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SKCNEPUMEHTAJIbBHOE UCCJIEQOBAHME
PAOUAUMNOHHOU CUCTEMbI YXUSHEOBECINEYEHHNA
C BAKYYMHOU U BO3[ YLUHOMU TEMNJIOU3OJNIALUMEN

B. 1. Kaparycos', 1. C. Konnakos?, B. A. HembiknH?, 1. H. Morynses?

'OMCKMIA rOCYRapPCTBEHHbIM TEXHUHECKMI YHUBEPCHUTET,
Poccus, 644050, r. Omck, np. Mupa, 11
2HayuHo-TexHn4eckuin Komnneke «KpuoreHHas TexHuKa»,
Poccus, 644105, r. Omck, yn. 22 Maptcbvespa, 97, kopn. 1

B cTaThe npeAcTaBneH pa3paboTaHHbIM IKCNEPUMEHTANbHBIM CTEHA ANSl MCCNefOBaHMSl PaJMaLMOHHOM CHCTe-
MBI M3Heob6ecneyeHusi. B COCTaB 3KCNEPUMEHTANILHOrO CTEHAA BXOAMT M3MEpPMTENbHbIM MOAYIMb C TpeMs
U3MEepPHUTENbHbIMM SlYEeMKaMM: C BaKYYMHOM, BO3AYLUHOM Tennousonaumen u 6e3 tennousonaumu. 3afavyamm
UcCnefloBaHMs SIBRSIETCS NPOBefeHMe SKCMepPUMMEHTaNbHbIX MCCIeAOBaHMH PafMALMOHHOM CHMCTEMbI YKM3He-
ob6ecneyeHMs B JHEBHOE M HOYHOE BPeMSsl B YCIIOBUSX CUOMPCKOM 3UMBI.

B xofe MccnefoBaHMsi BbISIBIEHO, YTO PajMalLMOHHasl MaHenb, YCTAaHOBMIEHHas onpefeneHHbIM obpa3om,
MOXKeT M3nyyaTh Gonblue 3HepPruM, YemM nonyyatb OOPATHO OT OKpYXKalowen cpefbl unM, Hao6opoT, nony-
4yaTh Gonblue 3HEPruM, Yem M3nyyaTb B OKpPYKalolyio cpeay. B pesynbtate ee Temneparypa MOXeT 6biTh
HMXKE TeMnepaTypbl OKPYXAIOLWEro BO3AYyXa, YTO MO3BOASIET NOJMy4YaTh XONOJONPOM3BOAMTENLHOCTL 6e3
3aTpar 3Heprum. Temnepatypa MOXeT ObiTb Bbille TeMNEpaTypbl OKPYXKAIOLWEro BO3Ayxa, YTo noseonsiet
nonyyatb TennoByio 3Hepruio or ConHua. 3TM npoueccbl SBASIOTCS 3KONOrMYECKM YMCTbIMM M OTHOCSTCS
K BO30OOHOBNSI@MbIM MCTOYHMKAM SHEPIMM.

KnioueBble cnoBa: pag1aLlMOHHbIe CUCTEMbI »M3HeobecneveHus, BaKyYyMHas Tennousonsuus, MHOFOCJIOMHO-
3KpaHHasa uM3onauyms, oéorpes, oxnaxaeHue, CoJjiHe4yHoe u3ny4vyeHue, BO306HOBNSIEMbIE MCTOUHMKM SHepPruu.

BBeapeHue

PapmnanmoHHbIe CHCTEMBI JKU3HE00eCIeYeHUsI MOTYT
BBITIOAHSTHL ABe (PYHKIIMHM: HarpeB TEIAOHOCHUTEAS OT
COAHEUHOT'O M3AYYEHUS A Llered 00oTrpeBa MAU rops-
yero BOAOCHAOKeHUs [1] U oXra’KAeHUe TEIIAOHOCHUTe-
ASL ITyTEM HU3AYYEHUs B HE0O AMS ITeAel KOHAMIIMOHUPO-
BaHMSI BO3AYXa AW OXAQKACHHS IIPOAYKTOB M 1Ip. [2].
ITpu onmpepeAeHHON OpraHU3alluH IIPOIeCCOB TETIA000-
MeHa M3AyYEeHHEeM M COOAIOAEHWHM Mep 0e30IaCHOCTH
SKU3HEAESITEABHOCTH 3TH ABe (DYHKIUM MOTYT OBITh
00 BEeAHEHBI.

