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NACKWH
PomaH Uropesuy

KnoueBble cnosa: AHHoTauums: Llenb paboTbl cocTosina B 3KCNepMMeHTanbHOM
TEXHONOrnsl, 3NEMEHT onpeneneHnn KonnyecTea Bnaru, KOTOpoe MOXeT CKOHLEHCMPOBATLCS
[NenbTbe, KOHOEHCAUWS, TOYKa Ha NMOBEPXHOCTW PACTEHNS NPU OXNaXLEHUN HAXE TOYKKU pocbl. [ns
pochl OLIeHKM KONMYeCcTBa KOHLEHCPYEMOW BOAbI HA NOBEPXHOCTN,

OXNaXxAeHHOWN HMXe ToYKM pocel, Obina cobpaHa ycTaHoBKa ¢
TEPMO3NIEKTPUYECKUM MOLYNEM Mnowanbio 9 cM2. YCTaHOBMEHO, YTO
KoahpULIMEHT KoHOeHcauun Boabl Ko n3MeHsieTcsa B ananasoHe ot 1,3
10 2,1 Mr/(cM2 X Yac X rpag) B 3aBMCUMOCTU OT BENYUHBI
OTHOCUTEJIbHOW BIAXXHOCTU 1 TeMNepaTtypbl BO34yXa, Y4To
cootBeTcTBYeT 156...252 rpammam pocbl Ha 1 M2 NOBEPXHOCTM
pacTeHuin oxnaxaeHHon Ha 1°C Huxe To4ku pockl unu 780...1260
rpammam Ha 1 M2 NOBEPXHOCTMW PacTEHNs, OXNaxXaeHHon Ha 5°C Huxe
TOYKM pocbl 3a 12 Yacos (HOYHOE BPEMS).

PeueH3seHT: B. A. 'ypTOB

MonyueHa: 20 ceHTa6ps 2019 ropa MopnucaHa k neyatn: 31 okT56psa 2019 rona

BBepeHune

B 2013 rogy 6bina npeanoxeHa runotesa (Mpoxopos, 2013), cocToswas B TOM, YTO pPacTeHUsl aKTUBHO
KOHOEHCUPYIOT aTMOCEpPHYIO Bary Ha CBOEN MOBEPXHOCTWU 3a CYET CHUXEHUS TemnepaTtypbl NMOBEPXHOCTU
noberoB u nuctbeB (Tg) HUXe Toukn pockl (Tp), Npy Temnepatype Bo3gyxa Ta > Tp, T.e. NpKM OTCYTCTBUM
TyMaHa. |_|pl/l 3TOM Nnona C/NOoBOM «aKTUBHO>» MOHMMAETCA KakK CHUXeHue TemMnepatypbl MOBEPXHOCTU 3a CHET
PUBMONOrNYECKUX U OUBNYECKMX MEXAHM3MOB, Tak W yBennyeHne obbema KOHLEHCUMpPYeMOl BOAbl 3a CYET
YBENNYEHNS NMOBEPXHOCTU KPOHbI.

WccnenoBaHnsi UMpKaHbIX PUTMOB TeMmepaTypbl MOBEPXHOCTM pPacTeHWi nokasanu ctabunbHoe
CHV>XEHME TeMMNepaTypbl MOBEPXHOCTM NNCTbEB BUHOrpaaa HMxe To4kmn pocbl Ha 1-2° C ¢ 18-19 yacos o 9-10
yTpa, a B AcHble gHM Ha 2-3° C po nonynHsa (Mpoxopos, 2018). B apyrvx noneebix UCCNenoBaHWSAX
3aperncTpmpoBaHo cHuxeHue Tg Ha 1...8° C Huxe Touku pochl (Mpoxopos, 2015a; KapnyH u ap., 2015).

