BICHHUK XHTY M 3(98), 2026 p. TEXHOJIOI'II TETKOI TIPOMHCJIOBOCTI

TEXHOJOI'II JETKOI IPOMUCJIOBOCTI

YK 677.074/076 DOI https://doi.org/10.35546/kntu2078-4481.2026.3.7

C.1. APABVYIJII

KaHANJAT TEXHIYHUX HAYK, JOLCHT,

3aBiJyBay BiJULily JOKTOPAHTYPH i aclipaHTypH

KuiBcbkuil HallloHAIBHUN YHIBEPCHTET TEXHOJIOTIH Ta u3aiiHy
ORCID: 0000-0003-1049-8255

0. C. CBUJUIO

acnipanT KadeIpu MO Ta CTUIIIO
KwuiBchkuil HalliOHABHNI YHIBEPCUTET TEXHOJIOTH Ta N3aiiHy

A. A. TPYBA

acmipaHTKa kadeIpH MOJH Ta CTUIIIO
KuiBchbkuil HalliOHAIBHUI YHIBEPCUTET TEXHOJIOTIH Ta qU3aiiHy

A.T. APABVJII

KaHIUIAT TeXHIYHUX HAyK, TOLICHT,

JIOLEHT Ka()eIpu MOJIH Ta CTHITIO

KuiBchkuil HallioHaIBHUN YHIBEPCHTET TEXHOJIOTIH Ta Au3aliHy
ORCID: 0000-0002-2583-4998

JI. €. TAJTABCBKA

JIOKTOp TEXHIYHUX HayK, nmpodecop,

HaYaJIbHUK HAyKOBO-IOCJIIHOT YaCTHHH

KuiBcbkuil HallioHAIBHUN YHIBEPCUTET TEXHOJIOTIH Ta Tu3aliHy
ORCID: 0000-0002-6994-6641
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0052 nimnbo2o acopmumenmy Havwvacmiuie 8U20MOGIAIOMb 3 OAGOGHAHUX MA JIAHUX MKAHUH, AKi MAIOMb 3a0e3-
neuyeamu 6UCOKI ecmemuiHi NOKA3HUKU, KOMPOpm nio yac HOCIHHA Ma egheKMUBHUIl 3aXUCH 810 He2AMUBHO20 8NIUBY
COHAYHO20 BUNPOMIHIOBAHHS, A came, YIbMpaghionemogo2o eunpomineants. Boonowac maxi eupobu niooaromocs yac-
MUM NPAHHAM, WO MONCE He2AMUBHO 6NIAUSAMU HA IXHIT 306HIWHIL 8USTAO | eKPAHYIOUT 61ACMUBOCHII.

Teopemuuni ma excnepumenmanvhi O0CIIONCEH S IPYHMYIOMbCSA HA OCHOBHUX 3ACA0AX MEKCMULLHO20 MAMepidno3-
Hascmea. Konboposi xapakxmepucmuki ONMudHUX 1aCmueocment VISIHUX MKaHUH OYiHIOBANU Y KOTbOPOBOMY NPOCMOPI
CIELab 3a oonomoeoro xonopumempa 3INH NR-20XE npu océimaenni D65/10. 30amuicms mxanun expanyeamu yivmpa-
Gionemose 6uUNPOMIHIO6AHHA BUHAYANU 3a 3HAYeHHAMU Koediyienma nponyckanna (T, %) i3 euxopucmanuam UV-Vis
cnexmpogomomempa DU-8800D (Drawell International Technology Ltd) 6ionogiono oo cmanoapmy EN 13758-1:2002
i3 po3paxynxom Koeiyienma saxucmy 6io ynompagionemy (UPF). B pobomi npoananizosano cyuaci nioxoou 00 3axuc-
my 100uHU 8i0 He2amugHoi Oii yrempacgionemosoeo eunpominoéants. Bemanosneno, wo o0se € 00num i3 Hatieghekmug-
HIWUX 3ac00i8 3axucmy WKipu, npuiomy eupiuiaibty poisb idieparoms eKpauyiodi eracmugocmi mekcmuito. B pobomi
00CI0JHCEHO 6NIUE OCHOBHUX XAPAKMEPUCUK YOMUPLOX JUIIHUX MKAHUH NOTOMHAHO20 Nepeniements Ha PiGeHb 3axXuc-
my 6i0 Y1empagionemogo2o sunpominioganus. s IAHUX MKAHUN, AKI PISHAMbCA JUle KOTbOPOM, BUABLEHO MEHOeHYTI0
00 nidguwjenHsl ix eKpanHy8aIbHUX 61ACMU8ocmell 3i SMeHWeHHAM 3HavenHs nokasnuka ceimaomu (L*) ma 36invuennsam
Hacuuenocmi konvopy (C*) (koegiyicnmu xopenayii cmanosnams 0,95 ma 0,97, 6ionosiono). Excnepumenmansbro 0oge-
oeno, wjo bazamopazose NPants JIAHUX MKAHUH NPU3BOOUMb OO0 CYMMEGUX 3MIH IXHIX ONMUYHUX | CIMPYKMYPHUX XAPAK-
mepucmux. Buseneno, wo napamemp L* (ceimnoma) € naubinviu inghopmamusHum iHOUKamopom 6nIusy Yukiie npanHs
Ha onmuuHi (30Kpema KoAipHi) ma eKpauyroui eéracmusocmi mamepianie. Bcmanoeneno, wo nicia 20 yukiie npanms
MKaHUuHY 6i1020 Ma M AMHO20 KOIbOPI6 8Mpaiaions 30amHuicms 00 eKpany8anHs yibmpapionemoso2o UNpOMiHIO8aHHs
(UPF 0-10). B ceo10 uepzy, 012 mMKaHuH memMHOONIaKUMHO20 ma CMapazo08020 KOlbOpie CHOCMEPIeAEmbCsl 3HUNICCHHS
30amHOCMI eKpaHy8anHs 00 pPieHsA MKaHUuH 3 «xopouium 3axucmomy (UPF 15 — 20). OcrosHoto npudunoo makoeo nocip-

@ ® © C. 1. Apadymi, O. C. CBumno, A. A. Tpy6a, A. T. Apadymi, JI. €. 'anascbka, 2026
CrarTs MOLIMPIOETHCS Ha yMOBax Jiitien3il Biaxpuroro goctyny CC BY 4.0 ISSN 2078-4481

53



BICHHUK XHTY M 3(98), 2026 p. TEXHOJIOI'II TETKOI TIPOMHCJIOBOCTI

WeHHsL eKPAHYIOHUX 6IACMUBOCTIEU € 3HOULYBAHHS MAMEPIATY, 30KPEMA YaACMKO8e PYUHYBAHHSL 1020 CMPYKMYpu nio i€t
MEXAHIYHUX Ma QI3UKO-XIMIMHUX YUHHUKIG. Lle nposensiemocs y 3MeHueHH I TIHIUHOT 2yCIMUHU HUMOK OCHOBU Ul YMOKY),
BHUNCEHHI NOBEPXHEBOI 2yCMUHU MKAHUHU Md, 8I0N0GIOHO, 30i1bUieHH] iT N08epXHe80T (HACKPI3HOI) nopucmocmi.

Knrouosi cnosea: nvon, mxanHuHu, mekcmuiv, eKpaHyrOui 61acmueocmi, enekmpomazHimue sunpomintosanta Y@ dia-
NA30HY, ONMUYHI 81ACMUBOCTI, KONIp, bazamopasose NpaHHs.

S.I. ARABULI

Ph. D., Associate Professor,

Head of the Department of Doctoral and Postgraduate Studies
Kyiv National University of Technologies and Design
ORCID: 0000-0003-1049-8255

0.S.SVYDLO
Postgraduate Student at the Department of Fashion and Style
Kyiv National University of Technologies and Design

A. A. TRUBA
Postgraduate Student at the Department of Fashion and Style
Kyiv National University of Technologies and Design

A.T. ARABULI

Ph. D., Associate Professor,

Associate Professor at the Department of Fashion and Style
Kyiv National University of Technologies and Design
ORCID: 0000-0002-2583-4998

L. YE. HALAVSKA

Sc. D., Professor,

Head of the Research Department

Kyiv National University of Technologies and Design
ORCID: 0000-0002-6994-6641

CHANGING OF OPTICAL AND SHIELDING PROPERTIES
OF LINEN FABRICS AFTER MULTIPLE WASHING

Summer clothing is made of cotton and linen fabrics, which should provide high aesthetic performance, comfort
during wearing and effective protection against the negative effects of solar radiation, as well as ultraviolet radiation. At
the same time, such products are subjected to partial washing, which can negatively affect their appearance and shielding
properties.

