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Mema. AHaniz doceidy npoekmyeaHHa menao3axucHo2o cneyodsay 0N nNpozHO3y8aHHA
napamempuyHux 0co6/u8ocmel 3axucHUX efeMeHmig 00sey. BusHauyeHHs 4acy 3axucHol dil
KOMNJeKmie mensio3axucHo20 00s2y 3 aKmueHUM menJ08uUM 3axXUCmMoM Npu 8UKOPUCMAHHI
0X0/100XYy4YUX eleMeHmIi8, @ MAakox onmumizayii cniegiOHoWeHb NOMYXHOCM{ cucmemu
0X0/100XeHHA 3a/1eXXHO 8i0 MAcu ma MmosWUHU wapie mennoi30aayil npu Had8UCOKUX
mensio8ux 8NJaUBAX OMOYYH4020 cepedoguwad.

Memooduka OocnidoxeHHAa nobydosaHa HA CcucmeMHOMYy nidxo0i, 3acmocoeaHo
30easbHOHAykosl Memodu aHAsaizy ma cuHmesy, y3azaibHeHHs, nNopisHAHHA. Memodosoeais
docnioxeHb 8Kk/H0YAE MeopemuyHe obrpyHmyeaHHs subopy mamepianie, 6azyemeca Ha
OCHOBHUX NOJIOXEHHAX meopil mensomaconepeHocy.

Pesynemamu. /[locnioxeHHAMU dogedeHo, W0 nacugHuUli mensoguli 3axucm y KOMNaekmax
cheyodsey He 00380J/IS5€ NOBHOK Mipot0 3abe3neyumu 3axucm npayieHUKi8 Nid 4ac 8UKOHAHHS
pobim y sucokomemnepamypHomy cepedosuulyi, momy nompebye 3acmocy8aHHsa cucmem
3 akmueHUM menso3axucmom. OmMpUMAaHoO piBHAHHS 3ajexHocmi pobomu cucmemu
mensi03axucmy 8 0053i 3 ABMOHOMHOK CUCMeEMOK Xumme3dabezneyeHHs 0/ 8U3HAYEHHS
yacy 3axucHol 0il komnaekmy asapiliHo2zo cneyodsey npu pobomi NHOOUHU Y Ha0BUCOKOMY
memnepamypHoMy cepedosuuyl.

Haykoea Hoeu3Ha. Haykogo obrpyHmoeaHo npunyueHHAa w000 peanizayii npuHyuny
NOEOHAHHA NACUBHUX [ AKMUBHUX cnocobie 3axucmy npu cmeopeHHi epekmuesHuUx 3acobis
(HOuBiOdyasnbHo20 3axucmy g8i0 eniusy ekcmpemasnabHUX memnepamyp. BupiweHo 3adayvy
po3nodisly memnepamyp 8 nakemi Mamepiasnie 8 mens03axucHOMy cneyoda3i 3 akKmusHUM
men/i03axucmomM Ha 0CHOB8I meopil mensomMaconepeHocy ma euxo0a4u 3 NpuliHAMuUX 2inomes,
2paHUYHUX yM08 ma npunyuwjeHs. HazonoweHo HeobxiOHICMb CMBOpPeHHA payioHA/NbHUX
KOMNO3UMHUX nakemie wapie mamepianie 0149 NpOEKMYBAHHI pi3HOBUDI8 edheKmMUBHO20
asapiliHo-3axucHo20 0052y, cka1ad AKUX nompebye 3acMoCy8aHHA ICHYOYUX MA CMBOpPeHHs
HOBIMHIX (HHOB8ayiliIHUX Mamepianis.

Mpakmuy4Ha 3Ha4umicme. [IpoaHanizoeaHo mMamepianu 3 HOBUX XIMIYHUX B80JI0KOH Ma
ix koMb6iHayil, 30amHux 3abe3nedyumu 6a2amoMaHimMHICMb BUKOPUCMAHHA pi3Ho8UOD(8
menJsio3axucHo20 cheyodszy 3 ypaxyeaHHAM ymose cepedosuuwd. JJosedeHo, o npuHyUn
6azamowaposocmi o0s2y nompebye kaacugpikayii mamepianie 011 i020 8U2OMOBIEHHA,
a makox 00CAI0XeHHA X menso3axucHUX xapakmepucmuk 018 nodaneuw 020 GopMy8aHHs
y ce2MeHMaAnbHi KOoMno3umu nakemig 3 Memor Npo2HO3y8AHHI 4acy 3axucHol Oil.
3anponoHo8aHO 3acmMoCy8aHHA HAHOCMPYKMYypOB8AHO20 (HHOBAYIUIHO20 MeKCMUJ/bHO20
mamepiany (3 8Jy4YeHHAM HAHOYACMUHOK cpibsna 8 Akocmi 6iIU3ZHAHO20 wapy npu
npoekmyesaHHi T3CO.

Knruoei cnoea: npoekmysaHHs o002y, mensosull 3axucm A0OUHU, Menso3axucHul oose

cheyliasnbHO20 NpU3HAYeHHSA, mekCmubHi 6ap’epHi Mmamepiaau, bazamowaposuli agapiliHo-
pAmyeanaeHuli 0052, Mena03axucHi xapakmepucmuku mMmamepianis
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INTERRELATIONSHIP OF THERMOPHYSICAL PARAMETERS IN THE DESIGN OF CLOTHING WITH
ACTIVE THERMAL PROTECTION

KOLOSNICHENKO O., OSTAPENKO N., STRUMINSKA T., LUTSKER T., MAMCHENKO Ya., REMENEVA
T., YALOVYI V., KOLOSNICHENKO M.
Kyiv National University of Technologies and Design, Ukraine

Purpose. Analysis of the experience of designing heat-protective workwear to predict the parametric
features of protective clothing elements. Determination of the protective action time of sets of heat-
protective clothing with active thermal protection when using cooling elements, as well as optimization
of the power ratios of the cooling system depending on the mass and thickness of thermal insulation
layers at ultra-high thermal effects of the environment.

Methodology of researching is built on a systematic approach, utilizing general scientific methods of
analysis and synthesis, as well as generalization and comparison. The research methodology includes
a theoretical justification for the choice of materials, based on the fundamental principles of heat and
mass transfer theory.

Results. Research has proven that passive thermal protection in sets of overalls does not provide
complete protection for workers in high-temperature environments; therefore, it requires the use of
systems with active thermal protection. An equation describing the dependence of the thermal protection
system's operation on clothing with an autonomous life support system was obtained to determine the
time required for protective action when a person works in an ultra-high temperature environment.

Scientific novelty. The assumption regarding the implementation of the principle of combining passive
and active methods of protection when creating effective means of individual protection against the
effects of extreme temperatures was scientifically substantiated. The problem of temperature distribution
in a package of materials in heat-protective overalls with active thermal protection was solved based
on the theory of heat and mass transfer, utilizing accepted hypotheses, boundary conditions, and
assumptions. The need to create rational composite packages of layers of materials for designing
various effective emergency protective clothing, the composition of which requires the use of existing
and the development of new innovative materials, is emphasized.

Practical significance. Materials from new chemical fibers and their combinations are analyzed,
enabling the diversity of use of various heat-protective special clothing, taking into account
environmental conditions. It has been proven that the principle of multilayer clothing requires the
classification of materials for its manufacture, as well as the study of their heat-protective characteristics,
to form segmental composite packages further and predict the time of protective action. The use of a
nanostructured, innovative textile material incorporating silver nanoparticles as a linen layer in the
design of heat-protective special clothing is proposed.

Keywords: clothing design, human thermal protection, special-purpose heat-protective clothing, textile

barrier materials, multilayer emergency rescue clothing, heat-protective characteristics of materials.

