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IMepcneKTUBBI NPUMEHEHUS] BEPTHKAJBbHBIX )epM ¢ IPpUMEHEeHHEM
TEXHOJIOTUM A3PONOHUKHU JJIsl YCTOMUYMBOr0 Pa3BUTHS TOPOACKOM cCpeabl

Prospects for the use of vertical aeroponic farms for the sustainable
development of the urban environment

AHHOTAUMA: B JaHHOW CTaThe PACCMATPUBACTCA HKOJIOTHYECKHE, COIMAIBHO-
HYKOHOMHYECKHE M TEXHOJIOTHUECKHIE ACTICKThI PUMEHEHHUST BEPTUKAIBHBIX (epM ¢
NPUMEHEHHEM TEXHOJOTMU a’pONOHMKM B TOpoJcKod cpene. IllpuBoaurtcs
OMHCAaHWE COOpPAaHHOW Majol SKCIEPUMEHTAIbHOW YCTAaHOBKH, B KOTOPOWM
BBIPANTUBAIUCEH Pa3IMYHbIE pacTeHUs W KapTodenb, B 4acTHOCTH. OmpeaereHbl
npo0JIeMbl, BO3HUKIIHUE B XOZ€ SKCIUTyaTallui YCTaHOBKH.

KiroueBbie cJI0Ba: a’pOTIOHHKA, aBTOMATHU3UPOBAHHAS cucTema,
pecypco3Heprocoeperaroniie TeXHOIOTUH, KapTO(eb.

Annotation: this article examines the environmental, socio-economic and
technological aspects of the application of vertical farms using aeroponics
technology in an urban environment. A description of the assembled small
experimental setup is given, in which various plants and potatoes, in particular, were

142




XXXI MEXJIYHAPOOHA S HAYUHO-ITIPAKTUYECKA KOHOEPEHIIWA
«Pa3BuTHE HAyKH U MIPAKTHKU B II100aJIbHO MEHAIOIIEMCS MUPE B YCIOBUAX PUCKOBY

grown. The problems that arose during the operation of the installation have been
identified.
Key words: aeroponics, automated system, resource-saving technologies, potatoes.

B nmocnennue necarunetuss MUPOBOE COOOIIIECTBO BCE Yallle CTATKUBACTCS C
BECOMBIMU 3KOJIOTUYECKHMH, COLMAIBHBIMM M HSKOHOMUYECKHMMHU BbI30BaMU,
CBSI3aHHBIMU C YypOaHU3alMel, POCTOM HACEJCHHs, W3MEHEHHWEM KiIumaTa |
YXyALIEHUEM KauecTBa MOYBBI B CHIIY PA3IMYHbIX PUYNH, KAK €CTECTBEHHBIX, TaK
u uckycctBeHHbIX. CornacHo otuéty OOH [4], k 2050 rony 6onee 68% MupoBoro
HaceyeHust Oyzer nmpoxkuBath B ropogax. C yu€rom olmiero pocra HacelIeHHs Ha
riaHeTe aOCOMIOTHOE 3HAYEHHE YHCICHHOCTH TOPOJCKOTO HACENICHUS] MOMKET
YBEIIMUUTHCA Ha 2,5 wMwumapaa denoBek kK 2050 romy, d4ro co3gact
JOTIOJIHUTENbHBIE ~ TPEHSATCTBUS I OOECHeYeHUss  MPOJOBOJILCTBEHHOU
0€30MaCHOCTH U PAIIMOHAIBHOTO MCTIOJIb30BAHUS MPUPOJTHBIX PECYPCOB.

Beprukanbubie ¢depMbl ¢ HCNONB30BAHUE THAPOTOHUKH M a’pPOTOHHUKH,
npeCcTaBistone Cco00i 3aMKHYTBIE CHUCTEMBI BBIDAIUBAHUS pPACTCHUU B
MHOTOYPOBHEBBIX KOHCTPYKIIMSIX, MOTYT CTaTh CYIIECTBEHHBIM 3JIEMEHTOM
YCTOHYUBOTO TOPOJICKOTO CEJIbCKOro Xo3sicTBa [1].