Cne,uy}omaﬂ 3a4advya COCTosANna B 3KCNnepuMeHTalbHOM ornpeneneHnn Konmyecrtsa Biarn, Kotopoe MoXeT
CKOHIOEeHCMpOoBaTbCSA HA MOBEPXHOCTU paCcTeHUs npn oxnaXoeHnm HUM>XXe ToO4YKM pochbl. OpnHako KONMYecTBEHHOE
ornpepneneHve KoHOeHcaTa Ha MOBEPXHOCTU XMBbIX PACTEHUA MPakKTUY4ECKU HEBO3MOXHO, YTO 3aTpymHSAeT
OLIEHKY 3HAYEHWS OAHHOrO ABMIEHNS Kak 0N OTAE/bHbIX PACTEHUNA, Tak U AN 9KOCUCTEM.

TexHnyeckn nogobHas 3ajaya peleHa C NMoMOLWbIO YCTPOWCTB C UCMONb30BaHNEM 3neMeHToB MenbTbe
(Nikolayev et all., 1996), a B oTHhefnbHbix paboTax nokasaHa CBSA3b 3PPEKTUBHOCTM KOHAEHCAUMWU C
BNAXHOCTbIO BO3dyxa U Temnepatypon (Joshi et all., 2017), a TakXe BNaXHOCTbIO U MHTEHCUBHOCTbIO MOTOKA
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Bo3ayxa (Munoz-Garcia et all., 2013).
O61BbeKkTbl U MeTo.Obl UccnepoBaHnmn

Lnsi oueHKU KonmyecTBa KOHOEHCUPYEMOI BOAbl HA MOBEPXHOCTH, OXNaX AEHHON HUXE TOYKM pochl, Bbina
cobpaHa ycTaHoBKa Ha 6a3e KoMmiekTa ANs CO34aHUS XOMoAuabHOM cucteMbl N2 1 ¢ TEpMOSNEKTPUYECKUM
momoynem (TOM) TB-127-1,0-1,3, Snowball-71 pa3mepom 3x3 cM (npomssoacteo «Kpuotepm») (puc. 1.) n
6nokom nutaHus RS-100-12 (npoussoacteo «Mean Well») ¢ perynsitopom MoLHOCTH.

Puc. 1. OkcnepuMeHTanbHas yctaHoBka ans cbopa KoHaeHcaTa Ha nosepxHocTn TOM (anemeHTa MenbTbe) ¢
BO3IYLHO OXNaXAaeMbIM paaMaTopom s 0TBo4a Tenna.

Fig. 1. Experimental installation for collecting condensate on the surface of TEM (Peltier element) with cooler.

YcTaHoBka 6bina pasMmellieHa B KNMMATWYeCKOW kamepe COBCTBEHHOW paspaboTku, obbemoM 4 MS,

OCHallleHHON cucTemMamy noggepXxaHus temnepatypbl (Ta) M oTHOCUTEnbHOM BnaxHocTu Bospyxa (RH). B

X0[€e 3KCNepuMeHTOB OOMNO/IHNTENbHbIE NMOTOKW BO34YyXa OTCYTCTBOBa/N, 3a UCK/IIOYEHMEM MOTOKa BO34yXa OT
Kynepa, oxnaxnmparuwero pagmnatop.

Mocne poctuxeHus ctabunbHblx 3HayeHWn RH u Tp yctaHoBka Bkayanacb Ha 30 MuHyT. HanpsxeHue

nuTaHns TOM perynnpoBanocb C MOMOLbIO NMOTEHUMOMETPA TakMM 06pa3oM, 4Tobbl HOCTUYb HEOOXOAMMOM
Tg B uHTepBane 0...12° C Huxe Tp. C6op KoHOeHcaTa OCYWECTBASANCS BPy4YHylo C moBepxHocTn TOM c
MOMOLLBIO OUCKOB chubTpoBanbHoi Bymaru Filtrak anametpom 7 cm 1 Becom okono 300 Mr.