B papvManmoHHBIX CHCTEMax JKU3HeoOeCIeYeHUst
TEIIAOBOM IIOTOK MOJKET MMeTh ABa HAIPpaBAEHUS: OT
OKpYyJ’KaIoIe CpeAbl K PAAMAIlMOHHOW IIaHEAW U OT
PaAMAIMOHHOM IIaHEeAM B OKpPY’Karmllyro cpepy [3].
B mepBOM CAydYae IIPOUCXOAUT HArpeB TEIIAOHOCUTEAS
OT COAHEYHOI'O M3AYUYEHHS AN OOOrpeBa IOMeIleHUN
UAU TIOAOTpPeBa BOABL. Bo BTOpOM cAydae IPOUCXOAUT
OXNA@KAEHUE TEIIAOHOCUTEAS [4] AAST KOHAUIIMOHUPOBA-
HUS BO3AyXa M 3aXOAKUBAHUS KaMep AAS XpaHeHUs,
HaIpuMep, IPOAYKTOB [J].

[lpu opueHTAUM papWAlMOHHOM IIaHEeAW Ha OT-
KPBITBIM y4acTOK HeOa OHa MOJKET M3AyYaTh OOAbIIIee
KOAMYECTBO JHEPruy, 4YeM IOCTyHalolee OT OKpy-
>Karolen cpeppl. Ilpu 3TOM ee TemmepaTrypa MOXKET
OBITb HM)KE TeMIlepaTyphl OKPYJKAIoIIero BO3AYyXa,
YTO IIO3BOASET IIOAYYUTH XOAOA B HOYHOE BpeMs 3KO-
AOTHMYECKU YUCTBHIM CIIOCOOOM 0e3 3aTpaT 3Hepruu [6].
B AHeBHOe BpeMst papAUaIlOHHAasE CUCTEMA MOJKET ITOAY-
YaThb COAHEUHYIO TEIAOBYIO JHEPIHIO AAS, HaIpHMep,
OTOIINEHUSI, UYTO IIO3BOASIET MCIIOAB30BAaTh BO30OHOBAS-
eMbIY MCTOYHUK SHepruu [7].

Ha puc. 1 nokasaHa cxeMa papMaIiMOHHON CHCTEMBI
KU3HeoOeclleueHUs: ¢ oObepAMHeHHeM (QYyHKIIUM 000-

rpeBa U OxXAakKAeHUA. B KauecTBe npuMepa IpUBepeHa
ABYXKOHTypHasl cxeMa C AByMsI HacocaMHu: B II€PBOM
IUPKYASIJMOHHOM KOHType C PAAMAIMOHHOM ITaHEeABIO
1 m HacocoM 5 3amnpaBAeHa He3aMep3arolas JKUAKOCTE,
BO BTOPOM — BOAA. KoMMyTalus MOTOKOB JKUAKOCTEN
OCYIIeCTBASIETCS NPU IIOMOIIW KAAQIIAHOB (BEHTUAEU
NIpU PYYHOM yIIpaBAaeHum) 7 — 16.
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Puc. 1. CxeMa ABYXKOHTYPHOH papAuaniuOHHON
CHCTeMBbI )KU3HeoOecneyeHust
c 00 beAuHeHNEeM (DYHKIHHI 000rpeBa U OXAa>KAEHUS:
1 — pajpmManoHHAas TaHEeAb; 2 — aKKYMYASTOP XOA0AQ;

3 — @aKKYMYASITOP TENAOTHI; 4 — TEIIAOOOMEHHUKH
(papmaTopsl, 6aTapen, BO3AYXO0XAQAUTEAH) B IOMEIIEHUSIX;
5, 6 — Hacocel; 7—16 — KAanaHbl (BEHTUAH)

Fig. 1. A two-circuit scheme of the radiation life-support system
with the integration of heating and cooling functions:

1 — aradiation panel;

2 — a cold accumulator; 3 — a heat accumulator;

4 — heat exchangers (radiators, batteries, air coolers)
in premises; 5, 6 — pumps; 7—16 — valves




B HOuHOM peskuMe [8] XOAOA 3amacaeTcs B aKKyMy-
ASITOPE XOAOAQ 2, @ AHEM OXAAKAQIOTCS TOMEIeHUs IIPU
TIOMOIIIM TEIIAOOOMEHHUKOB 4. B AHEBHOM pe’KuMe Tell-
AOTA 3aIlacaeTcsl B aKKyMYASATOpe TENAOTHL 3, @ HOYBIO
00OrpeBarOTCs MOMEIEeHUST AN IIOAAEPIKaHUS MUKPO-
KAVMAaTa B HUX IIOCPEACTBOM TEIIAOOOMEHHUKOB 4.

