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YunThiBasi CJI0KMBIIYIOCS CHTYAIIHI0 ¢ PACHPOCTPAHEHHEM BHPYCHOW WH(EKINH, CYNIECTBEHHO
MOBBICHJIACH TPEOOBAHMS K BEHTWISIUM MOMENIeHUil B 31aHusIX. BocmpuHnMaeMoe coCcTosiHME BO3IyXa
B OCHOBHOM 3aBHCHT OT BJIA:KHOCTH M TeMIEePATypPhbl BAIXa€MOr0 BO3IyXa B COOTBETCTBHU C MOHATHEM
IHTAJIBNUU BO31YyXa, KOTOPasi OKa3bIBaeT CHJIbHOE BO3/JelicTBHe Ha TpPe0OBaHUs, MpeIbsBIsAeMble K
BeHTWIsinMU. McciefoBaHusl yUeHBIX MOKA3bIBAIOT, YTO OTPAHHYEHHOE BO3/elCTBHE TeMIepaTypbl W
BJI2’KHOCTH BO3yXa Ha JAbIXaTeJdbHble MYTH H, CTAJ0 ObITh, HA BOCIPHHUMAEMOE YeJI0BEKOM KA4eCTBO
BO3/yXa HAMHOIO0 CW/JIbHee, YeM TeILIOBble OINYIeHHs ero Tesa. /0 HACTOAIIEr0 BpeMeHH CUMTAJIOCH,
YTO JJI o0ecnedeHHs Ka4eCTBeHHOH BEHTHJISIMN HeOOXOAMMBbI BHICOKHE HOPMBI BO31yX000MeHa, PH
3TOM He YAeJSJ0Ch OO0JbIIOro 3HAYEHHS] YCTPOHCTBY CHCTEM BEHTWISIMH W TOMY (aKTy, 4YTO
TeMJI00TPaKIaloIne KOHCTPYKIMU TOMeENIeHUWH TaKike SBJISETCH HCTOYHHKOM  He3I0POBBIX
BKIOYeHnii. Poct yriekmcioro raza B arMocdepe BBI3BIBA€T HEOOXOAHMOCTH TpedyeMoi
WHTEHCUBHOCTH BO3IyX000MeHa C MCMOJHL30BAHHEM B KAYeCTBE HHAUKATOPA KA4YeCTBa BO3AyXa YPOBEHD

KOHIEHTPpAUU YIVICKHCJIOT0 rasa. IIo KOHIEHTPAauu C02 MOKHO CYAUTL 0 COACPKAHMM JAPYyrux

BPEIHBbIX BEIIECTB, BbBIACIAACMbIX 4Y€/10BCKOM. YrieKkuciblii ra3 ABJAAETCS TOKCHYHBLIM JIsl YeIoBeKa
Aake B OTHOCUTCJIbHO HU3KHUX KOHIHCHTPAUMAX, MO3TOMY HAWJIYYIIHM IIOKasaTeJdeM [Jisd Ye/JI0BEKa B

NMOMEIeHHH SIBJISIETC YPOBeHb YIJIEKHCIOro rasa, npubamkeHHplii Kk konuentpamun CO,

OKPYKAKIIero BO31yXa. YPOBeHb KOHIEHTPALMH YIVIEKHCJIOr0 ra3a BbIOpaH MOTOMY, YTO €ro
KOHIEHTPALIMIO JIerK0O M3MEPHTbh C JOCTATOYHO BBICOKOH TOYHOCTHIO M €ro MaccoBOe BbI/IeJICHUE
3HAYUTEJBHO 00JIbIIe JPYTHX BPeIHBIX BemecTs. /l00aBiisisi B MOMEIIEHUH CBeXUH MPUTOYHBIN BO3AYX,

noduBaemcsi cumkenne cogep:xanusi CO, ¢ 0IHOBPeMEHHBIM CHH)KEHHEM YPOBHS KOHUEHTpPalUH