OnHUM W3 KITIOYEBBIX MPEUMYLIECTB a’3pPOMOHMKHU SBISIETCS CIIOCOOHOCTH
MUHUMHU3UPOBATh UCIIOJIB30BaHUE TMPUPOAHBIX pecypcoB. B orauume ot
TPAJULIMOHHOTO  CEJIbCKOTO  XO3sIIICTBA, TaKW€ CHCTEMbl MOTYT CHHU3UTh
notpednenue Boabl Ha 70-90% 3a cyeT HCMONAB30BaHUS 3aMKHYTBIX CHUCTEM
LUPKYJISALUHA [6].

Jpyroit Ba)XHOM XapaKTEPUCTUKOW a’pOMOHMKH SBISETCA UX CIHOCOOHOCTH
YMEHBIIATh yIIepOAHbIN cliesl. BepTukanbHbie hepMbl MOTYT OBITh PACIIONOXKEHBI
HEMOCPEJACTBEHHO B  TOPOJACKOM  cpele, UYTO COKpalllaeT  PaCcCTOSHHE
TPAHCIIOPTUPOBKHU U, COOTBETCTBEHHO, BBIOPOCHI yriekucioro rasza. bomiee toro,
BEepTHKaJIbHBIE (EepMbl MOTYT (YHKIIMOHHPOBATH B YCIOBUSX 3aMKHYTBIX
HKOCHUCTEM, YTO TO3BOJSIET MHHHUMHU3UPOBATH HCIOJIB30BAHHE TECTUIIUIO0B U
XUMHYECKUX YIOOpEeHHH, YTO, B CBOIO OYEpellb, CHWXACT 3arps3HEHUE
OKpy»karomiei cpensl [3].

C ToYKHM 3peHHUs COLUATBLHO-DKOHOMUYECKUX TMOCIEACTBUN, BEPTUKAIbHbBIC
dbepmbl 0051a71aI0T 3HAYUTENIBHBIM MOTEHLIUAJIOM JIJISi CO3JaHMsI padoyuX MECT U
pa3BUTHS HOBOTO CEKTOpa arpapHbIX TexHonoruil. Co3anne BEpTUKAIBHBIX (pepMm
B TOpOJIaX MOXET NMPUBECTH K BO3HHUKHOBEHHUIO HOBBIX PabOYMX MECT B TaKHX
00JacTsax, Kak aBTOMaTu3aIus, poOOTOTEXHUKA U arPOHOMHUSI.

BaxxHoil 4acTbl0 TNPUMEHEHUS TEXHOJIOTMM a’pPONOHHUKU  SBISETCSA
BO3MOXKHOCTb HCIOJIb30BAHMSI COBPEMEHHBIX TEXHOJOTUM JUIsl TOBBILICHUS
3¢ (HEeKTUBHOCTH BEPTUKAIBHBIX (DepPM IO Pa3IMUHbIM KpuTepusimM. B uactHocTH, 3TO
MO3BOJISIET CHU3UTh TPY103aTPAThl U TOBBICUTH MPOU3BOAUTENHLHOCTh CUCTEMBI [5].

Onnako, HECMOTpsl HAa 3HAYMUTENIbHBIC MPEUMYIECTBA, CYIIECTBYIOT U
CJIO’)KHOCTH, CBSI3aHHBIC C BHEJPECHUEM BEPTUKAIBHBIX epM. OMHON U3 KIIFOYEBBIX
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po0JieM SBJIIETCS BBICOKAsi CTOMMOCTh HayallbHbIX MHBECTHLIMHA B 000pyAOBaHUE
u TexHosnoruu. Kpome Toro, BepTuKalibHbIE (epMbl TPeOYIOT 3HAUUTEIHHOTO
KOJINYECTBA SHEPTUH.

OpHuM M3 2TAroB UCCIEI0BAHMS CTAJIO MPOCKTUPOBAHUE U CO3AAHUE MAJION
AKCIEPUMEHTAILHOM YCTAHOBKHM ISl TPOBEACHUS OIBITOB 110 BBIPAIIMBAHUIO
pacTeHUuil B YCJIOBHUSIX ad’pONOHHOM cHucTeMbl. OCHOBHOM LEIbI0 YCTAaHOBKH
SIBJISUIOCH TECTUPOBAHNE BO3MOXKHOCTEW aBTOMAaTU3UPOBAHHOTO KOHTPOJIS IPoLEcca
JUTSl BBIpAIIMBAHMS PA3IMYHBIX PACTEHUN U, B YACTHOCTH, KapTo(dess B yCIOBUAX
TOPOACKOMN CPEMBI.