B Apyrux BapuaHTaxX HMCIOAHEHMS CHUCTeMa MOXKeT
OLITH OAHO-, ABYX- U TPEXKOHTypHas. B OAHOKOHTYp-
HOM cucTeMe >XM3HeOoOeCIlleueHNUsl 3alpaBAsIeTCs OAWH
He3aMep3aroluil TEeIIAOHOCUTEABb, KOTOPBIU IJUPKYAU-
pPyeT B paAMAIMOHHOM IIaHEAM, aKKyMYASATOPaX XOAOAQ
U TEIAOTEI, & TaKKe B TEIAOOOMEHHOM OOOPyAOBaHUU
B o0eclieuynBaeMbIX IIOMeI[eHusX. B 3ToM BapuaHre
TpeOyeTcsl BCero OAMH >KUAKOCTHOM Hacoc.

B TpexXKOHTYpHOM CHCTeMe >KU3HeOoOeCleueHUus
He3aMep3arolui TEIAOHOCUTEAb IIUPKYAUPYET B KOH-
Type PapMalMOHHOM TMaHeAu. APyTOWd TeIAOHOCHUTEAb
MO>KeT OBITh OOLIYHBEIM MAW He3aMep3alolluM B 3aBU-
CUMOCTU OT YCAOBUM 3KCIAyaTallUM M LUPKYAUPYeET
B OTA€ABHOM KOHTYDE aKKyMYASITOPA XOAOAQ U CUCTEME
KOHAUIIMOHUPOBAHUS BO3AyXa. TPeTHUH TEIAOHOCUTEAD
LUPKYAUPYET B KOHTYpe aKKyMYASTOPA TEIIAOTHL U CHU-
CTeMe OTOIIA€HUSI UAU IOAOTPeBa BOABL. B kKaxpoM u3
Tpex IUPKYASIIIMOHHBIX KOHTYPOB TpPeOyeTCs OTAEeAb-
HBIA >KUAKOCTHBIM Hacoc. TelmAoOOMeHHUKH 4 B Tell-
AOM K XOAOAHOM KOHTYypPaxX TEIAOHOCUTEAEU B 3TOM
BapUaHTEe AECAQIOT PA3AEABHBIMU AASA YIIPOIIEHUS KOM-
MyTaluu.

OO0BEKT NCCACAOBAHUM

OOBEKTOM UCCAEAOBAHUM SIBASIIOTCSI U3MEPUTEAD-
HBI MOAYAL OKCIIEPUMEHTAABHOTO CTeHAQ, ITOKa3aH-
HOTO Ha PHUC. 2, AAI OIpPepereHHs HHTEeHCUBHOCTU
Y HalpaBAeHUS TEeIAOBOIO IIOTOKa PpPaAUaIllMOHHOU
CUCTeMBI >KH3HeoOecredeHUs: [9]. OKcIepuUMeHTaAb-
HBI CTEHA COCTOUT M3 U3MEPUTEABHOTO MOAYAS
1 1 yeTblpexKaHaABHOTO Aorrepa 88598 2, KOTOpPHIM
duUKCUpyeT C HEOOXOAUMMOMN 4YacCTOTOM U TOYHOCTBIO
yeTBIpe TeMIlepaTyphl: TPU TeMIepaTyphkl Ha sueil-
kax [, II, IIl ©3MepUTEeABHOrO MOAYASI U TeMIlepary-

Puc. 2. CxeMa 3KCIepUMEHTaABHOTO CTEHAQ:
1 — M3MepHUTEABHBIN MOAYAB;
2 — yeTbIpexKaHaAbHBIN AoTTep 88598;
3 — gueiika III — Tpy6a c BakyyMHO#H TEIIAON30ASIIUEN;
4 — g4eiika I — TpyGa 6e3 TeNAON30AIINY;
5 — gyeiika Il — Tpy6a ¢ BO3AYIIHO TENIAOU3OASIHEN;
6 — Tepmomnapa t_;
7 — Tepmomnapa {,; 8 — repmomnapa t,; 9 — Tepmonapa i,
Fig. 2. The scheme of the experimental stand:
1 — a measuring module;
2 — a four-channel logger 88598;
3 — cell III — a tube with vacuum heat insulation;
4 — cell I — a tube without heat insulation;
5 — cell I — a tube with air heat insulation;
6 — a thermocouple ¢ ; 7 — a thermocouple ¢,;
8 — a thermocouple {,; 9 — a thermocouple ¢,