Theoretical and experimental studies are based on the main principles of textile materials science. The color
characteristics of the optical properties of linen fabrics were evaluated in the CIELab color space using a 3NH NR-20XE
colorimeter under D65/10 illumination. The ability of the fabric to screen ultraviolet radiation was measured by the values
of the transmittance coefficient (T, %) using a UV-Vis spectrophotometer DU-8800D (Drawell International Technology
Ltd) in accordance with the EN 13758-1:2002 standard by calculating the ultraviolet protection factor (UPF). The paper
analyzes modern approaches to protecting humans from the negative effects of ultraviolet radiation. It is established that
clothing is one of the most effective means of protecting the skin, and the decisive role is played by the screening properties
of textiles. The paper investigates the influence of the main characteristics of four plain weave linen fabrics on the level of
protection against ultraviolet radiation. For linen fabrics that differ only in color, a tendency was found to increase their
shielding properties with a decrease in the value of the lightness index (L*) and an increase in color saturation (C*) (the
correlation coefficients are 0.95 and 0.97, respectively). It has been experimentally proven that repeated washing of linen
fabrics leads to significant changes in their optical and structural characteristics. It has been found that the parameter
L* (lightness) is the most informative indicator of the influence of washing cycles on the optical (in particular, color) and
shielding properties of materials. It has been established that after 20 washing cycles, white and mint-colored fabrics
lose their ability to shield ultraviolet radiation (UPF 0—10). In turn, for fabrics of dark blue and emerald colors, there is
a decrease in the shielding ability to the level of fabrics with “good protection” (UPF 15 — 20). The main reason for such
a deterioration in shielding properties is the wear of the material, in particular, the partial destruction of its structure
under the influence of mechanical and physicochemical factors. This is manifested in a decrease in the linear density
of the warp and weft threads, a decrease in the surface density of the fabric and, accordingly, an increase in its surface
(through) porosity.

Key words: linen, fabrics, textiles, shielding properties, electromagnetic radiation of the UV range, optical properties,
color, repeated washing.
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IMocranoBka npodiemu

3axuct Bif ynbrpadionetoBoro (YD) BUIPOMIHIOBAHHS — 1€ BAXKJIMBA CKJIAJ0Ba TYpOOTH MPO 30pOB’ S MIKipH, 04Yeit
1 3aranbHU CTaH Opra”i3My JOAUHA. YO BUIIPOMIHIOBAHHS € YACTHHOIO COHSIYHOTO CHEKTPa 1 MOIUISIETHCS Ha TPU OCHO-
BHi nianasonu: UVA (315-400 um), UVB (280-315 um) Ta UVC (100-280 u™m). HaiiGinbin HeOe3neYHUMH IS HIKIpU
moauuau € UVA ta UVB npomeni. Jlo OCHOBHUX NMPHYHH, YOMY 3aXUCT Bif YD BUIIPOMIHIOBAHHS € BaKJIMBUM, a CaM
HAIpsiM CyIIPOBOXKYETHCS BEJIMKOIO KUIBKICTh CEPHO3HIX HAyKOBHX JIOCIHI/KEHB, € [1, 2]:

— mnpodinakTuka paky mkipu. Hagmipna nis YO BunpomintoBanHs Moxe nomrkopkysat JJHK kiniTuH mkipu, mo
IIIBUIILY€E PU3UK PO3BUTKY MEJIAHOMHM Ta IHIIUX BHUJIIB PaKy;

— 3aro0iranHs nepeauacHoMy crapinHio. UVA nmpoMeHi MPOHUKaOTh THOOKO B IIKIpY, PyHHYIOUH KOJIareH 1 enac-
TuH. Lle IpU3BOANTH 10 MOSBU 3MOPILIOK, CYXOCTI i BTpaTH MPYKHOCTI IKIpH;

— 3axucT o4yeld. YD BUIIPOMIHIOBaHHSI IIIBUILYE PU3MK KaTapaKTH, JAereHepallii CITKIBKY Ta 3arajieHHs! pPOTiBKH OKa;

— 30epexenHst imyHitery. Hagmumok Y@ BHIpPOMIHIOBaHHS MOXKE TUMYAcOBO IPHUTHIUYBaTH IMYHHY CHCTEMY,
3MEHIIYIOUH 3J[aTHICTh OPraHi3My 00pOTHUCS 3 THPEKLISIMH.

J10 OCHOBHHMX 3aXOJIiB 3aXHCTY TiJIa JIFOJWHU BiJ HeraTUBHOI il YO BUMPOMIHIOBAHHS BiTHOCATSH [3]:

—  TiHB;

— COHILIE3aXUCHI OKYJISIPH;

— conuesaxucHi kpemu 3 SPF He menme 30+;

KaIleJIoXH, SKi MaKCUMaJIbHO 3aKPHUBAIOTh TOJIOBY Ta LIMIO JIIOIUHH;

—  OIAT, AKMH MaKCHMAaJIbHO ITOKPUBAE ITOBEPXHIO TiJIa JIFOAMHHU.

Opr Biztirpae BaXIIUBY pOJIb Y IHAMBIAYyaJIbHOMY 3aXUCTi Bijl BIuuBy Y® BunpomintoBanHs [4-8]. [loBepxHs mikipwH,
TIOKPHTA OJISITOM MOKe OyTH e(pEeKTHBHO 3aXHIIEHA B/l KOPOTKOCTPOKOBOTO Ta TPHUBAJIOTO BIUIUBY COHI. JlociiTHUKaMu
JIOCSITHYTI 3HAa4HI PE3yNbTaTH B pO3po0Ii TEKCTHIIBHUX MaTepialliB Ul OISy i3 3aXUCTOM BiJf YO BHIIPOMIHIOBaHHS SIK
JUTS 3BUYAWHUX, TaK 1 JUTS CBITJIOYYTIMBHX JIFONICH Ta MAIi€HTIB, SKi CTPa)XIAI0Th Ha 1HIII 3aXBOpIOBaHHS miKipu [9-16].

AHaJi3 OCTaHHIX JTOCIIPKEHb 1 MyOJTiKaIii

Binpmicte JOCHIPKEHb 10RO HaJaHHS TEKCTWIIBHMM MaTepiajaM eKpaHyIouHMX BIIACTUBOCTEH 30Cepe/keHa Ha
6aBoBHsHUX TKaHuHax [10, 13, 15]. B cBoto uepry, JIsHI TKAHMHU OAEPIKaM IIMPOKE BUKOPUCTAHHS B OJI5131 JITHHOTO
acopTHMeHTy. Taka MOMyJsIpHICTh TOSICHIOETHCS JIETKICTIO Ta MOBITPOIPOHUKHICTIO, 10 POOUTH X IIHPOKOBKUBAHUMHU
JUISL JTITHBOTO OZISITY Ta OZATY JUIS TEIIol HoroAu. J{ooaTKkoBOIO IepeBaroio TeKCTHITIO 3 JUITHUX BOJIOKOH € HOTO TPOX0-
JIOJHICTH Ha JOTHK, KW 3a0e3Medye onTUMalbHIN KoM(OpT, 0cOOIHMBO i Yac aii corstaHux mpomeHis [17, 18]. Ilpu
L[bOMY, 32 pe3yJIbTaTaMH IolepenHix nociiukensb [19, 20] BctanoBieHO, M0 Tpy0i JUITHI BOJIOKHA XapaKTepH3YIOTHCS
XOpOIIUMHE 0ap’ €pHUMH BIACTUBOCTSIMHE MO0 Aii YO BUNPOMiHIOBaHHS, OCKITBKU MiCTSATh MITMEHTH, JITHIH, BICK 1 TTeK-
THH, SKi JIFOTh K MPUPOIHI moruHadi YO BunpominroBanHs (Tadm. 1). Ha BinMiHy Bix rpyOMX BOJOKOH OYHINICHHH Ta
BHOLIEHWH JTHOH 3a0e31euye OraHni 3aXUCT BiJ HeraTUBHOI Aii YO BunpominroBanHs [21].