Bcmyn. Tlpouec npoekTyBaHHA | BMbBIp
KOHCTPYKTMBHUX GOpM BUpoby Mae pag

pi3HOBMAIB oasary  (KOCTHOM, KOMOIHE30H,
HakmAka TOLLO) Ta XxapakTep BMKOHaHHA poo6iT,

0CcobANBOCTEN, NOB'A3aHNX, TOTOBHUM UMHOM,
3 3aXUCHUMU OQYHKLIAMU OAAry Ta BMUMAarae
06/iKy B KOMMIEKCi €ProHOMIUHMX, TIFEHIUHNX,
3aXUCHUX, eKcnayaTtauifiHumx, eCcTeTUYHMNX
BVMMOrI, a TaKOX MOKa3HUKIB €KOHOMIYHOCTI i
TEXHOJ/IOTIYHOCTI BUPOOY.

[ONOBHOKO BWMOrOK MpPU  MNPOEKTYBaHHI
TenI03axmMcHoro oaary cnewianbHOro
NPW3HaYyeHHA € 36iNblleHHA 4Yacy 3axXMCHOI
Aii, Wwo 3abe3neuye AkiCHe BUKOHaHHA poboTu
Ta 6e3neyHnin BuWXig i3 aBapilHOI 30HM 3
MiHIManbHUMK pu3nKaMn. Ha nokasHukK vacy
3axX1CHOI Ail Mali>ke He BnAMBaE 0Ccob6ANBOCTI
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ane BiH CYTTEBO 3a/I€XMTb BiZ yMOB eKCryaTalLlii,
cnocoby 3axucty i Moro edpekTUBHOCTI, a
TakoX Macu opary. OcobavBe BifAHOLLIEHHS
O MOKa3HWKa Yacy 3aXMCHOI Aii CKNaAaEeTbCs
npwv NPOoeKTyBaHHI aBapiHO-PATYBaJbHOIO i
aBapilNHO-3aXMCHOrO CMEeLLOAATY, OCKINbKN MOPAA
3 BUMOTOKO EKOHOMIi MaTepiasbHUX 3acobis
BMCYBA€ETbCA HaWbinbll BaroMe i 3Haunume —
coujianbHe.

Mpouec CTBOPeHH:A HOBUX BUAIB CrieLoaary
BKJIFOYAE HACTYMHi eTanu: po3pobka KOHCTPYKLi
BMPOBY 3 BpaxyBaHHAM BNaCTUBOCTEN MaTepianiB
(nakeTiB MaTepianis); po3pobka KOHCTPYKTUBHO-
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TEXHONOMYHOI AOKYMEHTaLi; BUrOTOBNEHHA
eKCnepuMeHTanbHUX 3pa3kiB | AOCAIAHUX
napTin BMPOBIB; MpoOBeAeHHA KOMMJIEKCHUX
(nabopaToOpHMX, CTEHAOBUX, HaTypHUX Ta iH.)
AOCAiAXeHb MaTepiani i BMpobiB; po3pobka
NPoeKkTy HOopMaTMBHOI Ta (abo) TexHiYHOI
AOKYyMeHTau,i.

B wunpokoMy  ceHCi  Temnio3axvcHWUn
cneujanbHun  ogar (T3CO) € KOMMAEKTOM
BMPOOBIB, LLIO HOCUTL IOAMHA, AKi 3a6e3neuyoTb
MOX/MBICTb BMKOHaHHA Heto poboTn B 30HI
nigBULLEHNX TemnepaTtyp cepejoBuia i
B aTMocdepi, HenpuaaTtHin  Ans  ANXaHHS.
MepeniyMmMo OCHOBHI BI/IpO6I/I AKI  BXOAATb
B KOMMJIEKT: cCreuiasbHUA 3axMCHUW  OAAr
3 baratowapoBoro  NoAiPpyHKLIOHAaAbHOIO
KOMMO3UTHOTO  MakeTy MaTepianiB, AKWK
CKJ1aJa€eTbCs i3 TensnoBiabiBato4oro,
Tena0i30NALIMHOro,  MigKNaAKOBOro  LapiB,
6inmM3Hn  Ta  Moxe OyTM  BUKOHaHUM Y
BUIrNA4I KOMbGiHe30HYy abo KypTku i Oprok;
OKPeMO KarioLOHa; pyKaBuLb; CrewB3yTTs,
Temnnoi3otoumMxX Bypok; intomiHaTopy; cuctemm
OXONOAKEHHS, fiKa CKNAAAETbCA i3 AxXepena abo
aKymynaTopa XOno4y, CUCTeMU Tenaos'emy 3
HACOCOM, Ten/J00OMIHHUKOM TOLLO; HWUXHbOI
BiNN3HK; CUCTEMU 3aXUCTy OpPraHiB AWXaHHS;
anaparty 3B'A3Ky Ta CBITWIbHUKY (32 HEOOXiAHOCTI).
IHkoM kKoHKpeTHi Mogeni T3CO MOXyTb He
MaTV¥ B KOMMAeKTi BiNbLIOCTI nepepaxoBaHMX
BMPODIB, a HAMMpPOCTiLWa Tena03axncHa Haknaka
MOXEXHOTO € EANHUM BUPOBOM. TakUM YMHOM,
B OCHOBY PO3p0bKM @i3nUHUX Mogenen npu
NacMBHOMY | aKTMBHOMY TEMaOBWUX 3axXmcTax
MatoTb H6ynv noknageHi ocHoBHI BUuMoru go T3CO
3 ypaxyBaHHAM TeMnepaTypHUX Aiana3oHis,
CKNagHoOCTi  pobiT Ta yacy nepebyBaHHA
npaLorY0ro y BUCOKoTeMNepaTypHMX 30Hax.

AHaniz OdocnidxeHb ma nocmaHoeka
3ae0aHHA. [0 HejaBHLOrO 4acy MOKa3HWUK
yacy 3axuMCHOI Aii  BW3HAYaETbCA  LUAAXOM
NnabopaTopHUX,  KaMepHUX | HaTypHUX
AOCNIAXKEHD, WO He HajaBalOo MOXAMBOCTI X
onTtumizauii [1]. Lle noB'a3aHo 3 HeobXigHICTIO
BUpILLEHHA He 3aBXAu KOpPEeKTHOI
baratokputepiasbHOI 3aZayn B3aEMO3B'A3KIB
napameTpiB — Macu KOMMAEKTY CMeLoAAry, MOoro
€ProHOMIYHMX XapaKTEPWUCTUK, BIACTUBOCTEN
MaTepianiB Ta XapakTepucTuk edekTUBHOCTI
Tenno3axucty (koedilieHTa TeNnAONPOBIAHOCTI,
KoediLieHTa Tena1006MiHy, TepMiYHOro onopy
TOLLLO), EKOHOMIYHOI AOLIIbHOCTI BUKOPUCTaHHSA

KomnnekTiB. Tak Mpuv nacMBHOMY cnocobi
TENNI03aXNCTY, YacC 3aXUCHOI Aii Hanpsamy
3aNeXunTb BiJ Macu KOMMAEKTy crneLoaary
3 BpaxyBaHHAM TMOKa3HWUKIB TemnepaTypwu
OTO4YyOUOro  cepefoBullia | TenaoBOro
BMMPOMIHIOBAHHA;,  BaX>KOCTi  BUKOHYBaHOI
poboTK; KiNbKOCTI  TennoTM | MoTy, AKi

BUAINAOTLCA OPraHi3MOM JIFOAVHW; BAaCTUBOCTEM
mMaTepianis, WO BMKOPWUCTOBYHOTLCA; KiNbKOCTI i
TOBLUMHM LLAPIB TEMA0i30At0H40I 060NOHKM
Towo. lMpu akTMBHOMY crocobi Tenno3axmcrty
AO MepepaxoBaHUX ¢pakTopis Cnif AOAATY BIA
XONOAOAreHTy i 10ro Macy 3 AeTansiMm cuctemm
OXONOAXEHHSA; TemnepaTypn B MNig0AArOBOMY
npocTopi; cnocobi BuaganeHHa metaboniyHoro
Tenna; HaaBHOCTI (abo BiACYTHOCTI) aBTOHOMHOI
AVXanbHOT anapaTtypu TOLLLO.