Py OKpy»>Kalolllell cpeAbl. UeThIpeXKaHaAbHBIM AOTTEp
88598 obecneunBaeT pa3pellalonlyio CIIOCOOHOCTD U3-
MepeHUs TeMneparypsl He xy>xe 0,1 °C mpu norpemr-
noctu udMmepenuti = 0,02 °C. Tako arorrep ¢ TepMoIia-
pamu K-Tumna B yCAOBUSX KPYTAOCYTOYHBIX U3MepPeHUN
[10] cubupckoil 3uMMOM IIPEANOYTUTEABHEN CHCTEM
C TAEHOYHBIMH TepMOMeTpaMU CONpOTHUBAeHus [11].
[MaMATH YeTBIpeXKaHaABHOTO Aorrepa 88598 mo3BOAd-
€T IPOBOAUTL AAUTEABHBIE UCCAEAOBAHUS Ha JKCIIEpPU-
MEHTAABHOM CTEHAE.

W3MepUTEeABHBINT  MOAYAB  3KCIE€PUMEHTAaABHOTO
CTeHAA COCTOUT M3 TpeX U3MEePUTEeAbHBIX g4yeeK: 3 —
sayeika III — mepHas depHeHas TpyOa C BaKyyMHOM
tenaonsoasanuent (0,01...0,00001 MTIla) MmeRAy MeAHOMU
U CTEeKASTHHBIMH TpyOaM{, PacIOAOKEeHHBIMH KOakK-
CuanbHO; 4 — guelika | — MepHad depHeHass TpyOa
0e3 TenAousoAdUM; 5 — guerika Il — MepHast yuepHe-
Has TpyOa ¢ TEIAOU3O0AIIINeNd pa3pesKeHHBIM BO3AYXOM
(0,06...0,09 MIa) Me>XKAY MEAHOM U CTEKASHHBIMU TPY-
0aMH, PaCIOAOKEHHBIMU KOaKCHUAABHO.

CreneHb 4epHOTE MeApHBIX Tpyo — 0,93..0,95 —
OIlpeAeAsiAach CpaBHUTEABHBIM MeTopoM. Ha Bcex Tpex
MeAHBIX TPyOaX YCTaHOBAEHBI XPOMeAb-aAlOMeAeBhIe
TepMonaph!l (Tun K), uyeTBepTad Takas >Ke TepMollapa
YKPBITa MHOTOCAOMHOM 3KPAHHO-II€HOIIOAUITUACHOBOM
TEIIAOM3OASIIINEN U U3MepsieT TeMIlepaTypy OKpy’Kalo-
mero BO3AyXa 0e3 BAWSHUS BeTpa. BHYTpPH MeAHBIX
TpyO HAXOAUTCS pa3pe’KeHHBIN BO3AYX IOA A@BAEHHUEM
0,06...0,09 MTTa.

Marepuanbl: BHyTpeHHsA TpyOa — MeAb M3 O 20%1;
Hapy’kKHas Tpyba — cTekro ¢ 32%3,5; repMeTU3UPYIO-
e NpoOKM — Kopa MPOOKOBOTO Ay0a; MOKPHIBAIO-
e — M3 IeHOIIOAUCTHUPOAA C 3alUTOM U3 Maurapa.

@otorpaduss U3MEPUTEABHOTO MOAYAS OSKCIIEpH-
MEeHTAABHOI'O CTEHAQ B IIOAOJKEHUM IIOA YTAOM 71,5 rpa-
Ayca K TOPU30HTY IpuBepeHa Ha puc. 3. OpueHTanus
TpyO M3MepUTEeAbHBIX SUueeK ceBep — IOr.

AaBAreHme U BAQKHOCTL Hapy’KHOTO BO3AyXa U3Me-
PSIOTCSI AOKAABHOM MeTeOCTaHIIMeu.

[Moropnsie ycaosug ¢ 01.01.2018 r. mo 07.01.2018 1.
sCHasgd TIIOTOAA C PEeAKMMU IepUCTBIMUA OOAaKaMH;
AaBAeHHe aTMocepHOro Bosayxa 773...775 MM. PT. CT,;
BeTep IepeMeHHBLIX HamnpaBAeHH# 0.2 M/c; TeMnepa-
Typa — 15...—35 °C; BA@XKHOCTb Bo3payXa 72..75 %. Otu
TIOTOAHBIE YCAOBUSI TIPUBOAMAU K BEHITAACHUIO HHESs
Ha W3MEPUTEABHOM MOAYA€ M K BEHIIIAA€HUIO CHeTa
B HOYHOe BpeMs C sICHOro Heba. VHell 1 cHer ¢ u3Me-
PUTEABHOTO MOAYAS yOHpaAcsa MeXaHWYeCKU. B Houb
Ha 02.01.2018 r. — moAHOAyHUE.

