocHoBi ynono6aHp CHOXHMBa4iB PEKOMEHJO0BAHO BUPOOHHKAM CTBOPUTHU ACOPTUMEHT
JUTSYOTO B3YTTS JOIIKUTBHOTO BIKY 3 BpaxyBaHHSIM TaKMX IOKa3HHUKIB: JKOPCTKAa KOHCTPYKIIi,
dikcaris Ha cTOmmi 3a JOMOMOror cTpiukm «Velcro», marepianm BepxXy — HaTypajdbHa INKipa Ta
BIJIMOBIAHICTh MOJTHUM TEHJIEHITISIM. PO3poOHNKaM HOBHX MOJIENEH B3YTTsI MIPOIIOHYETHCS IPUIHHATH
70 yBard OCHOBHI YMHHUKH, III0 32 PE3yJIbTaTaMH JOCIIKCHHS, MOXKE CIIPHATH MapKETHHTOBOMY
yCHiXy MpOAYKIIii Ha PUHKY.
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NCCIEJOBAHUE ®AKTOPOB, BJIUAIOIINX HA ®POPMHUPOBAHUE
ACCOPTHUMEHTA JIETCKOM OBYBHU
JJOBAHOBA T'.E., KOBAJIIOK O.B.

XmenvHuybkul HayioHaibHUU YHigepcumem

Ilens. Uccneoosanue ghakmopos, erusiowux Ha ¢opmuposaHue accopmumenma OemcKoll
008U, U YOO0BIemMBOPsAIOmM Mpedo8aHUIM NOKYnamesi K OAGHHOMY Mo8apy.

Memoouka. [{na ncuxono2uyeckoeo ucciedo8anus u onpeoeneHus Hauboiee CyujecmeeHHbIx
Kpumepues 61UsHUS HA 6blOOp nompedumenem 00y8uU, GblOPAH MemoO SKCHEPMHBIX OYEHOK C
nocaedyouel MamemamuKo-cCmamucmu4eckou 00pabomKo OaHHbIX.

Pesynomamut. Ycmanosieno, umo nompedumenbckue C0UCmea mogapos onpeoesiom 8
PaszHoll cmeneHu dQphexmusHOCmb UCNOIBL30BAHUA U30eUU NO HA3HAYEHUIO, UX COYUANbHYIO
3HAYUMOCMb, NPAKMUYECKVIO NOJE3HOCMb, 0e38pe0HOCmb U dcmemuyeckoe cogepuiencmeso. Ha
OCHOBe npeonoumeHull nompeodumenell paspabomar AcCOpmMuMeHm O0emckou 00y8u, KOmopbwlil
MAKCUMATILHO COOMBEMCMBY e UX 3anpocam.

Hayunaa Hoeusna. Ycmanosnenwvl pacxoxicoeHusi 6ecomvblX nokaszameneu  cpeou
nompebumeseti o YpO8HI0 ONbIMA 60CRUMAHUSL Oemell 8 ceMbe U NPo0asyos 00YsuU.

Ilpakmuueckan 3nauumocms. Pazpaboman accopmumenm 0emckoil 00y8u u npedodHceHsl
peKomeHOayuu 05l NOGbIUEHUS. NCUXOIOSUYECKO20 KOMPOpmMa u Y008iemeopenus nompebHocmell
nompeoumereii.

Knwuesvie cnosa: oemckas 00ysb, nompebumenvckue ce0UCMEd, NOMpeOUmMenbCKue
mpebo8anUs, NCUXOI02UYECKULl KOMPopm.

RESEARCH ON THE FACTORS INFLUENCING THE RANGE
OF CHILDREN’S FOOTWEAR
LOBANOVA G., KOVALYUK O.
Khmelnitsky National University

Purpose. The research addresses the factors that influence the range of children's footwear
and satisfy customer requirements for this product.

Methodology. For the purpose of psychological research and determination of major
factors influencing consumer’s footwear choice, expert opinion method with further mathematical
and statistical processing of data was chosen.

Findings. It was shown that consumer properties of goods determine different degrees of
products usage efficiency, their social significance, practical usefulness, harmlessness and aesthetic
perfection. On the basis of customer preferences the range of children's footwear that best suits
their requirements was designed.

Originality. Differences between significant indicators among consumers with various levels
of experience of raising children and sellers of footwear were shown.

Practical value. The range of children's footwear was developed and recommendations for
improving psychological comfort and customer needs satisfaction were offered.

Keywords: children's footwear, consumer properties, customer requirements, psychological
comfort.
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THE RESEARCH OF METHODS TO IMPROVE THE
AESTHETIC QUALITIES OF FUR GARMENTS

Purpose. The improvement of fur garments competitiveness based on increasing of aesthetic
properties.

Methodology. Literature-analytical methods and system-structural analysis are used for
research.

Results. The classification of aesthetic quality indicators of fur garments is analyzed
founded on the results of research. The ways of increasing the fur products quality level of due to
the improvement of its aesthetic properties are suggested. The opportunity to expand the range of
items, that made from natural fur, is obtained.

Scientific novelty. The systematization and justification of methods for improving the fur
garments aesthetic properties is carried out.

Practical value. Recommendations have been developed and proposed to improve the
aesthetic properties of fur products, which can be used for manufacturing items of natural fur at
Ukrainian enterprises. The opportunity to expand the assortment of products from natural fur is
obtained.

Keywords: fur garments, aesthetic qualities, the improvement of product quality level.

Introduction. Meeting the consumer demand is the main task of modern enterprises.
Demand as a need, supported by consumers' ability to pay, is a decisive factor in the formation of
the industrial range [1]. Competitive advantages of fur clothing are growing at their fullest
satisfaction of human needs that form the demand. One of the possible ways to affect the
competitiveness of manufactured products is to offer new product on the market, which combines
enhanced exploitation and additional aesthetic characteristics [2].

In the current social and economic conditions, the successful work of fur manufacturer
enterprises is impossible without constant renewal of the product range. The high cost of fur
clothing, modern pace of life requires a more thorough analysis of the product design and research
of tools for improving their quality. One of the instruments to meet consumer demand for garments
made of natural fur is increasing their aesthetic qualities - the use of new design and technological
solutions, original features and finishes. A significant role in expanding the range of fur clothing
play methods of processing and finishing of the source material — fur semi-finished material,
modern methods of cutting and obtaining fur plates.

Objectives. Thus, the study of current trends increase the aesthetic of fur clothing and
implementation of new technologies in production processes make it possible to expand the product
range of fur products and enhance the competitiveness of garments made of natural fur. The given
tasks could be solved by systematization and generalization of scientific and technical information.

Research results. Consumer properties of fur garments are caused by the natural properties
of fur skins, technological operations of processing semi-finished products and tailor production
operations. It is reasonable to review the classification of aesthetic quality indicators of fur clothing
to improve the aesthetic level of products.

Aesthetic quality indicators of fur garments are divided into three groups (Fig. 1).
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Aesthetic indicators of fur clothing quality
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Fig. 1. Classification of the aesthetic quality indicators of fur clothing

Group aesthetic index, matching with fur fashion and modern style, consists of the following
individual indicators: silhouette, cut, color, texture of the fur, shape details, originality of furrier
works performance [3]. The aesthetic perception of fur products is directly related with the quality
of fur trim and texture uniformity, color and other properties in selected product skins, as well as
the quality and design of substrates, including originality, expressiveness and informative branded
trademarks [4].

According to this group indicator of product presentation is determined by: quality of fur;
quality of leather trim fabric; level of work execution; appropriateness and harmonious combination
of substrate with a fur-top, quality of its processing; decoration and informativity of trademark,
label. It should be noted, that in addition to the qualitative selection of skins the appropriate level of
furrier works performance is characterized by: careful removal of defects and selection of inserts
and consoles; thoroughness and accuracy of technological processing and available structural
elements, joints, details (quality of stitches, seams, edges equality, symmetricity of parts and
components, reliability of seams and parts, etc.).

Three individual indicators that define the architecture and tectonics shape as well as plastic
expressiveness of the product can characterize group index of aesthetic model composition. Under
architectonics we understand the integrity of forms, consistency and harmony of shapes and colors,
similarity of parts and the whole, internal organizational structure of the product. Plastic severity is
determined by the elegance of design elements, tectonics by logical and constructive relationship
forms, structures and properties [4].

As the next step, quality improvement of the aesthetic fur product based on the qualitative
parameters was proposed (Fig. 2). Firstly, it is creation of the silhouette shapes corresponding with
time and fashion, as well as improving of constructive solution of the models.
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Methods of improving of the aesthetic level of fur clothing
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Selection of modern lining materials and accessories

—)l Use of advanced processing techniques on sewing stage |

Increase of the quality of work at all stages of production

>
>

Fig. 2. Methods of improving of the aesthetic level of fur clothing

The extraordinary potential of fur gives designers the opportunity to bring fur products in
avant-garde fashion (Fig. 3). Modern fashion dictates originality of constructive and decorative
solutions, there is a tendency to new forms and volumes of natural fur apparel [5], which in turn
causes the need to pay more attention to construction of the models. Indeed, design is a very
responsible stage in the fur-clothing life cycle; it determines not only the quality level, but also
economic efficiency of production and consumption. As shown in practice, analysis of scientific
and technical sources, the most effective thing in new models developing is usage of the
combinatorial principles, which are widespread in design [4; 6].

Fig. 3. Modern constructive and decorative solutions [5]

Fur is one of the costliest types of materials used in the garment industry. Cost of fur
products on 80-90% consists of the cost of semi-finished fur [7]. Therefore, in the present
conditions, special attention is dedicated to the methods of its refining. New high-quality processing
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technologies for fur semi-finished products promote the expansion of the range of fashionable fur,
which allow getting easy and plastic leather cloth of various colors. The final look of fur products
largely depends on trimming processing of semi-finished fur, both at the stage of leather fabric
finishing (printing, laser treatment, compression) and in the process of fur side (bleaching, dyeing,
cutting, plucking, sheared).

Different effects of leather fabric (Fig. 4) are used for making bilateral clothing, scarves,
rugs and much more. Modern technology allows print single color, multi-dye or tie-dye; any
graphic look; apply a variety of monochromatic and polychromatic images on the leather fabric
without altering the color of fur. Implementation of stamping is a new solution of adding 3D-effect
to the leather side of the skins. With the help of laser engraving even photographic images can be
put.

Technologies of dressing the fur side have become extraordinary variety (Fig. 5). Today
cutting treatment of fur is done not only to provide the required length, but also for various artistic
effects. Another focus is removal of thick fur and coarse guard hair using shearing or plucking
technique.

Dyed fur lately is gaining more supporters. The use of dyes allows aligning tone of fur semi-
finished and facilitating the work on selection of skins for the product. Apart from homogeneous
staining, which was used in the past to conceal the vices, technologies for partial fur coloring which
provide new precious shades and different effects stood out: fantasy (chaotic) painting - chaotic
mixing of the skin surface of 3 to 20 colors; restore vertebral line; painting with gradation of colors
- with smooth staining intensity in the direction from the head to the tail of skins; "snow top" - with
various versions of coloring of fur tips and bases; screen dyeing - with application on the fur surface
different images.

Fig. 4. Different effects of leather side [8-9]
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Fig. 5. Dressing the fur side [9-10]

Other point of interest is usage of new plasma technologies of fur semi-finished products
trim, which allow purposefully change the structure of the material and improve the physical,
mechanical and aesthetic characteristics. It is established that combination treatment with plasma
adds additional complex of aesthetic properties (the original color, extra shine, color overflow effect
etc.). It should be noted that plasma technologies are related to environmentally clear processes
what is their advantage [11].

In general, an important step in improving the aesthetic qualities and the level of fur quality
products is the selection of the appropriate method of skins cutting. Skins cutting is the most
complex and time-consuming stage of fur products production [7]. One or more methods are used
simultaneously. Sophisticated methods of skins cutting can change the shape, line size, density and
direction of fur, fur pattern, and provide a better use of skins space (Fig. 6).
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Fig. 6. Fur techniques [12-13]

They are used for all kinds of fur semis. The basis of the existing complex methods of
cutting is a single principle when the skin is cut into pieces (strips, blades, etc.), which are then
combined in certain combinations to get the desired effect. These include: bud, precipitation - the
most technically complex, requiring skills; pointing that allows to lower volume and increase the
area of skin by 80-90%, reduce the weight of the product; turning technique, which is used for
making bilateral fur; partitioning, rollover etc. These techniques are not new, but in combination
with the new technologies of fur processing, they become extremely modern. Modern methods of
fur semis design are created based on innovation design centers such as «Saga Furs of Scandinavia»
in Denmark. Unfortunately, currently there is poor understanding of the relationship of fur
properties that define the aesthetic and technological possibilities of material; quality assessment of
properties is not introduced which potentially could allow to predict the fur appearance at different
ways of cutting [3]. As the cutting of semi fur is a necessary stage in design, examination of this
relationship is an actual topic.

Modern technology contributes to the creation of the original fur products. Usage of knitting
technique become widespread (Fig. 7): furrier pieces are cut into thin strips, after twisting we can
get fur "thread” from which knit fur “jersey"” is received. Clothes made of such yarns gives the
feeling of weightlessness, softness, no sharp boundaries, "dry" designs and contrasting changes of
color. From a knitted fur following products could be made: coats, jackets and hats, scarves, capes,
boas, ponchos, stoles.

Fig. 7. Fur knitting [12-13]
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Fur embroidery is promising area, which involves the use of textile mesh, which extends
through the fur strip width of 4-5 mm, allegedly executed fur embroidery on fabric basis. As the
basis, knitted or crocheted cloth is also used.

Weaving is a new technology in the fur industry. With woven into yarn remnants after
cutting and plucking fur skins of fox and mink half-fur products are produced on the usual textile
machinery, which are characterized by lightness, softness and practicality. In the process of binding
both sides of the fur strip are inserted into one or more strands that serve as frame. This clamping
system prevents stretching of canvas fur, distortion and twisting edges. Fur strips can be positioned
at different angles to frame [4].

While expanding the range of fur products combining fur with other materials occupies a
strong position, for example with leather, suede, fabric. Fur is combined with tweed, crepe, silk,
lace cloths, knitted wool and various types of finishes.

Conclusions. Modern means of improving the aesthetic properties of fur clothing is
extremely large and diverse. Without its analysis is not possible to meet consumer demand and
production of competitive products.

Aesthetic quality of fur products was analyzed and systematized, based on which major
ways of improvement of the aesthetic level and consumer appeal of fur products were discovered.

It was established that the application of semi-finished fur trim in combination with the
usage of cutting methods has direct impact on the manufacturing process and the life of the fur
clothing. Therefore, it is advisable to analyze the relationship of these methods of increase the
aesthetic of fur with a change of physical and mechanical properties of semi-finished fur to create
scientific bases of forecasting properties of fur in the technological and operational influences.
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JOCJIIKEHHSI METO/IB NNIJIBUIIIEHHS ECTETUUYHUX BJIACTUBOCTEN
IMBEMHWX BUPOBIB I3 HATYPAJIBHOI'O XYTPA
JIO3OBEHKO C.1O., BUIOIIbKA JL.B.

Kuiscokuii nayionanvrutl ynisepcumem mexHono2it ma Ou3atiHy

Mema. ITiosuwerHs KOHKYPEHMOCHPOMOICHOCIIT WEELHUX 8UPODI8 i3 HAMYPATbHO20 XYympa
Ha OCHOBI 600CKOHANIEHHS IX eCMemuyHUX 61aCmu8ocmell.

Memoouka. [[na npogedeHHs 00CHIONCEHHA BUKOPUCMOBYBANUCD IIMePaAmyPHO-AHATIMUYHI
Memoou, Memoo CUCMEMHO-CMPYKMYPHO20 aHALi3y 00 €KMY 00CNi0HCEHHL.

Pesynomamu. Ha ocHo6i nposedeH020 O0CNIONCEHH NPOAHANI308AHO  KlACUGikayiro
ecmemuyHux NOKA3HUKI6 AKOCMI XYMPAHO20 00A2y. 3anponoHO8aAHO WIAXU NIOBUUWEHHS DIGHA
AKOCMI XympsaHoi npoo0yKyii 3a paxyHoK 600CKOHAIEHHs iT ecmemuynux enacmugocmeti. Ompumano
MONCIUBICM POZULUPEHHS ACOPMUMEHMY UPODIB, WO BULOMOBIAIOMbCA I3 HAMYPATbHO20 XYmpa.

Haykoea noeusna. Buxonano cucmemamusayito ma oOIpyHmyeanHs memooie niosuyeHms
ecmemuyHUx 61acCmueocmell Xympsanux aupoois.

Ilpakmuuna 3nayumicms. Po3pobneno ma 3anpononosano pekomeHoayii no nio8UUeHHIO
eCmemudHUxX G1ACMUBOCmell XympsaHoi npooyKyii, wo Moxicyms Oymu euxopucmani npu ii
npoexmyeanHi  Ha  nionpuemcmeax — Vxpainu.  OmpumaHo — MOXCIUBICMb  PO3UUPEHHS
aAcopmuMenmno2o paoy npoOyKyii i3 HAMYpPaibHO20 Xympad.

Knrouoei cnoea: weseiini 6upobu 3 HaAmMypanibHo2o Xympd, eCmemuyHi 61acmusocmii,
niOBUWeHH s PIGHS AKOCMI 8UPODI8

WCCJEIOBAHUE METO/OB INOBBIMEHUS SCTETUYECKNX CBOMCTB
IIBEWHBIX U3JEJIUNA U3 HATYPAJIbHOI'O MEXA
JIOBOBEHKO C.10., BUJIOLKAS JI.B.

Kuesckuui nayuonanvhwili yHusepcumem mexHoao2uil U OU3atHa

Iens. Ilogvluienue KOHKYPEHMOCNOCOOHOCMU WBETIHBIX U30eULl U3 HAMYPALbHO20 MeXd Hd
OCHOBE COBEPUIEHCMBOBANUSL UX ICMEMUUECKUX CBOLICMS.

Memoouka. J{ns nposedeHus: ucciedo8anus UCNOIb308ANUCH TUMEPAMYPHO-AHATUMUYECKUE
Memoovl, MEMoO CUCEMHO-CIMPYKMYPHO20 AHAIU3A 00BEeKMA UCCAEO08AHUSL.

Pezynomamut. Ha ocroge nposedeHH020 uccied08anusi NPOAHAIUUPOSAHO KiACCUDUKAYUIO
acmemuyecKux noxazameJeli Kaiecmea mMexosoul 00excobl. 1lpednoscenvt nymu nogvluieHus yposHs
Kayecmea Mexo80l NpoOyKYuU 3d CYen COBEPULEHCNBOBAHUS ee ICMEeMmUYecKux Ceoucma.
Ilonyuena 803MONCHOCMb  PACWIUPEHUS  ACCOPMUMEHMA  U30eNull, U320MABIUBAEMbIX U3
HamypaibHo2o mexd.

Hayunasa noeusna. Bvinonneno cucmemamuzayuro u 0060CHOBAHUE MemMO008 NOBbIUUECHUSL
ICMEMUYECKUX CEOUCME MEXOBbIX U30eNUlL.

Ilpakmuueckan 3nauumocms. Paspabomanvl u npeonodcenvl PeKoOMeHOayuu no
NOBbIUEHUIO ICMEMUYEeCKUX C8OUCME MeX080l NPOOYKYUU, KOMopblie MO2yn Oblmb UCHOIb3068AHb
npu ee NpoeKMupo8aHuu Ha npeonpuamusax Ykpaumsi. [lonyuena 603MOdCHOCMb pacuiupenus
ACCOPMUMEHMHO20 PA0A NPOOYKYUU U3 HAMYPATbHO20 MeXd.

Knwouesvie cnosa: weetinvie uzoenus uz HamypaibHo20 mexd, dCmemudecKue Ce0olcmed,
NoBblUleHUE YPOBHSL KAYecmed uz0enuil

106



A
BICHUK KHYTI Ne3 (110), 2017 Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification
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FIBER PRODUCTION FROM CHICKEN FEATHER WITH
INDUSTRIAL METHOD

Purpose. The aim of the work is to obtain fibers of maximum length when Recycling chicken
feathers.

Methodology. This study is based on the production of fiber by mechanical cutting of the
fibers from chicken feathers. The fibers were produced from chicken feathers at the end of the
arrangements on a disperser type machine. In the studies, the method of planning and analysis of
the experiment was used.

Results. The length of the obtained fibers is between 5-35 mm. Experiments have been
carried out to obtained longer fibers based on the operating parameters of the machine. As a result,
one-third of the product obtained comprise the fibers which are longer than 15mm. It has been
determined that the proportion of moisture contained in the feathers, which is put in the machine,
affects the length of the fibers. The results of the experiments showed that the best fiber output is
getting when the feathers have 14,66% relative humidity.

Scientific novelty. As a result of research, it became possible to obtain fibers from chicken
feathers with controlled parameters.

Practical value. Natural protein fibers from chicken feathers were produced by the
production method.

Keywords: chicken feather, chicken feather fibers, production of chicken feather fibers.

Introduction. Among the downs in industry, the just important thing is pile obtained from
the certain part of water bird’s body. These feathers which have high thermal insulation properties
and highly soft and elastic are used as filling material at bedding products and winter clothes. In
fact, chickens are number one among domestic animals in the world in terms in terms of number
[1]. Every year in the world, about 15 million tones are appeared as by-products in the production
of white meat [2]. At least one third of this amount is waste without using [3]. This material, which
is extremely power-reduced in nature, is buried or burned into fertilizer and this situation causes
serious damage to the environment [4].

There are not too facilities in terms of using the chicken feathers with their current form.
There are a few reasons. These feathers are chosen because of they are more fragile, have low
elasticity, have no pile or very few and havier than goose and duck feathers used commonly as a
filler material. All of this makes it unfavorable to use chicken feather as filling material. The
fibrous material which is named *“chicken feather fibers” is more universal in terms of using and
obtained by separation of barbucels from barbs. Accordingly, obtaining the fiber from chicken
feathers has attracted the attention of scientists in recent years.

In recent years, research has revealed that chicken feather fibers have many important
properties. Beyond anything, these fibers are the lightest among known natural and artificial fibers,
with a specific gravity of about 0,8g/cm3 [5,6]. Keratin content of chicken feather fibers is 91% [7]-
[9]. Some of the amino acids in the keratin-based proteins have hydrophobic, some have
hydrophilic, and the proportion of them in chicken feathers is 60:40 [8]. Thanks to this unique
structure, the chicken feather fibers are hydrophobic as well as hydrophilic. The amino acids in the
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raw material, which consist essence of the chicken feathers, have the ability to absorb moisture even
from cool air.

Although it is stated in literature that the length of chicken feather fibers is 3-13mm [10],
this value can be up to 4,5cm [6]. The fibers have microporous internal structure with a shape of
feather [11]. This feature gives very important properties to the fibers. The reaoson why the length
of the chicken feather fibers varies over a wide range is not just the feathers vary in size. The
feathers taken from body region of the same chicken are different from one another in terms of
length. Economically, chicken feather fibers are extremely have low cost (approximately
$0.001/kg), from point of ecologically and accessible they are a renewed natural protein materials.

Accordingly, research has revealed that chicken feather fibers have crucial properties, but
todays industrial method of fiber production has not developed. The technology of fiber production
from chicken feather with industrial method has being developed at Department of Textile
Engineering of Erciyes University.

It is desirable that to utulize from the feathers in different areas of the textile, many long
fibers in fiber mass are wanted as possible as. However, mechanical parts of the machine can cause
the breaking for fibers during the fiber production.

Objectives. This study is about the selecting the machine’s operating parameters to obtaine
maximum amount of long fiber output in the fiber production.

Material and method. The base of the production of fiber from chicken feathers is the
removal and separation of the barbucels from barbs with mechanical methods. This process is done
with special machine. This machine provides to cut off the fibrous structure of feather from rachis.
Depending on the operating parameters of the machine, separated length of fibers varies. In this
study, it is aimed to obtain the longest fibers output and multifactorial experiment was carried out
for this purpose.

The operating parameters of the machine are the speed of dispergator rotation, density of the
air flow which is transport the fibers and the percentage of load of the machine. From this
parameters, the speed of dispergator rotation is controlled by the rotation frequency of the machine
rotor and the density of the air flow is controlled by special valve. So instead of this parameters, the
rotation frequency of the machine motor and the rotation angle of the air valve were took in to
account.

To produce sufficiently long and high quality fibers, preliminary experiments have been
carried out with machine operating parameters. When examine the preliminary studies, we could
not obtain fibers in all study regimens. In other words, there were more or less rachis in fibers mass
and were uncut feathers in some regimens.

In this case, the direction of the preliminary experiments was changed, it was found out that
which parameters are available to obtain clean fiber mass. For this purpose, single independent
experiment was performed. In these experiments, a series of experiments serve to obtain clean fiber
mass for each individual variant by keeping the other independent variables is constant and,new
change intervals for the working parameters of machine have been determined in order to obtain
clean fiber mass. At the end of this experiment series, the determined change intervals are given in
Table 1 for machine parameters. The actual variation ranges of the working parameters of the fiber
production machine are given at same table.
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According to the parameters in Table 1, the length of the fibers obtained from chicken
feathers is between 5...35mm. The majority of the fibers have a length of 5...15mm.

A multi-factorial experiment has planned to obtain a clean fiber mass which contains the
longer fibers from fiber production machine. In these experiments, the machine speed was accepted
in terms of operating parameters and the change intervals of these parameters were accepted the
change parameters which serves the obtain cleans fibers mass (Table 2).

Table 1.
Working parameters and variation intervals of the fiber production machine

Change intervals allowed the
The actual change machine’s operating
Experiment factors interval of the machine’s . .
. parameters to obtain clean fiber
operating parameters mass
Rotation frequency of rotor 0...90 50...90
rotation,Hz
The angle of rotation of valve, 0...90 10...40
grad
The load percentage of machine 0...100 20...80
, %
Table 2.
Experiment factors, change intervals and levels
Experiment Factors Sig | Change interval The levels of factor
n of factors -1 0 +1
Rotation frequency of rotor rotation, X1 50...90 50 75 90
Hz
The angle of rotation of valve, grad X 10...40 10 25 40
The load percentage of machine , % X3 20...80 20 50 80

As an optimization criterion, output parameter has chosen the fibers which has a length
greater than 15mm. To determine this parameter, fibers were produced from 0,5kg feather in
different working regimes of the machine according to designed experiment plans and placed in
sample bags. At the next stage, 2gr of fibers was randomly taken from the middle of the sample
bag, and fibers were counted and divided in to 2 groups up to 15mm and greater than 15mm
according to the length of fibers. The total number of fibers longer than 15mm in ration of total
fiber count have regarded as the output parameter as the ration of the long fibers.

) ) Long fiber count
Y{Ratio of lonf fibers} =

Total fiber count

Based on these parameters, three-factor experimental design which is 2. grade was designed
based on the Box-Behnken plan in the Design —Expert program. The experiment design plan with
coded values of the factors is given in Table Ill. The fibers obtained from chicken feathers and the
separated rachis breaks are displayed in Fig 1.
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Fig. 1. Fibers which were obtained from chicken feathers (left) and separated rachis (right)

Preliminary investigations have shown that the moisture of feathers, which is put in the fiber
production machine, affect the length of the fibers. A number of experiments have been carried out
in order to ascertain whether the wetness of the feathers may affect the fibers in terms of the length
of the fibers. After washing, feathers were dried for 10, 15, 20, 25 minutes in the drying machine
and 3gr samples were taken from the dried feathers and kept in the oven at 105°C for 2 hours, then
weighed and determined the amount of water in it’s structure. After taking the 250gr feathers from
drying machine, fibers were produced according to the determined in the previous experiment
parameters and the ratio of long fibers as above was determined in the produced fiber mass. After
taking 3gr fiber from the fiber mass, the moisture content was determined.

Research results. Experiments were performed according to the randomized Box- Behnken test
plan and results were written to the table in the Design-Expert program (Table 111). According to the
results of analysis the test results, a model is taken as follows:

Y = 0,072 - 0,069*X; + 0,0004*X; + 0,0003*X3 + 0,047*(X1"2) + 0,0002*(X,"2) + 0,041*(X5"2) +
0,013*X1*X2 + 0,019*X1*X3 + 0,046*X,* X3

Current model was tested according to the Fisher criteria and found that it is significant with
95 %. R2:0,91 was taken and it means that selected factors adequately explain the output parameter.
The current model has the maximum value at the given point in Table IV. In other words, the ratio
of long fibers in the taken fiber mass in these operating parameters of the machine must be
maximum with theoretically 95% probability.
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Table 3.
Test Results
D] |G| S| 2]

[:I Motes for MyDesign.d=S Factor 1 Factor 2 Factor 3 Response 1

E=8) Std Run Block ey | B2 K3 i
EI R - 1 7 Block 1 -1.00 -1.00 0.00 0.220532
L H] Analesie =z 9 Block 1 1.00 -1.00 0.00 0.0628019
i L weanalzed) 3 10 Block 1 —-1.00 1.00 0.00 0.150794
i £ Optimization 4 =z Block 1 1.00 1.00 0.00 0.044895
Numerical 5 11 Block 1 -1.00 0.00 —-1.00 0.252137
Graphical = 17 Block 1 1.00 0.00 -1.00 0.0724538
L 7 5 Block 1 ~1.00 0.00 1.00 0.211712
a2 12 Block 1 1.00 0.00 1.00 0.106383
: 15 Block 1 0.00 -1.00 —-1.00 0.134884
13 Block 1 0.00 1.00 —-1.00 0.0273049
1 Block 1 0.00 -1.00 1.00 0.0465116
4 Block 1 0.00 1.00 1.00 0.185185
3 Block 1 0.00 0.00 0.00 0.0745514
14 Block 1 0.00 0.00 0.00 0.0467526
16 Block 1 0.00 0.00 0.00 0.103306
) Block 1 0.00 0.00 0.00 0.0804598
=] Block 1 0.00 0.00 0.00 0.0566038

At the best theoretical working parameters in terms of long fiber production of machine, a
batch fiber was produced and the proportion of long fibers in the current fiber mass was calculated.
The result has written in Table 4.

Table 4.
The best operating parameters of the machine
Factors ¥ — Theoretical Y — Experimental
value of the output | value of the output
X1 Xo X3
parameter parameter

For coded values -0,95 -0,89 -0,98
For natural coded 51,2 11,7 20,6 0,286 0.281

After washing, the amount of remaining moisture of feathers, which were dried in drying
machine for 10, 15, 20, 25 minutes, was determined and written to Table 5. It is shown that in Table
5, the ratio of fibers which are longer than 15mm and the variation range of the fiber length.
Moisture content of the samples from taken produced fibers is shown that about approximately
6,7% in all cases. It is understood that, after the fibers are separated, they continue to dry until they
reach the exit point in the air stream.

Table 5.
Length parameters of fibers obtained from feathers which have a different moisture content

Drylng tlme_ln Humldlty_ ration of Change in the range of The ration of long
drying machine, feathers coming out of the . . o
. fiber length, mm fibers in fiber mass, %
minute dryer, %
10 22,0 5...35 14
15 14,7 5...35 21
20 8,0 5...25 17
25 6,0 5...25 10
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As can be seen from Table V, after decreasing the moisture content of the feathers, the long
fiber ratio in the fiber mass is decreasing at first time and then decreasing. When the moisture
content in the fibers is higher than 15%, reduce the long fiber output. At 14,4% humidity ration,
approximately 20% of the fiber mass forms long fibers. Because of the decreasing the moisture
content in the fibers, the fibers increased the theirs’s fragility and the long fiber output is getting
decreasing. The relationship between the moisture content of fibers mass(x) and the ratio of the long
fibers(Y) at the fiber exit was found to be as follows: Y=-8,989+4,199x—0,144x2

This linkage was found to be significant with a 0,95 probability and R2:0,94. The model has
a maximum at x :14,58. In other words, when the moisture content of fibers is 14,58%, the ration of
the long fibers at the fiber output should be maximum, it should be namely ¥ = 22,66.

Conclusions. The study is about fiber production from chicken feathers. Experiments have
been carried out to produce useful fibers from chicken feather fibers for textile on a dispersing
machine. Machine operating parameters have been determined to allow the maximum proportion of
long fibers in fibers. During studies, it was found that the moisture content of fibers had affected the
proportion of long fibers at the fiber output. It has been found that a mathematical model between
the moisture of fibers and proportion of long fibers at the fiber output, the longest fibers were
obtained when the feathers had a moisture content of 14,58%.

Funding. This study was supported by The Scientific and Technological Research Council
of Turkey (TUBITAK) with 115M725 numbered researching project
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MMPOU3BOACTBO BOJIOKHA U3 KYPUHOI'O IIEPA ITPOMBILHIJIEHHBIM
METOJAO0OM
HA3UM ITAIITAEB
Ynusepcumem Spyueca, Typyus

Ilens. Ilenvio pabomel sAensemcs noayuyeHue B0JN0KOH MAKCUMAILHOU ONUHbL  NpU
nepepabomke KypuHblX nepbes.

Memoouxa. Omo uccredosanue 0CHOBAHO HA NPOU3BOOCMEE BOIOKHA NYMeM MeXAHUYecKou
pe3Ku 60J0KOH U3 KYPUHLIX nepbes. Bonokma Ovliu nonyuenvl u3 KypumvlX nepvbes 8 KOHYe
KOMHNOHOBKU HA MawiuHe oucnepaamopa. B ucciedosanusx ucnonvsosancs memoo niaHuposanus u
aHanu3a sKcnepumMenma.

Pe3ynomamel. [[nuna nonyuenHvix 80a10KOH cocmasisem om 5 00 35 mm. Bvuiu nposederwvl
IKCHEePUMEHMbL ¢ NOYYeHUeM OoJlee ONUHHBIX 80JIOKOH HA OCHOBE pabodUX napamempos MauluHb.
B pe3zynomame oona mpems nonyuennoco npooykma cooepicum 60JI0KHA OIUuHOU donee 15 mm.
Bbvino onpedeneno, umo oons enacu, cooepicaweiicsi 8 nepvax, Komopwvle NOMewaromes 8 Maulumy,
gnusem Ha ONUHY BONOKOH. Pe3ynomamsi 3KCnepumeHmos nokazanu, 4mo JIYHuds 6bIXOOHAs
MOWHOCMb B0JOKHA 803pACIaAem, K020a Nepbs UMelom OMHOCUMEeNbHYI0 e1axcHocmy 14,66%.

Hayunasa noeusna. B pe3ynomame uccie008aHuil Cmaio 803MONCHbIM NOIYYAMb ON0KHA U3
KYPUHBIX NEPbes ¢ KOHMPOIUPYeMbIMU NAPaAMempami.

Ilpakxmuueckas 3nauumocms. [Ipouz600cmeeHHbiM MemMoooM ObiiU NOYUEeHbl HAMYPAlbHble
OenKosvie 80I0KHA U3 KYPUHBLX NEPbES.

Knrwoueswie cnosa: Kypunoe nepo, 6010KHA U3 KypUHo20 nepa, Npousgoo0cmeo 60JIOKOH U3
KYpUHO20 nepa.

BUPOBHHUITBO BOJIOKHA 3 KYPAYOI'O IIEPA ITPOMUCJ/IOBUM METOJOM
HA3UM ITAIIIAEB

Yuieepcumem Opyueca, Typeuuuna

Mema pobomu nonscac 6 OMPUMAHHI B0JIOKOH MAKCUMANbHOI OO0BXHCUHU NpU nepepooyi
KypA4020 nip's.

Memoouka. /lane 0ocniodceHHs 3acHo8aHe HA BUPOOHUYMET BONOKHA ULIAXOM MEXAHIYHO20
PI3aHHS 80JIOKOH 3 KYypA4020 Nip's. Boiokna 6y1u ompumani 3 Kypsayo2o nip'a 8 Kinyi KOMNOHYB8AHHS
Ha Mawuui oucnepeamopa. Y 00CniOMCeHHAX SUKOPUCMOB)Y8ABCS MemoO NIAHY8AHHA [ AHANI3Y
eKCcnepuMenmy.

Pezynomamu. J[osoxcuna ompumanux 60J10KOH cmanosums 6i0 5 0o 35 mm. Bynu nposedeni
eKCnepumMenmu 3 OMpPUMAHHAM OibU 0082UX 80JIOKOH HA OCHOGI pOOOYUX napamempie Mawiunu. B
pe3yremami 00Ha MpemuHa eUMpa4eHo20 nPoOYKmy MIiCmMums 60JI0KHA 008X*CUHOTO Oinvute 15 mm.
byno eusnaueno, wo wacmka eonozu, wo micmumucs 6 nip'i, AKi nNOMiWaArOMbCs 8 MAUWUHY, BRAUBAE
Ha 008JCUHY B0JIOKOH. Pe3ynbmamu excnepumenmie nokasanu, wo HAUKpawa 6uxiona
NOMYIHCHICMb 80JIOKHA 3pOCMAE, KOIU Nip'st Maomuv 6i0HOCHY 60.102icmb 14,66%.

Haykoea nosusna. B pe3ynomami 00CniodceHb CMAlo MONCIUBUM OMPUMYBAMU BONOKHA 3
KypA4020 nip's 3 KOHMPOIbOBAHUMU NAPAMEMPAMU.

Ilpakmuuna 3nayumicms. Bupobnuuum memoodom Oynu ompumani HamypanivHi OLIKOSI
B0IOKHA 3 KYPAYO20 Nip's.

Knrouoei cnosa: Kypsue nepo, 6010kHa 3 KypA4020 Nip s, 6UPOOHUYMBO B0IOKHA 3 KYPAU020
nip s.
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YK 677.027 PEJABKO 51.B., CYIIPYH H.II.

KwuiBchkuit HarlioHATEHUH YHIBEPCUTET TEXHOJIOTIN Ta TU3aiHy

3ACTOCYBAHHA PEHTTEHO®A30BOI'O AHAJII3Y JJIA
BU3HAYEHHS PO3MIPIB HEOPTAHIYHOI ®A3H B
HAHOKOMIIO3UTAX HA BOJIOKHUCTIA OCHOBI

Mema. Jlocniodcenuss cmpyKmypHUxX Xapakmepucmux meKCmMUIbHUXx mamepianieé ma
MA2HIMHUX HAHOKOMNO3UMIE HA IX OCHOGI, GU3HAYEHHS PO3MIPY UYACMUHOK YMEOPEHUX 3aai30-
OKCUOHUX CHOJIYK SIK OKPEeMO, MAK 8 00 '€Mi OMPUMAHUX KOMIOZUYTUHUX Mamepianis.

Memoouka. /[ Konmponio KpUCmaniuHoi cmpykmypu, azo8020 ckiady ma 6U3HAYeHHs.
PO3MIpi6 cunmesosanux yacmunox N SitU 3pasku cmeopenux mekcmuibHUX HAHOKOMNO3UMIS, WO
Micmambs 3a1i300KCUOHI CHOLYKU, OOCAIONCYBAIU MEMOOOM peHmeeHopaz06020 ananisy (PDA).

Pesynomamu. Jlocnioxcenns cmpykmypu i ¢hazoo2o cknady HAHOKOMNOZUYIUHUX
mamepianié 003601UNO 6CMAHOBUMU NPUCYMHICMb YACMUHOK MASHEMUmy, CUHME308aH020 Y
MeKCMUIbHOMY Mamepiaini 3 cepeOnimu posmipamu 9,4 ma 9,7 HM, 8 3a1eHCHOCMI 8i0 CUPOBUHHO20
cK1aoy.

Haykoea noeusna. Bnepuwie ecmanosiena 3aKOHOMIpHICMb 6NAUBY YMO8 CUHMESY 3Ai30-
OKCUOHUX CHOJIYK HA POSMID HAHOKPUCMANIMIE MACHEMUMY Y MeKCMUlbHOM)Y Mamepiaii.

Ilpakmuuna 3nauumicme. Busnauenns azosoco cknady i po3mipié YACMUHOK
Heop2aHiuHoi (azu niomeepoicye 30amHicms 00 3aXUCMY 8I0 MIKPOXBUTbOBO2O SUNPOMIHIOBAHHSL
HAHOCMPYKMYPHO20 MASHEMUMY, Wo MICIMUMbCA )y MEeKCMUIbHOMY Mamepiai.

Knrwouosi cnosa: mexcmunvnuii mamepian, Hanouyacmuuku, curmes in Situ.

Beryn. IHTeHCHMBHUIT TEXHIYHMHA TNPOTpec BHUCYBAa€ 0 TEKCTHJIBHUX MarepiaiiB HOBI
BHUMOTH, 1110 PO3LIMPIOIOTH iX 00JacTi MPAKTUYHOTO 3aCTOCYBaHHS. B OCTaHHI pOKM PO3BHBAIOTHCS
JOCTIPKEHHS. 10 OTPUMAHHIO HAHOCTPYKTYPHHUX 3al1130-OKCHUIHHUX CIHOJYK, 3JaTHUX IMOE€JHYBATH
MAarHiTHi, 3aXMCHI Ta iHmI KopucHi BracTuBOCTI [1-5]. CTBOpPEHHIO TEKCTHIBHHX MaTepialliB
PI3HOTO MPU3HAYEHHS HA OCHOBI HaTYpaJlbHUX Ta CHHTETUYHHUX BOJIOKOH 3 BUKOPUCTAHHSIM HOBHUX
TEXHOJIOTIH, B TOMY YHCJi HAaHOTEXHOJIOTIH MPHCBSIUEHO psia poOiT [6-8]. Panimme mamu Oyio
JOCITIDKEHO OCA/DKEHHS HAHOYACTHMHOK TIOJIIAHUIIHY Ta MArHeTUTY Y BHIJISII MOHOIIAPY Ta
MOLIAPOBOT0 HAHECEHHS Ha MOJTiaMiIHI TEKCTUIIbHI MaTepialii 3a MeXaHi3MOM reTepoKoaryismii [7,
8], a TakoX IOCIIHKEHO YTBOPEHHS HAHOYACTHHOK IN SitU y MaTpUIsX TEKCTHIBHUX MaTepialiB
PI3HOTO CHPOBHHHOTO CKJaay 1 IMOKa3aHo, 1[0 PO3pOo0JieHi KOMIO3UTH HaOyBalOTh HOBI, 30KpeMa,
MAarHITHI BJIACTHBOCTI, HE XapaKTepHi Jyisd BUXiguux marepiaiis [9, 10].

IlocranoBka 3aBaaHHsA. Mera poOOTH TONSATaE y  JOCHIDKEHHI  CTPYKTYPHHX
XapaKTePUCTUK BUXIHUX TEKCTWJIBHMUX MaTepialliB Ta MarHiTHUX KOMIIO3UTIB Ha iX OCHOBI;
BH3HA4YEeHHI ()a30BOT0 CKJIAAY Ta PO3MIPY YACTHHOK YTBOPEHHUX 3aJ1130-OKCUTHUX CIIOJYK.

Pe3yabTaTu pociaiaskeHns. [ miaTBeppKeHHS TPUITYIEHHS [4] mMpo BIUIMB HA MarHiTHI
BJIACTUBOCTI TeKCTWIbHUX MaTepianiB (TM) B3aeMO3B’SI3Ky «CHPOBUHHHUH CKJaJ — YMOBHU
CTBOPEHHSI — CTPYKTypa — pPO3MIpHM YacTHHOK Ta iX PO3MOAT — 3aJaHi BJIACTUBOCTI
HaHoKomno3ulifHoro TM» mpexacraBieHa cxema YOpPaBIiHHS OTPHUMAHHSM  MAarHiTHUX
BJIACTUBOCTEH TEKCTWJIBHUX MaTepiajiB NpU KOHTPOJIIOBAHHI MAarHiTHHUX Ta CTPYKTYpHHUX
XapaKTepUCTUK HAHOYACTHHOK 3aJ1130-OKCUIHUX CIIONIYK.
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MarmiTHI XapaKTepHCTHKH CTEOpeHoro mMargitaoro TM: Ocrorni mapameTpa cTBoOpeHoro MaraiTaoro 1 M:
- Hamaruirenicts Haciraenss, Ms: - po3mMip 4acTHHOK B 00 emi marpuiii TM ta Ha iforo mosepxsi;
- KUIBKICTH CHHTE30BaHNN HAHOYaCTHHOK ¥ TVL
BaaciaEel (PaKTOPH YOPaBIHER MATHITHAME BAacTHREOCTAME TN | | - KPHCTAINEA CTPYKTYPA MarHITHIN HAHOIaCTHEOK, yTEOPErIX B TM;
- BMbip cTabimizaTopa HAHOYACTHHOK - HEATPATEHOTO HAHOPEKTOPa 3a ) CT"_‘?”_'M“CTL (rcieTima crapiss) MarsiTHn BracTiBocTel TM;
L ? - CTHCTE 10 IPAHHS Ta TEPTA (MOKpOTo, CYXO0ro)
cHpoENHHNM criagoM 1M (criEeiiHomeHHa aMopdHO-KPHCTAIMHIX ’

obmacTeli, KANUIAPHO-TIOPHCTA CHCTEMA);
- yMoBH GOPMYEAHHA HAHOYACTHHOK ¥ TV

- KOHLIeHTpari Bnxinumx peareHTie, C;

- pH cepepoenma:

- TPUBANICTE COpOLI Ta CriBOocamEkeHHA HAHOYACTHHOK, T;

- TEMIIEpaTypHUIT peXaM, t;

- EMIiCT MarHiTHHMX HaHO9aCTHHOK 3a OITTHHYHOR I'YCTHHOH, D;
- hazoBmit CEIAN CITONMYE HAHOMATHETHTY, MO cCHHTe30Bani ¥ TM;

MeToas KOHTPOII0 OCHOEHHX NapaMeTpPIE MareiTHOro 1 M:
- P@A; CEM, enementanit ananis; Anepanii ramma-pesonanc
(SIT'P), (meccbavepisceka criexTpockomia (MC)); ©MP:
dotoronopimerpia, sinomi JCTY.

- POIMONLT T poIMIEHHA HAHOYACTHHOK EcepenmHi TM (B ob emi Ximiunnit cxaaz marairaoro TV

matpuwi TM) Ta Ha f0ro moBepxHi;

- MarHiTHA aHi30TPOMNi1 (CTBOPEHHA NAHLIFOTY PErVIAPHO DIM3BKO

pPOZMINEHNY MAarHiTHHX HAHOYaCcTHHOK B OPiEHTOBaHOMY abo @

HAriEOpIEHTOBEAHOMY CTaHi) Ta B3a€MO/id MOK HIHEIIYaANEHIMH

HAHOYACTIHKAMI. MeToga KoHTpOMIO XiMigHOTO cKaaxy MaraiTaoro TM:
ik - [Y-criexTpockormia;

MeToan KOHTPOII0 MATHITHAY BaacTaBocTed TM:
- MaruiTomeTpia; pozpodnennit MeTon 3 EMEOPHCTAHHAM CTEOPEHOTO
BMMIpPIOEaYa HaMarHiMeHOoCT] TeKCTHABHUK MaTtepianis BHTM-1.

-PDA;
- Cranyro4a eIeKTPOHHA MIKPOCKOIIIA;
- XiMiuHMIT eHeprogHcIepciiiHM aHamis.

Puc. 1. Cxema ynpasJliHHSI BJIACTHBOCTSIMHM Ta CTPYKTYPOIO IPH CTBOPEHHI MarHiTHHX
MarepiaJjiB

YactuHa 3aBIaHb, 10 IIOB’s3aHA 13 BCTAHOBJICHHSM BAXKJIMBUX (HAKTOPIB YIpaBIiHHSA
MarHiTHUMH BJIACTHUBOCTSIMH, SIKa TOJsSITajla y JIOCHIDKCHHI BIUIMBY TEXHOJIOTIYHMX YMOB Ha
OTPUMAaHHS MarHiTHUX TEKCTHJIBHMX MaTepialliB Pi3HOTO CUPOBHHHOTO CKJaay, Oyjia BUpIIICHA y
[10]. Jdns KOHTpOMIO KPHUCTATIYHOI CTPYKTYpH, (a30BOr0 CKJIaay Ta BH3HAYCHHS DPO3MIpIB
CHMHTE30BaHMX YaCTUHOK IN SitU 3pa3ku CTBOPEHHX TEKCTHJILHUX HAHOKOMITO3HTIB, IO MICTSTh
3aJTI300KCUIHI  CIIOJYKH, JOCHIDKYBAJIM MeETOoA0M peHTreHodazoBoro anamizy (PDA). s
JOCHIKEHb BHKOPHCTOBYBAJIM TEKCTHJIbHI MaTepiaJii Ha OCHOBI IITyYHMX BICKO3HHX Ta
CUHTETHUYHUX IOJIIaMiTHUX BOJOKOH.

[[InpokokyToBi AudpakTorpaMu 3pa3KiB MAarHETUTY Ta HAHOKOMITO3UTY PEECTPYBAIM Ha
muppakromerpi JIPOH-YMI1 y BunpominroBanni Co K. I'eomerpis 3iiomku 3a bperry-bpenrtano.
Peectpartis  po3cissHOT IHTEHCHMBHOCTI TMPOBOAMJIACA B  PEXKHMMI KPOKOBOTO CKaHYBaHHS
CLUMHTUIIALIAHOIO JeTeKTOpa B JAiama3oHi KyTiB poscisuus Big 5 no 80°, kpok 0,05 rpan. derani
MPOBEJICHHS PO3PaxyHKIB 1 TMapamMeTpu pPEHTICHOONTHYHOI cxemMu HaBenaeni B [11]. Ha
audpakTorpaMax CHHTE30BaHMX 4YacTWHOK HaHomarHeTuty (HM) 3a BiICyTHOCTI TEKCTHIIBHOTO
Martepiaiy, o BiAPI3HAIOTHCS BUXITHOI KOHIICHTPALIEIO COJIi 3aJli3a Y 00po0IItoBaIbHIN BaHHI: a)
10 (C10), 6) 40 (C40), B) 60 (C60) r/n (Puc. 2), ineHTn(ikoBaHO HASBHICTb HU3KH PEQIICKCIB 3
KyTOBUM To10)keHHsM 20 18,3°, 30,1°, 35,5°, 37,0°, 43,1°, 53,6°, 57,1° Ta 62,3°, m10 BIAMOBIIAIOTH
MakcumMymaMm posciroBanHs miommH (111), (220), (311), (222), (400), (422), (511) ta (440)
HAHOKPHUCTAJIB, BiANMOBIAHO (3rigHo 0a3u manux PDF-2, ICDD n.880866).

Busznauenns po3mipy kpuctaniB D npoBoawmm 3a piBasiHHIM [Jlebas-Ilepepa:

3 09x A4
" Bxcos®
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Je A — JOBXXMHA XBUJI peHTreHiBchbkoro BumpomiHioBanHs (0,154056 um), B — mmpuna
CMYTH pO3CiIOBaHHs Ha PiBHI HaMiBBHCOTH BIANOBIIHOTO MakCUMyMy Ha nudpakTorpami 3paska (B
paniaHax), ® — KyT pO3CiIOBaHHS.
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Puc. 2. Inppakrorpamu 3pa3kiB HAaHOYACTHHOK MATHETHUTY, OJePKAHUX 32 PI3HUX YMOB CHHTe3y

BiamoBimiHO 10 TOMEpenHiX eKCHEPUMEHTAIBHUX JaHWUX IS PO3PAXYHKY PO3MIpy
KPUCTAJIIB 3 MOTPIOHOIO TOYHICTIO 3a3BUYail BUKOPHUCTOBYIOTH peduiekcu miommuH (220), (311) Ta
(400) maHOkpucTaniB MarHetutTy. lLle cTae KIIOYOBMM MpH BU3HAYEHHI pPO3MIpYy KpPHUCTAJIB
MarHeTHTy B CKJIaJl KOMIIO3UTIB, OCKUIBKU 1HII pedrexcu KpucTaaiuHoi ¢pa3u MarHeTUTY MOXKYTh
nepeKkpuBaTucs 3 peduaexcamu Kpuctaiaiunoi (a3u momimMepHoi MaTpull. 3a JOTOMOTOI0 PIBHSIHHS
Bperra Oysiu po3paxoBaHi MOKa3HUKU MDKIUIONIMHHA BifcTaHi Uy

A

" 2sin®

BiamoBigHO 10 OTpUMAaHUX pe3yNbTaTiB BEIHMYMHU Ohy MPAKTHYHO HE 3aJIeKaTh BiJ YMOB
CHHTE3Y HAaHOMarHeTHTy, 110 CBIAYUTH PO OJHAKOBHH MeXaHi3M (OpMYBaHHS KpUCTAII4HOI (a3zu
YaCTUHOK (HAsiBHI BIIXWJICHHS JIEKaTh B MeXaxX MOXWOKM). [HINI 3aKOHOMIPHOCTI BiAMIiY€HO IS
pO3Mipy HAHOKPHCTANITIB MarHETUTy, OCKUIBKM YMOBHM CHHTE3y (TeMmIieparypa, KOHIICHTpallis
peareHTiB, Yac peakiii Tomo) y OUIBIIOCTI BHUIAIKIB MalOTh BIUIMB HAa IIBHJKICTH IPOIECY
YTBOpPEHHS KpucTamiyHoi (asu Ta il OymoBy. PesynapTaTu po3paxyHKy poO3Mipy KpHCTATIB
HaHOMAarHeTUTY HaBeJICHO B Ta0. 1.

Hmns 3paskiB C10 1 C60 xapakTepHO YTBOpPEHHSI OUIBIIMX 3a PO3MIpOM HaHOKPHCTAJIB
maraetuty (16,4 ta 12,5 HM, BiIMOBIAHO) 3 BIAHOCHO HU3BKOK IMOJIJIUCIEPCHICTIO (CTaHIApTHE
BIIXWJICHHS po3Mmipy He mnepeBuurye 5 %). 3pasok C40 mae MeHmmi cepenHiii po3mip
HAHOKpHUCTAJIB MarHetuty (6mu3pko 11 HM), ane BeNMYMHA CTAHAAPTHOTO BiIXWJICHHS 3HAYHO
oinpma (~15 %). Haii6inpi BiporigHa mpuyMHA TaKoi MOBEIIHKA — YMOBU CHHTE3Y, SK, HAIIPUKIIAJI,
KOHIICHTpAIlisl BUXIJHUX PEAreHTIB, IO TMO3HAYAE€THCS HAa MOJSPHOMY CHiBBIAHOIIEHHI JIYTY 1
CyMilm coJiei 3ajiiza y oOpoOmtoBanbpHIA BaHHI. MeEHIIa KOHIIEHTpAIllsl pearcHTiB 3a0e3rneuye
MEHIIYy KiJTBKICTh IEHTPIB KPUCTAMI3allii 1 MOXJIMBICTE X poCcTy. Benmnka KoHIIEHTparllisi peareHTiB
(60 1/ comi 3aymiza y BUXIAHIN BaHHI) HANpPOTH, cipusie (OPMYBAHHIO BEJTUKOI KiJTbKOCTI IIEHTPIB
HyKJealii Ta, 3a BIICYTHOCTI MOMITHOTO TPaJI€HTy KOHIIEHTpaIlii, 3a0e3rneuye piBHOMIpHUMA PiCT
YAaCTUHOK 1 yTBOPEHHS HAHOKPUCTAJIIB, OJM3BKUX 32 PO3MIpPOM.
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Tabnuys 1
PesynbraTn POA HaHOYaCTHHOK MAarHETHTY, CHHTE30BAHMX 32 Pi3HUX YMOB
3pa3ok 20, Kpucraniuna dhw, Dhui, Dk (cepenHiii),
HAHOMATHETUTY | Trpaj rpaTrka Z( HM HM

C10 30,1 (220) 2,97 15,2 16,4+0,83
35,5 (311) 2,53 16,7
43,1 (400) 2,10 17,4

C40 30,1 (220) 2,95 13,3 10,9+1,60
35,5 (311) 2,53 10,8
43,1 (400) 2,10 8,6

C60 30,1 (220) 2,95 11,8 12,5+0,47
35,5 (311) 2,53 12,8
43,1 (400) 2,10 12,9

3anexHicTh Ga3oBoro ckiaany kommno3utieB TM/HM Bix cHpOBHHHOTO CKIJIaay TEKCTHIILHOTO
Marepially Mae OUIbII CKIaaHy moBeniHky. Jludpakrorpama P®OA BuXigHOro BiCKO3HOTO
TEKCTHJIFHOTO ~MaTepialy JEeMOHCTPYE HasBHICTh IHTEHCHMBHOTO MaKCUMyMy 3 KYTOBHM
nosoxendsaM 20 6muspko 20° i 28°. TTo6nu3y nosepxui qudpakrorpama Bickoznoro TM HaOyBae
NEBHUX 3MiH, II0 BiAMiYeHO MO MosABi peduIeKciB 3 KyTOBUM MOJOKeHHsaM 20 12°, 20° ta 21,2°
Opnak HasSBHICTh TEBHOI CTPYKTYpHOI oOpraHizaimii momiMepHoi wmartpuili (BICKO3HOTO Ta
MOJTIaMiTHOTO BOJIOKHA) JI03BOJISIE 3 33/I0BUIBHOIO TOYHICTIO TPOAHAJI3yBaTH PO3IMOAUT YaCTHHOK
HAaHOMAarHeTHUTY 3a pO3MipaMH, OCKUIbKH pedIieKCH HaHOYACTMHOK HEOPraHi4HOro MaTepiany Ta
JOMEHIB (KPHCTANITIB), IO CKJIAAAIOTHCA 31 CTPYKTYPOBAHUX MOJIMEPHUX MAKpOJIAHIIOTIB, MAaIOTh
pi3HE KyTOBE MOJIOKEHHS Ta HE 3aBaXKAIOTh MIPOBEACHHIO PO3PaxXyHKIB.

Hudpakrorpamu PDA 3paskiB komno3utiB TM/HM HaBemeno Ha Puc. 3. Amnanis
HeopraHiuHoi (a3um  kommo3uty Bicko3Hmid TM/HM  cBimuuTh, 10 poO3Mip KpPHCTAIIB
HaHOMAarHeTUTy CTaHOBHUTH 9,4+1,1 HM IpH MPOIyCKaHHI MydKa PEHTTCHIBCHKUX MPOMEHIB 4epes
HeHTpanbHy yacTuHy cucremud TM/HM (mo3nauenHst «ekBatop» B Tabi. 2), mo mictute HM, Ta
14,7£5,3 HM TpW MPOIyCKaHHI IMy4YKa BUIIPOMIHIOBAHHS MOOJM3Yy MOBEPXHI KOMIO3UTY (depe3
MOBEPXHEBUH IIap HAHOYACTHHOK, IMMOOUTI30BaHMX Ha IIOBEPXHI BOJOKOH; IO3HAYEHO SK
«Mepuian» B Ta0II. 2).

[Ipu BuMipIOBaHHI PiBHS PO3CiIOBaHHS YaCTUHKAMHM HEOPraHiuHOi (a3u Mpu MpONmyCKaHHI
PEHTIeHIBCHKHX TPOMEHIB uepe3 00’eM KOMIIO3UTY BHECOK Y BIINOBiAHI peduiekcu Ha
nudpakTorpaMmi MarTh SIK YaCTUHKHU TOBEPXHEBOTO Iapy, Tak i yactuHku HM B 00’emi 3pa3ka
KOMITO3UTY (BIATMOBIAHO, MPY MPOMYCKAaHHI My4YKa MTPOMEHIB MOOJIM3Y TTOBEPXHI KOMITO3UTY BHECOK
pOOJIATh JHIE HAHOYACTHHKH TIOBEPXHEBOTO MIapy KOMIO3HTY). SIK pe3ynbTaT, 3MEHIICHHS
MOKa3HUKA CEPETHHOT0 PO3MIPY YaCTUHOK HAHOMArHETHTY MPU BUMIPIOBAHHI B PEXKHUMI «EKBATOP»
CBIIYUTH, 10 TpU (pOpMyBaHHI HAHOMArHETUTY B 00’eMi MaTpuii (y BICKOSHOMY TEKCTHJIBHOMY
Matepialii) MOJTIMEpHI JIAHIIOT1 MPUIMAIOTh y4acTh y cTabiizamii MepBUHHUX YaCTUHOK MarHeTUTy
Ta BIUIMBAlOTh Ha mporecd ix pocty. Kpim Toro, B3aemomis TM/HM cyrreBo 3MmeHmye ix
JHMCTIEPCHICTD, 0 BUAHO IO 3MiHI MOKa3HUKA BIAXMICHHS CEPEIHBOI0 PO3Mipy YaCTUHOK.
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Puc. 3. InppakTorpamu po3ciroBaHHSI PeHTTeHiBCLKUX MPOMEHIB BiCK03HOTO (a) Ta
noJriaMiTHoro (0) TeKCTUILHUX MaTepiadiB, 10 MiCTATH HAHOMATHETHT

Tabnuys 2
PesynbraTn POA HAHOYACTHHOK MArHETHTY B CKJIa/i NOJIMEPHUX KOMIIO3UTIB
3pa3ok Pexxum 20, Kpucragiuaa | dp, | Dhi, Dhui
KOMIIO3UTY BUMIpPIOBAaHHA | rpaj rpatrka K( HM (cepenmniii),
HM
Bicko3nuit MepHu/liaH 29,9 (220) 2,98 | 20,0 14,7+5,3
TM/HM 35,1 (311) 255 | 94
€KBaTop 29,8 (220) 2,99 | 9.3 9,411
35,2 (311) 255 | 95
IMomamigawnii MepHiaH 30,0 (220) 2,98 | 10,2 10,0+1,4
TM/HM 35,3 (311) 2,54 | 9,8
€KBaTop 29,8 (220) 2,99 | 85 9,7£1,2
35,0 (311) 2,56 | 10,9

Jns xommosuty momamigauii TM/HM cepenniii po3Mip KpuCTalliB HeopraHidHoi ¢asu
ckiamgae 10,0£1,42 aM (BUMIpIOBaHHS B peXUMI «Mepuaian») Ta 9,7+1,2 HM npu BUMIpIOBaHHI B
pexuMi «ekBatop». [l maHOT KOMIO3HIIIHOI CHUCTEMH TaKOX CIOCTEPIraeThCsl 3MEHIICHHS
CepeHBOTO PO3MIPY KPUCTATIB MAarHETUTY MPH iX GopMyBaHHI B 00’ eMi TTOJIIMEpHOI (TToTiaMiqHOT)
MaTpulli. SIKIIO0 NMPUITYCTUTH, 1[0 BMICT HAHOYACTMHOK MAarHeTUTy B 00’€Mi MOJIIMEPHUX BOJIOKOH
PI3HOTO TUIY € OJTHAKOBUM, TO HEMA€ CyMHIBIB, III0 MAKPOJAHITIOTH IIEIFOJI03H € OLbII AKTHBHUMH
Ta BIUTMBAIOTh HA YTBOPEHHS IICHTPIB HYKJICAIlll KPUCTATIYHOI HEOpraHiuHoi ¢a3u Ta iX 3poCcTaHHSI.

Cnin 3a3Ha4YMTH, MO U1 000X KOMIIO3WTIB BEJIMYWHU MIKIUIONIMHHOI BIJICTaHI € IayXKe
OJIU3BKUMHU, [0 CBIAYUTH PO aHAJIOTIYHUI MexaHi3M GopMyBaHHs iN Situ HeopraniyHoi (asu.

Kpucranigyna cTpykrypa TEKCTWJIBHUX MaTepiaiiB B mporieci Moaudikaiii He 3MiHIOBaJIacs
(Puc. 4), mo cBimuuiIo mMpo po3MIlIEHHS HAHOMAarHETUTY Ha MOBEPXHI IETIOJI03HUX MIKpohiOpuI
(Bicko3uuii TM) ab0 B aMOp(HHX 30HAX LIETFOJIO3HOI Ta MoJiaMiHOT cTPYKTYypH [9].
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Puc. 4. Ilnppaxkrorpamu po3citoBaHHsI peHTTeHiBCLKUX MPOMeHiB He00poOJIeHNX BiCKO3HUX
TeKCTHJIbHUX MaTepiaJiiB Ta BiCKO3HUX TEKCTHJIbHUX KOMIIO3UTIB, 110 MICTATh HAHOMATHETUT

BaxunBo, 1110 crmiBocaKeHHs COJIEH 3alli3a y CHIIbHOMYXHOMY CEPEIOBHUII 3 YTBOPEHHSM
HAaHOMAarHeTUTY Y TEKCTWIbHOMY MarepiajiB B OuIbImid Mipi BigOynocs y BiCKO3ZHOMY
TEeKCTHJIBHOMY MaTepiaii, BPaxOBYIOUM HOTro KpUCTaiYHO-aMOP(HY CTPYKTYpY, 1 MEHIIe Yy
moiamMiHOMy, IO IATBEPPKEHO EKCIepuMeHTanbHO [4], Ta BiZOOpPaXEHO MEHIIOK
IHTEHCUBHICTIO Tpodiar0 HaWOLIbII BaxymBoro peduekcy mpu 20 = 35° Ha mnpeacTaBICHUX
mudpakrorpamax (Puc. 3).

BucnoBku. JlociipkeHHsST CTPYKTYpH 1 (a30BOTO CKJIaJy HAHOKOMITO3HUIIIHHUX MaTepiaiiB
J03BOJIMJIO BCTAHOBHUTU MPHUCYTHICTh YACTMHOK MAarHeTUTY, CHHTE30BAHOTO Yy TEKCTUIBHOMY
Mmartepiaii 3 cepeaHiMH po3Mipamu 9,4 HM y BICKO3HOMY TEKCTHJILHOMY MaTepiami Ta 9,7 HM y
MoJIiaMiIHOMY TEKCTHJILHOMY Martepiani. Brepiie BcTaHOBIEHa 3aKOHOMIPHICTh BIUIMBY YMOB
CHHTE3Y Ha pPO3MIp HAHOKPHUCTAIITIB MAarHeTUTy Y TEKCTUIBHOMY MaTepiayi; 3MEHIICHHS
MOKa3HUKA CEPEIHHOTO PO3MIPY YaCTUHOK HAHOMArHETHTY MPU BUMIPIOBaHHI B PEXKHMI «EKBATOP»
CBITYUTH, 1110 TIpH (JOpMyBaHHI HAHOMArHETUTY B 00’ €M1 TEKCTHJIBHOI MaTPHIIl TTOJIMEPHI JIAHIIOTH
MPUHMAIOTh Y4acTh y CTa0iTi3alii MepBUHHUX YaCTUHOK MarHETUTY Ta BILIMBAIOTH Ha MPOIECH iX
pOCTYy Ta pO3MOALTY, TOMY CIPaBEIJMBHM BB@KATH TEKCTHIBHUN Marepial HEHTpaIbHUM
HAaHOPEAKTOPOM HeopraHiuHoi aucrepcHoi ¢a3u s HaOyTTs HOBUX BJIACTUBOCTEH NMPH CTBOPEHHI
HAaHOKOMIIO3UTIB Ha BOJIOKHUCTIH OCHOBI.

Ha cywyacHomMy piBHI METOJMYHOTO PO3BUTKY JUISl KIJIBKICHOTO BHM3HAYEHHS PO3MIpHHUX
XapaKTepUCTHK HAHOCTPYKTYPHUX  MarepiajiiB  JOLUIbHE KOMIUJIEKCHE JOCHIKEHHS 13
3aCTOCYBaHHSAM Pi3HHX METOJIIB, HAIPUKIIAJ], CKaHYIOUOi €JIEKTPOHHOI MiKPOCKOIIi.
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INPUMEHEHHWUE PEHTTEHO®A30BOI'O AHAJIN3A JIJIA ONPEAEJEHUA PASMEPA
HEOPTAHUYECKOM ®A3bI BHAHOKOMIIO3UTAX HA BOJJOKHUCTOMN OCHOBE
PEJIBKO A.B., CYIIPYH H.IL

Kuescxuii nayuonanvuvlii yHugepcumem mexHoaio2ul U Ou3ana

Ilenv. Hccneoosanue cmpyKmypHuIX Xapakmepucmuk MeKCMUIbHbIX — MAmepuaios
MACHUMHBIX HAHOKOMNO3UMO8 HA UX OCHOBe; Onpedeiienue pamepa uacmuy 00pa308aAHHLIX
JHCeNe30-0KCUOHBIX COCOUHEHUU KAK OMOeNbHO, MAaK U 6 oObeme HONYYEHHLIX KOMNOZUYUOHHLIX
Mamepuanos.