N3amepeHnsi konnyecTBa KOHOeHcaTa OCyWeCTBAS/INCL CPaBHEHMEM MaccChl ounbTPOB 0O W nocne cbopa
KoHOeHcaTta. Mcnonb3oBanuck Becbl nabopatopHble BJ1-124B (npowssopacteo HIM «[ocmetp»). Mpepensi
J0onycKkaeMonm norpewHocTr Becos - 0,5 mr.

KoHTponb Temnepatypbl nosepxHoctn TOM (Tg °C), snaxHoctu (RH, %) u temnepartypbl Bo3ayxa
(Ta, °C), a Takxe To4km pocbl (Tp, °C), ocywecTBnANCSa C MOMOLbIO MHMpPaKpacHOro TepmomeTpa ¢

WHTErpupoBaHHbIM Moaynem BnaxHoctn Testo 835-H1 (npomsBonacTtBo Testo) C BbiBOOOM AaHHbIX Ha
KOMMbIOTEP C MHTEPBANIOM 2 MUHYTHI. YunTbIBAS, YTO NOBEPXHOCTb TOM M3roToBneHa M3 Kepamvkm Ha OCHOBE
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oKcuaa antoMUMHUS, HaMU UCMONb30BaNCs KO3 ULMEHT SMUCCUU MHAPpaKpacHoro TepmomeTpa = 0,92.

B tabnuue 1 B kauyecTBe npumepa npueeneHbl AaHHble 06 uameHeHusx RH, Ta, Ts, Tp, CpeaHUX 3Ha4YeHnsIx

(Average) u ctaHOapTHbIX OTKNOHEHMSX (STDEV.P) aTnx BennymH B Te4eHun 30 MUHYT Npy MakCUManbHbIX U
MUHMManbHbIX 3Ha4YeHMsiX Tp, WCMONMb30BaHHbIX B aKcnepuMeHTe. O6paboTka MONyYEHHbIX OAHHbIX

ocywecTBasnace ¢ nomowbto MS Excel 2010.

Tabnuua 1. Mpumepsl GyKTyaumum BENNYMH N3MEPSIEMbIX MAPAMETPOB B XO4€ 3KCNEpUMEHTa npu
MakcUMasbHbIX U MUHUMATbHBIX 3HAYEHWSIX TeMMepaTypbl BO3ayxa

Table 1. An examples of the fluctuations of the measured parameters during the experiment at maximum and
minimum values of air temperature

Time RH,% Tp,°C Tg,°C Tp,°C Time RH,% T, °C Tg,°C Tp,°C

16:31:29 50,3 31,5 15,5 19,9 8:34:59 64,1 13,0 -1,5 6,4

16:33:229 50,9 31,4 15,6 20,0 8:36:59 64,3 13,0 -1,4 6,4

16:35:229 51,5 31,4 15,7 20,2 8:38:59 64,3 13,1 -1,0 6,5

16:37:29 52,1 314 15,7 20,4 8:40:59 64,6 13,2 -1,0 6,7

16:39:29 524 31,3 15,7 20,4 8:42:59 64,6 13,1 -1,0 6,6

16:41:29 52,9 31,4 15,7 20,6 8:44:59 64,7 13,1 -0,9 6,6
16:43:29 53,1 31,4 15,7 20,7 8:46:59 64,6 13,2 -0,9 6,7
16:45:29 534 31,3 15,7 20,7 8:48:59 64,7 13,2 -0,8 6,7

16:47:29 53,6 31,4 15,8 20,8 8:50:59 64,7 13,2 -0,7 6,7

16:49:29 53,8 31,4 15,8 20,9 8:52:59 64,8 13,3 -0,7 6,8

16:51:29 54,0 31,5 15,8 21,0 8:54:59 64,9 13,3 -0,7 6,8

16:53:29 54,2 31,5 15,8 21,1 8:56:59 64,9 13,3 -0,7 6,8

16:55:29 54,3 31,5 15,9 21,1 8:58:59 64,9 13,3 -0,7 6,9
16:57:29 54,5 31,4 15,9 21,1 9:00:59 65,0 13,3 -0,7 6,9
16:59:29 54,6 315 15,9 21,2 9:02:59 65,1 13,4 -0,6 7,0
Average 53,0 314 15,7 20,7 Average 64,7 13,2 -0,9 6,7

