Mamepianoznasecmeo, weeiine i MeKCMUIbHeGUPOOHUYMEO.
Memponoziamacepmudgbikayin

Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

ISSN 1813-6796
BICHUK KHYTJ Ne6 (116), 2017

YIK 677.07 KYPTAHCBKHH A. B.*, CAKOBEIIb B. B.**, TOHYAPOB O. C.*,
BACMJIEHKO B. M.*, HOBAK . C.*, ACTICTOBA T. L.*,
KYPI'AHCBKA M. M.*, OITAHACEHKO K. B.*

* KuiBCchKuil HalliOHAIBHUH YHIBEPCUTET TEXHOJIOTIH Ta AU3alHy
** T"o;moBHE YIIPaBIJIiHHSA PO3BUTKY Ta CYNPOBOHKCHHS MaTepiaibHOTO 3a0e3nedeHus 3CY

JOCIIIKEHHSA MIKPOKJIIMATHYHUX ITOKA3ZHUKIB
3UMOBUX KOMILVIEKTIB OJIATY

Mema. Busznauenns eéniugy xonody Ha napamempu nid0051208020 NPOCHOPY 3UMOBUX KOMNIEKMIB
KOHMPONIbOBAHUX YMOBAX 34 YYACHIO TH0OE.

Memoouxka. [lopieHsnvbhi mecmysanHs 6niugy SAKiCHUX MA KiIbKICHUX XapaKmMepucmuk npeomemiea
B8EPXHBLOCO WLAPY 3UMOBO20 KOMNAEKMY OOMYHOUPYBAHHSA BiicbK080CHyxHco08yie 3opotinux Cun Yxpainu
(Hopma Ne 1) 3a yuacmio model 8 yMO8ax Xon00y.

Pesynomamu. Ilpoananizoeano 6naug npeomemis GepXHbO20 WaApy 3UMOB020 KOMHIEKMY Mmda
BU3HAYEHO BNIUG CMPYKMYPU U020 NaKemie mamepianié Ha cmabiibHiCMb HA napamempu nido0s208020
npocmopy 8 yMo8ax xoniooy.

Haykoea noeusna. Bnepuie 00cniodiceno ma 6CMAHOBIEHO 3A1€HCHOCIE napamempie niooosn208020
npocmopy (memnepamypu ma 6IOHOCHOI 8071020CMi) 6I0 CMPYKMYypu nakemie mamepianie npeomemis
B8EPXHBLOCO WAPY WIMAMHUX 3UMOBUX KOMNWIEKMI8 0OMYHOUpY8anHs Gilicbkosocnydicoosyie 3opotinux Cun
Yxpainu (nopma Ne 1) i3 3acmocysanusim 6e30pomogoi ceHCOpHOI HaminbHOI cucmemu 8 ymMogax xonody 3a
yuacmro ooel.

Ilpakmuuna 3unauumicme. Ompumano 0a3060 NOKASHUKU NIO00208020 NPOCMOPY 3UMOBUX
KOMNJIeKMi6 014 NOPIGHANbHUX MECMY8aHb NO YOOCKOHANEHHIO NpeoMemi8 8epXHbo20 3AXUCHO20 wapy.
Pesynomamu Oocnioscensy € 6azomumu 018 NPOSHO3YBAHHA MAKCUMAILHO20 UYACY KOM@OPMHO2ZO0 CMAHY
BILICLKOBOCIYHCOOBYSL MA ONMUMIZAYIT KIIbKICHO20 MA SIKICHO20 CKIA0Y 0amuuKie 6e30pomosoi ceHcopHoi
HaminbHOoi cucmemu.

Knrouoei cnoea. komgpopmuicms, cneyianvuuti 0052, 3aXucm 8i0 Xon00y, memnepamypd, 8i0HOCHA
80J102ICMb.