Tabmums 1
XimMiuHuii ckJIaJ JISTHUX BOJTOKOH
BoJiokHo Hearono3a, % exTun, % Jliruin, % Kup/sick, %
JIson 64-84 1,8-2,0 0,6-5,0 1,5

OnHuM 3 NUIAXIB MOKPAIICHHS eKPaHyIOUMX BIACTHBOCTEH JUITHUX TKaHWH € iX ¢gapOyBanHs. B Oaratbox poboTax
[22-26] mocmimxyBaBCs B3a€EMO3B’ 130K MK KOIBOPOM Ta Koe]imieHTOM mpomyckanas Y@ BumpomiHioBaHHS. B pobo-
Tax BCTAHOBJICHO, IO Ha 3aTHICTb TEKCTWJIBHUX MarepiaiiB ekpaHyBaTH Y® BHIPOMIHIOBAHHs BIUIUBAE cCaMe IIIH-
6uHa KopOopy. KoIhOpOBi XapakTepUCTUKY BIUTMBAIOTH HE TIIBKM HA CKPAaHYIOUi BIACTUBOCTI TEKCTHIBHIX MaTepiais,
a1 MOXXyTh OyTH BUKOPUCTaHI JUIS OLIHKK 30BHIIITHBOTO BUY MaTepialy Ta €CTETUIHOTO CIPUIHATTS o1sTy. BOHU /103BO-
JISIOTH TMiIKPECITIOBATH, BUSBIISATH, a00 HaBIAaKH NMPUXOBYBATH (hakTypy MaTrepiaiy, CHIyeT, KOHCTPYKTHBHI OCOOIMBOCTI
BUpOOY, 00'eMHicTh (BirypH i Take iHmre. B Tol xe yac, BUpoOU 3 JUITHUX TKAHWH T1IAI0THCS YaCTHM MPAHHSIM, 110 MOXE
HETraTHBHO BIUIMHYTH Ha 30BHIIIHIA BUIVISI TKAHKH (ONTHYHI BJACTHBOCTI) Ta 1X 34aTHICTh 3aXHUINATH TiJ0 JFOAMHU Bif
HeratuBHOI 1ii YO BunpomiHtoBanHs. HeratiBHUil BIUIMB Oararopa3oBuX IMpaHb Ha €KPaHyIOUl Ta ONTHYHI BIACTUBOCTI
TKaHUH JIOCIIJDKEHUH B poboTrax [27-29]. OnHak, HOCIIiKEHHs! Ha JUITHUX TKAaHWHAX BiJICYTHI.

dopMmyroBaHH METH JIOCIIHDKEHHS

MeToro JOCTIIKSHHS € BCTAHOBJICHHS BIUTUBY ONITUYHUX BIIACTHBOCTEH Ta EKCIUTyaTaliiHuX (PakTopis, a came, bara-
TOPA30BOTO MPAHHS, HAa CKPAHYIOYi BIIACTUBOCTI JUISTHAX TKAHHUH 110110 1ii YO BUIPOMIHIOBAHHS.

Sk 00’exTH ociipkeHHs Oyau oOpaHi 4 JUIsiHI TKAHWHH TIOJIOTHSIHOTO TEPETIETeHHSI, SIK1 BIZPI3HSUTUCS KOJIbOPOM:
Oinuid, M’ITHUH, TeMHOOIAKUTHUI Ta cMaparnoBuid. CTPYKTypHI XapaKkTepUCTHKN TKaHWH HaBeneHi B Ta0i.2. Ha puc.1
300pakeHUIT 30BHIIIHIN BUIVIST TKAHHH.
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Taomus 2
CTpYKTYpHi XapaKTepUCTHKHU JIJISTHUX TKAHUH
BMicT CKJIaAHUKIB Jliniiina rycruna IloBepxHeBa Hucsio HUTOK
Ilepenuerenns CHPOBHHHOTO CKJIANY, HHTOK, [TeKc| ryCTHHA, ToBmuHa, [Mm] Ha 100 MM
[%] 0CHOBa yTOK [r/m?] 11, 11,
[onorHsiHe JIvon — 100 15,3 18,1 140 0,43 550 400
binnii M’ atHuit TeMHOOMAKUTHUI CwmaparaoBuii

Puc. 1. 3oBHimHii BUIIS JISHAX TKAHUH

3MiHa CTPYKTYypHHUX XapaKTEPUCTUK JUISTHUX TKaHUH (Tabu. 3) 1o, miciist 5 ta 20 HMKITiB TpaHHS OLiHIOBAJIACS 32 [TOKa3-
HUKOM TTIOBEpXHEBA MIOPUCTICTH Rnos, %, KW 1oKasye BITHOIICHHS TUIOIII HACKPI3HUX MOP IO IUIOII BCi€T TKAHWHH:

Rnos=100-Enos,
ne Enos, % — oBepXHEBE 3alIOBHEHHS:
Enos=do Ilo—dyIly—0,0ldo IlodyIly=Eo+ Ey—0,01Eo Ey,
ne Eo ta Ey, % — niHiiiHe 3alI0BHCHHsI TKAHHHU 10 OCHOBI Ta 0 YTOKY, BiIIIOBITHO.

Taouung 3
3MiHa MOBepXHEBOI NOPUCTOCTI JUITHUX TKAHUH MOJOTHSIHOTO NepenJieTeHHst 10 Ta micjas 20 qukiIiB npaHHs

30BHILIHINA BUIIISL . TloBepxHeBa nopucricth Ruos, [%]
Kounip Tkanuan " N .
TKaHWUHU 0 KB NpaHHS 5 HMKJIB NIPaHHA 20 uuKIiB NpaHHS
= !, oinmii 34,98 29,36 37,20
iNn
i W sTHU 34,32 27,52 37,15
T .
= TEeMHOOJIAKUTHHIA 34,40 28,74 37,22
a5R
- cMaparioBuii 3436 28,64 37,64

OnTHYHI BIACTHBOCTI TKAHHUH OIIHIOBAIUCH 3a goromMororo komopumerpa 3NH NR-20XE (puc.2) npu BUIIpOMiHIO-
BauHi D-65/10 3 BuKopucransasm kossoposoro npocropy CIELab «Commission Internationale de I’Eclairege L*a*b*».
Byno 3adikcoBaHO cepenHe 3HAUYSHHS, OTPUMAHE 3 5 BUMIPIOBAaHb JJIsl KOKHOTO BapiaHTy TKaHWHH. BumiproBaHHs npo-
BOJMIIMCS 3a cTaHnapTHUX armMocdepuux ymoB [31]. Komboposuit nmpoctip xpomarnunux 3HadeHb CIE Lab mo3Bomse
BHMIpIOBAaTH 3HAYEHHS T HACHYEHICTh 32 TphoMa KoopanHaramH (puc.3) [30]:

— L* — nacuuenicTh 61510r0 KOIBOPY, 10 3MiHIOETHCS Bif Oinoro (100) xo yopnoro (0);

— a* — xoIip y KoopIuHaTaxX: YepBOHUN — 3eneHuit (mpu a* > 0) Ta (mpu a* < 0);

— b* — komip y koopAMHATAaX: )KOBTHH — cuHil (pu b* > 0) Ta (pu b* < 0).

AHaJti3 3araJbHOTO KOJIPHOTO PO3XO/DKEHHS 4 JUISTHUX TKaHWH ITOJIOTHSHOTO TEperuIeTeHHs 10 Ta micist 20 uKIIiB
TIpaHH, 3IACHIOBABCA 32 HACTYITHUMHE KOJIOPHUMETPUIHUMH XapakTepuctukamu [30]:

— HACHYCHICTH KOJIBOPY: C:[(a')z +(,;)Z]"'5

— KOJIIpHHUU TOH: [ — arctg(a’ /')

— cBiTiora: L =25|:100(y/y0)%]_]6

1

— Pi3HMIIA KOJILOPOBOIO TOHY: AE = [(AL‘)2 +(Ad') +(Ab° )Z}A
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Puc. 2. Kosopumerp 3NH NR-20XE Puc. 3. TpuBumipna cucrema CIELab [30]

31aTHICTh JULSTHUX TKAaHWH MPOITycKaTh/eKpaHyBaTh Y®-BUIIPOMiIHIOBaHHS pociikyBanacs Ha UV-Vis crekrpodo-
tometpi DU-8800D (Drawell International Technology Ltd) (puc. 4) 3a moka3ankom koedilieHT 3aXucTy Big yisTpadio-
nety (UPF, %) B niamaszoni moexuH XBrib 280 + 400 HM BignosigHo mo ctanmapty EN 13758-1:2002 Textiles. Solar UV
protective properties. Method of test for apparel fabrics [32]:

UPF:Q: Z:i(iozon()‘)'8(}“)'A7L
ED, 3 " E(1)-T(r)-e(h)-a%

ne E(2) — constuna pamiauis, Bm-w?-uw;

&(4) — BIIHOCHA €pUTEMHA CIIEKTpalibHa e()EeKTUBHICTD;
T(7) — ciekTpanbHa IPOHUKHICTB TPH JOBKUHI XBUIII 4;
AJ — iHTEpBaJ JOBKUHU XBUIIb, HM.