BaxxnmMBMM HanpAMOM Cy4acHUX JOCAIAXKEeHb
€ BWBYEHHA BMUMBY QI3MKO-MEXaHIYHUX |
Ten1oQi3nYHMX BAACTUBOCTEN  TEKCTUAbHUX
mMaTepianiB Ha NapameTpu oAAry BXe Ha eTani
NPOEKTyBaHHA. Tak, y poboTi [2] aBTOpamu
JOCNIA>XEHO  B33aEMO3B'A30K  B/IAaCTUBOCTEN
TKaHWH NanbTOBOI rPynu (TOBLUUHW, MOBEPXHEBOI
WIABHOCTI,  XOPCTKOCTI,  ApanipyBaabHOCTI,
TNy nepensieTeHHsa) 3 (GOPMOYTBOPEHHAM
Ta cTabinbHICTIO 06'eMHO-cuayeTHUX Gopm
XiHoyoro ogary. OTpumaHi  pe3yabTatu
NiATBEPAKYOTb AOLINBHICTL NapaMeTpUYHOro
NiAXO4y A0 MPOEKTYBaHHA OAArY, 3aCHOBAHOro
Ha nonepeAHbOMY aHani3i  BAACTUBOCTEN
MaTepianis, LWO € METOAONOTNIYHO BAN3BKUM 0
3aBflaHb AAHOrO JOCNIAXKEHHS, CMPAMOBAHOrO
Ha BM3HaYeHHA pauioHaNbHUX Tena0Pi3nYHUX
napameTpiB | Yacy 3aXMCHOI Aii TeN103axXMCHOro
OAAry 3 aKTBHUM Ten103axMCTOM.

Bigomo aekinbka cnocobiB  aKTUBHOrO
TEeNN03axucTy NOANHWM B YyMOBaX BUCOKMKX |
HaABMCOKMX TEMAOBUX BMAMBIB: KOHBEKTUBHUM,

KOHAYKTUBHUIK, KOMbGiHOBaHuA [3]. BoHwM
y CBOKO uepry nepesbayaroTb Tenaos'em
BEHTUNALIEID (wnaHroeumm, pajiaLinHo-

KOHBEKTMBHWM, KOHTaKTHO-ra3oBUW, PIAUHHWNI,
JIOKaNbHO-KOHTAKTHWUI), @ TaKoX Tenjo3'eM 3
BMKOPWUCTaHHAM B IKOCTi XONOZ0areHTy Cyxoro

nbogy.

KoHBekTMBHMI nepeabayac BeHTUAALLO
NiA0AArOBOro NPOCTOPY LUAAXOM Pi3HOMAHITHUX
TEXHIYHUX piweHb. PisHOMaHITHI cnocobwu
BEHTUAALIT NiZOAATOBOrOo NMpocTopy 06'eaHye
3aranbHiCcTb A€l BUAANEHHA Nicas BeHTUAALUIT
niAoAAroBOro  mMpocTtopy  MeTtaboniyHoro
Tensia NKOAWHKW, NapiB MOTy i rasonoAibHux
aHTPOMOTOKCMHIB B OTOYylOYe cepeAoBuLLe
KPi3b TOBLUMHY TENAOI30/OOYOro  OAAry,
WO BEHTWIIOETECA  PIBHOMIPHVAM  MOTOKOM
no BCii ioro mosepxHi. B mpoueci Takoi
dinbTpauii M nosiTpAM i MaTepianom
oAAry npoxoauTb 6e3nepepBHUI TeNNOBUNA
OBMiH Mpu OBMmeXeHOMY TemnepaTypHOMy
nepenagi, Lo CynpoBOAXYETbCA MiHIMaNbHOO
TepMOAMHaMI4YHOK HeobepHeHicTto [4, 5].

BeHTMnAUiA npocTopy nif 0AATOM YacTKOBO
BUpILLYE Npobaemy, ogHaK, MPU JOCUTb BUCOKMX
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Temnepatypax cepefloBuiia He CNpaBaAETbCA 3
30BHILUHIM TEMNIOHAAXOAKEHHSAM, LLO MPUBOAUTL
AO  PO3IrpiBaHHA  BHYTPILWIHIX LWapiB  oAAry.
Mo Uil NPUYMHI Tenno3axMCHi MHEBMATUYHI
KOCTHOMMW 3 3BMYAMHOK CXEMOK BeHTUAALT
PEKOMEHAYHOTbCA ANA  BUKOPWUCTAHHA Mpu
TemnepaTtypi oTouytoyoro cepegosuiua go 800C,
a 3 MOANPIKOBAHOK CXEMOIO BEHTUASALLIT, B AKIN
3aCTOCOBYETbCA AOAATKOBUA LIMPKYAALINHNNA
KOHTYp — avwe po Temnepatyp 1000C.
OaHak, TemnepaTypa 30BHILLHIX LWapiB oAAry,
NPWU3HaYeHOro ANA 3aXUCTY NHOANHM Bij BNANBY
eKCTpeManbHUX MIKPOKAIMaTUYHUX (aKTopiB,
pocsarae 150 — 200 OC. Lis obcTtaBmHa BUCyBaE
A0 TENNO0I30AALiT OAArY, AKNA BUKOPUCTOBYETLCS,
ocobnvBi BUMOTM AN CTINKOTO TEMAOBOrO
3axXMCTy: NOro TEPMiYHNI ONip NOBMHEH ByTW He
meHwe 0,6 — 0,8 (m?*K)/BT. MNpw Taki BEANUYUNHI
TEePMiYHOro OMopYy, OAAT CTAE MEHLL MOTPIOGHUM
AN POBITHVKIB aBapiHO-PATYBabHUX CNy>KH 3a
€ProHOMIYHUMW NOKa3HMKaMMN.

LWnaHroBi  KOHCTpyKUii  nepeabayatoTb
aHaNoriyHW NPUHLMN TeNa03'emy, Npu LibOMY B
3a1@XKHOCTI Bif, KOHCTPYKTUBHO-TEXHONOTYHOTO
pilLeHHA i PI3HOMAHITHUX TOBLYMHAaX
TEeNN0I30AALiI BUTPATU OXONOAXKYHUOro rasy
Malr>e Ha NopsjoK Bulle (HeraTue!),B TOM xe
Yyac Npu LbOMY He AOMYCKaETbCA MPOHUKHEHHA
BOJIOTM B MiAKOCTFOMHWIA NpocTip (no3uTwmsl),
O PI3KO 3HUXXYE TEMNOBUIM OMip 3a paxyHOK
BUNajaHHA KOHAEHcaTy.

KoHBeKkTMBHO-pagiaLinHa cucTema
nepeabavae BMKOPWCTaHHSA B AKOCTI
XONOA0areHTy BOAAHOIO NbOAY B NAACTUKOBUX
amnynax, PO3MiLLEeHNX Y BHYTPILLHIX peLLiT4acTx
KWLLIEHAX oaAry, po3TawoBaHux B obnacTi
Tyny6a, ronoswu, pyk, Hir. OxonoaxxeHe NoBsiTps,
AKe TMOAAETbCA B MIAKOCTIOMHUK MPOCTIp,
BMKOPWUCTOBYETbCA  TakOX AN ANXAHHSA.
BeegeHHA B faHi cucteMun pecnipaTopis KpaLuoi
MoamdikaLii, Hanpukaaa, 3 XiMiYHO-3B'A3aHNUM
KUCHEM i NigCUNeHiI NAacTUKOBMMW amnyiamum
3 1bOAOM B 06/1aCTi CTEroH, CToM i KNCTeN pykK
A03BONAE CYTTEBO MOKPALLUTY YaC 3aXUCHOT Ail.