Beryn. 3HauHy posb y 3HWKGHHI HECHPHUATIMBHUX Jii B yMOBaxX XOJIOAY BiJIrparoTh
palioHalbHI BUAM OJATY, B3YTTS Ta MPEAMETIB KOMIUIEKTIB 3arajloM. Y4acTh JIIOJIEH SIK Cy0 €KTIB y
JOCIHIUKEHHSAX BHMarae BiJIOBITHOTO iX BiZOOpY Ta ypaxyBaHHS BHUMOT JI0 LIMKIY MPOBEIACHHS
cepii gochipkeHb. JIOCTHiDKEHHS TIPH IIbOMY TOBHHHI TPOBOJAUTHCH Yy KOHTPOJIHOBAHUX
7a0OpaTOpPHUX YMOBAX 3a y4YacTIO JIIoACH (piBeHb 3) 3 METOK MaKCHUMAaIbHOTO YypaxyBaHHS
AMHAMIYHUX XapaKTePHCTHK 130JI1liT TpeIMEeTOM BEPXHBOTO MIapy KOMILIEKTY 3UMOBOTO [1].

EdexkTnBHIM KOMIUIEKTOM BBa)Ka€THCS TAKUH, 10 HE TIOPYLIYE MIPUPOIHIO TEPMOPETYIISIIO
cy0’exTy uepe3 3abe3lneyeHHs HEOOXIJHOTO CTYNEHIO IMOBITPOMPOHMKHOCTI KOXHOTO MIapy Ta
npeaMeTy Buiiomy [2].

CyuacHuil €IuHMIA 1HIUBIAYaIbHUH OOWOBHMI KOMIUIEKT BiiicbkoBoCyk00BIs 3CY €
MOJYJABHOTO TUNY JUIS  JIOCATHEHHS  MAaKCHUMaJbHOI  QJalNTHUBHOCTI  OKPEMO  B3STOTO
BIMICHKOBOCTY)KOOBIII /0 pi3HUX MOTped Micli Ta yMOB HaBKOJHMIIHBOTO cepeaoBuima. Ha
TETepITHIA Yac € morpeda B yJOCKOHAJICHHI CTPYKTYPH MOJYJIIB KOMIUICKTIB, YTOUHEHHS] BUMOTH
710 TIAKETiB MaTepianiB OKpeMux MoayiiB [3].

IlocranoBka 3aBaanHsi. [leBHI Buam OOOB’S3KIB BIMCHKOBOCITYXOOBIIB BHMAararoTh
nepeOyBaHHS B yMOBaX, SIKi MaKCUMAaJIbHO HAOJMKEHI O CTaTMYHMX, NMPH HAsSBHOCTI 3HAYHOTO
HETraTUBHOTO BIUIMBY XOJOAy. Jisi IIbOrO y KOMIUIEKTI mepedayeHo 3acTOCYBaHHS KOXKYXY IUIs
BapToBUX. Ha TemepilHiii 4yac KOXyX A7 BapTOBUX HE € MPOAYKTOM MAacOBOTO BUPOOHHMITBA, Y
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3B’SI3KY 31 3TOPTaHHSIM BUPOOHHUIITBA Ha 0a30BUX MianpuemMcTBax y nepiog 2014-2016 pokis, Tomy
MOCTAJIO MMATAHHS MOIITYKY alIbTEPHATHBHOTO CIIEIIAJIbHOTO OJIATY ISl 3aXUCTY BiJ XOJIOMY.

Pe3yabTaTh gociigkeHHs. 3a pe3yibTaTaMH aHaJi3y albTePHATUBHUMHE BapiaHTaMH OYII0
00paHO KYPTKY BOJIOTO-BITPO3aXHCHY IOJOBXKEHY, MPSIMOTO CHIYETY 3 MIHHUM MIKPOMOPUCTHM
MOKPUTTSIM TKAHWHH BEpXy 3 YTEIUIIOBaYeM Ta KOXYX IS BapTOBHX 3 TKaHMHH BEpXy Ta
yTeIUTIoBayva-iIKJIaAKH — ITY4YHE XyTpo (Tabnuus 1).