OKcrepuMeHTalbHAasi ~ YCTaHOBKAa  Obl]a  HM3TOTOBIEHAa  Ha  Oase
mukpokonTpoiepa (MK) Arduino Mega, u4TOo MOXET NO3BOJUTH COOpaTh
noJ00HYI0 YCTAHOBKY JIJIsl POBENICHUS TTOCIEAYIOIINX UCCIEI0BAaHUN B YCIOBHIX
HU3KOrO0 (pMHAHCHUPOBAHHWA. YCTAaHOBKA TAKXE BKIIFOYAJia TEKCTOBBIA TUCIUICH ISt
BHU3yaJIM3allui TEKYIIET0 COCTOSHMSI CHUCTEMBI, a TAaKXE CWIOBBIC KIIIOUU,
oOecrieynBarofe yrpaBieHne HaCOCOM U CUCTEMOM OCBEIICHUSI.

I'maBHass ¢yHkuums, wu300paKeHHAas Ha pUCYHKE 1, 3aKimodaeTcs B
CIENYIOIIEM: NP  BKJIYEHUM MHKPOKOHTPOJUIEpA  IMPOUCXOAWUT  3aAIyCK
MPOrPaMMHOIO  CUETYMKA, KOTOPBIM COXpaHSE€T KOJIMYECTBO MMIIJIMCEKYH]I,
npomenamux ¢ momeHta BikmoueHuss MK. Taxke, cpasy mocie 3amycka Ha
TEKCTOBBIA JTUCIUIEH BBIBOAUTCS MPUBETCTBEHHOE COOOIICHHE M 3allpalliiBaeTCs
aKTyaJlbHOE BpeMsi Il KOppEeKTHOW paboTsl ocBemieHus. [lomoOHBIN moaxox
MO3BOJIAET UCKIIIOYUTh UCIOJIb30BAHKUE YACOB PEAIBHOTO BPEMEHMU.

[locne BBOIA akTyaJIbHOTO BPEMEHH 3aIlyCKAETCS LMK, YNPaBISAIOMIUN
paboToii ocBeleHus1 U Hacoca. PaccuntaHHasi MPOIOIKUTENBHOCTh KOPPEKTHOM
ABTOHOMHOM paOOTHI YCTAHOBKU COCTABISACT 49 THEH, UTO CBA3aHO C TEXHHUECKUMU
XAPAaKTEPUCTUKAMM HCIIOJIB3yEMOT0 MHUKPOKOHTPOJUIEpA M €r0 OIpPaHMYECHHOU
Pa3pAIHOCTBIO JJIsl XPAHEHUSI BDEMEHHBIX JIaHHBIX.
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3anycK NPOrpamMmMHOro CYETYMKE

BblBOZ NPV BETCTBEHHOMO
coobuweHuna u npocbbel
BBECTW aKTyanbHOE Bpema

Beopg akTyanbHoro
BPEMEHW NONb30BATENEM

Tekywee epema RealTime =epemsa
CYE€TYMKa + BBEAEHHOE NO/b30BaTENEM
Bpema

YnpasneHwe OCBELWEHWEM

v

YnpaeneHue opoLeHnem
MUTaTENbHBIM PaCTEOPOM

v

BbiBOg 3Ha4eHua
cuéTuukKa gHen Day

Pucynok 1 — CxemMa rmaBHOM QyHKINN

@yHKIMSA yNpaBiICHUS OCBEIICHWEM, IPEACTABICHHAs Ha PHUCYHKE 2,
BKJIIOYAET U OTKJIFOYAET OCBEILECHUE 110 3apaHee MPONKMCAHHBIM B KOJE TaMepaM.
[IpuHin paboTs! TaiiMepa 3aKiIIo4aeTcsi B CpaBHEHUH Pa3HULbI TEKYIIETO BpEMEHU
C BPEMEHEM IOCIEAHET0 WM3MEHEHHMS COCTOSIHMS OCBEIleHMA. Eciu pesynbrar
pazHocTH OoJbllle WJIM paBeH YKa3aHHOMY KOJHMYECTBY BPEMEHHU TaiiMepa, TO
YCJIOBHE CUATAETCS BBIIIOJHECHHBIM.
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3Hayedne O nepemeHHon LedState
COOTBETCTBYET AHEBHOMY PEXUMY, CBET

LedState =0 OTK/IOYEH. Mpu 3HaYeHUKU 1,
COOTBETCTBEHHO,  HaobopoT:  HOYHOM
PEXUM, OCBE LLEHME BKIHOYEHO.