ApYyrux BellecTB. B crartbe paccmaTpuBaeTcss palMOHANBHBI MOAX0A K  JAOCTHKEHUIO
TEeNJIOBJA’KHOCTHOTO PeKUMA MPUTOYHOT0 HAPY/KHOTO BO3yXa ¢ TpedyeMoil 0YMCTKOM OT yIiIeKHucJI0ro
raza. C npuMeHeHHeM PeKyNepaTHBHOIO TeIUVIOOOMEHHHKa ISl MOJOrpeBa HAPYKHOIO BO3AyXa
BHYTPEHHUM BBITSKHBIM BO3AYXOM M3 MOMeIeHUs W ¢ JajbHelilieidl moaaveil ero BEeHTWJISATOPOM Ha
HCNIAPHUTE]b, 0cTUraeTcs 3G PeKTUBHBINH BO3AYX000MeH ¢ yoaneHuem u30ulmkog meniomol, MOCTOSTHCTBO
TeMIIePATYPHO-BJIAKHOCTHOTO0 peXXMMa ¢ COOJIIOJEHHEM  JNHIeMHOJIOTHYeCKOH aHTUBHMPYCHOWM
oesonacHocTH. KoMIuiekcHoe coyeTaHusi BO3AYIIHO-TENJIOBO YCTAHOBKH €O CMECHTEIbHON KamMepoil u
NMPUTOYHON peKynepauMoOHHOH BeHTHIAIMOHHON CHCTeMOIi A1 YACTUYHOT0 3aMellleH!s] BeHTHJIS MU, C

IMOCTOAHHBIM KOHTPOJIEM KOHICHTPaIuU C02 H ¢ MNOJHOCTBIO aJallITUBHBIM YIPaBJICHUEM B

NMOMEIIECHHUAX C HpeﬁbIBaHHeM JI]OI[Qﬁ, aejaer BO3MOKHBIM OYHUCTKY BHYTPEHHEro BO3ayXa OT
YIUIEKUCI0I0 ra3a ¢ MOBbINICHHEM KavyeCTBa B03IIyX006MeHa.
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Taking into account the current situation with the spread of viral infection, the requirements for
ventilation of premises in buildings have significantly increased. The perceived state of the air mainly
depends on the humidity and temperature of the inhaled air in accordance with the concept of air en-
thalpy, which has a strong impact on the requirements for ventilation. Research by scientists shows that
the limited effect of temperature and humidity on the respiratory tract and, therefore, on the perceived
air quality of a person is much stronger than the thermal sensations of his body. Until now, it was be-
lieved that high standards of air exchange were necessary to ensure high-quality ventilation, while not
paying much attention to the device of ventilation systems and the fact that heat-insulating structures of
premises are also a source of unhealthy inclusions. The growth of carbon dioxide in the atmosphere ne-
cessitates the required intensity of air exchange with the use of the level of carbon dioxide concentration
as an indicator of air quality. The concentration can be used to judge the content of other harmful sub-
stances released by humans. Carbon dioxide is toxic to humans even in relatively low concentrations, so
the best indicator for a person in a room is the level of carbon dioxide close to the concentration in the
ambient air. The level of carbon dioxide concentration is chosen because its concentration is easy to
measure with sufficiently high accuracy and its mass release is much greater than other harmful sub-
stances. By adding fresh supply air to the room, we achieve a reduction in the content while simultane-
ously reducing the concentration of other substances. The growth of carbon dioxide in the atmosphere
necessitates the required intensity of air exchange with the use of the level of carbon dioxide concentra-

tion as an indicator of air quality. The concentration CO, can be used to judge the content of other
harmful substances released by humans. Carbon dioxide is toxic to humans even in relatively low con-
centrations, so the best indicator for a person in a room is the level of carbon dioxide close to the concen-
tration CO, in the ambient air. The level of carbon dioxide concentration is chosen because its concen-

tration is easy to measure with sufficiently high accuracy and its mass release is much greater than other
harmful substances. By adding fresh supply air to the room, we achieve a reduction CO, in the content