Memoouka. J{na KOHMpoOAs KpUCMALIU4ecKol CmpyKmypwl, ¢hazoeoco cocmasa u
onpeoeieHus. pasmepo8 CUHME3UPOBAHHLIX Yacmuy in Situ o0Opasybl CO30AHHBIX MEKCMULLHBIX
HAHOKOMNO3UMO8, — COOEPHCAWUX — JHCeNe30-OKCUOHbIE — COEOUHEHUS,  UCCLe008alU  MemoOoM
penmeenopazosoeo ananuza (PDA).

Pesynomamul. Viccreoosanue cmpykmypvl u ¢hazo6020 cocmaga HAHOKOMNOZUYUOHHBIX
Mamepuanos no360JUl0 YCMAHOBUMb NPUCYMCIBUE YACMUY MACHeMUmMd, CUHME3UPOBAHHO20 8
MEeKCMUIbHOM Mamepuane co cpeOHumu pasmepamu 9,4 u 9,7 HM, 8 3a8UCUMOCIU OM CbIPLEBO2O
cocmasa.

Hayunasa noeusna. Bnepevle ycmaHo81eHa 3A4KOHOMEPHOCMb GIUAHUA YCI08UN CUHME3d
JHCeNe30-OKCUOHBIX COeOUHEHUNl HA pasmep HAHOKPUCMALIUMOE MAcHemuma 6 meKCMmuibHOM
mamepuare.

Ilpakmuueckas 3nauumocms. Onpedenenue ¢hazoe020 cocmaga u pazmepos Hacmuy
HeopeaHuuecKkoll gazvl noomseepicoaem cnocoOHOCMyb K 3aujume 0om MUKPOBOIHOBO20 U3NYUEHUs
HAHOCMPYKMYPHO20 MACHEMUMA, COO0epHCaAUuiecocs 8 MeKCMUIbHOM Mamepudaiie.

Knrwoueswvie cnosa: mexcmunvbHblll Mamepua, HAHOYACMUYbL, CUHMe3 in Situ.

APPLICATION OF X-RAY ANALYSIS FOR DETERMINING THE SIZE OF INORGANIC
PHASE IN NANOCOMPOSITES ON FIBROUS BASE
RED’KO YA.V., SUPRUN N.P.
Kyiv National University of Technologies and Design

Purpose. Research of structural characteristics of textile materials and magnetic
nanocomposites based on them; determining the size of particles formed of iron-oxide compounds
either separately or in volume obtained composite materials.

Methodology. For control of crystal structure, phase composition and for determining the
size of particles in situ synthesized samples created of textile nanocomposites that contain of iron-
oxide compounds were investigated by X-ray diffraction analysis (XRD).

Findings. Research of the structure and phase composition of nanocomposite materials
allowed to establish the presence of particles of magnetite that synthesized in the textile material
with average size of 9.4 and 9.7 nm, depending on the raw composition.

Originality. First established of interrelation of influence of the synthesis conditions of iron-
oxide compounds on the size of nanocrystals of magnetite in the textile material.

Practical value. Determination of the phase composition and particle size of inorganic
phase confirms the ability to protect from microwave radiation of nanostructured magnetite that is
contained in the textile material.

Keywords: textile material, nanoparticles, synthesis in situ.
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VODZINSKA O., TKALENKO A.
Kyiv National University of Technologies and Design

DESIGNING OF MEN’S JACKET CONSTRUCTION MADE OF
LUXURY SUIT MATERIALS TAKING IN TO ACCOUNT
PROPERTIES OF STUDIED MATERIALS

Purpose. Evaluation of structural characteristics and water-repellent properties of luxury
pure wool fabrics for suit to consider them when designing men’s jacket.

Methodology. Experimental research methods on the basis of standardized methodology
and the author's methodology and device for estimation the properties of suit fabrics were used.
Graphical images of the results of experiments were performed using MS Excel software.

Results. The structural characteristics, indexes of water repellency and breathability, and
pressing-in ability of luxury suit fabrics of «Scabal» company were defined.

Scientific novelty. It was found, that waterproof indexes of «Scabal» suit fabrics are equal
to raincoat materials with a film coating; breathability indexes of these fabrics are very low or
equal to zero; pressing-in ability of studied materials is worse in comparison with classical suit
materials due to significant density of warp and weft and yarn fineness.

Practical value. Men's jacket design was developed considering properties of luxury suit
materials.

Keywords: pure wool and woolen suit fabrics, breathability, water repellency, pressing-in
coefficient, luxury goods.

Introduction. In the manufacture of sewing item the right choice of materials largely
determines its quality, appearance, form stability and durability. Garment requirements are set
through requirements for design and construction processes, processing technology and quality of
materials and their properties. Microclimate under clothing, well-being and human performance
depend on materials and their properties. Materials determine the functionality of clothing, when
creating clothing, they are selected according to the appearence and age of the consumer and
fashion trends [1]. With the development of science and technology, new types of fabrics and
materials appear, they have new properties that need to be studied and explored in order to take into
account in the processes of design and manufacturing. Therefore, scientifically justified choice of
materials for sewing product is of great importance.

Objectives. The company «Scabal» with more than 75 years of experience, is one of the
world's leading manufacturers of luxury suit fabrics for men. Manufacturers use only high-quality
kinds of natural wool, silk, cashmere, mohair, with the addition of rare fibers. The company has an
advanced approach to the development of luxury fabrics. The latest collections present special
novelties: suit fabrics with platinum and golden thread, sapphire coating, lazurite, materials with
fragments of diamonds which are woven directly into the structure of the woolen yarn, pure silk suit
fabrics for men [2].

As it is stated by the manufacturer, pure wool fabrics of «Scabal» company have superior
quality because of high quality raw materials for the manufacture of woolen yarn. «Scabal» was the
first who developed fabrics of Super 120 and Super 150 standard, which are characterized by very
thin and long fibers of the highest quality wool. In addition, these materials due to the considerable
length of the fibers for yarn and their high degree of twist are highly crease-resistant, have the
ability to restore the shape without pressing, they do not peeling and are waterproof [2]. «Scabal»
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fabrics are extremely light, have large density of yarns, good heat retention and water repellent
properties. All these typical properties of suit materials and also new ones require additional studies
to determine their numerical indexes, compare with the requirements of standards and taking into
account during the product designing.

The subject of the study — suit fabrics of «Scabal» company. The object of the study — the
evaluation process of the structural characteristics and properties of suit fabrics for the manufacture
of men's luxury suits. The existing standards of pure wool and woolen suit materials and their
compliance with modern materials are also of great interest.

Research results. Evaluation of structural characteristics of «Scabal» suit materials and
classic suit fabrics is made according to [3, 4]. The characteristics of investigated fabrics are
presented in Table 1 and Table 2, respectively.

Table 1
Characteristic of pure wool and woolen suit fabrics of «Scabal» company
Conven- | Surface | Raw material| The number of Linear Thickness,
tional sign| density, | composition,| threads in 10 density, tex mm Weave
of fabric | g/m’ % cm
warp | weft | warp | weft
“ 183 | 00990 | 380 | 400 | 266 | 192 | 030 Plain
K2 Wool - 90; Finely-
181 silk - 10 440 400 | 21,4 | 20,8 0,40 oatterned
K3 190 | Wool -100 | 360 320 | 334 | 228 0,40 Finely-
patterned
Ka 171 | Wool - 100 | 440 400 | 20,8 | 20,8 0,42 Finely-
patterned
KS 170 | Wool - 100 | 400 330 | 27,6 | 18,8 0,40 Finely-
patterned
K6 Wool - 90; Finely-
219 silk - 10 270 280 | 37,6 | 41,0 0,37 patterned
K7 165 | Wool -100 | 340 320 | 23,0 | 24,0 0,39 Finely-
patterned

The research found that the selected «Scabal» suit fabric for making men's suits is
characterized by surface density from 165 to 219 g/m?. According to the standard [5], most of them
within the group of worsted fabrics for dresses but not suits, with a surface density of 190g/m?, so
materials have more lightweight surface density compared to standard requirements. The thickness
of the fabric is from 0,37 to 0,42 mm that is less than the thickness of the classic costume materials
(from 0,40 to 0,57 mm). Investigated fabrics of «Scabal» company have a density of 270 to 440
threads per 10 cm in warp and from 280 to 400 threads per 10 cm in weft, this indicates a higher
density of warp and weft in comparison with classical suit materials (from 160 to 290 in warp and
from 160 to 320 in weft). The linear density of the studied types of fabrics ranging from 20,8 to
37,6 tex in warp and from 18,8 to 41,0 tex in weft that is lower than the normative values according
to [5] (40 tex). Thus, «Scabal» materials are more lightweight by surface density, more dense by the
number of threads per 10 cm in warp and weft, less thick compared to the classic suit fabric.
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Table 2
Characteristic of classic pure wool and woolen suit fabrics

Type of Surface Raw The number of | Linear density, | Thickness,| Weave

material, density, material threads tex mm
conventional g/m® | composition, in 10 cm

sign % warp | weft | warp | weft

Worsted and 234 Wool - 80; 160 160 14,2 15,6 0,57 Plain
woolen Kl 1 PAN- 20
Worsted Kl 2 186 |Wool - 100 290 250 140 | 178 0,44 Plain
Worsted and 215 Wool - 100 210 320 40,4 40,6 0,40 Twill
woolen Kl 3
Worsted and 224 Wool - 100 240 250 49,2 | 424 0,49 Plain
woolen Kl 4
Worsted and 235 Mool - 95; 180 155 38,0 | 450 0,48 Plain
woolen Kl 5 PAN -5

As it is stated by manufacturers, «Scabal» materials are characterized by high water
repellent properties, which is not typical for classical suit materials [1]. The ability to repel moisture
is given to luxury materials to ensure a high level of consumers’ comfort as it is enough to shake
spilled liquid off the surface of a suit. To assess water repellent properties of «Scabal» suit fabrics
experimental research was carried out with help of special device for determination of resistance to
moisture (spray test) by the method according to 1ISO 4920:2005 [6]. Four types of «Scabal» luxury
costume materials were selected as the object of study. The experimental results are presented in
Fig. 1-2 and in Table 3.

Fig. 1. Pictures of fabric samples K1 after wetting under a microscope at
20 times increase: a) a front side; b) a back side

Water-repelling properties are provided, among others, by weave density with a very small
diameter of yarn, as the materials are not additionally saturated. The national standard for woolen
suit fabrics has no quality indexes to characterize their resistance to moisture. That is why for the
comparison of the experimental values of water repellency we use corresponding standard for
raincoat material (Table 3) [7]. According to the results of the experiment, suit fabrics by company
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«Scabal» correspond by their values of water repellency to raincoat materials with film coating and
water-repellent finish, i.e. don’t let water in.

Fig. 2. Pictures of fabric samples K3 after wetting under a microscope at
20 times increase: a) a front side; b) a back side

Table 3
The results of determining resistance to the wetting of «Scabal» costume fabrics

Type of material, The results by the The normative value of water repellency for
conventional sign, the photographic raincoat fabrics in accordance with
manufacturer scale AATCC ISO 28486-90
Suit K1 «Scabaly» ISO3 = AATCC 80 | Not less than 80 nominal units — for fabrics
Suit K2 «Scabal» ISO1 = AATCC 50 | with film coating in 3 layers;
Suit K3 «Scabal» ISO2 = AATCC 70 | not less than 70 nominal units — for raincoats
Suit K4 «Scabal» 1SO3 = AATCC 80 | with a film coating in 1 layer;
not less than 50 nominal units — for raincoat
fabrics with water repellent treatment

High breathability is one of the fundamental properties of the material, which provides
comfort of the person during the product’s use. According to the standard [8] for coat and suit range
products the value of breathability should be at 60 dm®/(m?s). If the breathability of the package is
less than 10, then it is necessary to provide the product with additional structural elements or
technological methods for the comfort of a person and this can affect the appearance and design of
the product. Experimental study for breathability determination was carried out by standardized
methods in accordance with ISO 12088-77 on the basis of model FF-12/A [8]. Sets of materials
were picked up for experimental study, they contained variants of suit fabrics, interlining and lining
materials. Experimental results for breathability are presented in the Table 4.

It was found that suit fabrics K1 and K6 are similar in breathability performance, fabrics K7
and K4 do not let air in, so they were excluded from further research. Selected types of fabrics
were included into sets for future research and choosing the best option for making men's jacket.
According to research optimal set of materials K1+D1+P1 was selected, which has a maximum
breathability value (11,0 dm®(m*s)). Comparison of the obtained values with standards
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according to [9] indicates low breathability value for luxury suit fabrics and accordingly their
sets, that should be taken into account when designing a product using the contructional and
technological methods.

Tabled

Breathability value of «Scabal» suit fabrics and sets based on them

Conventional

The actual value of breathability dm®/(m?-s)

Normative values

sign of For For lining For the set: For the set: suit of breathability
material top suit fabric fabric + woven in accordance
+woven | interfacing + lining with
interfacing 1SO 25295:2005,
P1 | P2 |P3| P4 |D1 |D2 |P1 P2 |P3 | P4 dm®/(m?s)
K1l 30,6 20,8/119(11,0(4,2 |15 |44
88 |25 | 0 |39 | Notlessthan
K6 30,8 | 64,8|315|12,4| 30,8 | 20,0/10,9({10,4 3,6 | 0 |3,2 60
73112 | 0 |10
K7 0 - - | - - - -
K4 0 - - - - - -

While manufacturing products of pure wool and woolen materials such technological
methods as pressing-in and wet-heat stretching are often used to provide three-dimensional shape
of clothing details.

When making men’s jacket, pressing-in is used for a sleeve cap, an armhole, a shoulder cut
of the back, a neckline, elbow sections, the leading edge. To assess the ability of suit fabrics to be
pressed-in the experimental research was carried out using the experimental device developed at the
Department of technologies and designing of sewing products for studying the pressing-in process
[10]. Fig. 3-5 show the results of the values of the critical coefficient for the pressing-in of «Scabal»
suit fabrics and classic fabrics while being pressed-in on warp and weft at 45° to the warp.

The critical coefficient for the
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Fig. 3. Diagrams of the critical coefficient values of pressing-in for «Scabal» suit fabrics and
classic ones at pressing-in by warp
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The experimental results give reason to conclude that «Scabal» suit fabrics are pressed-in
almost equally towards the warp in comparison with classical suit materials. Degree of pressing-in
on weft in «Scabal» suit fabrics gets worse compared to classic materials (3 % average). Results of
materials pressing-in under 45° are: classic materials are pressed-in better compared with «Scabal»
fabrics (6 %).
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Fig. 4. Diagrams of the critical coefficient values of pressing-in for «Scabal» suit fabrics
and classic ones at pressing-in by weft
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Fig. 5. Diagrams of critical coefficient values for pressing-in for «Scabal» suit fabrics
and classic fabrics pressing-in at 45° to the warp
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Fig.6. Design of men’s jacket, developed taking into consideration properties of materials

Design features of men’s jackets are:

— an increase in allowances at the chest line to 9 cm and hip line to 5 cm for loose fit,
shoulder cut length increase to 1 cm to provide breathability of construction;

— designing of a single-breasted open fastener on two buttonholes and two buttons (location
of the first buttonhole is 1,5 cm above the waist) to increase breathability;

— designing of relief seams on the back and vents to ensure free movement and air
circulation of the product;

— designing of open vents at elbow seams of sleeves;

— decrease in fit value for sleeve cap to 2 cm by transferring 2 cm of cap fit to dart at elbow
seam of a sleeve;

— decrease of a fit by shoulder cut length to 0,5 cm.

Studies have shown that the existing standards for pure wool and woolen suit materials need
some supplements about new materials and their properties.
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MPOEKTYBAHHS KOHCTPYKII MIJPKAKA YOJIOBIYOI'O 3 KOCTIOMHUX
TKAHHMH KJIACY JIIOKC 3 YPAXYBAHHSM BJACTUBOCTEM JOCILIXKYBAHUX
MATEPIAJIIB

BO/I3IHCBKA O. I., TKAJIEHKO A. M.

Kuiscoxuil hayionaneruil yHigepcumem mexHoa02it ma Ousaumy

Mema. Oyinka cmpyKmypHux Xapaxmepucmux ma 60008i0UMOoEXy8aIbHUX 61ACUBOCMEl
YUCMOBOBGHAHUX KOCMIOMHUX MKAHUH KIACY JIOKC O IX 6paxy8amHs Npu NpOeKmy8aHHi
KOHCMPYKYIL Ni0AHCaAKa 4o108i4020.

Memoouka.  Buxopucmano — mMemoou  eKCNepUMEHMANbHO20  OOCHIONCeHHs 34
CMAaHOAPMU308AHUMY  MEMOOUKAMU MA  ABMOPCLKY MemoOuKy ma Hpucmpiti 01i OYiHKU
gnacmugocmel  KOcmioMHUx — mxanun. Ilobyoosy  epaghiunux  300padiceHvb — pe3ynbmamis
eKCnepuMeHmie 6UKOHAHO 3 BUKOPUCAHHAM NpocpamHozo 3abe3neyenns MS Excel.

Pezynomamu. Busnaueno CMPYKMYPHI Xapakmepucmuxu, NOKA3HUKU
80008I0UWMOBXYBANHS, NOGIMPONPOHUKHOCME MA 30AMHOCMI 00 CAPACYBAHHSA KOCMIOMHUX MKAHUH
Kaacy aokc «Scabaly.

Haykoea noeusna. Bcmanoeneno, wo 3a noxasHukamu 60008i0UMOGXYEAHHA KOCMIOMHI
mkaHunu «Scabal» npupisniolombca 0o naawjosux mamepianie 3 NAIBKOBUM HOKPUMMAM,
NOKA3HUKU NOGIMPONPOHUKHOCIE YUX MKAHUH Oydce HU3bKI abo  pieHi HYM0; 30amHICmb 00
Cnpacysamus 00CHIOJNHCYBAHUX Mmamepianié 2ipuia y HNOPIBHAHHI 3 KIACUYHUMU KOCIIOMHUMU
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mamepianamu 3a paxyHox 3HAYHOI WITbHOCMI CUCTEeM HUMOK OCHO8U Ma YMOKY, a MAKo4C MOHUHU
HUMOK.

Ilpakmuuna 3navyumicme. [106y006aH0 KOHCMPYKYIIO YOL08I4020 NIOHCAKA 3 BPAX)EAHHAM
enacmugocmell KOCMIOMHUX MAMepPianié Kiacy JoKc.

Knrwouosi cnosa: uucmogosHsAHI ma 608HAHI KOCMIOMHI Mamepianu, no8imponpoHUKHICMb,
80008IOWMOBXYBANHS, KoeIiyieHm CHPACY8aHHs, 6UPOOU KIACY THOKC.

INPOEKTUPOBAHUE KOHCTPYKIIUN MYIKCKOTI'O IUTKAKA U3 KOCTIOMHBIX
TKAHEH KJIACCA JIIOKC C YYETOM CBOUCTB UCCJIEAYEMbIX MATEPHUAJIOB
BOJ/IBMHCKAZ O. 1., TKAJIEHKO A. H.

Kueeckuil Hayuonanvuwliii yrusepcumem mexHoao2utl U OU3aiHa

Ilens. Oyenxa cmpyKmypHuIX XApaKmepucmux U 80000MMAIKUBAIOWUX —CBOUCME
YUCTNOWEPCMAHBIX KOCMIOMHbIX MKAHeU Kiacca JIIOKC OaA y4emad ux npu HpoeKmupo8aHuu
KOHCMPYKYUU MYHCCKO20 NUOIHCAKA.

Memoouka.  Hcnonv3osanvl — Memoovl  IKCNEPUMEHMANbHO20 — UCCIe008aHUSL  NO
CMAaHOapmMu3UPOBAHHLIM MEMOOUKAM, d MAKICe ABMOPCKAs Memoouka u npudop O0Jsi OyeHKu
ceolicme  Kocmiomuvlx mkaueu. Ilocmpoenue epaguueckux usobpadiceHull  pe3ynbmamos
IKCHEPUMEHMOB BLINOTHEHO C UCNOb308AHUEM NPOSPAMMHO20 0becneuenusi MS Excel.

Peszynomamot. Onpedenenvi CMpYKmMypHbvle xapakxmepucmuxu, nokazamenu
80000MMANKUBAHUS, BO30YXONPOHUYAEMOCIU U CHOCOOHOCMU K CYMIONCUBAHUIO KOCMIOMHBIX
mKatetl knacca ke «Scabaly.

Hayunas noeusna. YcmanoeieHo, umo no nokazameisim 60000MmaiKu8anus KOCMOMHbLe
mkanu «Scabaly npupaenusaromcs K nIAWEBLIM MAMEPUANAM C NIEHOYHbIM NOKPbIMUEM,
nokasamenu 8030YXONPOHUYAEMOCIU SMUX MKAHEl OYeHb HUZKUEe ULU PABHbL HYI0, CHOCOOHOCHb
K CYMIONCUBAHUIO UCCTIE0YEMbIX MAMEPUATLO8 HUNHCE NO CPABHEHUIO C KAACCUYECKUMU KOCIMIOMHbIMU
MAMepuaiamy 3a cyem 3HAYUMeNIbHOU NIOMHOCMU CUCTeM HUMmel OCHOBbL U YMKd, d MaKdice
MOHUHbBL HUMEU.

Ilpakmuueckas 3nauumocms. Boinoineno nocmpoenue KOHCMPYKYUU MYHCCKO20 RUONCAKA
C yuemom ceolcme KOCMIOMHbIX MAMEPUAN08 KIAcca JOKC.

Knwuesvle cnosa:  uucmowepcmsHvle U WEPCMAHbIE  KOCMIOMHblE — MKAHU,
8030YXONPOHUYAEMOCMb, B0000MMANIKUBAHUE, KOIDDuyuenm cymodcueanus, usoeius Kiacca
JIOKC.
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JepxaBHe minnpueMcTBo «KuiBcbkuil qep:kaBHUN HAYKOBO-TOCTIJHUN IHCTUTYT
TEKCTHIBHO-TAIAHTEPEHHOT TPOMHCIIOBOCTI»

MEPCIEKTABM PO3BUTKY TEKCTWILHUAX IITYYHAX
CYJINH

Mema. Ananis cyuacHux 0ocsacHeHb ma nepcnekmus po3eumKy eUpoOOHUYMEa MeKCmuIbHUX
npomesie KPOBOHOCHUX CYOUH.

Memoouxa. Buxopucmarnhs cyuacuux cucmem 300py i ananizy ingpopmayii.

Pezynomamu. Haoani noswni 0ami npo cmat i po3eumox npome3sie cyOuH ma mexHoi02iuHi
0cobnusocmi ix 8UC0MOBIIEHHSL.

Haykoea noeu3na. Busnaueni mexuiuni 0coOIUBOCMI 3aCMOCYBAHHS MKAYMBA, 8'3aHHs ma
NJIeMIHHSA 018 8USOMOBIeHHS WMYYHUX CYOUH.

Ilpakmuuna  3nauumicms.  Po3zensinymo — HailcydacHiwli — cnocobu  6U20MOBIEeHHs.
MeKCMUIbHUX NPOMmMe3i6 CYOUH.

Knrwowuosi cnoea: npomesu KpoBOHOCHUX CYOUH, XIpYpeis, MKAymeo, 6'sa3aHHs, NAeMmiHHS,
BUCOKOMONEKVIAPHI CNOAYKU, OIOTHIICEHeDIsL.

Beryn. Ha choropdimHii J€Hb TEKCTHJIbHI MaTepiaid y BUTISAAI TKAaHHUX, B'S3aHUX,
HETKaHUX BUPOOIB 3HAMIIUIN MIMPOKE 3aCTOCYBaHHs B MenuiuHi. Lle pi3HOMaHITHI nepeB’s3yBasibHI
Marepiajiu, mMarepiajau Jjs aJoIIaCTUKHM Ta PEKOHCTPYKUIMHOI Xipyprii, elacTHuyHi BUpoOOW Iyis
JIKyBaHHS 1 peabumiTarii XBOpUX JIOACH Ta 0ci0 3 0OMEKEHUMH MOKJIUBOCTAMH, (DUIBTPYBaIbHI
Marepiaay B amaparax IepeMBaHHS KpPOBI Ta T€MOCHCTEMax, PI3HOMaHITHI MPOTE3U MITYYHUX
CYJIMH Ta CEPIIEBO-CYINHHI 3aIJIaTH, a TAKOXK O10JIOT1YHO-aKTUBHI Ta IIOBHI MaTepiaiu.

KosxHe 3 X HanpaBlieHb 3aCTOCYBAaHHS TEKCTUIPHUX MEIUYHUX BHPOOIB MA€ CBOIO IIKaBY
icTOpito 3700YyTKIB 1 HEBJAy, iCTOPIIO 3JI€TIB HAYKOBOT'O MOMIYKY 1 CAMOIOXXEPTBH BUIPOOYBAHHS
MarepialiB Ha co0i Ta IHKOJIM TParidHoro (iHamy BETUKUX HAMIN 1 CIIOAIBaHb.

CtBOpeHHsI IHMX BHUPOOIB Ta PO3BUTOK IX TEXHOJOTIH 3aBXAW BUMAarajid HAWTICHINIOL
CYMICHOI Ipalli MeJIuKiB, 610X1MiKiB, MaTepialO3HABIIIB Ta TEXHOJIOTiB TEKCTUIBHOTO BUPOOHHIITBA.
Lli poGotu Oynu © TakoX HEMOXJIHMBI 0€3 PO3BUTKY BUPOOHMIITBA PI3HOMAHITHUX CHHTETHUYHHUX
OlomarepianiB. MiKHapogHa MeIUYHA CTAaTUCTHKA CBITYUTH, IO 3a OCTaHHI JECATh POKIB
BUPOOHUIITBO CIEIIaIbHUX OloMaTepialliB 3pOCIIO JJIsi BATOTOBJIEHHS KICTOK Ta cyryio0iB B 1,3; mist
BOIIiB pUTMY cepiis — B 1,5; st HUpOK — B 2,2; JUIsl armapartiB ceplie-JiereHi — B 2,3; JUIs amapariB
MITYYHOTO KPOBOOOIry (IITYy4YHI IUTYHOUYKHU cepils) — B 3,1 Ta Jyisi KpOBOHOCHUX CYJIMH — B 3,3 pasu.

BaxuuBicTh 1i€l mpoOieMH MiATBEPIKYEThCS 3aCHYBAHHSAM Y DPSAIi BCECBITHBO BIIOMHX
TEKCTUJIPHUX HABUAIBHHUX 3aKJIAIB KYypCy «TEXHOJIOTIUHI MPOILECH TEKCTUIBbHUX MEIHMYHUX
BUPOOIB».

HaiicknagHimmmu 3 X BUPOOIB € TEKCTHIIbHI MPOTE3U KPOBOHOCHUX CYAMH, Ha IO YacTO
3BEPTAIOTh YBAary psiji CBITOBUX MEIMYHUX aBTOPHUTETiB, Hanpukiaz [1]. Lle mosicHioeThCS THUM, 1110
MTYYHI TEKCTWJIBHI CyIMHHU KPiM CKJIQIHOI KOHCTPYKIIi MOBHUHHI BIAMOBIAATH ALY CICHUBIYHUX
BHMOT, TIOB'SI3aHUX 3 YMOBAMHU iX €KCIUTyaTallii B arpeCUBHOMY CEpEIOBHII OpraHi3My JIOIUHA 03
Tpom003iB 1 BinToprueHHs. Lle HamckiIagHa HayKOBO-TIPAaKTHYHA 3a/1a9a.

131



A
BICHUK KHYTI Ne3 (110), 2017 Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

B cBiTi mopivHO BUKOHYETHCS OLIBIN HDK 1,5 MITH. omepariiid i3 3aCTOCyBaHHSM IPOTE3iB
KPOBOHOCHHUX CyIHH. Y IIbOMY Oi3HECi B CHUCTeMi HayKa-BUPOOHHUIITBO-MEIUYHE BHUKOPHUCTAHHS-
peabimitanis 3aaistHO 6113bK0 20 Muitpa. mon. CHIA.

3po3ymisio, MO Yy MbOMY CEKTOpPI PHHKY MEIMYHUX IIOCIYT BEAEThCS Hail3amekiina
KOHKYpeHTHa OopoTh0a MK HAyKOBO-BUPOOHHYMMH CTPYKTypamMH 1 IOB'SI3aHUMH 3 HHUMHU
MEIUYHUMHU LIEHTpaMu. Y 1110 00pOTHOY BTATHYTA BEJMKA peKiiaMa Ta IMiap-KOMIIaHigd B MIATPUMKY
TOBapiB Pi3HUX BUPOOHHUKIB, IO HE 3aBXK/IN J1a€ MOXKIIMBICTh 00'€KTUBHO OIIHUTHA MEIUKO-TEXHIUHI
nepeBard Tie€i 4w iHmMOI npoxykmii. Ciig TakoX 3a3HAYUTH, IO TEXHOJOTIYHI MPOIECH
BHUTOTOBJICHHS ITI€T IPOYKIIii, SIK MPABUJIO, HE BUCBITIIOIOTHCSI.

IlocranoBka 3aBaaHHs. MeTo naHOi poOOTH € HAYKOBUH aHaJi3 TEXHOJIOTTYHHX
0COOJIMBOCTEM BUTOTOBJICHHSI TEKCTWJIBHUX TMPOTE31B KPOBOHOCHUX CYIWUH [UIsl BHU3HAYEHHS
00'€KTUBHOTO CY4aCHOTO CTaHy PO3BUTKY Li€1 MPOTYKIIii.

Pe3yabTaTu AocaigskeHHs. Y CBiif yac 1ie BenuKuil ABIIleHHa 3BEpHYB yBary, 10 KpOB HE
3rOPTAETHCS MPU KOHTAKTI 3 MAaCHUMH TOBEPXHIMH, Ta 3 CMOJMCTHUMU pedoBHHamu. lle sBure
3aBXKJM HAIITOBXYBAJIO CBITHJI CEPEIHHOBIYHOI MEIUIIMHU HA IYMKH IPO 3aCTOCYBAaHHS TaKUX
MarepiaigiB B SKOCTI TMPOTE3IB KPOBOHOCHUX CYIWH. AJie IOCTOBIPHUX BIJJOMOCTEH MpO Taki
omepaiiii iCTopis MEIUIIMHA HE 3HAE.

[lepmie mocToOBipHE TOBIMOMIJICHHS MPO CIpoOy omeparlii 3 Mepecajkd JIOAWHI MITY4IHOI
KPOBOHOCHOI CYAMHHU BimHOCHUTHCS 10 1786 poky [2], ska 3akiHumiaacs HeBAAlo. 3 PO3BUTKOM
XIpypriuyHOi TEXHIKH, XIpypriyHHX MarepiajiiB i CTBOPEHHS HOBUX 3aco0iB Hapko3y 3 1902 poky
MOYaJIMCs CIPOOM 3aCTOCOBYBATH Ui 3aMIHM XBOPHUX CYAWH TPYOKM, SIKI BHUTOTOBIISUIMCS 3
MOKpUTHX TNapadiHOM CKJa, alioMiHilo0, cpibia, OypmITHHY. AJe 1O HIIMPOKOTO MPAKTUYHOTO Ta
KJIIHIYHOTO BUKOPUCTAHHS Ha JIFOJIMHI CripaBa He aiinuia [3].

[ToBHOIO HEB/IAUCIO 3aKIHYMIIUCS CIIPOOU 3aCTOCOBYBATH B SIKOCTI MPOTE31B TUICTECHI Ta TKaH1
TpyOKku 3 JbHAHOI mpsiki. [lpuwumHOor0 Oynma mBHAKA ACCTPYKIIS HATypadbHOI TEKCTUIBHOT
CHUPOBHHU B arpeCHBHOMY CEPEIOBHIIII )KUBOT'O OPTraHi3My.

Tineku po3BuTok XiMii BMC Ta BOJOKHOCTBOPIOIOYHX TIOJIIMEPIB HAJaB MOXJIHBICTH
PO3pOOIIATH MPOTE3U CYAUH, SIKi 3 YaCOM 3HAMIIUIM IIUPOKE 3aCTOCYBaHHs Ha mpakTulli. CrioyaTky
B 1940 porui CTBOPHIN CyIUJIFHO BWINTI TPYOKHM 31 CIUIaBY MOJIIMEPIB «BiTalmiym», a B 1947 p. — 3
MOJIIETHIICHY, SIKI XOY 1 HE 3HAWILIM KIIHIYHOTO 3aCTOCYBAaHHS IO MPUYMHI CBOET JKOPCTKOCTI, ajie
MOCIYTYBIA TPAMILTIHOM JIJisi BU3HAUEHHS CHEIIaIbHUX BUMOT JI0 IIUX MaTepialliB Ta MOKIHBHUX
CTOCO0IB iX BUTOTOBJIEHHS. B 11l % pOKH 10 poOIT MO0 CTBOPEHHIO MITYYHUX CYIUH HPUETHATHUCA
CHEIIaTiCTH TEKCTHIILHOTO BUPOOHUIITBA.

3 1952 poky 3'SBASIOTBCS Tepin TKaHI Ta IUIETEHI MPOTE3W KPOBOHOCHUX CYJIWH,
CUPOBHHOIO SKUX Oynu BiHIIOBI (BiHROH H), CHIIIKOHOBI, HEWJIOHOBI, TehI0HOBI, ToiedipHi,
moJiiaMiziHi Ta iHII cMHTETHYHI HUTKU [4]. B ekcriepuMeHTi 3 UMK MaTepialaMu Ta BUPOOaMu 3
HUX OyiaM BH3HAYEHI OCHOBHI BHMOTM JO IITYYHHX CYJIUH, SKi B OCHOBHOMY MiMCHI 1 10
chorofHimuboro Aud.lle, B mepiry uepry, CyMiCHICTh 3 OI1OJOTiYHUM CEpEOBHUIIEM JIOIMHH,
Oe3BiiMOBHa poOoTta 06e3 3MiH  (Pi3MKO-MEXaHIYHUX XapaKTepPUCTHK 1 JaedopManiiHuX
BJIACTUBOCTEH, i7leajJbHa BHYTPILIHS IOBEpXHA JJs 3aroOiraHHs YTBOPEHHS TpoMOO3iB Ta
ropoBaHa 30BHIIIHS TOBEPXHS MJisi 3a0€3MEUeHHS 17ealbHOTO MYJIhCYyBaHHS TIOTOKY KpOBI,
MOPHUCTICTh CTIHKKM CYJIWHH, CTIMKICTh JO arpecMBHOTO CEpEJIOBHINA OpraHi3My JIIOIAWHH,

HEOCHUIIAEMICTD TP PO3pi3ax, XiMiuyHA iIHEPTHICTH, TOIIO.
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B 1957 poui amepukancbkuMu BYeHUMH DinanenbhiChbKOTO 1HCTHTYTY OYyJW BIEpIIe
CTBOPEH1 B'si3aHI MPOTE3W KPOBOHOCHUX CYAWH, sfKIi Ha TOW dYac MO OaraThboM IOKa3HUKAM
nepeBakaiu TKaHi. Bynu cTBOpeH1 JecsATKM KOHCTPYKUIN B'si3aHMX CyIOMH (JTiHiNHI, 61QypkamiiHi
Ta iHmn). BBaxanocs, mo MeAWIMHA OTpUMaia JyXKe HaJilHI B'S3aHi IMIUIaHTATH. Ix mouanm
BUTOTOBJISITH B psii Kpaid [5, 6]. OBOJIOAIHHS TaKMMH HOBMMHU TEXHOJIOTISIMH BUKJIMKAJIO Y CBIl
Yyac BENUKY MeAiHy KaMmaHilo B MeIuIuHi. byno Oarato HaykoBHX Ta Ie OilbIlle HAayKOBO-
MONYJIIPHUX Ta PEKIAMHUX MyOJIiKaIii, e 3raayBajgoch TIILKA PO KOPUCHICTH ITUX BUPOOIB ISt
370pOB’sl JTIOIVHH.

Ane MeauYHA MpaKTUKA CBIAUWIIA MPO HASBHICTH AYXKE CKIAAHUX MPOOJIeM B Il Tamysi
MeauyHoi momomoru. Cepito3Hi BU€HI, MEAUYHI 1 TEKCTWJIbHI HAYKOBI1 3aKJIald TPOJIOBKYBAIH
BUBYATH Ta aHANI3yBaTH pPE3yJbTaTH IMIUIAHTAIl INTyYHHX CYAMH Ta TPOIOHYBAaTH 3aXOAU 3
MOJIIMIIEHHS 1X BracTuBocTel. CIiJ BIM3HAYUTH, M0 B YKpaiHI MEPIIMMH JOCHIIKYBaTH IO
npobnemy BueHi KuiBCbKOro MequuHOro YHIBEpCHTETY Ta YKpaiHCHKOTO HAyKOBO-IOCIHIIHOTO
IHCTUTYTY TyOepKy/Ib03y, y poOOTaxX SIKMX I0YaB CBOIO HAYKOBY MisUIbHICTH MaOyTHIN BUIATHHUN
yKpaiHChKUH Xipypr-ekcnepumentatop npodecop HOpiit dypmanoB, skuif a0 pedi, pazoMm 3
akamemikoMm bopucom IlaToHOM € aBTOPOM BCECBITHBOBIJIOMOTO CIIOCOOY 3BaplOBaHHS >KUBHUX
TKaHUH JIOUHHA [7].

Pe3ynpTaTi moCHiKEHb Ta MPAKTUKH BXKUBIICHHS PI3HOMAHITHOI KOHCTPYKIII 1 CHPOBUHU
MTYYHUX CYAWH JA03BOJIMJIA OTPUMATH Oarato BakyimBoi iHGopmariii. Hanpukiian, BctaHOBUIIH, 110
psaa TomiaMiAiB Ta IHIIMX CHUHTETHYHUX MaTepiaiiB, Ha SKi IOKJIQJadd BENIHWKI Hafil, He
3apeKOMEeHAyBaIU cebe HallHHUMHM TP eKCIuTyartalii B opranizmi Joaund. L{i MaTepianu mBuako
3MIHIOBAJIM CBOi BJIACTHBOCTI, BAaITHYBAJIUCS, 3MIHIOBAJIM CBOIO CTPYKTYpPY Ta BTpayajyl MIIHICTb.
Tpupiune nepeOyBaHHS MPOTE3iB B KUBOMY OpraHi3Mi MPU3BOAMIIO IO BTPATH iX MIIHOCTI, SKa
ckianana y tediaony 5, nakpony 15-20 ta neiinony 90 %. [To mipi HakomUYEeHHS AOCBITY 3 4acoOM 3
pI3HMX BaroMMX TPUYHAH BIJIMOBWJIMCS BiJ BHKOPHUCTAHHS TUIETCHHX TMPOTE3IB CYyAMH Ta
KOMOIHOBaHMX TIpOTe3iB (B TKaHy TPYOKy BCTaBisutacs IuiereHa TpyOka). Ilouamm Takox
BIZIMOBJIATUCST BiJl TIPOTE3yBaHHS HEBEIHMKUX CYIWH [0 TMPUYMHI TMiJBUIIEHOTO TPOMOYBaHHS
TEeKCTHJIBHUX MPOTE31B MaJHX JiaMeTpiB.

He3Baxaroun Ha cyyacHi JOCSATHEHHS Y cTBopeHHI BMC st MeauuuHu 1 mpu iX XiMiuHO-
010JI0T1YHII 1HEPTHOCTI, OPTraHi3M JIIOJUHHU HPOJOBXKYE CIPUHMATH iX, K UY>KOPITHUH €IEeMEHT.
Tum Ginblie, 1m0 KPOB, MPU CBOEMY MPOTIKaHHI 4Yepe3 CyJUHH HE 30BCIM MiAKOPSETHCS BiIOMUM
3aKoHaM (pi3HKH.

Crit KOHCTaTyBaTH, 10 Y MEAWYHOI CITUJIBHOTH HACKOTOIHI BUHHKJIA JIESIKa HACTOPOKEHICTh
710 aJIOTPAHCIUIAHTAIlI] TEKCTUIIBHUX CY/THH.

Ha croropnimHili 1eHb MeaukH, O10JI0TH, OIOXIMIKH, MaTepiaJlo3HABIIl Ta CHEIIaliCTH
TEKCTHJIBHOTO BHPOOHHIITBA HE MOXYTh ITOBHICTIO 3a0€3MEUUTH BiJCYTHICTH TPOMOYBaHHS Ta
JIOBrOBIATEPMiHOBAHOTO iH(IKYBAaHHS MPH 3aCTOCYBAaHHI IITYYHUX CYAMH. | 0OI0OBHAa MPUYHHA I[LOTO
— IIe 9YXOPIAHICTh MPOTE3y OpraHi3My Ta IMOB'si3aHa 3 MM IMyHHA BilmoBigs. He3Bakarouum Ha
Cy4acHy MicCIsSoNepalliiiHy Teparito JOBIOCTPOKOBO 1H(IKyeThCs 2-5% MpoonepoBaHUX MAIliEHTIB.
Ile nyxxe HeOe3neuHe YCKIaTHEHHS, IO Y 37% BHIAAKIB 3aKIHUYETHCS aMITyTalli€l0 MpPOTE3y, a
1HKOJIM 1 KIHIIIBKH, a MpUOIN3HO y 25% BUMNAAKIB 3aKIHUYETHCS JIETANbHO. XIpypru BU3HAIOThH, 10
Oyno 6 MOMMIIKOIO CTBEP/KYBATH, IO ICHYE YHIBEpCATbHHUM CTOCIO JIIKYBaHHS IIi€i CyBOpOi Ta

OaraTtorpaHHOi MMaToJIorii.
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Tomy crorogHi BCi BHIM HaWKpamuX TEKCTHIBHHX IPOTE3iB CYIUH BHTOTOBIISIOTHCS 3
BUKOPHUCTAHHSIM HOBITHIX JOCATHEHb HAayKM 1 MaKCHMaJbHO JUIsI CY4acHOTO PIBHS 3HaHb
3a0e3MeuyroTh piBeHb aHTHiIH(IKyBaHHS Ta aHTUTpoMOOoyTBOpeHHs [8-10].

CyuacHl TEKCTWJIbHI MPOTE3U SBJIAIOTH COOOI0 HAWCKIAIHIIIMKA HAYKOBOEMHMI BHUPIO 13
3aJJaHUMHU BJIACTUBOCTSMHU Ta BHCOKOIO O10CYMICHICTIO 31 CKJIQJOBUMH OpraHi3My JIOAWHU. Psin
HOBHMX TEKCTWIBHUX IMPOTE3iB BUTOTOBISIOTHCA 3 CHPOBHHH, OO SKOI XIMIYHHUM IUIIXOM
KOBQJICHTHHMH 3B'SI3KaMU TIPHUEIHAHI MOJIEKYIn cpibsa. Cpioio edeKTHBHO HABITh MPU HUZBKUX
KOHIICHTpalisix, BoHO iHakTuBye BimmoBinb JIHK, aktuBye OiocuHTe3 OuIka Ta MEeMOpaHHHM
MOTEHITIa] MIKpOOPTaHi3MiB, IO CIIPUsE aHTHAJIEPTEHHOMY Ta MPUPOAHOMY 3aroeHHo. lonn cpibia
€(EeKTUBHO Ta JOBTOTPHBAIO 3aXMINAIOTh BiJl IIUPOKOTO CHEKTPY MIKPOOPTaHi3MiB, y TOMY YHCII
Bi qy>ke mincTynHoi HoBoi iHdekiii MRSA (pe3ncTeHTHOro cTadiioKoKy).

CyuacHi TeKCTWIIbHI IPOTE3M MaricTpajlbHUX CYIAMH Ul TPYJHOI Ta YE€pEeBHOI MOPOKHUHHU
BUTOTOBJISIIOTHCSI TIIBKM TKaHUM CIIOCOOOM 3 KOMIUIEKCHUX OaraTo(ilaMEeHTHHX HHUTOK 0e3 iX
KpyTku. Taki CyIuHM BHUTOTOBIISAIOTH AiamMeTpoMm 12-38 MM 1 goBxkuHOIO 15-40 cMm y BUrISi
TiHiHKUX, OipypKaliiiHuX TpyOOK, Ta TPyOOK 3 KijIbKOMa OpaHIIaMH (3 pO3TalyIKEeHHAMU MEHILINX
JiaMeTpiB Bl OCHOBHOT TPYOKH y KIJTbKOX MICIISIX ), IIIO TIOBHICTIO IMITY€ OYJIOBY CYIWH JIFOAUHHU.

[IpoTe3u cyauH A aOTUIACTHKY TepudEepiiHUX apTepiii BUTOTOBISIOTH TIIBKH B'S3aHUM
crioco6om miameTpoM 6-10 MM 1 1oBkHHOIO 110 70 cM.

Tkani mpoTe3n 1o cBOiK (Di3UKO-MEXaHUIll TOHII, HDK B'si3aHiI Ta OUTBII MIITHI 1 MOXYTh
BUTPUMYBATU OUTBIII HAaBAaHTAKEHHS, 1[0 € BAXIUBUM IpPU MPOTE3yBaHHI MariCTPAIbHUX CYIHH.
B'si3aHi mpoTe3sM MOXYTh PO3MILIYBAaTUCh IO CKJIAQAHUM KOHTypaM, IO HEOOXiIHO mpu
NpoTe3yBaHHI OUIBII TOHKHX NepuepiiHUX CyIuH. 3aCTOCYBAaHHS CY4aCHUX BH[IB CHUPOBHHHU
JI03BOJISIE CTBOPIOBATH HOMIHAJIBHY TOBIIMHY CTIHKM IITY4HUX cyauH 0,49 MM, ane 15 BenMyuHA
Moxe ckiagatd i 0,16-0,24 MM, Ta cTBOproBatH BHCOTY TodpyBanHsa 30 MIKpOH — BHYTPIIITHBOTO,
Ta 70-100 MiKpOH 30BHIIIHKOTO TIOJIIB CYAMH.

OCHOBOIO CHUPOBHHHM CYYaCHUX IPOTE3IB CYIWH CIYTyIOTh TOJIIECTEPHI CIOJYKH Ta ix
Moaudikaii. Bci cydacHl cynMHM MaloTh HYJIbOBY XIpYPriduHY MOPI3HICTh (HEOCHMAEMICTh MPH
pO3pi3i Ta MaHIMyJsALIi 3 CyIMHOIO B MpoIleci iMIuiaHTamii). B ocraHHil 4ac AJisi BUTOTOBJICHHS
CYIMH BHKOPHCTOBYIOTh HOBHW BHJl CHPOBHUHHM — po3iuupeHuid mosmiterpadroperinen (ePTFE).
BBaxaerbcs, 10 BiH Mae Haikpamry OlOCYMICTHICTh Ta HaWHIK4YY TpomOoreHHicTb. Ha Ham
MOTJIAN 11€ TBEP/DKEHHS TUCKYyCIHHE.

JUist IPUCKOPEHHS MPIKUBJICHHS TEKCTHIIBHUX MPOTE3iB B OPTraHi3Mi JIIOAWHU, BOHU MalOTh
MIKPOOTBOPH 1 B TOHM K€ 4Yac MPOTE3W MAaIOTh KOJAreHOBE TIOKPHUTTS IS 3aroOiraHHs
HA/ITUIIIKOBOTO TIPOCOYYBaHHS KpoB't0. Taki MpOTe3W HOCATh HA3BY IMIPETHOBAHUX 1 MIBHIIIIE
3aCeNIAI0THCS KIITHHAMHU OPraHi3My HiX y Ti, IO HE MAlOTh KOJIATEHOBOTO MOKPUTTS. JKemaTuH s
IMITperHariii mpoTe3iB CHHTE30BaHUN 3 TBAPWHHOTO KOJIATE€HY, IO 3a0e3mnedye O0i0CyMICTHICTH 1
BiJICYTHICTh 3amaneHb. CTBOpEHI TaKOX MPOTE3U CYAMH, /€ JKEJIaTUH JOAAaTKOBO IOKPHUBAIOThH
130IIMaHaTOM, 1110 TIO JTAHUM HayKOBOI JiTeparypu, 3MeHIrye y 100 pa3iB BiporiiHiCTh BUHUKHEHHS
TpOMOIB.

JUisl CyTTE€BOTO MOKPAIICHHSI KOHTPYSHTHOCTI TKAHUX LITYYHUX CYIHH Ta 3MEHIICHHS 4acy
XIpypriuHuX BTpPy4YaHb IIMM BUPOOAM HAJAIOTh 3aJaHy IPOCTOPOBY dopmy (y BUTIISIAL apKH, TYTH,
3mienoaiOHocTi Tomo). L{s TeXHOOTIsS Yy HAYKOBO-TEXHOJIOTIUYHUX JKepenax Mae Ha3By P.A.S.S. 1

3aXMIeHa pAJoM MaTeHTiB pisHux kpain Ta HOY-XAYVY. Ii cyTs B TOMy, 110 1718 CTBOPEHHS Pi3HUX
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3TUHIB Ha BHYTPIIIHIA TOBEPXHI TKAHOTO MPOTE3y POOJATH IOBEIIPHOT TOYHOCTI HEBEIUKHUI
CTATYIOUMII 1110B, KU Ha 30BHILIHIO MOBEPXHIO CYyJIMH HE BUXOJIUTh. B pe3ynpTaTi ITy4yHa CyAHHA
3TUHAETHCS Y MOTPIOHHUX HAIPsIMAaX 1 MpuiiMae MoTpioHy Gopmy.

€ mTyYHI TEKCTWJIbHI CyIWHH, SKI MalOTh Ha OKpPEeMHX IUISHKAX pPI3HUHA IiameTrp, II0
JI03BOJISIE MAKCUMAJIBHO TOJIETIIUTH poOOTY Xipypra mpHu HaWCKIaTHIIIMAX OINEeparisxX, HapuKIiIaa
IpU ONepalisx Ha aopTAIbHOMY KiamaHi. 3aCTOCYBAaHHS TaKOTO TEKCTHJIBHOTO IMPOTE3y POOHTH
HETOTPIOHOI0 AaHTHKOYTYJISHTHY TEpaIito.

binbie Toro, cremianicTi TeKCTUILHOTO BUPOOHHUIITBA CTBOPHIIM TE€XHOJIOT1i BUTOTOBJICHHS
JIHIMHUX TPOTE31B, SKI MAaIOTh HE TUTBKM PI3HUH JlIaMeTp Ha OKpEeMHX AULTHKAX, a  pi3Hy Gopmy
nepepi3y MTYYHOI CyAWHHU (HAMpHUKIA, KPYrily, OBJIbHY Ta 1HII, SKI OMHCYIOTHCS PIBHSIHHSIMH
TPETHOTO TOPSJIKY).

CrieriasibHi TEKCTHJIBHI TPOTE3M CYAWH JUIA €KCTPa-XipypriyHOro IIYHTYBAaHHS 3 METOIO
MiABUILEHHS CYNPOTUBY MEPEKPYyUYBAHHIO, PO3PUBY Ta PO3TATY MPHU XIPYPTiYHUX MAHIMYJISALISNX
MaloTh MPOKIAACHY y TiJI0O MPOTE3y CHipalb 3 MOHOHHUTKH, SKa MICIsl BIIMBAaHHS CYAWHHU JIETKO
BUJIANISETHCA BUCMHUKYBAHHSIM.

[IpuiiMaroun 10 yBarw BaXKIHMBICTh XIPYpPri4HOTO JIIKYBAaHHS XBOPUX CYJIHUH 1 TOPATYHKY
JOACH TPH BAKKUX YCKJIATHEHHSX IMX MATOJNOTiH, HAYKOBO-TEXHIYHHMU IOIIYK TPOIIOHYE HOBI
IUBSIXM BHUPIMIEHHAX MUX MpoOseM. 3yNmMHUMOCh Ha JEIKMX 3 HUX, AKI 3HAXOIATHCS Ha CTafil
€KCIIEPUMEHTAJIbHUX 1 JOKIIHIYHUX BHIIPOOYBaHb.

1. CtBopeHHS TpPOTE3IB TEKCTUIBHHX CYIUH 13 3aCTOCYBaHHAM HOBHX OlOpO3UMHHHMX
CUHTCTHMYHUX MaTepiaiiB, SKi 3aMOBHIOIOTHCS JKUBHUMH KJIITHHAMH, IO TOCTYMOBO (HOPMYIOTH
TKaHuHy cyauH. Ilpu mpomMy cama TEKCTHJIbHA OCHOBA PO3CMOKTYETHCS 1 3aIMIIAETHCS HOBA
HaTypaJibHa CyJIMHA.

2. BuroroBnenHs 3 cuHTeTH4HOI Kommoswiii ePTFE msixom ekcTpyayBaHHS
HaJITOHEHBKHX TPYOOK, Ha SIKI HAMOTY€EThCSI HaITOHEHbKA TITIBKA 3 1IBOTO X Marepiany. OTpumaHa
MTyYyHa CYJWHA Ma€ BHUCOKI (I3UKO-MeXaHI4HI Ta OIOCTIWKI BIACTUBOCTI, Ma€ BHUCOKY
€TaCTHYHICTh, KOHTPYEHTHICTh Ta MOJKE 3aCTOCOBYBATHChH INPHU OMNEpAIliiX HA MariCTpaIbHUX Ta
nepudepiiinux cyaunax. Taki CyaAMHU MOXYTb OyTH 00poOJIeHI jKeTaTHHOM, CpidiIoM, TelapuHOM,
aHTHOI0TUKAMH Ta MaTH 30BHIIIHIO 3aKPIIUTIOBAIBHY CIIipalbHY MOHOHUTKY.

3. BupomyBaHHa cynuH Ha OlOpO3YMHHHUX TEKCTHIBHUX KOHCTPYKLISIX, B SKI BBOJSTHCS
CTBOJIOBI KJIITUHH JIIOMMHHU. B 11bOMY BHIIAJKy TapaHTY€eThCs BiJICYTHICTb BIATOPTHEHB IMPOTE3Y.
JUnsi UpPOKO MPOMHUCIIOBOTO 3aCTOCYBAHHS TaKMX BUPOILEHUX CYAMH HPOIMOHYETHCS TEXHOJIOTIS
BUKOPHUCTAHHS Ha TEKCTWJIHHOMY KapKaci CrerialbHUX Ol0YOpPHWJI 3 CTBOJIOBHX KJIITHH MaKak-
pesyciB. Ileprni excriepuMeHTH Ha TBapWHAX MOKa3yIOTh, IO 4Yepe3 MICAIb Taka IMIUIAaHTOBaHA
CyJIMHA BUPOCTAE y HaTypaJIbHY, a Yepe3 KiJbKa MICSI[IB IUCTOJIOTIYHO BXXE HEMOXKJIMBO BIJPI3HUTH
MITYYHI CYANHY BiJl HATypaJbHUX.

BucHoBKH:

1. BUuroroBneHHs IITyYHUX CyIUH Ha TEKCTUJIbHIM OCHOBI IPYHTYETHhCS Ha 0a3i CyMiCHHX
poOIT  cHemiamicTiB  TEKCTHJIBHOTO  BHUPOOHHUITBA, CYAMHHOI  Xipyprii, —OiOTEXHOJOTIB,
Martepiano3HaBIliB, XxiMikiB BMC Ta reHHUX iHXeHepiB.

2. HaitedeKTHUBHIIIUMH TEXHOJIOTISIMA BUTOTOBJICHHS TMPOTE31B MAariCTpaJIbHUX CYIUH €
TKAIITBO, a JIJIl BATOTOBJICHHS MPOTE31B nepudepifHuX CyIUH — B'sI3aHHS.
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3. TlepcieKTUBHUMHU HampsSMKaMHd PO3BUTKY TPOTE31B KPOBOHOCHUX CyAWMH Ha 0a3i
TEKCTHITIO € BUKOPUCTAHHS IOCATHCHD

- TKaHEBOI 1HXeHepii

- PO3CMOKTYBAJIbHUX OioMaTepiaiB

- BUKOPUCTAHHS CTBOJIOBUX KJIITHH.
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INEPCIIEKTUBBI PABBUTUA TEKCTUJIBbHbBIX HCKYCCTBEHHbBIX COCY/J10B
OMEJIBYEHKO B.J., IPOKOIIOBA E.A.

T'ocyoapcmesennoe npeonpusamus « Kuegckuil 20cy0apcmeeHHblil HayYHO-UCCIe008AMeNbCKULL UHCHUMY M MeKCMUTbHO-
2ananmepelrol NPOMbIUIEHHOCIUY

Ilenv. Ananus cospemenHbIX OOCMUIICEHUN U NEPCNeKmuE pazeumus npou3eo0cmea
npome308 KPOBEHOCHBIX COCYOO08.

Memoouka. Vcnonv3osanue cospemMeHHbIX cucmem coopa u ananu3a uHGopmayuu.

Pezynomameut. Ilpusedenvl nonnvie 0anHvle 0 COCMOSAHUU U PA3GUMUL NPOME308 COCYO08 U
0 MEXHOI02UYECKUX 0COOEHHOCAX UX U320MOBIeHUSL.

Hayunasa noeusna. Onpedenenvl mexHuyeckue 0CoOEHHOCMU NPUMEHEHUsl MKayecmed,
8A3aHUSA U NIlemeHUst Ol U320MOBLeHUS] UCKYCCMBEHHbIX KPOBEHOCHBIX COCYO08.

Ilpakmuueckaa 3nauumocms. Paccmompenvi  HoGeliuiue CHOCOObI  U320MOBILEHUSL
MEeKCMUTIbHBIX NPOME308 COCYO08.

Knwouesvie cnosa:. npomesvi KpOBEHOCHBIX COCY008, XUpypeus, mMKa4ecmeo, 6sa3aHue,
niemenue, 8blICOKOMONEKVIAPHbLE COCOUHEHUS, OUOUHICEHEPUS.

PROSPECTS OF DEVELOPMENT OF TEXTILE ARTIFICIAL VESSELS
OMELCHENKO V.D., PROKOPOVA E.A.
A state enterprise is the “Kyiv State research institute of textile-haberdachery industry”

Purpose. Analises of modern achievements and prospects of development of production of
prosthetic appliances of blood vessels.

Methodology. Use of the modern systems of collection and analysis of information.

Findings. Complete data over are brought about the state and development of prosthetic
appliances of vessels and about the technological features of their making.

Originality. The technical features of application of application of weaving, knitting,
wickerwork for making of artificial prosthetic appliances of vessels are certain.

Practical value. The newest methods of making of textile prosthetic appliances of vessels are
considered.

Keywords: Prosthetic appliances of blood vessels, surgery, weaving, knitting, wickerwork,
high molecular connections, bioengineering.
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VK 685.31 JUIICbKHUHA T.M., TAPKABEHKO C.C., YEPTEHKO JLII.

KuiBchkuii HallioOHATBHUN YHIBEPCUTET TEXHOJIOTIH Ta 1u3aiiHy

PO3POBKA METOAY INPOEKTYBAHHSA KOJIOJAOK 31
3MIHHOIO HOCKOBOIO HACTHUHOIO. TIOBIJOMJIEHHAI 1

Mema. Po3pobxa ¢hopm K01000K 3i 3MIHHOIO HOCKOBOIO YACMUHOI MA CROCOOY iX NPOEKMY6aHHs 8
cepedosUIYi CYHACHUX CUCMEM ABIMOMAMU308AHO20 NPOEKYBAHMHS.

Memoouxa. Memoou ompumanns 6a3080i inghopmayii 018 nPoexmy8ants KoI000K 6A3YI0MbCs HA
OE3KOHMAKMHUX  MEeMOOUKAX aHMPONOMEMPUYHUX SUMIpIOGas cmonu. Memoou po3pobku CKIadHOT
npocmoposoi  popmu  KOROOKU OA3YIOMbCS HA Memoouyi  meepoomilbHo20 ma nosepxHesozo 3d
MoOent08anus incmpymenmamu cydacHux npozpecusiux CAIIP.

Pezyaromamu. Pospobaeno 6azy 3D kono0ox 0Jist nodanbuio20 6UKOPUCMANHSL NPU NPOEKMYEAHHI
HOBUX (pOpM KOIOOOK, CAPOEKMOBAHO YHI(IKOBAHY Ma 3MIHHY YACTNUHU HCIHOUUX KOOOOK 05l OMPUMAHHS
HOBUX (DOPM ULIAXOM 83AEMOOOMIHY IX OKpeMUMU YACTMUHAMU.

Haykosa noeusna. Pospobneno cnocib6 payionanvhoi ceemenmayii miia KOIOOKU, WO 00360J5€
CMBOPHBAMU HOBY POpMY KOOOKU 3 OKPEMUX 83AEMOZAMIHHUX YACMUH.

Ilpakmuuna 3nauumicme. 3anponoHOBaAHULl  MeMOO NPOEKMYBAHHA KOAOOKU  OO0380IUMb
PO3WUPUMU  ACOPMUMEHT  KOAOOKOBUX (OPM, WO 3ACMOCOBYIOMbCS HA GUPOOHUYMGI, 3 OOHOYACHUM
3MEHWeEeHHAM 6a3u QI3UYHUX eMATIOHI8 MA CYMMEBOIO eKOHOMIEI MAMEPIAIbHUX PecypCia.

Kntouoei cnoea. xonodka, HOCKO8A HACMUHA, N AMKOBA YACMUHA, VHIQIKayis, npomomun,
nosepxuHese MOOen0BAHHS, Ce2MeHMayis.

B ymoBax mocTiifHOT IIOCE30HHOI 3MIHM MOAM Yy B3YyTTI 0a3a BUPOOHMYHMX B3YTTEBHX
KOJIOJJOK OHOBITIOETHCSL PETYISIPHO, 1110 MPU3BOANUTH 10 O€3KOHTPOIBHOTO 301IBIICHHS 1X KiJTBKOCTI
Ha CKJIaJax, HEMOXKJIMBOCTI OONIKY , Ta IO TOTO X LIEH MpoIec CYNPOBOKYETHCS YUMAIUMU
BUTpaTaMu MaTepiabHUX KomTiB. Kymyrounm HOBiI (pacoHM KOJIOIIOK, BUPOOHHUK HE MOXE OyTH
BIICBHEHUN B iX KOM(pOPTHOCTI Ta BIAMOBITHOCTI iX MapamMeTpiB BUMOTaM BJIACHOTO CIIOKHBaya,
a/pKe OUIBIIICTh PO3POOHUKIB KOJIOJOK MPOCKTYIOTh iX MOBUIRHO 0€3 ypaxyBaHHS periOHATbHUX
0COOJIMBOCTEH CTOII, BUMOT 3pyYHOCTI Ta iH.

OnHuM 3 1UIXiB BUpIMIEHHS I1i€el mpoOjeMH B paMKax MiANpUeMCTBa abo Tpymu
BUPOOHMKIB € po3poOKa BiacHOi 06a3u KOJIOMOK 3 YHi()iKOBAHOIO I’ SITKOBO-TEIIEHKOBO-ITYYKOBOIO
YaCTUHOIO, sIKa OYy/yeTbCs Ha OCHOBI aHTPOIIOMETPUYHUX MApaMETPiB CTOIl CIIOKUBAYIB I[LIIbOBOTO
CETMCHTY 3 YpaxyBaHHSIM OCOOJIMBOCTEH (hacOHY Ta CIIOKUBUMUX BUMOT [1-2].

IMocTranoBka 3aBaanHs. CripoOH 33JJOBOJILHUTH MAacOBOTO CIOXKHBauda 3PYYHUM B3YyTTSIM
CTUKAIOTh BUPOOHHUKA 3 psAIOM mpooOsieM. Tak, MacoBi aHTPOIIOMETPHUYHI JOCIHIDKEHHS CTOTM, IO
MIPOBOJIMIIMCS B Pi3HI YacH, TOBOPATH MPO HEOOXITHICTh BUTOTOBIICHHS KOJOJOK Pi3HUX TUITOHOPM
Ta MmapaMeTpiB HaBiTh B paMKax OJHIEI CTaTeBO-BiKOBOiI Ipynu. OgHAK MacOBO-TIOTOKOBA CHCTEMa

B ocHoBi yHidikamii ¢opMm Komomok NexHTh dYiTka iX Kiacugikalis Mo rpymax 3
ypaxyBaHHJIM CTaTeBO-BIKOBOi TpyIH, BHIY, a TaKOX MiAHOMY I’SITKOBOI 4YacTHHH. B OCHOBI
MUDKTpYHoBO1 yHiikarii 1exuTh 6a30Ba GpopMa KOJOIKU IS B3YTTS 3aKPUTOTO THITY JJISI JAHOI
POJIOBOT IpyNH Ta I KOKHOT BUCOTH HiAHOMY I1’ITKOBOI YacTHUHH. YHi(ikawis GopMH KOJTOAKH
0 TMYYKIB 3a0e3nedye paiioHalbHE BHUKOPHCTaHHS (OPMOBAHUX JIeTaleii Ta MOJKIIUBICTD
yHi(ikaIii BiAMOBIAHOTO 00TaIHAHHS Ta YCTaTKYBaHHS.

OkpiM sBHHX TepeBar yHidikamii GopM KOJOIOK, IO TMOJIATalOTh B pallioHai3arii ix
rmapameTpiB, BOHa 3a0e3nedye MOMIIMBICTh PO3POOKH KOJIOAOK 31 3MIHHOK HOCKOBOKO YaCTHHOIO.
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Taka KOHCTPYKIIiS KOJOJOK JOMOMOXKE Pi3KO 3MEHIIMTH iX KUIBKICTh Ha BUPOOHUIITBI TPH
PO3LIUPEHHI aCOPTUMEHTY 3a PaXyHOK B3a€EMO3aMIHHMX YAaCTHH KOJOJIOK Pi3HHUX (hacOHIB.

B cywyacHux ymoBax po3poOka 0a3u KOJIOJOK 31 3MIHHOIO HOCKOBOIO YaCTHHOIO HE MOXKE
OyTH peanizoBaHa 06€3 3aCTOCYBaHHsI IPOTPECUBHUX TpadiuHUX MPOTPaAMHUX MOIYJIIB.

OTxe, 3a1a4a 1aHOi pOOOTH — pO3pOOKa TAKOTO METOY NMPOEKTYBAHHS KOJOAOK 31 3MIHHOIO
HOCKOBOIO YaCTHHOIO, sIKa MOKe OyTH peaii3oBaHa B CEpelIOBHILI Cy4acHHMX rpaiuHHX crcTeMax
aBromaTtusoBaHoro npoektyBanHs (CAIIP).

Pe3yabTaTu pocaimkenns. Cremiani3oBaHi MporpaMHi MPOAYKTH, 110 3aCTOCOBYIOTHCS JIJIst
MPOCKTYBAaHHS B3yTTEBUX KOJIOAOK, HE MAaIOTh JOCTAaTHBO TpadiqHOr0 IHCTPYMEHTApPItO It
moOynoBu, MoaudiKaiii Ta CTAKOBKH Ookpemux cerMeHTiB 3D ¢opmu komomok. OmHak, 3 1HIIOTO
OOKy, yHIBepcanmpHI rpadiuHi TporpaMHi MOIYJi, 0 MalOTh MIUPOKHHA Miama3oH MOIOHMX
¢byHKLiN, He 3a0e3MevyloTh peali3alilo BCiX eTamiB MPOEKTYBAHHS OCOOJUBOI HE3aKOHOMIpPHOT
(bopMH KOJOAKH.

OTtxe, mporiec MPOEKTyBaHHS KOJOJIKU 31 3MIHHOIO HOCKOBOIO YaCTHHOIO OyJe BinOyBaTucs
i3 3aJydeHHSAM KiITbKOX mporpaMHux wmoxaymiB kowmmanii Autodesk (Delcam) [3- 5] Ta
CHeIiaTi30BaHOr0 Cy4acHOTro oOsamHaHHs 3rigHo Puc. 1. B cxemi Takoxx HaBenaeHO QopMmaru
(aiiniB BUXi1HOI 1H(OpMaIlii Ha KOKHOMY €TaIli.