MeTOoABI HCCAEAOBAHUS

OKCIlepUMeHTaAbHble UCCAEAOBAHUS IIPOBOAUAUCH
IIyTeM M3MepeHHUs YeThIpex TeMIlepaTyp Ha WU3Mepu-
TEABHOM MOAyAe: t; L, t3; toc B COOTBETCTBUU C PUC. 2.

Puc. 3. ®oTorpadusi U3BMEPUTEABHOTO MOAYAS
9KCIEePUMEHTaABHOTO CTEHAQA
B IIOAO’KEHHH MOA YTAOM 71,5 rpajpyca K TOPU30HTY
Fig. 3. The photograph of the measuring module
of the experimental stand position at an angle
of 71,5 degrees to the horizon
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V3mepeHus NPOBOAUAUCH B ABYX IOAOJKEHUSIX M3-
MEPUTEABHOTO MOAYAS OSKCII€PUMEHTAABHOTO CTeHAQ:
TOPU3OHTAABHOM U IIOA YTAOM 71,5 rpapyca K TOpU30H-
Ty, 9TO COOTBETCTByeT HampaBaeHHuIo Ha COAHIIE B 3e-
HHUTe AASI AQHHOTO BPEeMeHU U AQHHOTO MEeCTOIIOAOJKe-
HHUS U3MePUTEeABHOro MOAyAsA [12]. OpuenTanus Tpyo
U3MePUTEABHOTO MOAYAS ceBep — IOT. Vi3aMeHeHUe 10-
AOJKEHUs U3MEPUTEABHOTO MOAYASI C TOPU30HTAABHOTO
Ha IIOAOXKEHHUE II0A YrAOM 71,5 rpapyca K FOPU3OHTY
onin0 mpoBepeHo 05.01.2018 r. B 11:24. Mzamepureanb-
HBIM MOAYAb YCTAHAaBAMBAETCS Ha OTKPBITOM MAOIIaAKe
UAU Ha KpBHBIIIIe.

Pe3yAbTaTbl TEpPBBIX OKCIEPUMEHTOB IIOKa3zaAu
NPUHIUNHAABHYIO PaboTOCIOCOOHOCTL JKCIEepUMEH-
TAaABHOTO CTeHAQ, WHTEePBaA MEXXKAY W3MEpPEeHUsIMHU —
1 MuH.

Ha puc. 4—6 mokasaHbl Pe3yABTATEl SKCIIepUMEH-
TaAbHBIX H3MEpeHHUHN TeMIlepaTyp B AHEBHOe BpeMd,
noAydeHHEIe 4, 5 1 6 ssuBapst 2018 r. mpu ropU30HTaAB-
HOM PaCIOAOKEHUM HU3MEPUTEALHOTO MOAYAS W IIOA
yraoMm 71,5 rpapyca K TOPU30HTY.

Ha puc. 7—9 nokasaHbl pe3yAbTaThl 3KCIIepUMEH-
TaABHBIX H3MEepeHHUIN TeMIlepaTyp B HOYHOe BpeMd,
noAaydeHHele 3, 4 u 6 suBaps 2018 r. mpu ropu30HTaAB-
HOM PACIOAOKEHUM U3MEPUTEABHOTO MOAYAS W IIOA
yraom 71,5 rpapyca K TOPA30HTY.

Ha puc. 4—9 TemmnepaTypbl COOTBETCTBYIOT Tep-

MomapaM, IIOKa3aHHBIM Ha pucC. 2: { — TeMIlepaTy-
oc
pa OKpy’Kalolllero BO3AyXa; [, — TeMmImepaTypa TPyObI
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Puc. 4. Pe3yAbTaThl 3KCIIepUMEHTAABHBIX
U3MepeHuil TeMIlepaTyp OT BpeMeHH, B AHEBHO€e BpeMs],
noayyeHHsle 4 suBaps 2018 r.