STDEV.P 1,3 0,1 0,1 0,4 STDEV.P 0,3 0,1 0,3 0,2
(ax=0,05) (ax=0,05)

JunanasoH ncnbiTaHHbIX KnumaTudeckmx ycnosuii (RH 46,2...65,6 %; Ta=13,2...31,5° C; Tp=6,7...20,7° C)

MPUMEPHO COOTBETCTBYET YCNOBUAM psiha MyCTbiHb WM MOMYMYCTbiHb, B KOTOPbIX MpefLnonaraeTcs Hanuyue
9(PHEKTMBHOrO CAMOOPOLIEHNS pacTEHWI 3a cYET KOHAEeHcaummn atmocapepHoi Bnaru (Mpoxopos, 2015b).

Pe3ynbTathbl M 06CcyXAeHue

B Tabnuue 2 npuBeneHbl OaHHble O KonuyecTBe cobpaHHOro koHmaeHcata 3a 30 MuHyT (Cg) wu
nepecynTaHHbIe Ha eanHuLy noeepxHocTu B Yac (C), a Takxe ycpenHeHHble 3HaveHus RH, Tp, Tg, Tp, Ts - Tp
3a nepuof cbopa KoHpeHcara.

Tabnuua 2. [laHHble 0 KONMYecTBe cobpaHHoro koHaeHcarta 3a 30 MUHYT (Cp) 1 NepecyMTaHHbIe Ha eAVHNLY
noBepxHocTu B Yac (C), a Takxe ycpeLHeHHble 3HaveHus RH,Ta, Tg, Tp, 3a nepvog cbopa koHaeHcaTa

Table 2. Data on the amount of condensate collected in 30 minutes (Cg) and calculated per unit surface per
hour (C), as well as the average values of RH, T, Tg, Tp, for the period of condensate collection
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Cp, mg C, mg/(cm?2 x RH, % Tp, °C Ts, °C Tp, °C
hour)

51,7 11,5 63,5 21,6 7,6 14,3
0,2 0,0 58,6 23,1 13,6 14,5
78 1,7 56,4 24,1 11,3 14,9
50,5 11,2 54,9 24,9 11,0 15,2
12,6 2,8 54,0 26,7 15,0 16,6
441 9,8 52,5 28,5 14,8 17,8
0,7 0,2 51,1 29,4 19,0 18,2
4,8 1,1 48,0 30,9 18,3 18,6
34,5 7,7 52,8 31,4 15,7 20,6
64 14,2 52,8 31,5 14,4 20,7
46,3 10,3 64,7 13,2 -0,9 6,7
454 10,1 65,0 13,9 -0,2 74
427 9,5 65,1 14,3 05 78
53,6 11,9 64,8 14,9 2,8 83
734 16,3 65,6 15,5 2,2 9,1
21,7 4,8 65,1 15,9 4,9 9,4
20,6 4,6 64,7 16,2 6,1 9,6
22,4 5,0 64,2 16,2 4,9 9,5
6,9 1,5 59,9 19,9 8.8 11,9
1,5 0,3 56,3 20,8 9,6 11,8
1,9 0,4 55,7 21,0 10,6 11,8
34,5 7,7 55,3 21,2 6,3 11,9
252 5,6 54,1 21,3 6,5 11,6
16,5 3,7 53,0 21,4 7.4 11,4
541 12,0 52,2 21,5 3,7 11,3
52,6 11,7 51,4 21,6 3,6 11,1
47,3 10,5 50,7 21,7 3,8 11,0
2,2 0,5 46,2 27,5 13,2 14,9
4,1 0,9 47,0 27,9 13,3 15,5
22,6 5,0 48,7 29,0 14,1 17,1
54,3 12,1 47,0 30,0 11,2 17,5
55,3 12,3 475 30,2 11,4 17,8
47,2 10,5 47,0 30,8 12,1 18,2
92,3 20,5 46,5 30,7 89 18,0
90,3 20,1 47,2 30,9 9,2 18,3
101,9 22,6 47,3 31,1 8,9 18,6
425 9,4 60,6 20,3 52 12,4
32,9 73 58,4 20,4 5,7 12,0
32,2 7,2 57,5 20,5 54 11,8
56,4 12,5 56,6 20,6 2,2 11,7
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58,2 12,9 55,2 20,9 2,3 11,6
45,3 10,1 52,3 21,6 3,1 11,4
62,8 14,0 59,6 21,6 4,5 13,4
62,7 13,9 60,9 21,7 4,8 13,8
57,6 12,8 60,4 21,6 4,9 13,6