Obpobka aaHux 3d ckaHyBaHHSA BUXiOHWX
CKaHyBaHHsA, OPMYBaHHA [ ob’ekTiB
3d noBepxHi cKaHoOBaHOro (ckaHep InFoot 3d)
o6’exTy B nporpami 3dFoot
e i Pospobka napameTpiB
Konogka cTona - YHi(hikoBaHUX YacTUH KONO4OK

cKaHOBaHa pisHoro nigioMy n'aTKOBOT YaCTWUHW

KopuryBaHHA dpopM KONOAOK
CreopenHs 6aau 3d BigNoBiAHO A0 eOQUHOrO

. _ KOHTYPY NOBEPXHi YNeHyBaHHS
KONOAOoK B cepenosuLyi :
LastMaker B cepegosui PowerShape

Comd D Comm D

PoauneHyBaHHA Tin KONogok Ha
OKpeMi YacTuHU ans
NoAanbLUOrO B3aEMOOOMIHY
HUMW Ta CTBOPEHHA HOBUX hopm

@ B cepenoeuli PowerShape

Puc. 1 Aaroputm nponecy po3pooxu ¢popm K01010K 3i 3MIHHOI0O HOCKOBOI0 YACTHHOIO B
cepenoBuili cyyacuux CAIIP

KoHBepTyBaHHSA po3pobneHux
enemMeHTIB KoNo4oK Ans
noganbLlIoro NPOTOTUNYBaHHA

[Tepmr 3a Bce 3a monmomoroto 3D ckaHyBaHHS Ta 13 3aTy4EHHSM CHEIIaTbHOTO MPOTPAMHOTO
3abe3neueHHs OyJ0 CTBOPEHO BipTyalbHy 0a3y kojomgok 240-245 posmipy (Puc. 2), sxi mami
BUKOPHUCTOBYBAJIUCSA B SKOCTI OCHOBU JUIsi PO3POOKHM HOBHX KOJIOJOK 31 3MIHHOK HOCKOBOIO
YaCTHUHOIO.
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Dacon 8442 - -
®acon 8173 - ——
®acon 8162 - : l
dacon 8122 - l
®dacon 8161 - . _ _

Puc. 2 ®parmenT cTBOpeHoi 6a3u 3d- KoJ1010K

Kononka 31 3MiHHOIO HOCKOBOIO YaCTHHOIO TIPEACTaBIsiE COO0I0 TLIO-TpaHchopMep, YaCTUHU
SIKOTO MOXKYTh OYTH B3a€EMHO 3aMiHEHI1 MK PI3HUMH 3pa3kaMu. J[J1s IpaBUILHOTO CTUKYBAHHS YaCTUH
PI3HHX KOJOIOK MiX COOOM mapaMerpH Ta KOH(DIrypailisi KOJIOJOK B MICI 3 €IHAHHS MArOTh OyTH
OZIHAaKOBUMHU. B Komoikax OJHOTO po3Mipy, OAHI€l MOBHOTH Ta OJHOI BHCOTH MiTHOMY II’SITKOBOI
YaCTUHM MapaMeTpu, KOHTYPH Ta MOBEPXHI MOBUHHI OyTH yHi(iKoBaHi, TOOTO MpUBEIEHI 10 OAHIE
dbopMu B IT’SITKOBO-TEJIEHKOBO-ITYYKOBi 4YacTHHI 10 My4kiB (mo mepepizy 0.68 Jlct). VHidikoBana
YacTUHA Tila KOJIOAKH OYyTyeThCsl HA OCHOBI MapaMeTpiB BIpTyasibHOI Komii crormu [6-7]. Crodatky
MIPOEKTYEMO DAIliOHATIBHUA KOHTYP CJIiIy Ha OCHOBI YCEPEIHEHOI TUIAHTOTpaMu CTommu po3mipy 240
MM, BPaxOBYIOUM TUIACTHKY (OPMH CITIAY KOJOAOK 13 CTBOPEHOI 0a3u i 0OpaHOi BHCOTH MiTHOMY
1’ siTkoBo1 yactunu (Puc. 3).

0.680cy

Puc. 3 Ilo0ynoBa KOHTYpY cJiay YHipikoBaHOI YaCTHHM KOJIOIKH HA OCHOBI mapaMeTpiB
cepelHbO-TUIIOBOI CTONHU

Hani po3po0iasieMo KOHTYP TMO3/I0BKHBO-BICHOBOT'O TEPETHUHY, YCEPEAHIOIOUN IEHTPATbHUN
mepepi3 pi3HUX KOJOJOK OJHOTO PO3MIpYy, OJHIE] TOBHOTH Ta OAHIET BHUCOTH KabOiayka Ta
Y3rOo/DKYIOUHM BHCOTHI PO3MipH mepepidy 3 mapamerpamu cronu (Puc. 4). Lleit mepepiz cyrreBo
BIJIPI3HAETHCS BiJI aHAJIOTTYHOT'O KOHTYPY CTOIH 1 HOTO BEPXHS YaCTHHA MaJI0 BIUTMBAE HA 3arajbHy
pamioHaNBHICTh KoJoaKkU. OHaK MPHU IILOMY Ma€ BPAaXOBYBATHCS BUCOTA MEPIIOTO MalbIs: BUCOTA
nepepizy KOJIOAKU B JAUISHII TEpHIOro Majibllsi Mae OyTH HE MEHIIE BUCOTH Taiblss. HiokHiMA
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KOHTYp Ma€ BpaxOBYBaTH SK AaHTPONOMETPUYHI OCOOJHMBOCTI CEPEAHHOTHUIIOBUX  CTOM
JIOCJTIDKYBAHOI TPYNH CHOXKHMBAYiB, TaK 1 OCOONMMBOCTI iX (YHKIIIOHYBaHHS Ta pEKOMEHAAIil
¢axiBuiB. B m’sTKOBI# yacTuHi Mae OyTH nporuH npodimo ciaixy 2-3 Mmm. OcoOIMBO BaXIIMBUM €
I’ ITKOBUH KOHTYp MPOJOJILHOTO Tepepi3y, KU MOBUHEH OyIyBaTHCS Ha OCHOBI aHAJIOT1YHOIO
KOHTYpY cron. HockoBa yacThHa KOHTYpPY Ma€ MPUMIIAHATICTh B HOCKOBIM 4acTHHi Bif 6 10 14 MM
B 3aJICKHOCTI BiJl BUCOTH MiAHOMY II'SITKH Ta BiJ] 0cOONMMBOCTEH nu3aiiny. J7iss HU3bKOKAO0ITyqYHOTO
KOM(OPTHOTO B3YyTTS NMPHUITIIHATICTh HOCKA CKiIaaae 12-14 Mm.

Puc. 4 Tlo0ynoBa yHipikoBaHOI YaCTHHH M0310B:KHHO-BiCLOBOI0 Nepepi3y KOJIOAKHU

Konrypu yHi}pikoBaHOT YacTMHU CHiIy Ta IO3JOBXKHBOTO TIE€PEpi3y 3aCTOCOBYEMO JUIS
Moauikanii 06paHoi GopMH KOJOAKKM Ta pPO3pOOKH YHI(IKOBAHOTO E€TAIOHY I SITKOBO-TEJICHKOBO-
MYYKOBOI YACTHUHH, JO SKOTO TIPHEAHYBAaTUMYThcs pisHI ¢opmMu Hocka. Ha panomy erami
BUKOpHCTOBYeMO mporpamHuii Moaynb LastMaker Classik. ITomepeyno-BepTukanibHUiT TIepepi3 B
My4ykax Mae OyayBaTHCS Ha OCHOBI CKaHOBAaHUX (hOPM KOJIOAOK 3 YpaxyBaHHSIM ITapaMeTpiB CTOIHU Ta
moOyTOBaHUX KOHTYPIB MPOJIOIBHOTO TIEPETUHY Ta CIIiay Koioaku (Puc. 5).

& Create Section

Across w5 | Paints

[Tac symmetry axis

Puc. 5 CniBBiiHOLIEHHSI CKAHOBAHOI CTONH TA YHiiKOBAHOI YACTHHHU KOJIOAKHU

HockoBa wyactmHa KONMOMOK pi3HMX (acoHiB Oyle BIAPI3HATHUCS Ta MaTH pIi3HY
koH(iryparmito. s CTBOpEHHS OKpPEeMHX B3a€MO3aMiHHUX €JIEMEHTIB HOCKOBOI YAaCTHHH, SKi
KPIMUTUMYTHCS 10 YHI()IKOBAaHOI YaCTUHU KOJOJKH, BUKOHYEMO BiJCIKaHHS HOCKA BiJl KOJOJIKH. B
po0OTI OyNI0 TOCITIIHKEHO MOKIMBOCTI BUKOPUCTAHHS JUIs Li€l METH mporpaMHux moxayiiB Crispin
LastMaker ta PowerShape.
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Moaudikariis HOCKOBOI yacTMHH Koioaku B moxaymi Crispin LastMaker BigOyBaeThcst
TakuMU criocobamu [8]:

- PenaryBanHss mpo@iiB HOCKOBOI YacTHHHU CHiJy Ta TIO3J0BXKHBOTO Tepepizy
KOJIOJIKH

- BincikanHs HOCKa Ta MPUETHAHHS J0 1HIIOI KOJTOIKH

[Ipu BUKOpPUCTaHHI APYroro crnocody 3amMiHa HOCKOBOi YaCTHHM BiZJOyBa€ThCS B KiJIbKa
eTaIiB:

1) CniBcTaBieHHs KOJIOAOK, YaCTHHU SIKUX OYAyTh MO€HAHI, B pexxumi [TopiBHAHHS

2) PenaryBanuss mapamerpiB  po0Oodyoi KOJOAKHM Y BIAMOBIZHOCTI 0 IapaMmeTpiB
MOpiBHIOBAHOT 3a gomomoroio ¢yHkiii Po3mmpeni nHamamryBanss, [Ipodini, PenaryBatu Bepx
nepepi3y Ta iH..

3) BiakpuTTs 1BOX KOJOIOK B MapalieIbHUX pOOOYHX BiKHAX

4) BincikanHs HOCKa B miepiiii kosoui (Bigpizatu HOCOK)

5) BixacikaHHs 11’ ITKOBO-TEJICHKOBOT YaCTHHU B IpyTiil konoaui (BigpizaTu n’sTky)

6) B nepmumii daiin BCTaBUTH HOCOK 3 pyroro daiiny (3aBaHTaXHUTH HOCOK)

7) BupiBHIOBaHHS TOJ0XEHHS HOCKA BiAMOBIIHO 10 (GOPMHU IT’ITKOBO-TE€ICHKOBOI YaCTHHU
(BupiBusatu HOCOK) (Puc. 6)

Puc. 6 IIpueaHanHs HocKa 10 ocCHOBHOI (hopmu KoJoaku B LastMaker

[Ipu cniiBcTaBJICHH], pelaryBaHH1 Ta yCepeaHEHH] TapaMeTpiB KOJIOI0K OJHOTO PO3MIpY Ta 3
OJIHIEI0 BHCOTOIO MiAHOMY IT’SITKOBOi YacTHHHU (DOPMHU CTUKYIOTBHCS TEPII 32 BCE MO IEHTPAIbHIN
BiCl, 110 HIKHBOMY MPO(DLII0 KOJOMOK Ta MO HaiBHmykiimid touni m’stku (mauB. Puc. 4). Ilpu
po06OTi 3 ABOMa KOJOAKAMM Pi3HOI BUCOTH MiTHOMY I'SITKH CTaJI0O MUTAaHHA NPO OPIEHTHPH JUIS
NPaBUJIBLHOTO TMOPIBHAHHA Ta YyHidikamii mapamerpiB ¢opm. IIIsxoM MNOpPIBHAIBHOTO aHANi3y
MIPOCTOPOBUX CKAaHOBAHUX (OPM KOJOJOK MiK CO0OI0 Oylio BUSBIEHO, WO MPHU CIIBCTaBJICHHI
KOJIOJIOK M0 HIKHHOMY NPO(DUII0 HOCKOBOI YacCTHMHH Ta TOYIl MIHIMAJIBHOTO HOPMAJIBHOTO
MIPUITYCKY, HOCKOBI YaCTUHHM KOJIOJOK PI3HOI BHCOTH MITHOMY IT’SITKOBOI YAaCTHHU MOXYTh OyTH
MPUBEJICHI 10 €IUHOI (HOPMHU Ha PIBHI TIISHKH MOETHAHHS 3 YHI(IKOBAHOIO IT’ITKOBO-TEICHKOBO-
MyYKOBOIO YacTHUHOIO. [T BU3HAUEHHS MapaMeTpiB CTalloi CTHKOBOYHOI IUISTHKH HOCKOBO-
MyYKOBOi YAaCTHMHU KOJIOJOK pi3HUX (hacoHiB Oyno mpoBeneHOo Tpado-aHATITHYHE JOCITIKEHHS
KOHTYPIB CJiy Ta MO3J0BXHbO-BICHOBUX IEpepi3iB KOJOJOK pi3HUX (PACOHIB Ta Pi3HOI BHCOTH
nigifoMy 1’ATKOBOI yacTUHU. Pe3ynbTaTi mokaszanu, Mo crana JAUISHKA 3HAXOAWTHCS Ha MOBEPXHI
ciigy Ha piBHi nepepizy 0.68/Ict — 1. 1, a Mo BepXHHOMY KOHTYPI MO3/J0BXKHBO-BICLOBOTO TIEpepizy
— Ha Biacrani 0.2/[cT Bifg TOYKM MiHIMaIbHOTO HOpMaiabHOTO mpumycky — T. C’ (Puc. 7). Orxe,
ciyHa TuronIMHA, yrBopeHa Binmpiskom C’II, AIMMTH TIIO KOJOAKH OJHOTO PO3MIPY OYIb-SKOTO
(hacony 1o nepepizy CTamx po3MipiB.
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Puc. 7 CniBcTaBJ/IeHHSI KOJIOOK Pi3HUX (pACOHIB MO CTAJIOMY Nepepi3y

BucnoBku. B po6oTti mpuiinum A0 BUCHOBKY IO HEOOXiAHICTH yHiikamii mapaMmerpiB
KOJIOJIKH OJTHOTO PO3MIPYy OAHIET BUCOTH MiTHOMY IT'ITKH B T’ SITKOBO-TEJICHKOBO-TTYYKOBIH 4acTHHI
no nepepizy 0.68 Jlct mo cmigy, Ta g0 nepepizy 0.8/[cT mo BepXHBOMY KOHTYPY IO3/I0OBXHBO-
BichoBoro rmepepizy. Ilpu mpomy mapamerpu mnomnepedHoro mepepizy C’II craroTh OCHOBOIO
Mik(acoHHOT yHiQiKkalii, KOTU mepepi3 € CTaluM A KOJOJOK pi3HOI BUCOTH HPHUIIAHATOCTI
I’ ITKOBOT YaCTHHU Ta Pi3HOI ()OPMH HOCKOBOT YaCTHHHU.

Ha ocHoBi 6a3u K0110/10K, po3po6ieHoi B pe3ynbraTi 3D ckaHyBaHHS (i3WYHUX MPOTOTHUIIIB,
Ta MapaMeTpiB CTOI CIOXKUBAdiB OyJIO0 CIIPOEKTOBAHO YHi()iKOBaHY I1"SITKOBO-TEIEHKOBO-ITyYKOBY
YaCTUHY KOJIOJIKM KIHOYO1 CEpEHOr0 PO3Mipy Ui Pi3HOI BUCOTHU MiAHOMY IT'SITKHU 3 ypaxyBaHHSAM
MOXUIMBOCTI MikdacoHHOT yHidiKalii Ha piBHI CTaJ0i IIISHKKM B MYYKOBIA wactuHi. Jms
MOAAJIBIIIOT PO3POOKH CIMOCO0Y TPOCKTYBaHHS B3a€EMO3aMIHHHMX CETMEHTIB TUTa KOJOIKH 3
ypaxyBaHHSIM MOJKJIUBOCTI iX (pI3MYHOTO BUTOTOBJICHHS Ta CTUKOBKH BHPIIIEHO BUKOPHUCTOBYBATH
yHiBepcanbuuii rpadiunuii 3D komrutekc PowerShape 3 mupokuM miana3’oHOM  (QYHKITH
MIPOCTOPOBOTO MOJICIIFOBAHHSI.
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PA3PABOTKA METOJA MPOEKTUPOBAHUS KOJIOJOK CO CMEHHOM
. HOCOYHOM YACTBIO
JIMIICKUUA T.H., TAPKABEHKO C.C., YEPTEHKO JLIIL

Kuesckuii nayuonanvhulil ynugepcumem mexmono2uti u Ou3aina

Henv. Paspabomka popm KOIOOOK CO CMEHHOU HOCOUHOU YACMBIO U CROCOOA UX NPOEKMUPOBAHUSL 8
cpede COBPEeMEHHBIX CUCEM ABMOMAMUSUPOBAHHO20 NPOEKMUPOBAHUSL.

Memoouka. Memoowvr noayuenus 6a3060U uH@opmayuu 018 NPOEKMUPOBAHUSL  KOAOOOK
bazupyiomcs Ha OeCKOHMAKMHbIX MemOoOUKax aHmponomempuieckux ucciedosanuii cmonsi. Memoosi
Pa3pabomKu CA0HCHOU NPOCMPAHCIMBEHHOU POPMbL KOTOOKU OCHOBAHLL HA MemMOoOuKe meepoomenbHozo U
nosepxuocmuozo 3d modenruposanus uncmpymenmamu cospemennvix npozpeccushvix CAIIP.

Pesynomamu. Paszpabomana 6aza 3D xonodoxk 0 OanvbHeliuwezo UCHOAb308AHUSL  NPU
NPOEKMUPOBAHUL HOBbIX (POPM, CNPOEKMUPOSAHA YHUDUYUPOBAHHASL U CMEHHAS YACMU JICEHCKUX KOIOOOK
0715 NOYUEHUsl HOBbIX (POPM NYymeM 83aUMOO0OMEHA UX OTMOCTbHIMU YACAMU.

Hayunaa noeusna. Paspaboman cnocod payuoHAnvbHOU ceeMeHmayuy mena KOoaoOKU, Umo
no360J5em c030a6ambv HOBYI0 (OPMY KOIOOKU U3 OMOENbHbIX 83AUMO3AMEHACMbIX YaCmel.

Ilpakmuueckan 3nauumocmsy. Ilpeonodcennviti Memoo NPOEKMUPOBAHUS KOAOOKU NO3BONUM
pacuupums  acCOpmuMennm KOJNOOOYHbIX (QOPM, NPUMEHSEMbIX HA HPOU3BOOCMEe, C O0OHOBPEMEHHbIM
YMeHbuleHuem 6a3bl YUULECKUX SMATOHO8 U CYUeCMBEHHOU IKOHOMUE MAMEPUATLHBIX PECYPCO8.

KiroueBbie cjioBa: K0100Kd, HOCOYHASI YACHb, NAMOYHAS HACMb, VHUpUKayus, Apomomun,
NOBEPXHOCIHOE MOOETUPOBAHIUEe, CE2MEHMAYUSL.
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DEVELOPMENT OF THE METHOD OF SHOE LAST DESIGN WITH REMOVABLE
TOE

LYPSKIY T., GARKAVENKO S., CHERTENKO L.
Kyiv National University of Technologies and Design

Objective. Development of the shapes of shoe-lasts with removable toe and of the method of their
design in the modernized CAD systems.

Methodology. Methods of receiving basic information necessary for design of shoe-last are based on
contactless methodologies of anthropometrical measurements of feet. Methods of development of complex 3d
shoe-last shape are based on the methodology of solid and surface 3D modeling with the help of modern
progressive CAD.

Results. The base of 3D shoe-lasts was developed for further application in design of new shoe-last
shapes; unified and removable parts of female lasts have been designed for receiving new shapes via the
interchange between their separate parts.

Scientific novelty. The method of rational segmentation of the shoe-last body has been developed
which allows to create a new shape of a last out of separate interchangeable parts.

Practical value. The suggested method of design of a shoe-last will allow to expand the assortment
of last shapes which are applied in manufacturing with simultaneous reduction of the basis of physical
standards and considerable economy of material resources.

Key words: shoe-last, toe, heel, unification, prototype, surface modeling, segmentation.
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VK 687.1: 504.03 JAYOK T.M., BEPEZHEHKO C. M., BACUJIEHKO B.M.

KuiBchkuii HalliOHANBHUM YHIBEPCUTET TEXHOJIOTIH Ta AU3AUHY

EHEPTOIH®OPMAIIMHAN ACTIEKT ®YHKIIIOHYBAHHSI
CUCTEMMU «JIIOAUHA-OIAT -/ KEPEJIA EMB»

Mema. Y3azanvhenns 0ocacnens y cghepi cmeopens eupodie 015 3axXucmy 8i0 eneKmpoMacHimHo2o
BUNPOMIHIOBANHS MA GUSHAYEHHS WINAXIG IX NOOANbULO20 POZGUMKY.

Memoouxka. Ha 6a3i ananimuunozo o210y 0ocsiecheHb 8 cghepi 3axucmy NepcoHany 6il
HeiOHI3YI04020 eNeKMPOMACHIMHO20 BUNPOMIHIOBAHHA, BUSHAYUMU 2DYNU PUBUKY, OCHOBHI ¢hakmopu, ujo
BNIUBATOMb HA CMAH 300P08 51 KOPUCMYBAUIE OPSMEXHIKOIO.

Pesynvmam. [lpogedeno cucmemamu3y8anHs WKIOIUGUX YUHHUKIE HABKOJIUWHLO2O cepedosuua,
BU3HAYEHO HE2AMUSHUL 6NIUE eNeKMPOMACHIMHO20 GUNPOMIHIOBAHHS HA OP2AHI3M MA 300p08 "5 THOOUHU.
Busnaueni eapianmu 3axucmy nepcouany 6io 0ii enekmpomacHimHo20 8UNPOMIHIOBAHHL.

Haykoea noeusna. Cucmemamu308aHi WKIOIUG] YUHHUKU, WO 6NIUGAIOMb HA CMAH 300p08 5
JIIOOUHU, NPOBEOEHO AHKEeMYBAHHA KOPUCHYBAYI68 AHKEMYB8AHHS KOMN IOMEPHOi MeXHIKU 1 MOOiNbHUX
3ac00i6 36 513Ky, GU3HAYEHI akmuyHi mepMmiHu IX GUKOPUCTIAHHS.

Ilpakmuuna 3nauumicms. Ompumani y3azanbHeHi Oaui w000 NOKASHUKIE eNleKmpomMazHimue
BUNPOMIHIOBAHHS, MA BU3HAYEHI ACOPMUMEHMHI MONCIUBOCMI | CMBOPEHH Mmamepianie ma eupooie 3
bap’epHuMU 61ACMUBOCMAMU, SIKI NIAHYIOMbCS GUKOPUCIAMU NPU PO3POOYT eKpAHYIOuUX Mamepianie ma
CMBOPEHHS. HA IX OCHOBI cneylianbHo20 002y OISl 3AXUCH) KOPUCIYBAYI8 8I0 6NIUBY eleKMPOMASHImHe
BUNPOMIHIOBAHHA.

Knrouoei  cnoea.  Enexmpomacnimue — sunpominiosanuss — (EMB),  300poé™s  modunu,
EHep2OiHpOPMAYITIHI XAPAKMEPUCUKU, OHCepeld BUNPOMIHIOBAHHS, 3AXUCHI Mamepiau.

Beryn. 3a nanumu BeecBiTHROT oprasizaliii 0XOpoHHU 30pOB’sl HAA3BUUAHHO aKTYyaJIbHOIO
po0JIeMOI0, SIK JJIS IIMBUIBHOTO HACEJICHHS TaK 1 JJIsl BIHCHKOBOCITY)KOOBIIIB, € 3aXUCT JIFOJICBKOTO
opraHiamy Big nii enekTpomarHiTHoro BumnpomiHioBaHnHs (EMB). IlocriitHo 301mbInyeThCs
KUIBKICTh 0OCI0, SIKi KOHTAaKTYIOTh 3 HaIMIpHUMH piBHsMU eHeprii EMB, BiAMOBiIHO OJHOYACHO
301IBIIYETHCS 1 3aXBOPIOBAHICTh HaceJdeHHA. YMcelbHI JOCTIKeHHs cBiquaTh, mo EMB cyrTeBo
BIUIMBA€ Ha PO3BUTOK CEPLEBO-CYIMHHUX Ta aJepriuHUX 3aXBOPIOBaHb, XBOPOO KpOBi, MOXeE
CIPUYMHUTH TeHETUYHI 3MiHU B OpraHi3Mi JIIOJMHU TOLIO.

IMocTanoBka 3aBaaHHsi. B yMoBax Cy4yacHOro pO3BHUTKY €JIEKTPOHHOI TEXHIKH
(komm 'toTepu, MOOLTBHI TenedoHH, MOOYyTOBAa TEXHIKA, MEIWYHI 3acO0M [IarHOCTHKUA CTaHy
3JI0pPOB ‘s, TOIIIO), BAYKJIMBUM 3aBJaHHAM € 3axuCT Joauau Bix EMB. B 3B’s3ky 3 num 3miiicHeHU#I
aHaJI3 Cy4yaCHUX JOCSITHEHb y cdepi crmocoOiB 1 3ac001B 3aXKCTY JIOIUHH BiJ] HETATUBHOTO BIUIUBY
HaBKOJIMIIIHBOTO cepenoBuia, ocoonmmo EMB. Busnaueni eneproindopmariiiini XxapakTepruCTUKH
TEeXHIYHUX 3ac00iB, OCOOJMBO KOMITI'IOTEPHOI TEXHIKM. Bu3HaueHi Kkareropii, rpynu pH3UKY
CTMOKMBAYIB 1 MEepeslik MOXKIMBUX 3aXBOPIOBAHb.

PesyabTaTn aociimkenHsa. OcTaHHIM 4yacoM OCOOJIMBOrO 3HaueHHS HaOyBae MHTaHHS
3aXMCTY JIIOAMHU BiJ IIKIJUIMBOTO BIUIMBY €JIEKTPOMArHiTHOTO BUIPOMiHIOBaHHA [1], mio siBisie
co00r0 3MiHHE B 4Yaci ejekTpoMaritHe mosie. Ha ocHOBI anamiszy mocimimkedsb [1-9] smilicHena
cucremarn3anis 4MHHUKIB (Puc 1), sAKi HEraTMBHO BIUIMBAIOTH Ha CTaH 3J0POB S JIOJAMHHU, X
dbakTopu, 1T, MOXOKEHHS Kepenl BIUBY. OcoOnuBY yBary HEOOXITHO MPUIUIATH IITYYHO
3TCHEPOBAHUM, €JCKTPUYHUM, MATrHITHUM Ta EJICKTPOMArHITHUM TMOJSAM, SKI TPUYETHI 10
eJIEKTPOMAarHiTHOTro 3a0pyaHeHHs AoBKULIL. HeBuaumi, Oe3nrymHi, 6e3 3amaxy, mpoTe BCIOAMCYILI,
SKUM HAQJaHUW CIHEMIaTbHUA TEePMiH — EJIEKTPOCMOT. Horo JDKepelaMi € BCl  BHIU
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EIEKTPOTNPHUIIAIIB, EIEKTPOIPOBOIKA, MIKPOXBUILOBI Mi41,XOJIOIUIHLHUKH 3 cUCTEMOIO «No Frosty,
ENeKTPOIUIUTH, MOOUThHI TeneoHH, KOMITI' IOTEpHE OOJaJaHAHHS, TEICKOMYHIKAIlIMHI CHUCTEMH,

pamapu, BHCOKOBOJBTHI JIHII emexktpomepemad, Ttomo [3-5]. BpaxoByroum mani [1-9]
CHUCTEMATHU30BAaH1 30BHIIITHI YMHHUKMH, (baKTOpI/I Ta JPKEpeiia BUITPOMIHIOBAHHS.
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Puc. 1. CucremaTru3anisi LIKiAJJMBUX YMHHHUKIB HABKOJIHUIIHLOTO ceped0BHUIIA

Ha pucynky 6aunmo, mo mkijmmBoro BBy Big EMB mroguna oTpumye Bif mpeameTiB
(uKepen) sKi Hac TICHO OTOYYIOTh B MOBCSKACHHOMY XUTTi (Tabm. 1).

Brine EMB 3a manumu BITYM3HSHUX Ta 3apyODLKHUX TOCTIIHUKIB [4-6] Moke pUBECTH 10
CepiO3HMX 3aXBOPIOBaHb. B rpyrmi 0cOOIMBOro pU3UKY 3HAXOIATHC:

TpUBAIUHN KOHTaKT 3

BHUIPOMIHIOBAHHSM (ITPOTPaMicCTH,

KOMIT FOTEPHOIO
CHUCTEMHI

PaioeICKTPOHHOT0 00 HAHHS 1 1HIII. );

aIMIHICTPaTOPH,

TEXHIKOKO

nepiia rpyrmnma pu3uKy — BariTHI )KIHKU 1 MaJIeHbKI JTITH;
Apyra Tpyma pU3MKY — L€ JIIoJIU, TpodeciiiHi 000B’S3KH SKUX NependadyaroTh

Ta eJIEKTPOMArHiTHUM

onepatopu IIK, MoHTaxxHUKH

Tabnuys 1.

IlepeBuiieHHs JoNMyCTUMHUX HOpPM Jxkepest EMB

Jxxepeno EMB IToka3uuku ITepeBunienHs, pasi
BHTNIPOMiHIOBaHHS, MK TJI
Komm ' rorep 1-100 5-500
X0n0MITEHUK 1 5
Kodesapka 10 50
IMiup CBY 8-100 40-500
EnexkrpobpuTtea i heH 15-17 75-85
IIpoBoau Bix TaMu 0,7 3,5
TpamBaii 150 750
Tposneidyc 300 1500
Metpo 40 200
I'parnyHO momycTuMa HopMa st iroauan — 0,2 M T
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- TPETs TPYIy PHU3UKY CKIAJAIOTh JIFOJW — KUTETl pPaliOHIB HABKOJIO Ba)KIHMBHX
JEp)KaBHUX Ta TMPOMHUCIOBHX O0O0’€KTIB, J€ 30Cepe/pKeHa HalOuUIbIma KUThKICTh 3aco0iB
paziosioKkalrii, aepoApOMiB Ta IHIIUX BIHCHKOBUX 00’ €KTIB;

- YyeTBepTa TIpyna — MENpAIliBHUKU(OCOOIMBO sIKI 3aliMarOTbCs JiarHOCTUKOIO
OpraHiB) 1 XBOpi(AJisl SIKUX CTBOPEHHS OJIATY 1 IHIIUX aKcecyapiB MOBUHHO BPaxOBYBATH MOABIHHUIN
3axuct: Bix EMB 1 matorennoi mikpogiaopu). Ilpu nupomy B mepiry yepry HEOOXiIHO 3aXHUCTHTH
eHeproiHgopmaniiHi 30HM TOJOBH 1 Tija, sKi Oe3mocepeHbO MOB’A3aHI 3 (PYHKIIOHYBaHHSAM
oprasiB i cuctem opranis [4-5].

HeratuBnoro BBy Bix aii EMB [12,14] 3a3nae: HepBOBa, €HAOKPHHHA, IMyHHA, CTaTEBA,
CEepIICBO CyJMHHA Ta EHEpreTHYHa cucreMu opradismy (Taoum. 2).

Tabnauys 2
HIkigauBuit Biuiue EMB Ha cucTeMu opratizmy JIl0AuHu

CucteMa opranusma [Tepenik MOXIJIMBHX 3aXBOPIOBAHb
CunIpoM «ocaabaeHoro Mmi3HaHHD (MPodIeMu 3
naMm'siTTIO, CKIIaTHOCTI IIPH CHPUHHATTI iH(opMmanii,
0e3COHHSI, Aenpecist, TOJIOBHUH 0iJ1b)
CHHAPOM «4acTKOBOI aTakcii» (opymeHHs: poOOTH
Hepgosa BECTHOYJISIPHOTO anapaTty: mpo0i1eMu 3 piBHOBAroxw,
JIC30pIEHTAIIIS] B IPOCTOPI, 3a[IAMOPOYCHHS)
CHHAPOM «4acTKOBOI aTakciiy» (opymeHHs: poOOTH
BECTHOYJISIPHOTO anapaTy: npo0i1eMu 3 piBHOBAroxw,
JIE30pi€HTAIlisI B IPOCTOPI, 3aITaMOPOYCHHT)

HetipoumpkynstopHast TUCTOHIs, Ta0iIbHICTh
TYJIbCY, TAOUTbHICTh THCKY
CXWIIBHICTB JI0 TINOTOHI1, 60JIi B 067acTi ceprid,
N1a01TbHICTh TOKa3HUKIB CKJIATy KPOBi
EMII M0oxyTh BHCTYIATH K 1HIYKTOP
ayTOMMMYHH3AIIUN OPTaHi3My
ImynHa EMIT cipustitots nipurHideHsst T-1iM¢onuTiB
TTokazana 3anexHICTh IMyHHUX PEaKIlii BiJl BUIY
moayssii EMIT
301bIICHHST aJPEeHAIiHY B KPOBI
AKTHBAIIis IpoIleCy 3ropTaHHs KPOBi

CeprieBo-CyAMHHA

Enpoxpunna - - -
Jexommnencipo niro EMII Ha oprani3m uepes peakiiii
€HJIOKPUHHOT CUCTEMU
[laToreHHe 3MiHAa EHEPTETUKU OPraHi3My
Enepreruuna

Jedexrn i po3banancyBaHHs B eHEPreTHII OpPraHizMy
3HmkeHHs QYHKIIT ciepMaToreHes3y
VYnoBiIbHEHHSI eMOPIOHAIBHOTO PO3BUTKY,
3MEHIIICHHS JIaKTallii. Bpo/pkeHi kaminTea miofy,
YCKJIaTHEHHsI BariTHOCTI 1 1OJIOTIB

CrateBa (emOpioreHes)

PesynbraTi mpoBeneHHS HaMH aHKETyBaHHS oci0 2-1 rpynu pu3uKy( ogicHI MpaiiBHUKH,
BUKJIaJadi BY3y, CTyAeHTH, Bcboro 38 ocib); (Puc.2) mokaszamu, mo maibke 82% KOPUCTYIOThCS
KOMIT'IOTEPHUM OONaJHAHHSAM MIoJeHHO,a 37% - Oumbme2-x roauH(Puc.3) KOHTaKTyoOTH 3
KOMIT'IOTEPHOIO TEXHIKOI0. XapakTepHo, 1o Ouist 47% oci0 KOpPUCTYIOThCS MOOUIBHUMHU
TeneoHaMu Ayxe 4acTo, a 45% - TpuBalicTh OuIbIIE 2-X TOJIUH.
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SIx yacTo BH NMPOBOJUTE YaC 32 KOMII'IOTePHUM
odsagHaAaHHAM?

1516% °:26%

B A)KOXHOTO JTHS;

B b)nekinbka pa3 B

THKJEHB;
B)onus pa3 B THKIEHb;

uc. 2. Jliarpama 4acToTH NpoBeIeHHS 4 KOMIT’KOTePHUM 00JIaTHAHHAM
Puc. 2. liarpama yacrto oBeje acy 3a KoMI’rore o0JsiagHa

Sk 0araro yacy BH NpPOBOAMTE 32 KOMIT’ IOTEPHUM
o01agHaHHAM Oe3 nepepBu?

0 5,26%
13,16 /o\ 26.32% B A) 30 xBUIIHH;

18.42% B b) I roguHa;
B)2 ronunu;
B 13 rogunuy;

® JT) Ginbiie;

Puc. 3. liarpama npoBeIeHHs 4acy 3a KOMII’IOTEPHUM 00JIaJHAHHAM 0€3 mepepBu
Yy

EdextuBauM 3acobom 3axucty Big EMB e expanyBanns [4,5,10] mpuMimiens, siKke I
YaCTKOBO BUpINTye MpobsieMy. 3arajgoM MeTou 3axucTy Bia i EMB Mo)kHa yMOBHO pO3IiIUTH Ha
IH)KEHEepPHO-TeXHIYHI, OpraHi3aliiHi Ta JIKyBATbHO-MPO(ITAKTUYHI. 3axXUCT JIIOJAWHH  Bij
HeOe3neunoro BBy EMB moBuHEH 3/11HCHIOETBCSI HACTYITHUMH CTIOCOOaMMU:

3MEHIIIEHHS BUTIPOMiHIOBAHHS BiJI JDKEpEIa;

€KpaHyBaHHS JHKepesia BUIIPOMIHIOBAHHS Ta pOO0OYOTo MICIIs;

BCTaHOBJICHHS CaHITapPHO-3aXHMCHOI 30HH,

MOTJIMHAHHS 200 3MEHIIIEHHSI YTBOPEHHS 3aps/IiB CTATHYHOI CIEKTPUKU;

YCYHEHHS 3apsiB CTATHYHOI €JICKTPHKH;

MiATPUMAaHHS ONTUMAJILHOI BITHOCHOI BostorocTi (He Hinkde 60 %), ioHHOTO CKIamy

MOBITPSI POOOYHX MTPUMIIIICHB.

OmanM 13 epeKTUBHHX 3ac00IB 3aXHCTy BiJ €JIEKTPOMArHITHOTO BHUIPOMIHIOBAHHS €

expanyBaHHs [5]. [Ipoliec ekpaHyBaHHS TPYHTYEThCS Ha JBOX OCHOBHUX (DI3MYHUX BIACTUBOCTSIX —
BiZIOMBaHHI 1 MOTJIMHAHHI €JIEKTPOMArHITHUX XBWJIb IIPU TMEPEXO0/li 3 OJHOTO CEpEeIOBHILA B IHIIE.

OOunBa 1i epeKTH 3HWKYIOTh EHEPril0 eJIeKTPOMArHiTHOI XBWJII, [I0 MNpOHIIIa 3a eKpaH.

EnextpomarniTHa XBWJISL NMPH B3a€EMOJII 3 €KPaHOM YacCTKOBO BiZOWMBAETHCS BiJ HOTO MOBEPXHI,

YaCTKOBO MPOHMKAE B CTIHKY €KpaHa, 3a3HAa€ TaM MOTJMHAHHA, 0arato pasiB BiOMBaeTHCs(IIpOIIEC

pPO3CIIOBaHHS) BiJl MOTO CTIHOK 1, B KIHIIEBOMY ITiJICYMKY, YaCTKOBO IPOHHKA€E B EKPaHYIOUY
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obnacte. [lpu 1bOMy BCl mepepaxoBaHi BHIIE MPOIECH CYIMPOBOKYIOTHCS BTpaTaMu €HEPTii
€JIEKTPOMArHITHOI XBHUJIi, @ OTKE OCIA0JIIOI0TH i JTif0.

B namr yac BiIoMO J0CTaTHRO OaraTo PI3HOBHAIB €KpaHIB, SIKI MPEJICTABISAIOTH COOOIO
MeTajeBi CylinbHI abo nepdopoBani muTH, HapOu, CiTKH, TUTIBKH, HA SKI MOKe OyTH HaHECEHUH
TOHKMHA map TpoBiaHOI pedoBuHH. [ToniOHI ekpaHM MalOTh BENMKY €(EKTHUBHICTH B YMOBax
BEJIMKUX MIAMPUEMCTB, aJKE J03BOJISIIOTh EKpaHyBaTH LTl npuMimenHs [4-10].

Anle 3axHWCHI €KpaHU € METaJOEMHUMH, TPOMI3JIKUMH, HH3bKa TEXHOJIOTIYHICTh Ta
KOHCTPYKTHUBHICTh 1X HE JI03BOJISIE UIIMPOKO BUKOPUCTOBYBATH I METOMA, OCOOJHMBO B
IHIUBINyIbHUX 3aco0ax 3axuCTy. 3amponoHOBaHI METOJ MOXIIMBO 3aCTOCOBYBAIM IS
€KpaHyBaHHS MMPUMIIIEHHS, POOOYOro MicCIisl, aje He I 0€3MOCeIHhO 3aXUCTY TiJIa JIOUHU, TIPU
BIUIMBI Ha HBOTO IIKIUTMBOTO BHUMPOMIHIOBaHHA. OMHHM 3 €QEeKTHBHUX 3aCO0IB SIBISIOTHCS
eKpaHyloui TKAHMHH. IX eKpaHyloui BJIACTHBOCTI 3a6e3MeuyloThCsl BMiCTOM HAWTOHIINX BOJOKOH
cpibna, Migi ym crani. OcHOBa €KpaHyrO4Oi TKAaHWHU MOK€ OyTH HAaTypalbHOIO, 3 OpPraHiYHOl
06aBoBHHM, a00 INTy4YHa, Taka sIK TOJiecTep, €JlacTaH, CIAHIEKC, HEHJIOH, YM 3MILIAHOTO THUITY.
BuxopucTtanHs mepeaoBUX TEXHOJOTIH JO3BOJISLE TOEAHATH YIbTPATOHKI MOHOHHMTKH METaly 3
HUTKaMU OCHOBH 0€3 BTpaTH TEKCTHIILHUX BIIACTUBOCTEH. B pe3ynbTari yTBOPIOETHCS CITKA, IO i€
SK J3€pKajio, BIIOMBAOYM €JeKTpOMarHiTHi XBwi. Kpim Toro, ekpanyrodi TKaHWUHH, IO MICTATH Y
CBOEMY CKJIaji cpibiio, MaroTh aHTUCENTUYHI BiacTuBocTi (Puc. 4).

BaxxnmuBuM MOOITBHUM 3aCO00M  3aXHCTy BiJ HEIOHI3YIOUOTO BHUIIPOMIHIOBAHHS €
EKpaHYIOUUH OMAT, €KPaHyloul TOJIOBHI yOOpH, COPOUYKHM Ta JETiIHCH. MapKeT BHUMIpIOBATHHUX
npwiagiB SIMVOLT ta xommnanis Yshield npornoHytoTs BHCOKOSIKICHHMN, 3pyYHUN Ta €CTCTUYHUI
EKPaHYIOUUH OJAT JJISl 3aXHCT BiJl €JIEKTPOMArHiTHOTO BHUIIPOMIHIOBAHHS, IO i€ B IIUPOKOMY
9aCTOTHOMY JliarasoHi.

-

1x

SILVER-WELL © PERSPECTIVE NATURELL

Puc. 4. Expanyw4i TkannHu Bix komnanii Swiss-Shield (komnanisi npeacTaBHUK Ha
Ykpaini SIMVOLT)

Jlis BUTOTOBNICHHSI BCIX MOJIENEl eKpaHyHouoro OASTy BHKOPHCTOBYIOTHCS BHUCOKOSIKICHI
METaJIOBMICHI €KpaHyI4l TKaHUHH, 1110 TPOUIIUTH BC1 HEOOX1HI TOCIIKEHHS MO0 €(hEeKTHBHOCTI
€KpaHyBaHHS, SKOCTI Ta O€3lMeKd, a TaKoK OTPUMaJM BIAMOBIHE MIATBEPKCHHS Y
BUTJISII cepTU(dIKaTIB SKOCTI. Bcl eleMeHTH eKpaHyrdoro OJsTy BIAMOBITAIOTH CTaHIApTaM

ASTM D4935-10 ta IEEE-STD-299-2006, m0 miaATBEpKEHO MOCTIPKCHHSIMH B Y HIBEPCHUTETI
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HiIMEIBKUX (eaepanbHux 30poiHux cui, Mrouxen [3,11]. lis 3axucTy Bix €lIeKTPOMArHiTHOTO
BHUIPOMIHIOBaHHSI BUKOPUCTOBYHTE PI3HOMAaHITHI TOJIOBHI YOOpH Ha 0aBOBHSHINM OCHOBI 3 BMICTOM
cpibna ta mimi (Wear TKW), Ha Bicko3Hiii ocHOBI 31 crageBumu BosiokHamu (Steel-Active TKA), a
TaKox 31 cnanjekcy 3 BMictom cpidna 20% (Silver-Elastic TKE).

Wear TKW Steel-Active TKA Silver-Elastic TKE Expanyrouui
KOCMIOM
Puc. 5. Expanyoui roioBHi yoopu, ekpanyrwoumnii oxsir komnasii Yshield

Expanyroui copouka 3 KamIOIMIOHOM 1 3 JIOBTUM pPYKaBOM Y TIO€JIHaHHI 3 JIeTiHCaAaMH
3a0e3nevyaTh yChbOMY TUTy HAIIWHWUN 3aXHCT BIJ €JICKTPOMArHITHOTO BUIIPOMIHIOBaHHS B 5K B
BHCOKOYACTOTHOMY TaK 1 B HH3bKOYAaCTOTHOMY aiana3zoHi. OcHOBa 31 cmaHjaekcy abo HEHIOoHY
3a0e3mnevye enacTUYHICTh BUPOOyY, 0 MOXKe JIeTKo Ha0yBaTh opMy Tijia, a BACOKHN BMICT cpibia
Ha piBHI 20% rapaHTye BiAMiHHI €KpaHyIoui BiIacTUBOCTI. Llel ekpaHyrounid osr MOKHA HOCHTHU
SIK HAaTUTbHY OUTHM3HY MKamy Ui CHY, UM CAaMOCTIHHUN OJsT. AJie JJIsl YKPAiHCHKOTO CIIOKHBava €
CYTTEBUI HEJIOJIK MPHU KYMHiBJIl TAaKUX TKaHUH(OJATY), @ caMe HEMOMIPHO BHCOKA IIIHOBA MOJIITHKA
BapTocTi TkaHuHU(Bix 60 10 240 eBpo 3a 1 m.m.). ToMy abTepHATHBHOIO € PO3pOOKa TEXHOJIOTIi
BITYM3HSHUX MaTepialliB 3 HalaHHS MOJI(QYHKIIOHATPHUX 3aXMCHHUX BIIACTUBOCTEW Bin 1ii EMB,
a00 yIOCKOHAJIEHHS BXX€ ICHYIOUOI TEXHOJOrii 3 HaJaHHAM IMOJi (YHKIIOHAJBHUX 3aXHCHHUX
BiactuBocteit [11-13].

BucnoBku. IligBumena yBara g0 mpoOJieMH €JIEKTPOMArHiTHOroO  3a0pyIHEHHS
HABKOJIMIIIHBOTO CEpEeOBHINA BUKIUKaHE 1i MacmTaOHICTIO. OCKUIBKH, 32 OCTaHHI MiBCTONITTA
CyMapHa eJeKTpOMarHiTHa TEXHOT€HHA CKJIaJoBa €KOJOTiuyHOI 3a0pymHeHocTi Ha 3emui
30impmmiiacss B 50 pasiB. lle moB'si3aHe B BenuuYe3HId Mipi 3 €JIEKTPOMArHiTHUM CMOTOM -
CYKYIHICTIO €JICKTPOMArHiTHUX TIOJIB PI3HOMAaHITHUX YacTOT, $Ki BIUIMBAIOTh Ha JIOJUHY.
[Momanpma ypOaHizarisi mpusBeae 10 e OUTBIIOro 3a0pyAHEHHS HABKOJIMIIHBOTO CEPEIOBHUINA
EMII, 3arpo3a 310poB't0 BIAMOBIIHO 3pocTe. TOMY HaJI3BUYAHHO aKTyaJIbHUM JIMIIATHCS IMHTAHHSI
3axXHCTy TiJla JIOAMHU BiJ IIKIJUIMBOTO BIUIMBY €JIEKTPOMArHITHOTO BUIIPOMIHIOBaHHS. B 3B 3Ky 3
UM BUHUKA€E HEOOXITHICTh B pO3pOOIIi:

- MOIU(IKOBAaHUX MaTrepiaiiB, B TOMY YHCII 0araTomapoBUX, B CTPYKTYpi SKHUX
MOXKHa €(QEKTHBHO BHKOPHCTOBYBAaTH BYIJICIIEBI KOMIIOHGHTH 3 BHCOKMM KOMITOHEHTOM
NorJIMHAHHS 1 BigOuBanus [13];

- MoAM(IKOBAaHUX MaTepialiB 3 MPOCOYCHHSIM HaHOYACTMHKAMH Cpibia 1 1HIIHMX
METAJIB,;

- HaJaHHA MOMIPYHKIIOHATHPHUX BIACTHBOCTEH TKAaHWHAM 3 YK€ ICHYIOUMMH 0ap’ €pHUMH
BJIACTUBOCTSIMU 3aXUCTY BiJ] OakTepii Ta MiKpoOiB;

- CTBOPCHHS KOHCTPYKTHBHOTO YCTPOIO IIBEHHUX BHPOOIB 3 Oap’€pHUMH BIACTHBOCTSIMU
IIMPOKOT'0 KOJIa KOPHCTYBAUiB OPTTEXHIKOIO.
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SHEPTOMH®OPMALIMOHHBIN ACIIEKT ®YHKIIMOHUPOBAHUS CUCTEMbI
«HEJOBEK-OAEKJIA-UCTOYHUKHU IMMN»
JAYOK T. H., BEPESHEHKO C. H., BACWJIEHKO B.H.

Kuesckuil nayuonanvhulil ynugepcumem mexnono2uti u Ou3aina

1Llens. Obobwenue docmudicenutl 6 cghepe coz0anus uzdeautl i 3auWuUmsl Om 3J1eKMPOMACHUMHO20
U3IyUeHus u onpeoenenue nymeti ux OanrbHeuue2o pazeumusl.

Memoouxa. Ha 6aze ananumuueckozo obzopa oocmuenymoule 8 cepe 3auumvl NepcoHana om
HEUOHUIUPYIOWe20 INeKMPOMACHUMHO20 U3LYUEeHUs, ONpeOeNulu SPYnsl pUcka U OCHOBHbIE (HaKmopbl,
KOmMopble 8030eUCmEyIon Ha COCMOsIHUE 300P08bsl NOIb308AMeENell OPLMEXHUKOU.

Pesynomamui. [Iposedeno cucmemamusuposanue 6pedHblX Gaxmopos oKpyscarouell cpeobl,
onpedenuny He2amuHoe GIUsAHUe DJIEKMPOMACHUMHOZ0 U3IVHEeHUsI HA OP2aHu3M U 300P08be Uelo6eKd.
Onpedenunu 6apuanmol 3auumul NEPCOHANA OM OCCMBUS DJIEKIMPOMALHUMHO20 UZTYYEHUSL.

Hayunasn nosusna. Cucmemamusuposanue peoHbix (hakmopos, umo 6030€Ucmeyiom Ha COCMosHue
300pP0BbsL YEN0BEKA, NPOBEOCHUE AHKEMUPOBAHUS NOIb308aAMeNell KOMNbIOMEPHOLU MEXHUKU U MOOUTbHBIX
cpedcms cea3u, onpedeneHsvl (hakmuieckue CPOKU Ux UCHONb3I0BAHUSL.

Ilpakmuueckan  3nauumocmov. Onpedenenvl  0OwWue  OaHHble, HA Ccuem  nokasameseil
INEKMPOMASHUMHO20 UTYYEHUS, U ONPEOeeHbl ACCOPMUMEHMHbIE 603MOJICHOCTIU CO30AHUSL MAMEPUATIO8 U
uzoenutl U3 OAPbEPHLIMU  CGOUCMBAMU, KOMOpble NIAHUPYIOM UCHOIb306AMb  NpU  paspadbomie
IKPAHUPYIOWUX MAMEPUATO8 U CO30AHUSL HA UX OCHOBE CNEYUANbHOU 00eHcObl 0I5l 3auumsl NOab3068aAmenell
OM BIUSAHUSL INEKMPOMASHUIMHO2O0 U3TYYEHUS].

Knrouesvie  cnosa: NIeKMPOMACHUMHOe — U3NyYeHUue (OMHU), 300p08bsL yenogexd,
IHEP2OUHPOPMAYUOHHBLE XAPAKIMEPUCTRUKU, UCTIOYHUKU UBTYYEHUs, 3AUUMHble MAmepuabl.

ENERGY-INFORMATION ASPECT OF THE FUNCTIONING OF THE SYSTEM «BODY-
CLOTHES-EMR»
DYACHOK T., BEREZNENKO S., VASYLENKO V.
Kyiv National University of Technology and Design

Purpose. Generalization achieved in the field of creating products for protection from
electromagnetic radiation and determining ways for their further development.

Methodology. Based on the analytical review, achieved in the field of personnel protection from
non-ionizing electromagnetic radiation, identified the risk groups, the main factors that affect the health of
users of office equipment.

Findings. The systematization of harmful environmental factors has been carried out, the negative
influence of electromagnetic radiation on the body and human health has been determined. Defined options
for protecting personnel from the effects of electromagnetic radiation.

Scientific novelty. Systematization of harmful factors that affect the state of human health, carrying
out a questionnaire survey of users of computer equipment and mobile communications, are determined by
the actual period of their use.

Keywords: electromagnetic radiation (EMR), human health, energy-information characteristics,
radiation sources, protective material.

Practical value. The generalized data are determined on the account of the electromagnetic
radiation indicators, and the assortment possibilities are determined for the creation of materials and
products of barrier properties that are planned to be used in the development of shielding materials and the
creation on their basis of special clothes to protect Users from the influence of electromagnetic radiation.

Keywords: electromagnetic radiation (EMR), human health, energy-information characteristics,
radiation sources, protective material.
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XepCOHCHKUN HaIllOHATBHIA TEXHIYHUH YHIBEPCUTET

PO3BUTOK METO/IB ITEHTU®IKAIIMHOI EKCITEPTU3H
CHUPOBHUHHOI'O CKJUIAY HOBITHIX TEKCTUJIBHUX MA-
TEPIAJIIB

Mema. Pozeunymu memoou i0eHmudikayitino2o anaiu3y HOGIMHIX MeKCMUIbHUX Mamepianis i 3a-
NPONOHYBAMU ANICOPUMM eKCHEPIHUX O0CHIONCEHD.

Memoouka. Buxopucmogysanucs 800CKOHANEHA Memo00a02ia i0enmupikayii HOBUX MEeKCMUTbHUX
mamepianie, Hayilena Ha GUKOPUCAHHS GLACMUBOCIEN NOIMEPI8 | U3HAYEHHS I0eHmU@IKayiliHux nokas-
HUKI8. /[N 6U3HAYEHHS 81ACTMUBOCEL NONIMEDPI8 GUKOPUCHAHO MAKPOCKONIYHI | (i3uKo-ximiuni Memoou
00Ci0NHCEHHS.

Peszynomamu. Po3pobneno arcopumm ioenmudixayitinoi ekcnepmusu CmMpond meKCmuibHO20 Ha
OCHOBI CUHMEMUYHUX MKAHUHHUX KOMHO3UYIN 3i CKIAOHUM CUPOBUHHUM CKAA0oM. Bcmarnoeneno i 0bepyH-
MOBAHO, WO OOCTNAMHBO YACHMO CYHYACHI MEeKCMUIbHI Mamepianu K 80JJOKHOYMEOYUL NOAIMED MICMAmMb
noaieghipamioni cononimepu. Iloxkazano, wo cononimepu Ha 0cHOGL noaibymuienmepepmanamy i oiamio-
oymanoiamina i oumemurmepedpmanamy (PBTA) npu ix idenmuixayii eusensioms suHAMKO8Y XeMOCMill-
Kicmb. Buznaueno, wo mexcmuibHull Cmpon, axuil 08 nputiHAmMuLL ik 00 €Kkm 00CHIONHCEHH MAE HACMYNHUU
CUPOBUHHUIL CKILAO. 0CePOsi — NONINPONLIEHO8UL nonimep, obononka — cononimep PBTA.

Haykoea nosusna. Buseneno ocodiusocmi aneopummy ioeHmuikayitinoi excnepmuszu mexcmuiob-
HUX Mamepianie, siKi Micmsams 5K 80JA0KHOYMEOPIOOYUL noimep noxieipamioni cononimepu. Becmarnosine-
Ho, wo cononimep PBTA maec macmynui ioenmugixayiiini noxasHuxku. HeumpaibHy pPeaxyilo npooyKmie
nipoizy, XeMOCMIUKicms i po3uuHenHicmv 6 cymiwi ¢herony i xnopogopmy (1:1).

Ilpakmuuna 3snauumicme. Ompumani pesyrpmamu 3 po3gUmMKy mMemoodie ioenmugikayiiHoi excne-
PMU3U CUPOBUHHO20 CKAADY HOBUX MEKCMUIbHUX Mamepianié 00360amb nonosHumu ‘‘6ank oanux = noii-
Mmepie, noarewuny pooomy OOCHIOHUKIG | eKcnepmié npu eupiulenHi 3a60anb i0enmugikayii mamepiany,
MOOUPIKayis IK020 3MIHULA 1020 XAPAKMEPUCMUKU.

Knrouoei cnoea: ioenmucpikayiiina excnepmu3sa, nonie@ipamioni conoaimepu, Cmpon mexCmuibHUL.

Beryn. HaifBaxxmBIIOO TEHIECHITIEI0 B aCOPTUMEHTI TEKCTUILHUX BHPOOIB € BCe OlIbIe
3pOCTaHHs BUPOOHMIITBA TOBApiB 3 BOJOKOH Pi3HOI XiMi4uHOI Ta (Pi3UUHOI MPUPOIHN 3 BUKOPHUCTAH-
HSIM PI3HOMAaHITHHX Cy4aCHHMX Te€XHOJIOTiH. [IpaBuiIbHO BU3HAUUTH cdepy 3aCTOCYBAHHS 1 MPOTHO-
3yBaTH IMOBEJIHKY HOBUX TEKCTHJIbHUX MaTepialliB B PI3HOMaHITHUX YMOBAax €KCIUTyaTallii J103BO-
JUTH JIeTajbHA 1 TOCTOBIpHA iHpOpMaLlis PO HUX.

Icaye 6e3miu mpuYMH, SKi CIOHYKAIOTh 1ACHTU(IKYBaTH TEKCTHIIbHI MaTepianu. OmHieo 3
caMUX YacTHX MPUYHUH € Te, IO 10 BUPOOHHUKA MOTPAIUISIOTH BEJIMKI KUIBKOCTI CUPOBHHHM 3 BTpaye-
HOIO HOPMaTHBHO-TEXHIYHOIO JOKYMEHTAIII€r0, a00 3K Ha CKJIazl 30epiracThCcsi MaTepian 0e3 Halex-
HO1 eTUKETKHU. [Hoa1 OyBae HEOOXITHO MEPEBIPUTH, UM JiHCHO OYB BUKOPHUCTAHUM 3asBJICHUA MaTe-
pias. CTBOpEeHHsI HOBUX MaTepialiB TEPMiHOBO BUMArae po3BUTKY METO/IB ieHTUDIKaLI].

[IpakTHYHO HEMOXIIMBO iIEHTU(IKYBaTH MaTepial Ha OCHOBI Bi3yaJbHOI OLIIHKH a00 JaHUX
MPOCTUX MeXaHIYHUX BUNpoOyBaHb. [IoBHA 1 HaxiliHA iAeHTU(IKALS TEKCTHIFHUX MaTepialiB - 11e
CKJIaJHe 1 KOMIUICKCHE 3aBJaHHs, 3aCHOBaHE Ha TJIMOOKOMY PO3YMIiHHI aHAJITUYHOI, OPraHiYHOl
XiMii Ta JOCBiAY CIeialiCTIB-TeKCTUIBHUKIB [1].

CyyacHa cupoBHHHA 0a3a TEKCTHJIBHHX MaTepialliB 4yacTo SBJsE€ COOOK cormoiiMepu adbo
cyminr noyiiMepiB. BUHsATKOBHIA iHTEpeC K 06a3a MJIs1 BUpOOHHUIITBA BOJIOKOH 3 BUCOKMMH TEXHOJIO-

TYHUMU 1 CTIOKMBUMMH BJIACTHBOCTSIMU TPEACTaBIAI0Th nojiedipamianai conomimepu (PBTA) Ha
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ocHoBi nomOytmwientepedranara (PBT) 1 miaminOyranmiamunaa i gumetuntepedranary (N, N'-6ic
(m-xapbo-MeToKciOeH3011) OyTanmiamin) [2].

Moaudikariss MmaTepiay 3MiHIOE Horo yHIaMeHTaIbHI XapaKTePUCTUKHU, SKI BUKOPHCTO-
BYIOTH IS i1eHTH(]iKali{, Taki K KOJip UMY 1 3amax, 10 poOUTh HEMPUAATHUMH IPOCTI METOAU
inerTudikanii [3,4].

BaxxnuBo BiI3HAUMTH, M0 HE3BAXKAIYM HA BUHSATKOBO BHCOKY MOTpedy B po3poOiii Teope-
TUYHUX 1 TPAKTUYHUX ACHEKTIB 1IeHTU(]IKAMIIMHOI €KCIIEPTU3H TEKCTUIILHUX MaTepiajiB, Il MUTaH-
HS B IaHUH Yac HE OTPUMAJIH JOCTaTHHOTO PO3BHUTKY 1 3AIMIIUAIINCS C1a00 PO3POOICHUMHU.

IlocTranoBka 3aBaaHHs. BiagnoBigHO 10 METH poOOTH MOCTABJICHO HACTYITHE 3aBAAaHHS: 3a
pO3pOOJIEHUM AJITOPUTMOM  1IEHTU(IKAIMHOTO aHaIi3y HOBITHIX TEKCTHJIBHHMX MaTepialliB i/1eH-
TU(IKYBaTU CUPOBUHHMI CKJIAJ TEKCTHJIBHOTO CTPOIA 3 BTPAYCHOI0 HOPMATUBHO-TEXHIYHOIO J10-
KyMEHTAII€IO.

Metonoorisa aociaigkenb. O0'€KT TOCITITKSHHS: TEKCTUIBHHUIA CTPON 3 BTPAYCHOIO HOP-
MaTHUBHO-TEXHIYHOIO IOKYMEHTaLI€0 (AuB. puc.l).

Puc.1. JocaigxkyBaHuii TEeKCTUIbHUH CTPON

B xinmi 60-X pokiB MHHYJIOTO CTOJITTS CTPOIH 1 KPIMUJIbHI peMeHi Oyiau abCcoMOTHOIO HO-
BUHKOIO, 1 HE CIIPUUMAJNCh CeP03HO. AKTHBHA IMOJITHKA KOMIIaHI{ 1O MPOCYBAHHIO TAKOTO IMPO-
IOYKTY SIK TeKCTWJIBHHNA CTPOT TO3BOJIMIIA 3MIHUTH TOUYKY 30py Ha HHOro. ChOTOJHI TUTBKH KOMTIa-
His "SpanSet" (IlIBeuist, Himeuunna) BupoOuse momicsans nonan 1,8 MiIH. M BUCOKOSIKICHOI TEKC-
tunbHOL cTpiuku [5]. Ipoaykuis "SpanSet" Mae TepMiH cITy>k0H, 1110 TIEPEBHIILYE pOOOTY CTaHAAPT-
HOT ITPOJIYKIii, BATOTOBJICHOI 3 THM K€ €BPOTICHCHKUM CTaHaapTaM, B 5-6 pa3is.

Bubip TkaHMHHUX KOMITO3HUIIIH [T BATOTOBJICHHS CTPOT 3aCHOBAaHWN Ha 0€3yMOBHOMY BH-
KOHaHHI BUMOT CTaHAApTIB, B AKUX 3a3HAYAIOTHCSI BUMOTH JI0 JaHUX BUPOOiB. Buximnum marepia-
JIOM € CTpiuKa, fKa, K MPaBUJIO, BUPOOJISETHCSA 3 OJHOTO ab0 JEKITbKOX CHHTETHYHUX BOJIOKOH
HAcTymHHX BUIIB - oiiamina (PA), momiectepa (PES), moninpomninena (PP) [6]. Ha spnukax Tekc-
TUJIBHUX CTPOT BKAa3yeThCs 3HAYCHHS MEPEBIPOYHOTO HABAHTAKEHHS, CTAHAAPT, 32 SKUMH BUTOTO-
BJICHO BUPIO, MaTepiai, TeMIepaTypHi MeXi 3aCTOCYBaHHsI, (pakTUYHA JJOBXKUHA CTpoma i Horo map-
Ka.
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InenTtudikariis, sk TpaBUIO, BUMarae 0araTOCTOPOHHIX JOCHTIKEHb SK TOCBITYCHUMHU (a-
XIBISIMM - TOBapO3HABISIMH-CKCIIEPTAMHU, TaK 1 BHCOKOKBaJi()IKOBAHWUMHU BUYCHHMH-CKCIIEPTaAMHU.
OcCKinbKH pe3ynbTaTH iAeHTU(IKALl TOTO YM 1HIIOT0 BUPOOY B MOAAIBIIOMY aHANI3YIOThCS 1 pOO-
JSTHCS BIATIOBIHI BUCHOBKH, TO, OUTBII TOYHO, II€¢ MOKHA HAa3BaTH iJeHTU(IKAIIIHOI eKCIIepTH-
3010. IneHTugikamiiina excrepTH3a marepiaiiB nepeadadae HasBHICTH CIEIialbHOI METOJOJIOrII,
110 BKJIIOYAE B ceOe CyKYIHICTh PI3HUX METO/IB 1 miaxoxis [7,8].

[Tpobnemu imeHTH(]IKAIMHOI eKCIEPTH3H TEKCTHJIBHUX MaTrepiaiiB OynyTh BUHHKATH 3 Ti-
€10 K TICPIOJUYHICTIO, 3 SKOIO TOYHYTh 3'ABIIATHCS B HACTYIHI POKA TOBApH HOBOTO IMOKOJIIHHS
(MonmudikoBaHi, OTprMaHi HAa OCHOBI HAaHOTEXHOJIOTIHM 1 1H.) B HamIil KpaiHi 1 3a xKopmoHOM. lle
03Ha4yae, METOJIOJNIOTIs ieHTudikalii ToBapiB MOBUHHA MOCTIHHO BIOCKOHATIOBATHCS, MO0 3a0€3-
MIEYUTH THYUKICTb 1 aAanTaIliio 10 OyIb-IKOi CUTYaIlil, 10 CKJIajacs.

[Ipu BCiX HasBHUX MEBHHUX JOCATHEHHSIX B PO3poOI METOAIB imeHTHdiKalii, yHiikoBaHi
METOAMKH 1 pO3pOOKH MO iX cucTeMaTu3alii, CTBOpEeHHs OaHKIB JaHHX, y3araJlbHEHHS pe3yJbTaTiB
BUINIPOOYBaHb MPOIYKIIi NUIAXOM KOMI'TOTepHU3allii, siKi MoJermmii 6 poOoTy JOCTIAHUKIB 1 eKc-
MePTiB, BIICYTHI.

Opni€ero 3 HAMOUTBIN aKTyaJdbHUX MPOOJIeM 1MeHTHdIKAIIl CiTif] BBa)KaTU BUSBIICHHS 0OMe-
YKEHOTO TIePEITIKY ICTOTHUX O3HAaK, 110 3a0€3MeUyIOTh IMiITBEPKEHHS TOTOKHOCTI Ta aBTEHTHYHOC-
T1 MPOAYKIII1 3 TOCTATHIM CTYIIEHEM BIPOT1IHOCTI.

VY naniit poOOTi B OCHOBY METOAOJOTI iIeHTU(IKAIlll HOBUX TEKCTUIBHUX MaTepialiB MOC-
TaBJICHI OCHOBHI BIIACTUBOCTI MOJIIMEPIB 1 MOMIYK 1 BU3HAYCHHS 1ICHTU(DIKAIITHIX MOKA3HUKIB TSI
MOJIUTY CKJIaJIOBUX TMO3UIIN TOCTIIKYBaHOTO Matepiany. Y 3B'A3Ky 3 THM, 110 B OLIBIIOCTI BHUIAJ-
KiB BIJICYTHI THIIOBI JJIsi JAHOTO BHUJYy BOJIOKOH BIIACTHUBOCTI, JJIs ieHTU(IKAIl 0OpaHuil TaKwii
KOMIUICKC JTOCIIPKeHb, PE3yJIbTAaTH SIKOTO BU3HAYAIOTh BIACTUBOCTI OJHOTO 3 BHIIB, BUKIIOYAIOUH
MOXJIMBICTh BITHECEHHS JOCIIKYBAaHOTO BOJIOKHA J0 OyAb-sIKOTO 1HIIOTO BUAY. JIJis BUKOHAHHS
11eHTU(DIKAIIAHOT eKCTIEPTU3U CHPOBUHHOTO CKJIAy HOBHUX TEKCTUJILHUX MaTepialliB 0yJI0 BUKOPH-
CTaHO MAKPOCKOMIYHI 1 (h13UKO-XIMIYHI METOIN JOCIIKEHHSI.