KpvoreHHa cucTema OXonozaXxeHHa 6yna
peanizoBaHa B MPOTUTENNOBOMY OAA3I B
ckadaHapax Tmny “Tateckad” we y 1965-
1970 pp. [1, 6]. Pe3epByap, po3TalioBaHui
3a MeXxamu kocTioMy, Bmiwas 10 kr cymiwi
a30Ty | KMCHIO; OXONOAXEHHA MiAKOCTFHOMHOrO
NPOCTOpPY 3A4IMCHIOBANOCA L€ ra3onosibHow
CYMILLLLIO, KiNbKICTb AKOT peryntoBanacs LWAAXoM
BMMapOBYBaHHA pPiAWHNW B  BUMapoOBYyBaui,
pO3TalloOBaHOMY 330BHi. TakMM 4YMHOM, ANA
OXO/NIOAXKEHHS ~ BUMKOPWCTOBYBaBCA  TiIbKK
XON04, AKUN OTPUMYETLCA NPW HarpiBaHHi rasy
B MNiAKOCTIOMHOMY MpPOCTOpI Big TeMnepaTtypu
BunapoByBaHHA (6insa 85 0C) o npnbamsHo 300
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0C. HeBaana KOHCTPYKLif KOCTFOMIB, CKAAAHICTb
y NOCTayaHHiI KOCTIOMIB PIAKMM a30TOM i KNCHEM
NPUMYCUAM  BIAMOBUTUCb BIA4 Li€El  Moaeni.
Kpim TOro, KoHCTpyKuis 6yna noTeHLiNHO
Hebe3MeYHO, OCKINIbKM B KiHLji TEPMiHY 3aXMCHOT
Al KOHUEHTpauif KWUCHIO B MIAKOCTHOMHOMY
npoctopi gocarna 60%, a matepiann KocTromMa
He 6ynn BorHetpmBkumu. Chig BM3HATH, LWO
NOTEHLLIMHI MOXNBOCTI KPUOTEHHOI CXemMun B
T3CO He 6ynun po KiHUA peani3oBaHi, Npo LWo
CBigYaTh nonepeaHi AOCAIAXEHHS, OCKINbKN
KPUOreHHa cMcTeMa OXONOAXKEHHA MOXe MaTu
CyTTEBI MepeBarn B MOPIBHAHHI 3 IHWUMWN AK
Ta, WO 3abe3rneyye OAHOUACHO OXOIOAXKEHHS
NiJOAArOBOrOo  MpPOCTOPY | 3axWUCT OpraHiB
AVXaHHA 3 BUCOKOO npaue3AaTHICTHO.

Y BEHTUAALIMHOMY 0Af3i BUKOPWUCTAHHA
aKTUBHOIO  TEMA03axucTty  3abe3neuyetbcs
NOAAHHAM NPOXONOAHOTO nositpa vy

NiZOAArOBMIN NPOCTIP 3 NOAANbLUNM BUBEAEHHAM
BMKOPUCTaHOrO MOBITPA KPi3b Tennoi3onﬂu,i|7|HM|71
nakeT maTepianis. B pesynbTati Takoi dinbTpaLyi,
Mi>XK NOBITPAM | I30TEPMIYHMMU LLIapaMn OAArY
npoxoauTb 6He3nepepBHMI Tena00bMiH npwu
He3Ha4yHOMy TemrnepaTypHOMYy nepenagi, Wwo
3BOANTb MOro A0 MiHIMyMy. TakMM YMHOM,
NnoBITPA 3a/uWae ojAaAr npu Temnepatypi,
613bKOI O TemnepaTypu 30BHILIHIX LWapiB,
MOBHICTIO  BWYepnaBlIM  CBOI  MOTEHLiNHI
MOXX/IMBOCTI K XON0A0areHTy B MakCUManbHO
BUTAHOMY TePMOAMHAMIYHOMY MPOLEC, WO €
6e33anepeyHOL0 NepeBaror iCHyrUNX CMCTEM
OXONOAPKEHHS.

3aedaHHaAM 00Cc/1i0XKeHHA CTano BU3HAYEHHS
yacy 3axMCHOI Ail KOMNAEKTIB TeMn/J03aXMCHOro
O4Ary 3 aKTMBHWUM TEMJIOBMM 3axMCTOM Mpw
BUKOPWUCTAHHI OXONOAXYHUMX efleMeHTIB, a
TaKoX ONTMMI3auii CNiBBIAHOLIEHb MOTY>XXHOCTI
CUCTEMU OXOJIOAXKEHHA 3aNeXHO Big Macu Ta
TOBLUMHW LWWApPIB TEMNOI30AALII NPU HAaABNCOKMX
TENNOBWX BMJ/MBaxX OTOYYHOUOro CepesoBmLLa.

Mamepianu ma memodu 0ocCniO)KeHHs.
AHanis MatepianiB, WO 3aCTOCOBYHOTbCA ANA
BurotosaeHHs T3CO nokasas., Lo B TeMepiLLHIn
Yyac CTpiMKO 36inblUyeTbcA iHPOpMaLia npo
KiNbKICTb ~ BOTHETEMNO03axMCHUX  MaTepianis,
AKI LWBWAKO 3'ABAAIOTLCA Ha PUHKY TOBapiB Ta
nocayr. Lle nos’a3aHO 3 NOABOK HOBMX XIMIUHUX
BOJIOKOH i iX KOMbiHaLin, 3gaTHNX 3abe3neunTm
6araTomMaHITHICTb BUKOPWCTaHHA MaTepianis 3
ypaxyBaHHAM YMOB CepeAoBMLLa.

Ona  crBopeHHa T3CO 3 BUCOKMMU
Ten103axMCHUMU BNACTUBOCTAMM, JOCAIAXKYOTb
TeNnNodi3NYHI  XapaKTepucTukn matepianis i
nakeTis, BUKOHYIOTb X aHasi3, 0brpyHTOBYOTL
BUOBIP, AOCAIAKYHOTb B3AEMO3B'A30K, i MLLE MOTIM
dopmytoTb MaTepiann B nakeTn, po3pobasatoTb
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KOHCTPYKTMBHO-TEXHONOTIYHI  napameTpu i
CTBOPIOKOTb HOBI BUAM 3aXWMCHOTO CNeLoaAry 3
NPOrHO30BaHUMWN BNACTUBOCTAMMW.

®iznuHy  mogenb  komnaektie  T3CO
3 MacMBHWUM  TeMi03axvcToM Ta  CXemy
nakeTy npegcrasneHo y [3], ae AocniaxeHo
0COHNMBOCTI MPOEKTYBAHHA OAATY 3 MacMBHUM
TEeni03axncToM B YMOBaxX MOro GyHKLiOHYBaHHS
y BWCOKOTEMMepaTypHUX cepeaoBuLax Ao
600C. Mop,enb nepep,6aqa€ 6araTtowwapoBui
nakeT i3 maTepianiB, WO  BKAKOYaOTb
TenioBigbvBarounK, BOJIOTO3aXxMCHUMN,
TENI0I30NALIMHNI, NAaPOMPOHUKHWUIA, @ TaKoX
ririeHiYHNn  (copbyroumii) Wwapu MmaTepianis,
NMPU3HaYeHHA KOXHOro 3 AKUX nepejbavac
BMKOHaAHHA CaMOCTIMHOI | B3aEMOMNOB'A3aHOI

3 iHWUMK  wapamn  GyHKUii. TMpn  ubomy
nepeabayvaeTbca TaKoX 3aCTOCYBaHHA
KOMMO3WULMHMX MaTepianis, fKi BUKOHYIOTb

KoMmnaekcHy ¢yHkuito [7]. Pazom 3 Tum,
nepcnekTMBHUMU NPOAYyKTaMUN Ha LibOMY PUHKY
€: Nerki BUCOKOMPOYHI LapyBaTi KOMMO3WULiMHI
MeTan-iHTepMeTannigHi maTtepiann, 3pyyHi Ao
ekcrJyaTtauii B yMOBax BWCOKOI TemnepaTypwu

9]. Taki IHHOBALJiMHI HOHOCTPYKTYpOBaHi
TEeKCTUAbHI  MaTepiaan, B TOMY u4uChi i3
BJAYUYEHHAM HaHo4YacTMHOK cpibna [10, 11],
HamM1 NPOMOHYETLCA BUKOPUCTOBYBATU B AKOCTI
6iIM3HAHOrO LWapy NP NPOEKTYBaHHI KOMMAEKTY

oasry.