while simultaneously reducing the concentration of other substances. The article considers a rational ap-
proach to achieving a heat and humidity regime of the supply outdoor air with the required purification
from carbon dioxide. With the use of a regenerative heat exchanger for heating the outdoor air with in-
ternal exhaust air from the room and with its further supply by a fan to the evaporator, effective air ex-
change is achieved with the removal of excess heat, the constancy of the temperature and humidity re-
gime in compliance with epidemiological anti-virus safety. The complex combination of an air-heat in-
stallation with a mixing chamber and an incoming recuperative ventilation system for partial replace-

ment of ventilation, with constant concentration control CO, and fully adaptive control in rooms with
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people staying, makes it possible to purify the indoor air from carbon dioxide with an increase in the

quality of air exchange.

Keywords: air exchange, ventilation, air heat pump systems, heat and humidity regime, heat genera-

tion, carbon dioxide

B pa6ore [1-2], cormacHo pacdeTraMm COCTO-
SHUSI TEIUIOBIAXKHOCTHOTO PEKUMa TOMELICHHUS C
YUETOM TPHUTOYHO-BBITSDKHOM CHCTEMBI,
IIEHHOM C BO3IyITHO-TETUIOBBIM HACOCOM, ITOJTy4e-
HBI ITapaMeTpsl, KoTopeie cooTBeTcTBYIOT ['OCT 1n
CanlluH, permamMeHTHPYIOIIUM MWHHMAIBHO OT-
HOCHTEIIFHYIO BIaXHOCTh B nuamasone 40%—-60%
[3-4]. B uTore mojy4eHHBIX PE3yJIbTATOB CTAHO-
BUTCA HCO6XO)Z[I/IMBIM ImpoaHajIu3upoBaTb U yCTa-
HOBUTH BJIIMSHUE U3MEHEHUS TEMIIEPATyphl BHYTPU
MTOMETIEHsI TP COBMECTHOM (DYHKITMOHUPOBAHUHU
BO3/YIIHBIX TETUIOHACOCHBIX CHCTEM M MPUTOYHO-
BBITS>KHOM BCHTW MU B TIOMCIICHUH, KOTOPBLIC
coOJIFoIast pacyeTHYI0 TEMIEPaTypy M SHTAIBITHIO
JIOJDKHBI 00eCTeYnBaTh TOCTOSTHCTBO TeMIIepaTyp-
HOTI'0 BJIQAXJKHOCTHOT'O PEKXUMA BHYTPH IMOMCIICHUS.

3¢ hekTuBHOCTH
TEIUIOBOM KOM(MOPTHOCTH TOMEIICHHS, O00yCIIOB-
JICHHBIM a3pOJMHAMMYECKON yCTOMYMBOCTBIO TEIl-
JIOHACOCHOHM CHCTEMBI OTOIUICHUS M cOanaHCHpO-

YpoBeHb

COBMC-

[7-10].
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BO3yXa MPaKTUYeCKH OOOCHOBBIBAET HdHEpProcode-
pETaloNIyIo TEMIOreHepauio, COOTBETCTBYIOLIYIO
koapdunuenty sgdextuBnoct COP=2,5 +4,0 [5].

B panee omyO0nmKoBaHHBIX paboTax OBLIO
MPOAHAIM3UPOBAHO COCTOSHHE BO3IYLIHBIX IOTO-
KOB, MOCTYMAlOUINX B MOMELICHUE Yepe3 CMecH-
TEILHYIO KaMepy, BCTPOCHHYIO B OTONMUTEIBHYIO
BO3IYIIHYIO TETUIOHACOCHYIO cucteMy [6]. [Ipume-
HEHHE CMEIIAaHHOTO TMOTOKa BO3AyXa, oOpa3oBaH-
HOI'0 BHYTPCHHHUM BBITSOKHBIM COCTOSIHHEM IIOMC-
[IeHHs] ¥ Hapy>KHOTO (C YJHIIBI) ¢ TIoJadell BEHTH-
JATOPOM Ha HCMAPUTENb, CTAHOBUTCS Ba)KHBIM
¢daktopom s
BJII&XKHOCTHOTO PEXMMa B TOMEIICHUH CTPOCHUS