Ycnosve BbINOMHAGTCA €CAM  PasHULA
mexay Tekywmm spemeHem (RealTime) n
BPEMEHEM  MOCNEAHEr0  U3MEHeHWA
(TimerLight)  6osnbwe  wnu  pasHa
3aAaHHOM a/mTenbHocTM aHAa (TimeDay).
3afaHHan 4/IMTeNbHOCTL AHA XPaHWUTCA B
nepemerHom TimeNight.

RealTime - TimerLight >
TimeDay

RealTime - TimerLight > TimerLight = RealTime «CHpoc Taiimepa».

TimeNight

BraounTts ocsellexme

TimerLight = RealTime

BbiBog
coobuenus, 4to
ocselleHue
BbIKIIOYUTL OCBELLEHME BK/IIOYEHO

YBENMUUTD CHETUMK AHEN
DayhHa 1

BbiBog,
coobuenma, 4To
ocBeLUeHue
BbIK/IIOYEHO

»
>

Pucynok 2 — Cxema (pyHKIMU yrpaBiIeHUs] OCBEILIEHUEM

OyHKIMS yIPaBIEHUs OPOLICHUEM IMUTATEIHHBIM PACTBOPOM, U300paKEHHAS
HA PUCYHKE 3, TIO3BOJISET 3a7aBaTh PA3JIMYHBIC MEPHOABLI pabOThl U Oe31elCTBUS
Hacoca B JIHEBHOW M HOUHOMW nieprosl. PaboTa TalitMepoB B JTaHHOM cTydae CXoxka ¢
paboToii TaiiMepOB, OMMMCAHHOW BBIIIE, 32 TEM HCKIIOYCHHEM, YTO MEPUOI PaOOTHI
Hacoca 3a/aéTcs MPU MOMOIIM 3aJePKKH, KOTOpasi OCTAHABIMBACT BBITIOTHEHHE
IPOrPaMMBI IO MOMEHTa OKOHUYAHUS 3TOW 3aJICPIKKH.
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3HayeHne 0 nepemeHHoM LedState cooTBeTcTBYET
HOYHOMY PEKMMY.

LedState =0

YcnoBure BbINOHAETCA ECAM PA3HULLA MEKAY TEKyLLIMM
spemeHem (RealTime) u BpemeHem nocnegHero
RealTime - BKOYEHUA Hacoca (previousPumpMillis) 6onbwe nam
LedState = 1 previousPum pMillis >= paBHa 3a/laHHOM AnMTenbHOCTH Be3aencTemA Hacoca B
intervalPumpDa aHesHOM pexume  (intervalPumpDay). 3apaHHan
ANWTeNbHOCTL Be3aeicTBMA Hacoca BO BPeMA HOYHOTO

perxuma XxpaHuTca 8 nepemeHHoM intervalPumpNight.

RealTime -
previousPum pMillis >=
intervalPumpNigh:

previousPumpMillis =

RealTime «CHpoc Tamepa».