Tabnuys 1
XapakTepucTHKA MaKeTiB MaTepiaJjiiB MpeaMeTiB 30BHIIHLOI0 MIAPY KOMILJIEKTIB
HopmaTuBHI 3HaYCHHS
e led | g { B
S 2 | Hassa npenvery | T txammun | SOTOKHHCTHE | E 5 ) 2 . A8 € 4
2 g peamery cknam, % a5 =2 BEESd 8k
o @ >~ 'm0 E° &g
= o = ) ¥4 5E
= 8 = = A
P1 Koxyx nns OcHoBHa 65 baBoBHa, 260 >20 > 10,0
BapTOBUX 35TIE
VYremmosau- | Illty4yne xyrpo - - -
MIIKIIagKa
P2 Kyptka 3umoBa | OcHOBHA 100 ITE 260 > 20 > 6,0
MOJIOBXKEHA VYremmoBau 100 TTE 135 > 50 > 6,0
IMinkmagkoBa 100I1E 110 - -

JlociKeHHsT TPOBOIMIINCH Y JIBAa €TalH 3a 3aTBEP/KCHUM MPOTOKOJIOM (puc. 1) mpoTtsrom
yacy nopiBHsuibHEX TecTyBaHb (T, xB) 80 xB., 3 Hux: 20 XB. — cuAiHHs pH Temmeparypi 20+0,5°C
Ta BimHOCHIN Bojorocti 584+4%; 60 xB. — xomsba g0 2 KM/rox mpu temmneparypi -18+1°C rta
BiJTHOCHI# Bonorocti 154+10%.
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Puc. 1. YMOBH IpoBeJIeHHsI NOPiBHSILHUX TeCTYBaHb: 1 — eHeproButpatu cy6’ekry W, Br/m?; 2 —
BiIHOCHA BOJIOTiCTH HABKOJMIIHBLOTO cepenopuma RH, %; 2 — TeMnepaTypa HaBKOJHMIIHbLOI0
cepexosuma T, °C

Jlo ckyiagy MOCTITHOTO KOMIUIEKTY 3MMOBOTO BXOJISTH: IAarKa 3MMOBA, INTaHU BITPO—
BOJIOT03aXMCTI 3UMOBI (IITaHU YTEIJIEHI MOJbOBI), PYKaBHYKH 3MMOBI, Imapd-tpyda 3uMOBHIA,
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Olmm3Ha 1T XOJIOAHOI TOroaW (Copouka 3WMMOBAa Ta KaJlbCOHM 3WMOBI), IIKAPMETKH 3UMOBI
(TpeKiHTOB1), YEPEBUKU 3 BHUCOKHUMH OEpIIMH 3UMOBI, KypTKa KOCTIOMY YTEILIIOBAada, IIOJIOM
Oamictnunuid. Bei 3pa3ku koMIuIeKTy OynH BifiOpaHi y BCTAHOBJICHOMY TPSIKY.

Jlst mpoBeieHHsI TOCiKeHb 00paHo HaTuIbHY 6e3apoToBy cuctemy (WBAN) tuny 16K3.4
Ta nporpamue 3a6e3neueHus WBIM Soft 6.0 [4]. 3acTocyBaHHs TaKOi CHCTEMH JI03BOJISE Y PEKUMI
peanbHOro 4Yacy OTpHMYBATH MapaMeTpH MiJOJSArOBOTO MPOCTOPY, TeMIIepaTypa Ta BiJHOCHA
BOJIOTICTh. i1 AOCHiKeHb 00paHo § TOUKOBY MOJIENb PO3TANIyBaHHs JATUYMKIB JyaIbHOTO TUITY
(puc. 2). Cnig 3ayBaXWTH, IO NOJAjblle PO3UIMPEHHS IUION] BUMIPIOBAaHHS IapaMeTpiB
HiZOASATOBOIO  MIKPOKJIIMAaTy MOMJIMBE 32 PAaxXyHOK OUIBII  IIHPOKOTO  3aCTOCYBAHHS
CTPYMOIIPOBIIHUX MOJIMEPIB y CTPYKTYpPi OiOMETPUYHMX MMaKeTiB MaTepiaiis [5,6].