IIOCTOSHCTBA

Ha pucynke | npuBeieHbl CPABHUTENIBHBIE
PE3YJILTaThl SKCIIEPUMEHTAIBHBIX PACYETOB TIOCTY-
NAONIUX BO3AYIIHBIX TOTOKOB B TEIUIOBOH HACOC
npu Temneparype mnomemenus 20°C + 22°C
-24°C[5).
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Puc. 1. Ilponoprum mocTymnaromero Bo3ayxa Ha HCIIapuTeb TeIIoBOro Hacoca mpu t=+20,22 u 24°C
Fig. 1. Proportions of incoming air to the heat pump evaporator at t=+20,22 and 24 °C

CorjlacHO pacyeTHBIX JAHHBIX O3KCIIEPH-
MEHTa MOXXHO CYHMTaTh, YTO MPOMOPLMH IOCTYIa-
olero Bo3ayxa Ha ucnaputens BTH u3 nomere-
HUSl M CHAPY)KM HE BIIMSIOT HACTOJIBKO, YTOOBI 3HA-
YUTEJIbHO H3MEHHUTH K03(duiueHT 3¢GheKTHBHO-
ctu (COP) temnoBoro Hacoca, 4To TOJTBEPXkAACT
MPOrPaMMHO-TEPMOIMHAMUYECKAN pacueT, puc. 2
[2].Ilomp3ysick  pacueTHBIMH TIapaMEeTpaMU  TETI-

JIOBJIQ&YKHOCTHOT'O PEKHUMa MOTOKOB BO31yX000Me-
Ha B IOMEIICHHWHU, HAIJIAAHO 0003HAYMM COIJIAaCHO
AITOPUTMY H TPOTPAMMHOMY pacdeTy HapaMeTpbl
COP u suTanenmto [2], puc. 2. B tabn. 1 u rpadu-
Kax Ha puc.3. MPUBEICHBI Pe3yJIbTaThl pacyera Ko-
a¢pdunmenta agdpextuHocty (COP) must Termona-
COCHOM CHCTEMBI C TEIJIOBOM MOILIHOCTBIO 7KBT
[11], mpu TemmepaType BO3AyXa B TIOMEIICHUH
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24°C+22°C+20°C Bo3ayx, ABJIASACH CMECHIO [A30B, B
koTopoMm yrnekucnsiii raz CO, 3aHMMaeT 1o Mo-
PSZIKY JIHIIb YETBEPTOE MECTO, HMMEET BAXKHEH IiIee
3HAYEHUE JUIS BCEro XHUBOTO. JlaHHBIE O KOIHMde-
cre CO, TO3BOJNAIOT C/ENaTh BBIBOJ O IPHUCYT-

TemmnepaTtypa Bo3aywHoi cmecu TS

14,0
12,0
wv K
a
T
) i
= 10,03
g- o
-9
= 3
2 8,0%
S
<
=
E 6,0
<
_=
L
g
S 4.0
F.‘ -
2.0
0.0
-10 -5 0
Temneparypa Hapy»KHOI'O BO3AyXAa,
rpag C
Temucparypa B nomeuennun, C
@) 4 °C emm@u—)D)°C 20°C

CTBHUE JIpYT'MX BEIIECTB U NMPUMEHUTH 3TH JaHHBIE,
aHAJM3UPYsSd COCTOSIHHE KadecTBa OKPYXKAIOLIETO
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Puc. 2. CpaBHHTENBHBIIN aHAIN3 pacdeTa
Fig. 2. Comparative analysis of the calculation

Tabmuna 1.