previousPumpMillis = BKIKOYEHWE CBETOBOM U
RealTime 3BYKOB O MHAMKaUM W

BKAKOYEHMWE CBETOBOI W

3BYKOBOW MHAMKaUM N SRR ST

BbIKNIOYE HUE CBETOB O

OxugaHue 5 ceryH,
& Bt 3BYKOBOW MHAMKaUM W

BKAOYeHUA Hacoca Ana
OPOWEHWA NUTATENBH biM
pacTeopom

BbIKNIOYE HUE CBETOBOIA W
3BYKOBOW MHAMKAUW N

BrAOYeHMA Hacoca Ana
OPOLWEHWUA NUTATENbH biM
pacTeopom

OxugaHue
pumpDurationDay cekyHa

OxugaHue
pumpDurationN ight BbIKNOYE HUA Hacoca

CeKyHA
>
&

Pucynox 3 — Cxema QpyHKIIUN YyIpaBICHHS OPOIICHUEM MTHTATEIbHBIM
pacTBOpOM

Jlnst mpoBepku pabOThl YCTAHOBKM W TPOBEIEHUS SKCIIEPUMEHTOB OBLI
BBICQ)KEH KapToQesb, 3aKyIICHHBIM B PO3HUYHOUN CeTH MPOoAyKTOB nutanus. 13 10
BBICQ)KCHHBIX KJIYOHEHl Tpopociu 2, 4TO MO3BOJWIO BBIABUTH DS MpoOIeMm,
CBSI3aHHBIX C 3KcILTyaTanueil cucreMbl. OQHONW U3 KIIFOYEBBIX CIIOKHOCTEH CTaJo
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3a0uBaHue (POPCYHOK, OTBEUAIOLIMX 32 [10Jja4y IUTATEIbHOIO PacTBOpa K KIYyOHIM
KapTodess U KOpHIM pacTeHUil.

Kpome Toro, Ha sTame 3KCIUTyaTallid CTaJl0 OYEBHUIHBIM, YTO KOHTPOJIb
KOHLIEHTpAllMu MUTATEeJIbHOTO pacTBopa TpedyeT Oosbluel TouHocTu. Hebompiime
OTKJIOHEHHUSI B COCTaBE PacTBOpa MPUBOIMIM K 3aMETHBIM M3MEHEHHUSIM B POCTE
pacTeHuM.

Jlpyroil cymecTBeHHON MpoOIeMOl MOXKET CTaTh YS3BUMOCTb CHUCTEMBI K
cbosiM B anekrpocHaOxeHuH [2]. IlockoibKy B a’pONOHUKE KOPHU PpACTEHHH
HaXOIATCSI B BO3JyXe, HE MMes MPSAMOro JOCTyHa K MHUTATEIbHOMY PacTBOPY, UX
HEOOX0IMMO NEPUOINIECKH YBIAXKHATh. [lepeboun B mogade 31eKTpOIHEPTUU MOTYT
npuBecTH K rubenu pacteHuid. IlockonbKy BHEApPEHHE CUCTEMBI PE3EPBHOTO
SNEKTPONUTAHUS HE BCErna MOXET ObITh JOCTYIHBIM BApUAHTOM, CIEIyeT
paccMOTpeTh Apyrue CrocoObl COXpaHEHHs PACTEHUH B ClIydae BBIXOJA Hacoca U3
CTpOsI TI0 Pa3TUYHBIM IPHUYHUHAM.

IIpoBeneHHBIE SKCIIEPUMEHTHI MOKa3aIM, YTO a3PONOHHBIE CUCTEMbI MOTYT
CTaTh TMEPCHEKTHBHBIM HAIMPABICHUEM JUIA PAa3BUTHS BEPTUKAIBHOTO CEIBCKOTO
xo3dicTBa. [lanpHeine ncciaenoBaHusl MOTYT ObITh HalpaBieHbl Ha YCTPAHEHUE
BBISIBJICHHBIX TEXHUYECKUX MPOOIIEM.

Takum oOpa3oMm, BepTHKaIbHBIE (EpPMBI C TPUMEHEHHEM TEXHOJIOTHH
A’PONOHMUKHU MPEJICTABIAIOT COOOM MEpPCHEeKTUBHOE pelleHue JUisi 00ecreYeHUs
YCTOMUMBOrO pa3BUTHS TOPOAOB B YCIOBHUAX NIIOOAIBHBIX SKOJOIMUECKHX MU
COLIMAJIbHO-9KOHOMHYECKHX BBI30BOB. VX MpHMEHEHHE MO3BOJISIET CYIIECTBEHHO
CHHU3UTh HATrPy3Ky Ha MPUPOIHBIE PECYPCHI, YITYUIINTh Ka4eCTBO TOPOJCKON CPeabl
Y TIOBBICUTH IPOJIOBOIBCTBEHHYIO 0€30aCHOCTb.
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