Cepenne 3nauenns UPF TkaHuH, a Takok cepeiHe 3HaYeHHs KoedimieHTiB nporyckanHs Y® sunpomintoBanas UVA
ta UVB po3paxoByBasiocs 3a pe3yisraraMy 5 BUMIpIOBaHb JUIsl KOOKHOTO BapiaHTy TKaHWHH. BUMipIoBaHHS POBOHITHCS
3a cTaHiapTHUX arMocdepHux ymoB [31].

TexcTritbHI IOJOTHA 15 3aXKCTY Bijt YD BUIIPOMIHIOBaHHS PEHTHHIYIOTBCS BiTOBIAHO /10 cTanaapty AS /NZ 4399:1996
Sun protective clothing — Evaluation and classification [33] na wotnpu kareropii B 3anexHocti Bix 3Ha4eHHst UPF:

— «Biaminamid 3axuct» — UPF — 40, 45, 50, 50+;

— «ayxe xopomuit 3axucty — UPF — 25, 30, 35;

— «xopouwuii 3axuct» — UPF — 15, 20;

— «ue 3axumae» — UPF — 0, 5, 10.

q
2

Puc. 4. UV-Vis cnexrpodoromerp DU-8800D (Drawell International Technology Ltd)

BunpoOyBanHst Ha GaraTtopa3oBi NMpaHHs NMPOBOAWIN BIANOBITHO /0 CTaHIApTHOro Meroay BurpoOysanb EN ISO
6330:2021 [34] 3 Buxkopucranusam npaisHoi Mmammau SIEMENS varioPerfect 1Q700. XapaxkrepucTuku npaHHs: 3pa3Ku
Ipajii B pPO34YMHI MHUHHOTO 3aco0y 3 KOHIIEHTpAIi€l MUiHOro 3acoby 3 r/m mporsirom 15 + 0,5 XB 3a Temneparypu
40 + 2 °C; micist OCHOBHOTO IIUKITY ITPAaHHS TPOBOIMIIN TPUPA30BE MOJIOCKAHHSI BOJOK0 Ipu Temneparypi 20 + 2 °C ta tpu-
BJIICTIO KOKHOTO TtostockanHs 1 + 0,1 xB. [Ticist npanns 3pasku nentpudyrysamu nporsrom 1 + 0,1 xB mpu 1000 06/xB,
a MOTIM CYIIMIIM Ha PiBHIM TOPH30HTAIBHII MOBEPXHI NPOTITOM 24 TOJIMH 32 CTAaHIapTHUX arMochepHux ymoB [31].
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BukaseHHs1 0CHOBHOTO MaTepiajly A0CTizKeHHs
Onmuuni enacmueocmi. Komboposi xapakTepucTuku 4 riaako(GapOOoBaHUX JUISHUX TKAHHH [TOJOTHSIHOTO Iepernie-
TeHHs Bu3HaueHi B cuctemi CIELab 1o i micis 20 1ukiIiB mpaHHs Ta HaBeeHi B Ta0i.4. 3MiHa KOJIbOPY ITiJ] Yac J1ii KOMII-
JIEKCY eKCILTyaraliiiHux (akropiB xapakrepusyaiacs cimiororo (L*), Hacuuenictio (C*), BiarinkoM konbopy (H*) ta
XpOMaTHYHUMH KOMIIOHEHTaMu: a* ta b*.

Tabnuusg 4
3MiHA KOJHOPOBUX XaPAKTEPUCTUK JUISTHUX TKAHUH /10 Ta mic/s 20 uuKJIiB npaHHsi
Kouip KiabkicTs HuKiIiB ITapameTp
TKAHUHU NPaHHA L* a* b* C* H* AE
g 0 93,52 0,65 2,87 2,97 77,32
T 20 92,31 -1,09 2,58 2,80 122,86
Giomii A -1,22 -1,73 -0,29 -0,15 1,75 2,14
=1 0 78,81 -26,91 1,09 26,93 177,68
- 20 77,93 -24,51 1,04 24,53 177,58
— A -0,88 2,40 -0,05 2,40 -0,05 2,56
T 0 57,15 -33,13 -26,78 42,60 218,95
55 20 58,81 34,32 24,49 42,16 215,51
s
A —— A 1,73 -1,19 2,29 -0,44 -2,54 3,11
0 43,37 -43,62 -7,68 44,29 189,98
-, 20 46,47 -46,35 -5,76 46,70 187,09
cMapara0Buii A 3,10 -2,72 1,91 2,41 -2,29 4,50

JlocnimpKeHHs TIOKa3aliy, 0 NPaHHs JUITHUX TKaHUH BIPOJAOBK 20 [HKIIIB HE3HAYHO 3MIHHMJIO X XpOMATHYHI Imapa-
MeTpu a* i b*, mpo 1m0 cBigUaTh AaHHI B ABOBUMIpPHIN CHCTEMi 3 KoopauHaTami (a; b), 300paxkeni Ha puc.S. Komsopu
mics 20 UKITIB TIpaHHS HE3HAYHO 3MIHIOIOTHCS Bill BUXiTHOTO KOJTHOPY (BiI 3€IEHOTO 0 YepPBOHOTO ab0 BiJl CHHBOTO
110 0BTOT0). CITil BIIMITHTH, 1[0 IPAaHHS JUITHAX TKAaHWH HE MPH3BOANUTH JI0 CTATHCTUYHO 3HAYNMUX 3MiHH B KOJTBOPAX
MIOJIOTEH, a caMe B ix cBiTIoTi (L*) Ta Hacnuenocri (C*) , o mpogeMOHCTPOBaHO Ha PHC.6-7.

EdexT npanns HaWOUIBII iHGOPMATHBHO MOXKe OyTH BHMIPSHHUN A7 OIHKH 3MiHK Kombopy B cuctemi CIELab 3a
mapameTpoM AE — pi3HHII KOIBOPOBOTO TOHY, SIKHHA € KOMIUIEKCHUM ITOKa3HUKOM Ta BpPaxoBye 3MiHy cBiTioTm (L*)
1 IBOX KOJIBOPOBHUX KOMITOHEHT a* i b*. 3aranpHo nMpHiAHATO, 1I10:

— PpI3HHUII KOJIBOPOBOTO TOHY € «HeBHamMoio» mpu AE = 0,0+1,0;

— PpI3HHUII KOJIEOPOBOTO TOHY € «JIerKo BuauMOoio» mmpu AE = 1,0+2,0;

— PpI3HHUII KOJIBOPOBOTO TOHY € «BUAUMOIO» IpH AE = 2,0+4,0;

— PI3HHUII KOJBOPOBOTO TOHY € «100pe Buanmoro» npu AE = 4,0+10,0;

— PI3HUI KOJIBOPOBOTO TOHY € «Benukoro» pu AE => 10,0.

i o 10 7 Bianii
MaTHui R Bln?: E]Zgl:! ;p;ng]
(0 npanma) {20 npaHna) e
(-26,91;1,09) (-24,51;1,04) 3 Binwii (0 npats)
0,65; 2,87
-a 3eneHuni ®o n“ ( )
50 Cmapamcsnﬁ_30 -10 10 30 50
{20 npanHs)
&(-46,35;-5,76) 5
CmapargosMi -10 -
{0 npanHa)
(-42,62;-7,68)
=15 4
TemHOONAKMTHUH
(20 npaHua) 20 7
(-34,32; —24,49\ TemHoBNaKMTHUIT
[0 npaHHa) -25 A
€ (33.13;-26,78)
-30 -
-b CuHik

Puc. 5. KoibopoBi xapakTepucTHKH JUISHUX TKAHWH 10 Ta micjas 20 HUKJIiB NPaAHHA:

napamerp a*, napamerp b* (cucrema CIELab)
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Puc. 6. CBitiiora koapopy (L*) NJasiHUX TKAHUH
10 Ta micas 20 nUKJIiB NPpaHHSA
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Puc. 7. HacudeHicth koabopy (C*) NASIHUX TKAHUH
a0 Ta micas 20 nMKJIiB NpaHHsA

3a nanumu Tabi.4, 3MiHy KOJBOPIB JUISTHUX TKaHHUH Micis 20 MUKIIIB TIpaHHS Bi3yaJIbHO BaXKKO 11eHTU]IKyBaTH. Ale
3a MOKAa3HUKOM PI3HHILS KOIbOpoBOro ToHy (AE) 3MiHM MO)KHA BIIHECTH JIO «BHIMMHUX» Ta «100pe BUAUMUX», IPU
1[OMY TKaHHHHU TEMHHUX BIATIHKIB MICJIs TIPAHHS MOCBITIIIIIANN (TEMHOOIAKUTHUH Ta CMaparaoBHii), @ TKAHWMHU CBITIMX
BIJITIHKIB — MOTeMHIIa u (O1nit Ta M’ SITHUH).