Takox 3a3HaunMo, Wo 3rigHo Bumor go T3CO,
HamW 3anponoHOBAHO KnacudikaL,ito MaTepianis,
B OCHOBY fKOI TMOKNAajAeHO TpWM OCHOBHI
Kfacu 3a cnocobom iX OTpMMaHHA Ta cknajy
cupoBuHM (puc. 1). Bigomo [1-5], wo octaHHiMK
AECATUNITTAMW Yy  KOAi yBarm po3pobHUKIB
Ta  BUPOOHMKIB  3aXMCHOTO  CMeuoAsry
3HaXOAATbCA BCi MaTepiann 3 MPOCOYYBaAHHAM
(knac 1) Ta matepiann 3 nokputTam (knac 3).
Martepiaan knacy 2 caig 3actocoByBatM B
04s3i AyXe o0bepexHO, MOCTIMHO CAiAKyHYM
3a IX NOBEAIHKOK B Yaci Npu AOCNIAXEHHI B
NnabopaTtopHMX Ta HaTypHUX YyMoBax. HanbinbLu
NPUAATHUMUN ANA TEPMO3aXMCHOro CreLoaary
€ noniibeH30reTepoLMKAiIYHI, noniaMigHi Ta
nofireTepouunKaiyHi - BUAN. 3abopoHeHUMM
ANA OAAry € maTtepiaan 3 HaTypanbHUX Ta
XIMIYHMX BOJIOKOH HEOPraHi4YHOro MOXOAXKEHHS.

I KPUTUUHUX MO Be€JNYUNHAX TemMnepatypHUx MeTOAOfIOFIﬂ AO0CNIA>KeHb I"pyHTyETbCﬂ Ha
=T =
TepmocTiiiki MaTepiaau
| | |
Marepianm 3 I Marepianu 3 TCPMOCTIHKHX BONOKOH | Marepianm 3
HPOCOUYBAHHAM l l TOKPHTTAM
[ 7 XIMIMHHX BOJIOKOH I 3 HATYPAJIBLHHX
3 HUTYpiTh- 1 L BOJIOKOH e
¢ ou| ————————— e e g, s - e st st s ot s HATYPANBHIX
Hux Soxokon| | oprauivHi | ™ “weopraniuni I i
i e g B e p— —_—— e BOJOKOH
____________ [ | HeopraHivuui |
3 CHHTCTHY- . P R
] BYTTICILCBI | [ ICTepoIanIIOroOR!
u HHX BOJIOKOH ———— ---—.p--—-.._.. | b e e ---_-—1 TKAHMHN 3
el e e ! 30¢CT | XiMiunux
: Kapbo- _]_ nonibesrerepo- BOJOKOH
31 WTYUHNX aamoropi o UMK e e - s
ROJOKOH — i — s S — Co—— 1 Ha \]LIIUHI Kil IITI.II J.IH IIII}'IH llli : X
L orimponai | [ dpoerend ] | | oKciin werain | oL
_HOEHSRPRIRRT ] PO T | NONOTHA
I NMOJANMyIN —— e —— e e e —
——————————— L et NMOJHaM I —|
_:I’_"L‘EH_“_“_' '_"_'_' F‘]_] | '_m“‘k_“lm'l'l_ - | HETRAN
onirere [ e g o o e s R
e S __P( — 1 nonmieninen- 1 nonicyasponami lHTl Marepiain
| nepxiaop- : [ [~ bopranamigni | '————————==—=
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) — I
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Puc. 1. 3aranbHa knacu¢ikalia OCHOBHUX BUAIB TeEPMOCTiiKUX
MaTepianiB ana opAary

rPagieHTIB; XXapOCTiNKi KOMMO3WLiHI MOKPUTTS,
AKI MiLUHI HaHOPO3MIPHUMMK CUAILMAAMK, LLO
A,03BOJIAE 36ibWINTN TeMMepaTypy | TPMBaNiCTb
ekcnayaTauii  BMpObBIB, a TakoX CyTTEBO
36iNbWNTM  IX  HAAINHICTD; BYrJ1€BOJIOKHUCTI
KOMMO3UTWU 3 MeTaseBOK0 MaTpuuero And
BMPOOHMLTBA TEMIOCTOMKUX KOHCTPYKLIMHUX
BMPObIB i3 3ajaHOK0 HaAHOCTPYKTypoto [8,

CUCTEMHOMY MiAXOAI Ta BKJAKOYAE TEOpPEeTUYHE
0brpyHTYyBaHHA BMbBOpPY MaTepianis  Ans
BUIOTOB/IEHHS  TEMI03aXMCHOro  oaary 3
aKTUBHUM TEMN03axMCTOM Ha OCHOBI MONIOXEHb
Teopii TenaomaconepeHocy, MPOMEHEBOrO
TENN00OMiHY Ta TEPMOMPY>XKHOCTI 06ONOHOK i
NAaCTUH.
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Y Mexax poboTu 3acTOCOBaHO aHaNiTUYHI
METOAN TEenJOTEXHIYHUX PO3pPaxyHKiB ANA
OLIHIOBaHHA Tenodi3nYHMX XapaKTepucTmk
maTepianiB i 6HaraTowapoBux KOMMO3UTHUX
nakeTiB. 3OBHILUHE TenJoBe HaBaHTaXEHHS
Ha OAAr OUuiHOBaAW 3  BUKOPWUCTAHHAM
3akoHy CtedaHa-bonbumaHa 3 ypaxyBaHHAM
KoediLlieHTa ONPOMIHIOBaHHS, WO Bigobpaxae
reoMeTpuyHe B3aEMHe po3TallyBaHHA
AKepena BUNPOMIHIOBAHHA Ta 3axuvLlyBaHOI
noBepxHi. Po3paxyHok TennoBoro 6anaHcy
cucTemm «IIOJMHa-0AAT-CepesoBuLLE»
34IMCHIOBaNN 3 ypaxyBaHHAM TenaonepeHocy
Kpi3b 6HaraTowapoBuii nakeT MmaTepianis,
MeTaboliUHOro TEM/IOBUAINEHHS  OpraHiaMy
NMOAVMHM Ta napamMeTpiB CMCTeMU aKTUBHOTO
Tenno3saxucty. [lna BU3HaUEHHA Yacy 3aXUCHOI
Al KOMMAeKTIB  Tena03axvCHOro  oaAry
3aCTOCOBaHO MOJeNb eHepreTM4Horo banaHcy
3 BWKOPUCTaHHAM MNOHATTA MNPUBEAEHOro
MUTOMOrO pecypcy XONoA0areHTy, Wo JAano
3MOry BCTAaHOBUTM paLiOHaNbHI CMIiBBIAHOLIEHHA
MiDK TOBLUMHOK TEMAO0I30NALIMHUX LWapiB i
MOTY>XKHICTHO CUCTEMU OXOJIOAXKEHHA 3a PI3HUX
TemnepaTypHUX pexnmis ekcnayaradii. Metoam
€KCNepTHOro ONUTyBaHHA Ta barato$pakTopHOro
aHanizy BUKOPUCTAHO A1 BUABNEHHS HaMbiNbLL
BMAMBOBMX  UYMHHWKIB, WO  BM3Ha4aroTb
eKcnJyaTaLiHi BAaCTUBOCTI BUPODIB 3 THyUKOHO
MOPGONOTIYHOK CTPYKTYPOIHO.