3a MPOTOKOJIOM BOJIOHTEPU-BUIIPOOYBaui mepeOyBald BAATHEHI Y KOMIUIEKTH MPOTITOM
20 xB. 3 METOIO cTa0LII3aIll TOKA3HHUKIB IMApaMEeTPiB MiI0AATOBOTO MPOCTOPY.

1 (F1, R1)

VI (L1, R3)
IV (F3)
VIT (14)
11 (F4)
V(L3)
1l (F2, R2) VI (L2, R4)

Puc. 2. Cxema po3TalryBaHHsl po3TallyBaHHs JaTYMKiB qyaqbHoro Tumy moayJis IBK3.4

3a BCTaHOBJICHOIO METOJMKOIO, BU3HAYAJIBFHUM Yy MOPIBHSIBHHUX JOCHIKEHHIX € Jpyra
nosoBrHa (30 xB.) eramy 2. J[ns aHamizy OTpUMaHHUX pe3ybTaTiB BUNPOOYBaHb 13 BUKOPUCTAHHIM
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nporpamMHoro 3abesmeucHus Statistica 10 [7] Oymo moOymoBaHO miarpamMu CepeaHiX 3HAYCHb Ta
CEPEIHhOKBAPATHYHOTO BIIXUJICHHS MTOKa3HUKIB TEMIIEPATYPH Ta BOJIOTOCTI (pHcC. 3, puc. 4).
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Puc. 3. IlopiBHsIHHS cepeHiX 3HAYEHb Ta cePeHbOKBAPATHYHOr0 BiIXHJIEHHS TeMIlepaTypu
(a) Ta Bostorocti (0) y BOCbMH TOYKaX MiIOAATOBOI0 MPOCTOPY npeamery P1
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Puc. 4. IlopiBHSIHHSA cepeHIX 3HAa4YeHb Ta CePeJHbLOKBAAPATHYHOIO BiIXUJICHHSI TeMIIepaTypH

(a) Ta Bosorocti (0) y BOCbMH TOUYKAX MiIOAATOBOr0 MPOCTOPY nmpeamery P2

Amnani3 rpadikiB (puc. 3, puc. 4) nokasye, 10 CEpeiHI 3HAUECHHS TEMIIEpaTypud y BOCBMHU

TOYKaX MiZOSATOBOIO MPOCTOPY 3HAXOIAThCS B Mexkax 14-24 °C mns npeamera oaary P1 rta 21-25
°C mist mpenMera oxary P2, a cepenHi 3Ha4eHHs BOJOTOCTi — B Mexax 25-75 % ta 15-73 %

BianoBigHO. [Ipy nboMy, BeMUMHA CEPEIHBOKBAIPATHYHOTO BIAXUICHHS SIK 32 TEMIIEPATypOIO TaK
1 3a BojoricTio Juia npeamery P2 3nauno menma y nopiBHAHHI 3 Pl. OTtpumani pesynbTatu

CBiT4aTh PO TE, IO KypTKa 3MMOBA IMOJOBKEHA, HA BIIMIHY BiJl KOXYyXa sl BAPTOBUX, CTBOPIOE
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OuTbII KOM(OPTHI YMOBU Ta MIHIMI3YE Tepenaad TEMIEpaTypu Ta BOJOTOCTI B PI3HUX TOYKaX
MiIOASTOBOTO MPOCTOPY.

3a pe3ynbTaTamMH aHaji3y eramy 2 Bi3HAYEHO, IO HAsSBHICTh MOIMEPEKOBOTO (ikcaTopa y
KypTOulli TTOJIOBXKEHIH, M03Boymi0 Ha 47,94% migsunutu temneparypy Ha aiunsakax I, 11, III Ta
VII, mo moBHICTIO 3HIBEIHOBAHO Yy KOHCTPYKIIi KOXKyXy. TakoK 3a paxyHOK Komipa CTIHKH Yy
kyprouni Ha nainsgHoi VIII temmepartypa Ha 25% BuIIAa HIXK Yy KOXyxa. 3Ha4Ha IOJOBXKEHICTh
KOXKyXy JJIs1 BapTOBUX Ta BIJICYTHICTh KOHCTPYKTUBHOTO OOMEXEHHS pyXy IOBITps CIPUUYHHSIE
3HIDKEHHSI TEMIepaTypd Ha HIDKHIX TOYKaX BUMIPIOBAaHHS, 110 HE KOMIICHCYEThCS
TEIUIONPOJIYKINI€I0 pPYyXiB CYO’€KTy. 3a paxyHOK BHKOPHCTAHHS TKAaHUHHM BEpXy 3 MIHHUM
MIKPOHIOPUCTUM MOKPUTTSM (Tabi1.2) morinHaHHA Bosiord Ha 11 % MmeHie B makeTi KypTKH.