Pe3yabTaThl pacuera ko3punuenta dppextuBHoctu (COP) 1,15 Ten1oHACOCHOH CUCTEMBbI
Table 1. The results of the calculation of the coefficient of efficiency (COP) for the heat pump system

TemmnepaTypa BO3- Temnepatypa 3uauenune COP st pe- | 3nauenne COP s pexxnma
JlyXa u3 OMEIIEHNs], | BO3JIYIIHOM CMe- | jKMMa HarpeBa TEIUIOHO- | HarpeBa TerioHocurens 10 55°C

°C. cu, C curens 10 35°C

24 7,1 3,08 2,04
24 9,6 3,22 2,10
24 12,0 3,35 2,23
22 6,1 3.02 2,01
22 8,5 3,15 2,08
22 11,0 3,30 2,17
20 5,0 2,96 1,98
20 7,5 3,10 2,04
20 10,0 3,24 2,12

[Ipu ompenenéHHOM MPEBHINICHUH YPOBHS
YEJIOBEK OIIyIIaeT AyXOTy, YCTaJllOCTh, COHJIH-
BOCTh, MTOTEPI0 KOHLIEHTpAallMX BHUMAaHUSA, pa3apa-
KUTENBHOCTH [12-14], Tabmuna 2.

UenoBek, HAXOASICh B MOMEUICHHUSX C HE-
3HAQUUTEIHHON BEHTWISIIIUEH, HAYMHACT JAOCTATOY-

HO HMHTCHCHMBHO IIOTJIOIIATH KHUCJIOPOJ 02, COOT-

BETCTBCHHO BbIABIXas IPU 3TOM 3HAYUTCIIBHOC KO-

JIMYCCTBO YTJICKHCIIOTO I'a3a.
Hmenno MMO3TOMY K U3MCHCHHAM KOHLCH-

tpatun CO, B BO31yXe, 4ENOBEK OYEHb TyBCTBHU-

TCIICH.
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Puc. 3. Pacuer 3nauennii COP
Fig. 3. Calculation of SOR values

Tabnuna 2.

YI)OBeHL KOHIHCHTPAIUHU YIJTICKHC/IOro ra3a B OKpyskaroumem Bo3ayxe
Table 2. The level of carbon dioxide concentration in the ambient air

apamerpuueckas konnentpamus CO, B okpyxkaromem Bo3ayxe, ppm

350 450

700

JlecHoil uncThIi BO3AYX

HopManbHbIil BO31yX Ha yiuie

JlonmycTUMBIi ypOBEHB B OMEIIIE-
HUH

Ecmm yposenr CO, B moMemeHun mnpe-

Bbimaer 600-800 ppm, TO HAaYMHAIOT BO3HUKATh
TaKue CUMITOMBI KaK:

80

v

AN NI N NN

OIyIIIEHUE HEXBAaTKU  CBEXKETO
BO3/1yXa;

TOJIOBHAsS 0OJIb;

YCTaJIOCTh;

TOJIOBOKPYIKEHHE;

y10Xast KOOpAUHAIIMS BHUMaHMS,
amaTHs;

OIYIIICHHUE JKapa;

v/ pasapakeHHe CIM3UCTON I71a3;
v'  IJI0XOM COH.
[IpeObiBaHKe YelOBEKa B IIOMEIIEHUH C

BBICOKUM COACPIKAHNUCM C02 Bel[éT K HCTaTHUBHBIM
MNOCJICACTBUAM, IIO3TOMY OUYCHBL BaXHO YACIIATH

BHUMaHUE pPeajbHON MPUTOYHOW BEHTHIIALUHU TIO-
MelieHuid. YIOOHBIM U 3(PQPEKTUBHBIM METOIOM

perymupoBanuss  CO, sBIAeTCS  M3MEPUTENb-

perynsaTop (nerexrop) yraekucnoro raza CO, .
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[IpuHiun neicTBUS COCTOUT B MU3MEHEHUH
CBETOBOHM BOJIHBI MH(PAKPACHOTO H3IYUCHHSA, KO-
TOpasi MEHSETCS IO/ BO3ACHCTBHEM KOHIICHTPAINN
rasza. MH}pakpacHBIli CBETOAMOMA BBITIOTHICT OTY
ponb. (Hdnuna BosHbl MK-u3nydeHus HE BOCHpH-
HUMaeTcsd 4YelloBeKOoM). l3mepurenb-perynstop

