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AHHOTauusA: B cTaTbe NpeAcTaBreHa KoHUenumus paspaboTku U ONTUMMU3aLMW Manon 3KCnepUMEHTanbHON
YCTaHOBKW [N151 BblpallmBaHus rpuboB, 1CMONb3yloLei aBTOMaTU3NPOBaHHbIE CUCTEMbI ynpaBneHus. Pac-
CMaTpMBaETCs 3annaHnpoBaHHbIA MHOTO(AKTOPHBIN SKCMEPUMEHT, HanpaBfeHHbIM Ha ONTUMU3aLMIo yrra
HaKMoHa MOMOK AN NOBbIIEHUS YpoxarHocTu. [poBeaeH npeaBapuTeribHbIN 3KOHOMUYECKUIA aHanus, pac-
cMaTpuBatoLLMii cebecTOMMOCTb BhIpaLLyBaHWS rPUOOB 1 NOTEHUMAN CHKEHWS 3aTpaT. B 3akntoueHun onu-
CaHbl NEPCNEKTVBLI BHEAPEHMS AaHHON TEXHOMOTUM B YCIOBUSIX FOPOLCKON Cpeb!.

KntoyeBble cnosa: rpubbl, BoipallmBaHue, rpuboBOACTBO, YPOXaNHOCTb, arpobusHec

DEVELOPMENT OF AN EXPERIMENTAL PLANT FOR GROWING MUSHROOMS USING AUTOMATED
CONTROL SYSTEMS

Galichenko Sergey Alexandrovich,
Bagrov Alexander Vladimirovich,
Tsyplakov Maxim Olegovich,
Lebedeva Ksenia Olegovna

Scientific adviser: Fokina Maria Sergeevna

Abstract: the article presents the concept of developing and optimizing a small experimental plant for growing
mushrooms using automated control systems. A planned multifactorial experiment aimed at optimizing the an-
gle of inclination of shelves to increase productivity is being considered. A preliminary economic analysis has
been carried out considering the cost of mushroom cultivation and the potential for cost reduction. In conclu-
sion, the prospects for the introduction of this technology in an urban environment are described.
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MupoBoe NPOM3BOLCTBO IPUBGOB CTABUNBHO YBENMYMBAETCS, YTO OTPaAXaAeT pacTyLWin CNPoC Ha 3TOT
npoaykT. B Poccuy B nocneHne HECKONbKO NeT HabnofaeTcs PoCT NPOM3BOACTBA rpuGOB, 0COBEHHO B CBA3K
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C BBEZEHMEM CaHKLA, YTO CTUMYNMPOBANO MMnopTo3amelleHne. OQHako pbIHOK 40 CUX NOP CTanK1BaeTcs ¢
psgoM npobnem, cpean KOTopbIX HU3KME 0BbeMbI NPOM3BOACTBA, HEAOCTATOK KBANMMULMPOBAHHLIX Creuma-
MIUCTOB W OTCYTCTBUE YETKUX METOAWK KanbKynupoBaHus cebectoumocTtu npoaykumv [1]. Pa3sutue manbix
nNpeanpusTAil B 3TON oTpacnu TpebyeT BHeApeHNs ahEKTUBHBIX TEXHOMOIWIA, NO3BOMAOLLNX CHU3UTL NPO-
W3BOACTBEHHbIE 3aTpaThl 1 NOBLICUTb YPOXANHOCTb, YTO OCOBEHHO akTyanbHO 411 BHYTPEHHEro pbiHka Poc-
cun [2].

Kpome Toro, ans BbipalymBaHms rpuboB BaxHbIM SBSIETCS COBMIOAEHNS YCNOBUIA, KOTOPbIE HEOOX0AN-
Mbl UM Ans pocTa. [pubbl, koTopble Gbinn BbipaLleHHble B CieumarbHbIX NOMELLEHNSX, MOTYT CYUTATLCS IKO-
nornyeckun yncteiMun [3]. Ans obecneyenns u nogaepxanus Tpebyembix yCNOBUN MOXHO NPUMEHSTL aBTOMa-
TU3MpOBaHHble cucteMbl ynpasnerns (ACY). CHxeHre JOnKM y4acTus YernoBeka B MPOLEecce BblpalymBaHus
rpuboB NO3BONMT, KPOME MPOYEro, cAenatb YCTaHOBKM ANS BblpalimBaHus rpubos Gonee AOCTYMHbIMU 415
3HauMTENbHOM JONW HaceneHns, 0cobeHHO B ropoACKoi cpeae. BoipalimBaHue B6IM3M KOHEYHOrO NOTpebu-
Tens Takke NO3BOMNUT CHU3UTbL CEBECTOMMOCTb NPOAYKLUMM U YMEHBLUMTL HEraTUBHOE BIMSHUE HA OKpYXalto-
LUy cpefly, BO3HMKAIOLLEE B NPOLECCe TPaHCNOPTUPOBKN.