MakpoCKOIiuHI JOCHIDKEHHS CKJIaJajucs y BUKOHAHHI BUIIPOOyBaHb Ha ropiHHs. [lepm
HIK TIOYMHATH BUNIPOOYBAaHHS HA TOpiHHS OYB MPUTOTOBAHUM ONUTYBAJIBHHK, Ha SKUW Tpeda Oyio
BIJINIOBIIaTH 3a pe3yabTaTaMu BUNIPOOyBaHb. [y migBUILEHHS HaIIHHOCTI OTpUMaHUX Pe3yJIbTaTiB
MIPOBOJIMIIN TIapaliebHI BUITPOOYBAHHS B1IOMOTO MaTepiaity.

®i3uK0-XiMiUHI METOAM aHaji3y OyJu OCHOBaHI Ha BHBUYEHHI pe3yJIbTaTiB IEPETBOPEHHS
BOJIOKOH TiJ] BIUTMBOM XIMIYHUX PEareHTiB 1 Temmneparypu. [lepeTBOpeHHs BUSBISUIACS B SBHIN
dbopmi Oe3nmocepeTHHO B XOJI1 BIUIMBY (PO3YMHEHHS, 3MiHA 30BHINIHHOTO BHTJSAAY, (apOyBaHHS i
T.J.)

Pe3yabTaTu pociaixkenb. Benvka pi3HOMaHITHICTh XIMIYHHX, (DI3UKO-XIMIYHUX 1 (I3UIHHX
BJIACTUBOCTEH BOJIOKOH, a 3 IHIIOTO OOKY, HAasBHICTh Y HUX CIUJIBHUX PUC BUMArae peTebHOro aHa-
73y OTPUMAHUX PE3YIbTATIB JJOCIIKEHb.

[Ipu cnamoBaHHI MOMIMEPY OJHOYACHO MPOTIKAE PsAJ MPOIECIB: 3HEBOJHEHHS, TEPMIYHUN
PO3KJIa/1, OKUCITIOBAIBHO-BITHOBHI PEAKIIii.

[IpoOa Ha cnanroBaHHS JUIsl CHHTETUYHUX BOJIOKOH, SIK €IMHUMA METOJI 1IeHTHdIKAII]l HE J1a€e
3aJIOBUTBHHUX pe3yabTaTiB. Pe3ynbraTu aHami3y, OTpUMaHi NMpU CHAIIOBaHHI BOJIOKOH MPEICTABIICHI
B Ta0:1.1, a BUCHOBOK HaBEJICHO SIK Mepe0aqyBaHmil ToJiMep.
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Tabnuys 1
Pe3ysabTaTH anajiszy, OTpUMaHi NPU CHAJIOBAHHI BOJIOKOH, 10 MiVIATa0Thb ifeHTHikamii
BoJjoxHo mo Xapakrep XapakrepucTuka 3anax npu 33;‘:;1;0!( HP(e;amlles;B Hmogipunii moi-
aHANI3y€ThCA ropiHHA noJIym’st ropinsi . PORYI Mep
rOpiHHSA nipoJizy
[InaBuThCH,
TOpUTE,
Ocepast npoioBxkye | Slckpase, BcepenuHi 3anax 1u3enb- 3acturiui . [oninpormineHoBHit
. Heirpanbha
cTpomna TOPITH PN CHHBOTO KOJILOPY HOTO TaJINBa posIuiaB (PP)
BHJIQJICHHI 3
MOJIyM st
I'oputs 3
. YOpHUM 3acturnui
OcHoBa 1 yTOK . PRI
muMoM, ipu | Slckpase 3 xxoBTEMEH | CosloAxyBaTHi | Iy)ke TBep- N [Moniedipamizn- co-
000JIOHKH . . Heiirpansaa .
crpoma BUJIAJICHHI 3 KpasMu 3anax I po3n- nonimep (PESA)
TOJIyM’sl - JIaB
racHe

Jnst imeHTHdIKAMIHOT eKCTepTU3M CHUHTETHYHHUX BOJIOKOH OCOOJIMBO BEIUKHH 1HTEpeC
MpeACTaBIsie€ BIUIUB (TIPH MIBUILECHIM TEMIIepaTypl) Ha BOJOKHA XIMIYHUX pearcHTiB. Y psii JiTe-
paTypHHUX JKEPEIT 3aIpOMOHOBAHI CXEMU 1IeHTHU(DIKAIIMHOTO aHalli3y BOJIOKOH HEB1JIOMOI IPUPOIN
[4,9,10]. OnHak cxemu 3HAYHO BIiAPI3HAIOTHCSA OTHA BiJ OJHOI 3 TOYKH 30Dy IX 3aCTOCYBaHHS Ta
KPUTEPIiB OLIHKH, SKI BUKOPUCTOBYIOTH sl ifeHTU(ikawii. J[aHi Mo po3YMHHOCTI MOJIMEpiB, SKi
MO’KHA 3HAWTH B CHIUKIIOTICIUYHIN JIiTEpaTypi, MalOTh 3aHAATO 3arallbHUM XapakTep, 1, iX TOCHTH
BaKKO 3aCTOCYBAaTH B KOHKPETHHX ymoBax. IIpoTe, TecT Ha pO3YMHHICTH JTy>K€ KOPUCHUH Yy pasi,
SIKILIO BUCYBAETHCS MPUITYIIEHHS, 1110 MOJIMEPYTBOPIOI0YA OCHOBA 00OJIOHKH JOCIIKYBAHOT CTPO-
i - comosiMep. ITicist miaroToBku 3paska (IoiTy 3pa3Ka CTPOIT Ha OKPEMi HUTKH 1 BOJIOKHA) OYyB
BUKOHAHUH SIKICHMM aHaji3 3 BUKOPUCTAHHIM XIMIYHUX PEaKTHBIB. Pe3ynbratu gociipkeHb mpe-

CTaBJICHI y BUTJIAMI aITOPUTMY aHaNi3y, Ha MiACTaBl SKOro 3poOJieHI BIMOBIIHI BUCHOBKH (pHC.
2,3).

Bosokxo DCCP/IA CTpona
I

[Moninponinenose (PP), noniamiane (PA), noniedipue (PES),

noaiedipamia cononimep (PESA),

cymim PA i PES?

i
Kl“['&'iﬂ[il OUTORA KHCIO0TA
(Ha X001, Kunada)

He posunserbes

i
6-H pozuun
COMANOT KHCIIOTH
He porunnacTuca

!
Koneoposa peakuis:
GapBHHE KHCNOTHHIT

ONAKHTHHIT AHTPAXIHOHOBHIT
(KHAsHi po3uH)

He sabapamoeTies

|
40% posunn
TAKOTo HaTPY (KHnaAumii)

PosumHaeThes
I ! . T T 1 n
Mopinponinenose (PP) | Monieipamia cononisep

(PESA)

Kennon

PosuniacTLes
r 1
Noninponinexone (PP)

Puc.2. Anroput™m inenTudikaniiHoro ¢iznko-xiMivHOro aHaJi3y BOJIOKOH OCepAsi CTPONA
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VY3aranpHIOI0UN pe3yabTaTd BUKOHAHOI pOOOTH, CITiJl 3a3HAYMTH IIJIKOM MMPOTHO30BAHE BH-
KOPUCTaHHS JIJIi BUTOTOBJICHHS CyYaCHMX TEKCTHJIBHHX CTPOI COMoJIiMepa Modi0yTiieHTepedTa-
narta i niamigOyranaiamina i numeruntepedranary (PBTA) [2].

BonokHo o6onoHKH CTpona|
{

Moninponinenose (PP), noniamiane (PA), noniedipue (PES),

noniediipamin cononimep (PESA),
cymim PA i PES?

|

Kpruxana onrroea kuenora

(Ha X001, KHILIAYA)

He posunnaeTsca

40% po34HH
TIKOTO HATPY (KHIIA4YHii)

|
PO34HHAETHCA YACTKOBO

i

b r 1
Cymim PA i PES l noniedipamia cononimep
~_ (PESA)

6-H poszun
CONAHOT KHCIIOTH
h T

PO34MHAETBCH YACTKOBO

Mypawmna kuciora 85%
[ | |
He PO3YHHAETLCA
|

. nomiethipamin cononimep
(PESA)

t r‘\uclml}-..____

I 1 e +
He benosn

-7 s
PO3UYHHAETBCA L x'm{pl( 'llb']l ta

i~ Benzos

1| Xnopodiopmt™
-—i,'J,lrx.'mpmcru.‘lcu ]

Pozlmﬁaﬂbca
Polyesteramide copolymers (PBTA)
based on polybutylene terephthalate (PBT)
and the diamide of butanediamine
and dimethyl terephthalate

Puc.3. Anroput™m inentudikaniiinoro ¢iznko-xXiMivHOro aHaJi3y BOJIOKOH 000JI0HKH CTPONa

CyyacHi mojiMepHi MaTepiaiy MaloTh 1Ty HU3KY TepeBar y MOPIBHSAHHI 3 TpaJAUIIHHUMU
MatepiasiaMu. B 3B'SI3Ky 3 IIUM BU3HAYaIMCs TEHACHLII PUHKY IO 0 MOJIMEpHUX MaTepiamiB. 3
BUJIUIEHUX TOJIIMEPiB HaWOUIbIIMK iHTepec npeacTanisie nonidyrmientepedTanat (I16T). Buxopu-
cranss [1BT moB's3ano, sk 3 #ioro 6a30BUMH BIACTUBOCTSIMH, TaK i 3 MOMIIUBICTIO IITUPOKOT MOJIU-
¢ikarii. Ha cBitoBomy punky IIBT neB'aTh BeMUKHX NOCTavyalbHUKIB KOHTPOIIOIOTH 01u3bK0 80%
noTykHocTelt mo #oro Bumycky. Cepen Hux: SABIC (CayniBcbka Apasis), BASF (Himeuunna),
DuPont (CIIIA), Ticona (Himeuunna — CHIA - fAnonis), ChangChun (Kurait), Mitsubishi (SImonist),
Wintech (Typeuunna), LANXESS (Himeuumna), DSM (Higepmanau), Toray (Smonis).
PRNewswire 23 cepras 2016 p. B Jlongoni npencraBuB BceOiuny aHamituky st CIIA, Kanamy,
Snownii, €Bponu, Asiarcbko-TuxookeaHcbkoro periony, JIaTuHCHKOI AMEPHKH 1 pPelITH CBITY 3
NUTaHHS PUHKY NOdi0yTieHTepedranara, a TaKoXK TOCTaTHHO NEPCHEKTHBHI OI[IHKH 1 IPOTHO3H JI0
2020 poky. Jlo BuieHa3BaHUX Oynau JofaHi mpodini Takux Kommnadii, sik: Almaak International
GmbH, Celanese Corporation, China National BlueStar (Group) Co Ltd. (3amymienuii 3aBoa mory-

xHicTio 70 THC. TOH B piK) 1 iH. [11].
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Crnin 3a3HaunTH, 10 3arayibHi MoTykHOCTI BupoOHunTsa [IBT B Kurtai nocsrarots 200 Tuc.
ToH B pik. Cepen BupoOnukiB [1bT, mpomyKkitist SKMX MIOPIYHO MOTPAILIsLE€ HA PUHOK YKpaiHU B CTa-
OUTbHUX 00csATaX, MOXHA BUIUIMTH JIMIIE KUTbKa KOMIAHIH, 10 MAalOTh Pi3HI 00'eMH TOCTaBOK. Sk
BiJJOMO, HalOUIBIIMM IMIOOPTEPOM TEKCTHIIBHOI MpoayKuii B Ykpainy € Kurai. Cuin 3a3HauuTH 1
3HAYHY YaCTKy HEBPaxXOBaHUX IMIIOPTHUX TEKCTHIHHUX TOBapiB 3 Kutaro Ha puHKy Ykpainu. Bu-
XOJSIYM 3 I[bOTO, PO3pOOJICHUH B POOOTI aNrOpUTM iAEHTU(IKAIIIHOI eKCIepTH3H CUPOBUHHOTO
CKJIaJly HOBITHIX TEKCTHJIBHMX MaTepiajiB Ma€ akTyaJlbHE 3HaUYEHHS B JIaHUN Yac.

[Ipu BUKOHAHHI €KCIIEPTHU3H HOBOTO TEKCTUIILHOTO MaTepiany 3a po3po0JICHMM aJITOPUTMOM
3BepTac Ha ceOe yBary BUHATKOBA XEMOCTIMKICTh MaTepialliB Ha OCHOBI MomiOyTuieHTepedTanara i
Hioro comosriMepiB. JlocATTH JeTKOi 1 TOBHOT PO3YMHHOCTI BOJIOKOH, SIKI YTBOPIOIOTH 000JIOHKY J10C-
JKyBAHOTO B poOOTI CTPOIa BAANOCS TUIBKU B po34HHI PeHOTyY 1 XTopodopmy.

BucHOBKH. 3aIIpONIOHOBAHO AJITOPUTM EKCIEPTHUX JOCITIIKEHb 3 iMeHTU(IKAIHHOTO aHa-
73y HOBITHIX TEKCTWJIBHUX MartepialiiB. BukoHaHo ineHTH(IKaLIHY eKCclIepTU3y CTpOoINa TEKCTH-
JBHOTO 3 BTPAYE€HOI0 HOPMATHUBHO-TEXHIYHOIO JOKYMEHTAII€I0 i BCTAHOBJICHO, IO TEKCTHIBHHUMA
CTPOIl Ma€ HACTYITHUM CUPOBUHHUN CKJIAJ: OCEPIs — MOJIMPONiJICHOBUH MoJIiMep, 000JI0OHKA — CO-
noimep PBTA. Busnaueno, mio conosnimepu Ha ocHoBi PBTA mpwm ix inenTudikaiii BUSBISIOTh
BHHATKOBY XeMOCTIHKiCcTh. [lokazaHo, mo igeHTH(DIKAIIHHUMH TOKa3HUKAMHU JJIS COMOJIIMEPY
PBTA moxxe OyTu HeWTpanbHa peakIlisi MPOIYKTIB MipoJIi3y 1 PO3YMHEHHICT, B CyMimil (eHOoIy i
xsopodopmy (1:1). OTpumMaHi pe3ynbTaT TO3BOIATH €KCIIEPTaM-IOCITiTHIKAM 3a0€3MeUnTH METO-
J0JIOT1YHY aJanTalliio Mpyu BUPILICHHI CUTYaIlil, Ko Tpeba i1eHTHU(IKyBaTH TEKCTHILHUI MaTepi-
aJ1, mo iMnoptoBaHo 3 Kutaio 3 BTpaueHOI0 HOPMATHBHO-TEXHIYHOIO JOKYMEHTali€o, abo mpu
HAsBHOCTI 1HIIMX IPUYHH, SIKi CTIOHYKAIOTh 11€HTU(IKYBaTH TEKCTUIbHI MaTepiau.
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Iens. Pazsums memoovl uOeHMUGUKAYUOHHO20 AHANU3A HOBEUUWUX MEKCMUIbHbIX MAMepudnos u
NPeoNoANCUMb ACOPUMM IKCHEPMHBIX UCCAE08AHUL.

Memoouxa. Hcnonv3o6ana yco8epuleHCmeo8aHHAs Memoooa02usi UOeHMUPUKAyUY HOBbIX MeK-
CIMUTLHBIX MAMEPUATLO8, HAYELEHHAS. HA UCNOIb308AHUEe CBOUCTE NOIUMEPOS U ONpedeseHUus UOeHmupuKa-
YUOHHBIX nokazamenell. [[is onpedenenus c0UCmE NOAUMEPO8 UCNOTb308AHbI MAKPOCKONUYeCKUe U U3UKo-
Xumudeckue Memoobl UCCIeO08AHUSL.

Pezynomameotr. Paspaboman aneopumm udeHmuuUKayuoHHOU IKCHEPmu3sbl Cmpona meKcmuibHO20
Ha OCHOB€ CUHMEMUYECKUX MKAHEBbIX KOMNOIUYUL CO CIONCHBIM CbIPbEeGbIM COCHMABOM. YCMAHOBNIEHO U
000CHOBAHNO, YMO 0OCMAMOYHO YACTO COBPEMEHHble MEeKCMUTbHbLE MAMEPUATbl KaK 80I0KHO0OPA3yIouull
noaumep cooepxcam noauspupamuonvie conoaumepsl. llokazano, 4mo conoaumepvl Ha OCHO8e NOAUOYMU-
nenumepepmanama u ouamuobymanouamuna u oumemunmepe@manama (PBTA) npu ux udenmugpurxayuu
NPOSLGAAIOM UCKAIOUUMENLHYIO XeMOCmoUuKkocmy. Onpedeneno, 4mo MeKCmuibHblll CIpon, KOmopbill Obll
NpUHAM 8 Kauecmee 00beKma Uccie008aHusl, Umeem ciedyruull cblpbesoll CoCmas. cepOeyHUK - NOIUNpPo-
nuieHosblll noaumep, oboaouxa - cononumep PBTA.

Hayunaa noeusna. Bvisgienvl ocodeHnocmu aneopumma u0eHmu@duKayuoHHOU SKCHepmu3bl mekx-
CMUTILHBIX MAMEPUATO8, COOEPIHCAUWUX KAK 80JIOKHOOOPA3YIOWULL NOAUMED NOAUIPUPAMUOHULL CONOTUMED.
Yemanoeneno, umo cononumep PBTA umeem credyrowue udeHmugpukayuontvle noKazamenu: Heumpaib-
HYI0 peaxyuio npoO0yKmo8 NUpoau3d, XeMOCMOUKOCHb U pACMEOPUMOCTb 8 cMecu (heHoa u Xaopopopmy
(1:2).

IIpakmuueckan 3nauumocms. llonyyennvle pe3yibmamol no pa3eUMUI0O Memooo8 UOeHMUPUKayu-
OHHOU DKCNEPMU3bL U COCMABA HOBLIX MEKCTNUTbHBIX MAMEPUAI08 NO380IAM HONOIHUMb OAHK OAHHBIX NO-
AUMepos, obnecyums pabomy ucciedogameneil U IKCNEPMoOs Npu peulenuu 3a0a4 uoeHmupuxayuu mame-
puana, MooupuKkayus Komopozo UsMeHuLA e20 XapaKmepucmuKi.

Knrouesvle cnosa: uoenmuuxayuonHas dKCnepmusda, ROAUIPUPAMUOHBIE CONOIUMEPDL, CHIPON
MeKCMUTbHBI.

DEVELOPMENT OF METHODS FOR IDENTIFICATION EXAMINATION OF THE
LATEST TEXTILE MATERIALS COMPOSITION
SUMSKAYA O.P.,, BOGOMOLOVA Ya.M., POVSTYANOQY V.M., RASTORGUEVA M.Y.
Kherson National Technical University

Purpose. Develop methods of identification analysis of the latest textile materials and propose an al-
gorithm for expert studies.

Methodology. An improved methodology for identifying new textile materials was used, aimed at us-
ing the properties of polymers and determining identification indicators. Macroscopic and physic-chemical
methods of investigation were used to determine the properties of polymers.

Findings. An algorithm for identification examination of a textile sling based on synthetic fabric
compositions with a complex raw material composition was developed. It has been established and justified
that quite often modern textile materials like fiber-forming polymer contain polyesteramide copolymers. It
has been shown that copolymers based on polybutylene terephthalate and diamidobutanediamine and dime-
thyl terephthalate (PBTA), when identified, exhibit exceptional chemostability. It is determined that the tex-
tile sling, which was accepted as the object of research, has the following raw materials: core - polypropyl-
ene polymer, shell - copolymer (PBTA).

Originality. The features of the algorithm of identification examination of textile materials contain-
ing both a fiber-forming polymer polyesteramide copolymer are revealed. It has been established that the
copolymer (PBTA) has the following identification indicators: neutral reaction of pyrolysis products, chem-
istry and solubility in a mixture of phenol and chloroform (1: 1).

Practical value. The obtained results on the development of methods of identification expertise and
the composition of new textile materials will allow replenishing the polymer data bank, facilitating the work
of researchers and experts in solving problems of material identification, the modification of which has
changed its characteristics.

Keywords: Identification expertise, polyesteramide copolymers, textile sling.
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V]IK 677.027 JUTBUHOBA O.I'., CYIIPYH H.IT'., BPUYKA A.B%
! KuiBchKuii HALIOHABHUI YHIBEPCUTET TEXHOJIOTIH Ta Tu3aliHy
2 Incruryr ximii moBepxHi im. 0.0. Uyitka HAH Ykpainn

JOCIIIKEHHSA KIHETUKA BUAIVIEHHA AHTUCEIITUKA 3
AJIBI'THATHHUX I'TIPOI'EJIIB VIS PAHOBUX ITIOKPUTTIB

Mema. Jlocniosxcenus KiHemuku 6UOINeHHs 6 pPO3YUH AHMUCENMUKIE 3 ANb2IHAMHUX
2iopoeenie O paHoOGUX — NOKPUMMIB, 6 MOMY  YUCHI, HANOBHEHUX  2AJLOI3UMHUMU
AMIOMOCUTIIKAMHUMU HAHOMPYOKAMU, HA NPUKIAO] MEMULEHOB020 CUHbO2O K MeCmo80i peuosutu.

Memoouka. 3a xapakmepucmuyHoOw CMY20l0 NO2IUHAHHA 6 obnacmi 60ausbko 600 Hm
BU3HAYANU BMICIN MEMUTEHOB8020 CUHBO20 8 POZUUHAX.

Pesynomamu. Jlocniodxceno KiHemuKky 6UBLIbHEHHS 3 2i0pozeneli HA OCHOBI albliHamy
Hampiro TiKapcoKux aHmMucenmuyHux npenapamis Ha NPUKIaoi MemuieH08020 CUHbOZO.

Haykoséa noeusna. ExcnepumenmanbHO — 6CMAHOBIEHO — 3A2ANbMOBAHE  BUOLNEHHS
MEMUNEHO8020 CUHBO2O0 8 PO3YUH 3 ANIbIHAMHUX 2i0PO2eli8.

Ilpakmuuna 3uauumicmes. OmpumaHni O0aHi WOOO BUOLIEHHS MEMULEHOB020 CUHBO2O 3
AnbIHAMHUX 2i0po2enié 003808Mb CMBOPUMU HA IX OCHO8I e@eKmusHi MeOuuyHi 3acobu 0.
JUKYB8AHHS NOWKOONCEHOT WKIPU Y NAYIEHMIB 3 ONIKAMU, SHIIHO-3ANANbHUMU YPAHCCHHAMU WKIPU T
niooepmieto, a maxodHc 00epHCYBAmuU HOBIMHI Nepes sa3Y8albHi 3acobu 3 KOHMPOIbOBAHUM
BUBLIbHEHHAM THUWIUX JIIKAPCLKUX Npenapamisa.

Knrwowuosi cnoea: anveinamu, e2iopoceni, 6acamo@yHKyionanvHi mamepiany, MeOudHi
nos'sI3Ku, MemuieHo8Ull CUHIL

Beryn. OcTaHHIME pOKaMHu yBara YHCICHHHMX JOCHITHUIBKUX KOJEKTHBIB B YChOMY CBITI
MPUKyTa JI0 TPOOJEMH CTBOPEHHS HOBUX OaraTO(QyHKI[IOHAIBHUX MarepiaiaiB MEIUIHOTO
NPU3HAYCHHS, 3JaTHUX [0 MPOrPaMOBAaHOTO, IPOJOHTOBAHOTO Ta aJapecHOr0 BUBIIHLHEHHS
IHKOPITOPOBAHMX JIIKapChKUX 3aco0iB. CydyacHI paHOBI MOB’SI3KM 3 MPOJIOHTOBAHOO JIIKYBAJIHHOIO
Ta aHTUMIKPOOHOIO [i€l0 MOOYIOBaHi, K MIHIMYM, 3 TPhOX CKJIQJOBHUX: TEKCTHJIBHOI OCHOBH,
MoJIiMEpHOro Imapy i Jikapcbkoro mpemnapaty. IlomiMepu BimirparoTh poib HOCIS JIIKAPCHKOTO
npernapary, a TakoK peryisropa i npojonraropa aii mikiB. Ciiff 3a3HaYUTH, 110 BKpail BaKIMBUM
HE/I0JIIKOM 0araTboX PaHOBHUX IMOB'SI30K € X BJIACTHBICTH MPHJIUMNATU J0 PaHHU, B PE3yJbTaTi 4yOro
BiOyBa€ThCs TpPAaBMYBaHHA pEreHEpylOUMX TKaHWUH, a [polenypa 3MiHU TIOB’SI3KH CTa€e
XBOPOOIMBOI0. OTHUM 13 NUIAXIB BUPIMIEHHS IIHOTO MUTAHHS € 3aCTOCYBAaHHS MTOKPUTTIB HA OCHOBI
PO3YMHHUX TOJIMEPIB, B TOMY YHCII 010CyMICHMX MartepiaiiB 3 mojicaxapuaiB. Ha ganuit yac mis
CTBOPEHHS PaHOBUX MOKPUTTIB MHUPOKO BUKOPUCTOBYIOTHCS aJIbTIHATH — HATPIEBI 1 KaJbIIE€BI O
MIPUPOTHOTO TOJTicCaxapuay, 0 MICTATHCS B OypUX BOJOPOCTSIX XOJOAHUX MOPiB. AJbriHATH, SK1
oimbmr 100 pokiB 3aCTOCOBYIOTHCSI B XapuOBiid, KOCMETUYHINA Ta (hapMaleBTUYHIN MPOMHUCIOBOCTI,
3apa3 BHUKJIMKAIOTh 3alliKaBJIEHICTh CHEIIaNiCTIB MO0 MOMJIMBOCTI iX BUKOPUCTAHHS Y
PI3HOMAHITHUX Tany3sX MenunuHd. lle moB’s3aHO 3 OGiOJOTIYHUMH BJIACTUBOCTSAMH LHOTO
6ionoimMepy, SKi JTO3BOJSAIOTH BIAHECTH MOro a0 mapadapMalenTukiB — OPUPOJHUX PEUOBUH 3
SACKpaBO  BUPAXECHOI  (PApMaKoJOTIUHOI  AKTUBHICTIO.  AJIBriHATHI ~ CHCTEMH  MaloOTh
BHCOKOCOPOIIiitHI, TeMOCTaTU4YHI 1 paalONpPOTEKTOPHI BIACTUBOCTI, 3/aTHICTh pEreHepyBaTH
MOIIKO/DKEHI TKAaHWHM, B TOMY YHCII 3a paxyHOK HAasABHOCTI B HHX BEJIHMKOI KUIBKOCTI
MikpoeneMeHTiB  pereHepariii [1-6]. BcraHoBmena anTHOakTepiaabHa, MPOTHBIpycHa 1
npoTH3anajibHa aKTUBHICTh QJIbliHATY Ta pI3HOMAHITHUX KOMIIO3WIIA Ha HOTrO OCHOBI 3a
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BIICYTHOCTI TOKCcHYHOI 1ii Ha oprani3M. [lepepaxoBanHi BIaCTHBOCTI, a TaKOX CYMICHICTb
aNbTIHATHUX CIOJIYK 13 OlocHcTeMaMu, 3AaTHICTh 10 Ol0ACCTPYKIii B OpraHi3Mi 3 YTBOPEHHSIM
0e3MeUYHUX HHU3BKOMOJIEKYJISIPHUX  CIIOJIYK TapaHTye€ MEpPCIEeKTUBHICTh I1X MPaKTUYHOIO
BUKOPHUCTAHHS Y BUPOOAX MEIUYHOTO NMPU3HAYCHHS.

AJbriHaT yTBOPIOE BHCOKOB'SI3KI T'eJli, CTYIIHb CTPYKTYPYBAHHS SKHX MOXXHA PETYJIIOBATH
BBEJICHHSM KaTiOHIB, HAMIPUKJIAA Kajibllito. [[el mpuHIMIT TOKIIaJeHO B OCHOBY CTBOPEHHS JESIKUX
PaHOBHX MOKPUTTIB y BUIIIAI T'yOOK 1 BOJIOKOH [5].

IloctanoBka 3aBaaHHsl. [lpy KOHTaKkTI 3 pPaHOBHM €KCyaaToM abo IMpH 3MOYYBaHHI
PaHOBUX MOKPUTTIB 3 aJbI1HATIB MOJIMEPHUI IIap MEPETBOPIOETHCS B TiAPOTeNb, M0 3a0e3neuye
0e300TiCHICTh TIepeB's30K. [Ipu 1boMy TIOpSIT 3 BUPAKEHUM TOTIMHAIHHIM €()EKTOM aJbIiHATHOTO
1apy CIOCTEPITaEThCsl TOTJIMHAHHS MIKpOOPTraHi3MiB HOTO TEJIEBOI0 CTPYKTYpOIO, a caMma paHa
MIATPUMYETHCS BOJIOTOI0, IO MPHUCKOPIOE ii 3aKuBJIEeHHs [7]. 3aBaskM 34aTHOCTI JO IUTIBKO- i
TeJICYTBOPCHHSI albliHAT MOXKE COpOyBaTH 1 yTpUMYBaTH OIOMEAWYHI TpermapaTd MPOTIroM
MEBHOIO Yacy, TOMY JO CKJaxy JIKyBaJIbHHUX IIOB'SI30K BKJIIOYAIOTHh JIKApChKi 3acO0M pi3HOI
CIIPSIMOBAHOCTI [ii — AaHTHUCENTHKH, cyldb(paHUIaMign, aHTUOIOTMKM Ta iH., fKi B THpoOIeci
eKCIuTyararii 1upyHayioTh B paHy.

Mertoro poOoTH € JOCTIKEHHS KIHeTHKH BUIUICHHS B PO3YMH aHTHCENTHKIB, HA TPUKIIai
METUJIEHOBOTO CHHBOTO SIK TECTOBOI PEYOBHHHU, 3 AIbIMHATHUX T1APOTEIIB IS PAHOBUX MOKPHUTTIB,
B TOMY YHCJIi, HAMOBHEHUX TAJJIOI3UTHUMH aJTIOMOCHUJIIKATHUMH HAaHOTPYOKaMHU.

[Naporeni € TPUBHUMIPHUMH 3IIUTUMH T1IPOPIILHUMHU IOJIMEpaMH, K HaAOpsIKalTh 0€3
pO3YMHEHHA Yy BOJI Ta IHMMX OloJOTIYHMX piauHaxX. HaHOKOMIIO3WTHI Tigporem, sKi
NPEJCTABIAIOTh COO0I0 TPUBHMIpPHI 3IIUTI IMOJIMEPHI CITKH, IHKOPIOPOBaHI HAHOYACTHHKAMHU
(macki TIIMHU, TUCKPETHI HEOPTaHIYHI HAHOYACTUHKH, TaJUIOI3UTHI aTFOMOCHITIKATHI HAHOTPYOKH),
MAalOTh P [IHHUX BIACTUBOCTEH, SIKi IO3BOJISIFOTH PEKOMEH/TyBATH 1X JJIsi BUKOPUCTAHHS PAaHOBUX
MOKPUTTIB CHpsiMOBaHOI JiikyBaibHOI nii [8]. BBeieHHS HANOBHIOBAYIB HANa€ TEISIM BiIMIHHUX
MEXaHIYHUX BJIACTHBOCTEH, 110 B CBOIO YEPry CHpHUSE MOJOJIAHHIO MEBHUX OOMEXKEHb, SIKI MAIOTh
3BUYAITHI TTOIMEPHI rifiporeni. Bubip anbrinaty HaTpito B SIKOCTI MOJIMEPHOTO MIAPY JIJIsT PAHOBUX
MMOKPUTTIB MOSICHIOETHCS HOTO T00pEe MEPEeBIPEHOI0, a0COTIOTHO CIIPUATIMBOIO 010JIOTTYHOIO JIEI0 B
paHi, a TaKOX TOIIUPEHICTIO TMPUPOJHOI CHPOBUHH, 3 SKOTO BUPOOISAETHCS NaHUM MPOIYKT. B
SIKOCT1 HAIOBHIOBaua BUKOPUCTOBYBaNHCS ramioisuTHi HaHotpyOku (I'HT), ski € matepianiom
MPUPOJHOTO MOXOJDKEHHSI Ta KOMEPLUIHHUM MPOAYKTOM, HI0 OTPUMYIOTH 3 MiHEpaly rajUIoi3UTYy.
lannoi3uTHI HAHOTPYOKM HE MiAAAIOThCS Oiogerpanarii i € 610CyMiCHUMH, IIO 3YMOBITIOE IITHPOKI
MOJKJIMBOCTI IXHBOT'O BUKOPUCTAHHS B MEIHUIIMHI, KOCMETOJIOT11, BeTepuHapii [9,10].

3 METOI0 BCTAHOBJICHHSI 3araJlIbMOBAHOTO BUAUICHHS JIKApPChKUX MpPENapaTiB 3 ajdbriHATHUX
reNiB HaMu OyIJo TOCHTIKEHO KIHETUKY BHAUICHHS 3 ITUX CUCTEM B PO3UYHMH METHJICHOBOT'O CHHBOTO
(MC) 5K TecTOBOT PEUOBUHH Ta BU3HAUYCHO ONTHUYHI XapaKTEPUCTHKU po3unHiB. [Ipu nmpuroryBanHi
PO3YMHIB CIiBBIHOIICHHS KOMIIOHEHTIB B HUX MiAOMPAIoCch TAKMM YMHOM, 1100 BC1 JOCIIKyBaH1
3pa3Kd MICTUJIIM OJHAKOBY KUIBKICTh T€CTOBOI pEeYOBHMHU — MeTHiieHoBoro cuHboro (0,0002 r):
3pa3ok Ne 1 — renb 3 5% BMicTOM anbrinary; 3pa3ok Ne 2 — renb 3 10% BMICTOM alibriHaty; 3pa3ok
Ne 3 — renp 3 5% Bmictom anbrinary ta 1% Bmictom I'HT; 3pasok Ne 4 — 1% cycnensis 'HT;
3pa3zok Ne 5 — po3unn MC (puc. 1). Po3unnu ButpumyBanu 1 noOy ais 3aKiHYEHHS NPOLIECY
reneyTBopeHHs. CKiaa JOCHiHKyBaHUX 3pa3KiB HaBeIeHO B Tabuui 1.
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Tabnuys 1.
Craaa 10CaiIKyBaHUX PO3YUHIB
KommoneHnTn po3unHy 3pazok 1 3pazok 2 3pazok 3 3pazok 4 3pazok 5

H,O 8,5 M 8 M 8,4 M 8,9 M 9 mn

Metunenowuii cuaiit (MC) 1 Mot 1 Mot 1 Mot 1 Mot 1 mu
AJnpriHat HaTpito 0,5r Ir 05r - -
["annoi3utHi HAHOTPYOKH - - 0,1r 0,1r -

(THT)

o mpurotoBaHux BUTpuMaHuX 3pa3kiB NeNe 1-5 nmomaBamm 10 mMi JUCTHILOBAHOI BOJM,
BUTPUMYBAJIH 1 PEECTPYBAIN CIIEKTPH TOTJIMHAHHS PO3YHHIB HAJ/I 3pa3kaMu 4epe3 3 TOAWHU (3pa3ku
1-1, 2-1, 3-1, 4-1, 5-1), uepe3 000y (4-2, 5-2), yepe3 1 n00y (3paszku 4-3, 5-3). 3pasku 1-3 MicTrIN
CHOYaTKy HaJ IIapoMm remto map Boau (puc. 1, 0), depe3 moOy BimOynoch HAOyXaHHS TENO 3
MOTJIMHAHHAM BOJAM, IO YHEMOXJIUBHIIO PEECTPALi0 CIEKTPIB PO3UMHIB HaA TEIsIMH, aie
BI3yaJIbHO CIIOCTEPIraBcsi MOBUIBHUI Mepexis METUICHOBOIO CHHBOTO 3 HIXKHBOTO Yy BEpXHIiN map i
BUPIBHIOBAaHHS HWOTO KOHIEHTpariii Mix mapamu (puc. 1, B). B 3pasky Ne 4 mpu nonaBanHi
TAUTOI3UTHUX HAHOTPYOOK cCriocTepiranacs MIBUIKA aacopOIlis MeTmieHoBoro cuHboro Ha 'HT 3
iXHIM 3a0apBJICHHSM B CHHIM KOJIp Ta Maike MOBHUM 3HEOApPBIICHHSIM PO3YMHY HaJ 0CaJIOM
HaHOTPYOOK. B remeBomy 3pazky Ne 3, mio mictuB ['HT, BiporimHo, Takoxx BimOynacs yacTKoBa
ancop6uiss MC Ha moBepXHI HaHOTPYOOK Ta Bi3yaJbHO MOMITHO HepiBHOMipHHH po3nonin MC B
00’emi renro uepes 4 100U, 10 CIIOCTepIracThbes TaKoX Jutst 3pa3kiB Ne 11 No 2.

0) PO3YMHU MiCIIS JOAaBaHHs BOIU

i [ 4

% Ml 5

B) rijiporeni uepes 4 100U micis 10JaBaHHs BOIH
Puc. 1. ETanu BU3HA4YeHHS MPOIECY MEPeX0y METHIEHOBOTO CHHBOTO 3 TeJII0 B PO3YHH

Bigomo, mo mna igentudikamii pedoBuH 10 i1 Y®-CHeKTpy 3acTOCOBYIOTH METOJ
MOPIBHSIHHS 13 CIIEKTPOM BiJIOMOi PEYOBHUHHU, OJIEPKAHUU B THUX K€ YMOBaX. XapaKTEPUCTUKOIO
CTIIEKTpa TOTJIMHAHHS PEUOBUHU € TIOJOKEHHS MAaKCUMyMiB (MiHIMyMIB) MOTJIMHAHHS, a TaKOX
IHTEHCUBHICTH MOTJIMHAHHS, 1[0 XapaKTEPU3YETHCS BEIMUYMHOIO TYCTHHH YU MHUTOMOTO TMOKa3HUKA
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TIOTJIMHAHHS TIPU JTaHid TOBXUHI XBUJl. 3 BukopuctanHsM Y @-Bun-14 criekrpodoromerpy, skwit
nponucye yibTpadioneroBuit (180-400 um), Bugumuii (400-800 HM) Ta manmekuit iHPppavyepBOHUI
nianazon (800-1850 wM), Oyno mpoBeneHO MAOCTIHKEHHS ONTHYHUX BIACTHBOCTEH DPO3YMHIB.
Bussneno, mo B 6mmkHiN [Y 007acTi CieKTpu JOCTIKYyBaHUX 3pa3KiB ICTOTHO HE BIAPI3HAIOTHCH,
3MiHK TIOMITHI Juine B Y®-Bun miana3oni criektpis (puc. 2).

l, %

i

—— MC-1
—— MC-2
51
4-1

2-1
11
—HO

A, HM

1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1
200 400 600 800 1000 1200 1400 1600 1800

Puc. 2. Y®-Bua-14 cnextpu noriaunanns po3undie MC nan 3paskamu 1 — 5 4vepes 3 ronuan

|, %

MareMaTHuHOI0 OOpOOKOIO XapaKTepUCTU4YHOI cMmyru mnoriumHaHHs MC oTpumaHo i#oro
BIZIHOCHUM BMICT B pPO3YMHI Haj 3pazkamu (puc. 3, Taba. 2). 3pa3ok 5 € ICTHHHUM BOIHUM
PO3YMHOM METHJIEHOBOIO CHHBOTO 3 I0YaTKOBOI KoHIeHTpamieo 0,0204 r/m Ta HACTYIHOIO
KOHIICHTpamieo micis moxaBands Boau 0,0102 r/m, sy npuiiHsau sk BigHocHuit BMict MC B
po3uuHi, piBHUI 1 (3pa3zok 5-1, Tabu. 2). 3 manux Tabimill MokHa BupaxyBatu BmicT MC B 3pa3kax
AK pi3HUIO MiX 1 Ta BMicToM B MC B po3unHax HaJl 3pa3kaMu Ta 3HAUTH PO3IMOALT MK 3pa3KaMH i

pO3YHHaAMU.

0.25

0.20

0.15

0.10

0.05

|
400

1
600
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Tabauys 2.
BMicT MeTHIEHOBOI0 CHHBOTO B 3pa3Kax
Po3zunn ITmoma Bwmict MC B po3uuHi, BiJiH. OJ1.

1-1 6.49384 0,31
2-1 6.3721 0,31
3-1 6.6135 0,32
4-1 7.0317 0,34
4-3 6.0117 0,29
5-1 20.835 1

5-3 18.38464 0,88

BucnoBku. B pe3ynbrari mpoBeneHUX JOCTIAIB  €KCIMEPUMEHTAIBHO BCTAaHOBJICHO
3aralbMOBaHE BHJUICHHS METHUJICHOBOTO CHHBOTO B PO3YMH 3 aQIblIHATHUX TiJIPOTEIIB.
MeTuneHoBUl CUHIM B TrelisiX yTPUMYETHCS aJbIiHATHOIO TPHOXBUMIPHOIO CITKOIO Ta MOBUIBHO
NEPeXOAUTh B PO3YHMH, BHUPIBHIOBAHHS KOHLIEHTpAILiii He mocsarHyro 3a 4 nobu. HamoBHeHHs
TiIpOreNiB TaUIOI3UTHUMH HAaHOTPYOKaMM J03BOJISIE JOAATKOBO CHOBUIBHUTH MPOLEC BUALICHHS
JIIF0Y01 pEYOBUHU Ta CTBOPIOE J0JIATKOBI IIEHTPH aacopOitii B rimporensx. Y ®-Buj criekTpockorris
€ J€BUM METOJOM JOCTIPKCHHS KIHETUKH BUIIJICHHS MIFOYMX PEYOBUH JIJII CTBOPEHHS
BHCOKOE(DEKTUBHUX JIIKAPCHKUX MEPEB’ A3yBATHHUX 3aCO01B.
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l[eJlb. Hccneoosanue xunemuxu 6vloeleHUsl 6 pacmeop anmucenmuxKkos usz albcUHAamHsblx
zu()pozeﬂeﬂ onsa PpaHesblx I’IOKpblmuIZ, 6 mom 4ucie, HANOJIHEHHbLIX  2AJlIOUSUMHbIMU
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AIOMOCUTUKAMHBIMU  HAHOMPYOKAMY, HA NpuMepe MemuieH08020 CUHe20 KAK mMecmo8o2o
seujecmad.

Memoouxka. Ilo xapaxmepucmuueckoli nonoce nociowjenus 8 obnacmu okono 600 Hwm
ONPeOesiiu COOEPACAHUE MEMUTEHOBO20 CUHE20 8 PACIBOPAX.

Pesynomamul. Hccrnedosana Kunemuxa 6blc000dcOeHUss U3 2udpozeiell Ha O0CHO8e
anbeUHama Hampus 1eKapCMEeHHbIX AHMUCENMUYECKUX NPenapamos Ha npumepe MemuieH08020
cumezo.

Hayunaa Ho6u3Ha. OKCNEpUMEHMANbHO YCMAHOBIEHO 3AMOPMOJNCEHHOe —BbloeieHle
MEMUNEHOB020 CUHE20 8 PACMEOD U3 AbSUHAMHBIX 2UOPO2elell.

Ilpakmuueckasn 3nauumocms. [lonyuennvie Oanubvie 0 GblOeNIeHUU MEMUIEHOBO20 CUHE20 U3
AbCUHAMHBIX  2udpozenell NO360JsAMm Co30amb HA UX OCHO8e 3¢hghekmuenvie MeOUYUHCKUe
cpedcmaa 075l JiedeHusi NOBPEeHCOEHHOU KOJNCU Y NAYUEHMO8 C 0HCO2aAMU, SHOUHO-80CNAIUMEIbHbIMU
NOPAdNCEHUSIMU KOJCU U NUOOepMuUell, a Makdxice NoayYamv HO8ble Nepessi30uHble CPedCmed C
KOHMPOUPYEMbIM 8b1C8000ICOeHUeM OPY2UX TeKAPCMBEHHbIX NPEenapamoa.

Knroueswie cnosa: anveunamel, 2uopocenu, MHO20MYHKYUOHATIbHbLIE MAMEPUATIbL,
MeOUYUHCKUE NOBA3KU, MEMULEHOBbLU CUHULL.

STUDY OF KINETICS OF ALLOCATION OF ANTISEPTIC FROM ALGINATE
HYDROGEL FOR WOUND DRESSING

LITVINOVA O.1, SUPRUN N.P., BRICHKA A.V.

Kiev National University of Technologies and Design
Chuiko Institute of Surface Chemistry, NAS of Ukraine

Goal. The study of the kinetics of the allocation of antiseptic solution from alginate hydrogels
for wound dressing, including those, which filled with halloizyt aluminosilicate nanotubes, by the
example of methylene blue as a test substance.

Method. According to the characteristic absorption band in the 600 nm were tested contents
of methylene blue in solution.

Results. The kinetics of allocation from hydrogels based on sodium alginate of medicinal
antiseptic agents by the example of methylene blue.

Scientific novelty. Experimentally hampered the allocation of methylene blue in solution with
alginate hydrogels.

The practical significance. Received data about the allocation of methylene blue from
alginate hydrogels allow creating on their basis effective medications to treat of damaged skin for
patients with burns, purulent and inflammatory skin lesions and pyoderma and to obtain wound
dressings with controlled release of other drugs.

Keywords: alginates, hydrogels, multifunctional materials, medical dressing, methylene blue.
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YJIK 687.15: XAPYEHKO I0.M., BUIOIIbKA JI.B., KOTJISAPOBA L.I.

[677.071:620.17] | KwuiBchkuil HalioOHANLHUI YHIBEPCUTET TEXHOIOTIH Ta 1U3aiiHy

AHAJII3 TA OCOBJIMBOCTI 3ACTOCYBAHHSA CTAHJAAPTHUX
METOAIB TOCJIIKEHHA HAJIIMHOCTI HATKOBUX
3'€IHYBAHD ITPU ITPOEKTYBAHHI OJATY AJIsA
CIHOPTUBHOI'O ®PEXTYBAHHS

Mema. ObrpynmyeanHs 6ubOOpy Memooy 6USHAYEHHS PO3PUBANbHO20 3VCUNIA WIEI6, 5K
OCHOBHO20 NOKA3HUKA HAOIUHOCMI HUMKOBUX 3 €OHYB8AHb 0052) Ol CROPMUBHO20 (PeXmy8aHHsL.

Memoouxka. JlocniosxcenHs 06a3y8anucs HA OCHOBI NPUHYUNIE CUCMEMHO20 Ni0X00y 8
Memooax ananizy ma cuHmesy CKAaoHux oo’ exmis.

Pesynomamu. IIpoananizosano cmanoapmui Memoou SUHAYEHHS PO3PUBAILHOZO 3YCUILIA
weie ma OOIPYHMYBAHO GUOIp Memoody OYIHKU HAOIUHOCMI HUMKOBUX 3 €OHY8AHL NpU
NPOEKMyYBanHi 0052y 015 CHOPMUBHO20 (heXmyBaHHL.

Haykosa nosusna. Jlocniodceno ocooiusocmi 3acmocys8anus memooié OYiHKu HAOIUHOCMI
HUMKOBUX 3 '€OHYB8AHb (Dexmy8anlbHO20 0042Y i3 8DPAXYBAHHAM MEXHIUHUX BUMOZ.

Ilpakmuuna 3nauumicme. QOOpanuii Memoo 003601UMb  GUIHAYAMU  PAYIOHANbHI
MEXHONIO02IUHI peHcuMy ma napamempu HUMKOBUX 3 €OHY8AHb, AKI CNPUAMUMYMb 6USOMOGIEHHIO
hexmysanbrhoco 0052y Y 8i0N0BIOHOCMI 00 CHONICUBHUUX MA BUPOOHUYUX BUMOR.

Knrwouoei  cnoea:  Humkosi  3’€OHy8amHA,  hexmysanvhuiti - 00512,  PO3PUBATLHI
Xapaxkmepucmuxu.

Beryn. fkicte 3’€qHyBaHB JeTaneil omsry, SK BiIOMO, BH3HAYAETHCS 3a MOKa3HUKaAMU
30BHIIIHBOTO BUIJISY Ta BIAMOBIAHICTIO MPUHHATHX TEXHOJOTIYHUX PIllIEHb YMOBaM €KCIUTyaTarii
Tta naedopmarmisiv, sfKi TpU IIbOMY BUHHUKAIOThb. TOMy, 3aBIaHHS MO IiJBUIICHHIO SIKOCTI
BUTOTOBJICHHSI TIPH ONTHMANBHINA 1 KOHKPETHOTO BHUAY OMSTY TEXHOJOTIi JOCATAEThCS depes
JOCTIPKEHHsI BIUIMBY BJIACTHBOCTEH 3 €IHYBAaHUX MAaTepialiB Ha TMOKAa3HUKU SKOCTI HUTKOBUX
3’ennyBanb [1 — 4].

HaiiGinpIn mommpeHuid y mBeHHIN raimy31 OpraHOJICNTHYHUN METOJ, SIKUW 3aCTOCOBYETHCS
JUTS OI[IHKHA €CTETHYHMX MMOKAa3HUKIB SAKOCTI, 13 TEXHIYHUX METO/IIB 3aCTOCOBYIOTHCSI BUMIPIOBAJIBHI,
peecTparliitHi Ta po3paxyHKOBI MeToH, siki pernameHTytoThest OCT 4103-82 «M3nenus mBelHbIC.
Metoabl KoHTpoJis KadecTtBa» [1 — 4]. Ha moka3HUKH SIKOCTI HUTKOBUX 3’€IHYBaHb BIUIMBAIOTh
pi3HOoro pony (axrtopu, SKi yMOBHO MOJIJICHO Ha YrpyNOBaHHsS: 3a BHUJOM IEPEIUICTEHHS Ta
CTPYKTypOrO CTiOKa; 3a BHJOM Ta BIACTHBOCTSAMHU 3’€JHYBaHHUX MaTepiajiB; 3a BHUIOM Ta
BJIACTUBOCTSMHU IIBEWHUX HHUTOK; (AaKTOpW, SKI 3aJexaTh BiJ] TEXHOJOTIYHUX PEXKHUMIB
BHUTOTOBJICHHS; (paKTOPH, SK1 3aJIeKATh BiJl MapaMeTpiB mBa. [I[porHo3yroun HaJiHHICTh HUITKOBUX
3’€ITHyBaHb TEPEBaKHA OUTBIIICTh HAYKOBIIIB JOCIHIDKYIOTh BIUIMB TOTO YH 1HIIOTO (hakTopy Ha
MOKA3HUK MIITHOCTI IIBa, SIKUI XapaKTepPU3yeThCS PO3PUBATIBLHUM 3YCUIUISIM I1IBA Y TIOB3/10BXKHBOMY
i MOMepeyHOMy HAMPsMKY CTOCOBHO CTPOYKH Ta BHUIOBKCHHSIM Ha MOMEHT po3sipBanus [4, 8].
3abe3mneueHHsT OYiKYBaHOTO PIiBHS SKOCTI IIIBIB SIBJIsIE COOOIO CKJIaaHE Oarato(akToOpHE 3aBIaHHS
MOIIYKY ONTHUMAJbHHUX MapaMeTpiB MPOLECY 13 IUPOKOro [iana3oHy 3HAYEHb, SIKI CIPUATHMYTb
OTPUMAaHHIO TIOTPIOHOTO PiBHS ONTUMI3yIOUKX (akTopis [2 — 5].

[IpoekTyBaHHSl CHEUiaJbHOIO 3aXMCHOTO OAATY s (eXTyBaJbHUKIB mependavae
3aCTOCYBaHHSA TEKCTHJIBHMX MaTepiajiiB 3 KOMIUIEKCOM CIEIU(IYHUX BIACTUBOCTEH, SKI MOXYTb
MaTy HETaTUBHUH BIUIMB HA BUPOOHUYHI MPOIIEC Ta TEXHOJOTIUHI MOKa3HUKHU sKocTi. Jledopmarrist
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0araToIMKIOBOTO PO3TATHEHHS, sfKa BiAOYBa€ThCS TPH EKCIUTyaTallii OAsTY MJisi CHOPTHUBHOTO
(bexTyBaHHS, COpPUSE PO3BUTKY BTOMHHUX SIBHIL, MOPYIIYIOUM THM CaMHM CTPYKTYpy HE TUIbKU
OCHOBHOT'O MaTepiany, a il HeraTUBHO BIUIMBA€ Ha 3’€HYBAaHHS JeTalieil Ta KpiljIeHHs QypHITYpU
omsry. 3rimno Bumor JICTY EN 13567:2015 (EN 13567:2002+A1:2007, IDT) «Onsr 3axucHHIA.
[Mpunanas 1is 3axXUCTy JOJOHB, PYK, TPYIeH, KUBOTA, HIT, TeHITalil 1 00auudst (peXTyBaJbHUKIB.
Bumorn 1 metonu BuUmpoOyBaHHS» MIIHICTh HUTKOBHX 3 €HYBaHb, K 1 MIIHICTh OCHOBHUX
MarepiaigiB Mae OyTH rapaHTOBAHOIO K Bij MOYATKy BUTOTOBJICHHS, TaK 1 B MPOIEC] EKCIUTyaTarlii.
Tomy, BaXJIMBHM 3aBIAaHHIM MPH MPOCKTYBAaHHI OJSTY ISl CIIOPTUBHOTO (DeXTYBaHHS OUYiKyBaHOI
SIKOCT1 € JOCTIDKCHHS, SKI MOXYTh OyTH BHKOPHCTAaHI 3 METOI ONTHMI3aIlii TEXHOJIOTTYHHX
MpOIIeCciB BUPOOHUIITBA Ta CIPHUATH 30€pEKEHHIO HOro MIIHOCTI Ta (JOPMOCTIHKOCTI Ha MPOTs3i
BChOTo TepMiHy ekcrutyaraitii [10 —11]. AHasi3 iCHyrOUMX METO/IiB OIIIHKH SIKOCTI Ta MOIITYK HOBUX
MOJIMBOCTEH 1 HampsMiB YAOCKOHAJCHHS TEXHOJOIII BHUTOTOBJICHHA OJATY 3aJHMIIAETHCS
aKTyaJbHUM.

IloctanoBka 3aBaaHHsi. Meta poOoTu — OOIpyHTYBaHHS BHOOpPY METONY BHU3HAUEHHS
PO3PUBAIBHOTO 3YCHIUIS IIBIiB, SIK OCHOBHOTO TOKa3HWKa HAMIHHOCTI HUTKOBUX 3’€IHYBaHb IPH
MIPOCKTYBaHHI OJATY JJISI CIIOPTUBHOTO (DEXTYyBaHHHI.

PesyabTaTn gociimkenHs. Anamiz pooir [3, 8, 12 — 13], sKki mpucBAYEHI TOCIIIHKEHHIO
SKOCTI HHUTKOBUX 3’€JHYBaHb IIOKa3ye, IO JUIS OTPUMAHHS IIBIB i3 Hamepe] BU3HAYCHUMHU
BJIACTUBOCTSAMHU JIOCITIIHUKaMU BHUPIIIYBAJINCh CKJIAAHI OaratoakTOpHI 3aBJaHHA 3 METOIO
BCTaHOBJICHHSI ONTUMAJIbHUX TEXHOJIOTTYHUX PEKUMIB, PU I[bOMY, KPUTEPIEM ONTUMI3aLil 00paHo
pO3pUBaIbHE 3yCWJUIS IBa, SKE€ BHU3HAYAJIOCh EKCIEPUMEHTAIbHUM IUIBIXOM. OKpiMm
EKCIIEpUMEHTAIBHUX METOMAIB BU3HAYCHHS XapaKTEPUCTUK MIIHOCTI HHUTKOBUX 3’€IHYBaHb
3aCTOCOBYIOTBCS PO3PAaXyHKOBi, SKi TOJNATAIOTh y TEOPETUYHOMY BH3HAUCHHI BEIWYHHU
PO3PUBAIBHOTO 3yCHIUISI YOBHHKOBOT UM JIAHITIOTOBOI CTPOYKH 3 METOIO IMPOTHO3YBAHHS X SKOCTI
[2]. TopiBHSIHHS pi3HUX METOIB PO3PAXyHKY MIIIHOCTI IIBIB [TOKA3aJId, 110 B HUX HE BPaXOBYETHCS
CUPOBUHHHUHN CKJIaJl Ta KUIbKICTh HUTOK, BUKOPUCTAHMX Y IIBi, IO € JOCUTh BaroMuM (PpaKTOPOM
IIpU YTBOPEHHI HUTKOBUX 3’€JJHYBaHb, X 3aCTOCYBaHHs JOCHTb BHOIPKOBE Ta HE MOBHOIO MipOIO
XapaKTepU3ye 3yCHILIS, SIKi BUHUKAIOTh B JificHOCTI [6 — 8]. MOXIHMBICTh yJOCKOHAICHHS BIIOMUX
paHile po3paxyHKOBHX METOJIB 3’IBHUJAch HAa OCHOBI BUKOHAHHMX aBTopamu [3, 9] moriubieHux
JOCIIKeHb MIIIHOCTI HUTKOBUX TeTenb. L1 JOCHipPKeHHS JOBOAATh, 0 MILHICTh HUTOK Y BY3Jax
MepeIUIeTeHHsI BU3HAYa€ MIIHICTh BCHOTO HHUTKOBOTO 3’€JIHYBaHHS, TOMY L€ ITOKa3HUK
MIPONIOHYETHCSI KOHTPOJIIOBATH Ta HOPMYBaTH, TaK SK BIiH € BaXIJIMBUM KPHUTEPIEM OIIHKA
TEXHOJIOTIYHHUX Ta eKCIUTyaTal[iiHUX BJACTUBOCTEH HUTOK Ta IIIBIB.

IHHOBaIT y mBEWHIN Tay3i 3yMOBIIOIOTH HEOOXIIHICTh PIMICHHS CKJIAJHUX TEXHIYHHX
3aBJaHb 13 3aCTOCYBAaHHSIM CHCTEMHOTO IMiJIXOAY 10 CTBOPEHHS MOJENIel TEXHOJIOTIYHUX MPOIIECIB,
y TOMy 4YMcai MeToliB 00poOKku iHdopmanii. MozenmoBaHHS mpolecy 3 €IHYBaHHA JeTajel
IIBEHHUX BHUPOOIB 3a JOMOMOIOI0 KJIACHYHHUX METOJIB MaTeMaTHUYHOIO MOJETIOBAHHS TaKOX
CTIpUsi€ BCTAHOBJIEHHIO KUTBbKICHUX B3a€MO3B’SI3KiB, SIKI BU3HAYaTUMYTh AKICTh BHPOOIB B ILIOMY
[10 — 11]. ¥ poGori [13] 3a 7ONIOMOTO0 MaTeMaTHYHOI MOJIEII 3 METOK OTPUMAHHS MaKCUMAJIbHOT
MIITHOCTI, $Ka TaKOXX XapaKTepPH3YEThCS 3HAUCHHSIM PO3PHBAIBHOIO 3YCHILIS, BCTAHOBIICHO
ONTUMAJIbHI TEXHOJIOTIYHI TapamMeTpu IBiB. ABTopamu [12] 3a JAOMOMOro0 KOMIIOHYBaHHS
3HaYCHb OCHOBHHX TIapaMETpiB TPOIECYy BHUTOTOBIICHHS IIBAa OTPUMAHO T'€OMETPHUYHI MOJEINI
3QJIEKHOCTI ONTHUMI3yIOUMX (DAKTOpIB BiJ TapaMmeTpiB MpoIecy HUTKOBOro 3’eaHyBaHHsS. lle
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J03BOJISIE OOMpPATH PEKUMH, SIKI 3a0€3MeUylOTh OYIKyBaHI BJIACTUBOCTI IIBA Ta MOXYTh OyTH
3aCTOCOBAHI B SIKOCTI OTEpalifHuX KapT.

Bubip merony BH3HAa4YeHHS PO3PUBAIBHOIO 3YCHIUIS IIBIB, Iepeadadae JNeTalbHUNA aHaNi3
ICHYIOUMX METOJIB, SIKI 3aCTOCOBYIOTHCS 3TiHO HAI[IOHAIBHUX Ta MIDKHApOJHUX CTaHAApTiB. Y
po6oTi [14] 3anpornoHOBaHO BUTOTOBISATH 3pa3KH IIBIB 3a CXEMOIO, sKa MpeJcTaBlieHa Ha puc.l,a,
sika OOTpYHTOBaHA aBTOpPaMU THM, 10 TPY BUKOHAHHI CTPOYKH Bif 1-1 10 4-1 MUISHKH po3pUBaIbHE
3yCHJUIS IIBIB 3MEHIIYETHCS Ta CKiazae Bix 1 mo 26 % B 3aJIeKHOCTI Bl BUY IMIBEHHUX HUTOK.
[Ti3Hime el maxig A0 BUTOTOBJEHHS 3pa3KiB IMIBIB OyJ0 ACIIO 3MIHEHO Ta BiJIOOPaXEHO Yy
crangaptaoMy metoni ['OCT 28073-89 «M3penusi mBeitHbIe. MeToABl OompeneaeHus pa3phbIBHOM
Harpy3KH, yUIMHEHUs] HUTOYHBIX IIBOB, Pa3/IBUTAEMOCTH HUTEH TKaHH B IIBaX», AKUWA € YUHHUM 1
Ha cbOroHimHii nenp (puc.1,B). Kpim 1poro, nanuii MeTo1 103BOJISIE 3aCTOCOBYBATH €JIEMEHTAPHI
npoOu IBIB i3 JeTayiedl mBeHHUX BUPOOiB. Bimomuii mHyp-metox [3, 15], 3a SKOro BUTOTOBJICHHS
3pa3KiB MPOBOJAUTHCS HACTYITHUM YMHOM: 3IIUTI CMY>KKHM TKaHUHH PO3MIUylOTh Tak, 1100 OTpUMaTu

JECSATh Map 3pa3KiB, po3pi3aloy iX Mo HAMIYEHUM JIiHISIM HE TOMIKOAUBIIN CTPOUKH (puc.1,r).
1000
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Puc.1. CxeMH BUTOTOB/I€HHSI P00 HUTKOBHUX 3’ €IHYBaHb
JJTSL TOCJTi/I2KeHHSI PO3PHBAJILHUX XaPAKTEPHCTHK

CHinpHOIO XapaKTEpHOI OCOOIMBICTIO 3a3HAYEHUX METOJIB € BH3HAYCHHS PO3PUBAIBHHUX
XapaKTepUCTUK 3a JIOMOMOTOI0 DPO3pUBAJIBHUX MAIIMH 3 TOCTIHHOI IIBUJIKICTIO OMYCKAaHHS
HIDKHBOTO 3aTuckada. [IpuHIMIIOBO Binpi3HAEThCS (opMa Ta PO3MIPH 3pas3KiB IMIBIB, SKi
3aCTOCOBYIOTBCS MPH IOMY (IUB. puc.1).

Binomo, mo 3rigro Bumor JICTY EN 13567:2015 wiHICTh HUTKOBHUX 3 €HYBaHb, 5K 1
MIIHICTh ~ MaTepiajiB, 3aCTOCOBAaHUX JJs BUTOTOBJCHHSA (PEXTYBAIBHOTO OJATY, Mae
BCTaHOBJIIOBATHUCH 3a JIOTIOMOTOIO0 TiJjpaBiiuHoro abo nueBMatuyHoro merony (ACTY ISO 13938-
1:2007 «Matepianin TeKCTWIbHI. BractuBocTi TKaHMH 1I0A0 po3puBaHHA. YactmnHa 1.
['igpaBniuHUi METOJ BU3HAUYEHHS ONOPY PO3PUBAHHIO Ta PO3TATYBAHHIO HA MOMEHT PO3ipBaHHI;
JCTY ISO 13938-2:2007 «Matepiaiii TEKCTUIbHI. BiIacTMBOCTI TKaHWH MO0 PO3PHUBAHHS.
Yactuna 2. [IHeBMaTHYHUI METOJ BU3HAYEHHS OMOPY PO3PHMBAHHIO Ta PO3TIATYBAHHIO HA MOMEHT
posipBanus»). IIpu 11bOMyY, eleMeHTapHI MpoOu ImBiB Kpyrioi Gopmu (puc.l,1) BUKPOIOIOTHCS 3
IIBEHHOTO BHPOOY, SKUK 10 [bOro OyB BHUIPAHWA HE MEHINE ITATH pasiB. Taki MeTomu
nepeadavyaioTh 3aCTOCYBAaHHS PO3PUBAIBHUX MAIIHMH, SKi 3/aTHI MiJABUIIYBAaTH THCK PIIMHH YU
MOBITPS (3aJICKHO BiJl BULY METOY) MPH MOCTiHHIN mBHUAKOCTI. Haxkanp, Ha ChOTOHINIHIN 1eHb Ha
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TepuTopii YKpaiHM 3acTOCYBaHHS BKa3aHUX METOMIB IS BHU3HAYCHHS MIIHOCTI HHUTKOBUX
3’€HYBaHb HE € MOXKJIMBUM 3a BiJICYTHOCTI BIATIOBIIHOTO OOJIaTHAHHS.

Crnix 3a3Ha4WTH, [0 HOPMATHUBHO-TEXHIYHA JOKYMEHTAIlii B Traily3l BHIPOOYBaHb
poO3pi3HEHa Ta B OCHOBHOMY HE€ TapMOHI30BaHa 3 MDKHApOJHMMH BHMOTaMH IO IJIaHYBaHHIO,
oprasizaiii Ta TPOBEICHHIO BUMPOOYBaHb. 3 METOI0 CTBOPEHHS BCEOXOILTIOIOYOI 30HU BLIHHOI
topriem 3 €C Ykpaina Hapasi nepedyBae B polieci IpUBEACHHS CBOTO 3aKOHOAABCTBA 1 MPAKTHK Y
cdepi perymoBaHHsS BUMOT JI0 MPOAYKIIii y BiAMOBIAHICTH 10 3akoHOgaBcTBa €C [16].

BucHoBku. OCKiJIbKH, BIJICYTHS MOXIIMBICTh 3aCTOCYBAaHHS METOJy BH3HAUEHHS OIOPY
PO3pUBAHHIO, SKHH BCTAHOBIICHO TEXHIYHHUMH BHMOTaMH O BUTOTOBJCHHS CIIOPTUBHOTO
(bexXTyBaIbHOTO OSTY, BBAKAEMO JOIUIBHUM 3aCTOCYBaHHS METOAY BH3HAUCHHS PO3PHBAIBLHOTO
sycwuig mBiB 3rigno 'OCT 28073-89. Lleit meToa 103BOIUTH MTPOBOAUTH JOCIIIKEHHS HAAIHHOCTI
HUTKOBHUX 3’€JJHYBaHb, 3a JOIOMOIOI0 KJIACHYHUX METOJIB MaTeMaTHYHOTO MOJICIIOBAHHS
BCTAaHOBJIIOBAaTH B3a€MO3B’S30K MK TEXHOJIOTIYHMMHM IapaMeTpaMH Ta  BIACTUBOCTAMU
TPUKOTA)XHUX TOJIOTEH 1 BU3HAYATH PALliOHATIbHI TEXHOJOTIUHI MapaMeTpH MPOLECY BUTOTOBICHHS
dextyBampHOrO OJry. [lpM 1HOMY, BHTOTOBJIICGHHS NPOO HUTKOBHX 3’€JHYBaHb JOILIJIHHO
MMPOBOJIUTH 332 YMOB, MaKCHUMaJIbHO HabOmmkeHux no TexHiuamx Bumor JICTY EN 13567:2015.
[Ipsime 3acTocyBaHHSI MDKHAPOJHUX TapMOHI30BaHWUX CTAHIAPTIB YCKIATHIOETBCS THM, IO
OLTBIIICTH 3 HUX O(IIIHO HE BIPOBA/KEHI B HAI[IOHAIIBHY METPOJIOTIYHY MTPAKTHUKY 3a BIJICYTHOCTI
BiJITIOBITHOT IHCTPYMEHTAJILHOI Oa3H.
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AHAJIN3 U OCOBEHHOCTHU NTPUMEHEHUSA CTAHIAPTHBIX METO/10OB
HCCJEIOBAHMS HAJIEXKHOCTHA HUTOYHBIX COEIUHEHUM
ITPU ITPOEKTUPOBAHUNU OJEX/bI /151 CIIOPTUBHOI'O ®EXTOBAHUA
XAPYEHKO 10.M., BMJIOLIKAS JI.b., KOTJIZIPOBA N.N.