Pe3ynbTaTt AOCNiIAXKEHD Ta iX OGroBOPEHHS.
AHani3 aBapiviHWX cuTyauii Pi3HOMaHITHUX
Ha3eMHMX i Niag3eMHNX 06'eKTIB, LLO 3aropiancs,
nepesbavae  0cobaMBOCTI  iX  PO3BUTKY,
opraHisauii TyLiHHA NOoXeX, a TaKOXX BUKOHAHHSA
IHLWMX QYHKLIN NpY BeAEHHI NiKBiJaLiMHNX PODIT.
Nokanizauisa i TyWiHHA NoXeX No NpubyBaHHI
NiKBIJATOPIB € OAHOO i3 30BHILLHIX 3a4a4. B Ton
e yac, HeMOXUIMBICTb NIAXOAY A0 MICLA FOPIHHA
6e3 3axmcHux 3acobis (abo BUXOAY MpaLForOUNX
i3 30HW TOPIHHA) CTaBUTb 3ajayvy pPoO3pobku
PI3HOMaHITHUX BWAIB  HaAIMHUX  3aXMCHMUX
KOMMAEKTIB CNeLoasAry, a TakoX HeobXigHiCTb
pO3paxyHkiB He3neyHoi BiACTaHi 4O nanaroumx
06'€eKTiB, e MOXe 3HAXOANTUCb OCOBUCTUIA CKIaj,
HeobMeXxeHuI yac 6e3 3axMcHUX 3acobis

TepMiuHUn onip cnewjianbHoro
Tenn03axmcHoro oaAry 3 nacMBHUM
Tena03axnMcToM 3a MipKyBaHHAMWU €ProHOMIKK
obmexxeHo BeanuymHamu, 6anssknumm go 0,8-1,0
(M2-K)/BT, LLLO He rapaHTye HaAiMHOro TEMNJI0BOroO
3axXMCTy NOANHWN BiA eKCTpeManbHUX TeNAOBUX
BMN/AMBIB OTOYytOUOro cepegosuwa [12, 13].
Tak, BXe npv NOMIPHO BMCOKUX TeMnepaTypax
61m3bko 40-600C npu BUKOHaHHI Qi3MYHOI
pobOTN LWBMAKO HACcTynae neperpiBaHHsA
OpraHiamy, i HeobxijHe 3acTOCyBaHHA oOaAry
3 aKTMBHUM Tenno3axuctom (Buwe 600C).
BianoBigHO A0 BMLLE3a3HAUEHOro, MNakeTn 3
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aKTMBHWUM TEMn103aXncToM MatoTb A0AATKOBUNA
LIap OXO/NIOAXYHUNX eNeMEHTIB 3aNeXHO Bij
cnocoby nNiATPMMaHHA TeNJ0BOro roMeocTasy
OpraHiamy ArANHW.

Maca KOMMJeKTy chneuoaary BK/HOYaE
B cebe CcymapHe 3HayeHHA Takux i
CKNAZOBUX: 30BHIWHLOTO wWapy (0H60N0HKM)
cneuoaary; ogHoro abo Aekinbkox 06'€MHMX
TEN/I0I30NOUMX LWapIiB i3 Nerkmx HeTKaHux
mMatepianis; NigkNagky (BHYTPILIHbLOrO LWapy);
XONoAoareHTy; cncTemu OXONOAXKEHHS.
MNoBepxHeBa LW iNbHICTb | TOBLLMHA 30BHILHbLOIO
| BHYTPILIHBOrO LWAPIB y Pi3HOMAaHITHUX BMAAX
TEN/JI03axMCHOro  cneyoaary  nNpubansHo
OZHaKoBi, TOBTO iX TEeNJI0BUI ONip i LWiNbHICTb
MO>Ha BBaXaTu NocTinHMMKW. Hanbinbwmii Bnave
Ha XxapaKTepuCcTUKN TENN03aXNCHOrO CneLoaAry
CTBOPIOKOTb  TakW  YMHHUKW:  BOJIOKOHHWM
CKnaj, pisHOBWUAIB, TOBLUMHA | KiNbKICTb LIApIB
TEenN0I30H0HUNX MaTepiaiB; KOHCTPYKLIA OAAryY;
KiNbKiCTb (Maca) XxonogoareHTy Ta cnoci6 noro
nogayi B NiAKOCTIOMHWI NpoCTip. TeopeTnyHi
OCHOBW PO3paxyHKy NPOMeHeBOro MoToky, Lo
BMNIMBAE Ha TEMI03aXMCHUA KOMMIEKT 3aXMCHOro
cneuoanAry NikBigaTopa € y3araNbHeHUMW, OfHaK,
AN KOXHOIO KOHKPETHOro BMMaAKy ICHYHOTb
oKpeMi napaMeTpw 3 ypaxyBaHHAM TUMY NOXeXi,
IHTEHCUMBHOCTI Pa3ropAHHA | ANHAMIKM FOPIHHA.

BianosigHo Jile) 3aKOHY CredaHa-
BonbuMaHa, cymapHa MNOTYXHICTb TenJ10BOro
BMMNPOMIHIOBaHHA, BT/M2, gopisHroe [12]:

E=6‘~G-T4I (1)

e € — CTyMiHb YOPHOTM Tina; O—-MNOCTiNHa
CredpaHa-bonbuymana;, T -  abcontoTHa
TemnepaTtypa Tina, K.

BpaxyBaHHA reomMeTpuMyHOro 3B'A3Ky MiX
BMMPOMIHIOKOUYMM TiJIOM i TiJIOM, fike CrpuiMae
BMMPOMIHIOBaHHA MPOBOANTLCA 3@ JOMOMOroH
KoediLjieHTa onpoMiHtoBaHHA. HaniBchepnyuHmm
MPOMEHEeBWI NOTIK, WO XapakTepmnsye NOTy>HICTb
BUMPOMIHIOBaya i PIiBHUA MOBHIN KiNbKOCTI
eHeprii, AKa BUMPOMIHIOETbCA €eNeMEeHTOM
nosepxHi dF, M2, B MiBNpPOCTIp 3a OAWHWLIO
yacy, Q, BT, BpaxoBytoun MOro HepiBHOMIpPHY
WiNbHICTb, PO3rnajaoTe B AndepeHLiiHOMY
Burnagi dQ=E-dF, Bt (E — noBepxHeBa LWiNbHICTb
NOTOKY BUNPOMIHIOBaHH#) (puc. 2).

Y 3B'fi3ky 3 CYTTEBOKO HEOAHOPIAHICTHO
06'eEMHOI CTPYKTYpUX ocepeaky noxexi (bakeny),
PI3HOMaHITHOI  Opi€HTaUil | BiAAaNeHOCTI
OTOUyHOUMX  MNpeaMeTiB  Bij  MNOBEPXOHb
(kopnyciB MalWWH | MexaHi3MiB; martepianis
OAAry i BIAKPUTUX AINAHOK TiNa NHOANHU TOLWO),
NPOMEeHEeBMI TEMNIOBUI NOTIK PO3MNOAINAETLCA Ha
HWX HepPiBHOMIpPHO.
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A

L 4

Puc. 2. Cxema ocepeaKy noxkexi y
oTouylouoi cpepuuHii 060/10HL

Byaemo BBaxatn &V  (xy.z), ™M -
efeMeHTapHUA  06'eM  MOr/iMHaK4yoro i
po3citoro4oro cepegoBuila B obnacti dakeny,
noro Temnepatypa T, K, xapaktepHuii po3mip
|, M. Po3rnsHemMO npoMeHeBMIM TenaoobMiH
Mi>X ob'emom cepesoBMLLa OV i OTOUYHOUOHD
il cdepuyHoi  obonoHkor.  BuzHaummo
BVUMPOMiHIOBaHHSA dQ eNeMeHTapHoro
KinbueBoro nosica dF2 chepunyHoi 06010HKM
Ha enemeHT nosepxHi dF1 uepe3 KynboBWM
noranHaroumn wap (puc 2).

|-|J'IOLLI,a eieMeHTapHOoro KiﬂbLl,eBOFO noAcy:

F-de
COs @, ’ (2)

dF, =2-m-p

ne p2r'sm¢.,ﬂ,ﬂﬂ chepn P1 =92 =P 1op;
dQ=2E, cosq-sing-dp-dF,.