Tabnuys 2
PesyibTaTn nopiBHSVILHUX TecTyBaHb 3pa3kiB P1 Ta P2
Kon KinpkicTh CepenHe 3HaUCHHS MinimanbsHe
peaMeTy OTPUMAaHHX BUOIPKH 3HAYCHHS BUOIPKHU
BUXIJTHUX < - < -
CHUTHAJIB 3 £ 5 % £ 5 %
: 2 5 £ 2 5 £
IaT4YUKIB g &) S o g &) S O
15%=) sl Do sl
=} i =} g e
G A g G A g
= & = &
P1 19688 14,4 34,1 7,52 11
P2 12000 17,7 32,5 10,3 12

BucHoBku. 3a pe3ynbraraMu BHMPOOYBaHb BCTAHOBJICHO, IO KypTKa 3UMOBA IOJIOBXKEHA
Ma€ BHIIE Cepe/lHE 3HAaUeHHS yTpuMaHHs Teruia Ha 18,6% Ta Ha 4,9% HIDKYI MOKa3HUKU BITHOCHOT
BOJIOTOCTI y MiJOJATOBOMY IPOCTOpPI B MOPIBHSAHHI 13 KOXYXOM MJIsi BapTOBUX. MiHIMaibHE
3HAYEHHS MOKA3HUKIB TEMIEepaTypH y KOKyXa JUisl BapTOBUX Ha 27% HuUX4e, BITHOCHA BOJIOTICTh —
Hwk4a Ha 8,3% . TakuM YMHOM, y TTOJANBIINX JTOCHTIKEHHSX JOMUIBHO MPHUIUIMTHA 3HAYHY YBary
00’eMy Ta Maci KOMIUICKTIB 3UMOBHUX, 3 METOIO iX ONTHUMI3aIllii.

Hloznaou, oymku ma pezyibmamu O00CHIONHCEHb HAIEHCAMb ABGMOPAM | He NOBUHHI
Po3uinoeamucey AK ogiyiitna nozuyia yu pimienna Minicmepcmea 060ponu Ykpainu 0oxku ye ne
0yoe gio3nHaueno y inuiux oiyiniHux 00OKymeHmax.
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UCCJEJOBAHUE MUKPOKJIUMATHYECKHNX MOKA3ATEJENA 3SUMHHUX
KOMIIJIEKTOB OJEXK/IbI
KYPI'AHCKHM A. B.*, CAKOBEI] B. B.**, TOHUAPOB A. C. *, BACUJIEHKO B. H.*,
HOBAK JI. C.*, ACTUCTOBA T. U., KYPTAHCKAS M. M.*, OITAHACEHKO K. B.*

*Kueeckutl HAYUOHATbHLII YHUGEPCUMEN MEXHOL02UL U OU3AUHA
** [nagnoe ynpasnenue pazgumusi U CONPoBodICOeHUss mamepuaiviozo obecnevenus BCY

Ilens. Onpedenenue erusanus Xon00a Ha napamempovl MUKPOKIUMAMA 00€HCObl 3UMHUX KOMNIEKMO8
07151 BOCHHOCAYHCAUWUX 8 KOHMPOIUPYEMBIX YCIOBUAX C YUACHUEM JI0O0ell.