Kuesckuii nayuonanvhsiil yHusepcumem mexHoao2uil 4 Ou3atiia

Llenv. Obocnosanue 6vibOpa memooa onpeoeieHusi PAspuléHOU HASPY3KU UWIB08, KAaK
OCHOBHO20 NOKA3amens HAOEeHCHOCMU HUMOYHbIX COCOUHEHU 00excObl Ol CHOPMUBHO2O
Gexmosanus.

Memoouxka. Hccredosanusi 6a3upos8anucs Ha OCHO8e NPUHYUNOE CUCMEMHO20 No0Xo0d 6
Memooax aHaIUu3a U CUHMeE3a CIONCHBIX 00bEKmMOo8.

Pezynomamel.  [lpoananuzuposanvl cmanoapmuvle Memoobl ONnpeoeieHUss pa3pbl8HOl
HA2Py3Ku w608 u 0OOCHOBAH 8blOOP MemoO0d OYEHKU HAOEHCHOCMU HUMOUYHBIX COCOUHEHUIl npu
NPOEKMUPOBAHUL 00€HCObL OJ151 CHOPMUBHO20 (PEXMOBAHUSL.

Hayunasa Hoeuzna. Ycmanosienvl 0COOEHHOCMU —NPUMEHEHU Memo008  OYEHKU
HAOENCHOCMU — HUMOYHBIX  COeOUHeHULl  (heXxmoBanbHOU 00eH#cObl C  Y4emom MeXHUUeCKUX
mpebosaHull.

Ilpakmuueckan 3nauumocms. BviOpannviti memoo no3eonum onpeoenums payuoHaIbHble
MEXHONO2UYECKUe —PeXCUMbl U Napamempvl HUMOYHLIX COCOUHEHUN NPU  U320MOGIEeHUU
GexmosanvHoU 00edxcobl 8 COOMBEMCMBUU C HOMPEOUMENbCKUMU U NPOU3BOOCTEEHHBIMU
mpedosaHUsIMU.

Knrouesvie cnoea: Humounvlie coelduneHus, HexmoganvHas 00excod, pazpbléHvie
XapaxKmepucmuxu.

ANALYSIS AND APPLICATION FEATURES OF STANDARD RESEARCH
RELIABILITY METHODS OF STRING CONNECTIONS FOR SPORTS FENCING
CLOTHING DESIGN
KHARCHENKO J.M., BILOTSKA L.B., KOTLIAROVA I.1.

Kyiv National University of Technologies and Design

Purpose. Justification of the method choice for determining the breaking load of the seams,
as the main indicator of the reliability of the string connections for sports fencing clothing.

Methodology. The research was based on the system approach principles in the methods of
analysis and synthesis of complex objects.

Findings. Standard methods for determining the breaking load of seams and the method
choice for assessing the reliability of string joints for sport fencing clothes design is justified.

Originality. The specifics of the method applications for investigating the reliability of string
joints of fencing clothes with regard to technical requirements are established.

Practice value. The chosen method will allow to determine rational technological string
joints regimes and parameters in the fencing clothes manufacturing in accordance with consumer
and production requirements.

Keywords: string connections, threaded joints, fencing clothes, discontinuous
characteristics.

174



Mamepianoznaecmeo, wigeiine i meKcmunbHe
eupoonuymeo. Memponozia ma cepmudpixayis
Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne3 (110), 2017

UGBOLUE S.C.0.! KIM Y.K.2

! Edwin Clark University, Kiagbodo, Delta State, Nigeria
University of Massachusetts, Dartmouth, MA, USA

ADVANCES IN AUXETIC WARP KNITTED PERSONAL
PROTECTIVE STRUCTURES

Purpose. To present current Advances in Auxetic Personal Protective Structures

Methodology. Details of design concept adopted for the Auxetic structures and fabrication
methods are given.

Results. Both quantitative and qualitative methods of assessment of auxetic property of
fabric were developed and used to compare the Non-auxetic Control Fabric versus Auxetic Fabric.
The novel Auxetic fabrics also offer improved shear stiffness, enhanced dimensional stability,
increased plane strain fracture toughness and increased indentation resistance).

Scientific novelty. Proposed Multi-Threat Protective Auxetic Fabric for First Responder’s Base
Uniform is conceptualized.

Practical value. Double Needle Bar (DNB) Auxetic Kevlar fabrics can provide superior 3-D
curved surface conformity

Keywords: Auxetic structure, Poisson’s ratio, Personal Protection.

Introduction. Engineered fabrics are especially desired for military protective clothing
applications. Such fabrics, exhibiting high tactile comfort, can be ergonometrically designed.
However, through the use of an extensive database that contains hand feel, mechanical,
construction, and tactile comfort data for fabrics, desired comfort can be predicted by measuring a
limited number of properties (i.e., Kawabata Index). Thus, output systems can be optimized to
exhibit the highest level of comfort by engineering a fabric with specific properties.

Using the Ballistic and blast protection, as an example, we can summarize the essentials of
Personal Protective Wears (PPW) as follows:

—  Every piece of armor that soldiers wear, with the exception of eye protection, contains
a textile component.

- Advanced textiles play an important role in blast protection, but the Army is still
looking for a lighter weight, modular, scalable and tailorable suite of equipment that will provide
required levels of protection without hindering mobility or mission effectiveness.

—  Blast protection systems that provide the most protection currently are bulky, hinder
movement and cause soldier fatigue.

—  The Army has set the near-term goal (one to five years) of a 10 percent reduction in
armor weight for current threats and improved ergonomic design concepts. Its mid-term (six to 10
years) and long-term (11 to 15 years) goals are to continue to improve weight reduction and
ergonomic design.

Typically, it is important to formulate constructive objectives to accomplish the PPW
fabrication strategy, namely:

(a) to develop and characterize a novel specialized material that is lightweight, comfortable,
and efficient.

(b) to integrate barrier properties in such garments which would incorporate suitable
antimicrobial and other suitable chemicals to provide protection against a range of microorganisms.
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This informed the development of Auxetic warp knitted structures and fabrics that have
negative Poisson’s ratio wherein lateral direction is expanded when the structure is stretched in the
machine direction resulting in novel properties and performances.

1. Auxetic Fabrics Design Concept.

The model depicted in Smith et al [1] has been shown to be successful for explaining the
auxetic behavior of some engineering foams. Many models of deformation within network
materials proposed by Gaspar et al [2] make use of the assumption that there is a single mode of
deformation that dominates over other modes. Some of these network models [3] have been put
forward to resemble materials that may exhibit a negative Poisson’s ratio but have yet to be
manufactured. The broken-rib model by Smith et al [1] is one such model. The results by Gaspar
et al [2] showed that a material with this microstructure does produce a negative Poisson’s ratio.
The principal assumptions for the deformation are: the angles between ribs deform elastically; no
change of length of the individual ribs is allowed; the translational symmetry of the net is kept
throughout deformation. The engineering strain of such a model is shown in Figure 1.

s o—ar[ ) _ap[cos(Co=do +Ad(k-1)
’ sin ¢, " cos (C:o _¢o)

@

(cos(¢,— ¢, +Ag(k—1))—cos({,—¢,))sing,
(sing,—sing,)cos(¢,—4,)

V=

i

Fig. 1. Schematic of geometrical model for the structure

2. University of Massachusetts Dartmouth Auxetic Fabric Design

Research efforts [3-13] in the area of auxetic structures have shown mechanical
improvements over traditional fabrics. These efforts have mainly focused on the initial production
of auxetic fibers and filaments, which are then woven into fabrics to achieve the macroscopic
auxetic properties. Whereas promising properties have been measured, this approach is limited due
to the time consuming and expensive production of individual auxetic fibers. In contrast, our team
at UMD, Ugbolue, et al [14-22], pioneered the fabrication of Auxetic warp knit fabrics using
inexpensive, commercially available non-auxetic yarns. Thus, our team at UMD, Ugbolue, et al [14-
22] translated the concepts in the applicable model [1.2] into practically engineered structures in
order to produce functional textile structures.

The UMD technique provides a faster means of producing auxetic fabrics using non-auxetic
yarns by exploiting knowledge of fabric geometry, design, and structural mechanics. The main
advantages of our approach over competitive auxetic fabrics are: improved productivity, fabric
versatility, performance, and speed of warp knitting production resulting in a more cost effective
and efficient manner than by weaving especially when conventional weaving looms are being used.
Luna Innovations Roanoke, VA 24016, recently teamed with University of Massachusetts,
Dartmouth (UMD) to develop auxetic materials that have significant advantages compared with
currently used materials for pelvic personal protective equipment.
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The auxetic textiles produced have demonstrated significant improvements in mechanical
properties over conventional fabrics and are anticipated to translate to improved blast/ballistic
protection. It is noted that the fabric thickens and strengthens as it is impacted by shrapnel and
improvised explosive devices.

Indeed, the enhanced blast / ballistic protection provided by auxetics allows thinner,
lightweight, breathable protective textiles that will reduce thermal burden. It must be emphasised
that a major problem with conventional materials (i.e. materials having positive Poisson’s ratio) is
that they can hardly be curved into a doubly curved or domed shape, instead the core forms a saddle
shape on bending. In the case of auxetic fabrics (i.e., fabrics with negative Poisson’s ratio), double
curvature can be easily achieved.

2.1.The Ultimate Auxetic Textiles

Water /oil/chemical
drop roll off

\l
Omniphobic / "
antimicrobial coating

Chemical vapor
protection

Shell fabric

Chemical protective

membrane
Stab/blast / Water vapor
protective textile permeability

Fig. 2. Proposed Multi-Threat Protective Fabric for First Responder’s Base Uniform made from
Auxetic Textiles

2.2.Fabrication of Auxetic Structures

In fabricating Auxetic Knit structures from non-auxetic yarns, various types of warp knit
fabrics and in-lay warp knit fabrics were designed and produced on various warp knitting machines
as shown in Figure 3.
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These fabrics were produced on a Double Needle Bar Karl Mayer 16 Gauge Raschel warp
knitting machine equipped with 6 guide bars but only 4 guide bars are used in the study. The fabric
design concept was guided by the available Tier 1 Pelvic Protection Effort Material Target
Requirements. Two yarns were selected for use in this study, namely, 100% Kevlar of 400 denier
linear density as a base yarn and 150 denier polyester filament yarn covered with 70 denier Lycra
as in-laid yarn.

To achieve the auxetic property, most designs employed a high elastic yarn, such as Lycra in
the structure. This yarn is in-laid between the stitch wale in the knitting direction to ensure that the
fabric structure retains the necessary configuration after relaxation. The filling yarn is in-laid
between neighboring wales and wraps the junctures of the ground loops and depicted as Inlay Type
A as shown on the right-hand diagram in Figure 4. Also, shown in Figure 4 are diagrams of a
typical conventional warp knitted fabric, shown on the left and a typical Auxetic warp knitted
structure appropriately shown in the centre of the figure.

Fig. 4. Conventional, Auxetic Structures and Inlay type A

3. Measurement of Some Fabric Physical Properties

3.1. Courses per unit length and Wales per unit length: A course is a predominantly
horizontal row of loops produced by adjacent needles during the same knitting cycle. In warp
knitting each loop in a course normally is composed of a separate yarn. Courses per inch (cpi) or
courses per cm are used to evaluate the loops along the axial or walewise direction.

A wale is a predominantly vertical column of needle loops produced by the same needle
knitting at successive knitting cycles and thus intermeshing each new loop through the previous
loop. In warp knitting a wale can be produced from the same yarn. Wales per inch (wpi) or wales
per cm are used to evaluate the loops along the transverse or coursewise direction.

The number of courses and the number of wales per unit length are obtained by using a
counting glass. The results are reported using Sl units namely, number of courses or wales in 10
mm. The mean of ten readings is recorded for each direction of the fabric.

3.2.  Stitch Density, S: The term loop or stitch density S is the total number of needle
loops in a square area measurement. It is obtained by multiplying, for instance, the number of
courses and wales, per square unit length together. The unit is loops/in® or loops per cm?.

3.3.  Thickness and Basis Weight: The thickness (with the unit of mm) of each sample is

tested using a Thickness Testing Instrument according to ASTM D1777-64.8. Each sample is also
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weighed on an electronic balance to determine its basis weight or areal density (g/m? or oz/yd? or
Ib/ft?).
3.4. Bulk density, B: The bulk density of a knitted fabric, B=/T/W]~Unit conversion
factor, where W is basis weight in 0z/yd® and T is the thickness in inches. Thus Bulk, cm®/g =[T/W]
where T is in cm and W is basis weight in g/cm?.

Table 1
Fabric Geometry and Physical Properties of 400 Denier and Other Baseline Fabrics
Yarn Linear Stitch Basis Basis Bulk
Fabric Density (Base Fabric Wales | Courses Density | Thickness Weight. | Weight. | Density
Designation | Yarn Plus Inlay Structure Percm | Percm (Loops/ (mm) ( /mz). (oz/ d)l (glem?)
Yarn Denier) cm?) g Y g
Luna — 400 Kevlar Base | 1x2 Tricot 7.0 7.0 49 1.20 512.1. 15.0 2.344
UMD Phase Base
Il Fabric #
1-5
(Control)
Luna-UMD | 400 den Kevlar | Auxetic 7.0 7.0 49 1.35 | 595.1 | 17.54 | 2.269
Phase Il base warp knit
Fabric #2-6 plus150 den structure as
polyester shown in
covered with 70 Table 2
den spandex as
inlay
Luna— | 400denKevlar [  Auxetic 7.0 7.0 49 085 | 4370 | 129 | 1.945
UMD base warp knit
Phase Il plus150 den structure as
Fabric #3-7 polyester shown in
covered with 70 Table 2
den spandex as
inlay
Luna-UMD | 400 den Kevlar | Auxetic 7.0 7.0 49 1.05 | 4557 | 134 | 2.303
Phase Il base warp knit
Fabric #4-8 plus150 den structure as
polyester shown in
covered with 70 Table 2
den spandex as
inlay
Draper 180 denier Wetft knit 18 12 216 048 |21335| 6.29 | 2.254
1766-12 Kevlar 1X1 Rib
Woven Baseline Fabrics
Fabric Yarn Linear C . Ends Picks Fabric Thickness Basis Basis Bull_(
. . . onstruction Cover wt. w Density
Designation Density Percm | Percm (%) (mm) (gim?) (ozlyd) | (glem?)
Warwick 1500 denier Woven Plain | 7.1 7.1 60.9 0.36 27795 | 8.19 1.295
WT 9-1386 Kevlar weave
Warwick 200 denier Woven Plain | 39.4 39.4 94.3 0.2 106.25 | 3.13 1.087
WT 9- Kevlar weave
1094A

3.5.  Measurement of Fabric Tensile Properties. Instron 5569 Mechanical Tester and
ASTM D5034-95(2001) test method were used for more detailed evaluations at UMD. To check
for specimen slippage, the specimen was marked across at the front inner edge of each jaw. It is
noted that the mark tends to move away from the jaw edge if slippage occurred. The result was
then discarded and another sample taken if the specimen slipped in the jaws, broke at the edge of or
in the jaws, or the test results fell markedly below the average for the set of specimens. Instrument
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control (including standard and customizable methods) and data collection and analysis were
performed using the Instron software (Blue Hill).

The Kevlar warp knit fabrics were very strong and the breaking points were not easily
attained. As a result, the tensile tests were mostly terminated after samples had been deformed up
to 70 % strain levels in the wale-wise direction. The fabrics were much more extensible in the
course-wise direction and samples were deformed up to 120 % strain levels. The plots of load
versus extension % for the fabrics deformed in both directions can then be produced.

3.6. Measurement of Poisson’s ratio. The measurement of Poisson’s ratio is an
important fundamental tool for determining the auxetic property of materials. If the Poisson’s ratio
is negative then the structure is auxetic. The factor which influences the Poisson’s ratio is
identified as intrinsic unit size displacement, which depends on chain course numbers.

It is surmised that the Poisson’s ratio values decrease as the number of tricot courses
increase. Indeed, the auxetic properties depend on the interaction of vertical and horizontal ribs in
the knitted structure.

To measure the Poisson’s ratio of the identified fabrics, video-extensometry along with
micro-tensile testing techniques are employed by using Instron 5569 Mechanical Tester ASTM
D5034-95(2001). All samples are tested by straining the entire fabric strip evenly and each duly
marked 2 cm X 2 cm square of the sample is measured to obtain the Poisson’s ratio by using the
equation:

Vay= -&x/ &

where & is the strain in the x-direction, or transverse strain,
and &, is the strain in the y-direction, or the axial strain.

Initially all samples of 10 cm long are strained at a rate of 5.08 cm/min, in the wale-wise and
course-wise directions. The test process is observed with a Canon 7D SLR camera. The strain of
the sample is measured using the camera to capture an image of the sample at different strain levels,
totaling 16 pictures per sample. The width of each sample is measured in three locations to ensure
that the measured Poisson’s ratio is as accurate of measurement as possible.

Fig. 5. Example of Measurement of Poisson’s ratio protocol

Each fabric structure is tested three times, using different samples of the fabric structure
each test. The Poisson’s ratio is obtained after all samples had been photographed and strain values
obtained using appropriate image analysis software. It should be noted in the photographs that the
relationship of interest (for determining if auxetic) is not necessarily the relationship of the strain in
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the y direction to the x direction. The axial strain can still be greater than the transverse strain (as
pictured), yet the auxetic nature is a reflection of the transverse strain increasing under axial load
(as measured, the width of the box increased relative to the initial width).
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Fig. 6. Plot of Poisson’s ratio vs. strain % for 400 denier Fabrics

A qualitative method of assessment of auxetic property of fabric as developed at the UMD
Laboratory is shown in Figure 7 and was used to compare the Non-auxetic Control Fabric versus

Auxetic Fabric.
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Fig. 7. Qualitative assessment of the auxetic properties: Woven vs. Auxetic Kevlar
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Fig. 8. Fabric Structure and Design Profiles for Typical DNB Auxetic Fabric

Concluding Remarks. Over the past decade researchers at the University of Massachusetts-
Dartmouth (UMD) have been involved in developing several materials technologies having high
relevance to creating a light weight, superior impact resistant advanced fiber reinforced organic
polymer laminar composite (OPLC) material. One such novel material technology is:

Double needle bar (DNB) Auxetic warp knitted fabrics that have the unique feature of negative
Poisson’s ratio, of which lateral direction is expanded when it is stretched in machine direction.

It is believed that DNB Auxetic Kevlar fabrics can provide superior 3-D curved surface
conformity as reported in our publication. It is also shown in our patent that the Auxetic technology
can be used in conjunction with a range of composite materials, personal protective appliances,
fibrous materials, biomedical filtration materials.

Thus. the novel Auxetic fabrics will offer improved shear stiffness, enhanced dimensional
stability, increased plane strain fracture toughness and increased indentation resistance.
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JTOCTUKEHS B AYK3ETUK OCHOBOBSI3AHBIX CTPYKTYPAX U151
INEPCOHAJIbHOM 3AIIUTHI
'YI'BOJIVE C.4., °’KMM M.K.

1
Yuusepcumem €0euna Knapxa, Hueepus
2 N
Maccauycemckuui ynusepcumem, 2. Japmmym, CIIIA

Llens. [Ipeocmasums mexyuue 00CMUICEHUsL 8 AYK3IEMUK CIMPYKMYpPax Oasi NEPCOHANbHOU 3auumbl

Memoouka. [lpusedenvl Odemanu KoHyenyuu OU3AUHA, NPUHAMOU OJsI AYK3EMUK-CIMPYKMYp, U
MemoOvl UX U320MOBNEHUSL.

Pezynomameot. boinu paspabomansvl U UCNOTL30BAHBL KOAUYECHEEHHbIE U KAYECTNEEHHbIE MEMOObl
OYEHKU AYK3eMUK CBOLUCME NOJIOMEH, KOMOpble UCHOAbIYIOMCS 0Nl CPAGHEHUSl HeaYK3emuK KOHMPOIbHO20
Mamepuana ¢ aykzemux-mamepuaiom. Hoegvle ayxzemux noromma maxdice UMeIOM  VAYYUEHHYIO
AHCECMKOCMb NpU cO8U2e, YIVHUEHHYIO PAZMEPHYIO CMAOUTbHOCMb, NOBBIUEHHYIO YOAPHYIO 6A3KOCMb NpU
NIIOCKOM PACMSNCEHUU U NOBBIUEHHYIO CIOUKOCHb K 80AGTUBAHUIO.

Hayunas noeusna. Ilpednoscena Konyenyus MHOSOCIOUHO20 3AUWUMHO20 AYK3EMUK NOIOMHA OJisL
6a308601i yHUpopmol.

Ilpakmuueckaa 3nauyumocme. Keenapogoe aykzemux NOJNOMHO, U320MOGIEHHOE HA MauiluHe ¢
08YMS ULOTILHUYAMU, MOJICem obecneyums npesocxoonoe coomseememaue 3-D u302Hymoii nosepxHocmil.

Knwouesuvie cnosa: ayxzemux cmpykmypa, kodgguyuenm Ilyaccona, nepconanvhas sawuma.

JOCATHEHHS B AYK3ETUK OCHOBOB’ABAHUX CTPYKTYPAX JIJIA
OCOBUCTOI'O 3AXUCTY
'YI'BOJIVE C.4., °’KIM LK.
lyHieepcumem €osina Knapra, Hizcepis
’Maccauycemcuviuii ynisepcumem, m.Japmmym, CLLIA

Mema. [Ipedcmagumu nOmoyHi OOCACHEHHsL 8 AYK3eMUK CIMPYKMYpPax 0isk NePCOHANbHO20 3aXUCTY.

Memoouxa. Haseoeno oemani wonyenyii ousaiimy, nputiHamoi 01 ayK3emuK-CmpyKmyp, mda
Memoou ix 8U2OMOGIEHHS.

Pesynomamu. byiu pospobneni i euxopucmati KilbKiCHI ma SKICHI Memoou OYIHKU AYK3emuK
eracmugocmeli NONOMHA, AKI 3ACMOBYIOMb OJisl NOPIGHAHMHA HeayK3emuK KOHMPOJIbHO2O0 Mamepiany 3
aykzemux-mamepianom. Hogi ayksemux NOIOMHA MAKOIC MAiOMb HONINUIEHY HCOPCMKICHb Npu 3CY86i,
NOMINWeRy po3mMipHy cmabiibHicmb, nidguweHy YOapHy 6'a3KiCmb npu NJIOCKOMY pO3MAZY8AHHI i nidguyeHy
cmitikicms 00 80A61H08AHHSL.

Haykosa noeusna. 3anponono8ano KOHYenyilo 06azamouiapo8ozo 3axXucCHo20 ayK3emuk HOI0MHA
051 6a3060i1 yHighopmu.

Ilpakmuuna 3nauumicms. Kesnapose aykzemux nOIOMHO, GUSOMOBIEHE HA MAWUHI 3 080MA
20N UHUYAMU, MOdice 3abe3neuumu 2apry 6i0nogionicmo 3-D euenymili nosepxHi.

Knwwuogi cnosa: ayxzemux cmpykmypa, koegiyienm [lyaccona, ocobucmuii 3axucm.
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VK 685.34 IMPYJIHIKOBA H./., IEPBAS H.B., BABNY A.lL

KuiBchkuii HalliOHANBHUM YHIBEPCUTET TEXHOJIOTIH Ta AU3AUHY

ABTOMATHU3ALIA TEXHOJIOI'TYHOI'O MPOLECY
BUPOBHUITBA ITPOPITAKTUYHHUX YCTIJIOK 3 AKTUBHUM
BIIJ/IMBOM HA PE®JIEKTOPHI TOYKH CTOIIN

Mema. /locniodcenns ocobaugocmell asmomamusayii cucmem i MOOYIi8 y eUpOOHUYMSBI
g3ymms ma Komniekmyiouux. Pospobka mexnonoziuno2o npoyecy eupooHuymea npo@iiakmudnux
VCMINOK 3 GUKOPUCMAHHAM A8MOMAMUI08AHUX CUCIEM MA MOOYIIS.

Memoouka. 3a pe3yromamamu meopemudHux O0O0CHI0NCeHb OVI0 NpPoBeodeHo psio
MeopemuyHux cnpod wooo asmomamusayii npoyecy sUpoOHUYMEa npo@ilaKmudHux YCmilox 3a
PAXVHOK BNPOBAONCEHHS eNeMeHmi8 agmomamusayii y mexHonr02iunuil npoyec 075 008€0eHHs.
NPAKMUYHOI 3HAYUMOCMI pobomu i 3amiHu pYuHOI npayi Ha NOMOyi, MuM CaAMUM 00CA2AIOYU
NOKpawjeHHs AKOCmi Upo0ie 0aH020 Ce2MeHmMy, MONCIUBOCMI 8UPOOHUYMBA 8UPODI6 CepiliHO O
PO3WUPEHHS  ACOPMUMEHMY, YOOCKOHANEHHSI MEXHON02Ii BUCOMOBIEHHA | MAKONC 3 MEemoro
30euesner s 6upooy, wo pooums 1020 0OCMYNHUM OJis CHOAHCUBAYA.

Pesynomamu. B pobomi 3anponoHo8aHo mexHono2iuHull npoyec cepitinozo 8UpOOHUYMEd
npoOINaKMuUHUX YCMIinoK 3 3aMIiHOK PYYHOI npayi Ha nomoyi ma po3podieHa NPUHYUNo8a O10K-
cxema asmomamu308aHo20 npoyecy UpoOHUYMEa 8Uupobie cneyiarbHo20 NPUIHAYEHHS.

Haykosea noeusna. Bnepuie po3pobieHo mexuono2iuHuil npoyec cepilino2o 8upoOHUYmea
NPOQINAKMUYHUX YCMINOK 3 AKMUSHUM BNAUEOM HA Pe@eKMOPHI MOUYKU CMONU 3 BUKOPUCAHHAM
elnemMenmis aBmomamu3ayii NOmoxy.

Ilpakmuuna 3nauumicms. 3acmocy8amHs CUCMEMHO20 NiOX00Y GUGYEHHA NUMAHHS
asmomamuzayii npoyecy GUpoOHUYMEA NPOPDINAKMUYHUX YCMINOK 3a0e3neduno yO0OCKOHAeHHs
npoyecy ix GUPOOHUYMEA WLIAXOM ABMOMAMU3AYIL Npoyecy ma CHNpOSHO3Y8AN0 MONCIUBICTD
BNPOBAOICEHHS OAHOI PO3POOKU Y BUPOOHUYMEO.

Knrwouoei cnoea: mexnonozivnuii npoyec, agmomamusayis npoyecie ma 6y3iig, MoOYIb,
VOOCKOHANEHHs, NpoinakmudHa YCminKka, npoghinakmuka, ocooOnusocmi KOHCMPYKYii ma
8UCOMOBIEHHS, DUHOK 83VMMIA, NONUM, Ce2MEeHMAyis, AKIiCMb.

Beryn. B yMOBax ChOTOACHHS aKTyaJbHUM MUTAHHSIM € aBTOMATH3allisl TPOIIECIB, CHCTEM
Ta MOJyJIiB BUPOOHUIITBA, 10 MPU3BOAMUTH O 3aMiHH PYYHOI Tpalli, MiABUIICHHS SKOCTI BUPOOIB,
3HIKEHHs 1X coOiBaprocti. Tomy B maHii poOoTi MoBa Oyde HTH IpoO aBTOMATHU3ALIIO
TEXHOJIOTIYHOTO TPOLECY BUPOOHUITBA MPO(PUIAKTUYHHUX YCTUIOK, IO J03BOJIIE BHITYCKaTH
BUpOOM CepiiiHO, PO3BUBATH HAIpPSM PO3IMIMPEHHS ACOPTUMEHTY, YAOCKOHAJICHHS TEXHOJIOTIT
BHUTOTOBJICHHS 1 TAKOK 3 METOIO 3]ICHIEBICHHS BUPOOY, 10 3pOOUTH HOTO TOCTYITHUM 1 I[IKAaBUM IS
CTIOKHMBAYa.

IlocTanoBka 3aBaaHHs. AKTyaJdbHUM 3aBIAHHSM ITANPUEMCTB, SKI CIEHIATI3yIOThCS Ha
BUIYCKY B3yTTSA B3araji 1 CHELUIaJbHOrO B3YTTS KOHKPETHO € JIOCHIDKEHHS IPOLECy
YIIOCKOHAJIEHHS! BUPOOHUIITBA BUPOOIB B LIJIOMY, @ TAKOXK OKPEMHUX HOTO MOAYIIIB 1 CUCTEM, IO Ja€
MO>KJIMBICTH EKOHOMIYHOTO POCTY BUPOOHHUIITBA 1 MA€ psij epeBar MOpiBHAHO 3 TPAAULIIIHOIO HOro
¢dopmoro. TpaauiiiiHi MeTo M BUPOOHHUIITBA B3YTTS 1 KOMIUIEKTYIOUHX, & TAKOXK YCTaTKyBaHHS, 10
BHUKOPHUCTOBYIOTHCSI HA BUPOOHHUIITBI CHOTOAHI € MOCHUTh €HEPrOEMHUMH, a SKICTh MPOIYKINi, SK
MpaBUJI0, BU3HAYAETHCA KBali(ikaiiero TMpalliBHUKA, HaWJacTille Mae MICIle HH3bKa SKICTh
BUKOHAHHS OIepalliid, mo MPU3BOIUTH 10 BTPATH 30BHIMIHBOTO BUTJISAY BHPOOY 1 WOTO SIKOCTI B
iIoMy. ABTOMAaTH3allis CKJIAJAIBHOTO TMPOIECY T03BOJISIE BHKIIOYUTH JIIOJICHKUN (PakTop mpu
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BUPOOHUIITBI BUPOOIB 1 JOCSITTH MOBHICTIO CUMETPUYHOTO BUTOTOBJICHHS JIBOX HAIIBIIAp B3YTTH,
a00 yCTLIOK, TOOTO 3HAYHO ITiIBUIIUTH SIKICTh MTPOIYKITIi.

PoGora mo mochimKeHHIO Ta po3poOill TEXHOJOTIYHHMX IPOIECIB aBTOMATH30BAHOTO
CKJIaJaHHs MPOQITaKTUYHUX YCTUIOK Ta CHEIIabHOrO B3YTTA 3 HUMHU Ha JAaHOMY €Talli PO3BUTKY
BITYM3HIHOTO B3yTTEBOI'O BUPOOHUIITBA € aKTYAIIbHOIO Ta CBOEYACHOIO.

OpHiero 3 BUpIIAIBHUX  Omepauii  MOAYJABHOTO  TEXHOJOTIYHOTO  MpOIECy
aBTOMATHM30BAaHOTO CKJIAJaHHS BHUPOOIB € ormeparlis 3axBaTy M SKHX IUIOCKHX JeTaleld uu
MarepiaiiB Il BUTOTOBJICHHs 3aroToBok. [lomepenani mocmimuuku (ITickopceekmii I'.A., ToHKOBH
JLA., Apytionsa C.C., Hecrepor B.IL., lllynpka I'.B. Ta i) 3aiiManuck, B OCHOBHOMY, 3aXBaTOM
JIETANIe 3aroTOBOK 13 TOBITPOHENPOHWKHHX B3yTTEBUX MaTepiaiB (HaTypajbHA, CHHTETHYHA,
mrydHa mkipu) [1-4]. Ane Bimomo, 10 3aroToBKa BUPOOY MOYKE BKJIFOYATH KOMOIHAIIIO IIapiB 3
MOBITPOIIPOHUKHUX TEKCTHJIBHUX a00 MIKIpSHUX B3YTTEBUX MaTepialliB Ta HAMOBHIOBAYa, B JAHOMY
BUMAJKY, KICTOYKH IUIONOBUX JepeB. Tomy HalOUIbII LIKaBUM 3 HAyKOBOI Ta aKTYaJIbHUM 3
1H)KEHEpHOI TOYOK 30py Oyze MOCHIKeHHS Ta BU3HAYCHHS OCHOBHHX IMapaMETpiB TEXHOJIOTIYHOT
ormepauii 3axBaTy M’SKHUX IUIOCKHX J€Tajieil 3aroTOBOK, B TOMY YHCIi 13 MOBITPONPOHUKHUX
TeKCTHJIPHUX MaTepiajliB, Ta MPUPOJHUX CHUIYYHX HAIOBHIOBAYIB 3 METOK PO3POOKH HOBHX
TEXHOJIOTIYHHX YMOB IS ONTHMAIBHOTO BUKOHAHHS BKa3aHOI omepallii B aBTOMAaTH30BaHOMY
pexumi. OCKITBKH JOCTITKEHHSM TUTaHb PO3POOKH Ta BUTOTOBJICHHS BUPOOIB CHEIiabHOTO 1
npoUTAKTUYHOTO MPU3HAYCHHS 3 BUKOPUCTAHHSM MPHUPOJHOTO HAIOBHIOBAYa JIOCI HE 3aiiMaBCs
HIXTO 3 HAyKOBIIIB, TaKe MJOCHIIKCHHS € aKTyaJlbHUM, I[IKaBUM 1 YK€ BaKJIUBUM, SK B
€KOHOMIYHOMY, TaK i B CTpaTeriyHOMY 3HAYCHHSX.

Jani [DOCHiIKeHHS [al0Th MOMKJIHMBICTh JOCHITUTH 1 CIPOTHO3YBATH BIPOBAKEHHS
PO3POOKHK Yy BUPOOHUIITBO 1 3a0€3MEUCHHS HACEICHHS HEOOX1THOI MPOAYKIIEIO 3 TOCTYITHOK IS
CTHOYKUBaYa IiHOIO.

OcHoBHa wMeTa poOOTHM ToNsATaE y cCOpoOi aBTOMarM3allii mpolecy BHPOOHHIITBA
npodiTaKTUYHUX YCTIIOK 1 y BH3HAY€HI HOPMATHBIB TEXHOJIOTIYHUX OMeEparii mpoiecy
ABTOMATHU30BAHOTO CKJIAIaHHS TUIOCKHX MOMIYJIIB 3aTOTOBOK y 00’ €MHI.

VY BiAMOBIAHOCTI 3 METOO OYJIM IMOCTaBJIEH] TaKl 3aa4i:

1. TIlpoBectu aHai3 TEXHOJOTIYHUX OINEpaliil MpOIEeCy aBTOMAaTH30BAHOTO CKIIAJaHHS
BUPOOIB TAHOTO CETMEHTY.

2. Po3pobutu MOaynpHUI TEXHONOTIYHMN mpouec (O6J0K-CXeMy) aBTOMATH30BAHOTO
CKJIaJaHHd TNPO(QITaKTUYHUX YCTUIOK 3 BHKOPHUCTaHHSM OIepallii aBTOMAaTH30BAaHOTO 3aXBaTy
M’SIKHX TUTOCKUX MaTepiaiiB 31 CTONY.

3. OOrpyHTyBaTu IOIIIBHICTh, 3 TOUYKH 30pY TEXHOJOTIYHUX Ta EKOHOMIYHUX MTOKA3HHKIB,
3aCTOCYBaHHS MOJYJIBHOTO TEXHOJOTIYHOTO IPOIECY aBTOMATH30BAHOTO CKJIaJaHHS BHpPOOIB B
JIOMY.

OO0'exTH JOCHIDKEHb — TMpolec BUPOOHMLTBA MPODITAKTHYHUX YCTUIOK B YMOBax
aBTOMAaTH30BaHOTO IPOIIECY.

Metoan gociaigmeHHsi. TeopeTHUYHOIO OCHOBOIO pOOOTH € HAayKOBI JOCIHIKEHHS
BITYM3HSIHMX Ta 1HO3EMHHX BYEHHMX IO PO3pOOIl TEXHOJOTIYHUX IPOIECIB aBTOMATU30BAHOTO
CKJIaJJaHHS B3yTTA. METOMOJOTIYHOI0 OCHOBOIO CIYT'YBaJd METOAM aHalli3y HOPMATHBIB
TEXHOJIOTIYHUX OIEpallii aBTOMAaTH30BAHOTO 3aXBaTy M SKHX IUIOCKHX JeTajeidl 3aroTOBOK,
HayKOBOTO Tepe0aueHHs Ta MPAKTHKH, IK KPUTEPIIO ICTUHHU.
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Ha 1111 ocHOBI p0O3p00JIeHa KOMIUIEKCHA METOIUKA TOCITIIKEeHb, SIKa BKIIFOYAE:

- aHaJIi3 OCHOBHHX POOIT IO aBTOMAaTH30BaHUM KOMIUIEKCAM JJIsi BAPOOHHUIITBA B3YTTS;

- aHaJi3 OCHOBHHMX POOIT MO JOCTIPKEHHIO TEXHOJIOTIYHUX OIepallid 3axBaTy M’ SIKHX
TJIOCKHX JIeTajeil 3aroTOBOK BUPOOIiB;

- aHAJNITMYHUM METOX aHali3y omepamii aBTOMaTH30BaHOTO  3aXBaTy  IUIOCKHX
MOBITPONTPOHUKHUX TEKCTHILHUX JIETaJIel 3arOTOBOK CKJIaIHOT JOPMHU 31 CTOCY;

HaykoBa HOBH3Ha ojepkaHuX pe3ynabTariB. [lig 4ac aHANITUYHUX Ta €KCIIEPUMEHTAIBHUX
JOCITIKEHb aBTOPaMU OTPUMAHO TaKi pe3ysIbTaTH:

1. Bmepie po3poOJeHO TEXHOJIOTIYHHUMN MPOIEC BUPOOHUIITBA MPOPIITAKTUIHUX YCTLIOK 3
BUKOPHCTAHHSM B SIKOCTI HAIIOBHIOBAa4Ya KiCTOYOK IIJIOJJOBHX JIEPEB;

2. po3po0JeHO CMmoci0 aBTOMATHM30BAaHOTO CKJIAJAHHSA IUIOCKMX MOJYJIIB BHUPOOIB B
00’ eMHHUIA.

CucreMHU{ TiAXii BHUBYEHHS [HTAaHHS aBTOMATH3allii MpoOlLeCy BUPOOHHIITBA
NpoUTAKTUYHHUX YCTIJIOK JIaB 3MOTY PO310paTUCs Y «BY3bKUX MICISX)» MUTAHHS Ta 3pOOUTH CIIPOOY
YIOCKOHAJICHHS TIPOIECY BUPOOHUIITBA [UISIXOM aBTOMATH3AIlil MPOIleCy, CIPOrHO3YBAaTH MTUTAHHS
BIPOBAJKEHHS JaHOT pO3pOOKH y BUPOOHUIITBO.

PesyabTaTn gociairkeHb. Po3BHTOK muBLTI3amii MpPU3BIB 10 PO3BUTKY 3ac00iB
NepecyBaHHs, 10 B CBOKO YEpry MPHU3BEIO A0 3MEHIICHHS PYXOBOI aKTHBHOCTI JrOAWHU. Jlroam
CHOTOJHI XO/Th B KOM(MOPTHUX YMOBaX YUM IMMO30aBIIIH ceO€ TPUPOTHOTO CIIOCOOY MacaK yBaHHS
pedaekTopHuX 30H cronu. HoOCiHHA B3yTTS Iie OUTBII OOMEXHIO MPUPOAHY CTUMYIISIIIO 1
npu3Beno A0 30UIbIIeHHS mpoOieM nedopmarii CTON Ta YTPYAHEHHS KpOBOOOIry B HIKHIX
KIHI[IBKAX.

Sx BimoMO, cToma Tpae HAA3BUYANHO BAXIMBY pOJb B TOBENiHII ToauHU. Ha Hil
po3ramoBaHi 0e3ni4  peQEeKTOPHUX TOYOK — Micllb KOHIIeHTpauii HepBiB. 3rigHO Teopii
TPAIUIIIHHOT KATalChKOT METUIIMHY, HAa CTOMAaX PO3TalIoBaHo Ouibmie 60 akTMBHUX 30H 1 TOUYOK, a
TaKOX € BBl KaHaH «L[31H10» (€HepreTHYHI MEpHaiaHu Ta KoJIaTepai, siKi OB’ A3yI0Th MiXK
c000K0 OpraHu Tiia, 0 CTBOPIOIOTH CUCTEMY €HEProOKOMYHIKarlii Jroauuun) [5].

Cronu cydacHOi JIIOJMHM KOHTAKTYIOTh 3 IUIOCKHMH YCTUIKaMH, SKI 4Yepe3 IiIOIIBY
CIHMPAIOThCSI HAa JKOPCTKY OCHOBY (acdayibT, OETOH, MapKeT), BUKIMKAIOYM B HUX 30HAJIbHE
nepeBaHTaXeHHs. /[0 1bOro moTpiOHO J0JaTH HETaTHBHI HACHIAKH BiJl PI3HUX 3aXBOPIOBaHb 1
TpaBM. [li7] BIUIMBOM IIMX YMHHUKIB CTOINA 3 YaCOM PO3ILIACTOBYETHCA 1 AedopmyeThes. HociHHs
B3YTTS 11l OUTBII 0OMEXY€E MPUPOAHY CTUMYIIALIIO, IO MPU3BOAUTH O MOTIPIIEHHS KPOBOOOITY B
HOTax.

OnuuM 13 3ac00iB BIUTUBY Ha PEQUICKTOPHI TOYKH CTOIH € B3YTTS 3 BKJIQJHOIO YCTLIKOIO
CreIiaJbHO1 KOHCTPYKITi. AHaNI3 MaTeHTHOI Ta HAyKOBO-TEXHIYHOI iH(opMallii CBITYUTH MPO TE,
[0 BITYM3HSIHI 1 3aKOpJOHHI BUYCHI Ta BHWHAXIAHUKA TPOMOHYIOTh Pi3HI KOHCTPYKIIiT
npoUTAKTUYHUX YCTUIOK CHEIialbHOTO MPU3HAYEHHS 3 MAaCa)KHUM e(EeKTOM, sKi 30pi€HTOBaHI Ha
CTUMYJTIOBaHHS PE(IIEKTOPHHUX 30H CTONH. bibIIiCTh 3 HUX Mepen0aueH0 BUKOPUCTOBYBATH TiTbKU
KOPOTKOYAacHO, MpU JOTPUMAaHHI CHeliajJbHHUX, CaHITAPHO-TIri€HIYHUX yMOB. lIpu 11bOMy, BOHHU €
BHCOKOBApTICHUMH, BUTOTOBJISIIOTHCS 32 1HAMBIAYaIbHUM MPU3HAUYECHHAM JiKaps ¥ MpU3HAYeHi, 5K
MIPABUJIO, ISl OJTHOPA30BOT0 200 KOPOTKOYACHOTO BUKOPUCTAHHSI.

3a ocTaHHI CTO POKiB OYKBAJIBHO B KOXKHIN Tally31 MEAUIIMHU OYyJ10 3p00JIEHO 3HAYHHI KPOK
BIIEpeI 11010 3amo0iranHs adbo BUJIIKOBYBaHHIO BiAMOBIAHMX XBopoO. [lepenoBi MeToau JTiKyBaHHS
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MOPYIIEHb CTONM BUHAM/ICH], aJlé HOBUX MPOQITaKTUYHUX BUPOOIB 3'SIBUIIOCS HEIOCTATHHO 1 HABIThH
nyke Mano. B muTanH1 310poB's HIT mpobiemMa O4eBUIHA, PIIICHHS MOTPIOHE MPOCTE 1 MPAKTUYHE,
Take, siKe 3pOoOWUTHh 3HAYHHWI OJAaroTBOPHUIM BIUIMB Ha HOTH SK JiTEH, Tak 1 mopociaux. Takum
PIIIEHHSAM CTaJI0 CTBOPEHHS MPOQUIAKTUYHOTO B3YTTS 3 CHEIiaIbHUMH YCTUIKaMH, 110 3a0e3neuye
MiABUILEHHS MAacaXHOro edekTy. BukopucranHs cremiaibHOro B3yTTs ab0  OKpemo
npopUIAKTUYHUX YCTIJIOK 3 CHEliaJbHUM Maca)XHHMM HAIlOBHIOBAYe€M POCIUHHOIO IOXOJKEHHS
3abe3neuye NpOPUIAKTUYHUN Ta 030pOBUMH €(EeKT 3a PaxyHOK PYXJIMBOCTI Ta BiJIMOBIIHOCTI
PO3MIIIIEHHS] HAIMOBHIOBAaYa PO3TAITyBAaHHIO pedIEKTOPHUX 30H (O10JIOT1YHO-aKTUBHUX TOYOK) Ha
HO3I.

Ha cymicHOMYy ykpaiHchKO-iTaiiicbkoMy mianmpueMcTBi “PU®-1" BUTOTOBIEHO AOCTITHY
MapTII0 CTEIATBbHOTO B3YTTS 3 MPOMUIAKTHIHUMH yCTUTKaMH (puc. 1), KOHCTPYKIIiS Ta JTAKOHIYHUI
IH3aiiH AKX 3a0e3medye BiquyTTss KOM(POPTHOCTI 1 MACaXHOTO eeKTy Mpu HOro BUKOPUCTAHHI.

Puc 1. B3yTTa cneniaaibHOro Npu3HavdeHHs 3i SMiHHUMH BKJIQTHUMH
npogisakTuuanmu yerinkamu CII«PU®D-1»

3 ypaxyBaHHSIM OTPHUMAaHUX peE3yJbTATIB TITl€HIYHUX BJIACTUBOCTEH po3poOIeHUX
npopUIAKTUYHUX YCTUIOK, MPOBEIEHOr0 JOCHIMKEHHS iX BIUIMBY Ha OpTaHi3M JIIOJAMHHU Tija 4ac
X0abp0u 1 poOOTH, MIATBEPIKEHOTO eKCepTHUM BUCHOBKOM Ne 01/241 Axaznemii MeIUYHHMX HayK
Vkpainu [lepxaBHoi ycranoBu “IHcTuryTr reponTosorii im. akam. J.d. YeGoraprosa” [6] Ta
pe3yabTaTIB AOCIITHOTO HOCIHHS (puc 2) mpodilakTHUYHI YCTIIKH MOKHA PEKOMEHIYBAaTH IS
MOBCSIKICHHOTO BUKOPUCTAHHS.
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nontoc
8
6 & B N B = N

123456 7 8 910111213

B)

Puc.2. [liarpamu pe3yJbTaTiB OMUTYBAHHS TPYNH YYACHUKIB eKCIIEPUMEHTY J0CTiTHOT0 HOCIHHSA: a)
rpyna 4oJioBikiB; 0) rpyna skiHoOK; B) rpyna miJtiTKiB

Opnak Bci mpo@UIaKTHYHI YCTIIKHA, BUTOTOBJICHI IJIS JOCTIDKEHHS 1 ampoolariii O0yso
3p00JICHO BPYUHY, 110 B MaciiTabax BUPOOHUIITBA YHEMOKIUBIIIOE BUPOOHUYHIA MPOIEC TTPH YMOBI
monuTy Ha HuX. ToMy, mepen aBTopamMu OyJjia MOCTaBlIeHa 3a7ada pPO3pOOUTH TEXHOJIOTIUHHI
IpoIec CepifHOro BUPOOHHUITBA MPO(IIAKTUYHUX YCTUIOK 3 BHKOPHCTAHHSIM aBTOMAaTH30BAaHUX
MOJIYJIiB pOOOTH MOTOKY. BuBumBIIM naHe muTaHHs 1 oOonagHanus mianpuemcrsa CIT«PUD-1» O6yB
po3po0ieHnit moonepariiiHiii TEXHOIOTIYHIA MapIIpyT BUKOHAHHS TEXHOJOTTYHUX OIepaliil mo
BUPOOHULTBY MPO(INIAKTUYHUX YCTUIOK (Tabmums 1) 1 Giok-cxema mpolecy 3 BUKOPUCTAHHSAM
aBTOMAaTH30BaHUX MOJYJIIB mporecy (puc.3).
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Tabnuys 1

TexHOJIOrYHUI MapmIPYT NMpoiecy BUPOOHMITBA NPOPUIAKTHYHUX YCTIJIOK 3
BUKOPHUCTAHHSAM aBTOMATH30BAHMX MOIYJIiB

Neni/n Hasga onepauii [Mpuctpi
1. 3amyck ITVY, xoHBeep, oneparop |
2. .o KOMH.HGI.(TyBaHLH.a basa. . Monyns 1 (ckanep), onepatop 1
(minOip mMarepiaiiB, nepeBipka Je(eKTiB).
3 Hamaska xireeM mMarepiairy 10 IUIOII 32 JOOMOT'OI0 BAJIKIB Monyis 2
' arperary. (IpucTpiii 3 BaJIKaMK)
4 BcranoBineHHs pi3aka-iTaMia Ha MaTepiai (pizak 3 Monyns 3 (MaHinmysTop),
' JIBOCTOPOHHBOIO 3aTOYKOIO JIe3a). orepatop 2
5 3aH0]'3HCHH5{ dhopm mTamma (ycrinka) HarmoBHIOBaYeM (CyXi Moty 4 (asinymsTop)
KiCTOYKH 200 CYMIlT KiCTOYOK 3 KIICIOYOI0 Macol0).
6. Haknagansst BEepXHHOTO MIApy MaTepiany Ha MTamIl. Monynb 4 (MaHIITyISITOD)
7. BupyOyBaHHS yCTiJIOK B TTAKETi. Monynb 3 (MaHIITyIsITOP)
8. SHATTS pi3aka-mTamimy. Monynb 3 (MaHIITyIsITOP)
9 OOCTpodyBaHHS AKETY YCTIIKH 110 TIEPUMETPY BUPOOY ab0 [IBeitne obnannanus PFAFF,
) OKaHTOBYBAIILHOIO CTPIYKOIO. Omneparop 3 (mBes)
ITepeBipka SIKOCTi MAKETY YCTIJIKH.
10. Hanecenns MmapKyBaHHS. Omneparop? (KOMIUIEKTYBAIbHHK )
KoMmIuiekTyBaHHs, MaKyBaHHsI IONIAPHO.

M1 @ M4

M5

M2

<>

M3

Ymoeni nosnauenns:

K > - KOHeeep,

@ - onepamop
M1

- ABMOMAMU308aAHUIL MO()leb

M6

Puc.3. Biiok-cxema aBTOMaTH30BaHOT0 MOAYJILHOI'O IIPOLIECY BUTOTOBJIEHHSI YCTIJIOK

[ToOynyBaBmIu BipTyaJdbHUI aBTOMAaTU30BaHH MOTIK BUPOOHUIITBA YCTIJIOK 1 OCHACTUBIIN
fioro poOOTaMU-MaHINMyJIATOPaMH, a TaKOX IIBEMHMM 0OJaJHAHHSIM, BHMKOHAHO PO3CTAHOBKY
oOnagHaHHS TOMOJYJAbHO. Y 3IIHCHEHHI Tpollecy 3aJisTHO JBa OIepaTopu 1 IBes IS
00CITyroByBaHHsI 1 KOHTPOJIIO BUKOHAHHS POOOTH Ha MOTOII. 3aJIeXHO BiJ KUIBKOCTI IPOIYKITii, 110
BHUITYCKA€EThCS, OKPEMO MOXXHA IUIaHYBaTH KUIBKICTh pPOOITHHUKIB Ha omepamisx Ne9 1 10
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(oOcTpouyBaHHA YCTIIOK, KOMIUICKTYBaHHS BUPOOiB) (puc.4). Cuctema mparfoe HaCTyITHUM YHHOM
Omnepatop 1 3amyckae cucremy 3 IIY. Jlam 3rigHO TEXHOJOTIYHOTO MapUIPyTy BUKOHAHHS
omepamiii (tabmmms 1) 3a A0MOMOTOI0 POOOTIB-MaHIMYJISATOPIB 1 CHEMIaIbHUX MPUCTPOIB
BUKOHYIOTHCS omeparlii momoayibHo. Tak, 3a gqonomororo M1 - BukonyroTbes omnepauii Nel, 2. 3a
nonomororo M2 BukonyeThest onepartisi Ne 3. 3a normomoroto M3 - BukoHytoThest oneparii Ne 4, 7,
8. 3a nonomoro M4 - BUKOHYIOThCs onepatiii Ne 5, 6. 3a qornomMororo M5 - BUKOHYETbCS OTepariist
Ne9. 3a nonmomororo M6 - BuUKoHyeThCs omneparrist Nel0.

KosxeH Momynb 3ajeXHO BiJ NPU3HAYCHHs omeparlii Ta 1l BUIy Mae OyTH OCHAIICHHI:
CKaHYIOUMM MPHUCTPOEM, «PYKOIO»-MaHIMYISATOPOM Ji 3aXOIUIEHHS Marepially 1 BHUKOHAHHS
orepailii, 1711 HAHECEHHS KJICIO 1 3aII0BHEHHSI ()OpPM HAITOBHIOBAYEM.

B mopanpmniii po6oTi miuaHyeThes poOoTa Ham MigA0OpoM OOJagHAHHS 1 BiAMpaIIOBAaHHSIM
PEKUMIB TEXHOJIOTIYHUX OTepalliid, a TAKOX JOBEACHHIM €KOHOMIYHOT JIOIIIBHOCTI BIPOBAKEHHS
MOJTyJIbHOI aBTOMaTH3allii y BUPOOHHUIITBO BUPOOIB JaHOTO CETMEHTY.

BucHoBku. BcTraHoBieHo, 110 BHpPOOM JaHOTO CETMEHTY € HEOOXiTHHMHM Ha PHUHKY
HEMPOJIOBOJIBYMX TOBApIiB HAPOJHOTO BXHUTKY. 3ampoONOHOBaHI MNPOQUIAKTUYHI BHUPOOH €
JNOCTYITHUMH, KOPUCTYIOTHCS CIIOKHBAI[bKUM TOMUTOM 1 € KOPUCHUMH 3 TOUKH 30pY JIKyBaHHS Ta
podiTaKTUKHN 3aXBOPIOBaHb OPTraHi3My JIFOJIUHH B IIJIOMY.

3a pe3yapTaTaMu MOMEpeaHIX JAOCTIIHKEHb PO3POOICHO TEXHOJOTIYHUN MapIIpyT Ta OJIOK-
CXeMy aBTOMATHU30BAaHOTO MPOIIECY BUPOOHUIITBA MPODUIAKTHIHHUX YCTIJIOK.

CrnporHo3oBaHO TMOMUT 1 3a0€3MEUeHHsS] BHCOKOI SIKOCTI BHPOOIB JIaHOTO CETMEHTY 1
MPU3HAYCHHSA 3 BEPXOM 13 HATypaJlbHUX ILIKIP 1 TEKCTUJIO Ta MPUPOJHUM HAIOBHIOBAUYEM, IpHU
3aMiHI pPYYHOTO BHPOOHMIITBA 1  aBTOMAaTH3alii MpOLECy 3 BHUKOPHCTAHHIM TEXHOJOTTUHUX
MOJTYJIiB.
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ABTOMATHU3ALIUA TEXHOJTOI'MYECKOI'O ITPOHECCA ITPOU3BOJACTBA
MNPOPUTAKTUYECKHUX CTEJEK C AKTUBHBIM BO3JIEHCTBUEM HA
PE®JIEKTOPHBIE TOYKH CTOIIbI

[NPYJHUKOBA H./., [IEPBAA H.B., BABUY A 1.

Kueesckuil Hayuonanvuwliii yrusepcumem mexHoao2utl U OU3alHa

Ilens. Hccreoosams ocobennocmu agmomamuzayuu cucmem u mMooyiet 8 npou3eoocmee
obysu u  Komnaekmylowux. Paspabomams  mexHono2uyecKuli  npoyecc  Npou3800Cmed
NPOPUIAKMULECKUX CIENEK C UCNONb308AHUEM ABMOMAMUSUPOBAHHBIX CUCEM U MOOYIell.

Memoouka. I[lo pe3ynbmamam meopemuyeckux ucciedosanuti Ovll npogedeH psio
meopemuyeckux HONbIMOK NO ABMOMAMU3AYUU NPoYecca Npou3Bo0Cmed NpoPUIAKMUYEeCKUX
cmenek 3a cuem GHEOPEeHUs DIeMEHMO8 aA8MOoMAmu3ayuu 6 MexHOI02U4ecKuli npoyecc 0
00KA3amenbCcmed NPaKmuyecKoll 3HAYUMOCmuy pabomvl U 3aMeHbl PYYHO20 mpyod Ha NOMOKe, mem
camvlM  0ocmueas YayuuleHus —Kadecmea —u30eiuli  OaHHO20 — Ce2MEeHMd,  B803MONCHOCMU
npouzeo0cmea  uUz0enull Ceputino Ol  PACWUPEHUs ACCOPMUMEHMA, COBEPULEHCMBOBAHUE
MEXHON02UU U320MOGIEHUS U MaKdce, C UYeiblo Yoeulesnenus u3oenus, 4mo coenaem e2o
00CMYNHbIM OJis1 NOMpeOumens.

Pesynomamul. B pabome npednosicen mexHono2uueckull npoyecc ceputinozo npousso0cmasd
NpoUIAKMUYECKUX ~CMmeleK ¢ 3aMeHOU pYyuHo20 mpyod HA NOMOKe U paspabomaua
NPUHYUNUATLHAS  OIOK-CXeMa — asmoMamusupo8aHHo20 Npoyecca Npou3soocmed  uzoenui
CNeyuanbHO20 HA3HAYEHUS.

Hayunaa mnoeusna. Bnepevlie paspaboman mMexHONO2UYECKUll Npoyecc CepuiiHozo
npou3600Ccmea NPOPUIAKMULECKUX CIeNeK ¢ AKMUBHBIM B030eUCmeuem Ha peqhieKmophbie MmoyKu
CMOonwvl ¢ UCNONL308AHUEM DNIEMEHMO08 ABIMOMAMU3AYUU HOMOKA.
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Ilpakmuueckasa 3nauumocmo. Ilpumenenue cucmemHo20 noOX00a U3V4eHUs BONPOCA
asmomamuzayuy  npoyecca - npoussoO0cmea - Npouiakmuyeckux — cmenek  obecneduno
COBepULeHCMB08aHUe Nnpoyecca UX NPOU3BOOCMed NYymem asmoMamusayuu npoyecca u
CHPOCHO3UPOBAMb 803MOICHOCMb 8HEOPeHUs. OAHHOU pa3padomKuy 6 NpouU3800Cmao.

Knrouesvie cnoga: mexnonocuueckuil npoyecc, asmMoMamusayus Hpoyeccos u y3ioe,
MOOYIIb, YCOBEPUIEHCBO8AHUS, NPOQDUIAKMUYecKas Cmenvka, npo@uiaxmuxa, o0cobeHHoCmu
KOHCMPYKYUU U U320MOBILEHUsL, PLIHOK 00V8U, CHPOC, Ce2MeHmayus, Kauecmao.

AUTOMATION THE TECHNOLOGICAL PROCESS OF MANUFACTURING
PREVENTIVE INSOLES WITH ACTIVE INFLUENCE ON THE REFLEX POINTS OF
THE FOOT

PRUDNIKOVA N.D., PERVAIA N.V., BABICH ALl.
Kyiv National University of Technologies and Design

Purpose. Investigated features issues of automation of systems and modules in the
production of footwear and components. Development technological process of manufacturing
preventive insoles using automated systems and modules.

Methodology. The results of theoretical research were conducted on a number of theoretical
attempts to automate the process of manufacturing preventive insoles by introducing elements of
automation in technological process to prove the practical significance of work and the
replacement of manual labor on stream, thereby achieving improved quality of products in this
segment, the ability to mass-produced products to extend the range, improving manufacturing
technology and also with a view to reduce the cost of the product that makes it available to the
consumer.

Findings. The paper presents the technological process of mass production preventive
insoles with replacement manual labor on stream and developed a schematic block diagram of the
automated manufacturing process of products for special purposes.

Originality. For the first time developed a technological process mass production preventive
insoles with active influence on the reflex points of the foot with elements of automation stream.

Practical value. Applying a systematic approach studies the issue of an automation
manufacturing process preventive insoles provide improved the process of their production by
automating the process.

Keywords. technological process, automation of processes and components, module,
improvements, preventive insole, prevention, design features and manufacturing, market shoes,
demand, segmentation, quality.
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VK 677.074:620.17 SADRETDINOVA N.V., ARTEMENKO T.P.
Kyiv National University of Technology and Design

ANALYTICAL OF METHOD MONITORING OF FABRIC
STRUCTURE PARAMETERS

Purpose. Development of a method for non-destructive testing of fabric structure
parameters in the dynamics of maintenance.

Methodology. The research was based on the use of methods of comparative analysis,
analytical calculations, experimental studies. The determination of structural characteristics was
carried out using a digital microscope and computer equipment.

Findings. It was developed a non-destructive method for monitoring the fabric structure
parameters, which allows checking the quality of textile materials at all stages of production,
maintenance, and also in the sales.

Originality. It was obtained an analytical dependence for calculating the surface weight of
cotton fabrics.

Practical value. The results can be used to improve the control over the change in the
products properties during their maintenance and to prevent the falsification of information on the
product characteristics.

Keywords: fabric weight, non-destructive testing method.

Introduction. The manufacture of the garment is based on the use of a number of textile
materials: bottom, lining, interlining, finishes. Each of these layers has a complex of properties
which can change in a wide range within their product category. The design of garments,
technological parameters of their manufacture, maintenance conditions depend on the properties of
these materials significantly. Ignoring fabric properties leads to defects at the production or
maintenance stages.

Given the current relationship between suppliers of textile, manufacturers, distribution
networks, as well as the lack of equipment with special measuring devices, it is often necessary to
identify the causes of a number of deficiencies or defects at the finished product stage. Therefore,
the methods of non-destructive testing of basic properties become topical.

Problem definition. The importance of structural characteristics in a complex of general
properties is due to the fact that the mechanical, physical properties of materials depend on them, as
well as the technological conditions of their processing and maintenance behaviour. The structural
characteristics in materials science traditionally include linear dimensions (width, length and
thickness), yarn parameters, fabric weight, fabric weaves and some others [1].

One of the most important factors of the woven fabric structure is the surface weight. This
factor is strictly regulated in the standards and technical documentation for materials. The deviation
actual fabric weight from the normative one is considered as a defect and indicates to a discrepancy
from the standards.

Fabric weight is one of the key characteristics by confectioning of materials for clothing,
since from its value are depend such important properties as product weight, durability, hygiene,
saving of shape and dimension of product after multiple washing, ironing and dry-cleaning. Fabric
weight has a direct influence on reliability factors: stiffness, wrinkle resistance, elasticity, tensile
strength, abrasion resistance.
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The fabric weight should be checked at the stage of their incoming inspection. Usually such
inspection is carried out based on standard methods by weighing samples of materials of specified
sizes and recalculating the received mass per unit area. It is clear that such a checking is possible
only if samples of materials are available. Concerning finished product and the control of its
properties in the dynamics under the influence of maintenance factors - conducting such
investigations is always connected with attracting a number of finished products and their
destruction, which leads to additional costs.

According to the foregoing, the task of this study was the development of a method for non-
destructive testing of fabric structure characteristics, such the fabric weight, at the stage of product
maintenance.

Results of the research. There are some classical measuring methods to determine the
fabric weight, which are traditionally used in textile industry.

Also for a investigation of fabric structure characteristics are widely used optical methods,
which differ in the principles of data processing and collecting. Optical systems for analyzing the
geometric structure of textiles are primarily based on the use of optical sensors that respond to a
missed or reflected by textile material light. Such this are methods of light microscopy, photo- and
video grammetry, electronic method (2D and 3D-scanning) [2-6].

Promising is use of information technologies for data measurement and processing. Such
methods are based on the information processing about the measurement object that was received
by means of various installed directly on processing equipment sensors. Also it becomes common
methods with use of the latest optoelectronic devices, allowing to carry out quickly express-control
of structural characteristics of textile materials. Development of computer technologies allows to
determine geometrical characteristics of textile materials structure automatically by the digital
image of the material that can be taken with sufficient enlargement. As the repeating structure of
textile can be simulated by simple geometrical figures, distances can be easily measured in them.
Complexity consists only in finding of adequate model of the initial image [7-8].

The disadvantages of these methods include: difficult process of sample preparation, need
for specific equipment and software for research, use of complicated mathematical calculation for
the final determination of parameters.

Therefore a development of a simple and available way for determining of fabric structure
parameters are research problem that is relevant now.

In the course of studying on the given problems, it was established that the fabric weight,
Mp, can also be determined analytically using the equation (1):

M;, = 0,01(11,T, + II,T))a (1)
where T,, Ty —warp and weft yarn count (tex);

I, ITy — the number of yarns per 10 cm on the warp and weft;

a — coefficient which depends on the fabric type, a=1.04 for cotton plain fabrics [1].

The yarn count can be calculated by converting the equation to determine the nominal
diameter of the yarn, d:

d =0,0357,/T/3, 2
where 06 - the average density, tabular value, 6=0.9 for cotton yarns [1].
From (2) we receive value of warp and weft yarn count:
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T, = (d,*8)/0,0013 , 3)

T, = (d,”3)/0,0013 . (4)

Based on the above equations, the problem of determination of fabric weight comes down to

definition of number of warp and weft yarns on 10 cm and diameters of warp and weft yarns.

Traditional methods of measurement of these parameters are connected with mechanical destruction

of fabric structure [2]. In our work, it is proposed to use a digital microscope with the ability of

photo and video recording to set the fabric density and the diameters of textile yarns. The use of

microscope allows us to obtain an enlarged image of the fabric surface with the indication of the
zoom options. Measurements can be taken on any part of the product without its destroying.

For the purpose of this research, 12 cotton fabrics of the same plain weaves were taken.

The resulting digital images of the surface were used to count the number of textile yarns per length

unit and to establish their diameter. The calculations were performed by determining the average

statistical index of the results of 10 measurements within the confidence interval (table 1).

Table 1.
Characteristics of the tested fabrics
Ne | Composition | Thickness, | Nominal yarn Number of Yarn count, tex
sam mm diameter, mm threads per
ple 10cm
do dy I, I, T, T,
1 100% cotton 0,2 0,16 | 0,14 570 340 11,57 8,86
2 80% cotton; 0,2 0,19 | 0,24 380 297 16,32 26,03
20% PES
3 100% cotton 0,2 0,17 | 0,29 267 239 13,06 36,71
4 80% cotton; 0,2 0,19 | 0,22 380 240 16,32 17,01
20% PES
5 100% cotton 0,2 0,21 | 0,23 260 220 19,93 23,91
6 80% cotton; 0,2 0,20 | 0,17 312 348 18,26 13,06
20% PES
7 55% PES; 0,2 0,18 | 0,19 320 300 14,64 14,50
45% cotton
8 80% cotton; 0,2 0,16 | 0,15 400 570 11,71 10,17
20% PES
9 100% cotton 0,2 0,15 | 0,15 590 442 10,58 9,63
10 | 100% cotton 0,2 0,14 | 0,16 592 520 9,11 12,16
11 | 100% cotton 0,2 0,19 | 0,16 378 322 16,32 11,57
12 | 100% cotton 0,3 0,21 | 0,26 270 251 18,99 31,02

By comparing the values of the fabric weight obtained by the analytical method and the
actual value obtained by the method of weighing the point sample, a certain discrepancy was
established. It is clear that the difference in results is caused by ignoring of consideration
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+ sity, the factor of fiber packing in
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Figure 1. Correlation between the experimental and
theoretical values of fabric weight
Correlation analysis of initial data shows too, that values of the actual yarn diameter
correlates with nominal yarn diameter, and they differ each other on the value of the linear
dependence coefficient, that is equal to 1.25. Thus, the resulting coefficient value can be used to
recount M, for a given fabric group.
After substituting (3) and (4) in equation (1), as well as taking into account the defined
coefficient, the analytical dependence for calculating the fabric weight took the form:
My =5-(11,d3+1,d%)-a-§, (1)
To verify the obtained dependence was carried out re-comparison the calculated values of
the fabric weight, Mp, with the experimental values of Mp, the results of which are given in table 2.

Table 2.
Analysis of deviations in fabric weight calculations

Sample M, r/m° Mg, r/m° AM, %
number

1 99,5 101,8 2,3

2 1443 142,3 14

3 127,0 130,0 2,3

4 105,4 103,3 2,0

5 108,1 112,3 3,7

6 106,1 106,9 0,8

7 99,2 94,4 5,0

8 108,5 113,2 4,1

9 108,7 113,2 3,9

10 121,3 122,4 0,9

11 102,4 100,0 2,4

12 133,7 133,6 0,1

197



Mamepianoznaecmeo, wigeiine i mexKcmunbHe
eupooHuymeo. Memponozia ma cepmudpixayis
Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne3 (110), 2017

As it shown, the deviation value does not exceed 5%, on the basis of which it can be
concluded that the results obtained are sufficiently reliable.