Expanytoui énacmueocmi. CriekTpaibHi XapaKTepUCTHKH IpolryckaHHs YO BunpoMiHioBaHHsS 4 miaakodapOoBa-
HUMH JUITHUMH TKaHUHAMH JI0 ITpaHHs HaBe/IeH1 Ha puc.8.
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= 12,0
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E: \ Binmii
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s % _:__—/'—'f \% TEMHOBNAKNTHUH
20 v
0,0
O Wno Wmo wouwmwoOuwmwoOwmo wuvmwo uwmouwowmo v o uwmo
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L I Y I o B o A o T o T o N o o T oo T o T o O o T o3 T o T o o T o T s N T o T o T o T o o T o T 3 L
LOoBXUHA XBUAI, HM

Puc. 8. Cl'leKTpa.]'lei XapaKTepUuCTUKHU 4 JUITHUX TKAHUH MOJOTHAHOIO NnepenjieTeHHs: 10 NpaHHda

3a YMOBH OJIHAKOBUX CTPYKTYPHUX XapaKTEPUCTHK YOTUPHOX TKaHHH, 110 BiZPI3HIIOTHCSI JIUIIIE KOJIBOPOM, CIIOCTEPi-
raeThCsl TSHCHILIS 0 IIIBUILCHHS iX 31aTHOCTI eKpaHyBaTti Y® BUIIPOMiHIOBaHHS 31 BSMEHIICHHSIM 3HAUSHHS apaMeTpa
L* (cBiTioTH) Ta 31 3pocTaHHsAM HacuueHOCTI Koibopy (C*). BeranoBneHo, 1110 TkaHuHa 01510r0 Kosibopy Mae piBenb UPF
y mexax 0—10, oo cBiIYUTH PO BIACYTHICTH €(DEKTHBHOIO 3aXUCTY TiJa JIIOIUHHU BiJl HEraTHBHOTO BIUIMBY Y® Bumpo-
MiHIOBaHHsI. Taka TKaHWHA HAJICKUTh JI0 KAaTeropii TKAHWH, K «HE 3aXHIarThy» (Tadm. 5). HatoMicTh TKaHWHA KOJIBOPY
«M’SITHUIH» 32 TokasHUKoM UPF BiTHOCHTBCS IO TPYNHU 3 «XOPOLIMM 3aXUCTOMY». [IpH 1IbOMy TKaHWHH TEeMHOOJIAKHT-
HOTO Ta CMaparjioBOro KOJbOpiB JIEMOHCTPYIOTh HaWBHIIly 3/1aTHICTh O eKpaHyBaHHs Y®-BunpominioBaHus (Tali. 5).
OTpuMaHi pe3yabTaTy MiTBEPKYIOTh MOLIIMPEHY cepell TOCIIIHHUKIB TilloTe3y Mpo Te, 10 3MEHIICHHS 3HaUSHHs T1apa-
Metpa L* npu onHouacHoMy 30inbIieHHI napamerpy C* cynpoBOIDKY€eThCS 3HIKEHHIM KoedinienTa npomyckanus (T, %)
Y®-gunpomintoBanHs (koedinienT Kopessiii cranosisTs 0,95 ta 0,97, BiAnoBiIHO).
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Tabnuu 5
Koedinient 3axucry Bix ynsrpadionery (UPF) 4 JIsiHHX TKAHHH NOJOTHSHOTO NepervieTeHHs 10 IPAHHSA
30BHILIHIT BAIIIS, Koedimienr Koediuien Kareropis 3axucry Bi
AN A Koumip npomyckaumst (T) B npornyckanus (T) B Pisen» UPF m,lT) a cpio.neTy n
obnacri VOB, [%] o6macti YDA, [%] yaRTp Y
;:; oismii 10,75 12,25 0-10 «HE 3aXUIIAE»
i M’ SITHUAN 3,45 4,75 15-20 «XOPOMINH 3aXUCT»
E TeMHOOIaKUTHMIT 2,84 4,01 15-20 «Ty’K€ XOPOIIUH 3aXUCT»
asm
. cMaparaoBmii 2,52 4,03 15-20 «1y’K€ XOPOIINi 3aXUCT»

Bararopa3oBe npaHHs sSIK eKCIUTyaTaliiHui (akTop Uil TKAHUH JITHROIO aCOPTUMEHTY CYTTEBO BIUIMBA€E Ha IXHI
OIITHYHI Ta TIri€HIYHI XapaKTepPUCTHKH, a BIJIOBIIHO — 1 HA eKpaHyrodi BIacTHUBOCTI. Ilicist mpaHHS TKaHWHA 3a3HAE
KOMIUICKC MEXaHIYHHX, XIMIYHHX, (QI3MKO-XIMIYHUX I (I3MKO-MEXaHIYHHX 3MiH. ¥ pOOOTI JOCII/UKEHO 3MiHYy eKpa-
HYIOUMX BJIACTMBOCTEH nonoreH micns 1, 5 ta 20 uukiis npanss. Pesynsraty BU3HaueHHs KOeQillieHTa IPOHUKHOCTI
HOTHPBOX JULTHAX TKAaHMH HaBe/eHi Ha puc. 9 (a — r). i BCIX 3pasKiB BCTAHOBJICHO TEHACHLUIO JI0 3MEHUICHHS I1PO-
HUKHOCTI YO-BUIIPOMIHIOBaHHS Yepe3 CTPYKTYpy TKaHWHH micns 1 Ta 5 nukiiB npaHss. HaiiBuima 3natHicTs 10 expa-
HyBaHHs Y®-BUIIPOMIHIOBAHHS CHOCTEPIracThCs Michs 5 nukiiB npanHs. [1ig yac mpaHHs 301IBIIYETHCSI BOPCHCTICTh
HUTOK, 0 3aKPUBAE TPOMDKKH MK HIMH, 3MEHITYIOUHN BUTHHUHN MPOCTIp MK HUTKAMH B CITII TKaHWHU. [lapanersHo
3 UMM IpolecaMu BiOyBa€eThCS ycaJKa IIOJOTEH, 10 MPU3BOAUTH 10 3MEHIICHHS ITOBEPXHEBOI (HACKPi3HOI) mopHuc-
tocrti 3 34,32-34,98 % nuist BUXigHUX 1ojoTeH a0 27,52-29,36 % it nojoTeH michs S5 uukiiB npanHs (taom. 3). Taki
3MiHH 3yMOBJIIOKOTh 3HHKCHHS IIPOHMKHOCTI YD-BUIPOMiHIOBAHHSI YePe3 CTPYKTYPHY CITKY TKaHHHH.

ExcriepumenT 3 20 1MKIaME MPAaHHS JUITHAX TKAHWH BKa3aB Ha MOTIPLICHHS 1X CKpaHYyIOUHX BlacTHBOCTEH (puc. 9). 3a
pesynsraramu 20 HUKITB MPaHHs CIIOCTEPIracThCsl MEXaHIYHE CTUPaHHS TKAHWHHU, BU/IATISIFOTHCS BOJIOKHA 3 TKAHUHH, 3MEHIITY-
€THC JIiHIHA TYCTHHA HUTOK OCHOBH H YTOKY, III0 TIPA3BOIMTH JI0 3pOCTaHH: MOBEPXHEBOI (HACKPI3HOT) MOPHUCTOCTI TIONIOTEH
10 37,64 %. Taki pyiiHyBaHHSI B CTPYKTYpI CITKM JUITHUX TKaHWH Tmiciist 20 HUKJIIB TPAaHHS TPU3BOUTD 10 30UIbIICHHS KOoe-
¢inienty nponyckanHs YO BUNPOMIHIOBaHHS JUIsL BCIX JOCII/PKEHNX MarepiaiiB. Take 30UIbIIEHHS MPOITYCKHOI 3/1aTHOCTI
TIOJIOTEH TIOTIPIIye iX piBeHb 3aXHCTy Bix 1ii YO BunpomintoBaHHs. Lle mae migcTaBy KiacudikyBaTH TKAHWHH SIK TaKi:

— 110 He 3a0e3MNevyI0Th 3aXKCTY Bij IbOTO BHJy BUIPOMIHIOBAHHS, y BHIAJKYy 3 JUITHUMU TKaHWHaMHu OiJ0ro Ta
M’sitHOTO KontbopiB (UPF 0 — 10);

— 10 3a0e31eYyI0Th XOPOLINH 3aX¥CT, y BUIIAIKY 3 JUISIHUMU TKAaHUHAMU CMaparioBOro Ta TeMHOOIAKUTHOTO KOJIBO-
piB (UPF 15 —20).