NP FTOPU30HTAABHOM PaCIOAOKEHUU N3MEPUTEABHOTO MOAYAS
Fig. 4. The results of experimental temperature measurements
according to time, in the daytime,
obtained on January 4th, 2018 with the horizontal location
of the measuring module
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Puc. 5. Pe3yAbTaThl 9KCII€PUMEHTAABHBIX H3MePeHUI
TeMIlepaTyp OT BpeMeHH, B AHEBHOe BpeMs,
noaydeHHsle 5 stHBaps 2018 r.;

B 11:24 ropu30HTaABHOE ITOAOIKEHHE N3MEPUTEABHOTO MOAYAS
HM3MEeHEHO Ha IIOAOJKEeHHe MOA YrAoM 71,5 rpapyca K TOpPH30HTY
Fig. 5. The results of experimental temperature measurements
according to time, in the daytime, obtained on January 5th,
2018; at 11:24 a.m. a horizontal position of the measuring
module was changed to the position at an angle
of 71,5 degrees to the horizon

6e3 TeNAOM30AALUY; [, — TeMIlepaTypa TPyObI C BO3-
AYIIHOW TEMAOU3OAsILIUel; [, — TeMiepaTypa TPyObl
C BaKyyMHOM TEIIAOU3OAAIUEN.

Pe3yabTaTsl 1 00Cy’KA€HHE

W3 rpauKkoB, IpUBEAEHHBIX Ha PUC. 4 — 6 AAST AHEB-
HOTO BpeMeHHM, BUAHO, UTO TeMIIepaTypehl, f, u t, BBIIIe,
geM [ , 4YTO IIOKA3BIBAeT HANpaBACHUE TEIAOBOTO
IIOTOKa OT OKpY’Kalolle¥ CpeAbl K H3MepUTEALHBIM
sTIeKaM U3MEPHUTEABHOTO MOAYASL.
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Puc. 6. Pe3yAbTaThl 39KCIIepUMEHTaAbHBIX U3MePEeHUIl
TeMIIepaTyp OT BpeMeHH, B AHEBHOE BpeMs,
noay4yeHHble 6 sHBaps 2018 r. npu MoAoKeHUN N3MEPUTEABHOTO
MOAYAS IOA YTAOM 71,5 rpajyca K TOPU30HTY
Fig. 6. The results of experimental temperature measurements
according to time, in the daytime, obtained on January 6th,
2018 at the position of the measuring module at an angle
of 71,5 degrees to the horizon
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Puc. 7. Pe3yAbTaThl 9KCIepUMEeHTAABHBIX H3MePeHUI
TeMIIepaTyp OT BpeMeHH, B HOYHOe BpeMs,
noay4deHHsle 3 sHBaps 2018 r. npu ropu30HTaABHOM
PacIIOAO’KeHUH U3MEPUTEABHOTO MOAYAS
Fig. 7. The results of experimental temperature measurements
according to time, in the nighttime, obtained on January 3d,
2018 with the horizontal location of the measuring module

1:30:00
21:55:00
22:20:00

:45:00

0:00:00

0:25:00

0:50:00

1:15:00

1:40:00

2:05:00

:30:00

2:55:00

3:20:00

3:45:00

4:10:00

4:35:00

-24.00

19:25:00
19:50:00
20:15:00
20:40:00
21:05:00
23:10:00
23:35:00

19
2

-25.00

>

01.2018
-26.00

Temmeparypa, °C
N N
N
8

e

V‘Tl

-30.00

-31.00

Puc. 8. Pe3yAbTaThl 9KCIIepPIMEHTAAbBHBIX U3MePEeHUI
TeMIlepaTyp OT BpeMeHH, B HOUHOe BpeMs,
noay4yeHHble 4 saBaps 2018 r. npu ropu3oHTaABHOM
PacnoA0KeHUH U3MEPUTEABHOTO MOAYASE
Fig. 8. The results of experimental temperature measurements
according to time, in the nighttime, obtained on January 4th,
2018 with the horizontal location of the measuring module
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Puc. 9. Pe3yAbTaThl 9KCIIEePUMEHTAABHBIX H3MEPEHHH
TeMnepaTryp OT BpeMeHH B HOYHOE BpeMsi, IOAY4YeHHbIe
6 suBaps 2018 r. Ipy MOAOKEHNU N3MEPUTEABHOTO MOAYAS
oA yraom 71,5 rpapyca K TOpU30HTY

Fig. 9. The results of experimental temperature measurements

according to time, in the nighttime, obtained on January 6th,
2018 at the position of the measuring module at an angle

of 71,5 degrees to the horizon

Temmeparypa f, 4YepHeHOW MeAHOW TPYOBI BBIIIE
TeMIlepaTyphbl OKpYyJKalollel CpeAbl WH3-3a Harpesa
COAHEYHBIM U3AYYEHHEeM, HO HUXKe, ueM f, U t, Temo-
U30AUPOBAHHBIX YepPHEHBIX MEAHBIX TpyO. Temmepary-
pa t, BBIlIE, YeM [, TaK KaK AABACHHE B MEXTPYOHOM
npocrpaHcTBe sguelku Il HU)Ke, yeM B MeXXTPyOHOM
npocrpaHcTBe gueriku . Konebanusa TemnepaTypsl Ha
sgyerike | 6oAabIlle, yeM Ha sguerikax Il u III u pake Koae-
GaHusi TeMIepaTypbl OKpy’Kalollen CPeAbl f , Tak Kak
syeiika I o6ayBaeTcss BETPOM.