Conclusions. Based on these results, it can be concluded that the analytical way for
calculating the fabric weight can be used for check and the subsequent monitoring the fabric weight,
and also other fabric structure parameters. To ensure that the values of the analytically obtained
fabric weight correspond to the experimentally obtained value, it is necessary to introduce an
additional coefficient into the analytic dependence, taking into account a number of important
factors, such fiber density, the factor of fiber packing in the yarn, the weave repeat, the number of
effect-changes in the repeat, the position of intersection points in the weave repeat and the
flexibility coefficient of yarns. The received values of structure parameters can be used for further
prevention of a number of characteristics of mechanical and physical properties, such as air-
permeability, bursting strength and others.
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AHAJITUYHHUA CIIOCIE MOHITOPUHI'Y IIOKA3HHUKIB
CTPYKTYPU TKAHUH
CAJIPETAIHOBA H. B., APTEMEHKO T.II.

Kuiscoxuii nayionanvhutl ynisepcumem mexnHoaozit ma ouzauuy

Mema. Po3pobka cnocoby HepylHI6HO20 KOHMPONIO CMPYKMYPHUX XAPAKMEPUCTNUK
MKAHUH 8 OUHAMIYI eKCHAyamayii.

Memoouka. /locniosxcenusn 6a3y8anucs Ha GUKOPUCIAHHI MeMOOi8 NOPIGHSILHO20 AHAI3Y,
AHANIMUYHUX —~ PO3PAXVHKIB, — eKCNepUMEHMAanbHux 00CHi0dXHCeHb.  Busnauenns  cmpykmypHux
Xapakmepucmux npo8oOUNUCH 3 3ACMOCYBAHHAM OUIMANILHO20 MIKPOCKONY ma KOMN 10mMepHOoi
MexHIKU.

Pe3ynomamu. Pospobneno HepyuHieHuil mMemoO MOHIMOPUH2Y NOKAZHUKIE CMPYKMYypu
MKAHUH, KU 0a€ 3M02y Nnepesipsmu sAKIiCmMb MeKCMUIbHUX Mamepianié Ha 6CiXx Cmaoisx
BUPOOHUYMEA, eKCNIyamayii, a maxkoxc 8 mepexci 30ymy.

Haykoea noseusna. Ompumano aHATIMUYHY 3ANEHCHICMb O PO3PAXYHKY NOBEPXHEBOI
2ycmuHu 6a808HAHUX MKAHUH.

Ilpakmuuna 3nauumicms. Pezynomamu modxcyms Oymu ukopucmawui 01 NONINUEHHS
KOHMPOAI0 3a 3MIHOIO elacmusocmell 6upobie 6 npoyeci ix excniyamayii ma 3anodicanHs.
Ganvcughikayii ingpopmayii npo xapakmepucmuxu mosapis.

Knrouoei cnoea: nosepxmnesa cycmuna, memoo HepyuHi6HO20 KOHMPOJIIO.

AHAJUTHYECKHUU CIIOCOB MOHUTOPHUHI A IIOKA3ATEJIEN
CTPYKTYPbI TKAHEHN
CAJIPETIMHOBA H. B., APTEMEHKO T.II.

Kueeckuil Hayuonanvuwill yHusepcumem mexnoaio2utl u OusaiHa

Llens. Pazpabomka cnocoba mepaspyuiarowe2o0 KOHMpOJis CMPYKMYPHbIX XaAPaAKmMepucmux
mKaueu 8 OUHAMUKe dKCIYamayuu.

Memoouka. Vccneoosanus 6a3uposaiucs HA UCHOIb308AHUU MEMOO008 CPABHUMENbHO20
aHanusa,  AHATUMUYECKUX  pacyemos,  IKCNEePpUMEHMANbHuIX  ucciedosanull.  OnpeoeneHue
CMPYKMYPHBIX XAPAKMEPUCTNUK NPOBOOUNIUCL C NPUMEHEHUeM OUSUMAlbHOU MUKPOCKONA U
KOMNbIOMEPHOU MEXHUKU.

Pe3ynomamur. Paspaboman Hepazpywiarowuii. mMemoO MOHUMOPUHEA NOKA3amelel
CMpYKmypbl MKaHel, NOo360NAI0WUL NPOBEPAMb KAYeCme0 MeKCMUNbHbIX MAMepuaios Ha 6cex
CmMaousx npouzeo0Cmaa, IKCRyamayuul, a maxdice 8 cemu cooima.

Hayunas noeusna. [lonyuena ananumuieckas 3a8Ucumocme 0 paciema no8epxHoCmHoll
NJIOMHOCMU XTONYAMOOYMANCHBIX MKAHEII.

Ilpakmuueckas 3navumocmo. Pe3yromamol mocym Obimb UCNON6308aHbL OJISL YAV UUUEHUSL
KOHMPOJISL 34 UBMEHEeHUeM CB0UCME U30elull 8 npoyecce ux 3KCHAYAmayuu u npeoomepaujeHus
Ganvcuguxayuu ungopmayuu 0 Xapaxmepucmurax mosapos.

Knroueswvie cnoea: nosepxnocmuas niomHocms, Memoo Hepa3pyuaoue2o KOHmpois.
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UDC 677.047. YORDANKA ANGELOVA, MARIANA AVDEEVA
Technical University-Gabrovo, Bulgaria

DETERMINATION OF THE CRITICAL VALUES OF POWER
DENSITY IN LASER MARKING OF TEXTILE MATERIALS

Purpose. Defining the applicability limits of the laser marking of cotton and polyester
fabrics with two types of lasers: L; — CO, & L, — CuBr.

Methodology. Digital data obtained from an experimental study were systematized and
processed analytically, and the results were presented graphically. The dependencies between the
physical variables and parameters that have the most significant impact on the technological
process of laser marking of textiles were worked out.

Results. The working intervals of the surface power density (gs) for the various processes of
laser marking at a speed of v€[40+140]mm/s for CO, and CuBr lasers have been defined. The
maximum values of surface power density (qsmax) for the studied materials at different focal length
and diameter of the working spot have been calculated. The dependencies of the impact time (t,q)
from the laser beam speed in pulse mode have been received.

Scientific novelty. A physical model of the process of laser marking of textile materials is
presented. The limits of applicability of laser marking for cotton and polyester fabrics have been
defined.

Practical value. The optimal values (working intervals) of the main factors of the laser
marking process have been obtained.

Keywords: Laser marking, cotton, polyester, CO, laser, CuBr laser, working intervals.

Introduction. Marking with laser radiation is the process of modifying the surface when
concentrated, coherent and monochromatic, high-intensity electromagnetic energy from a light
beam is directed to the material [1, 2, 3, 4]. The impact is effective when the laser beam acts with a
great power density (108+1011 W.m?) and a duration of impulses between 10ns=10ps on the
treated area. As a result of the focus of the beam the heat is very intense in a small area. The
resulting "mark" has a micro size of 20-200um [5]. Laser marking of textiles allows the creation of
a unique, indelible mark that contains important information about the product.

For the organic polymers, such as textile polymers, the thermal influence of the laser
radiation is expressed in an increase of the textile fibres’ temperature to a temperature at which one
or other processes take place and cause changes in their chemical and/or physical properties.
Depending on the type of material and the reached temperature, laser marking happens as a result of
one or more processes: destruction, depigmentation (discoloration), change in color, burning
(carbonation), melting, evaporation, etc.

Destruction is the process of demolition of the cellulose polymer chain that builds up the
cotton fibres. This demolition is caused by the thermal action of the laser radiation. In the cotton
cellulose, destruction occurs in the range between 150°C and 180°C [6].

Decoloration (depigmentation) is another method used as a result of the thermo-effect by the
impact of the laser which leaves a noticeable mark to the raw surface. The color fading or the
complete removal of the color as a result of the controlled action of the beam on the dyed textile
materials are caused by the photo-decomposition of the colouring agent (dye) without damaging the
fibers of the basic textile material. During this process, the laser radiation penetrates into the
polymer to a depth up to 100um and is absorbed by the colored pigments [7, 8, 9]. The formation
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of a foam-like structure is a partial degradation of the material and it creates gas bubbles, the inside
of which is filled with air or gaseous monomers. They have a depth up to 100pum in material and up
to 50um in height above the surface of the material. The bubbles become visible due to the differing
refraction of the light [10]. Re-crystallization is a process of phase transformation of material from
solid into liquid and then solid again as a result of which the color of the material changes. The
process of vitrification occurs in the textile fibres and they pass from a high elastic into a pseudo-
plastic state. For the cotton, the glass transition temperature is about 220°C and for the polyester
80+90°C. The polyester fibres melt at 260°C.

Evaporation (ablation) occurs when heating the material above the temperature of
evaporation, when the phase conversion of the surface layer (with a thickness ranging from parts of
micron to several hundred microns) starts conversing from liquid or solid (sublimation) into
gaseous form. As a result, channels are formed and a relief is observed. If another layer (for
example coating) is put onto the fabric, through the laser treatment only this layer can be removed
and channels can be formed with a color different from the color of the basic material. The
polyester fibre is destroyed upon reaching 350°C.

Carbonisation is an easy and effective way for laser marking in which a burnout takes place
on the surface of the cotton textile products. The cotton fibres become carbonized at 300°C. The
mark has a yellow-brown color [11]. Marking through carbonation forms images with high and
clear contrast, but there are also undesirable results: a part of the surface of the material can be
destroyed and this reduces its resistance to wear. For this reason, it is necessary to determine the
values of the parameters of the process very accurately and set boundaries of the area of application.

The mark is formed as a result of destruction, vitrification and carbonation for the cotton
fabrics and vitrification, melting and evaporation for the polyester fabrics.

Objectives. When marking textile materials, it is not necessary to use a powerful laser
radiation. It is necessary to achieve an optimal mode of the technological process by specifying
values for the parameters of the laser system, under which it will be possible to obtain a mark with
visible contrast without damaging the material and at minimal cost. In this study, in order to
understand the physical nature of the process of laser marking of textile polymers, the interaction of
the laser radiation with the substance of the treated material was analyzed and the limits of
applicability of the physical model were defined. The aim was to work out the relationships
between the physical magnitudes and to make some preliminary calculations in order to analyze
their importance for the optimization of the laser marking of cotton and polyester textile materials
with a view to achieve optimal quality of marks.

Research results. Processes in the material depend to a large extent on the optical and
thermophysical characteristics of the treated material. A part of the light flow (F) which falls on the
processed material is reflected by its surface (Fgr), another part is absorbed (Fa), and a third part
passes through material (Fp), where the respective coefficients are: p-reflection, a-absorption and S-
transmission (Fig.1a). This can be expressed through the energy and will have the following form
(Formula 1):

E=Eg+Er+Ep 1)

where: E - energy of the drop-down light flow, Ea - energy of absorbed light flow, Er -
energy of reflected back light flow, Ep - energy of transmitted light flow.
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In the interaction of the laser beam with the material (Fig. 1b), in the area of processing 2
extra energy is also received as a result of the conduct of other possible processes such as: Egh -
chemical reactions (oxidation), E. - energy which moved to the heat-affected zone around the work
area 3, E; - energy of the radiation emission, E¢o, - l0ss of energy by convection, Epg- technological
process energy (energy for heating, melting and/or evaporation) [12].

Fo |

Fr(p) o

Fa(a) c

e == )

Fig. 1a. Beam falling over the textile material  Fig. 1b. Physical model of the process
of laser marking of textile materials - energy balance

The energy of the laser beam - E that falls on the textile material is transformed into
different energies and the equation of the energy balance can be written:

E=Ea+ Er+Ep+ Epr+ Ech + Ect Er+ Econ (2)

The loss of energy by convection En and the energy of radiation emission E; are negligible,
as the heating of the material takes place for a very short time followed by cooling for almost the
same time. As a result of the heat conduction of the material, the heat spreads deeply in the product,
but the heat-affected zone is small because the time is short and the E. values are small. As a result
of the reflection from the surface, energy losses Er are received and a part of the energy is wasted
by its passage through the fabric - Ep. Taking into account the loss of energies, the following
equality can be written for the energy required for the marking of the material:

Eat Ecn=Epr + E¢ (3)

The process of laser marking of textile polymers is complex and in its realization, influence
of a multitude of technological factors and physical quantities is observed in varying degrees [13].
In order to evaluate the extent of the impact of each of them, it is necessary to analyse these factors
and variables, the links between them and their correlations. In this paper, the factors with the
greatest impact on the process and the most essential links between them are presented. The surface
power density - gs, is @ major technological parameter that determines the quality of the laser
marking process and the contrast of marking. It depends on the average power of the laser source -
P and the area of the beam - S:
4.P (4)

P -2
4= 3= Tt.dz'W'm

()
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For each laser, the maximum power is specified by the manufacturer and cannot be changed.
Therefore, the optimization of this parameter will depend on the size of the circle with diameter d,
formed by the laser beam and called focal spot (5). The change of the focal spot diameter will cause
a change of the surface power density. At the same average power of radiation, the smaller the area
onto which the beam is focused, the bigger will be the value of qgs. The relationship between the
critical power density gs «p, and temperature T is given by the equations (6):

 (T-Tkvm  (T—Tyk , o o=ty
s kp. = 2(1_R)\/a-_tvd_ 2.4 a.de. 1.V ©) TV (7)

(8)

For the process of laser marking, the surface power density gs is associated with almost all
parameters of the technological system (6 and 8): t,4 - time of impact of a laser in pulse mode (7), k
- coefficient of thermal conductivity, o - coefficient of absorption, R - reflection, A- absorption, v -
marking speed, d; - diameter of focal spot, v - frequency of repetition of impulses, 7 - duration of
impulses. The critical values of the surface power density are important for the differentiation of the
ongoing processes at: different speeds of marking - v;, different lasers - L; and different types of
textiles. The minimum diameter of the focal spot d; is calculated for both types of lasers (L;- CO,
and L, - CuBr) and focal length f;. The results are summarized in Table 2. From the theoretically
calculated values for d; at different focal length and diameter of the pull-down radiation, the most
suitable laser system can be chosen.

Table 2
Minimum diameter of the focal spot at the focal length f;
df, um
D f1= 100 mm f,= 160 mm f3= 254 mm f,= 300 mm
mm Ly Lo Ly Lo Ly L. Ly L.
8 253,2 13,8 405,1 22,1 643,1 35,1 759,6 41,5
9 225,1 12,3 360,1 19,7 571,6 31,2 675,2 36,9
10 202,5 11,1 324,1 17,7 514,5 28,1 607,6 33,2

The maximum value of gsmax IS calculated by the formula (6) and the values for d; are taken
when the diameter of the drop-down radiation on the lens is D=10mm (Table 3).

Table 3
Maximum power density at the focal length f;
P, dfl! 4smax1 de! dsmax2 df3) dsmax3 df4! dsmax4
Laser | W | pym |10°W.m™| 4y | 10°W.m™2 | pm | 10°W.m™2 | pm | 10°W.m™2
fi.mm f1 =100 f> =160 fz = 254 fa =300
Ly 50 | 202,5 15,5 324,1 6,07 514,5 2,41 607,6 1,73
L, 10 11,1 103,4 17,7 40,7 28,1 16,1 33,2 11,6

In order to take into account the influence of the temperature, which is transmitted to the
workpiece material by the laser beam, the critical power density is calculated by the formula (6),
where the focal length f,=160mm for marking of cotton (C) fabrics by: destruction (Qsp.s),
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vitrification (Qs«p.s), carbonation (gs«p.«) and for marking of polyester (PET) fabrics by: vitrification
(Uskp.s), Melting (Qsp.r), €vaporation (gsp.u)-

From the calculated values for the critical power density and maximum power density Qsmax,
intervals for the power density in the marking with L; (CO, with A;=10,6um) & L, (CuBr with
A»=0,511um) lasers are received, through the various stages of the process, for cotton and polyester
materials respectively Tables 4 and 5. The values of the temperature - Ti, are taken for the
respective conditions of the material when heated.

Table 4
Intervals for the power density for cotton materials with L; & L,
qs, 10°W.m?
Ne v, Destruction Vitrification Carbonation
mm/s L, L, Ly L, L, L,
1 40 1,15+ 1,77 4,9+7,6 1,77+2,48 7,6+10,7 2,48+6,07 10,7+40,7
2 65 1,47+ 2,26 6,3+9,7 2,26+3,16 9,7+13,6 3,16+6,07 13,6+40,7
3 90 1,73+ 2,66 7,4+114 2,66+3,72 11,4+16,0 3,72+6,07 16,0+40,7
4 115 1,95+ 3,00 8,4+12,9 3,00+4,20 12,9+18,1 4,20+6,07 18,1+40,7
5 140 2,15+ 3,31 9,2+14,2 3,31+4,64 14,2+19,9 4,64+6,07 19,9+40,7
Table 5
Intervals for the power density for polyester materials with L; & L;
qs.10°, W.m™
Ne v, Vitrification Melting Evaporation
mm/s L, L, Ly L, L, L,
1 40 0,54+ 2,16 2,32+9,27 2,16+2,96 9,27+12,75 2,96+6,07 | 12,75+40,7
2 65 0,69+ 2,75 2,96+11,82 | 2,75+3,78 | 11,82+16,26 | 3,78+6,07 | 16,26+40,7
3 90 0,81+ 3,23 3,48+13,91 3,23+4,45 13,91+19,13 4,45+6,07 19,13+40,7
4 115 0,91+ 3,65 3,93+15,72 3,65+5,03 15,72+21,60 5,03+6,07 21,60+40,7
5 140 1,01+ 4,03 4,34+17,35 4,03+5,54 17,35+23,90 5,45+6,07 23,90+40,7

The resulting graphic dependencies (Fig.2) for qgs.i=f(v;) are almost linear and with the
increase of the speed, the surface density of power also increases. When marking by carbonization
of cotton materials for both lasers, it can be seen that for L, almost five times higher gs is needed
than with L; laser under the same conditions of the technological process of marking. When
marking of polyester material by evaporation for both L; and L, lasers, the dependencies show
almost the same as with the cotton materials dependencies, but the L, curve is slightly less steep.
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Power density for C and PET marked with L; & L,

====| 1 Carbonation C  ==#==| 1 Evaporation PET
L2 Carbonation C ~ ====|[ 2 Evaporation PET

gs .108 W.m?

— —— —— .
P = ™
40 65 90 115 140
V, mm/s

Fig.2. Dependencies of the power density from the speed qs «,.=f(v) when marking
of cotton and polyester materials with L; and L lasers
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If we compare the two lasers and both materials (C and PET), when marking by carbonation
and evaporation respectively, there is a greater value of curves for the marking of polyester
materials compared to cotton materials and it is more expressed when marking with laser L.

Izower density in the function of frequency and impulse power— gs= f(v), gs=f(P,)

v1=40mm/s <¢v2=65mm/s =v3=90mm/s
0,3 - =O==y4=115mm/s —@—\5=140mm/s

’

0,25 -

gs .108 W.m-

0,2 -

0,15 -

0,05 -

ol 2851 210 18,5 16,0 | 135 11,0 8,5 6,0 3,5 1,0 v, kHz
99 111 126 146 17,3 21,2 275 389 66,7 233Pp, kW

Fig.3. Dependencies of the power density from the frequency
of the laser pulse and the impulse power for L,

This can be explained by the different wavelengths of the two lasers. When marking with L,
laser, even at lower speeds, the power density necessary for the realization of marking with good
contrast will be reached. The results of the change of the surface density of power at the change of
frequency in the range 1+24kHz (impulse power - P, respectively) for laser L, at various speeds of
the laser beam are shown in Fig. 3. The relationship between the pulse power and the frequency of
pulse is inversely proportional, allowing even at a low pulse power to reach significant values of the
frequency of pulse.
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Time of impact when marking with L, (a) " Time of impact when marking with L, (b)
o 10 g 05
S O—dfl e (12 =)
T 8 1 —t—df3 =0 df4 20,4
6 - 0,3 -
4 - 0,2 -
2 1 0,1 -
% O O ? o O
0 - 0 -
40 65 90 115 140 40 65 90 115 140
V, mm/s V, mm/s

Fig. 4. Time of impact (t,q) when marking with L; (a) and L, (b) lasers and different ds

The graphics in Fig. 4 show the dependence of the time of impact t,q of the laser beam from
the increase of speed for the different diameters of the focal spot. The comparison of the graphs for
the two lasers shows that the dependence between the time of impact and the speed of movement of
the laser beam, in the pulse mode of the laser system, is nonlinear. With the increase of the speed,
the time of impact decreases for both lasers. As much the speed is higher, the less it depends on the
diameter of the focal spot. It can be seen clearly that the time required for the impact on the material
with the laser L; is in times less compared to the laser L;. This means that if the laser with vapours
of copper bromide is applied, under the same parameters of the technological process, productivity
would be higher.

Conclusion. From the calculations and the relevant graphics, it can be concluded that when
increasing the speed of marking, the amount of the absorbed energy increases and therefore the
productivity of the technological process of laser marking of textiles will also increase.

On the other hand, when the speed is higher, the time of impact of the laser beam on the
processed material will decrease. If working with smaller speeds, the laser beam will stay for a
longer time on the marking field and will absorb a greater amount of energy. As a result of this, a
bigger contrast of the marking will be achived.

The presence of the two contradictory conclusions is an opportunity to search a compromise
between productivity and quality. For the textile polymers of organic origin, if the surface density
of power is greater than a certain critical value - gs .., the demolition of the fibres, and the fabric in
general, can happen very quickly.

From the above follows that, when marking textile fabrics, the most important condition for
achievement of a high contrast is the determination of the optimal values of the relevant parameters
of the process, including the power density, as the main parameter, and the speed of the laser beam
in its movement on the material.

In this study, the limits of the applicability of laser marking of cotton and polyester fabrics
with two types of lasers have been determined. The working intervals of the surface power density
for the various processes of laser marking at a speed of v€[40+140]Jmm/s for CO, and CuBr lasers
have been defined. The maximum values of the surface power density for the investigated materials
have been calculated. The dependencies of the impact time from the speed of the laser beam in
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pulse mode have been received. The obtained results allow expanding the practical application of
this innovative technology in the textile industry.
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OINPEJEJEHUE KPUTUYECKUX 3HAYEHU YVJIEJbHOM MOIITHOCTHU
IIPHU JIABEPHOM MAPKHAPOBKE TEKCTH/IbHBIX MATEPHUAJIOB
AHI'EJIOBA U., ABIEEBA M.

Texnuuecxuti ynusepcumem I abposo, boreapus

IJens. Onpedenenue npedenos ucnonb308anus 1a3epHOL MAPKUPOBKU XAONYAMOOYMANHCHBIX
U NOMUDPUPHBIX MKAHEU C UCNOIb308aAHUEM 08YX munos aazepos: Ly - CO, u Ly - CuBr.

Memoouka. Llugposvie Oanubie, nonyyeHHvie 6 pe3yabmame IKCNEPUMEHMANbHOLO
UCCNe008anusl,  CUCMEMAmMu3uposanly U 00pabamvléalu  aHAIUMU4eckKy, U  pe3yibmamol
npeocmasenenvl epaguyecku. Pazpabomanvl 3aeucumocmu mexicoy guuyeckumu napamempamu u
napamempamu, KOmMopble OKA3blearom Hauboiee CyuwecmeeHHoe 6IUAHUEe HA MEeXHOI02UYeCKULl
npoyecc 1a3epHol MapKUpoKU meKCcmuis.

Pezyrvmamut. Onpeoenenvl pabouue unmepaaibl NOBEPXHOCMHOU YOEeIbHOU MOUHOCMU ({s)
07151 PA3IUYHBIX NPOYECCO8 A3EPHOU MAPKUPOBKU cO ckopocmbio v [40 + 140] mm / ¢ Ons nazepos
na CO; u CuBr. Paccyumanbl MakcumaibHvle 3HAYEHUS NOBEPXHOCHMHOU YOeNbHOU MOUWHOCMU
(Qsmaxy) 0151 uccredyemvix mMamepuanod npu PAaziuyHOM QOKYCHOM pacCmosHuu u ouamempe
pabouezo namua. bevinu nonyuemvr 3asucumocmu épemenu 6osoeticmeus (tg) om cKopocmu
JIA3EPHO20 JIyYa 8 UMNYIbCHOM DeXCUMe.
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Hayunas noeusna. Ilpeocmaenena ¢pusuueckas mooenv npoyecca 1a3epHou MapKuposKu
MEKCMUIbHLIX Mamepuanos. Onpeoenenvl panuybl NPUMEHUMOCMU JA3ePHOU MAPKUPOBKU 0.5
XZI0N4amoOyMaNCHbIX U NOTUIPUPHBIX MKAHEIL.

Ilpakmuueckas 3nauumocme. Ilonyuenvl onmumanbHvle 3Ha4eHUs (paboyue uUHMepPEabl)
OCHOBHUIX (haKmMopos npoyecca 1a3epHoll MapKUPOSKU.

Knrwouegwvie cnoea: nazepnas maprkuposka, xaonok, noauscmep, COqr-nazep, nazep CuBr,
pabouue uHmepeavl.

BU3HAYEHHS KPUTHYHNX 3HAYEHB TIUTOMOI IOTY X KHOCTI
IIPU JTABEPHOMY MAPKYBAHHI TEKCTHJIBHUX MATEPIAJIIB
AHT'EJIOBA, . ABJIEEBA M.

Texniunuti ynisepcumem I abposa, boneapis

Mema. Buznauenus mesxic 3acmocy8anHs 1a3epHO20 MApPKYBaHHs OAB808HAHUX 1 noiedipHux
MKAHUH 3 BUKOPUCMAHHAM 080X munis nazepis: Ly - CO, i L, — CuBr

Memoouxa. [Lugposi oOani, sKi ompumani 6 pe3yibmami eKCNepUMEeHMAIbHO20
00CNIONCEHHS, CUCTNEeMAMU3Y8an ma O0OpoONAIU AHANIMUYHO, | pe3ylbmamu npeocmasieno
epaghiuno. Po3pobneno 3anexcnocmi mise Qizuunumu napamempamu i napamempamu, aKi Marome
HaUbinbW iICMOMHULL 8NIUE HA MEXHOI02IYHUL NPOYeC NA3ePHO20 MAPKYBAHHS MEKCMUIIO.

Pezynomamu. Busnaueno poboui inmepeanu nogepxnesoi numomoi nomysscHocmi (qs) ons
PI3HUX npoyecie nazepro2o mapkyeanus 3i weuoxicmio v [40 + 140] mm | ¢ ona aaszepise na CO; i
CuBr. Po3paxosami MaxkcumanvbHi 3HAYEHHs NOBEPXHEBOI NUMOMOI NOMYHCHOCMI (Gsmax) O
docnidacysanux mamepianie npu pisHitl ¢oxycuiti iocmani i diamempi pobouozo niasmu. bynu
OMPUMAHI 3aNeHCHOCMI Hacy 6nausy (tyg) 6i0 WBUOKOCMI N1A3ePHO20 NPOMEHIO 6 IMNYIbCHOMY
PedNcuMi..

Haykosa mnoeusna. Ilpedcmaeneno @izuuny mooenv npoyecy aa3epHo20 MApPKYE8AHHS
MEeKCMUIbHUX ~Mamepianie. Busnaueno medxci 3acmocysamHs 1a3epHO20  MAPKYBAHHA  OJA
0aB0BHAHUX | NONIeIPHUX MKAHUH.

Ilpakmuuna 3unauumicmes. OmMpumaHo ONMUMATLHI 3HAYEHHS (poOoui  iHmepsaiu)
OCHOBHUX YUHHUKIB NPOYeCy 1a3epHO20 MAPK)YEAHHSI.

Knrouoei cnosa: nazepne maprxyeanus, oasoena, noaiecmep, COr-naszep, nazep CuBr,
poboui inmepsanu.
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YK 677.017.2.7: PYBAHKA A.lL., OCTAIIEHKO H.B.,
687.174 KOJIOCHIYEHKO O.B., TYIKEP T.B.

KuiBchkuil HallioOHAIBHUH YHIBEPCUTET TEXHOJIOTIN Ta AU3alHY

OBI'PYHTYBAHHSA BUBOPY TEPMOCTIMKHX
MATEPIAJIIB UIA 3AXUCHOI'O OJAT'Y

Mema. Oorpynmysamu payioHanbHull 6UOIP MePMOCMIUKUX Mamepianie OJisi 6UcOMOGIeHHs
MEPMOCMItKO20 0052y HA OCHOGI MeOpemuyHuUx I eKCNepUMEHMANbHUX OOCHIONCEHb No
BUZHAYEHHIO PO3PUBATILHO20 3VCUILIISL A BUOOBHCEHHS HA MOMEHM PO3IPEAHHS 8I0 KLIbKOCMI NPaHb.

Memoouxka. Excnepumenmanvui 00CHiONCeHHS 3 GUSHAYEHHS HNOKA3HUKIE@ HAOIUHOCMI
npoeedeHo 3a  CMAHOAPMHUMU  Memoouxkamu. [l ob6pobku pe3yribmamis 8unpody8aHs
BUKOPUCMAHO MEMOOU MAMEMAMUYHOT CIMAMUCIMUKU.

Pezynomamu. [lposedeno 0ocniodcents no 3MiHi poO3pUBAIbHO20 3YCUNIA MA BUOOBHCEHHS
Ha MOMeHm PO3IP8AHHS MEPMOCMIUKUX MEKCMUTbHUX Mamepianié 6HACII00K 0a2amvox Yukiie
npaHs. Bemanoeéneno, wjo obpani mamepianu 36epicaioms c80i 81acmu8ocmi 8 pe2nameHmo8anux
HOPpMAMUSHUMU OOKYMEHMAMU MEHCAX.

Haykoea mnoeusna. Bcmanosneno mamemamuyny 3a1edCHICMb 3MIHU PO3PUBATLHO20
3YCUNIA MA GUOOBICEHHS HA MOMEHM pPO3IPEAHHS 6i0 KIIbKOCMI YUKII8 NPAHHSA 3 Memoro
NPOCHO3VBAHHS NOBEOIHKU MAMePIaNie CneyiaibHO20 3aXUCHO20 00512 .

Ilpakmuuna 3navumicme. I[Iposedeno excnepumMeHmManvhi OOCHIONCEHHSI NOKAZHUKIB
HAOTUHOCMI MePMO3AXUCHUX Mamepianie ma ix NOpiBHANbHUL aHANi3 Ol 0OIPYHMYBAHHS 8UOODPY
PAYioOHANbHOT CMPYKMYpuU nakema.

Knrouoei cnosa: mepmocmitixi mamepianu, 3axuchuii 00se, NPauHs, po3puUaibHe 3yCUlisil,
BUOOBIHCEHHS HA MOMEHM PO3IPEAHHS.

Beryn. AcCOpTHMEHT TEKCTHJIBHUX MaTrepialliB JUisi BUTOTOBJICHHS TEPMOCTIMKOIO ONATY
JTOCUTh IUPOKUH. BimomMumm ¢ipMaMu TOCTIHHO PO3IMHUPIOIOTECA Ta BIOCKOHATIOIOTHCS
TePMOCTiiKI TKaHWHHU. [HpoOpMarlis MO0 XapaKTepUCTUK Ta BIACTHBOCTEH TaKMX MaTepialliB €
JIOCUTH PO3MOPOILEHOIO Ta MpeICTaBiIeHa NePEeBaKHO 3 KOMEPIIHHOI TOUKU 30py. BpaxoByrouu e,
110 NP BECHHI aBapiiiHO-pATYBaJIBHUX POOIT HA MpalliBHUKA AiIOTh Pi3HI YUHHUKH BUPOOHUYOTO
CepeIOBHINA, 3aXHCT BiJl yCiX BHUIIB HEOE3MEK € BAXIMBUM Ta CKIAQJHUM HAYKOBO-TEXHIYHUM
3aBIaHHSM, OCOOJIMBO 3Ba)KalOUW HA TE, M0 YaCTO III YWHHUKH € JOCHTh CYIEPEUINBUMH,
HANpHKJIAJ, OJHOYACHA [is BOAM Ta MOIYyM s. AKTyadbHHUM TaKOX € JOCHIDKCHHS BIUTUBY
CKCIUTyaTaIliiHIX YHHHHUKIB Ha BJACTUBOCTI TEPMOCTIHKMX MaTepiamis [1].

IlocranoBka mpobjeMu. BUTOTOBJICHHS Cy4acHOTO, BHCOKOTEXHOJIOTIYHOTO OJATY JJIst
3aXHCTY BiJ yCiX BHJIB HEOE3MEK, SIKI BCTAHOBJICHO JIJIsi aBAPiHHO-PATYBAILHOTO OSATY, 3aJICKHUTh
MEPEBAXHO BIJT BUKOPUCTOBYBaHHUX MarepiamiB. OcobaMBO TOCTpo mpobiemMa palioHaaIbHO
OOTrpYHTOBAHOTO BHOOPY MaTepialliB OCTAE MPHU MACUBHOMY CIIOCO01 3aXHCTy. 30epeKeHHS KUTTS
pOOITHHKA NIPU yMOBaxX Mpalli y BUCOKOTEMIIEPATYPHOMY CEPEIOBHILI 3aJIE€KUTh BiJl MPABUIBHOTO
BUOOpPY MaTepialiB Ui BepXy, MPOKJIAAKH 1 miakIaaku. [Ipore BaXXIMBUM € 30€peKeHHS 3aXUCHUX
BIIACTHBOCTEH KOMIUIEKTY HAMPOTS3i yChbOro TepMiHY ekcruryatamii. Came TOMy MOJETIOBaHHS
eKCIUTyaTaI[iiHUX HABaHTAXXEHb A€ MOKJIMBICTh MPOTHO3YBaTH 30€PEKEHHS HAAINHOCTI OJATY
MPOTATOM TPUBAIOro yacy. Jlo Takux ekcITyaTaliiHUX HaBaHTa)K€Hb Ha TEPMO3aXHUCHUN OZST
HAJIeKUTh, B TOMY YHUCIIi, TPAHHS.

PesyabTaTn nociaimkedb. s parioHadpHOTO BHOOpPY MaTepialiB 3aXHCHOTO OMSATY
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PATYBAIBHUKIB HEOOX1THO MaTu iH(popMaLio moAo0 (Pi3uKO-MEXaHIYHUX XapaKTEPUCTHK TKAaHWHHU.
3 mi€ro MeToro Oylio MPOBEAICHO €KCTIEPUMEHTAIbHI JOCTIHPKEHHS IO BU3HAUYEHHIO PO3PUBAIHLHOTO
3YCHJUIS Ta BUJIOBXKCHHS HA MOMEHT PO3ipBaHHS 3a CTaHAapTHOK METOIUKOIO [2].

O0’€KTOM EKCIIEpUMEHTAILHUX JTOCIIIIPKEHb 00OpaHO HACTYITHI MaTepiajiy, 0 MpeCTaBIeH]
Ha pUHKY YKpaiHu:

- TkaHuHa KocTioMHa Nomex BV-120 (100% wmeraapamiani BosiokHa Nomex), 3
MMOBEPXHEBOIO T'YCTUHOIO 265 /M BupoOHuiTBa «Ten Cate Protect», Hinepnanmu;

- TkaHuHa kocTioMHa XB 9340 (75% 6aBoBHa, 25% Kevlar, npocouyBanus Proban, anti-
static), 3 TOBEpXHEBOIO rycTuHOIO 340 /m> BupoOHuITBa «Ten Cate Protect», Hinepnanmu;

- TkaHMHa KocTioMHa FlameStat Lite (100% 6aBoBHa, mpocouyBanHsa Proban, anti-static), 3
MMOBEPXHEBOIO TYCTHHOIO 250 /™ BupoOHHITBa «Carrington», BenukoOpuraHis;

- tkanuHa koctiomMHa RigChief (100% 6aBoBHa, mpocouyBaHHs Pyrovatex, anti-static), 3
MMOBEPXHEBOIO TyCTHHOIO 370 /™ BupoOHHITBa «Daletec», Hopserisi.

BcranoBneno, mo Ui OTNIANY 32 TEPMOCTIHKMMH — MartepiajaMyd  BUPOOHHKaMU
PEKOMEHIYETHCS TIpaHHs. XIMIYHE YHIIECHHS JTO3BOJISETHCS, ane 0e3 BUKOPHUCTAHHS BiIOUTIOBAYIB.
BpaxoByroun e€KOHOMIUHY CKJIQJOBY BapTOCTI JAOTJISAY, CIIOXHBadl HANAIOTh TEpeBary MpPaHHIO
nepes ximMuuiieHHsM. CaMe TOMY JOCIHIPKEHHS MPOBOAMIUCH JI0 Ta MICJA BIUIMBY Ha Martepial
OaraTopa3zoBUX LUKIIB TpaHHA. {7 BUNPOOYBaHHS MO BU3HAUEHHIO PO3PUBATHHOIO 3YCHIUIS Ta
BUJIOBKCHHS HAa MOMEHT PO3ipBaHHS IO OCHOBI Ta YTOKY IICJSI TIpaHHS BUKOPUCTAaHO 4 BUAH
MarepianiB mo 10 3pa3kiB kokHOro. Matepianu miggaBanu 12 1uKIaM MpaHHS MPU TEMIIepaTypi
6015 °C 3 BUKOpHCTaHHIM CTaHIAPTHUX MPaIbHUX 3aCO0iB.

Jlnst mpoBeICHHST €KCIIEPUMEHTIB JIJIs1 KOSKHOT'O MaTepiaiy 13 TOYKOBHX MpoO Oys10 BUPI3aHO
no 10 eneMeHTapHUX IO OCHOBI 1 YTOKy po3mipom 50x350 wmm. /[l BumpoOyBaHb
BUKOPHUCTOBYBAJIM po3puBaibHy MammuHy PT-250M-2, ska 3abe3mnedye MOCTiHY HIBHIKICTH
OIyCKaHHS HI)KHBOTO 32)KMMY, BUMIPIOBAJIbHY JIIHIWKY, CEKYHIOMIp, HOXKUII, miHIeT. [loka3sHuku
PO3PUBAIBHOTO 3yCHIIIS 1 BUIOBXKEHHS Ha MOMEHT PO3ipBaHHS 3HIMAIOTh 3 IIKAIH PO3PUBAIBHOL
MamuHA. BumpoOyBaHHS POBOASTHCS 32 HOPMAIBHUX KIIMAaTUYHUX YMOB, a camMe TeMIIEpaTypH
25+10°C, BigHOCHOI Bosorocti moBitps 65-80% 1 THCKY Bix 8,4*10'4 bi (o) 10,7*10'4 ITa. Cepenne
aprudMeTUYHE 3HAYEHHS PEe3y/IbTaTiB BHMIPIB MO OCHOBI 1 YTOKY MPHUMMAlOTh 3a PO3PUBAIIbHE
3yCHJUISI TOYKOBOI MTPOOH.

[Mkana po3puBaIbHOI MAalIMHH MMOKa3ye aOCONIOTHE BUIOBKCHHS HAa MOMEHT PO3ipBaHHS
(L), nuist momanbioi 0OpOOKH pe3ybTaTiB 3py4UHilIe KOPUCTYBATHCS BITHOCHUM BHIOBXKEHHM (L),
110 PO3PaXOBYETHCS 3a popmyioro [2]:

L-100
S

ne L — BUIoB)KeHHsI Ha MOMEHT PO3ipBaHHS, MM;

A — 32)KWBHA JIOBXKMHA €JIEMEHTApHOI MPOOH, MM.

Cepenni apu(MeTH4HI 3HAYCHHS EKCIIEPUMEHTAIBHUX JOCTIKEHb (i3UKO-MEXaHIYHUX
MOKa3HUKIB (PO3PUBAIILHOTO 3yCHJIIS T4 BHJIOBXKEHHS Ha MOMEHT pO3ipBaHHS) TKaHWUHH NOmMex
BV-120, XB 9340, FlameStat Lite i RigChief naBeaeno y tabmuigx 1-4.

I'pacdiuna iHTEpHIpeTallis 3a7IeKHOCTI 3MIHH PO3PHUBAILHOTO 3yCHIIJIS BiJl KITBKOCTI ITMKJIIB
MpaHHs HAaBEJICHO Ha puc. | O OCHOBI 1 PHC. 2 TIO YTOKY.
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Tabnuysa 1

Pe3yibTaTn eKcnepuMeHTAIbHHUX A0CHIKeHb (Pi3HKO-MeXaHIYHHUX

NMOKa3HUKIB TKaHMHHU KocTIOMHOI Nomex BV-120 (T1)

Ne Pozpusansue 3ycumisa P, H BunoxeHHst Ha MOMEHT po3ipBaHHs L, %
UKITY
IpaHHs 332 OCHOBOIO 3a YTOKOM 332 OCHOBOIO 32 yTOKOM
0 1653 1407 51,0 44,2
4 1622 1457 46,0 40,0
8 1661 1413 50,2 45,8
12 1584 1455 50,0 45,0
Tabauys 2
Pe3ynbTaT eKCriepUMEHTAJIBHUX A0CIKeHb (PI3MKO-MeXaHIYHUX
NMOKA3HUKIB TKAHWHH KocTIOMHOI Proban anti-static XB 9340 (T2)
Ne Pozpusansue 3ycumns P, H BunoxxeHHst Ha MOMEHT pozipBaHHs L, %
UKITY
IpaHHs 32 OCHOBOIO 32 yTOKOM 32 OCHOBOIO 3a YTOKOM
0 1536 1869 10,6 19,2
4 1426 1638 15,0 23,6
8 1401 1613 13,8 18,2
12 1433 1702 12,6 19,2
-~ P, H
2000
/720 Tlo
1500“~/—-_~,,ﬁ _____ i — 1
1000 T T3
500
n
01 2 3 4 5 6 8 9 10 11 12
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Puc. 2. I'pagiuna inTepnperanis 3aj1eskHOCTi 3MiHU PO3PUBATBHOIO 3ycHJLIsA P
MarepiajiB 10 YyTOKY BiJl KUIbKOCTI HUKJIIB MPaHHSA N

3a pesynpTaTaMu CTATHCTUYHOI OOpPOOKM PO3PUBAILHOTO 3YyCHIUI OTPUMAHO HACTYIHI
PIBHSHHS perpecii A MaTepiajiB MO OCHOBI i3 KOJOBAaHUM ITO3HAUCHHSIM:

Tlo: P = —07188n? + 4,425n +1643,7, mpu R~ = 0,5287

T20: P =2,2188n” — 34,975n +1534,6, npu R~ =0,9963
T30: P=-0,75n° —0,4n +1442,9  npu R* =0,8835

Tdo: P =—0,8281n? —1,6875n +1398,75, mpu R~ =0,9163

PiBHSIHHS perpecii s MaTepiais 110 yTOKy i3 KOZOBAHMM TO3HAYCHHSM:
Tly: P =-0125n2 + 4n+1416, npu R* =0,2416

T2y: P =5n? —7315n+1864,4, mpu R~ =0,9894

T3y: P=0,875n% —9,7n+612,7, mpu R* =0,7531

Tay: P=0,5312n —8,625n +838, npu R =0,6844

Tabauys 3
Pe3ynbTaT eKCriepUMEHTAJIBHUX A0CIIKeHb (PI3MKO-MeXaHIYHUX
NMOKa3HMKIB TKAaHUHU KOCTIOMHOI Proban anti-static FlameStat Lite (T3)

Ne Pozpusansue 3ycums P, H BunosxeHHst Ha MOMEHT po3ipBaHHs L, %
[UKIT
HpaHH};I 3a OCHOBOIO 3a YTOKOM 32 OCHOBOIO 3a YTOKOM

0 1450 609 12,2 12,6

4 1408 599 17,6 13,8

8 1413 580 15,2 12,8

12 1323 326 15,4 12,4
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Tabnuysa 4
Pe3yibTaTn eKcnepuMeHTAIbHHUX A0CHIKeHb (Pi3HKO-MeXaHIYHHUX
MOKA3HUKIB TKAHMHH KOCTIOMHOI Pyrovatex anti-static RigChief (T4)

Ne PospuBansue 3ycws P, H BunosxeHHss Ha MOMEHT po3ipBanHs L, %0
LUKy
npaHHs 32 OCHOBOIO 32 YTOKOM 32 OCHOBOIO 32 YTOKOM

0 1406 834 11,6 20,4

4 135,7 824 16,8 23,8

8 1354 791 16,2 22,8

12 1252 815 14,8 20,2

3a rpadiuHOIO iHTEpHpeTali€lo 3aJIeKHOCTI 3MIHU PO3PUBAIILHOTO 3yCHIUIS MaTepiaiiB Mo
OCHOBI Ta YTOKY BiJ KUTBKOCTI IIMKJIIB TpaHHS BU3Ha4YeHO, o MaTepiann Nomex BV-120 (T1) ta
XB 9340 (T2) € HaiiMiHIITUMHU Ta 30€piraloTh CBOI BIACTHBOCTI MPOTATOM TPHUBAJIOI €KCILTyaTallii.
Marepianmu T3 ta T4 € MeHII MIITHUMH, OCOOJIMBO TIO YTOKY, aje iX eKCIepUMEHTAIbHI 3HAYCHHS
TO3BOJISIIOTh CTBEP/DKYBATH, IO BOHH TEX MOXYTh BHKOPHCTOBYBATHCS ISl IPOEKTYBAaHHS
3aXHMCHOTO OJIATY, TaK K 1X XapaKTepHCTHKH 3aJIUIIAI0THCS B PETJIAMEHTOBAHUX MEKaX.

I'padiuna iHTeprperariiss 3aJeKHOCTI BUIOBXKEHHS Ha MOMEHT pO3ipBaHHS BiJ KUIBKOCTI
[IUKJIB PaHHA BKa3aHa Ha PUCYHKaxX 3 MO OCHOBI Ta 4 MO YTOKY.

s L 0

50'.... M
45t :
40t
35
30
25¢
20¢
151 30 e i
10f" T2,
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n
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Puc. 3. I'pa¢iuna inTepnperaitisi 3aj1e5kHOCTi 3MiHU BU/I0BKEHHSI HA MOMEHT po3ipBanHs L
MarepiaJjiB 10 OCHOBI Bil KIILKOCTI IIMKJIiB MPAHHSA N
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Puc. 4. I'padiuna inTepnperaitisi 3a;1e:KHOCTi 3MiHU BUIOB:KEHHSI HA MOMEHT po3ipBanHs L
MaTepiaJiB 0 YTOKY BiJl KIIBKOCTI HHKJIIB PaHHS N

3a pe3yapTaTaMH CTaTUCTUYHOI OOPOOKM BHUIOBKEHHS HA MOMEHT PO3IpBaHHS OTPUMAHO
HACTYIHI PIBHSHHS perpecii A pi3HUX MaTepiaiiB MO OCHOBI 13 KOJOBAaHUM TO3HAYCHHSIM:

Tio: L=0,075n2 —0,87n + 50,32, npu R* =0,3867
T20: L =-0,0875n% +1,17n +10,88, mpu R* =0,8515
T30: L =-0,0813n° +1,155n +12,72, npu R =0,6336
Tdo: L =—-0,1031n% +1,4625n +11,85, mpu R~ =0,9228

PiBHAHHS perpecii U1 pi3HUX MaTepialiiB MO YTOKY i3 KOJOBAaHUM MTO3HAYCHHSIM:
T1y: L=0,0531n2 —0,4325n + 43,37, npu R* =0,3121

T2y: L=-0,0531n% + 0,5025n + 20,01, nmpu R~ = 0,2489

T3y: L=-0,025n% +0,26n +12,74 mpu R* =0,6621

Tay: L =-0,0938n% +1,085n + 20,54, npu R~ =0,9588

3a rpadiuHOIO IHTEpIPETAIi€l0 3aJIEKHOCTI 3MIHM BHJIOBKCHHS Ha MOMEHT PO3ipBaHHS
MaTtepialiiB [0 OCHOBI Ta YTOKY BiJl KUTbKOCTI ITUKIIIB NPaHHS BU3HAYEHO, 110 MaTepiaa Nomex BV-
120 (T1) mae Haii0inblIe BHUAOBXKEHHS Ha MOMEHT pPO3ipBaHHS, IO CBITYUTH PO BHUCOKY
€JIACTUYHICTh HOT0 BOJIOKOH Ta CTabIIbHICTh HAMPOTSA31 TPUBAJIOL KIJIBKOCTI MPaHb.

BucnoBku. ExcnepuMeHTaIBHO 3aCBITYEHO, 110 0OpaHi MaTepianu micis 12 mUKITiB mpaHHs
3MIHIOIOTh CBOi BJIACTMBOCTI B JOMYCTUMHX MEXax. AHaji3 OTPUMaHUX PE3YJIbTATIB JaB 3MOTY
BCTAaHOBHTH XapaKTep 3MIHU BJIACTUBOCTEH TKAHHWH MICIIs MOKPOi 0OpOOKH (MpaHHs) 1 BpaxyBaTH iX
MPU TPOCKTYBAaHHI 3aXHUCHOTO OMAATY [UIi BEACHHS aBapiiHO-PATYBAIBbHHX poOiT. [IpoBeneHi
eKCTIIepUMEHTANIbHI JOCHIHKEHHS 10 BHU3HAUEHHIO 3aJIE)KHOCTI 3MIHU PO3PUBAIBHOTO 3YCHIUISI Ta
BUJIOBXXCHHS Ha MOMEHT PO3ipBaHHS MicIsl MOKPUX 00pOOOK (TIpaHHA) JO3BOJIIOTH CTBEPKYBATH,
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0 BCi 0OpaHi Marepialu MOXYThb OyTH BUKOPHCTaHI JJs1 BUTOTOBJICHHS 3aXMCHOTO OJATY JJIS
BEJICHHS aBapilHO-pATYBaJIbHUX pOOiT. BecTaHOBNEHO, 1110 HANOLIBII MOBHO BUCYHYTHM BHMOTaM
BianoBigae Matepian Nomex BV-120, a iforo po3puBanbHe 3ycHiuis 3MiHIO€Tbes 10 4,6% 1o
ocHOBI Ta 10 3,4% mo yTOKy B HpolEeci TPUBAIOro TepMiHy ekcmutyartauii. Lle moxe Oyrtu
3yMOBJIEHO THM, 110 BiH Ha 100% ckiamaeTbes 3 MeTaapamigHUX BOJIOKOH, BIUTMB €KCILTyaTaI[iiHAX
HAaBaHTAKCHb Ha K1 € MEHIII BUPAKCHHM.

[lepcrieKTUBHUMH € TOCTIKEHHS, CIPSAMOBaHI Ha BU3HAYEHHS 3MIHU PI3HUX TMOKAa3HHKIB
MaKeTiB MaTepialliB 3aJeKHO BiJl TEPMiHY eKCIUTyaTalii, 4aCTOTH KOHTAaKTy 3 HeOe3[eYHUMHU Ta
HIKiTUBUMH BUPOOHMYUMH (DaKTOpaMH TOILO.
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OBOCHOBAHME BbIFOPA TEPMOCTOWKHX MATEPHAIOB
JUIS AU THOM OJTEXK IBI
PYBAHKA A.W., OCTAITEHKO H.B., KOJJIOCHUYEHKO O.B., JIVIIKEP T.B.

Kueeckuil Hayuonanvuwiil yrusepcumem mexHoao2utl U OU3alHa

Ilenv. Obocrosano 6vibpamv payuoHAIbHbIe MEPMOCMOUKUE MAMEPUATbL Ol U32OMOBIEHUs
MEPMOCMOUKOL  00eHCObl HA OCHOBAHUU MEOPemuyecKux U dKCHEPUMEHMATbHBIX UCCAe008AHULL N0
ONpedeneHUI0 PA3PbleHOT HACPY3KU U YOJIUHEHUS. HA MOMEHM PA3Pbléd OM KOLIUYECMEd CIMUPOK

Memoouka. Oxcnepumenmanbhvle UCCICO08AHUS NO ONpedeleHuio noKasamenell HA0eHCHOCHU
npoBedeHbl N0 CMAHOAPMHLIM Memooukam. [[is 0opabomku pe3yivbmamos UCHPbIMAHUL UCTIOIb308AHbL
MemoOobl MAMeMAMmuyeckoll CmamucmuKi.

Pesynomamol.  AxmyanvHelMu — AGIAIOMbCSA  UCCAC008AHUA  B030€UCMBUSL  IKCHILYAMAYUOHHBIX
¢axmopos Ha ceolicmea mepMmMocmiuKux mamepuanos. Hamu npogedenvt ucciedo8anusi no u3MeHeHUo
PA3PLIGHOU HAPY3KU U YOJIUHEHUSL HA MOMEHM pPA3pbléd MEPMOCMOUKUX MEKCMUIbHbIX MAMEPUANO8 8
CAEOC8UU MHOSUX YUKTO8 CIMUPOK. YCmanoeaeHo, umo 6blOpanvle Mamepuaivbl COXPAHSIION C80U CEOUCMEA 6
PENAMEHMUPOBAHHBIX HOPMAMUSHBIMU OOKYMEHMAMU NPeOendx.

Hayunaa noeusna. YcmanosieHo Mamemamudeckylo 3a8UcCUMOCms U3MeHeHUs. pa3pbleHOU
HAa2py3ku U YOJIUHEHUS HA MOMEHm paszpbléd Om KOLIUYeCm8d UYUKI08 CMUPOK C UYelbio
NPOCHO3UPOBAHUS NOBEOEHUS MAMEPUALO8 CNEeYUANbHOU 3aUUMHOU 00eHCObl.

Ilpakmuueckan  3nauumocms.  IlposedeHo  dKCnepuMeHmMANbHble — UCCIE008AHUS
nokasameineu HA0eHCHOCMU MePMO3AUUMHBIX MAMEPUAIo8 U UX CPAGHUMENbHbIU aHAIU3 O0/A
000CHOBaHUS 8b100PA PAYUOHATILHOU CMPYKMYPbl NAKemd.

Knrwouesvie cnosa: mepmocmoiikue mamepuansl, 3aujumuas 00excod, pa3puleHas HA2PY3Kda,
YVONUHEeHUe Ha MOMEeHM pa3pbléa.

RATIONALE FOR SELECTION OF HEAT-RESISTANT MATERIALS
FOR PROTECTIVE CLOTHING
RUBANKA A., OSTAPENKO N., KOLOSNICHENKO O., LUTSKER T.
Kyiv National University of Technology and Design

Purpose. To prove rational choice of heat-resistant materials for manufacturing heat-
resistant clothing based on theoretical and experimental studies to determine the breaking load and
elongation at the time of rupture from the number of washings

Methodology. Experimental studies to determine reliability indicators were carried out
using standard methods. For the processing of test results used methods of mathematical statistics.

Findings. Current research is the impact of operational factors on the properties of heat-
resistant materials. We carried out research on changing the breaking load and elongation at the
time of breaking of heat-resistant textile materials in the course of many washing cycles. It is
established that the selected materials retain their properties in the limits regulated by regulatory
documents.

Originality. The mathematical dependence of the change in tensile load and elongation at
the time of rupture on the number of wash cycles is established to predict the behavior of materials
of special protective clothing.

Practical value. Experimental studies of the reliability indexes of thermoprotective materials
and their comparative analysis to justify the choice of the rational structure of the package are
carried out.

Key words: heat-resistant materials, protective clothing, breaking load, elongation at the
moment of rupture.
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YJIK 685.34 JOJU3E H. A., JATYALIBHUJIN M. B.

Kytancckuii ['ocynapctBennslil YHUBepcuTeT nM. Akakus Lleperenn,
r. Kyraucu, I'py3us

IMPOEKTUPOBAHUE TPAJIUIIMOHHON MYXKCKOM
OJEX/bI I'PY3UN

Ilenys.  Hccneoosanue — ocobemnocmeti  KOHCMPYKMUBHO20 U MEXHOLO2UUECKO20
NPOEKMUpPOBAHUSL 2PY3UHCKOU HAYUOHALLHOU 00eHCObl.

Memoouka. B pabome ucnonvszosamnvi mMemoovl KOMWIEKCHO20 AHANU3A MY3elHbIX
9KCHOHAMOB U COBPEMEHHbIE MEeMOObl KOHCMPYKMOPCKO20 U MEXHOI02UYECK020 NPOEKMUPOBanUs
00e2cOobl.

Pesynomamut. @ynoamenmanvhoe omauuue om OCHOBHO20 6U0A «HOXA» HAOMOOAemcs 8
IOJCHBIX PE2UOHAX CMPAHbL, 20€ NPEUMyUeCm8eHHO UCNONIb30BANU «UOXY» NPAMO20 CUNYIMA 00
aunuu  manuu. C  yuemom cmeneHu npuneeaHusi Ovliu paspaboOmaHvl PeKoMeHOayuu no
KOHCMPYKMUBHLIM NpUOABKAM. YCcmaHnoeieHo, 4mo KOHCMPYKMUBHbIE NPUNYCKU 0N «HOXUY»
npunezarowezo cunysma no ooxeamy 2pyou (A.,) cocmaensiem 4,5-5,5 cm, no aunuu manuu (Apqy)
pasusiiomes 4,2-4,7 cm, a no aunuu 6eopa (Ases)2,2-3 cm.

Hayunaa  noseusna. Hecmompsa  na  pasnoobpasue — ¢opm,  KOHCMPYKMUBHOe
NPOEKMUPOBAHUE «HOXU» YENeCO0OPA3HO HA OCHOBe O0OHOU YHUBEPCANbHOU OA3UCHOU OCHO8E C
VUemoMm NpUnycKos8 u MooenbHblx 0COOEeHHOCHEI.

Ilpakmuueckas 3nauumocme. Pesynomamvl  NpoGeOeHHLIX — UCCLEO08AHUL  OArOm
B03MOJCHOCMb ~ COXPAHUMb  VHUKAILHOCMb  00pa3ya MamepuanbHol  KyIbmypbl CMpPAHbl 6
nep8o30aHHOM 8Uoe.

Knrwouesvie cnosa: HayuoHanbHas 00excod, «40xa», KOHCMpyuposanue.

BBenenme. Vcropus npoucxoxxiaeHuss U (OpMHUPOBAHUS OJIEKAbI BEAET CBOE HAYajo C
paHHUX BpeMEH pa3BUTHUS dYeloBeuecTBa. B ompeneneHHbI NepHoj pa3BUTHS B 0OLIeCTBE
(eHOMEH KOCTIOMa TOJHOCThIO OXBATHIBAET OACKIY, TKAHU, pa3HbIe YKpallleHUs, TPUUYECKY U T.1.
JUIS pa3HbIX COLIMAJbHBIX TPYII OTAENIBHO B3SATHIX rocynapctB. HamuoHanbHas onexnaa siBisieTcs
HEOTHEMJIEMOM YacThl0 MAaTEpUAIBHON KYJIbTYpPbl T'PY3MHCKOrO Hapoja. HecMoTps Ha ciokHOE
HCTOPUYECKOE MPOIIJIOe, B MPOIECCe MHOTOBEKOBOTO ()OPMUPOBAHMSI OHA YCIEIIHO COXpaHHIIa
TPaJUILIUK HAPOJIa, CAMOOBITHOCTh, XYJI0KECTBEHHYIO WHANBUAYAITBHOCTh U TPY3HHCKUI XapakTep.
['py3uHCKas HallMOHANIbHAS OJICXkKAA C OOJIBIION BEPOSTHOCTHIO SIBISIETCS BAKHEHIIIMM MaMSITHHKOM
IYXOBHOM U MaTepHaIbHOMN KyJIbTYphI CTpaHsl [1].

B mnpomecce coxpaHeHuss OyqylIUMHU MOKOJIEHUSMU TPAJAULUOHHONW OJEKIbl, BaXKHBIM
(bakTopoM sIBISIETCS MCClieJoOBaHNE €€ KOHCTPYKTUBHBIX 0coOeHHOCTel. B HacTosIiee Bpemsi oueHb
yacTo HaOmogaeTcss u3MeHeHHe (opM M METOAOB IMPOEKTHPOBAHMS HALIMOHAIBHON OJIEKIbI U
aKTUBHO pa3BHUBaeTcs IMpolecc ee cTuiau3zauuu. ClencTBUEM BCEro 3TOro SBJISETCS TO, YTO,
MOCTETICHHO MEHSIsl OOJIMK KOCTIOMA, NMPOUCXOAMWT BCe OoJbllee yAaleHHe OT OpUTHHANIA. DTOT
BOIIPOC CTAHOBUTCS BCE O0Jiee aKTyallbHBIM ¢ Y4€TOM TOTO (akTa, 4To OOJbIIasl YaCTh MY3EHHBIX
HKCIIOHATOB HAIMOHAJIBLHBIX KOCTIOMOB MOBPEKICHBI, MOJIBEPTaIUCh PecTaBpalliil HEOJHOKPATHO,
CJICZIOBATEIIbHO, KOHTAKT C HUMHU BeChbMa OrpaHuucH [2].

Ilenv u 3a0auu. C TOYKHM 3pEHUS W3TOTOBJICHHS] MaKCUMAIbHO HJEHTHUYHBIX OPUTHHAITY
o0pasnoB, MENbI0 JaHHOW pabOThl SBUJIOCH KOMIUIEKCHOE HCCIIEIOBaHHE OCOOCHHOCTEH
KOHCTPYKTUBHOTO M TEXHOJIOTUYECKOTO MPOEKTUPOBAHUS T'PY3MHCKON HAllMOHAIBHON OJEXIbI U
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pazpaboTka pekoMeHJaluii, o0ecrneynBarOlMX  BBICOKHE JPrOHOMHYECKHE  IOKa3aTelH
KOHCTPYKLHU.

Pe3yabTaThl HcciaenoBaHusi. AHaIN3 pe3yabTaTOB MCCIIEIOBAHUS MY3€HHBIX SKCIIOHATOB
TPaAULIMOHHONW MYKCKOW OEKIbl pPa3HbIX PErMOHOB CTpPaHbl MOKa3all, YTO Cpelrd MHOYKECTBa
Pa3HOBUJIHOCTEN OMEKIbI, paclpoCcTpaHEeHHOW B ['py3uu, sl MYy»KCKOMl TpPagulIMOHHOW OJI€¥KIbI
«40Xa» THIIMYHBIM SBISIETCS KOHCTPYKIMS CO BCTaBKaMu (C «dakaMu»). OTiauume Mexmy
«4OoXaMU» B Pa3HBIX YroJKax CTpaHbl, B OCHOBHOM, 3aKJIOYaeTcs B CTENEHU NpUJIECTaHUs,
KOoJM4YecTBe, rabapuTHbBIX (opmMax M pa3mMepax OCHOBHBIX M JEKOPAaTUBHBIX JeTajei.
DyHIaMEHTATBFHOE OTIMYUE OT OCHOBHOTO BHJIA «90Xa» HAOIOIAETCS B FOJKHBIX PETMOHAX CTPaHbI
(Camuxe-mkaBaxetusi U AjpKapus), TZI€ NPEUMYIIECTBEHHO HCIOJIB30BAIM «UYOXY» MPSIMOro
CHJTydTa JI0 JJMHUU Tanui (puc. 1.0).

a 6
Puc.1. My:kckasi TpaguunoHagbHas ogexkaa ['py3uun «uoxa»
a- KapTJI-KaxeTUHCKAas; 0-aJzKapcKas

I'py3uHckas Mykckas TpaAMLMOHAJIbHAs OAEXKAA «40Xa» C «dakamu» (puc. 1-a), umeer
CIIOKHYIO TIPOCTPAHCTBEHHO-00BeMHYIO ¢opmy. Mcxoas w3 (QyHKIIMOHAIBHOTO Ha3HAYCHHSI,

218



Mamepianoznaecmeo, wigeiine i meKcmunbHe
eupoonuymeo. Memponozia ma cepmudpixayis
Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne3 (110), 2017

«40Xa» COCTOMT W3 MHUHUMAIbHO HEOOXOAMMBIX (TOJOYKa, CIHMHKA, PYKaB) M JEKOPATUBHBIX
(cxkmagku, KiamaHbl, pEMHH, yKpalleHHs U Ap.) 3JeMeHToB. Bce cocraBHble 31eMEHTHl (HopMbl
«4OXU», HECCOMHEHHO, MOJYUHSAIOTCS OOLIMM 3aKOHAM apXUTEKTOHUKH U YCIIEUTHO yCTaHABIMBAIOT
€IMHYI0, TAPMOHUYHYIO 11€JI0OCTHOCTb.

«Hoxa» € «4akaMW» SBJISUIACh TIOBCEIHEBHOW M BCECE30HHOM BEpXHEH OACKIOM,
NPUJICTAIOIIMMU U TOJIYNPUICTAIOIIUMHU CHIIY3TaMH, UIMHOW UYyTh HMXKE KOJICH, HAIOJOBUHY
OTpe3aHHass MO JIMHUU TaJUHM 3acTeruBajach Ha IYTOBUIbI, KPIOYKM WJIM TETIM M3 CyTaxa
(«xpukm»). «Hoxa» oOpabaThIBaNach Ha MOAKIAAKE 10 JUHUU TAJIMU M 0GOpMIISLIach BSI3aHHBIMU
BPYYHYIO Da3HOIBETHBIMHU IMoJIockaMu («dadapumm», «kautanu»). Ilomouka cocroutr wu3
LETbHOKPOCHOH MepeHeN YacTH U MepeXosIIero Ha CIMHKY O0YKa; HIKE TMHUU TaJIUH MOJ0YKa
3aKaHYMBAETCA BCTaBKaMU («JaKu»); JIMHUA TOPJIOBUHBI TpPEyroyibHas; B oO0JacTu Tpyau
odopmiseTcs HaKJIaJHBIMA TOGPUPOBAHHBIMU JIETAISIMU C BOCEMbIO JIEKOPATUBHBIMU 3J€MEHTaMU
(«cakuney). LlenTpanbHasi 4acTh COMHKU LEIbHOKPOCHAs, HUXKE JIMHUU TaJlMd CO BCTaBKaMu. B
MECT€ COEIMHEHHsI BCTABOK IOJOYKH M CHMHKH B BEPXHEH YacTH MPOEKTHPYETCS HMUTALUS
KapMmaHa (Ipopes), a BHU3Y IUIMIBL. PykaBa BrauHble pyOaleyHoro THUIa, OJHOIIOBHbIE 10 JTUHHUU
3aICThS; HU3 pyKaBa C BHYTPEHHEH CTOpOHBI oOpabarbiBaeTcsi OOTauKOM M3 MOJKIAI0YHOTO
Marepuasna

Jis  cpaBHUTENBbHOTO  aHadW3a CHWIYITHBIX (QopM u  rabGapuTHBIX  pa3MepoB
pactpoCTpaHEHHONW B pa3HBIX PETHOHAX CTPaHbl TPAAUIIMOHHOW MYKCKOHW OACKIBl OBLIN
pazpaboTaHbl TEXHUYECKHE YEpPTE)KM OCHOBHBIX PA3HOBUIHOCTEH «UOXH» C  y4ETOM
MIPOTOPITMOHATBHBIX COOTHOIICHHUH COCTaBHBIX yacte (Puc.2).

-f?:‘!.lfu‘ﬁ\- -

a 0 B

Puc.2. My:kekas TpaauuuonHasi oaexxaa I'py3un «qoxa»

a - THINYHASA «40Xa» ¢ «4aKaMMI» NMPUJIEraiero CHJIy3Ta 1Jisi PABHUHHOM 4acTH BOCTOYHON U
3anagHoil I'py3un; 0 - «40Xa» MOJIyNpHJIEraoiero CHIy3Ta JUIsi TOPHBIX PerHOHOB BOCTOYHOM
I'py3uu; B - KOpoTKast «40Xa» MPSAMOI0 CHJIY3Ta ISl I0KHBIX PeTHOHOB cTpaHbl (CaMuxe-zKaBaxeTHst
u ATKapus)

KauecTBeHHBIC TTOKa3aTeJW W BHEIIHMIM BHJ Kak OOIICH, TaK W HAIMOHAJBHOH OIEKIbI
«40Xa», 3aBHCIAT OT MHOTUX (AaKTOPOB, CPEAM KOTOPBIX HamOOJee BaXKHBIM SIBISACTCS
KOHCTPYKTHBHOE ITPOCKTUPOBAHNE COCTABHBIX JICTAJICH.
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PanmoHanbpHbIi MOAXO0A K BOMPOCY KOHCTPYKTUBHOTO MPOEKTUPOBAHUS «UOXU», B MEPBYIO
ouepenb, TpeOOBaJl MPOBECTH HCCIEIOBAHUE CHIIYITHONM (OPMbI U KOHCTPYKTHUBHBIX NpPHOaBOK
My3€HHBIX 3KCIOHATOB. AHAJINU3 PE3yJbTAaTOB HCCIIENOBAaHUI IMOKa3al, YTO MYXKCKas «40Xa», B
OCHOBHOM, XapakTepusyeTcsi OONbIION NpPUTAIIEHHOCTbIO, HO BCTPEUAIOTCSI U CBOOOHBIC
cuinyaTHble (opmbl. Ha ocHoBe wuccienoBaHHil KOHCTPYKTHUBHBIX MPUITYCKOB U OCOOEHHOCTEH
MPOLIECCOB HMX TMEpepactpesieiecHus M0 BCEMY IMEPUMETPY, ObUTH pa3padOTaHbl PEKOMEHIAIIHH,
00eCIeYrBaOIINE BHICOKHE S)PrOHOMUYCCKHE TTOKA3aTe Il KOHCTPYKIHHU (Tadi.1).