18,0 - 18,0 o 20
~— ) LUKNIB NPaHHR
R 16,0 [ o 2 16,0 -
= \ £ 1 upkn npanis 5 unKiB NpaEKA
s o
5 140 — § a0
z ] — g
£ 120 — = £ w0
I
10,0
g E‘ 10,0 &‘
E 80 E 50 —
: : =
£ 60 26,0
) F ] W o
3 40 % 10 —— v —
g 50 0 1unwn npanna @ _4_,___J \f
x ’ 5 LMKNiB NpanHA 20 ynknis nparpsa x 20 L=
0,0 0,0
O~ = = 0 W AN e MO ST 0NN O
FRaASSHNNm TR MO 2a S B3 2285323233R3IRE2S S
NN A M e M e NANAN MMM MM MMM Mo Mmoo mom oM
BAoexuHa XBUAi, HM LloBmnHa XBUA, HM
a) 6)
18.0 18,0
0 1 ykn npanka 0 1 unn npanta
X 16,0 . ® 16,0
= 20 uwknis npanma 5 uMKAIBNPaHKA b= 5 wknie nparka 20 yiknie npanka
5 140 S 14,0
I I
x x
S 12,0 H 12,0
g 10,0 g 10,0
= E\“, c [~
£ 80 R £ 80 —
2 60 ‘ 2 60 )
E| | \ k| Y
- 40 — e & 40 —— ~—
s — " / — u l—%—;;:f ‘\ f\\ -
2 20 = = 20 %)
0.0 0,0
S M =T o @A M O 0NN L= el e == O~ o T A e T B T N e B = B ™ B ) =)
OO O H AN ANM S NN O NSNS (=l T R = I B B T s s O = T o R =« = =}
NN A A M M Mmoo M L I o I I I ST s eI T e T o o T o B o B B o o Y o o T e B o s B s T+
JoeHHE XBUAI, HM OoeKKHa XBHAI, HW
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Puc. 9. 3anexxknocTi koedinienra nponyckanus (T,
JUISTHUX TKaHuH micas 0, 1, 5 ta 20 uukJiiB npaHHs:
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BucnoBku

ITpoBeneHi JOCTIKEHHS [TOKA3aJIH, 10 CTPYKTYPHI i ONITHYHI XapaKTePHCTHKY JUITHUX TKAHWH BU3HAYAIOTh iX 3/1aT-
HICTh TIEPELIKO/PKATH MPOHUKHEHHI0 Y® BUIIPOMIHIOBAHHS. Y JUISHUX TKAaHWH, SIKI PI3HATHCS JIAIIE KOIHOPOM, BHSIB-
JICHO TEHJICHIIIIO JI0 TMiBUIICHHS 1X eKpaHyBaJbHUX BIACTHBOCTEH 31 3MEHILICHHSIM 3Ha4YCHHS MOKa3HUKa cBiTiaoTh (L*)
Ta 30UIbnIeHHAM HacuueHnocti (C*). BeranorieHo, 110 TKaHuHa Oitoro koiasopy mae piBerb UPF y mexax 0—10, 1o
CBIIUMTH PO 11 He31aTHICTh 3a0e3MedyBaTH 3aXUCT OpraHi3My JIOIMHH BiJl HEFATHBHOTO BILIMBY Y® BUIIPOMIHIOBaHHSI.
BoaHouac TkaHMHA M’THOTO KOJIbOPY 3a nokasunkoMm UPF kiacugikyeTbes sik Taka, 1110 3a0e31euye «XOpOoIHi 3aXucT.
TxanuHM OLIBLI HACHYEHHUX KOJIOPIB (TEMHOONAKUTHUII Ta cMaparioBuii) MalOTh HABMIII €KpaHYIOUl BIACTUBOCTI Ta
BIJTHOCSITHCSI 10 TKAHUH 3 BIIMIHHUM 3axucToM. OTpUMaHi pe3ysibTaTH MiTBEPKYIOTh T1I0Te3y PO Te, 10 31 3MEHIIICH-
HsM napamerpa L* ta 30inbinenns napamerpy C* 3HHKYeTbCsl KoedilieHT npornyckanas Y® BunpominioBanHs (koedi-
mieHTH Kopessiii craHoBisiTh 0,95 Ta 0,97, BiAnoBinHO).

ExcrutyaraniiHuii YMHHHK, 30KpemMa 0araropasoBe MMpaHHsl, CYTTEBO BIUIMBAE HA ONTHYHI Ta Tiri€HIYHI XapakTepHc-
TUKU TEKCTWIBHUX MarepialliB, a OT)Ke — 1 Ha TXHI eKpaHyBajbHI BIACTHUBOCTI. Lle MOSICHIOETBCS THM, 1O B Ipoleci
MIpaHHs TKAaHWHA 3a3HA€ KOMIUIEKCY MEXaHIYHHX, XIMIYHUX, (PI3MKO-XIMIYHHX 1 (Pi3UKO-MeXaHIYHUX 3MiH. BcTaHoBeHO,
mo micyst 20 IMKITB MpaHHs TKaHMHU OUTOrO Ta M’SITHOTO KOJIBOPIB BTPATWIIM 3/IATHICTB J10 eKpaHyBaHHS Y@ Bumpo-
mintoBanHst (UPF 0-10). B cBoro yepry Juisi TKaHMH TEMHOOJIAKMTHOTO Ta CMaparjoBOTO KOJbOPIB CIIOCTEPIra€Thes
3HW)KEHHS 3[1aTHOCTI €KpaHyBaHHS 10 PiBHS TKaHHUH 3 «XxopomuM 3axuctom» (UPF 15 — 20). OcHOBHOIO NPUYUHOIO
€ 3HOIYBaHHS Marepiayy, 30KpeMa 4acTKOBE PYyHHYBaHHsS HOTO CTPYKTYpH IiJ JAi€r0 (i3MKO-XIMIYHUX YMHHHKIB. Lle
MIPOSIBIISIETHCS Y 3MEHILICHH] JITHIHHOT T'YCTHHU HUTOK OCHOBH i yTOKY, 3HMIKEHHI TOBEPXHEBOI I'yCTHHHU TKAaHWHU Ta, BijI-
TIOBIJTHO, 301TbIIICHHI 11 TOBEPXHEBOI (HACKPI3HOT) TOPUCTOCTI.

IMonsixa

e mocmimkeHus Oyno mpoginaHcoBaHo MiHICTEpPCTBOM OCBITHM 1 HaykKdM YKpaiHM B paMKax HayKOBO-TEXHId-
Horo npoekty Ne PC/64-2024 Bin 30.09.2024, mo peaii3oByBaBcs 32 paxyHOK 30BHIIIHBOIO IHCTPYMEHTY IOTIOMOTH
€sporneiicbkoro Coro3y st BUKOHaHHS 3000B’s13aHb YKpainu y PamkoBii nmporpami €Bponeiicskoro Coro3y 3 HayKOBHX
JIOCITI/KeHb Ta iHHoBaii “I'opusonTt 20207,

Cnucok BUKOPHCTAHOI JiTepaTypu

1. Xiaoyou Tang, Tingyi Yang, Daojiang Yu, Hai Xiong, Shuyu Zhang (2024), Current insights and future perspectives
of ultraviolet radiation (UV) exposure: Friends and foes to the skin and beyond the skin, Environment International,
Volume 185, 108535, https://doi.org/10.1016/j.envint.2024.108535

2. Anne K. Julian, Rebecca A. Ferrer & Frank M. Perna (2023) Sun protection behavior: health impact, prevalence,
correlates and interventions, Psychology & Health, 38:6, 701-725, DOI: 10.1080/08870446.2022.2146112

3. Odiuiiinuii caiiT BeecBiTHROT opranizarii 3mopoB’s. https://www.who.int/uv/uv_and health/

4. Harrison, S.L.; Buettner, P.G.; Nowak, M.J. (2023) Sun-Protective Clothing Worn Regularly during Early
Childhood Reduces the Number of NewMelanocytic Nevi: The North Queensland Sun-Safe Clothing Cluster Randomized
Controlled Trial. Cancers 2023, 15, 1762. https://doi.org/10.3390/cancers15061762