[na BM3HaYeHHA eHeprii, WO MOrMHAaETbCA
cepefoBuLLLEM i3 BUMPOMIHIOBaHHA,  AKe
HafCUNaETbCa  ChepuyHOO OBOIOHKOK Ha
enemMeHT dF1, iHTErpyeMo ocTaHHin BMpas 3a @
Big 0 go /2, Toai:

Y]

dg :—EE-R'-!-f!EICL)s'go-d[cnsgo]:%F-k-f-dE 3)
) ;

Ha pwuc. 2 nosHaummo: A — BiACTaHb Bij
efeMeHTapHoro o6'emy &V A0 [OBINbHO
OpPIEHTOBAHOI NMAOLWAAKM 3 HOPMAAO 71 , O - KYT
Mi>K HanpAMKOM HOpMaJi i NpAMOI, fka 3'€AHye
LeHTpu cdepwu, WO BUNPOMIHIOE, Ta NIOLLAAKMN,
Lo noravHae. Toai BiAHOLWEHHS IHTEHCMBHOCTEN

TenJIoBUX MNOTOKIB Kpi3b chepy &V i cdepy
pagiycom A 6yae obepHeHO nponopuiiHe
BiJHOLLEHHIO NoWwmMH chep, pagiycom 1/2 i A,
TOBTO IHTEHCMBHICTb TEMNOBOrO MOTOKY Kpi3b
cbepy pasdiycom A 3 BpaxyBaHHAM 3aKOHy
NambepTa AOPIBHIOE:

1

oq = 2-k-crAT"‘cusu:kt,-cr-T"-dv, 4)
7 A

A€ BeAnumHa:

k-cosa
ko =—5
A" (5)
Ha31Ba€ETbCA KOEdIiLIEHTOM OMPOMIHIOBaAHHSA.
Came UMM KoediLliEHTOM MOXHa BpaxyBaTu
po3TawyBaHHA O06'ekTiB B MnpocTopi no
BIAHOLIEHHIO O MOBEPXHI, AKa BUMPOMIHIOE.
Bupas (4) po3Bonse 3a BIAOMUM 3aKOHOM
NPOCTOPOBOro  PO3MoAiny Temnepatypu i
koediuieHTiB nocnabneHHa B dakeni nonaym's
po3paxyBaTu LWiNbHOCTI Najaoymx NPOMEHeBUX
MOTOKIB KpPi3b MOBEPXHI PI3HOMaHITHOI OpieHTAaLLi.
Lle ;onomMoxe BU3HaUNTK BIACTaHb Bij OCepesKy
NOXeXi J0 NOAVHU, AKa OAATHEHA Y KOMMIeKT
cnevLoanry.

Cnctema OXONOAXKEHHA TepPMO3aXMCHOro
cneuoaary 3 aBTOHOMHOKO  CUCTEMOIO
XUTT€3abe3neyveHHA OCHOBaHa, AK MpaBuo,
Ha 3aCTOCyBaHHI XON0A0areHTy, KU NOrINHAE
Tennoty npu  $asoBOMy  MNepeTBOPEHHI:
BUMNapOBYBaHHI abo TaHeHHi. [Ana po3mileHHs
XONoA0areHTy B 0AA3i noTpibeH psag aetanen
i MPWCTPOIB, Maca AKUX MponopuiHa Maci
xonogoareHTy  (0BONIOHKM  OXONOAXKYHOUMX
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€/IeMeHTIB, KWLWeHi Ans  iX PO3MilleHHs,
Ten/0i30NbOBaHNI pe3epByap TOLLO), TOMY B
nojanbwomy byaeMo BMKOPUCTOBYBaTN TEPMIH
npvBeAEHOro NUTOMOrO Pecypcy XONOA0areHTy.
TakuM YMHOM, OCHOBHE 3aBAaHHA 3BOAUTLCA A0
BM3HaYeHHA ONTMMaNbHOrO CMiBBIAHOLIEHHSA
TOBLMHM LWapiB Tennoizonauii i macu (abo
MOTYXKHOCTI)  CUCTEMMU  OXONOAXEHHSA,  LO
AacTb  MOXAMBICTb B KIHLUEBOMY BMMAAKY
OTpMMaTV MakKCUManbHUIN TEPMIH 3aXUCHOI Aji
TEPMO3axMCHOTo CreuoAary npu MiHiMaabHiK
Maci KOMNAEKTY.

MpeacTtaBMMO HanaHc TeNIOBOI eHepril Q, I,
B CMPOLLEHOMY BUT AL

Q:QT+QHI (6)

ae 0 _ 3arasbHa KifbKiCTb  TENAOTH,
HakonnyeHa B CUCTEMI OXOJIOAXKEHHS; 0, -
KiZIbKICTb TEMAOTW, fiKa MPOHMKAE KPi3b 060N0HKY
oaAry B neplop, p,u cnctemu oxonogenHs; O,
- CyMapHa KiNbKiCTb TENAOTH, AKa YTBOPOETLCA
3a paxyHoOK mMeTabosi3My opraHiaMy HAMHM,
NPUNANBIB MNOBITPA KPi3b LWBK | 3'€AHaHHA
KOHCTPYKLT OA4ATY, yTBOPEHHSA IHEHO Ha AeTanax
CUCTEMW  OXOJIOAXKEHHA, TenJONpPOBIAHOCTI
NHOACbKOrO Ternna, BTpaTt BOJAOroro nosiTpa 3 nig,
060n10HKM oasary Towo. OcKiNbKK:

74
_ Vp =
=y, -m,. 1+ @
mX
(T-T,)S7
QT =
o, 1 T
/I al aZ ; ”f?— = ph;‘;’ (8)

m m

Ae ' ¥*— Maca xosiogoareHTy, kr; - mMaca
AeTanen i NPUCTPOIB CUCTEMUN OXONOAXKEHHS,
Kr; ¥, - nNpvBeAEHWA NUTOMUWA  pecypc
xonogoareHty, [x/kr, ¥ o - NUTOMUI
pecypc xonogoareHty, [x/kr; T — Temnepatypa
oTtouytouoro cepegosua, K 7, — cepegHa
Temnepatypa B npocTtopi nig ogarom, K; S -
nioLWa NoBEPXHi TEMN0I30N0HYO0I 0H60NOHKMN,
M2; T — 4ac 3aXMCHOI Ail CUCTEMUN OXONOAXKEHHS
abo oasry, ¢ 5—TOBLLI,I/IHa |_uapiB Tennoisonﬂu,i'f
M; A - KoediuieHT Tennonposl,qucn wapis
Tennoisonﬂu,n BT/(M K); % Koecl)ILl,IEHTI/I
Tennoslp,,u,aql 30BHILWHBOTO i BHyTpIIJJHbOFO
wapie obonoHkm, Br/(mM2K); "' — maca LLIapIB
Tenaoisonauii, Kr; — LWiNbHICTL  WapiB
Tenaoizonauii, kKr/mM3, TO nicna nigCTaHOBKM
Bupasis (7) i (8) oTpnmaemo:
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BianoBigHO A0 CTannx 3HaueHb

m,

Q", Vo , M, , Ta npn obmexeHHi (9),

uinboBa QyHKLUIA BUrAagaTUMeE:
szx(5)+m0(5)—>min, (10

m

. m
HIACTaBI/IBLIJI/I BMpa3n *Ta T, OTPUMAEMO:

Q)

Takox BignosiaHo ao (9) Ta (10) 3a3HauUnMO,
WO 36iNbLUEHHA TOBLUMHW WapiB Tenaoizonauii
[AO3BONAE 3MEHLUUTU KiNbKICTb XON040areHTy.
Takmi nigxig NpuvBabAtoe 3MEHLIEHHAM Macu
KOMMAEKTY CneLoaAry, O4HOYaCHO NOripLyroYm
NOKa3HMKN eProHOMIYHOCTI (3HaYHa TOBLUMHA
nakety Mmatepianie). OTXe, AOCNIAKEHHA
BNACTMBOCTEN MaTepianiB, CTBOPEHHA MakeTiB
3 HUX 3 ypaxyBaHHAM 3aXWCHUX CErMeHTIiB
O4Ary BIAMOBIAHMX TOBLUMH, @ TaKOX IHLINX
BXIAHVMX MapaMeTpUUYHUX BeANYMH, Haja€
3MOry BM3HAUUTU 3HAYEHHA Yacy 3aXUCHOT Ail
AN CUCTEM OXONOAXKeHHA abo pi3HOBUAIB
KOMNAeKTIB oaAry. Pe3ynbtat gocnig>KeHb no
BM3HAUYEHHIO paLiOHaNAbHMX CNiBBIAHOLIEHb
MOTY>XHOCTI  CUCTEMW  OXONOAXEHHs N
, Macu wapis TenaoizonAuii My i TOBLLUHW
WwapiB Tenaoi3onAuii npu 3MiHi TemMnepartypu
otouytoyoro cepegosuwa 600C - 2000C
HaBeAeHo Ha puc. 3.