Tabauya 1
IpunycKd K OCHOBHBIM KOHCTPYKTHBHBIM MOsicaM
[Tepepacnpenenenne [To nuuum Tanuu ITo nuuun
-Arp TIO TIEPUMETPY (Aran), c™M oenpa(Ages), CM
IIpumnyck
CrnysT (Arp), cM 1o 1o no [lToukas |I'pybas |Toukas | ['pyGas
CIMHKE | MpoiMe | MOJIOYKE [IepPCTh |MIePCTh |HIEPCTh | HIEPCTh
% % %
[Tpunerarormii 4-5 30 55 15 42-4,7 | 48-53 | 2,2-3 2,5-3
Honynpiera 67 | 30 45 25 (6585 |75-85 | 354 | >4
FOIIN I
Hpavoit 1 9-10 | 30 45 25 | >85 | >85 | 45 | >5
CBOOOIHBIN

BbIIO yCTaHOBIEHO, YTO KOHCTPYKTHBHBIC MPUIYCKH 1O 00xBary mied (Oyp,) Ui y3KHX
pPYKaBOB paBHAIOTCS 5-6 cM, IS IPSMBIX PYKaBOB 6-8 cM, JUIs paciiMpeHHBIX 9-11 cm.

Ha ocHoBe aHamM3a NPOBEICHHBIX WCCIECAOBAHUM OBUTM OIpenesieHbl HE0O0XOAUMBIE
pasMepHble NMPU3HAKU Ul KOHCTPYKTHBHOI'O NMPOEKTUPOBAHMS MYKCKOM TPaJUIIOHHON OJEX/IbI
['py3un, koTOpHIC IPUBE/ICH B TAOIHIIC 2.

Tabauya 2
Pa3mepHble MPU3HAKH JJIsl KOHCTPYHMPOBAHUS MYKCKOM «I0XU»
O6o3HaueHue
pa3MepHOro HaumeHoBaHHE pa3MepHOTO IIpH3HaKa
npU3HaKa
Cruen. 0Iyo0XBAT MIEs
Crp. moryoOXBat rpyau
Cran. 101y00XBAaT Tajs
Coen. [TonyoGxBar Genep
Srp. [upua nonouku (o)
Sermm, Hlupuna ciuHKy (110I1)
Liont JIMHA MOJO0YKH 10 TOUYKH OCHOBAHHMS IIes
I JlmvHaA CIMHKY 10 MIeHHON TOYKHU
Hropa. ['1yOuHa rOpIOBUHU
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Hooux. BsicoTa 6ouka
Hupo.san. Bricota npoumu ¢ 3a1u

Lran6en Paccrostauie oT MMHUN Tanuwii 0 TUHUEA Oeapa
Lo can. PaccrosiHue oT TUHUI TANMUN 10 KOJIEHU
Lpyi san. JlnuHa pyku 10 3ans1CThs

Hecmotps Ha pasznooOpasue dhopm, ObUIO OmpeaesieHo, YTO KOHCTPYKTUBHOE MPOEKTUPOBAHUE
«IOXH» IEIECO00pa3HO Ha OCHOBE OJIHOM YHHUBEPCAJTbHON 0a3MCHON OCHOBE C yYETOM MPUITYCKOB
¥ MOJIENbHBIX 0coOeHHOCTel. C 3TOM TOYKU 3pEHUs C IIOMOIIBIO PACUETHO aHAJMTUYECKOT'0 METO/1a
KOHCTPYUPOBAHHS OAEXKIbI OBLJIO OCYIIECTBIEHO KOHCTPYKTOPCKOE NMPOEKTHPOBAHHE Pa3IUYHBIX
BUJIOB «4oxa» [3]. B manHoil pabote nmpeacTaBieHbl KOHCTPYKTHBHBIE YEPTEKU MYMKCKOU «HOXH»
U3 HIECTH BCTABOK (PHC.3).
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Puc.3. KoHCTPYKIIMS M KOMILIEKT JIEKAT MYKCKOH «HOXH» € «4aAKaAMID)

JIisT M3rOTOBJICHUS MaKCUMAIbHO MPUOIMKEHHBIX K OpPUTHHATaM OOpa3IoB MY>KCKOH
TpaAULIMOHAIBHOM OJeXK bl ['py3un «40xay CyIEeCTBEHHBIM SBIIETCS TEXHOJIOrHYecKas 00paboTka

OCHOBHBIX y3JIOB M37e/us. TeXHOJIOrHIecKas cxema o0pabOTKH 1aHa Ha PUCYHKeE 4.

Puc.4. Cxema TexHo10rn4eckoii 00padoTKH MYKCKOH «40XW» M3 IIEeCTH BCTABOK

BbiBoabl. MToru mpoBeneHHOW pabOTHl MOKAa3bIBAIOT, YTO IMPEJICTABICHHBIE PE3YIbTAThI
MPOEKTUPOBAHUS TPY3UHCKOW MYKCKOM HAlMOHAJIBHOW OJI€K[bl, HECOMHEHHO, BHECYT ICHHBIN
BKJIQ/I 110 COXPAHEHUIO YHUKAJIBHOTO 00pa3iia MaTepHallbHOW KYJIbTYphl CTPAHBI B NEPBO3JIAHHOM
BUJIE 17151 OYAYIIEro MOKOJICHHUS B JIeJie U MOIMYJISpU3alliy TPY3UHCKON HAllMOHAIBHON OJICXKIbI.

Cnucok UCnoJIb30BAHHOM JIUTEPATYPHI
1. E. Hapupamse. DOtHorpaduyeckuii cjoBapb TpPY3WHCKOH MarepuanbHOW KyJIbTYphL [/
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2. Traditional Georgian Attire 18"-20™ Centuries. Georgian National Museum, Samoseli Pirveli,
Shota Rustaveli Science Foundation. - Thilisi: 2015.- 303.
3. M. HaryamBunu. OcoOEHHOCTH MPOEKTHPOBaHUs [ 'py3MHCKON HauuMoHanNbHOW omexasl / M.
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MPOEKTYBAHHSI TPAJUIIITHOI'O YOJIOBIYOI'O OJSITY I'PY3Ii
JIOJI3E H. A., IATYALIBUII M. B.

Kymaicoxuii [leporcasnuii Yuisepcumem im. Axaxisn Llepemenu, I py3is

Mema. Jlocniodcenns ocobausocmeil KOHCMPYKMUBHO20 | MEXHON02IYHO20 NPOEKMYBAHHS
2PY3UHCLKO20 HAYIOHATIbHO20 0052

Memooonozia. B pobomi euxopucmani memoou KOMNWIEKCHO20 AHANIZY MY3€UHUX eKCHOHAMIS i
CYUACHT MeMOoOU KOHCMPYKIMOPCLKO20 | MEXHON02IUHO20 NPOEKMYBAHHS 0052).

Pesynomamu. Y nigdennux pezionax Kpainu, 0e nepe8adcHo SUKOPUCMOBYBANU «UOXY» NPAMO20
cunyemy 00 JiHii manii, cnocmepieaemvcs GYHOAMEHMANbHA GiIOMIHHICMb 6I0 OCHOBHO20 BUOY «4OXUY. 3
VPAXYBAHHAM — CMYNEHsl HNPUNACAHHA  PO3POOIEHI pPeKoMeHOayii no KOHCMPYKMUSHUM NpUOABKAM.
Bcmanoeneno, uwjo KOHCMpYKMueHi npunycku ONs «40Xu» npune2no2o cuiyenty no ooxeamy epyoei (A.,)
cmanosums 4,5-5,5 cm, no ainii manii (A,.,) oopisuioioms 4,2-4,7 cm, a no ainii cmezna (Asy) 2,2-3 cm.

Hayroea noeusna. Heszeadcarouu na pisnomaumimuicms Gopm, KOHCMPYKMUBHE NPOEKMYGaHHS.
«YOXU» OOYITbHO HA OCHOBI OOHIEI YHIBEPCANbHOI OA3UCHOI OCHOBU 3 YPAXYBAHHAM NPUNYCKI6 | MOOETbHUX
ocobnusocmell.

Ilpakmuuna 3nauumicms. Pesynomamu nposedenux 00cniodcenb 0awomb MONCIUGICIb 30epecmu
VHIKAIbHICMb 3PA3KA MAMEPIANbHOT KYIbMYpPU Kpaitu 8 nepeo30aHHoMy eueisoi.

Knwuosi cnosa: nayionanvuuii 002, «10xa», KOHCMPYIOBAHHSL.

TRADITIONAL GEORGIAN MAN CLOTHING FEATURES

N. DOLIDZE, M. DATUASHVILI
Akaki Tsereteli State University, Kutaisi, Georgia

Purpose. The research of constructive features and technological design of the Georgian traditional
clothes are the objectives of this work.

Methodology. Method of the complex analysis of museum exhibits and modern methods of clothes
design have been used.

Results. Georgian traditional clothes are products of human creativity that are invested with
cultural significance in a society and as an item of tangible cultural heritage, it requires to be maintained
and bestowed for the benefit of future generation. In this respect, it’s of great importance to study garment
construction. From time to time garment manufacturing forms and technology kept changing and due to
transformation and stylization traditional clothes were modified to certain degree so that they gradually
exceed its original form.

Originality. Despite the variety of forms, constructive designing of "choch" is expedient on the basis
of one universal basic with allowances and model features.

Practical value. Based on the research results size marks and additive measures were determined to
implement construction planning of men’s traditional clothing. It was concluded that men’s traditional dress,
chokha varies from region to region in Georgia according to tightness, overall dimensions, constituent parts,
sleeve shapes. In spite of the variety of forms, it’s possible to focus on universal base while planning
considering construction peculiarities, relevant additive measures and modeling nuances as well.

The results of the conducted studies make it possible to preserve the unigueness of the Georgian
material culture in its original form.

Keywords: National clothes, chokh, design.
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! Chuiko Institute of Surface Chemistry, NAS of Ukraine
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EVALUATION TEMPLATES ACTING ON NANOPARTICLES

Purpose. Investigation of the influence of templates on nanoparticle size of cerium dioxide.

Methodology. Cerium dioxide nanoparticles are obtained on carbon, aluminum silicates, nanotubes,
kaolin and in solution by chemical precipitation from solutions of cerium salts in an alkaline medium. The
particle size of cerium oxide was determined by transmission electron microscopy.

Results. Cerium dioxide nanoparticles are obtained on carbon and halloysite nanotubes,
kaolin and in solution by sol-gel method.

Scientific novelty. A method is proposed for quantitative comparison of the structure-
forming effect of templates on particle size under identical conditions for their synthesis.

Practical value. It was shown that with the use of organic templates and ultrasonic treatment during
the synthesis, it is possible to reduce the nanoparticle size.

Keywords: synthesis, templates, nanonanotubes, kaolin, cerium oxide, particle size.

Introduction. Nanoscale tubes, due to their morphology, are attractive as carriers for the synthesis of
nanoparticles on their surfaces and in cavities in order to create demanded materials with the necessary
physical and chemical properties [1, 2]. For example, carbon and aluminum silicates (halloysite) nanotubes
successfully counteract corrosion due to the physical barrier to the aggressive agents they create. The cerium
compounds have an anticorrosive protection of metals by the cathode mechanism. The composites
synthesized by us, containing nanotubes and cerium oxide, showed a synergy in the anticorrosive action.
These materials, according to X-ray phase analysis data, contain cerium dioxide of a cubic structure. The rate
of release of biologically active molecules and other compounds adsorbed on nanotubes in solution is 50-100
times lower than for micro- and nanoparticles of other carriers. We have developed composite silicate
materials, carbon nanotubes/cerium oxide for use in oxidation-reduction catalysis and other fields [3, 4].

During the work on applying modifiers and establishing the properties of materials, the task was to
guantitatively compare the effect of the nature of the templates (carriers) on the particle size of the cerium
oxide. The aim of the publication is to establish the quantitative regularities of the formation of cerium
dioxide on carbon and halloysite nanotubes, kaolin and in solution under identical synthesis conditions.

Objectives. The syntheses used catalytic multilayer carbon nanotubes (Nanothinx S.A.) with
diameters of 12-31 nm of 97% purity (about 2% is iron-containing catalyst and less than 1% pyrolytic
carbon), halloysite nanotubes (NaturalNano, Inc.) with diameters of 25-50 nm 88-95% purity and kaolin (P-2
"Disten Limited"). Templates (carriers) were modified by precipitation of cerium oxide from solutions of
salts in an alkaline medium. The synthesis of cerium oxide without templates was also carried out.

The synthesis conditions for obtaining samples with 5% cerium oxide content were given identical
(automated reactor "Syrris"): the temperature of the reaction mixture was 23 °C, the weight of the template
carrier (50 g), the constant stirring speed of the reaction mixture throughout the synthesis process 1200 rpm),
the rate of addition of reagent solutions and their concentrations (1M Ce(NOz)z, 50 ml/min, 2M NH,OH, 5
ml/min). The time of each synthesis was determined by the achievement of pH=8.5. The resulting precipitate
of cerium composites or cerium oxide was filtered off and dried at 120 °C.

According to atomic emission spectrometry (ICPE-9000, Shimadzu), cerium content in the samples
in terms of dioxide is 4.374£1.335 (carbon nanotubes of CNT/CeO,), 4.96+0.025 (silicate nanotubes of
GNT/CeO,), 4.85+0.015 (kaolin of Kaol/CeO,) and 5.06+0.005% (solution Solut/CeO,), the uncertainty
value of the confidence interval is given. In reproducible syntheses, the underestimated results of the content
of cerium oxide are probably primarily explained by the effect of the filtration step in the synthesis process.
The samples were characterized with a Hitachi H-800 transmission electron microscope (TEM) using the
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electron diffraction method in the selected region. The particle size was determined on TEM images in a
dark field using a linear measurement program and sampling more than 100 particles for each sample. The
UV spectra of the powders were recorded on a UV-VIS-NIR spectrophotometer UV-3600, Shimadzu in the
reflection mode in the 220-800 nm range with an instrument uncertainty of £1 nm.

Research results. Usually, in order to obtain nanoscale inorganic particles, the conditions for the
synthesis are carefully chosen: the concentration of the reagents, the rate of addition and mixing of the
components, the pH of the medium, the temperature, and the template. Effective action of organic and
inorganic templates is due to two factors - chemical (surface nature, the ability to form chemical and
hydrogen bonds, the formation of intermediates, etc.) and physical (size, morphology, aggregation ability,
thermal conductivity, etc.). Our experience suggests that cerium dioxide in the nanoscale can be produced in
a wide range of concentrations up to 20% using nanosized oxide carriers from dilute solutions [5].

TEM images of synthesized materials in light and dark fields provide reliable information on the
particle size of the oxide. In the materials on the carriers, the modifier particles are observed to be much
smaller in size, different morphology than the particles of carriers and impurities. The differences between
pure carriers and modified ones are especially noticeable in TEM images in a dark field. Electron diffraction
studies of modifying particles in the samples revealed reflexes d(hkl)=3.12(100), 2.7(200), 1.89(220), and
1.64 A (311), which identify the cubic structure of cerium dioxide. X-ray diffraction analysis also confirmed
the formation of crystalline cerium dioxide during the synthesis. Significant blurring of the modifier signals
can be explained by the size effect and the low degree of crystallinity of cerium dioxide. The particle size of
cerium dioxide for the samples ranges from 1-7.8 nm for CNT/CeO,, 2-14.5 for GNT/CeO, and 3.9-19.8 nm
for Kaol/CeO,. The maximum particle size distribution of cerium oxide is 2.4, 4.8 and 7.6 nm, respectively.
We estimated the error in determining the dimensions by about 5-7% for the mean diameter and 10-15% for
the maximum distribution. The choice of particles in the images was carried out in homogeneous regions
without visible regions of aggregation. Obviously, in the series of kaolin, halloysite, and carbon nanotubes,
the effect of the carrier effect on the unit of mass contributing to the formation of particles with a smaller
diameter is observed. The particle size of CeO, synthesized without carriers was 3.5-16.8 nm. It lies between
the dimensions of the oxide particles on the GNT and kaolin. Consequently, nanotubes contribute to a
decrease in the size of the synthesized particles - a positive templating action, and kaolin to increase - a
negative templating action.

The quantitative evaluation of the structure-forming action of 3 can be expressed as a function of the
effect of the template during the synthesis on the size of the particles of the same type B=(d,-d;)/d,-100%,
where d; is the average particle diameter that is formed without the template carrier, d; is the average particle
diameter, formed under the influence of the template. This estimate is valid for the same series of syntheses
under identical conditions. The templating influence is suggested to calculate the maximum particle size
distribution for the size By,=(dms-dme)/dms-100%, where dy, is the maximum particle distribution that is formed
without the template carrier, d, is the maximum distribution of the particles formed under the effect of the
template. Obviously, the accuracy of determining the average particle diameter and the maximum diameter
distribution will be different. Carbon nanotubes, according to the calculation of the templating action, have
the greatest positive effect on the size of the synthesized cerium oxide (Table). The structural-forming effect
of CNT on the average diameter was 49.3%, with a maximum distribution of 53.8%. The difference in the
value is within the measurement error. Kaolin, on the contrary, contributes to the formation of particles of
large sizes, so the values of p and B, have a negative sign -19.4 and -46.2%.

With the use of organic templates and ultrasonic treatment during the synthesis, it is possible to
reduce the particle size by a factor of two, and the effect of ultrasound and other factors can also be described
guantitatively by the method proposed above [6].
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Table 1

Calculation of the structure-forming effect of the templates on the particle size of cerium
dioxide at d;=6.7 and dy,s=5.2 nm

The structure-
Maximum The structure- forming effect
Samples Average particle particle size forming effect | on the maximum

diameter d;, nm | distribution dn, | on the average of the

nm diameter B, % distribution of
Bm! %
CNT/CeO, 3,4 2,4 49,3 53,8

GNT/CeO;, 6,3 4,8 6,0 7,7

Kaol/CeO, 8,0 7,6 -19,4 -46,2

In macro- and microcrystalline samples, tetravalent cerium in the UV region gives a signal of about
400 nm, which corresponds to the transition of the charge O%(2p)—Ce**(4f). The signal overlaps with an
electronic transition of 5d1—4f1 Ce*" ions. Usually, defects in the form of trivalent cerium are fixed in the
structure of cerium dioxide, the appearance of which is due to the low energy of the Ce**«>Ce*" transition.
During the synthetic procedure, the oxidation of cerium (I11) hydroxide probably does not occur until the
end, and the Ce**—Ce®" reaction also takes place upon contact with the reducing agents. Ce** ions are
embedded in the crystal structure of cerium dioxide instead of Ce** as a defect and the spectral transition O
(2p)—Ce™ (4f) is observed about 250 nm [7]. A number of functional properties of cerium dioxide, including
physiological, is determined by the size factor and the Ce**/Ce®" ratio. The UV spectra of nanocomposite
samples with cerium dioxide nanoparticles revealed maxima at 370-420 nm and 260-290 nm. In this case,
the templates have their own signals in the UV region, which makes interpretation of the spectra difficult and
an analysis of the ratio of tri- and tetravalent cerium depending on the particle size of cerium dioxide.

Conclusion. Cerium dioxide nanoparticles are obtained on carbon and halloysite nanotubes, kaolin
and in solution by sol-gel method. The particle size of the modifier was determined by the transmission
electron microscopy method. Electron diffraction studies have established that the modifiers are cerium
dioxide particles of a cubic structure. A method is proposed for quantitative comparison of the effect of
templates on particle size under identical conditions for their synthesis.
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BU3HAYEHHS CTPYKTYPO®OPMYIOUYOI J1i TEMILJIATIB HA CUHTE3
HAHOYACTOK
BPUYKA A.B.!, BPUUKA C.51.2

1 . eee .. o .
Tnemumym ximii nogepxui im. O.0. Yyiixa HAH Vkpainu
20n . . o . o .
Kuiscokuii nayionanehuii ynieepcumenm mexnono2it ma Ou3aimy

Mema. J[ocniodicerHst 618y meMniamis Ha po3mip HAHOYACIMUHOK OIOKCUOY Yepiio.

Memoouxa. Hanouacmxu oxcudy yepito 00epicani Ha 8Veiil, CULIKami antoMiHilo, HaHOMPYOKax,
KQOMIHI 1 8 PO3UUHT MEMOOOM XIMIUHO2O OCAONCEHHS 3 POZHUHIB CONell YEPIto 8 JyCHOMY cepedosuyi. Pozmip
YACMUHOK OKCUQOY Yepito SUBHAYATU MEMOOOM MPAHCMICIUHOIL eleKMPOHHOT MIKPOCKONI.

Pezynomamu. Ompumari HAHOUYACMUHKU OKCUOY Yepito HA 8y2leyedux 1 2al0i3UMHUX HAHOMPYOKAX,
KAOJIHI ma 6 pO34UHi 3 BUKOPUCIIAHHAM 30/1b-2€lb MEMOO).

Haykoea nogu3na. 3anponoHo8ano memoo KilbKiCHO20 NOPIGHAHHA CMPYKMYPOPOopmy0uoi
0ii memniamie Ha po3Mip YACMOK NPU I0eHMUYHUX YMOBAX iX CUHME3Y.

Ilpakmuuna 3nauumocms. llokazano, wo WIAXOM GUKOPUCMAHHS OPSAHIYHUX MEMNIAMIE 1
VIbMPA38yKoB0i 00poOKU 8 Npoyeci CUHME3) MONCHA IMEHULYB8AMU POIMID HAHOYACOK.

Knwuoei cnoea: cunmes, memniam, HaHompyOKU, KAONIH, OKCUO Yepito, pO3MIP YACMOK.

OINPEJIEJIEHUE CTPYKTYPO®OPMHUPYIOIIEIO JEHCTBHUA TEMILIATOB HA
CHUHTE3 HAHOYACTHILL
BPUYKA A.B., BPUYKA C.41.

Hnemumym xumuu nosepxnocmu um. A.A. Qyiko HAH Yrkpaunoi
Kuesckuil nayuonanvhulil ynugepcumem mexmono2uti u Ou3aina

Llens. Hccneoosanue enusnus memniamos Ha pazmep HaHOYacmuy 08YOKUCU Yepusl.

Memoouka. Hanouacmuyvl okcuoa yepus NOIYYEHHbl HA Y2ie, CUIUKame anoMUHUs,
HaHOmMpyOKax, KaoiuHe u 8 pacmeope MemoooM XUMUYECKO20 0CANCOeHUs U3 pAcmeopos cojlell
yepus 6 wenounoll cpede. Pasmep uacmuy okcuda yepusi onpeoeninu Memooom mpaHcMUcCUOHHOU
91eKMPOHHOU MUKPOCKONUUL.

Pezynomamul. [lonyuennvl Hanoyacmuyvbl OKCUOA Yepusi HA YeaepOOHbIX U 2ANOUSUMHUX
HAHOMpPYOKax, KAOIUH U 8 pacmeope ¢ UCNOb30BAHUEM 30]1b-2€lb Memooa

Hayunasn HO6U3HA. IIpeonoorcen mMemoo KOIUYECE8EHHO20 cpasHeHus.
cmpykmypogopmupyrowe2o 0elcmsus memMniamos Ha pasmep yacmuy npu UOeHMUYHbIX YCI08USX
ux cunmesa.

Ilpakmuueckan 3nauumocms. Ilokazano, 4mo nymem UCNONb308AHUS OP2AHUYECKUX
MeMNIAmo8 U YibmpasgyKoeol 00pabomku 6 npoyecce CUHME3d MOMCHO YMEHbUAMb pasmep
Haunouacmuy

Knrwoueswie cnosa: cunmes, memniam, HaHompyOKu, KAOAUH, OKCUO Yepusl, pasmep 4acmuy.
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YK 677.027.43 I'APAHIHA O. O., TIAHACIOK 1. B.

KuiBchknil HallioOHAIBHUH YHIBEPCUTET TEXHOJIOTIN Ta AU3alHY

®APBYBAHHSA NOJMIAMIZIHUX BOJIOKHUCTHUX
MATEPIAJIIB 3 BUKOPUCTAHHAM BIOJIOI'TYHO
AKTUBHUX HAIIIBITPOAYKTIB B AKOCTI
IHTEHCHU®IKATOPIB 3ABAPBJIEHHSA

Mema. Jlocniodcenns  enaugy — 0iON02IYHO-AKMUBHUX — HANIBNPOOYKMIE 8  AKOCMI
inmencughixamopis npu papbyearHi NOLIAMIOHUX BOTOKHUCIUX MAMEPIALI8.

Memoouka. BukopucmaHno eleKmpoHHi CHEeKMpU NOGIUHAHHA PO3YUHIE NONIAMIOHUX
BOIOKHUCMUX Mamepianie, 3a0apeieHux npeocmasHUKAMU aHmpaxiHOHOBUX ma a300apeHUKie 3
000a8aHHAM DIONI02IUHO-AKMUBHUX HANIGNPOOYKMIE 8 AKOCMI IHMeHCUpikamopis.

Pezynomamu.  Ilokazana — MOJMCIUGICMb — GUKOPUCMAHHA — aAHMUOAKmepianibHux i
AHMUMIKO3HUX npenapamié wupokoi 0ii 8 saxocmi inmeHcugikamopie npoyecy ¢apbysanns
NONIAMIOHUX BOJOKHUCTNUX MAMepiaie.

Haykoea nosusna. Bcmanogneni 3anexcnocmi inmeHncugnocmetl 3a0apeieHus 610 86e0eHH
0I0102TYHO-AKMUBHUX HANIBNPOOYKMIB 8 AIKOCMI IHMmeHCUpixamopis.

Ilpakmuuna 3nauumicms. Biooysacmuvcs inmencughikayis 3a0apeients npu eUKOPUCHAHHI
0i0102TYHO-AKMUBHUX HANIBNPOOYKMIB 3 0OHOUACHUM HAOAHHAM AHMUOAKMEPIATIbHO20 edheKmy).

Knrouoei cnosa. Iumencugixamop, peszopyuu, [ — Hagmon, mpuxio3an, noaiamioHi
B0JIOKHUCII Mamepianu.

Beryn. TekcTwiib Ta MEIMIIMHA - TIOEHAHHS IMX MOHSATH CHOTOAHI Oe3yMOBHE. TeKCTUIIh B
MEIWYHIH TPaKTHII TPAAWIIHHO BHKOPHCTOBYETBCS IS BUTOTOBJCHHS TIEpEB'SI3yBAIbHUX
MaTepianiB, TEKCTHIBHHMX MaTepialiB pi3HOro MOOyTOBOro mpu3HaueHHs, omary [1-3].
EdexTuBHICTP 3aCTOCYBaHHS TEKCTWJIBHUX MaTepialmiB JJId MEIUIIMHCHKOTO TPU3HAYCHHS
3yMOBJIEHA TakKuMHU (aKTOopaMH, sIK BUCOKa COpOIliiHA 37aTHICTh, €IACTUYHICTh, IPamipyeMiCTh
(mpuIATaHHS 10 TOBEPXHi CKJIagHOI (POpPMHU), TOBITPONPOHUKHICTD 1 IHIIMMH LIHHUMHU SKOCTSIMHU
[3].

IloctranoBka  3aBaaHHA. «XiMiYHI»  METOIM  OTPUMAHHS  HAHOTEKCTWIS 3
aHTHOAKTepiaIbHUMHU BJIACTUBOCTSIMU MOXYTh OYTH peali3oBaHi Ha iCHYIOUOMY OOJIaJHaHHI B
paMKax OMOPS/KYBAaIbHOIO BHPOOHMIITBA IPH HEBEIUKUX Temreparypax [4-6]. HaiGinbr
MEPCIEKTUBHUM B OTOPSKYBAILHOMY BUPOOHHIITBI € BUKOPUCTaHHS 0apBHUKIB 00 TEKCTUIILHO-
nonomikaux cronyk (TJIC), GakTepuiuaHiCTh SIKUX BigoMma i mano BuBuecHa [7,8]. Bimmosinmo,
BUKOPHUCTAHHS TIIXOMy, SKHH Tependadae copOIiro JIKapChKUX IMpenapariB ado pevyoBHH 3
B1JIOMOIO OaKTepUIMIHOIO 1 (a00) QYHTIUIHOIO [I€10, 3 TIEPEBIPEHOI0 0AraTOPIYHOI0 MPAKTUKOIO
0e3MeYHOCTI Ha OpraHi3M JIOAMHM B3araji i Ha MOro LIKipHI MOKPUBH, 30KpEMa, MPEACTaBISIETHCS
KpaluM HarpsiMKOM.

PesyabTaTn fgociimxkenHs. PoGota chopsMoBaHa Ha  JIOCHIIPKEHHS  MOMKJIMBOCTI
BUKOPUCTaHHA OaKTepUIMIHOTO IMIpernapary 3 BiAOMOIO [i€l0 B HACTYHUX HAaIpsIMKax:
iHTeHcudikamiss mporecy ¢apOyBaHHS CHHTETUYHHX BOJIOKHHCTHX MaTepilaiiB 1 mapayesibHe
HaJaHHA M OakTepUIMAHMX 1 (YHTIOMIHUX BIacTUBOCTEH. EKcmepuMeHTalbHI JOCTiHKCHHS
MIPOBOJIMIIHCS 3 BUKOPUCTAHHSAM PE30pUUHY (KITACHYHUN TPOTUTPUOKOBHI TIpenapar, SKHi ITHPOKO
BUKOPHUCTOBYETHCS B MEIUIMHI), 2-HadTony (mMae aHTHOakTepiaabHy Mit0 (KHUIIKOBA MaIM4YKa,
caJlbMOHela, NIMTellIa)) 1 TPUKIIO3aHy (aHTHOaKTepialbHUM MpenapaT MUPOKOTo crekTpa Aii). s
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JOCITIJDKEHHS BIUIMBY JOMIIIOK OPTaHIYHOTO IOXO/KEHHS Ha HadapOOBYBAHICTH IOJiaMiTHUX
BOJIOKHUCTUX MarepianiB mpu ¢apOyBaHHI JUCHEPCHUMHU OapBHUKAMHU OyJdd OTpUMaHi 3pa3Ku
MoJIiaMiIHUX BOJIOKHHUCTHX MatepiayiB 3a0apBiieHi 0e3 BBEACHHS IOMIIIOK 1 3 iX BBEIEHHIM Y
¢dapOyBanpHy BaHHY. JlJIi MOJANBLIOrO aHalizy B poOOTI 3aCTOCOBYBAJIM METOJ €IEKTPOHHOT
crniekTpockonii. ENeKTpoHHI CHEKTpW MOTJIMHAHHS PO3YMHIB B CipyaHii KUCIOTI THOJiaMiJIHUX
BOJIOKHUCTUX MaTepiaiiB, 3a0apBICHUX JUCIIEPCHUMHU OapBHUKAMH, HABEJICHI HA pUCYHKY 1.

VY Buaumiit o6aacTi cnektpa npu ¢apOyBaHHI MPEICTABHUKOM aHTPAaXIHOHOBUX OApBHHKIB
(puc. 1) 1 a300apBHHKIB (pHC 2) CIOCTEPIraeThcs 3MiHA TOKA3HUKIB ONTHYHOI TYCTHHU TPH
JOBKMH1 XBHWJIi, 11O BIJMOBIJA€ MAKCUMYMY TIOTJIMHAHHS JAHOTO OapBHHKA JJIsI PO3YMHIB 3Pa3KiB,
3a0apBIeHUX 3 BBEICHHAM Yy (DapOyBabHy BaHHY JIOMIIIIOK PE30OPIIHHY.
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Puc.1l. EnexTpoHHi cieKTpH MOTJIMHAHHS PO3YHHIB MOJiaMiTHUX BOJOKHUCTHX MaTepiaiis,
3a0apBJeHux gucnepcuuM yepsonum 2C. Kpugi: 1 - papOyBaHHs 3a 3BMYAIHUM peXKUMOM; 2 -
(apOyBaHHS B IPUCYTHOCTI pe30pUUHY
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Puc.2. EjleKTpOHHI CTIeKTPH NMOTJIMHAHHSA PO3YUHIB MOJIaMiTHMX BOJIOKHUCTHX MaTepiais,
3a0apBJieHuX gucnepcHuM «aaum» JK. Kpugi: 1 - papoyBanns 3a 3BM4aiiHUM pexxuMoM; 2 - 3
BBe/IeHHSIM y (hapOyBaJjibHY BAHHY Pe30pUHMHY
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[Ipu ¢apOyBaHHI MoMaMigHUX TMOJOTEH AMCIEPCHUM «auM» JK CIIOCTEpITaEThCsl 3HAYHE
MIJIBUIIICHHS] ONTHYHOI TYCTHHU, a IS TIOJNIaMiJHMX TIIOJOTEH, 3a0apBiIEeHUX IJUCIEPCHUM
yepBoHUM 2C criocTepiraeTbes 30UIbIIeHHs onTHYHOI rycTuHH B 1,1 pasu. CrmiBcTaBiIeHHS 3MiHU
ONTHYHOI TycTHHU (BigoOpaskae 3arajbHy KUIBKICTh OapBHMKAa Ha BOJIOKHI) 1 300paskeHHs
3a0apBJICHUX MOJIOTEH (BiAOOpaXkaloTh KUIBbKICTh OapBHMKA Ha MOBEPXHI BOJOKHA) MOKa3ylOTh, 110
no0aBKa pe30pHHMHY NPU3BOJAUTH 10 30UIBLICHHA KUIBKOCTI OapBHUKA, KU NU(QYHOye B TIHO
BOJIOKHA.

binpm 4iTkO pi3HUI BUAHA NPHU MPOBEIAEHHI Tporiecy (GapOyBaHHS JUCTIEPCHUM «ATHUM)»
XK. Binpm HacwueHi 3pa3kd 3a MOKa3HUKAMH ONTHYHOI TYCTHHH XapaKTEpHI U1 BOJIOKHHUCTHX
MarepiaiiB, 3a0apBieHUX 3 BBEJAEHHAM Yy (hapOyBanbHy BaHHY 00aBOK pe3opiuHy. ExcTpemym
MOTJIMHAHHS HE 3MIIIYyeThCS MpPU BBEIEHHI PE3OPLUHY, SK HACTIIOK, OCHOBHOIO IMPHUYUHOIO
30inbIIeHHs copOuii OapBHHKA € HaOyxaHHS BOJIOKHA B (DEHOJ, a HE YTBOPEHHIO KOMILICKCY
OapBHHKA 3 eHosoM. ENeKTpoHHI ClieKTpH NOTJIMHAHHS PO3YUHIB B CipUaHiil KUCIOTI MOJiaMiTHUX
BOJIOKHUCTUX MaTepiaiiB, 3a0apBiICHUX TUCIEPCHUM 4epBOHUM 2C MPOTATOM 2 XBUJIMH HaBEACHI
MpUBEJICHI Ha PHC.3.

EnexTpoHHi crieKTpu NMOTJIMHAHHS PO3YMHIB B CIpYaHii KHCIIOTI MOJiaMiTHAX BOJOKHUCTUX
MarepiaiiB, 3a0apBiICHUX AUCIIEPCHUM 4epBOHUM 2C TMOKa3yIOTh 3HAYHE MIABUIIICHHS MTOKA3HUKIB
ONTUYHOI TYCTUHH TIPU BBEJCHH1 y apOyBalibHY BaHHY 100aBOK [} - HadTONa, 5K 1 B pa3i BBEACHHS
B (apOyBanbHy BaHHY N00aBOK pe3opuuny. dapOyBaHHA B MpHUCYTHOCTI 3 - HadTONIA 3MiHIOE
XapakTep eNEeKTPOHHOIO CIEeKTpa OapBHUKA, IO JT03BOJISIE MPHUITYCTUTH YTBOPEHHS MOJCKYISIPHUX
CTOIYK OapBHHKA 3 3 - HAPTOIOM.
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Puc.3. EfneKTpoHHI CIeKTPH MOIJIHHAHHSA PO3YHHIB MOJiaMiTHUX BOJTOKHUCTHX
MarepiaJjiB, 3a0apBJjieHuX JucnepcHuM yepBonum 2C. Kpusi: 1 — ¢papoyBanus 2 xB.; 2 —
(papOyBanns 2 xs. 3 f — HadTOTOM

I{ikaBUM € MOPIBHSJIBHUN aHaJIi3 €JIEKTPOHHHUX CIIEKTPiB 3pa3KiB MOJiaMiIHUX BOJIOKHHCTUX
Marepiaiis, 3a0apBieHUX AUCIepCHUM 4epBoHUM 2C mpH BBEACHHI PE30PIHHY 1 IPU BBEJACHHI 3 -

HadTONA, a TAKOXK 1 O€3 BBEACHHS JOJATKOBUX J00ABOK OPraHiuHOTO MOXO/KEHHS B (hapOyBabHY
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BaHHY. Ha pucyHky 4 HaBeneH! €JIEKTPOHHI CHEKTPH NMOTJIWHAHHS PO3YHMHIB B CipyaHId KHUCIOTI
MoJTiaMiTHUX BOJIOKHUCTUX MatepiajiiB, 3a0apBJICHHX AWCIEPCHUM 4epBoHMM 2C TIpH BBEACHHI
pe3opuuHy 1 mpu BBeneHHI [ - HadToma, a TakoX 1 0Oe3 BBEJACHHS JOJATKOBUX JIOMIIIOK
OPTaHiYHOTO MMOXO/KEHHS B (hapOyBabHY BaHHY.

EnexkTpoHHI CHEKTpH MOTIMHAHHS PO3YHMHIB B CipYaHiil KUCIIOTI MOMiaMiTHUX BOJIOKHUCTUX
MmarepianiB, 3a0apBiICHUX JIUCHEpCHMM dYepBoHMM 2C BKa3ylOThb Ha Te, LIO0 BBEICHHA B
(dhapOyBalIbHY BaHHY JOMIIIOK B-HadTOJ OUIBII AOIIIBHO 3 TO3UIIH OTPUMAaHHS O1TbIII HACUYCHUX
KOJILOPIB TIPH 1HIIUX PIBHUX YMOBAax: KiUIbKICTh OapBHHMKA Ha BOJIOKHI Maiike B JIBa pa3u OijbIle
MPpU BHKOPHUCTAHHI B SAKOCTI 1HTeHcu(ikaropa P-Hadtony. BBemenns B (apOyBanbHy BaHHY
n00aBok P - HaTOMy MABUIIYIOTh MOKA3HUKH ONTHYHOI T'YCTHMHHM 1 MalOTh, NMPH IIOMY, OLIBII
YiTKO BUpakeHHH xapakrtep. ®apOyBaHHS B MNPHUCYTHOCTI [ - HadTOoNy 3MIHIOE XapakTep
eJIEKTPOHHOI'O CIIeKTpa OapBHUKA, IO J03BOJISIE MPUIYCTUTH YTBOPEHHS MOJICKYJISIPHHUX CIIOJIYK
6apBHHKa 3 3 - HAPTOIOM.

0.5

e
T

e
o

b

o
)

=t

OnoTHeHA I'YCTHHA

e
[—

400 500 600 700

JOBRHHA XBHT, HM

Puc.4. EJleKTpoHHI CIEKTPHU MOTJIMHAHHS PO3YHHIB MOJiaMiTHUX BOJOKHUCTHX MaTepiaiiB,
3a0apBJeHux gucnepcuuM yepsonum 2C. Kpugi: 1 — papoyBanHsi 3a 3BUYAHHUM pesKUMOM; 2 —
(apOyBaHHsI B IPUCYTHOCTI pe3opuuHy; 3 — (papOyBaHHsI B IPUCYTHOCTI § — HadTOTY

EnextponHi cnekTpu 3a0apBiICHHX 3pa3KiB BOJOKHHCTHX MaTepilaliB JAUCIECPCHUM
yepBoHUM 2C TpOTSAToM 2 XBHJIMH 3 BBEICHHSM IOMIIIOK TPHUKIIO3aHY HaBeIEHI Ha pUC.D s
MOJTiaMiTHUX BOJIOKHUCTHUX MaTepialiB.
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Puc.5 EnekTpoHHi cleKTPU NOTJIMHAHHA PO3YHHIB MOJiaMiTHUX BOJIOKHHCTHX MaTepiaJis,
3a0apBJeHux gucnepcuuM yepsoHuM 2C. Kpusi: 1 — 3Buuaiine ¢papoyBanns; 2 — papoyBanHs 3
TPUKJI03aHOM

Jlnst monmiaMiTHUX BOJIOKHHCTHX MaTepialiB BBeIEHHS B (papOyBaJIbHY BaHHY TPUKIIO3aHY
3MEHIIIY€ BEIWYWHY ONTHYHOI TYCTHHHU PO3YMHIB 3a0apBJICHUX BOJIOKHHUCTHUX MarepiaiiB y BCii
BUIMMIN 005acTi criekTpa. Xoda TPUKIJIO3aH 1 € aHaJOri4HO pe3opuuHy, B - HadTOoIy (eHoIoM i
TaKUM KJIACHYHUM NEPEHOCHUKAM SIK OpTO- 1 mapa- ¢eHindeHoan, BiH He MPOsIBIIAE BIACTUBOCTI
NEPEHOCHUKA, BiH KOHKYPY€ 3 IUCHEPCHUM OapBHHKOM fK 3 IpyNH a300apBHUKIB, TaK 1 3 TPyNu
AHTPaXiHOHOBUX JUCIEPCHUX OAPBHUKIB.

BucnoBku. Ilokazana MOXIWBICTP BUKOPUCTaHHS aHTHOAKTEpiadbHUX 1 AHTHUMIKO3HHX
npenapariB MUPOKoi 1ii B SAKOCTI iHTEHCH(IKATOPIB mporiecy GpapOyBaHHS CHUHTETUYHUX BOJIOKOH
Ha TMPUKIAAl TOJiaMITHUX BOJOKHUCTHX MaTepialliB JUIsd TPEICTABHUKIB aHTPAaXiHOHOBUX 1
a300apBHUKIB. BiamiueHo, M0 31aTHICTh NPUCKOPIOBATH COPOIII0 JUCTIEPCHUX OapBHUKIB
3MEHIIYETHCSA B psAy (GeHOMIB P - HadTOM, PE30PLUHH, TPHUKIO3aH.
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KPAINIEHUE ITOJIMAMU/HBIX BOJIOKHUCTBIX MATEPHAJIOB C
HUCITOJIb30BAHUEM BUOJIOI'TYECKHN-AKTUBHbLIX ITOJIYIIPOAYKTOB B
KAYECTBE UHTEHCU®UKATOPOB KPAIIEHUSA

I'APAHIHA O. O., TAHACIOK 1. B.

Kuiscoruii nayionanvrutl ynisepcumenm mexnonozit ma ousaimny

Ienv. Hccneoosanue enusnusi OUONOSUYECKU AKMUBHBIX NOLYNPOOYKMOE 6 Kauecmee
UHMEHCUDUKAMOPO8 npu KpaueHuu ROJUAMUOHBIX BOJIOKHUCTBIX MAMEPUATLO8.

Memoouka. Hcnonb306amsl 51eKMpPOHHbIE CHEKMPbl NOLTOUEHUSI PACMBEOPO8 NOJUAMUOHBIX
BOJIOKHUCTBIX MAMEPUANO8, OKPAUEHHBIX NPeOCMAaSUMeNsiMU AHMPAXUHOHOBbIX U A30Kpacumenei
¢ dobasneHuem OUONOUYECKU AKMUBHBIX NOTYNPOOYKIMOE 8 KA4ecmee UHMEHCUDUKAMOPOS.

Pesynomamur.  [lokazana  803MOJNCHOCMb — UCNOAL306AHUSL  AHMUOAKMEPUATLHBIX U
AHMUMUKO3HBIX NPEnapamos wWupoKoeo Oeucmeus 8 Kauecmee UHMEHCUDUKAmopos npoyecca
KpaweHust NOTUAMUOHBIX OJIOKHUCbIX MAMEPUATOS.

Hayunas noeusna. YcmanosneHvl 3a8UcUMOCmU UHMEHCUBHOCTEU OKPACKU OM 66e0eHUs
OUoONOSUYECKU AKMUBHBLX NOTYNPOOYKIMOE 8 KAUeCmee UHMEHCUDUKAMOPOS.

Ilpakmuueckasa  3nauumocms.  Ilpoucxooum  ummenHcuuxayuss — OKpacku  npu
UCNONIb308AHUU OUONOSUYECKU AKMUBHBIX NOLYNPOOYKIMOE ¢ OOHOBPEMEHHbIM NPedoCmAasieHuem
anmubaxkmepuanbHo2o ¢hghexma.

Kniouesvie cnosa. Hnmencughuxamop, pezopyun, f - Hagpmon, mpuxio3an, noiuaMuoHle
BOJIOKHUCTbIE MAMEPUATDL.
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DYEING OF POLYAMIDE FIBER MATERIALS WITH USING BIOLOGICALLY-
ACTIVE SEMI-PRODUCTS AS INTENSIFIERSDYEING
GARANINA O. O., PANASJUK 1. V.
Kyiv National University of Technology and Design

Purpose. Research of the influence of biologically active semi-products as intensifiers in
dyeing of polyamide fibrous materials.

Methodology. Used electronic absorption spectra of solutions of polyamide fibrous
materials, which is dyed with representatives ofanthraquinone and azo dyes with the addition of
biologically active semi-products as intensifiers.

Findings. Is shownthe possibility of using antibacterial and antimycotic drugs of wide
action as intensifiers of the dyeing process of polyamide fibrous materials .

Originality. Were establisheddependences of color intensities when biologically active semi-
products were introduced as intensifiers

Practical value. Going intensification of coloring at the use of biologically active products
with simultaneous provision of antibacterial effect.

Keywords. Intensifier, resorcinol, f-naphthol, triclosan, polyamide fibrous materials.
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YK 677.494.742.3 BYJAI 1O. O.

KwuiBchkuii HaIliOHATHLHUH YHIBEPCUTET TEXHOJIOTIH Ta AU3aiHy

BJAOCKOHAJIEHHSA CITOCOBY OXOJIO/J’)KEHHA I1PU
BUCOKOUIBUIKICHOMY AEPOAUHAMIYHOMY
®OPMYBAHHI IIIT BOJIOKOH

Mema. [liosuwenusn @izuxo-mexaniunux xapaxkmepucmux IIII 6onokoH 3a paxyHok
VOOCKOHANEHHs KOHCMPYKYIl waxmu ma YMO8 OXON00NCEHHS CMpYMeHie npu hinbepHomy
BUMALYBAHHI.

Memoouxa. Ompumanns Il 6010K0H 30iUCHIOBAIU MEMOOOM eKCMPY3ii HA NPOMUCTLOBIl
excmpyOepHitl AiHii 01 UPOOHUYMBA HEMKAHUX MAamepianié aepoOUuHAMIiYHUM CHOCOOOM (ipmu
«Rhone Poulenc Fibers». ®@isuxo-mexaniuni xapaxmepucmuxku 60J0OKOH SUHAYAIU 34
CMAHOAPMHUMU MemoOamu 8unpoodysans. /s eusHauyeHHs diamempy 80J0KOH SUKOPUCTNOB) AU
MemoO OnmMu4HOI MIKPOCKORIT 3 HACMYNHUM AHATI30M 300padceHb ma CMamucmuidHo 00pooKo
Oauux.

Pe3ynomamu. Busnaueni OCHOBHI MeXHONO2IUHI (Pakmopu, wo 6nIusaoms Ha @izuxKo-
mexaniyni enacmusocmi I1I1 6010KOH | HeMKAHUX Mamepianis, wo OmpumMyHoms aepooOuHaAMIiYHUM
Memooom hopmy8aHHs.3anponoHo8aHa 600CKOHANEHA KOHCMPYKYIS WAXMU OXON00NCEHHS, AKA
Modice 3abe3neyumu 3poCmaHus 8lOHOCHOI Mmiynocmi cgopmosanux Il eonoxkon ~ na 28% 6
NOPIBHANHI 31 CIMAHOAPMHOIO ULAXMOTO.

Hayxosea noeusna. Busnauena sanescuwicmo oiamempy III1 6onoxon ma ix ¢hizuxo-
MEXAHIYHUX XAPAKMEPUCMUK, OMPUMAHUX 8 YMOBAX AepPOOUHAMIYHO20 MemoOdy (opmMy8aHHsa 6i0
Cnocoby ix 0xon004CeH s npu PitbEPHOMY BUMSACYBAHHI.

Ilpakmuuna 3nauyumicms. Buxopucmanusi  800CKOHANEHOI  KOHCMPYKYIl  waxmu
OXONOOMNCEHHST MOdce 3abe3neuumu nioguwieHHs miyHicmuux enacmugocmeu 111 eonoxown i, sk
Hacniook, nokpawjenus axocmi HM, wo ompumyoms aepoOunamivhum memooom QopmysanHs.

Knrouoei cnosa: nemrxanuii mamepian, 80J10KHO, eXCeKmMop, NONINPONiieH, aepoouHamiuHe
¢opmysanns, Spunbond.

OxHuM 3 HaMOLTBII MIBHIKO3POCTAIOUMX MPOJYKTIB cepea HeTkaHux marepianiB (HM) na
CBITOBOMY PHUHKY € MaTepiald, IO OTPUMYIOTH ACPOJMHAMIYHUM METOJIOM 3a TEXHOJIOTIEI0
«Spunbond» [1-3]. OcobauBICTIO IBOTO METOJIA € peai3alis eKcTpysii, GopMmyBaHHs, QiTBEPHOTO
BUTSATYBaHHS BOJIOKOH, YTBOPEHHSI HETKAHOT'O MOJIOTHA Ta HMOTO CKPIIJICHHS B HENEPEPBHOMY
porieci.

3aie)kHO BiJg TOBEpXHEBOi IIumbHOCTI, HM BupOOIeHI 3a I1i€I0 TEXHOJOTIEI0, MalTh
MIAPOKUH CHEKTP CIIOKUBAHHS:

o BUPOOHHUIITBO BUPOOIB MEAMYHOTO i CaHITApPHO-TIr€HIYHOTO MPU3HAYCHHS;
. TCOTEKCTHIbHI MaTepianu (OyIiBHUIITBO AOPIr, 3MIIIHEHHS OeperiB pivyoK);
o y Me0JIeBiif MPOMUCIOBOCTI.

CyyacHl JOCHIDKEHHS B I[bOMY HAmpsIMKY CTOCYIOTBCSI BIIOCKOHAJICHHS TIPOIECIB
(dhopmyBaHHS Ta CKPIMJIEHHS TOJIOTEH [4, 5], MOAEMOBaHHS OKPEeMHUX CTafiil popMyBaHHS BOJOKOH
[6-8], oneprkaHHs BOJIOKOH i3 momiMepHHX cymimieit [9] Ta Gioaerpagadenpaux momiMepis [10].

Bkazane Bwuie 3yMOBIIOE€ JOLUIBHICTh NMPOBEACHHS MOCTIIKEHh B 00JIaCTI OTPUMAHHS
BOJIOKOH Ta HETKAHUX MaTepialliB aepOoAMHAMIYHUM METOJIOM.

IlocranoBka 3aBaaHHsA. MOXHa BUIUINTH JEKUTbKAa OCHOBHUX TEXHOJIOTTYHHX (DaKTOpIB,
110 BIUIMBAIOTh HA (P13MKO-MEXaHIuHi BIACTHUBOCTI BOJIOKOH 1 HM, 1110 OTpUMYIOTH TAKUM METOJIOM:
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. BJIACTUBOCTI  TOJIIMEPY, IO BUKOPUCTOBYETbCS sl  (opmyBaHHS  (criociO
oJiepKaHHs, TOKa3HUK TEKYYOCT1 pPO3ILIaBY, MOJICKYISIPHO-MACOBHI PO3MOIiN);

o TeMIIepaTypHi YMOBH MPOLIECY EKCTPY3il;

o o0'eMHa BUTpaTa po3IjIaBy Ha poboUe MicCIle;

. KUTBKICTh, PO3MIIIIEHHS Ta TEOMETPUYHI TapaMeTpu PopMyrOuux OTBOPiB (PpiIbepH;

. yMOBU (ITLEPHOI BUTSDKKH CTpyMeHIB (KpaTHICTh ¢inbepHOi BUTKKH (KDB) Ta

JOBKMHA 30HU (DUTLEPHOTO BUTATYBAHHS);

o YMOBHU OXOJIOJKEHHS BOJIOKOH MpH (UIbEPHINA BUTKII (crioci0 mojxadvi moBiTps Ta
pO3Mip 30HHM OXOJIODKCHHS, 00'eM, TeMIieparypa, BOJIOTICTh 1 HaNpsSMOK pPyXy IOBITpPS, IO
MOJTAETHCST HA OXOJIOJIKCHHS ).

o KOHCTPYKIIiS a8pOAMHAMIYHOTO €KEKTOpa, TUCK, TEMIIEpaTypa Ta BOJIOTICTh MOBITPA,
1110 B HHOTO MO/IA€THCA.

o YMOBH TPAHCIIOPTYBAaHHS MyYKa BOJIOKOH Ha JUISHIN €XKEKTOP - 1e(IIeKTOoP.

J napameTpu mporiecy GopMyBaHHS HETKaHOTO TOJIOTHA JIEQICKTOPaMH.

J napaMmeTpH MPOLEeCy CKPIIJICHHS MOJIOTHA.

Merta pobotu — migBuieHHs (i3uko-MexaHiuHuX Xapaktepuctuk [1I1 BosOKOH 3a paxyHOK
YAOCKOHAJIGHHSI KOHCTPYKI[i IMIAXTH Ta YMOB OXOJIOJDKEHHS CTPpyMEHIB mpu (GOpMYBaHHI Ta
(biTbEpHOMY BUTSTYBaHHI.

MeTtomoJiorisi 10C/IiIKEHD.

OcHOBHOIO CUPOBUHOIO a1 oTpuMaHHd HM OyB i13oTakTuuHmii mosinpomniieH «TomeH»
mapku 21270/1-16K 3 IITP (230°C, 21,17 H) 27 r/10 xs (III). 3pasku IIII BOJOKOH Ta
BOJIOKHUCTUX MartepiajiB Oyiau OTpUMaHi Ha MPOMUCIIOBIN eKCTpylIepHil NiHil Ui BUPOOHUIITBA
HETKaHUX MaTepialiB aepoAMHAMIYHUM crmocoboMm (MeTonm «Spunbond», MyIbTHEKEKTOpPHA
cuctema «Docan») ¢ipmu «Rhone Poulenc Fibers», mo BcranoBmena Ha BAT «llinemay
(Bimopycs). YMoBH (hopMyBaHHS BOJOKOH HaBeaeHi B Ta0. 1.

Tabnuys 1.
Texnousoriuni napamerpu popmyBanns IIT1 Borokon 3a cnocodom «Docany
Ne n/mn [Toka3zHuk 3HaueHHS
1 Temneparypa 30H ekcTpyaepa, “C 230-250
2 Temmneparypa Ha Buxozi 3 ekcrpyzepa, °C 250
3 Temmeparypa 6anku popmysanust, °C 265
4 Tuck Ha BXOJIi JO3yIOYOT0 Hacoca, Kr/cm” 30
5 Jlozyrounit Hacoc HIII-30, mpoIyKTUBHICTB, cM/XB 510
6 Uwnco 06epTiB 103y1040T0 Hacoca, 00/XB 17
7 ®inbepa. Yncno oTBopis/miamerp kaminspa(mm)/(L/D) 160/0,55/2
8 BuTtpara moBiTpst 0X0JI0KEHHS, M>/Ton 500
9 Temmepatypa HOBIiTpst 0xos0pKeHHsL, *C 20
10 BimHOCHA BOJIOTICT MOBITPSI 0XOJI0KEHHS, %0 70
11 THCK HOBITPS B €KEKTOPI, He GiNblie, Kre/cM” 6
12 Biacrans dinbepa - exXeKTOp, M 3,5
13 Temmepatypa noBiTps B exxekropi, °C 25
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Jns  BusHaueHHS  (I3UKO-MEXaHIYHMX  XapaKTePHUCTUK  OKpeMux  (piamMeHTiB
BUKOpUCTOBYBaJIM ~ MikpoTecTtep «Instron 5942». Cucrema mnpuBosga 3 BHCOKOTOYHHUM
BUMIPIOBAaHHSAM HAaBAaHTAKEHHs JI03BOJIIE TPOBOJMTH BHUIIPOOYBAaHHS B HHU3bKOMY Jiama3oHi
3HaYeHb HaBaHTaXeHHs (Bixg 2 MH). /i Bu3HaueHHs (i3UKO-MEXaHIYHUX XapaKTEPHCTHK ITYYKiB
[1IT BOJIOKOH BHKOPUCTOBYBaIU po3puBHY MammHy PM-3-1 npu mocriitnii (100 MM/XB) IIBHAKOCTI
OIyCKaHHS HMXKHBOTO 3aTucKy. s ogHOro 3paska MmpoBoIwiM He MeHme 30-Tu mapajienbHHUX
BuMipiB. [Ipu 11p0My, BiTHOCHA MOXUOKA CEPEIHBOTO aprudMeTUIHOTO (IoBipUya HMOBIpHICTH (,95)
He mnepeBuilyBasia 5%. Jlns BHU3HAUEHHS JiaMeTpy BOJOKOH BHKOPHCTOBYBAJM METOJ| aHAJI3y
300pa’keHb 3 HACTYITHOIO CTATHCTUYHOI0 0OPOOKOI0 OTPUMAaHUX JaHUX.

PesyabTtaTn nociaitzkeHHss. B mynbTHexkekTOpHOMY cmocobi «Docan», po3TATHEHHS
CTpYMEHIB BiIOYBa€TbCcAd MiJ €0 BHCOKOIIBUAKICHOTO IIOTOKY TIIOBITPS, CTBOPIOBAHOIO
aepoIMHAMIYHUM €XEKTOPOM, B SIKMH 3alpaBiIIIOTHCS BOJIOKHA MICIS INAXTH OXOJIOJKCHHS.
3arBepIiHHS BOJIOKOH MOBHICTIO 3aKIHUYETHCS 0 X HAJAXO/DKEHHS B eKeKTop. [Iyuok BOJIOKOH, 110
BUXOJUTh 3 €XKEKTOpa PO3MOAUIIETbCS HA CITKOBOMY TPAaHCHOPTEPl 3a JOMOMOTOI0 MeXaHIYHUX
MPUCTPOIB y BUIIIAI JTIONATOK (1e(IEKTOPIB), K1 HA BUCOKIHM IIBUKOCTI PO3KIIAAAI0Th BOJIOKHA HA
npuiiMarouoMy TpaHcmopTepi. [Iporec oxoyomKEeHHS BOJOKOH 3a cuctemor «Docany
3MIMCHIOETHCS 32 JOTIOMOTOIO CITEIaIbHOI IIaXTH, BCTAHOBJICHOI Oe3MocepeHpo i Ginbeporo. Y
i CXeMi, PeKUM OXOJIO/DKCHHsI IydKa CTPYMEHIB, IO BHUTIKAIOTh 13 (UIbEPH, BU3HAYAETHCS
yMOBaMH B IIIaxTi, JI¢ 3a paxyHOK pamiaJibHOI OOJyBKH TIOBITPSIM MOXKe OYTH CTBOpPEHO
TEeMIIepaTypHe MOJIe 3 PEryJIbOBAaHUM IPa/IIEHTOM.

B po0oTi 3ampomoHOBaHO KiJIbKa BapiaHTIB  EKCICPUMEHTAIBHUX  KOHCTPYKITIH
OXOJIOJDKYBIBPHUX IIAXT, IO PO3MINIYBAIMCH O€3MOCEPEeHbO T (DUIBEPHUM KOMIUIEKTOM.
3aranom, BunpoOyBaHi 4 BapiaHTH KOHCTpYKLii (puc. 1):

1. CranpmaptHa maxrta pagiansHoi 06ayBku (OC) y BUTISAI OAHOIIAPOBOI LMITIHAPUYHOL
ciTkH 3 nepdopoBaHoro yucta (puc. la).

2. Iaxta pamgianbHOi OOMYBKM y BHIVIAAI TPUIIAPOBOI METANEBOi CITKH MPOCIUHO-
ButspkHOro TNy (POTI). CTiHKM KOMIPOK y CITII TMPOCIYHO-BUTSKHOTO THUITY PO3TAIIOBaHI I
KYTOM JIO TIOBEPXHI, 1110 CIIPHSIE IEBHOMY HAINPSIMY PYXY OXOJIOIKYIOUOTO MOBITPS, U0 MOJAETHCS
yepe3 Hei. Po3Mmip KoMipok CiTOK (BiJl BHYTPINTHBOTO JI0 30BHINIHKOTO IWIiHApPA) - 1,5%4,0 MM —
>2.0x8.0 mm —>3,2x13,4 MM (puc. 106).

3. HlaxTta monepeunoi o6ayBku (I10), y Burmsaai npsmMokyTHoro kopo6a. OnHa 3 cTOpiH
KopoOa Oyna BHKOHaHa 3 MepopoBAHOrO cTambHOTrO Jucta Rv 5-7 1 ciayryBana juist miBEICHHS
OXOJIO/DKYBAJILHOTO MOBITPS MEPIEHIUKYIISIPHO MyYKY CTPYMEHIB, 10 hopMyBaiuch (puc. 1B).

4. IllaxTa pamiansHoi oomyBku (POIILL), mo mpeacrasnsna coO60r0 MOABIMHHMNA IWITIHAP 3
nephopoBaHoOro craibHOro Jructa Rv 5-7, Ta Rg 8-12 (BHyTpilmHi{ Ta 30BHINIHIN IIap BiAMOBIIHO).
B MDKOMITIHIPOBOMY MPOCTOPI PO3MINTYBAIMCH HAMPABIIAIOYl €JIEMEHTH Yy BHUIUISAI YCIYEHOTO
KOHYCY, 10 3a0e3MeuyBajIy M0/1a4y 0X0JI0/KYBaILHOTO MOBITPS Yepe3 BHYTPIIIHINA 1Iap MAaXTH i
3aJIaHAM KYTOM (~450) JI0 HAMPSIMKY pyXy ITy4Ka BOJIOKOH. (puc. 1r).

PesynbraTi 1OCHIKEHb BIUIMBY KOHCTPYKIIi HIAXTH OXOJIOJDKEHHS Ha (hi3MKO-MeXaHIuHi
BJIACTUBOCTI BOJIOKOH TpeCTaBiIeHi B Ta0II. 2 Ta Ha puc. 2.
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Tabnuys 2.
®Dizuko-MexaHiyHi BiaacTuBocTi [II1 Bo10KOH, ogep:KaHUX NP Pi3HUX cIOCO0aX
0XO0JIOJKeHH S
Bapi Kouctpyxuis Ce.peHHm Jliniiina Aoc. Posp. Binn.
aHT nraxTu maMeTp . . . .
g I'YCTHHA, | MIIHICTh | MOJOBXKE | MIIHICTb,
OXOJIOKEHHS ¢dinameHTa, ) o
TEKC ¢inam., rc | HHA,Y% MH/Texc
MKM
a Pan. obnysia, 27.8 0.55 12.2 190 216.7
OJTHOIIIAPOBA CiTKa
6 Pan.obnysxa, 20.1 0.61 13 125 210.7
TPHOXIIIAPOBA CiTKa
B Honepetina 25.9 0.48 10.1 170 206.7
00TyBKa
r Pan.obnysxa, 24.1 0.41 115 105 271.8
TOIBIHHUIA TUTIHID

3 mpeAcTaBIEeHUX JaHUX BUIHO, LIO /Ul BapiaHTIB OOJYBKM a—B CYTTEBHUX 3MiH MILHICTHUX
XapaKTepUCTHK BOJIOKOH HE criocTepiraerbes. [lomMiTHE 3MEHIIEHHS PO3PUBHOTO IMOJOBKEHHS IO
BITHOIICHHIO JI0 CTAaHAAPTHOTO CHOCOO0Y OOJYBKM CHOCTEpPIrae€ThCsl TUIBKH NPU BUKOPUCTAHHI
TPHOXIIIAPOBOI CITKM B IIAXT1 OXOJIOMKECHHS (BapiaHT 0).

HaiiGinpIme 3HaueHHs BIIHOCHOT MIITHOCTI, @ TAKOK HaMEHIIIC 3HAYCHHS PO3PHUBHOTO

Puc.1l. EkcnepumeHTaNBHI KOHCTPYKUIT I1axT oxosomxkenns I1I1 BosiokoH: a) pagiaasna
001yBKa, OTHOIIAPOBA ciTKa; 0) pagiaibHa 001yBKa, TPHOXIIAPOBA CiTKA; B) MONEpPeYHa
00TVBKA: I') DATiaJIbHA 00TVRKA. MOMRIHAN TWJIIHID 3 HATTDARJIAIOYAMY eJIeMeHTAMU

MOIOBXKEHHSI CITOCTEPIraeThCs MPU BUKOPUCTAHHI IIAXTH y BUTJISAI MOABIMHOTO ITMTIHAPA 3
MepexXiTHUMHU OTBOPAMH Ta HAMPABJSIIOYMMHE €lIeMEHTaMH. B 1[bOMY BHMAJKy, BiTHOCHA MIIHICTh
chopmoBanux IIII BojokoH, mpubau3Ho Ha 28% OinbINA, HIK HPU BUKOPUCTAHHI CTaHIAPTHOI
[IaXTH.
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Puc.2. BniimB KOHCTPYKUII IIAXTH 0X0JI0KeHHs Ha (izuko-MexaHiuni BjaactuBocti I
BOJIOKOH

3BepTae Ha cebe yBary Te, 110 JUIsl BapiaHTy 0OAyBKHU (T') CIIOCTEPITAETHCS TAKOXK HAWMEHIIIe
cepel MOCHIKEHNX KOHCTPYKIIN 3Ha4eHHS JiHIWHOI rycTuHU copmoBanux (imamentis. Lle €
CBITYEHHSIM peai3allii mpu JaHux yMmoBax ¢hopMyBaHHs HanOiIbIIoro 3HaueHHs: KOB BomokoH.

Criz 3a3Ha4UTH, IO HA BIAMIHY BiJ TPaIUIIMHOTO CIIOCO0Y (hOpMyBaHHS BOJIOKOH, B IKOMY
MIBUJIKICTh MIPHUIOMY >KOPCTKO 3aJ1a€ThCs, IIBUAKICTD BiJIBEIICHHS BOJIOKOH IPU a€pPOJHMHAMIYHOMY
(dbopMyBaHHI HE € BeNTUYMHOIO (pikcoBaHOO. BoHa BU3HAYa€THCSI TphOMa OCHOBHUMM (pakTopamu:

. PEOJIOTIYHMMU BIACTUBOCTSIMHU PO3ILIABY, IO BUTIKAE 3 (POPMYIOUOTO OTBOPY;

o 3YCWILISIM, SIK€ TPUKIAAAETHCS JO IMydKa BOJIOKOH NpU [ii Ha HBOTO CTPYMEHS
CTHUCHEHOTO TIOBITPS B a€POIMHAMIYHOMY €KEKTOPI;

o HANpYy>KCHHSIM, L0 BUHHUKA€ B CTPYMEHi, B Mporeci (iIbepHOTO BUTATYBaHHSA Ta
OXOJIOJKEHHS Ha JULHIT (IIbepa - €KEKTOP.