5. Kathryn L. Hatch, Uli Osterwalder (2006), Garments As Solar Ultraviolet Radiation Screening Materials //
Dermatol Clin 24, 85— 100. doi:10.1016/j.det.2005.09.005

6. Beenu Singh, Manisha Gahlot and Anita Rani. (2019) Development of UV Protective Clothing for College Going
Girls. Int.J.Curr-Microbiol. App.Sci. 8(6): 1614-1621. https://doi.org/10.20546/ijcmas.2019.806.194

7. LuJ T, Ilyas E (July 27, 2022) An Overview of Ultraviolet-Protective Clothing. Cureus 14(7): €27333. DOI
10.7759/cureus.2733

8. ColeY, Ilyas A M, Ilyas E N (2023) Assessment of UV Protection for Children's Summer Clothing . Cureus 15(8):
e44137. DOI 10.7759/cureus.44137

9. Capjack, L., N. Kerr, S. Davis, R. Fedosejevs, K. L. Hatch and N. L. Marckee (1994) Protection of humans from
ultraviolet radiation through the use of textiles: A review. Fam. Consum. Sci. Res. J. 23, 198-218.

10. Roman, L.E. (2019) Applied surface science blocking erythemally weighted UV radiation using cotton fabrics
functionalized with ZnO nanoparticles in situ. App!/ Surf Sci. Vol. 469, p. 204-212.

11. Panyatanmaporn, T., Kruenate, J., Aumnate, C., Sooksomsong, T. (2010). The synthesis of titanium dioxide
emulsion as UV blocking. Advanced materials research. p. 635—638.

12. Vlasenko V. Synthesis of metals nano-particles in the porous structure of textiles for UV-shielding / V. Vlasenko, P.
Smertenko, S. Bereznenko, S. Arabuli, V. Kucherenko // Viakna a Textil, 2017, 24(4), pp. 30-33. http://vat.ft.tul.cz/
Archive/VaT 2017 4.pdf

13. Abdelhameed, R.M., El-Shahat, M., Ivanova, E. et al. (2024). Fasten UV-Resistant Cotton Textiles by Modification
with Mixed Metal-Ce-MOF. Fibers Polym 25, 4651-4663. https://doi.org/10.1007/s12221-024-00766-3

14. Alkhatib, F., Al-Ghamdi, S.A., Alatawi, N.M. et al (2025). Technical Viscose Textiles Treated with Ln-Metal
Organic Framework: Photochromic/UV-Protective/Antimicrobial Potentiality. Fibers Polym 26, 621-637. https://doi.
org/10.1007/s12221-025-00861-z

15.Rajput SK, Singh MK, Shakyawar DB. (2025) Herbal synthesis of silver nanoparticles for improved dyeing and
UV protection of cotton fabric. Textile Research Journal. 95(15-16):1988-2002. doi:10.1177/00405175241309541

61



BICHHUK XHTY M 3(98), 2026 p. TEXHOJIOI'II TETKOI TIPOMHCJIOBOCTI

16. Cei, N.; Canesi, L.; Nejrotti, S.; Montalbano, G.; Darjazi, H.; Piovano, A.; Bonomo, M.; Fina, A.; Yecora, B.;
Perez, A.; et al. (2024) A UV-Protective Textile Coating Based on Recycled Poly(vinyl butyral) (PVB): ANewLifefor a
Waste Polymer. Polymers, 16, 3439. https:// doi.org/10.3390/polym16233439

17. ToBapo3HaBui acrieKTd (pOpMYBaHHSI aCOPTUMEHTY Ta SIKOCTI JUISIHUX TKaHWH : MoHorpadis / O.B. IMaxomtok. —
Jlyupk : Pen.-eun. Bigain JIHTY, 2011. — 186 c.

18. HaykoBi OCHOBH 3aCTOCYBaHHS JIbOHY OJIHHOTO y JerKiil mpoMucioBocti: MoHorpadis / T.M. Tonosenko, I"A.
Boiiko, O.B. ITaxomok, JL.I. Baptkis, O.B. IlloBkomyn — JIynpk: JIHTY; Xmensuumskuit: XHTY, 2025. — 218 c.

19. Zimniewska, M. (2001). Linen & hemp fabrics as a natural way of sun protection. Proceedings of 2nd Global
Workshop of the FAO European Cooperative Research Network on Flax and Other Bast Plants, Borovets, Bulgaria, p. 28-33.

20. V. Mauerhofer, A. Verhamme, J. Blaizot, T. Garel, T. Kimm, L. Michel-Dansac, J. Rosdahl (2021) UV absorption
lines and their potential for tracing the Lyman continuum escape fraction. Astronomy & Astrophysics. 646, A80. https://
doi.org/10.1051/0004-6361/202039449

21.Zimniewska, M. (2005). The effect of natural dyes used for linen fabrics on UV-blocking, Proceedings of
International Conference ArchTex 2005 High Technologies in Textiles, Krakow, Poland, p. 31-35.

22. Willson, C.A.; Gies, P.H.; Niven, B.E.; Mclennan, A. & Bevin, N.K. (2008). The Relationship between UV
Transmittance and Colour Visual Description and Instrumental Measurement, Textile Research Journal, Vol.78, No.2,
p. 128-137.

23. Dubrovski, D.P. & Brezocnik, M. (2009). Prediction of the Ultraviolet Protection of Cotton Woven Fabrics Dyed
with Reactive Dyestuffs. Fibres & Textiles in Eastern Europe, Vol.17, No.1, p. 55-59.

24. Sabatini, F. (2011). The role of natural dyes in the UV protection of fabrics made of vegetable fibres. Dyes and
Pigments. Dyes and Pigments 91, p. 279-285 https://doi.org/10.1016/J.DYEPIG.2011.04.006

25. Arabuli S.I., Vlasenko VI., Truba A.A., Arabuli A.T. (2022). Protection against harmful UV radiation:
practical application of vat dyes for functionalization of cotton fabrics. Fashion Industry. No. 3-4. — P. 53-61.DOI
10.30857/2706-5898.2022.3.2

26. Morsiimbiil S, Ak¢akoca Kumbasar EP. (2022). Performance characteristics in textile application of photochromic
dye capsules. Tekstil ve Konfeksiyon, 32(2), 155-161. DOI: 10.32710/tekstilvekonfeksiyon.942566

27.Fernau E, Ilyas S M, Ilyas E N (2023) The Impact of Routine Laundering on Ultraviolet Protection Factor (UPF)
Values for Commercially Available Sun-Protective Clothing. Cureus 15(7): €42256. DOI 10.7759/cureus.42256

28.Truba. A., Svydlo, O., Arabuli, S., Arabuli, A., & Kovtoniuk, L. (2025). Effect of Multiple Washing on
the Optical and Shielding Properties of Cotton Fabrics. Technologies and Engineering, (5), 79-89. https://doi.
org/10.30857/2786-5371.2024.5.8

29. Sena Cimilli Duru, Cevza Candan, Banu Nergis (2024) Effect of Laundering on UV Protection Performance of
Umorfil Based Fabrics. Proceedings of the 19th Romanian Textiles and Leather Conference. November 7— 9, 2024, Tasi,
Romania DOI: 10.2478/9788367405829-030

30.CIE 1976 L*a*b*. In: Luo, M.R. (eds) (2016). Encyclopedia of Color Science and Technology. Springer, New
York, NY. https://doi.org/10.1007/978-1-4419-8071-7 100036

31.1S0 139:2005; Textiles — Standard atmospheres for conditioning and testing, 2005

32. EN 13758-1:2002 Textiles. Solar UV protective properties. Method of test for apparel fabrics

33.Standards Australia/New Zealand Standard, AS/NZS 4399:1996, Sun Protective Clothing- Evaluation and
Classification, Homebush NSW/Wellington, Standards Australia/Standards New Zealand, 1996.

34.1S0 6330-2021; Textiles — Domestic washing and drying procedures for textile testing, (4) 2021.