yrnekucnoro raza CO, — mpenHasHadyeH 1Id U3-

mepenns cozepxkanus CO, B Bo3gyxe M s

YIPaBICHHUS YCTPOHUCTBOM MPUTOYHON BEHTHIISIIIUU
(BKJI/BBIKJI YCTPONCTBA IS TIOBBHIIICHUS COACPIKA-
HUS IPUTOYHOTO Bo3ayxa). [lomnepxuBas HeoOxo-

auMmblii yposenb CO, B moMelleHHH, mpubop c
JaTYAKOM, TOAOUPAIOT JUIS JKUIBIX ITOMEHICHHUIM
mo6oii mwromamm. Jarank-npubop CO, Bctpan-

BalOT B BO3JYXOBOJ M pa3MeIIeH B JIFOOOM y100-
HOM MECTe.

CoBMeCTHOE NMPUMEHEHUE NAHHOM cucte-
MBI TIO3BOJISIET OPTraHW30BaTh MaKCHMaJbHO SHEp-
rodpPeKTHBHYI0 CHUCTEMY BEHTHISIUH C MHHH-
MaJTBHBIMH JKCIUTYaTallHOHHBIMHA H3ACPKKAMU U
MOJTHOCTHIO JANTUBHBIM yripaBieHueM [15].
[Mpeanaraemelii pacdeT BO3AyX000MeHa, pHC.2,
COBMECTHOHM CHUCTEMbI MPUTOKA U TEILUIOHACOCHOM
CHUCTEMBI C YYETOM ITOJTyYeHHBIX ITapaMeTpOB MUK-
pokiuMara TOMeleHHus (CTPOeHHs) IUIOUIabI0
1002* nokassIBaeT YCTOHYMBYIO HEprocOeperaro-
IIYI0 TEIUIOTEHEPAIUIO TIOMEIICHUs, COOTBETCTBY-
oy kodddunmenty 3¢gdexkTuBHOCTH B JHarna-
30H€ 2,96 + 3,35 mpu HarpeBe TEIUIOHOCHUTENS 10
35°C u 1,98 + 2,23 B pexxume Harpesa 10 55°C, T.e.
U C 00ecIieYeHrEM TOPSIIETO BOJOCHAOKEHUSI.

Cobmrofast B HacToAIIee BpEMS 3UAEMHO-
JIOTUYECKYI0 aHTHUBUPYCHYIO O€301acHOCTh, BO3-
HUKaeT He0OXOAMMOCTh OCHAIICHHS CTPOSHHH JTFO-
0oro  Ha3HaueHUs  MpuOOpaMH  CAHUTAPHO-
TUTHEHUYECKOTO Ha3HA4YeHUs, MCIIOJIb30BaHUE KO-
TOPBIX B COYETAHUU C BO3AYXOOOMEHOM U BO3AYIL-
HBIM TETI000eCTICUeHHEM MOMEIEHHs o0ecIeyu-
BAIOT HEOOXOIMMOE Ka4eCTBO MUKPOKIIMMATA.

BriBogsI.

Takum o0pa3om, 3a CUET KOMIUIEKCHOTO
COYETaHUs BO3IYIIHO-TEIUIOBON YCTaHOBKH TEILIO-
00CTieYeHHsI CO CMECUTEJIFHON KaMepol W MpHUTOY-
HOI BEHTWISLIMOHHON CUCTEMOMW, COXpaHss TEIUIO-
(uznveckre CBOHCTBA OKpYIXKArOIIEH Cpelbl U MU-

HUMaNbHYI0 KoHIeHTparmio yposas CO,, nomy-

qacM yCTOfI‘-IHBOG COCTOAHUE MUKpOKJIMMAaTa II0-
MCIICHUA.
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