M3 omarpammbl (pyc. 2) BUAHO, YTO KOJIMYECTBO KOHAEHcaTa MpakTUYeckn NMHENHO BO3pacTaeT Mo Mepe
CHUXeHusa Tg oTHocuTenbHo Tp. JInHeHas annpokcuMaumns N03BONASIET BbIBECTU KOIMULMEHT KOHAEHCALMN
Kc=1,6 Mr/(CM2 X Yac) pns ycpepHeHHbIx 3HayveHuin RH= 55 %, Ta= 23,3° C u Tp=13,6° C. Habnonaemsbli
pasbpoc naHHbIx onpenensetcs BknagoM RH, Ta u, cootBeTctBEHHO, Tp=Ta-(1-RH)/0,05, KOTOpPbI/ MOXHO
OnpenennTb, OrpaHNymnB BbIBOPKY OAHHbLIX ONPEeAENEHHbIM Marna3oHoM YCNOBUIA.

25
RH=55%, T, = 23,3°C, Tp=13,6

(@] Kc=1,54 mg/(cm? x hour x grad)

N e T - C {) c
.
.,
.......,._..._ .
.
Ty -
—
.
)
-12 1

Puc. 2. 3aBncnmocTb adhdekTUBHOCTY KoHAeHcaumm Boabl (C) oT cHMXeHns Tg 0THocUTENbHO Tp.
Fig. 2. The dependence of the efficiency of water condensation (C) on the reduction of Tg relative to Tp.

M3 npuBepeHHbIX HUXe auarpamm (puc. 3 A-F), Bknovarowmx gaHHble npy Ta < 20°C n Ta > 30°C, npu RH
<50% n RH > 60% , Tp < 10°C n Tp > 15°C BnAHO, 4TO 3PPEKTUBHOCTb KOHAEHCALMN BNary Bo3pacTaeT ¢
yBenunyeHnem Ta 1 Tp, 1 cHuXaeTcsa ¢ BospactaHneM RH. Kg BO Bcex crnyyasix M3MeHsieTcs B AnanasoHe oT
1,3 00 2,1 Mr/(cM? X yac X rpag).

Bonee HacbllWweHHbI Bnaroi Bo3oyx nmeet 6onee BbICOKYIO TEMNOEMKOCTb, CneaoBaTensHo, 6onee cyxol
BO3L4yX OCTbiBAeT ObiCTpee OKOM0 MoBEPXHOCTU TOM, 4YTO NPMBOAMT K MOBLIWEHWIO 3MEKTUBHOCTU
KOHILeHcauum npu cHuxeHun RH, 4to noateepxnaetcs HesasucumbiMy AaHHbiMmn (Muhoz-Garcia et all., 2013
(Fig. 10)).