References

1. Tang, X., Yang, T., Yu, D., Xiong, H., & Zhang, S. (2024). Current insights and future perspectives of ultraviolet
radiation (UV) exposure: Friends and foes to the skin and beyond the skin. Environment International, 185, 108535.
https://doi.org/10.1016/j.envint.2024.108535

2. Julian, A. K., Ferrer, R. A., & Perna, F. M. (2023). Sun protection behavior: Health impact, prevalence, correlates
and interventions. Psychology & Health, 38(6), 701-725. https://doi.org/10.1080/08870446.2022.2146112

3. World Health Organization. (n.d.). UV radiation and health. https://www.who.int/uv/uv_and_health/

4. Harrison, S. L., Buettner, P. G., & Nowak, M. J. (2023). Sun-protective clothing worn regularly during early
childhood reduces the number of new melanocytic nevi: The North Queensland sun-safe clothing cluster randomized
controlled trial. Cancers, 15, 1762. https://doi.org/10.3390/cancers15061762

5. Hatch, K. L., & Osterwalder, U. (2006). Garments as solar ultraviolet radiation screening materials. Dermatologic
Clinics, 24, 85-100. https://doi.org/10.1016/j.det.2005.09.005

6. Singh, B., Gahlot, M., & Rani, A. (2019). Development of UV protective clothing for college going girls.
International Journal of Current Microbiology and Applied Sciences, 8(6), 1614—1621. https://doi.org/10.20546/
ijcmas.2019.806.194

7. Lu, J. T., & llyas, E. (2022). An overview of ultraviolet-protective clothing. Cureus, 14(7), €27333. https://doi.
org/10.7759/cureus.27333

8. Cole, Y., Ilyas, A. M., & Ilyas, E. N. (2023). Assessment of UV protection for children's summer clothing. Cureus,
15(8), e44137. https://doi.org/10.7759/cureus.44137

9. Capjack, L., Kerr, N., Davis, S., Fedosejevs, R., Hatch, K. L., & Marckee, N. L. (1994). Protection of humans from
ultraviolet radiation through the use of textiles: A review. Family and Consumer Sciences Research Journal, 23, 198-218.

10. Roman, L. E. (2019). Blocking erythemally weighted UV radiation using cotton fabrics functionalized with ZnO
nanoparticles in situ. Applied Surface Science, 469, 204-212.

62



BICHHUK XHTY M 3(98), 2026 p. TEXHOJIOI'II TETKOI TIPOMHCJIOBOCTI

11. Panyatanmaporn, T., Kruenate, J., Aumnate, C., & Sooksomsong, T. (2010). The synthesis of titanium dioxide
emulsion as UV blocking. Advanced Materials Research, 635-638.

12. Vlasenko, V., Smertenko, P., Bereznenko, S., Arabuli, S., & Kucherenko, V. (2017). Synthesis of metals nano-
particles in the porous structure of textiles for UV-shielding. Vlakna a Textil, 24(4), 30-33. http://vat.ft.tul.cz/Archive/
VaT 2017 4.pdf

13. Abdelhameed, R. M., El-Shahat, M., Ivanova, E., et al. (2024). Fasten UV-resistant cotton textiles by modification
with mixed metal-Ce-MOF. Fibers and Polymers, 25, 4651-4663. https://doi.org/10.1007/s12221-024-00766-3

14. Alkhatib, F., Al-Ghamdi, S. A., Alatawi, N. M., et al. (2025). Technical viscose textiles treated with Ln-metal
organic framework: Photochromic/UV-protective/antimicrobial potentiality. Fibers and Polymers, 26, 621-637. https://
doi.org/10.1007/s12221-025-00861-z

15.Rajput, S. K., Singh, M. K., & Shakyawar, D. B. (2025). Herbal synthesis of silver nanoparticles for
improved dyeing and UV protection of cotton fabric. Textile Research Journal, 95(15-16), 1988-2002. https://doi.
org/10.1177/00405175241309541

16.Cei, N., Canesi, 1., Nejrotti, S., Montalbano, G., Darjazi, H., Piovano, A., Bonomo, M., Fina, A., Yecora, B.,
Perez, A., et al. (2024). A UV-protective textile coating based on recycled poly(vinyl butyral) (PVB): A new life for a
waste polymer. Polymers, 16, 3439. https://doi.org/10.3390/polym16233439

17. Pakholiuk, O. V. (2011). Tovaroznavchi aspekty formuvannia asortymentu ta yakosti llianykh tkanyn [Commodity
aspects of the formation of assortment and quality of linen fabrics]. Lutsk National Technical University.

18. Holovenko, T. M., Boiko, H. A., Pakholiuk, O. V., Bartkiv, L. H., & Shovkomud, O. V. (2025). Naukovi osnovy
zastosuvannia lonu oliinoho u lehkii promyslovosti [Scientific foundations of the use of oil flax in light industry]. Lutsk
National Technical University; Khmelnytskyi National University.

19. Zimniewska, M. (2001). Linen & hemp fabrics as a natural way of sun protection. In Proceedings of the 2nd Global
Workshop of the FAO European Cooperative Research Network on Flax and Other Bast Plants (pp. 28-33). Borovets, Bulgaria.

20. Mauerhofer, V., Verhamme, A., Blaizot, J., Garel, T., Kimm, T., Michel-Dansac, L., & Rosdahl, J. (2021). UV
absorption lines and their potential for tracing the Lyman continuum escape fraction. Astronomy & Astrophysics, 646,
AB0. https://doi.org/10.1051/0004-6361/202039449

21. Zimniewska, M. (2005). The effect of natural dyes used for linen fabrics on UV-blocking. In Proceedings of the
International Conference ArchTex 2005 High Technologies in Textiles (pp. 31-35). Krakow, Poland.

22. Willson, C. A., Gies, P. H., Niven, B. E., Mclennan, A., & Bevin, N. K. (2008). The relationship between UV
transmittance and colour visual description and instrumental measurement. Textile Research Journal, 78(2), 128—137.

23. Dubrovski, D. P., & Brezocnik, M. (2009). Prediction of the ultraviolet protection of cotton woven fabrics dyed
with reactive dyestuffs. Fibres & Textiles in Eastern Europe, 17(1), 55-59.

24. Sabatini, F. (2011). The role of natural dyes in the UV protection of fabrics made of vegetable fibres. Dyes and
Pigments, 91, 279-285. https://doi.org/10.1016/J.DYEPIG.2011.04.006

25. Arabuli, S. 1., Vlasenko, V. 1., Truba, A. A., & Arabuli, A. T. (2022). Protection against harmful UV radiation:
Practical application of vat dyes for functionalization of cotton fabrics. Fashion Industry, 3—4, 53-61. https://doi.
org/10.30857/2706-5898.2022.3.2

26. Morsiimbiil, S., & Akcakoca Kumbasar, E. P. (2022). Performance characteristics in textile application of
photochromic dye capsules. Tekstil ve Konfeksiyon,32(2), 155—-161. https://doi.org/10.32710/tekstilvekonfeksiyon.942566

27.Fernau, E., Ilyas, S. M., & Ilyas, E. N. (2023). The impact of routine laundering on ultraviolet protection factor
(UPF) values for commercially available sun-protective clothing. Cureus, 15(7), e42256. https://doi.org/10.7759/
cureus.42256

28. Truba, A., Svydlo, O., Arabuli, S., Arabuli, A., & Kovtoniuk, L. (2025). Effect of multiple washing on the optical and
shieldingproperties of cotton fabrics. Technologiesand Engineering, 5,79—89. https://doi.org/10.30857/2786-5371.2024.5.8

29.Duru, S. C., Candan, C., & Nergis, B. (2024). Effect of laundering on UV protection performance of Umorfil
based fabrics. In Proceedings of the 19th Romanian Textiles and Leather Conference. lasi, Romania. https://doi.
org/10.2478/9788367405829-030

30.Luo, M. R. (Ed.). (2016). CIE 1976 Lab. In Encyclopedia of Color Science and Technology*. Springer. https://doi.
org/10.1007/978-1-4419-8071-7_ 100036

31.International Organization for Standardization. (2005). ISO 139:2005 Textiles-Standard atmospheres for
conditioning and testing. ISO.

32. European Committee for Standardization. (2002). EN 13758-1:2002 Textiles-Solar UV protective properties-
Method of test for apparel fabrics. CEN.

33. Standards Australia & Standards New Zealand. (1996). AS/NZS 4399:1996 Sun protective clothing-Evaluation
and classification. Standards Australia/Standards New Zealand.

34. International Organization for Standardization. (2021). ISO 6330:2021 Textiles-Domestic washing and drying
procedures for textile testing. ISO.

Jlama nepuwiozo Haoxoooicennst cmammi 0o sudarnus: 18.04.2026

Jlama npuiinamms cmammi 0o OpyKy nicis peyenzysannsi: 11.05.2026
Jlama nyb6nixayii (onpuntoonenns) cmammi: 26.05.2026

63