3a3HaunMMo, WO CTane 3HaUYEeHHS BeNNYMHMN
O, BU3HaUeHO  TOPU30OHTANLHOK  MPAMOLO
2, MOTYXHICTb  CUCTEMWU  OXOJIOAXKEHHA
npeAcTaB/ieHa CiMEACTBOM KpuBWUX 3, 5-8, KoxxHa
3 AKMX, 3a/1eXXKHO Bij TeMnepaTypu OTOHYHOUOro
cepesoBuLLa, 3CUMMTQTUUHO HABANXKYHOTBCS A0
npsamol 2 npu ?5 —> 90). TOUkn nepeTuHy NpPAMol
1 3 cimenctBoM KpwBux 3, 5-8 BM3HauatoTb
pauioHasbHy Macy Lwapie Tenioizonauii npwu
BigNoBiAHOMY 3HaueHHi 8. MNpsamMa 4 ans 3HayYeHb
m; =—p S Npu nepeTrHaHHi 3 kpmBumMm 3, 5-8
(Touka A) (puc.3) 4O3BONSE BU3HAYNTL HaNbiNbLL
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pauioHaNbHI 3HayYeHHA Yy CniBBIAHOLIEHHI
TOBLUMHW LWaPIB i30AALIT i NOTY>XXHOCTI CUCTEMM
OXOJIOAXKEHHA ANA  3ajaHol  TemMnepaTtypwu
OTOUYHOYOro CepesoBMLLa.

™, B

30040 =

TCVTIE

SO

MK =N TP Tesmeparyp,
mosite 6 100; | 0 150 nt: '
=l A- TouKa OnTHMN

o
4- rpadrig drvimmmn

Puc. 3. Tpadik 3an1eXXHOCTI NOTY>XXHOCTI
CUCTEMU OXONOAXKEHHSA Bif TOBLUWHW LIApIB
Tennoi30Auii TepMO3axmMCHOro CneLoaary:

1 —rpadik dyHKuii /=mT(d); 2 — rpaq)||<
dyHkuii =0, (8); 3, 5-8 - cimelicTBO
kpuBux GyHkuii /= N(8) npu Temnepatypax
oTouyrouvoro cepegosuwa BignosigHo 60; 100;
120; 1501 200 0C; 4 - rpadik dyHkuii /=mT(S);
A — Touka onTMMymMa

Cnucok JlimepamypHux dxepen

1. BoOnokHWCTI maTepiann Ta BUpOOW nerkoi
NPOMWCIOBOCTI 3 MPOrHO30BaHNUMM Hap'epHUMUM
MeAMKOBIoNoriYHMMM BJ1IaCTUBOCTAMM
MoHorpadia. B 2 u. Y. 1. TeopeTnuHi 3acaau
TEXHOIOTi BUPOOHWLITBa BOJIOKHUCTUX MaTepianis
3 MPOrHO30BaHMMK  Hap’epHUMKN  MefunKo-
6ionoriuHnmm Bnactmeoctamm / C. M. bepe3HeHKo,
B. I. BnaceHko, I. A. IrHaTbeBa, M. B. KonocHiueHko
Ta iH. K. : KHYT/, 2014. 404 c.

2. Pashkevich K. L, Kolosnichenko M. V.,
Yezhova O. V., Kolosnichenko O. V., Ostapenko N.
V. Study of Properties of Overcoating Fabrics during
Design of Women'’s Clothes in Different Forms.
Tekstilec. 2018. Vol. 61, No. 4. P. 224-234. DOI:
https://doi.org/10.14502/Tekstilec2018.61.224-234

3. Kolosnichenko O. V. Ostapenko N. V.,
Struminska T. V., Barabash M. Yu,, Leonov D. S,,
Skliarenko N. V., Lutsker T. V., Remenieva T. V.,
Oliinyk H. M., Navolska L. V., Kolosnichenko M.
V. Peculiarities of Nanostructured Fabrics for
Operation Under Thermal Impact. Nanosistemi,
nanomateriali, nanotehnologii. 2024. Vol. 22, No.

BucHoBkw. MNpeactaBAeHUMUN AOCNIAXKEHHAMM
AOBEfEeHO, WO ANA CTBOPEHHA edeKTUBHUX
KOMMEKTIB TEM/I03aXMCHOrO OAAry AfA poboTK
Y HaABUCOKMNX Ta eKCTPeMaNbHUX TeMnepaTypHUX
BMAMBaxX CAif AOTPUMYBATUCh TaKMX BUMOT, AK :
3abe3neyeHHs perioHasIbHOro (CerMeHTaabHOrO)
TeNNO3HIMaHHA 3 ypaxyBaHHAM aHATOMIYHUX,
dI3i0NOrIYHNX | MCUXONOTIYHUX 0COBAnBOCTEN
AAHOI CTPYKTYpU TennoobMiHy; aBTOMaTU4He
peryntoBaHHA napameTpiB  QyHKLIOHaNbHOIO
CTaHy NHOAMHM B cucTeMax i 3acobax LUTYYHOro
OXOJIOJ)KEHHS; HAAINHICTb CUCTEM aKTUBHOTO
NiATPYMYBaHHA TEN/JI0BOro romeocrasy npu
poboTi B eKcTpeManbHUX TemnJoBMX YMOBaX,
WO peani3yeTbca 3a JOMNOMOrow AybatoBaHHS
i 3acTocyBaHHA A0AATKOBWUX MNpUCTpoiB. Bce
e A03BO/AE 3abe3neunTn Hankpalli YMOBM
bYHKUIOHYBaHHA  TepMoperyasauii - ArAMHN
3@ [OMOMOro  BUKOPWUCTAHHA  CUCTEMU
6ionoriYHOro 3BOPOTHOrO 3B'A3KY, a TaKOX
MOMUIMBICTb LUBWAKOrO 3a/ULIEHHA Hebe3neyHoi
po60ouUOi 30HN Yy BMMNAAKY BiAMOBM OCHOBHMX
cncTem.

OTpuMmaHi 3aNeXHOCTI TEOPETNUYHO
0b6yMOB/IOIOTb  MOX/MBICTb  MPOEKTYBaHHA
TEPMO3aXMCHOTrO CneuoaAry y BigMOBIAHOCTI
3 33faHUM 4acoMm 3axucHoi aii. Kpim Toro,
pi3HOMaHITHI BapiaLyii BYLLIEBKA3aHMX napamertpis
[03BONAOTh LWINBHO NiAINTM 4O NPOEKTYBAHHS
TEePMO3axXMCHOrO CreLoAary 3 BpaxyBaHHAM Macu
KOMMIeKTY CreLoAary, Wo 3Ha4YHO MoKpaLynTk
MOro EeproHOMiYHi MOKa3HUKK i I‘II,D,BI/ILLI,MTb
ePeKTUBHICTb  MNpPW  BWMKOHAHHI  aBapilHO-
pATYBaNbHUX POOIT.
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