Mpn noBblweHun Temnepatypbl 40 35°C TennoemMkocTb BOAbl (BOASHbIX MApPOB) CHUXAaeTcs, U B
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3KCNnepunMeHTe Mbl Hab o oaem NoBbILEHNE 9PPEKTUBHOCTM KOHOEHCALMN BOObI.

Ta<20°C o T, >30°C
A K¢ = 1,25 mg/(cm® x hour x B K= 2,12 mg/(cm? x hour x grad)
20 20
0 0
[}
15 é 15 ‘g..
g 3
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g g
: £
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Puc. 3. 3aBncumocTb achpekTnBHOCTU KOHAeHcaummy Bogpl (C) oT CH1XeHns Tg oTHOCMTEenbHO Tp Npu Ta <
20°C (A)n Tp > 30°C (B), npn RH < 50% (C) u RH > 60% (D), npn Tp < 10°C (E) n Tp > 15°C (F).

Fig. 3. The dependence of the efficiency of water condensation (C) on the reduction of Tg relative to Tp at Tp <
20°C (A) and Ta > 30°C (B), at RH < 50% (C) and RH > 60% (D), at Tp < 10°C (E) and Tp > 15°C (F).

BbiBOObI U 3aK/I0YEHMNE

B xoge npoBedeHHbIX 3KCMEPUMEHTOB MOMyYeHbl OaHHble, NO3BOMNSKOIWME paccyMTaTb KOMMYECTBO POCHI,
KOHLEHCVPYEMOI Ha MOBEPXHOCTU HAA3EMHOW YaCTu pacTEeHWA.

O PEKTMBHOCTb KOHOEHCALUMN BAaru, npyu oTCyTCTBUM BETpa, M3MEHseTcs B auanasoHe ot 1,3 mo 2,1
Mr/(CM2 X Yac x rpag), 4to cootsetctByeT 156...252 rpammam Ha 1M2 NMOBEPXHOCTN pacTeHUr, oxnaxaeHHon
Ha 1° C Huxe To4kn pochbl, nan 780... 1260 rpammam Ha 1 M2 NMOBEPXHOCTMN PaCTEHUS, OxnaxgeHHon Ha 5° C
HMXE TOYKM pocbl 3a 12 yacoB (HOYHOE BPEMS). DTO PaABHOLEHHO €XEMECSYHOMY BbimamneHuto 4,7-38,2 MM
0CafKOB, YTO 3HAYNTENbHO MPEBbIWAET CPELHEMECAYHOE KONMMYECTBO OCALKOB HE TONMbKO B MYCTLIHAX W
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MnonynycTbIHAX, HO U B 3aCyLNNBbLIA NEePUOL B CEMUAPULHBIX KNMMaTUYEeCKMX YCNOBUSAX.

KonnyectBo pocbl CHMXAETCS C POCTOM BNaXHOCTU BO3ayxa B MHTepBane 46...65 % n Bo3pactaet C
pocToM Temnepatypbl Bo3goyxa B uHTepBane 0...31° C, BEpoATHO, BO B3aWMOCBA3U C W3MEHEHWEM
TEPMOAMHAMNYECKUX XapaKTEPUCTMK BO34yXa, 3aBUCSLLMNX OT BAAXHOCTU 1 TEMMNEpPATypbI.
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Key words: Summary: The purpose of the work was to experimentally determine the amount
technology, Peltier element, of moisture that can condense on the surface of the plant when cooled below the
condensation, dew point dew point. To estimate the amount of condensed water on a surface cooled below
the dew point, a unit with a thermoelectric module with an area of 9 cm2 was
assembled. It was established that the water condensation coefficient Kg varies in
the range from 1.3 to 2.1 mg / (cm2 x hour x grad) depending on the value of
relative humidity and air temperature, which corresponds to 156...252 grams of
dew per 1 m2 of plant surface chilled 1°C below the dew point or 780...1260
grams per 1 m2 of the surface of the plant, cooled 5° C below the dew point, in 12
hours (night time).
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