OcraHHIi KOMIUIEKCHHN (DakTop € BiIOOpaKEHHSM CKJIAAHOTO IUHAMIYHOTO IMPOIECY
MO3/I0BKHBOTO PO3TSTaHHS CTPYMEHS B yMOBax 3MIHM HOro TeMmIepaTrypH i MPOTIKaHHS B HbOMY
CTPYKTYpPOYTBOPEHHS B ITPOLIECI OXOJIOIKEHHSI.

Haii6inpiie 3Ha4eHHs BIAHOCHOT MIITHOCTI Ta HAWMEHIII 3HAYCHHS PO3PUBHOTO MOIOBXKEHHS
i JTiHIMHOT TYCTHHU BOJIOKOH, fIKI peai3yIOThCs Ui BapiaHTy (T') IIAXTH OXOJIOJKEHHS, MOXYTh
OyTH HAcHiAKOM OUIbII SKICHUX YMOB pajiajbHOi OOJYBKH NpPU BUKOPHUCTaHHI PO3MOJUIBYMX 1
HaMpaBJISIFOUYNX €JIEMEHTIB B 11 KOHCTPYKIIIi.

Tpeba migkpecnuTH, MO 3a0e3MeUeHHs SKICHUX PIBHOMIPHHX YMOB paliajibHOi OOIyBKH
BHUMarae CTBOPEHHS MEBHOTO Mepenaay TUCKY MK BHYTPIIIHBOIO i 30BHIIIHBOIO YaCTUHAMU IIaXTH
oxonokeHHs. lle BuMarae BpaxyBaHHS, NpPU BUKOPHUCTAaHHI HAa OJHOMY arperari (opMyBaHHS
IaXT PI3HUX KOHCTPYKINHM, HEOOXiMHOCTI 3abe3medeHHs MeBHOI 00'€eMHOI BUTpATHU TOBITPS, Ta

239



ISSN 1813-6796

BICHUK KHYTI[ Ne3 (110), 2017 Texnonocii XIMIYHL, 610]1021'-"—!1, dmpmauesmulmt

Chemical, Biopharmaceutical Technologies

BUKITIOYMTH MOKJIMBICTh HOT0 MEpepo3NOiTy Ha CTaHIApTHI MICIS 13 CYTTEBO MEHIIMM OIOPOM
MIOTOKY.

TakuM YMHOM, 3aIPONOHOBAHA KOHCTPYKIIS IIAXTH OXOJOJKEeHHs npu ¢opmysanHi I1I1
BOJIOKOH Y BHIVIAAI MOJBIHHOrO meppopoBaHOro IHMJIIHApPA 3 HANPABIAIOYHMMH eJeMEHTaMH,
703BOJIsIE 320€3MEYUTH OUTBIIT BUCOKI MIITHICTHI TTOKQ3HUKHW BOJIOKOH, B TIOPIBHSIHHI 3 TPAAUIIIHHUM
CIIOCOOOM OXOJIOMKEHHS.

[linBumennst  ¢i3uKo-MexaHiyHuX xapaktepuctuk [II1  BojoOKOH, 1O OAEPKYIOTH
aepoAMHAMIYHUM METOJOM, MOJJIMBE TAaKOX 32 PAaxXyHOK DPETryNIIOBaHHS IHIINX TEXHOJOTIYHUX
napameTpiB mporecy ¢popmyBanHs. Lle Moxe OyTu mperMeToM MOJAIBUIMX JOCHIHKEHb Y IbOMY
HAIpPSIMKY.

BucHoBkM. Bu3HaueHi OCHOBHI TEXHOJIOT14YHI (paKTOpH, 110 BIUTMBAIOTH Ha (Pi3HKO-
MexaHi4Hi BractuBocTi 111 BOIIOKOH 1 HETKaHUX MaTepiaiB, SKi OTPUMYIOTh a€pOJUHAMIYHIM
METOAOM (OPMYBaHHSL.

3anpornoHoBaHa BJIOCKOHAJIEHA KOHCTPYKIIS IIAXTH OXOJIOJUKEHHS y BUIIAII MOJBIHHOTO
nephOpOBaHOrO IIIHAPA 3 HAMPABISIOYMMHU €IEMEHTaMH, sKa MOXKe 3a0€3MeYUTH 3POCTaHHS
BiJTHOCHOI MiltHOCTI chopmoBanux 111 BonokoH ~ Ha 28% B MOpPIBHSAHHI 31 CTAHIAPTHOIO LIAXTOIO.

Ilooaka
Aemop cmammi wupo 0saxye k.m.H. Manacaro /]. I1. 3a donomozy y nposedenti
00CNi0ICeHb ma y4acmsv y 002080PeHHI pe3)yibmamis.
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YCOBEPIIEHCTBOBAHUE CIIOCOBA OXJAXJIEHUS MTPU
BBICOKOCKOPOCTHOM ADPOJMHAMMYECKOM ®OPMOBAHMH M BOJIOKOH
BYJIALL IO. A.

Kuesckuil nayuonanvhulil ynugepcumem mexmono2uti u Ou3aina

Lens. Ilosviwenue @usuxo-wexanuveckux xapaxmepucmux III1 e6onokon 3a cuem
VCOBEPUIEHCINBOBAHUSA KOHCMPYKYUU WAXMbL U YCA0GULL OXAAHNCOEHUsI CMPYU Npu uibepHom
8bIMACUBAHUU.

Memoouxa. Ilonyuenue IIII 60710KOH OCywecmensanu MemooomM dKCmMpPY3uu Ha
NPOMBIUIEHHOU TUHUU 01 NPOU3BOOCMBA HEMKAHBIX MAMEPUANO8 AdPOOUHAMUYECKUM CHOCOOOM.
DusuKko-mexanuyecKkue XapaKxmepucmuku GOJOKOH ONpeoensny CMAaHOapmHbIMU Memooamu
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ucnoimanuti. /[na  onpeoeineHuss ouamempd 60J0KOH UCHONb30BAIU MemOoObl  ONMUYECKOU
MUKPOCKONUU, AHATUZA U300PANCEHUL U CIAMUCIIUYECKOU 00paboOmKU OAHHBIX.

Pesynomamut. Onpedenenvl 0OCHOBHbIe MEXHONOUYECKUE PaKmopbl, eruswue Ha GU3UKo-
Mmexanuyeckue ceoticmea 111 6010KOH U HEMKAHBIX MAMEPUATLO8, NOYUAEMBIX AIPOOUHAMUYECKUM
memooom gpopmosanus. Ilpednodicena ycoeepuleHCmeo8aHHAs KOHCMPYKYUS UAXMbL OXAAHNCOCHUS,
KOmMopas moodicem obecneuums yeeiudeHue OMHOCUMENbHOU NPOYHOCMU BOJNOKOH ~ Ha 28% 6
CpasHeHuu co CMmaHOapmHoU uaxmou.

Hayunasa noeusna. Onpeoenena 3asucumocms ouamempa III1 eonokon u ux @usuxo-
MEXAHUYECKUX XaAPAKMepucmuk, NoJAYYeHHbIX 6 VCIO0BUSX aA3POOUHAMUYECKO20 (OpMOsanus, om
Cnocoba ux oxXaaxicoeHus: npu YuiIbEPHOM GbIMALUBAHUU.

Ilpakmuueckaa 3nauumocmo. Hcnonv3oeanue YCoO8EpUICHCMBOBAHHOU  KOHCMPYKYUU
WAXMbL OXTLANCOEHUSL MONCEM 0DeCcneyums nogbluleHue NPOYHOCmHuIX ceoticme I111 6onokoH u, kak
cnedcmeue, ViyyuleHue Kawecmed HeMmKAHbIX MAmepuanos, NOAYYAeMblX a3pOOUHAMUYECKUM
Memooom hopmMosanusl.

Knwouesvle cnosa: HemxaHulii  Mamepuan, — 60JI0KHO,  IHCEKMOP,  NOIUNPONUILEH,
aspoounamuyeckoe gopmosanue, Spunbond.

IMPROVEMENT OF THE COOLING METHOD OF HIGH-SPEED AERODYNAMIC
FORMATION OF PP FIBERS
BUDASH Yu. O.
Kyiv National University of Technologies and Design

Purpose. Increase of mechanical characteristics of PP fibers due to improvement of mine
design and cooling conditions of jets during spun drawing.

Method.The production of PP fibers was carried out by extrusion on an industrial line for
the production of non-woven materials by the aerodynamic method. The physical and mechanical
characteristics of the fibers were determined by standard test methods. To determine the fiber
diameter, optical microscopy, image analysis and statistical data processing were used.

Results. The main technological factors affecting the physical and mechanical properties of
PP fibers and nonwoven materials produced by the aerodynamic molding method are determined.
An improved design of the cooling shaft is proposed, which can provide an increase in the relative
strength of the fibers ~ by 28% in comparison with the standard shaft.

Scientific innovation. The dependence of the diameter of the PP fibers and their
characteristics obtained under the conditions of aerodynamic formation on the method of their
cooling during spun drawing is determined.

Practical value. The use of an improved design of the cooling shaft can improve the strength
properties of PP fibers and improve the quality of nonwoven materials produced by the
aerodynamic formation method.

Keywords: nonwoven fabric, fiber, ejector, polypropylene, aerodynamic formation,
spunbond.
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KwuiBchkuit HaIlioHATEHUH YHIBEPCUTET TEXHOJIOTIN Ta U3aiHy

HOBAIIIi MAJIJIEH BIOHE B CYUACHIUW THAYCTPII
MOJIH

Mema. Jlocnioxcenns icmopuunoeo 00c8idy Gopmysanus iHOycmpii mMoou Ha Npukiaodi
Moonoeo domy Maonen Bione.

Memoouka. B naykositi pobomi euxopucmana KomoOiHayisn memooié pempocnekmueHozo i
KOMRAPAMUBHO20 AHANIZY OesAKUX ACNeKmi8 MOOHOI iHOycmpii 6 2any3i OpeHouHzy ma 3axucmy
A8MOPCHLKUX NPAs.

Pesynomamu. Posenanymi numannsi cmanoséients Byounky moo Ax mooeni eKOHOMIYHO
VCNiwH020 ma coyianbHo-8i0N08i0anIbHo20 Oi3Hecy. Busnaueno enemenmu ¢hopmysanHs OpeHOuHey
komnanii. Jlocniosxceno ocobausocmi cnienpayi ouzaiHepa 3 GUPOOHUKAMU mMA pPIMeioMm.
Chopmynbo8ano 0CHOBHI WLIAXU NIOCUTIEHHS 3AXUCMY NPOOYKMI8 OU3AUHepCbKOi meopuocmi 8i0
KONIit08aHHA.

Haykoea nosusna. Ilposedeno ananiz éniugy iHHOBAYIUHUX BNPOBAON*CEHb (DPAHYYILKO2O
kymiop’e M. Bione na cmanognenns gewn-inoycmpii.

Ilpakmuuna 3uauumicme. Busnaueno OoyinbHicmb 8paxy6aHHs YHIKAIbLHUX PO3POOOK
Maonen Bione 6 cghepi inmenekmyanvbHoi 81acHOCmi, 00C8i0y npooax)cy npooykyii, hopmyseanHs ma
npocysanHs bpenoy.

Knrouosi cnosa:. ronipaiim, niaziam, Byounox mo0, ousaiin, Konii, moodenwv, iHOycmpis
MOOu.

Beryn. HunimHi TeHaeH i iHaycTpii Moau nepeadoadaroTh MoJaiblle 3pOCcTaHHs MoTped B
BEJIMKIM KUIBKOCTI OAATY, SIKMM CIIOKMBa4 BCE YacTille OoOMpaTUMe Ha KOHKYPEHTHIH OCHOBI.
PexnamHi 1 MApKETHHIOB1 METO/IM, Y T.4. Bi3yaJbHHI MEpUaHAai3UHT Ta POCIOBCIOJKEHHS MOJIU B
JIPYKOBAaHUX BUJAHHAX, (POPMYIOTH BiIMOBIAHUI 3alUT Ha OASAT Ta MIATPUMYIOTH BUCOKHUN PiBEHb
HOro IPOJIaxy.

BonHouac cydacHe TeXHOJIOTIYHE OOJIaJHAHHS J03BOJIAE€ 3JI0BMUCHUKAM 3 BHCOKOIO
TOYHICTIO KOIIIOBAaTH JW3alHEPChKI BHPOOHM, IO B €MOXYy Tiodaiizallii 3aroctproe mpodiaeMy
MIOIIMPEHHSI HAa PUHKY KOHTpadakTHOI mpoAykiii. [Ipu 1ipomy, mapa3uTyroun Ha iHTEICKTyalbHIi
BJIACHOCTI, IMmaxpai MOXYTh HaBiTb 30aHKPYTUTH OKpEMI IWU3alMHEpPCHKI JOMa, TOBapH SKUX
BUTICHSIIOTH 3 PUHKY KOHTpa(aKTHI BUPOOH.

«[Tomynspuicts 6penny VS muariat» sk npoOieMHe nosie nmovaio GopMyBaTHCh Ha pyOexi
1850 poky, mpoTe Ha EK3UCTEHLIWHY MpoOiieMy NHUTAaHHS NEPEeTBOPHIOCH 3 I1HAYCTpialbHO-
TEXHOJIOTIYHUM CTPUOKOM CYCHINIBCTBA, IKMW BimOyBcs micast Ileprnoi cBiToBoi BiitHH. I B 11bOMY
KOHTEKCTI aKTyaJIbHUM ]ISl ChOTOJICHHS € JTOCIIKEHHS TeHEe3H MPOrPECUBHUX HOBAIlIN TU3aifHEPIB
TOr0 4acy LI0JI0 3aXUCTY CBOIX 1HTENEKTYyaJIbHUX IIPAB 3 EKCTPAIOJIALIEI0 IX TBOPUOro TOPOOKY Ha
MePCIEKTHBU PO3BUTKY CYy4aCHOI 1HIYCTPii MOJIH.

IlocTranoBka 3aBaanns. Jlocniagutu HoBarlii MogHnoro nomy Bione, sxuii 3poOuB Baromuit
BHECOK Y 3aXHCT JU3alHEepChKuX mpaB y nepion 1920-1937 pp.

PesyabTtaTn pocaimkenHs. Tsopuumii gopobok nuzaiiHepa Mannen Bione Bpaxae
aKTYaJIbHICTIO JJISl Cy4acHOI 1HIYCTpii MOJH 3alpoBaKEHUX HEI0 HOBaLlii. 30Kkpema, peaai3oBaHul
HEI0 MpOEKT BiacHoro MopaHoro nomy B Ilapmki Moke BBaXaTHCh MPOTOTUIIOM CY4aCHOTO

COLIaIbHO-B1JIMOBIIAIBHOTO Oi3HECY 31 CBOEIO KopmopaTtuBHOIO (inocodiero. Tak, micias 10 pokis
243



Mamepianoznaecmeo, wigeiine i meKcmunbHe
ISSN 1813-6796 eupoonuymeo. Memponozia ma cepmugixayisn
BICHUK KHYTJ Ne3(110), 2017 Materials Science, Textile and Apparel
Manufacturing. Metrology, testing and quality
certification

¢ynkuionyBanHs coro bymmnky mox M. Bione y 1922 poui y mapTHEpCTBI 3 BIACHHKOM
yHiBepMary «[anepi Jlagaer» Anbhoncom Kanom kymye ocoOHsAK Ha aBeHI0O MOHTEHB 1 Oyaye Ha
3aIHHOMY JIBOP1 HOBY HAJICYYacHY IT'SITUTIOBEPXOBY OYIIBIIIO, JI€ PO3TAIIyBIUCS 3TrOJO0OM BCl il
MaicTepHl KyTiopa (B TepMiHaX Cy4acHOi €KOHOMIKHM IpPOBEJIa KOHIIEHTpAIlil0 BUPOOHMIITBA), a
TaKOXX CcolllaJibHa Ta MeAu4Ha IiH(pacTpykTypa — JoTalliiiHa imainbHs, TEHCIHHUNA (QOHI,
0€3KOIITOBHUI MEIMYHUN 1 CTOMATOJOTIYHUI KaOiHeT Uil CriBpOOITHHUKIB Ta iX CiMeH, a TaKkoX
scna Ta TiMHa3is. Y BioHe icCHYBalio HaBiTh BJIacCHE TYPUCTUYHE OIOPO, SKE JOMOMArajio ImepcoHany
OpraHi3oByBaTH BIAIYCTKH, sKI Au3aiiHep oruradyBana. Ha Toil wac me Oymu abCoMOTHO
HOBAaTOPCHKI B3aEMHHHU POOOTONABIA 3 POOITHUKAMH, KIIBbKICTh sIKUX Y 1926 poui mocsria 1200
oci6 [2].

Hamararounch po3MIMPUTH KOJO CBOIX MOTCHINIMHUX KIIIEHTIB BioHE Tako)X BHA€THCS /0
psAIy PEBOJIOMINHUX HA TOW 4Yac 3axojiB. BoHa MepIIo CTBOPIOE T.3B. «KOMIpaWT-aTbOOMHY -
KaTaJIOTH 3pa3KiB CBOi MOJENeH, 3a SKUMHU OyJb-SIKUH KIIEHT MIT 3aMOBHUTH BIIMOBITHUN osT. B
anpboMax mpescraBiieHi Oynu GoTo Mojeneit B TphoX pakypcax 3 (ikcaiiero yHIKaIbHOTO HOMEpa
cykHi (puc.1).

Puc. 1 ®oTo cykoHb 1Jis1 KONipanuT-a1b00MiB

3a cBoe TBopue XUTTS Maien Bione cTBopuia 75 Takux anbOoMiB, ski y 1952 p. BoHa
nepenana 10 UFAC (Coro3 (paHIly3bKOro MECTEITBA KOCTIOMY) pa3oM 3 KOJIeKI[ito y 120 CykoHb,
MaJIIOHKaMH 1 KHUTaMH 3 oco0ucTol 0101ioTeku. BBaskaeThes, o came Kojekiiss Mamied Bione i ii
TaK 3BaHl «KOMipalT-aIbOOMU» CTaJIM OCHOBOIO JIsI CTBOPEHHS 3HAMEHUTOro Myser Moau i
texctumo B [Tapuxi [6].

Bione moka3syBasia HOBI 3UMOBI KOJICKIIii B CEpIHI, a JIiTHI — B JIOTOMY. KiIbKICTh HOBHX
Mozelei 3a ce3oH goxoauia 1o 300 - 350 oxuuunk. JlogaTkoBi ManeHbKi KoJekilii, Big 50 o 100
OJIMHUIIb, TIOKAa3yBaIKCs y KBITHI 1 0BTHI. [1{00 3axucTuTu BUOIp KOKHOTO CBOrO KilieHTa, BioHe
9acTo MpeCTaBIsiIa MyOili 1Bl OKpeMi KOJIeKLii B pi3HUN yac, 30UIBIIYIOUYM UM KUIBKICTh CBOIX
pOOIT.

[HIIMM HanmpssMOM PO3IIMPEHHS KIIEHTCHKOI 0a3u noMy BioHe crana akTuBHa po30ymoBa
B3a€EMOJIII B TPUKYTHUKY «KYTIOp'e-TIBeliHA MaHYy(daKTypa-yHiBepMary, sika Orojuiaa B IHIYCTpil
MOAM TIpoOJIeMy IIOJ0 OallaHCy IHTEPEeCIiB MiX TU3alHEpOM, 3 OJHOTO OOKY, Ta BHPOOHUKOM 1
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npojaasleM — 3 iHmoro. [IporpecuBHa pons BioHe BusiBHIacs B TOMY, 110 BOHA, BIIYYBAIOYH 3aITHUT
CTIOKMBAYIB HA «OJAT IIBUAKOTO TPUTOTYBAaHHS», BHUCTYNHIA (HAaKTUYHUM 3aCHOBHUKOM OJSTY
«rper-a-iopre». Ilpu 1boMy, OIHI€IO 3 TEPIIMX, AU3AWHEpP MPOMIUIA MUIAX BiJl CTBOPEHHS
CHeIiaTi30BaHOr0 OyTHKa PO3KOIIl J0 BIAKPUTTA y 1925 porri JiHIT OASTY OJHOTO PO3MIPY «IJIS
mpoiaxy B yHiBepMmarax». Sk BioHe iX pekimamyBana, «MOeNl Bifl KyTIOp 3 IOJOJOM, IO
PEryIoeThes». 3a3HadyeHa JIiHisA TOTOBOTO IUIATTS BKIIOYaia MOJENI, 10 Oyau JOCTYIHI B JIeB’SITH
KOJIbOpax 1 TpboX po3Mmipax. CykHi Oynu po3KymsieHI B HaiiBimomimomy B AMepHIl yHiBepMmasi
John Wanamaker's 3a $150, 110 ckiaagano 9% Bix cepenuboro poxony cim’i B CIIA Ha Toit yac [1].

Bropruenns Bione Ha MeHHCTpIM aMepUKAaHCHKOT 1HIYCTPii MOIM 30UIBLIMIIO MOMYJISIPHICTD
il Monenei, ajme CHMETPUYHO 3pOCia KIIBKICTh KOMIIOBaHHS SIK I NMPOEKTIB, TaK 1 TEXHIKH
nparmipyBaHHs. BomHowac, Ha BiMiHY BiJ THIOBOI MPSMOI CITIHMII, APAMIPOBKY 1 Kpid omsry
Bione Oymno ckimagHo moBTOpUTH. barato aBTOpiB cripoOyBaiu, ajge Majo XTO PO3yMiIB TKaHHMHY 1
TEOMETPII0 Kpolo Tak, sk cama Mannen Bione. Komii 1i mpoekTiB Oyiau MpEACTAaBICHI SK «THI
Vionnety, «kpiit Vionnet», «HarxHeHui Vionnety» ab0 «BUKOHAHHM B CTHIIL Vionnety.

Kypnan McCall ynepmie 3anmpononyBaB JTileH31#HI Komii (paHIly3pbKuX Au3aiHiB B 1927
potti (puc.2).

G "". ".,f/-'e C?\few 5 . L 44?5753:&3-]]'
MFCALL PATTERN ,‘I‘: Ladies’ and Mines
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Cut on continuous hravy ouler lincs. Sew on broken lines,

]

Puc.2. OpurinanbHi Jekana M.Bione B amepukancbkomy kypHaui McCall

[Tnariat 3aBau OyB MpOOJIEMOIO BHUCOKOI MOJM 1 BEJIMYE3HHH YCIIX Ta MOMYJSPHICTH
Mapnnen Bione 3poOumnu ii BiIMIHHOIO MIIIEHHIO JUIS KOMiOBaJdbHUKIB, ocoOnuBo 3 CIIIA. Bione
Oynia BIIEBHEHA, IO KOIMIIOBAaTH 1 MPOAABAaTH K CBOi BJIACHI PO3POOKH IHIIMX — aMOpPaJbHO, 1
BUpIIIHJIA 11e 3yNUHUTH. Ha mepiioMy ertamni BoHa akTUBHO BUKOPHCTOBYE JIOTOTHUI (puC.3), KU y
1919 poi po3po6uB itamiiickkuii Xynoxxuuk Epaecro Muxaesmnec (Tasr) [4].
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Puc.3. Jlororunnt Madeleine Vionnet

AJle CTBOpEHHS JIOTOTHITY TUIBKH MiJOYpIOBANO 3aIliKaBJICHICTh BUPOOHHKIB MifpoOok. B
1921 poui M.Bione crama omnum 13 (yHmaTopiB Acoriamii mo 3axucTy 00pa30TBOPUOTO 1
MIPUKJIATHOTO MUCTEITBA, METOIO 5IKOi Oysia 60poTh0a 3 KOMiFOBaJTbHUKAMHU.

31 rpyans 1921 poky Bione Burpana cBiii mepmuid CyIoBUA MPOIEC MPOTH IBOX KYTIOP’€,
Demoiselle Millet i Veuve Boudreau, 3a 3BuHyBa4eHHAM Y KOMIOBaHHI HUMH CBOIX Mojernei [3].

B 1923 poui komnanis BioHe mpencraBuia HOBHM THIN SIpJIMKa, KU ayTeHTH(]iKyBaB ii
KocTioMH. Lleit sipiuk BKIII04aB ii miANMc 3 BiAOMTKOM BEJIMKOTO MaJbIs PaBoi pyku (puc.4).

Puc. 4. SIpaux Ha cyxkHi Maien Bione

Takox KyTIOp’€ B paMKax O0OpOTHOM 3 IJIariaToM 3arpoBajXKyBajia TEXHIYHI HOBOBBEICHHSI,
K1 OyJIM 3aHA/ITO CKJIATHUMHU JIJIsl KOMiIOBaHHs. BioHe MOria HABMHUCHO MIHSITH MO/ 3a JIeHb a00
JIBa 70 Toka3y. Bona BcraHoBuia ¢apOyBaHHS TKaHUHU B CBOEMY MoJHOMY 1oMi, 00 MOXHa
Oys0 3MiHIOBaTH KOJIip B OCTaHHIM MOMEHT. TakoX au3aiiHep 3aMoOBisUIa B ATenbe AnbOepTa
Jlecaxa ckilafiHy py4YHY BUIIWBKY, Y T.4. 3 BHKOPUCTaHHSIM CKJISTHOTO Oicepy.

EXCKIIO3MBHUM pINIEHHSM TaKOX OyJI0 HAaHECEHHsT Ha TKAHWHY YHIKQJbHHUX TPHUHTIB,
TpadapeTd 10 SKUX BHKOHYBAB ITATIUCBKUNA XYyNOKHUK TasdT, OpUTIHAIBHUN CTHIIb SIKOTO
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MO€HYBAB TEeHACHLII ApT-IeKo, KyOi3My, GyTypu3My 1 IPUHIUIH AU3AWHEPCHKOTO MPOEKTHOTO
eckizy [5]. B 1924-1925 pokax crBopuB ;is M. Bione 6im3pko 19 eckisiB (puc. 5), ski manu
TIEBHUH YCITIX.

i ¥ NOIR
PENDANT LES * MODELES " « maswiime o
cner yaELsIRy Vioswer

DE LA FUMEE
AOEE DE MADELEIE YIONNET

eyt {alrbi,
fowic 355, — Poibe 11

Puc. 5. Ecki3u moaeneid M.Bione, Bukonani Tasitom

BucnoBku. Mamyen Bione posmodana cBoio OopoThOy 3 IiariaToM B yMOBax
HEIHCTHTYaTI30BaHOI 3aKOHOJIaBUO1 0a3u MO0 3aXHUCTy caMe JU3alHEPCHhKUX TMpaB, a ii HoBallii B
it cepi € BaromuM J0pOOKOM B HUHIIIHIA MIKHApOJHIA CHCTEMI 3aXUCTY IHTENEKTYaJlbHOI
BiacHocTi. [IpoTe HalaKTyanpHIIIMUM €JIEeMEHTOM OOpoThOM 3 MiAPOOKAMHU 3aJHILAETHCS
3alpOBa/PKEHUI HEI0 METOJ BUKOPUCTAHHA OKPEMHX YHIKAJbHHUX JleTaliei, $Ki IOBHICTIO
MOBTOPUTH/KOMIIOBATH OyN10 6 €eKOHOMIYHO 200 TEXHOJIOTTYHO HEOLIIbHUM.
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HOBAIIMY MAJIJTIEH BUOHE B COBPEMEHHOM MHYCTPUU MOIbI
JABUJIEHKO U.B., 3YBKOBA JI..H.
Kuesckuii hayuonanvhsiil yHusepcumenm mexHoao2uil 4 Ou3aiiia

Llenwv. Hccneoosanue ucmopuueckoeo onvima Gopmuposanus UHOYCmMpuu Moobl Ha
npumepe Moonozo doma Maonen Buonne.

Memoouka. B nayunoti pabome ucnonb3068ana KOMOUHAYUSL MEMOO08 pempOCneKMUBHO20 U
KOMRAPAMUBHO20 AHAIU3A HEKOMOPLIX ACNEKMO8 MOOHOU UHOycmpuu 8 obnacmu OpeHOuHzea u
3auumol a8BMOPCKUX NPas.

Pesynomamul. Paccmompenvl 6onpocet cmanosénenust /[oma Moo Kkax mMooenu IKOHOMU4eCcKu
VCHEeWHO020 U COYUATbHO OmEemcmeenHo20 ousneca. Onpeodenenvl d1emMeHmyvl HOpMUpPOBaAHUs
openouneca  komnanuu.  Hccnedosamvi — ocobeHHocmu  compyoHuuecmea — ousauHepa ¢
npouszgooumenamu u pumetinom. Cpopmynuposanvl 0CHO8HbIE NYMU YCUNEHUS 3aUUmbl HPOOYKMO8
OU3AUHEPCKO20 MBOPHUECmBa Om KONUPOBAHUS.

Hayunaa noeusna. Ilpogeden amanus @nusHus UHHOBAYUOHHBIX HEOPEHUL (DPaHLY3CKO20
kymwopove M. Buonne na cmanogienue gheutn-unoycmpuu.

Ilpakmuueckan 3nauumocms. OnpedeneHa yenecoooOpazHoCmv yuema VHUKATbHBIX
paspabomox Maonen Buonne 6 cgpepe umnmenneKmyanibHOU COOCMBEHHOCMU, ONbLIMA pUmMelnd
npoOYKyuu, GopmMuposarus u npoosuUICeHUss OpeHod.

Kniouesvie cnosa: xonupaiim, niacuam, /Jom mMo0bl, OuzaiH, KOnUuu, mMooeib, UHOYCmpus
MOObL.

INNOVATIONS OF MADELEINE VIONNET IN THE MODERN INDUSTRY OF
FASHION
DAVYDENKO 1.V., ZUBKOVA L.I.
Kyiv National University of Technologies and Design

Purpose. Research of historical experience of forming of industry of fashion is on the
example of the Maison of fashion of Madeleine Vionnet.

Methodology. In scientific work were used a combination of methods a retrospective and
comparative analysis of some aspects of the fashion industry in the branding and copyright
protection.

Results. In the research were considered issues of formation of the Maison of fashion as a
model of an economically successful and socially responsible business. The elements of the
formation of the company's branding were defined. The peculiarities of cooperation of the designer
with manufacturers and retailers were explored. The basic ways to strengthen protection products
design from being copied were formed.

Scientific novelty. The influence of innovative deployments of French couturier M. Vionnet
on the development of the fashion industry were analyzed.

Practical value. The reasonability of the unique developments of the Madeleine Vionnet in
the field of intellectual property, experience, retail products, formation and promotion of the brand
were defined.

Keywords: Copyright, plagiarism, Maison of fashion, design, copy, model, fashion industry.
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V]IK 687.01/.03: ITAIIKEBUY K.JI., KOJIOCHIYEHKO M.B.,
658.512.2 ®POJIOB 1.B., TEPACUMEHKO O./., CKPUITYEHKO A.T'.

'KuiBchKuii HaiOHATbHHI YHIBEPCHUTET TEXHOJIOTIH Ta qu3aiHy
*Texuiunuii yaiBepcuTeT MoIoBr

JA3AUH-TPOEKTYBAHHS CUCTEM OJATY HA 3ACAJTAX
TEKTOHIYHOTI'O IIAXOA4Y

Mema. BusnauenHs 0CHOBHUX O3HAK MEKMOHIUHUX (opm 0052y ma po3podKa Kiacupixayii
cucmem 0052y HA 34ca0ax MeKMoOHIYHO20 NiOX00Y.

Memoouka. 3acmocosano NOPIGHATbHUL AHANI3 XAPAKMEPUCMUK @opmu 002y ma
MeKMOHIYHUL NIOXIO 8 Ou3alHi Moodeell 0052y Pi3HO20 ACOPMUMEHM).

Pesynomamu. [Iposedenuii ananiz xnacughikayiti popm 0052y, 3anponoHo8aHux pisHUMU
aemopamu, 0a8 MOJNCIUGICMb BUZHAYUMU OCHOBHI O3HAKU, AKI XAPAKMEpu3yloms MeKMmMOHIYHY
gopmy 0052y ma po3pobumu Kiacu@ixayiro meKmoHivHUX cucmem 0052y 3a YOMUpma OCHOBHUMU
BUOAMU 3 MEMOI0 HAOAHHS PEKOMeHOAyill uwo0o eubOpy MKAHUH 3 NEGHUMU GIACMUBOCTAMU O
OU3AUH-NPOEKMYBAHHI MA 8USOMOBIEHHS 8UPODI8 PI3HO20 ACOPMUMEHTY.

Haykoea nosu3na. Busnaueno 3akOHOMIPHOCII (OPMOYMEOPEHHS 0052y PIZHO20 ACOPMUMEHMY
HA 3acadax meKmoHiuHo20 nioxooy.

Ilpakmuuna 3nauumicms. Po3spobneno kiacughikayito cucmem 0052y HaA 3acaoax
MEKMOHIUHO20 NiOX00Y.

Knwuoei cnoea: mexmonixa o052y, mekmouiuna cucmema, popma 0osey.

Beryn. AHani3ylouM CydacHHMM CTaH PO3BUTKY AHM3aiHy ONATY CIiJl BiA3HAUUTH CYTTEBY
poJb eTanmy JAM3aiH-TIPOCKTYBaHHS B 3a0e€3MEUeHHI BHITYCKY CYYacHOTO OJATY BHCOKOTO
ecteTuyHoro piBHg. Came Ha erami JU3aiH-TIPOEKTYBAaHHS 3aKJIaJa€ThCsl SKICTh MaHOYTHBHOTO
BHp0Oy. OCOOIMBO aKTyaJIbHOIO € TIpo0JIeMa CTBOPEHHS TaKMX MOJEJNEH ONATy, 5Kl O BiIIOBIIAIH
HarpsiMy MO, CY9aCHUM TEHJICHITISIM B MaTepiaiax, 03100JeHHI BUPOOIB, BUMOTaM BUPOOHHIITBA
Ta OHOBJICHHS acopTHUMeEHTy. Cy4yacHHMI OJST XapaKTepU3YEThCS YCKIAQAHEHUM KOHCTPYKTHBHHUM
pillIeHHSAM, HE3BHYHHUMH (popMamu, MOE€THAHHIM PI3HHUX CTWIIB B OJHOMY BHpOOi, IO BHUMAarae
ypaxyBaHHs 06aratboX (pakTopiB Mpu HOro MPOEKTYBaHHI: BIACTUBOCTEW TKaHWH, HOBITHIX METO/IB
00pOoOKH, CydacCHUX METOMIB MOJICTIOBAHHS Ta XYAOXKHBOTO 03J00JICHHS, TICUXOJIOTI] CIIOKUBAYiB
omsry tomo. CTBOpEHHs XyJ0XHbOBUPA3HOI (POPMHU — OCHOBHE 3aBJAHHS XYyJOXKHHKA-MOJIEIbEPA.
®opMy KOCTIOMAa pO3IISAAIOTH K CKIAJAHY OaraTopiBHEBY CHUCTEMY, LIO SIBJIsi€ COOOIO TEBHY
MopdoJIoTiYHy Ta 00’€MHO-3MICTOBY OpraHizaimito BHUpOOy, IO YTBOPIOETHCS B PE3YNbTATi
LUJIECTIPSMOBAHUX il Ha mMaTepiai. Pi3Hi aBTOpH B CBOIX MpallsiX HAroJIONIyIOTh Ha HEOOX1THOCTI
MMPOCKTYBaHHS TEKTOHIYHO JOCKOHAIMX (popM BUPOOIB, y Mepury 4epry, 3a paXyHOK TapMOHIHHOTO
MO€THAHHS KOHCTPYKIIi 1 BlIacTUBOCTEH Matepiaiis [1-3].

IMocTaHoBKa 3aBAaHHs. MeToI0 poOOTH € BU3HAYCHHS OCHOBHUX O3HAK TEKTOHIUYHUX (hopMm
OJITY Ta po3poOKa Kiacudikallii cucTeM OAATy Ha 3acafax TeKTOHIYHOTO IMiJXO0.y.

OcHoBHuii MaTepian. @opma B AM3aifHI — CYKYMHICTh 30BHIIIHIX O3HAK BUPOOY, fKa €
pE3yNbTaTOM TIPOIECY MU3AMH-IPOSKTYBAHHS MIOJ0 PO3POOKH TapMOHIMHOTO MOETHAHHS HOTO
30BHIIIHBOTO  BUIJIIAY, TEXHOJOTIYHOCTI, KOJOPUCTUYHOTO 1 KOMITO3HMIIIHO-TINIACTUYHOTO
BupimeHss [4].

®dopma BUPOOY Ta HWOro KOHCTPYKIIS HEMOAUIbHI — KOHCTPYKIlISA € TMEPBUHHUM HOCIEM
ecTeTH4HOI 1H(opMaIlii, 3aKIaJeHoi B BUpiO, popMa MOBHHHA Bi0OpakaTu MpHU3HAYCHHST BUPOOY,
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BIJINIOBIJaTH KOHCTPYKTUBHIN CXeMi, 110 BU3HAYa€ CTPYKTYpY BHpoOOyY, BIAMOBIAATH MaTepiaiam, 3
SIKMX BUTOTOBJICHO BUPiO [5].

Hikomaea T.B. [6] mae Taky kmacudikamito ¢opM B Au3aiiHi: (QYHKIIOHATBHY a0o
YTUJIITapHy, 3yYMOBJICHY MpH3HAUYEHHSAM BHpPOOYy 4YHM YTHJIITAPHUMH BHMOTaMHU JIIOJIMHH,
KOHCTPYKTHBHY, IO MOTpPeOye parlioHAJIHPHOTO BUKOPUCTAHHS (PI3MKO-MEXaHIYHUX BIACTHBOCTEH
MarepiaigiB 1 KOHCTPYKIIIHA JUIsi BUKOHAHHS 3a/1aHOi (DYHKIII; €CTETHYHY, IO BIiJIOBiIa€e MOTpeOi
3poOUTH BHUPIO TapMOHIMHUM, XYyI0XKHBO BHpa3HUM. lIpenMeTroM MOCTIDKEHHS B HAIIOMY
JOCITIDKEHH] € caMe KOHCTPYKTHUBHA (popMa 01Ty 3 TTO3UIIIH TEKTOHIKH.

[Mapmon B.®. [7] Buuiise 4oTupu piBHI (OPMU KOCTIOMA: CTPYKTYpPHHM, IUIACTUYHUH,
MaTepiallbHO-IeKOPaTUBHUHN, 00’ €MHO-TIpocTOpoBUi. JlochimkeHHs (popMu KOCTIOMa Ha KOXHOMY
3 WX PiBHIB BUMAarae HeoOXiIHICTh TTMOOKOTO aHalli3y iX B3a€MO3B'SI3KY.

Awmiposa E. K. [11] xapakTepu3ye 30BHIIIHIA BUTISAA OAATY 00’ €MHICTIO Ta IJIACTUYHICTIO
dbopmu. Taka kimacudikaiis € JOCUTh 0OMEXKEHOI0, TOMY, 110 HE BPaxOBY€E IHIIUX O3HAK (OPMH
OJIATY Ta BJIIACTUBOCTI MaTepiaiB.

binbimr ymockonaneny kinacudikarmiro Gopm omsary 3ampororoBano O. K. Cysoposoro [12].
Bona 3anpornonyBana kinacugiKyBaTH TUITH KOHCTPYKITIH 3aJIEKHO BiJl TpaBiTAIliiHOT MOJIEII OAATY,
10 MOYKHA PO3TIISAIATH SIK 3aralIbHY XapaKTEePUCTUKY (POPMU OISITY 3aJIeXKHO Bij| BUY MaTepiaiiB.

3a T. B. Mensenesoro [13] hopma nmoBepxHi omary Moxe OyTH TpbOX BHJIIB: IJIaJICHBKOIO
(XapakTepu3yeTbcs €JUHUM IJIAaBHUM KOHTYPOM TOPH3OHTAJIIBHUX IEpepi3iB, MPOBEACHHUX dYepe3
Oyab-sKy TOYKYy BHUpPOOY), JaMaHOIO (XapaKTepU3YeThCS Ha 3pi3l TOPU3OHTAIBHUX MEpepi3iB
XBHJISICTUMH 1 3yOUacCTHMHU, PETYJISIPHUMU 1 HEPETYIIPHUMH JIiHISIMU) Ta KOMOIHOBaHOIO (TIO€HYE
B c001 IUISHKY THaJeHbKHX 1 JJamanux (popm). Kimacudikamis dhopmu 3a xapakrepom ii mepepisy €
HAMOIIBII TPUHHATHOIO IS TPUBHUMIPHOTO TIPOCKTYBAaHHS OMASTY, TOMY MIO JO3BOJISE
OXapaKTepu3yBaTH 00’ €MHO-TIPOCTOPOBY (HOpPMY CUCTEMH «(Irypa—oJsir» Ta BpaxyBaTH BEJIMUYWHH
MPOCKIIMHUX TTPHOABOK.

ABTopH [8] BUAUIAIOTH TPU TUIIKM TEOMETPUYHHUX 00 €MHUX (DOpM OIsTy, XapakTepHi I
KIHOUOTO KOCTIOMa: cdepornoaiOHi, KOHycomomiOHi, IumiHApononiOHi. Taka kimacudikais
po3po0iieHa 3 ypaxyBaHHSIM BJIaCTUBOCTEH MarepialiiB, a came KOPCTKICTIO, ajieé BOHA € HEMOBHOIO.
Amnani3 mokaszaB, o Ourbmricte gocuigHukiB [1, 7, 8] XapakTtepusyioTb (GopMy HACTYMHHUMH
MIEPBUHHUMH €JIEMEHTAMHU: T€OMETPUYHUM BHJIOM B IIJIOMY Ta ii YaCTHH; XapaKTepOM IOBEpPXHi
dbopmu B 1i7IOMY Ta ii YaCTHH; KOHCTPYKTUBHUMH 1 JICKOPATUBHUMHU JIIHISIMU; BEJIMYUHOIO; MACOI0;
(dakTyporo MaTepially; KOJIbOPOM 1 PHUCYHKOM MaTepianly (GopMu; BIACTUBOCTSIMH MaTepiaiis;
OpHaMEHTOM, OOpOOKOIO ¥ 03100/FOBaILHUMH MaTepiagamMu Tomo. Bcl Ha3BaHI BUIIE €IEMEHTH
dbopmMH 3aJeKHO BiA cUTyalii MPOEKTYBAaHHS MOXYTh 3MIHIOBAaTHCh, PAH)KYBAaTUCh 1 MaTh Oe3iiy
BapiaHTIB, SKi NPH JOLUIFHOMY MTOE€THAHHI TAIOTh BEJIWKI MOKIUBOCTI AU3aiiHy TEKTOHIYHUX (GopM
omary [9]. 3oBHimHSA QopMa OATY BH3HAYAETHCS CHIYETHUMH, KOHCTPYKTUBHUMH Ta
JEKOPaTUBHUMHU JIIHISIMU Ta wieHyBaHHAMH. CHIIyeTHI1 JIiHIi XapaKTepu3ylTh OCHOBHI MPOMOPIIii,
00’emHy (opmy KocTiOMa, HWOTro 30BHIImHI pucH. KimbKICTh YJI€HYBaHb, IO BIUIMBAIOTH Ha
COpUUHATTA (HOPMHU KOCTIOMA, BHU3HAYAETHCS HE TUIBKA 00 €MHO-TIPOCTOPOBOIO CTPYKTYPOIO
KOCTIOMa, a i XapaKTepUCTUKOIO BUKOpUCTaHuX MaTepiaiis [10].

dopMy MOXHA YTBOPIOBATH 3 OYAb-SKHX CTPYKTYPHHX €JIEMEHTIB 32 YMOBHU JOTPUMAaHHS
3aKOHIB KOMMO3UIlii. Y XapakTepucTuilli (GOopMH OJATY BPaXOBYIOTHCS BJIACTHBOCTI 00’ €MHO-
MIPOCTOPOBOI KOMITO3UIIi1 BUPOOY Ta OCOOIMBOCTI I€KOPAaTUBHOTO 0opMIIeHHS i MOBEpXHi (KOJIip,
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¢baxTypa, MaOHOK MarepiaiiB). O6'eMHO-TIPOCTOPOBa KOMIO3MIIISI OATY MiANOpsAKOBaHa (irypi
JIOJMHU SIK KOHCTPYKTUBHIN ocHOBI. KpiMm TOro, Ha hopMy 04Ty BIUITMBAIOTH: IPU3HAUCHHS Ta BUA
OJIITy, CIOXHBYI Ta TEXHIKO-€KOHOMIYHI BHUMOTHM JO HBOTO, (i3MKO-MEXaHIYHI BIACTUBOCTI
Mmarepiaiy, Moja Ta iHIi (GakTopu.

TakuM YHHOM, TPOBEACHWH aHami3 JaB MOXJIMBICTh BH3HAUUTH, IO OCHOBHHMH
XapaKTEPUCTUKAMH TEKTOHIYHOI (OpMH OAATY B IIOMY 1 ii yacTuH €: 00’emMHa opma, CHIIyeT,
T€OMETPUYHUN BHUJ, TUIACTUYHICTh, BUJ TTOBEPXHI, PYXJUBICTh CUCTEMH, CTYIIHb BaroMocTi (puc.
1). Hamu po3riasiHyTO TEKTOHIYHY (OPMY OJATY, SIK TaKy, MPH PO3poOIli AKOI BpaXOBaHO OCHOBHI
NPUHIUIH TEKTOHIKU. AHAaJI3 XapaKTepUCTUK (GOpPM B TM3aiiHI OAATY MOKa3aB, 10 € HEOOXIIHICTh
po3poOku kiacudikamii popMm OAAry 3 MO3UIIH TEKTOHIYHOTO aCIeKTYy.

TEKTOHIYHA ®OPMA OJAIY

CTyIiHb 00’ €MHOCTI (hopMHU _[ MaJjia, CEpeHs, BEINKa, 1yXKe BEIINKa

CHITYeT (CTyrIiHb HpI/IJISIFaHHH) IMPUJICTIINY, HAINBIPUIICTIIUU, IIPAMUA

’}
MUTACTUYHICTh _[ JKOpPCTKa, M'sIKa ]

PO3LIUPEHUI

PYXJIMBICTh CHCTEMH JIMHAMIYHA, CTATHYHA

| ,

CUITYyeT (32 TEOMETPUYHUM BHJIOM)

NPSIMOKYTHUH, TpamnewienoaioHui,

OBaJIbHUH, X-TIOAIOHUIN TOIIO

| .
penbedHICTh TOBEPXHI —[ rlajieHbKa, peiabedpHa

CTYITiHb BarOMOCTI —[ MacrBHa, MAJICHbKA ]

Puc. 1. Knacudikauisi pi3HOBUAIB 00’ €MHO-TTPOCTOPOBOI (hopMH 0Ty

Binomo, 1m0 KoXeH Iu3aifH-00’€KT XapaKTepU3yeThCs NMEBHOIO TEKTOHIYHOIO CTPYKTYPOIO.
TexkToHiUHA CTPYKTypa — BapiaHTH CIIiBBIJTHOLICHHS (KOMOIHYBaHHS) «HECYYHMX» 1 «TaKHX, IO
HECYThb», (aKTHBHUX» 1 «ITaCUBHHX», PYXOMHUX 1 HEPYXOMHUX TOUIO) CKJIAJOBHX IU3aiH-00'€KTY,
10 BUPAXAIOTh crenudiuHi 3BSI3KM IUX KOMOIHALI 3 KOMIUIEKCHUMH IapamMeTpaMu OO0'€KTy
(3arayibHOIO Macoro, 00'eMHO-TTPOCTOPOBUMH ToKa3HukaMu) [14]. KocTioM € ckiaaHol CHCTEMOIO,
TOMY OUIBIN JOUUIBHUM € TOHATTS TEKTOHIYHA CHCTEMa, IO TOEIHYE MHOXHUHY E€JIEMEHTIB, sKi
MOB’s13aH1 OAWMH 3 OJHHUM Ta CTBOPIOIOTH TEBHY IIUNCHICTh. Tak, B MPOMHUCIOBHX BHpoOax
BHJIUIAIOTH TaKi TEKTOHIYHI CHCTEMH: KapKac, 000JIOHKA, MOHOJIIT, IpaTyacTa CHCTeMa 1 0coOImMBa
(dhopMa — «TEKTOHIKa M'SIKHX MaTepialliB», 0 SKOI BITHOCITH OJAT. B nu3aifHi 0Ty MOKHA 3HAUTH
aHAJIOTII0 3 Kiacu(iKaliel0 TEKTOHIYHMX CHUCTEM IHIIMX MPOMHCIOBHX BHUPOOIB, ajie KapKacHa,
000JIOHKOBA, MOHOJIITHA Ta I'paTdyacTa CUCTEMH 3a3BHYall XapakTepHi JJIsl aBaHTapJHUX BHPOOIB 3

HETPaJAULIHHUX 1HHOBAIITHUX MaTepiaiB.
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[Ipu nu3aifH-IPOEKTYBaHHI OASATY BUKOPUCTOBYIOTH 3arajlbHi MNPUHIMNHA TOOYIOBU
TEeKTOHIYHOI (popmu. DOPMOYTBOpEHHsI OIATy Tepeadadae CTBOPEHHA (DYHKIIOHATIbHHUX,
KOHCTPYKTUBHUX, MPOCTOPOBO-TUIACTHYHUX, TEXHOJOTIUHUX CTPYKTYp, SIKI B3a€EMOIOB’S3aHI MK
co0OI0 Ta BIUIMBAIOTh HAa TEKTOHIKY Horo ¢opmu. Omsir po3risaaoTh sIK TEKTOHIYHY 00’€MHY
dbopmy, BHYTPIIIHIA MPOCTIp Ta JUHAMIYHICTh SKOi MAarOTh 3a0€3MEYUTH eKCIUTyaTallliHUNA
KOMQOPT HOCIsl Ta €prOHOMIYHICTh HOTO Tepe0yBaHHs B O31.

[TocmimoBHICTh TPOEKTYBaHHS TEKTOHIUHOI (hOPMU OTY TIOAI0HA 10 3arajJbHUX TPUHITUIIIB
Ta MpaBWI MOOYIOBH TEKTOHIYHUX CHUCTEM IHIMX O0’€KTIB Au3aiiHy. Hampukiiam, MOHOJIITHOIO B
015131 Ha3MBaIOTh (HOpMY, KA MITKPECITIOE 3aralbHUil rabapuT Ta GopMy MEBHOTO BUPOOY 1 Horo
neraneid. [Ipym npomy HalgacTilie BUKOPUCTOBYIOTh KOHCTPYKIIiIO, IO Ma€ OOMEXEHY KiIbKICTb
4JIeHyBaHb, (JOPMOCTIHMKI TKAaHUHH, SIK TPABUIIO, CIIOKITHUX MOHOTOHHHUX BIITiHKIB. 32 aHAJIOTIEIO 3
ICHYI04OI0 KJIaCH(iKaIlilo, 3aJeXKHO BiJl CTPYKTYpPU MaTepialiB Ta KOHCTPYKIII BUPOOIB HaMu
3ampoIOHOBAHO KiIacH(iKaIlilo TEKTOHIYHUX CUCTEM OJIATY Pi3HOTO aCOPTUMEHTY.

Texmoniuna cucmema nepuio2o 6udy XapakTepHa JJIsi MoJenel oxsry, Gopma, CHIyeT Ta
MOKpPIN SKUX MIAMOPSIKOBaHI oOprcaM JIIOACHKOTO Tijia. Taki BUPOOM MarOTh OJHY a00 JBi OMOPHI
JUISTHKH, XapaKTepU3YIOThCS TUHAMIYHICTIO Ta PO3POOJICH] 3 ypaXyBaHHSAM IJTACTUKH MaTeplaiB.
dopmMa Takoro oAsAry MOBTOpIOE Gopmy GIrypu JIOIWHU, XapaKTEPU3YETHCS MAIUM CTYIEHEM
o0’eMHOCTI (GOpPMH Ta MPHIETIUM CHIIYeTOM, (GOPMYETbCS SK 3a PaxyHOK BJIACTUBOCTEH
MarepialiB, Tak i 0cobauBOCTe Horo kpoto. IlmacTuyHicTs (opMH OAATY TEKTOHIYHOI CUCTEMHU
MEPUIOTrO BUAY 3aJIeKHO BiJl aCOPTUMEHTY MOXKE OYTH JyXKe M siKa, M sIKa, )KOPCTKa.

Texmoniuna cucmema Opy2020 6udy € MEHII TUHAMIYHOIO, HDK MEPUIMHA BHI, MOXKE MaTH
onHy ab0 ABI OMOpHI MISHKH (ISl TUIEHOBUX BUPOOIB). Takum BupoOamM mpuTamMaHHI Majia i
cepenHs 00’ eMHa (GOpMH, HAMBIPWICTINHN CHITYET Ta X-TIOAI0HUN, TPIMOKYTHHI a00 PO3IIMPEHUIA
70 HU3Y. 3a 03HAKOK TUIACTHYHOCTI TEKTOHIYHA CHCTEMa JPYroro BHIY XapaKTEPH3YEThCS TYKe
M’SIKUMHU Ta M IKuMU Gopmamu. OIAr TakWX TEKTOHIYHMX CHUCTEM BIJIBHO B3aeMojie 3 (iryporo
JIOJAMHU, TPUMAETHCSI B OCHOBHOMY Ha KOHCTPYKTHUBHUX Mosicax Girypu. Oasar TEKTOHIYHUX CUCTEM
APYyroro BUAY MOKHA KJIAaCH(]iKyBaTH HAa YOTUPH PI3HOBUAM: OTOPTAHHS, CHAaHH, ApanipyBaHHs
Ta OOJISTaHHS.

Texmoniuna cucmema mpemuvo2o 6udy — 1e BUpoOH, popMa SKHX 3aJUIIAETHCSA BiTHOCHO
HE3MIHHOIO B JWHaMIIll Ta, B OUIBIIOCTI BUMAAKIB, HE MIAMOPSIAKOBYETbCs (irypi moamau. Taki
BUPOOM XapaKTEPU3YIOTHCS OUIBIIOI CTATUYHICTIO, OPCTKICTIO Ta HASBHICTIO OJIHIET OMOPHOT
TISTHKA, Ha SKIA TPUMAETHCS BCS KOHCTPYKIIiSl. XapaKTePU3YEThCS BEIUKUMH 3a 00’ €MOM,
MPSIMOKYTHUMHU a00 TpamerienoaiOHUMH 32 TEOMETPUYHUM BUIOM (popmamu. Ofsr Takoro BHIY
3a3BHYail CTBOPIOIOTH 32 PaxXyHOK BHUKOPHUCTaHHS MPOKIJIAJAKOBHX MartepiajiB abo IiJICHIIIOI0UNX
€JIEMEHTIB, 1HOI 32 IOTIOMOT'00 TPUXOBAHUX KapKaCiB — KOPCETIB, CThOOAHUX MPOKIIAIOK.

Texmoniuna cucmema yemeepmozo 6udy XapaKTEPU3YETbCS IMEPEBAKHOIO CTATHYHICTIO,
BEJIMKOIO 200 JyXe BETUKOI0 00’ €MHICTIO ()OPMH, PO3IIUPEHUM, piAlIe IpAMUM cuiryeToM. Dopma
OJIATY JKOPCTKa abo MyXke JKOPCTKA, 3a TeOMETPHUYHHMM BHIOM — Tparermieno1ioHa, oBajibHa,
NpSIMOKYTHA. TakMM YHMHOM, KOKHA 3 TepepaxOBaHUX TEKTOHIYHHX CHUCTEM XapaKTEpU3YEThCS
CTyNeHeM 00’€MHOCTI (hOpPMH, CHUITYETOM, IUTACTHYHICTIO, PYXJHUBICTIO CHUCTEMH, T€OMETPUYHUM
BHJIOM Ta KUIBKICTIO OTIOPHUX IUISTHOK. XapaKTePUCTUKY TEKTOHIYHHUX CHUCTEM OSATY HAJlaHO Yy
tabs. 1.
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Tabnuys 1
XapakTepucTHKA TEKTOHIYHUX CHCTEM OJSTY
Osaxa TeKTOoHIYHA CUCTEMA OJIATY
I Bun II Bun III Bun 1V Bun
s . Maza (OD1), JIy’K€ BEJIMKa
00’eMHicTh popmu | maima (OD1) cepenna(OD2) Benuka (OD3) (OD4)
— TIPUIICTIINI HamiBnpuiernui (C2), npsmuii (C3), (pcoj;ll Ir/llpf;i;
y (Ch npsimuii (C3) posuupenuii (C4) ’( Cg)
Iy’Ke M’sIKa
MJIACTUYHICTh (I11), M’ sika nyxe m’sika (IT1), wopera (I13),
, xopctka (I13) Ty ’e KOpCTKa
dbopmu (T12), sxopcTKa m’sika (T12) (T14)
(13)
PYXJIUBICTh . . MEePEBaXKHO HIEPEBAKHO
CHCTEMI nuHamivna (P) nuHamivHa (P) jaiuma (Pr¥) cramimana (Pc*)
reoMeTpHYHHiL . X-noxi6ua (I'x), TPAMOKYTHa (F m), | TpameuienonioHa
X-noxibHa (I'x) npsimokyTHa ('), Tparnenienoaiona (I't), oBanbpHA
BH opMH Tpanenienoniona (I't) (T'r) (To)
KUTBKICTh
OTIOPHUX IUISTHOK ) )
JB1 oJHa, B oJHa oJHa
(11 IIE4OBUX
BHPOOIB)

OTxe, As OJTY TEKTOHIYHOI CUCTEMH TEPILIOTO BHIY XapaKTePHOK € NUHAMIYHICTH, OJIST
9aCTKOBO 200 TIOBHICTIO MOBTOPIOE OOPWCH TiNia JIOAWHH i Y9ac PyXy, YTBOPIOIOYH TMPH I[bOMY
CKJIQJIKM, 3aJOMH TOMO. TEeKTOHIYHA CHCTEMa JPyroro BHJAY, aHAJOTIYHO TMEPIIii,
XapaKTEPU3YETHCS 3HAUHUMH TIEPEMIIICHHSIMU B CEPEIMHI CUCTEMH, TIPOTE, Y 3B’SI3KY 3 OLIBIIO0
YKOPCTKICTIO Ta 00’ €MHICTIO 30epirae OiabIn cTabLIbHY GopmMy. [ TEKTOHIYHUX CHCTEM TPETHOTO
1 YETBEPTOTO BU/IIB XapaKTEpHA CTATHYHICTh, MIHIMAJIbHI TIEPEMIIIICHHS TOUYOK B CEPEANHI CHCTEMHU
Ta YMOBHO cTalinpbHa ¢opMma 30BHIIIHBOI MOBEpPXHI BHPOOy. MOKHa pO3ISAATH 3arajlbHy
tektoHiuHy cuctemy TC = {TCI1, TC2, TC3, TC4}, Ta ii ozaaku OD = {OD1, OD2, OD3, OD4},
C = {Cl, C2, C3, C4}, II = {I11, 112, 113, 114}, P = {Pn, Pc, Pn*, Pc*}, I' = {I'x, I'n, T'o, I'Tmi}.
Mmuoxunau O®D, C, I1, P, I' € minmuoxxudamu TC, To6to TC=0DP U CUIIUPUT.

TextoHiuny cucteMy mepiioro Buay Moxkaa omnucatu: TC1 N OD = {OD1}; TC1 N C =
{C1}; IT € TC1; TCINP = {Pn}; TC1 N T = {I'x}; TC1 = {OD1, C1, ITI1, 112, [13, 114, Pn, I'x}.
Hpyruii Bua: TC2 N OD = {OD1,0D2}; TC2 N C = {C2, C3}; TC2 N II = {I11, I12}; TC2 N P =
{Pn}; TC2 N T ={I'x, I't, ['n}; TC2 = {OD1, OD2, C2, C3, I11, 12, Pu, I'x, ['n}. Tperiit Bua: TC3
N 0D = {OD3}; TC3 N C = {C3, C4}; TC3 N II = {I13}; TC3 N P = {Pn*}; TC3 N T = {I'm,
I'rm}; TC3 = { OD3, C3, C4, 13, Pa*, I'm, I'tn}. YerBeptuii Bua: TC4 N OD = {OD4}; TC4 N C
={C3,C4}; TCA NII={II3,114}; TC4 N P = {Pc*, Pc}; TC4 N T = {I'm, I'o, I'tn}; TC4 = {OD4,
C3, C4, 113, I14, Pc*, Pc, I'n, I'o, I'tn}. Takum 94MHOM, MOYKHA ONTUCATH TEKTOHIUYHY CUCTEMY OJIATY
sk onny 3 MHOXkHH (TC1, TC2, TC3, TC4).

B pesynbTari mpoBeAeHOro aHali3y Cy4acHOTO OJSTy BHU3HAUEHO AaCOPTHUMEHT OJIATY,
XapakTEepHUH I PI3HUX BUJIB TEKTOHIYHMX cucTeM. Buspieno, mo misi TC1 xapaktepHumu €
TPUKOTAXKHI a00 BUTOTOBJICHI 3 TKAHWH CYKHi, CHIJHUII, JDKEMIepH, OUIM3HA Ta KOPCETHI BUPOOH,
AK1 MIUTBHO NMpHsAraTh Ta noBroprooTh (111, I12) abo ¢ikcyrors (113, 114) Tino moaunu. Opar
TC2 mnaifuacrime mnpencTaBIeHUH CYKHAMH, Oly3kamu, mTaHamu, xakeramu. TC3 ta TC4
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XapaKTePU3YIOTHCS KOPCTKUMHU Ta YK€ )KOPCTKUMH (hOpMaMU, TOMY JIJIsi HUX TUIIOBUM € BEPXHIi
OJIIT TTAJIFTOBO-KOCTIOMHOT'O aCOPTUMEHTY (KYpTKH, IUTalli, NaJlbTa, )KaKeTH TOILO), 1HOAl — CYKHI.
[IpoBeneHuit aHami3 JaB MOXKIUBICTh BHU3HAYUTH ACOPTHMEHT OJSTY XapaKTepHUU M Pi3HUX
BUJIB TEKTOHIYHMX CHUCTeM. YacToTa 3yCTpi4aeMOCTI pi3HUX BHUJIB TEKTOHIYHUX CHCTEM OJIATY B
cepeaubomy cTaHoBUTh TC1 — 20%, TC2 — 40%, TC3 — 30%, TC4 — 10%. Y 3aranbHiil CyKymHOCT1
omary HaWmomupeHimmM BuaoM € TC2, 1O XapakTepu3yeTbcs cepedaHiM  00’emMom,
HaIBIPWIETJIMM CHITYEeTOM, M’siKot0 (popmoto, nunamivHicTio TC2 = {OD1, OD2, C2, C3, I11, 112,
Pn, I'x, I'm}. V minomy, mist KiHOYOTO OJATY HAHOUIBIT (PYHKITIOHATLHUMH Ta €PrOHOMIYHUMH €
nepuia i Apyra TeKTOHIYHI CUCTEMH, Ui YOJIOBIYOTO — Apyra i TPeTs, 4acTO TPAIUISIOTHCS 3MIIIaHi
a00 KOMOIHOBaHI CUCTEMH, 1110 TIOEAHYIOTh MOXKIIMBOCTI KUJTBKOX TEKTOHIYHUX CHCTEM (HAIPUKIIAJ,
KJIACUYHHUH KOCTIOM, B IKOMY BUKOPHUCTOBYIOTHCS TUICUOBI HAKJIAKH, TyOIIOBaHHS JAeTalei).

BucHoBkn. Takum YMHOM, TpoBeJAeHMH aHami3 Kiacudikauii  dopm  omAry,
3alpOINOHOBAHUX PI3HUMH aBTOPAaMH, JI1aB MOXKJIMBICTh BH3HAYUTH OCHOBHI O3HAKH, SKi
XapaKTEePU3yIOTh TEKTOHIYHY GopMmy onary. o0’emHa Qopma, cuiIyeT, TCOMETPUYHUU BUI,
MJIACTUYHICTh, BUJT TIOBEPXHI, pyXJIUBICTh CHCTEMH, CTYIiHb BaroMocTi. Po3pobieno knacudikariiro
TEKTOHIYHUX CHUCTEM OJSTYy 3a YOTHPMa OCHOBHMMH BHJIaMH, BHU3HAUYE€HO ACOPTUMEHT OJIATY,
XapakTEePHUH I PI3HUX BUJIIB TEKTOHIYHHMX CHUCTEM, IO B MOAAIBIIOMY Oy/i€ BUKOPHCTAHO JIJIs
PO3POOKHK pEKOMEH IalliN M0/I0 BUKOPUCTAHHS MaTepialiB 3 IEBHUMHU BIACTHBOCTSAMHU IS JU3aiH-
MIPOEKTYBAaHHS Ta BUTOTOBJICHHS BUPOOIB PI3HOTO aCOPTUMEHTY.
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JIN3AWH-ITIPOEKTUPOBAHUE CUCTEM OJIEK/IbI HA TIPUHLMIIAX
TEKTOHUYECKOI'O ITOJAXOJIA
'MAIIKEBUY K., 'KOJIOCHUYEHKO M., '®POJIOB U., ‘TEPACUMEHKO E.,
?CKPUITYEHKO A.

1 o . . o
Kuesckuil nayuonanvHulil yHugepcumem mexHonio2uil u ousaiua
2 J
Texnuueckuii ynusepcumem Monoogvwi

Lens. Onpeodenenue 0CHOBHBIX NPUSHAKOS MEKMOHUUECKUX Gopm 00exHcobl U pa3pabomka
Kaaccupurayuu cucmem 00exrcovl Ha NPUHYUNAX MEKMOHULECKO20 N0O0X00d.

Memoouka. Vicnonv3oean CpasHuUmMenbHvlll AHAIU3 XAPAKMEPUCTIUK (OPpMbL 00eHcObl U
MeKMOHUYeCKUll no0Xo0 8 Ousatine mooeneli 00exHCObl PA3HO20 ACCOPMUMEHMA.

Pezynomameut. [Iposedennviii ananuz kiaccuguxayuii opm 00exicovl, pa3pabomaHHbix
PAa3HbIMU  asmopamu, O0ail  803MONCHOCHMb — ONpedeiums OCHOBHblE NPUSHAKU, KOMOpble
Xapakxmepusyrom  meKmMOHUYeCKyro  Gopmy oodexcovl u  pazpabomamsv  KiACCUPUKAYUIO
MEKMOHUYECKUX CUCmeM 00excObl NO YemvlpeM OCHOBHbIM 6UOAM C Yelblo paspadomxu
PeKoMeHOayull no 8blO0py MKAHell ¢ ONPedeleHHbIMU CEOUCMEAMU OISl OU3AUH-NPOEKMUPOBAHUS U
U320MOGIeHUA U30eNUL PA3HO20 ACCOPMUMEHMA.

Hayunaa nosusna. OnpeoeneHvl 3aKOHOMEPHOCMU POPMOOOPA308AHUL 00€HCObL PAZHO2O
accopmumenma Ha NPUHYUNAX MEKMOHUYECKO20 N00X00d.

Ilpakmuueckas 3nauumocms. Paspabomana kiaccuguxayus cucmem 00ex#cObl Ha
NPUHYUNAX MEKMOHULECKO20 NOOX00d.

Knroueswvie cnoea: mekmonuxa 00excobl, meKmMOHUYecKds cucmemd, hopma 00exncowi.

DESIGN OF SYSTEMS OF CLOTHES ON PRINCIPLES
OF TECTONIC APPROACH
'PASHKEVICH K., 'KOLOSNICHENKO M., *FROLOV 1., 'HERASIMENKO O.,
2SKRIPCHENKO A.
Kyiv national university of technologies and design
*Technical university of Moldova

Purpose. Determination of basic signs of tectonic forms of clothes and development of
classification of the systems of clothes on principles of tectonic approach.

Methodology. The comparative analysis of descriptions of form of clothes and tectonic
approach is used in the design of models of clothes of different assortment.

Findings. The conducted analysis of classifications of forms of clothes, developed by
different authors, enabled to define basic signs which characterize the tectonic form of clothes and
to develop classification of the tectonic systems of clothes on four basic kinds with the purpose of
development of recommendations on the choice of fabrics with certain properties for design and
making of wares of different assortment.

Originality. Conformities to law of ¢opmoobpasoseanus of clothes of different assortment are
certain on principles of tectonic approach.

Practical value. Classification of the systems of clothes is developed on principles of
tectonic approach.

Keywords: tectonics of clothes, tectonic system, form of clothes.
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