I'padbuku, npuBepeHHBIE HA PUC. 7 —9 AAT HOUHOIO
BpeMeHU, ITOKa3bIBalOT, YTO TeMIepaTrypsl f, {, U i,
HUXKe, 4eM ! , UTO ONpEeAeAseT HAalpPaBACHHE TEeIAO-
BOTO ITOTOKA K OKPYy’Kalolllell cpeAe OT U3MepPUTEeABHBIX
sTYeeK M3MEPUTEABHOTO MOAYASL.

Temneparypel £, 1 t, OTAUYAIOTCS HE3HAYUTEABHO,
YTO TOBOPHUT O TOM, UYTO B HOYHOE BpeMsl IIPHU TeIAO-
BOM IIOTOKE OT M3MEPUTEABHBIX g4eeK B OKPY’Karo-
LIYIO CpeAy KaueCTBO BaKyyMHOM M3OAALUU He UMeeT
OOABIIIOTO 3HaUeHMs B OTAWUYME OT AHEeBHOTO BpeMeHU
NIPU TENAOBOM IIOTOKe IIPOTUBOIOAOSKHOTO HalpaBAe-
HUS.

MaxkcuManbHasi PpasHOCTb  TeMIlepaTyp HOYBIO
03.01.2018 r. mpu TOPU3OHTAABHOM PAaCIOAOKEHUU
U3MePUTEABHOTO MOAYAS cocTaBuAa 1,9 rpapyca aas
BCeX TpeX g4eeK, HO B pa3Hble MOMEHTHI BpeMeHH.

MaxkcuManbHasi pa3HOCTb TeMIepaTyp HOYLIO
04.01.2018 r. mpu TOPU3OHTAABHOM PaCIOAOKEHUU
U3MEPUTEABHOIO MOAYASL cOocTaBuAaa 1,5 rpapyca ansa
sauenku [; 1,6 rpapyca prga gueex I m 111

MaxkcuManbHass Pa3HOCTh TeMIepaTyp HOYBIO
06.01.2018 r. mIpu NOAOKEHUU HU3MEPUTEABHOTO MOAY-
Ad 1oA yraoM 71,5 rpapyca K TOPU3OHTY COCTaBUAA
1,1 rpapyca ara gueniku I; 0,8 rpapyca ara gueiiku 11
u 0,7 rpapyca prg gueiiku 11

CAepyeT OTMETHTB, 4TO IIPW TOPHU30HTAABHOM pac-
TIOAOKEHUN H3MEepUTEABHOTO MOAYAS B pasHBIe MO-
MeHTBl BpeMeHM MaKCHUMaAbHble Pa3HOCTU TeMIlepa-
Typ BCeX TpeX siueeK MEeHSIAUCh MeCTaMH{, a HOYbLIO
06.01.2018 . IpM IOAOKEHUN M3MEPUTEABHOTO MOAY-
Ad TIOA YTAOM 71,5 Tpapyca K FOpPH30HTY TeMIlepaTypa
t, Oblra CaMO¥ HU3KOMW MPAKTUYECKU IOCTOSHHO. DTO
CBSI3aHO C BBITAAGHWEM WHesl Ha CTEeKASHHBIE TPYOBI
usMepuTeAbHBIX g4eek II u III.

Ha d4epHeHyI0O MeAHYIO HETEeIAOU30AWPOBAH-
Hyl0 TpyOy sdeikm | nHel He BBHIIIaAaA, IOITOMY
06.01.2018 r. ee TeMmepaTrypa B yCAOBHAX Oe3BEeTpPUA
OblAa HUJKE BCEX OCTAABHBIX.

BBIBOAI:I U 3dKAKOYEHHue

1. TIpoBepeHHBIE 3KCIIEPUMEHTAABHBIE HCCAEAOBA-
HUA B AHeBHOe Bpems ¢ 04.01.2018 r. mo 06.01.2018 r.
MMOKAa3aAW, UTO AASI IleAed HarpeBa B 3UMHee BpeMs
opueHTanusa Ha CoAHIle 3HQUUTEABHO Ayullle TOPU30H-
TaABHOTO.