Memoouxa. Cpagnumenvhoe mMeCMUPOBAHUe GIUAHUA KAYECMBEHHbIX U  KOJIUYECNBEHHBIX
XapaKmepucmux 8epxHe20 Closi 3UMHe20 KOMNLeKma 0isi 0eHHOCayscaumux Boopyowcennvix Cun Yxpaunoi
(Hopma Ne 1) ¢ yuacmuem nrooeil.

Pesynomameul.  [Ipoananuzuposano 6enusHue npeomemos 6epxHe20 Closi 3UMHE20 KOMNIeKma
60e6020 Ha napamempbl MUKDOKIUMAMA 00eAHCObL 8 YCA0BUSX XON00A.

Hayunaa mnoeusna. Bnepsvie ucciedogamvl U YCMAHOBNIEHbL 3AGUCUMOCIIU  NAPAMEMPOR
N0000EINCHO20 NPOCMPAHCIBA (MEMNEPAMYPbl U OMHOCUMENbHOU GANCHOCIU) O CMPYKMYPbl NAKEMOos
Mamepuaios  NpeomMemos — 6epXHe20  CNOsL  WMAMHBIX — 3UMHUX — KOMNJIEKIMO08  OOMYHOUPOBAHUSL
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soennocaydcawux Boopyocennvix Cun Yxpaunol (nopma Ne 1) ¢ npumenenuem 6ecnposooHOU CeHCOPHOU
HamenbHo20 CUCIeMbL 8 YCIOBUSX X000a € YHaCmuem Jooel.

Ilpakmuueckana 3nauumocms. [lonyuenvt OCHOGHLIE NOKA3AMENU MUKDOKIUMANMA — 3UMHEO
KoMnaekma Ol CPAGHUMENbHbIX UCHILIMAHUL NO YIVYUEHUI0 NPEeOMemos 6epXHe20 3aujumno20 Closl.
Pezynomamuvr  uccieoosanusn 6asxicuvl 0N NPOSHOSUPOBAHUS MAKCUMAILHO2O BPEMEHU KOMPOPMHO20
COCMOANUSA BOEHHOCIYHCAUE20 U ONMUMUAYUU KOIUYECBEHHO20 COCMABA OAmUUKO8 8 0ecnpo8oOHOU
CEHCOPHOU cucmeme.

Knwouesvie cnosa: cmapm odedxcoa, chneyuanrvHas 00excod, Komgopmuocmv, 6ecnpogooHbvle
CEHCOpHbIe cemu, MOHUMOPUHS MUKPOKIUMAMA.

THE EFFECTS OF COLD WEATHER CLOTHING SYSTEMS ON MICROCLIMATE
KURGANSKIY A. V. *, SAKSOVETS V. V. **, GONCHAROQOV 0. S. *, VASILENKO V. M.*,
NOVAK D. S.*, ASTISTOVAT. I., KURGANSKA M. M.*, OPANASENKO K. V.*

* Kiev National University of Technologies and Design
** General Directorate of Logistics Development and Maintenance, Armed Forces of Ukraine

Purpose. Determination of the influence of cold on the parameters of the inner-clothing space of
warfighter winter Kits in controlled conditions with the participation of people.

Methodology. Comparative testing of the influence of qualitative and quantitative characteristics of
the upper layer of the warfighter winter kit of the Ukrainian Armed Forces (norm number 1) with the
participation of people.

Findings. The influence of the pieces of the upper layer of the warfighter winter kit on the
parameters of the inner-clothing space in the conditions of the cold is analyzed.

Scientific novelty. For the first time, the dependence of the parameters of the inner-clothing space
(temperature and relative humidity) on the structure of the material packages of the pieces of the upper layer
of standard winter warfighter winter kits of the Armed Forces of Ukraine (norm number 1) with the use of a
wireless body area network in cold with the participation of people was investigated and established.

Practical value. Basic indices of the winter space kit inner space for the comparative tests on the
improvement of the pieces of the upper protective layer are obtained. The results of the research are
important for predicting the maximum time of a warfighter comfortable state and optimizing the quantitative
composition of sensors in the WBAN.

Keywords: comfort, special clothes, protection from cold, temperature, relative humidity, membrane.
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