2. OKCIlepUMeHTaAbHBIE HCCAEAOBAHUS B AHEBHOE
Bpemsa ¢ 03.01.2018 r. mo 06.01.2018 r. mokazaam, 4TO
DAST TIeAeH OXAAKACHUS B 3UMHEe BpeMsI TOPU30HTaAb-
Hasi OPUEHTAITUS SIBASIETCS TTPEATIOYTUTEABHOM!.

3.[lpu HOuHO! paboTe pPapUALMOHHOM CHUCTEMBL
OXAAKAEHUS IIPU CUABHBIX MOPO3aX U BBICOKOM BAAXK-
HOCTM KauyeCTBO TENAOM3OAAIINU He UMeeT IMIPUHIM-
NHAABLHOTO 3HAYEHMs, Ba’KHO 3allUTUTHL HU3AydYaloIlue
9AEMEHTHI OT BeTpa.

4. Tlpu pHeBHOM paboTe papAUAIMOHHOW CUCTEMBI
OXAAKAEHUSI KaueCTBO TEMAOUBOAANUM UMeeT OOAb-
moe 3HaueHue. C APYTOM CTODOHBI, CA€AyeT PelIUTh,
HEeCTH AU CyIlleCTBeHHBIe 3aTPaThl Ha AOPOTYIO BaKyyM-
HYIO TEIIAOU3O0AAINIO U MOAYYHTE Ha 10...15 % GoabIre
TenAOTEl OT COAHIIA MAM 3@ MEHBIINEe CPEACTBa YBEAU-
unTh Ha 15..20 % mAoIlaab MeHee AOPOTUX pajpUaliv-
OHHBIX IlaHeAelM 0e3 BAKyyMHOM H30ASAIUHU 3a TO JKe
KOAUYECTBO COAHEUHOMN TEIAOTHI.

5. McnoAb30oBaHUWE pPAAUAIMOHHBIX  OXAAAUTEAeN
B YCAOBHUSIX CHABHBIX MOPO30B U BBEICOKOM BA&@KHOCTH
B HOYHOE BpeMs HelleAecoo6pasHo, B IIEPBYIO OUEPEAD,
U3-3a BBIIAACHUSI MHEsI M, BO BTOPYIO O4YepeAb, M3-3a
MaAOU pa3HOCTH TeMIIepaTyp.

6. MicnoAb3oBaHue papUAllMOHHBIX — OXAAAUTEAeM
B YCAOBHUSIX CHUABHBIX MOPO30B U BBICOKOM BAA@KHOCTHU
B AHEBHOE BpeMsI MMeeT XOPOIlMe MePCHeKTUBHI, Tak
KakK Aa’ke B CyPOBBIX CHOHMPCKUX YCAOBUSIX ITO3BOASIET
TIOAYYHUTH OT HarpeBa pPa3HOCTH TeMIIePaTyp B ACCITKHU
TrPaAyCcoB (B 3TOM MCCA€AOBAHUU OBIA IIOAYYEeH Harpes
B 30 rpapycoB Ipu TeMIlepaType BO3AyXa Ha yAHIlEe
—15...—20 °C).
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EXPERIMENTAL INVESTIGATION
OF RADIATION LIFE SUPPORT SYSTEM
WITH VACUUM AND AIR HEAT INSULATION

V. . Karagusov', I. S. Kolpakov?, V. A. Nemykin?, I. N. Pogulyaev?

'Omsk State Technical University,
Russia, Omsk, Mira Ave., 11, 644050
2Scientific and Technical Complex «Cryogenic technique»,
Russia, Omsk, 22 Parts'ezda str., 97/1, 644105

Radiation heating systems for residential, office, industrial and other premises are actively used in many
regions of the planet. Nevertheless, the potential of radiation energy is involved in small amounts. Moreover,
radiation systems can not only heat the rooms, but also cool them or other objects.

If to place the radiation panel in a certain way, it can radiate more energy than getting back from the environment
or vice versa, getting more energy than radiating it to the environment. As a result, its temperature can be
lower than the ambient temperature, which allows to obtain a cooling capacity without energy consumption.
The temperature can be higher than the ambient air, which makes it possible to obtain thermal energy from
the sun. These processes are environmentally friendly and refer to renewable energy sources.

Keywords: radiation life support systems, vacuum heat insulation, multi-layer screen insulation, heating, cooling,

solar radiation, renewable energy sources.
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