CoBpeMmeHHble TEHAEHLMM arponpOMbILLNIEHHOTO KOMMMeKca npeamnonararoT Wwupokoe BHegpeHue ACY
B NPOM3BOACTBEHHbIE NpoLecchl. OQHUM 13 BaXHENLWMX (haKTOPOB MOBbILIEHWS NMPON3BOAUTENBHOCTY B Cihe-
pe rpuboBOACTBA Kak OTPACAN CEMbCKOTO XO3AMCTBA SBASETCH BHEAPEHWE MHHOBALMOHHbIX PeLLeHWi, Crno-
cOBHbIX aBTOMATW3MPOBAaTb NPOLIECCHI BbipaLLMBaHus U 06ecneynTb KOHTPOMb 3a KMKYEBLIMM NapamMeTpamm
MUKpOKNMMaTa.

TexHonornyeckoe yCoBepLLEHCTBOBaHNE B rpubOBOACTBE HaNpaBneHO Ha NOBbILLIEHWE YPOXaNHOCTH W
CHWXeHWe 3aTpaT Ha npon3BoacTBo. OAHAKO OOHWUM U3 NPENATCTBUM HA MYTU K MacCOBOMY BHEAPEHWO UHHO-
BaLWi SBNSIOTCS BbICOKME HavanbHble MHBECTULMM B 0BOPYLOBaHWE W CAIOKHOCTb HAaCTPOAKM CUCTEM aBTO-
maTusaumm.

lpUMeHeHre aBTOMaTU3MPOBaHHbIX CUCTEM YNpaBfEHUs MO3BOMSET 3HAYUTENBHO CHU3WUTL NepeMeH-
Hble W MOCTOSHHbIE 3aTpaThl 3@ CYET aBTOMAaTU3aLMK psifa NPOLLECCOB, TAKUX Kak KOHTPOMb MUKPOKIMMATa,
BnaxHocT u CO,. Kpome Toro, aBToMaTM3aLus BblpalimBaHns rpuboB Ha OCHOBE TEXHOMOMIN UCKYCCTBEHH O-
O WHTENMNeKTa 1 AaTYMKOB CHUDKAET 3aTpaTthl Ha npou3soacTBo Ha 10-15% [4]. Takxke, ucnonb3oBaHue [o-
CTYMHbIX MaTEpWUanoB Ans KOMMNOCTa, TakuUX Kak OTXOAbl arpOnpOMBbILUIIEHHOM, MOXET AOMOMHUTENBHO CHU-
31Tb ce6eCTONMOCTb NPOAYKTA.

PaspabatbiBaemas ycTaHoBKa npeacTaBnseT cobon 3amMKHYTYIO CUCTEMY C KOHTPONEM KNUMaTUYECKMX
napameTpoB, MOCTPOeHHyto Ha 6a3e Arduino Nano 1 4ONONHUTENbHbLIX KOMMOHEHTOB, TakWX Kak XONOAUbHbIN
MoZynb ANS OXNaXOeHUs BO3JyXa, BEHTUNATOP NS LMPKYNAUWW, YNbTpa3BykoBOM YBRaXHUTENb, AaTUMKM
COg, a Takke DHT11 ans koHTpons Temnepatypsl 1 BnaxHocTn. OcHoBHOM 3apaden ACY senseTcs nogaep-
XaHue cTabunbHOro MUKpoKnMMaTa B npedenax onTUManbHbIX YCROBWIA ANs pocTa rpubos, YTO BKOYaeT
KOHTPOMNb TeMNepaTypbl, BNAXHOCTW 1 YPOBHS YINEKMCNIONo rasa.

CrpykTypHyto cxemy ACY paspabaTbiBaeMoil YCTaHOBKA MOXHO MPeACTaBWUTb B Credytoem Buae
(puc. 1). CTpykTypHas cxema BkntoyaeT cnegytowme 6noku: MK — mukpokoHTponnep, YBW — ycTpoicTBo BbiBO-
Aa uHchopmaumv, ITB 1 — gaTumk TemnepaTypbl U BIAXHOCTI BHYTPYM yCTaHOBKK, [ 1 — gaTumK KOHLEHTpaLmum
CO BHyTpM YyCTaHOBKM, Y3Y — ynbTpa3BykoBOM yBnaxHWTeNb Bo3ayxa, CK — CBETOAMOA KPacHOro CBEYeHUs,
CC - csetoamopn cuHero ceevenns, Cb — csetogmnog Genoro ceeyenns, CTP — cuctema Tepmoperynsumm,
BKIIOYAIOLLAs XoNoaunbHbIA Moaynb v BeHTunsTop, WM 1-3 — reneparopsl WM, K 1-2 — knioumn, ATB 2 -
[aTYvK TeMnepaTypbl U BNAXHOCTW OKpyxatoLen cpeabl, Al - gatumnk koHueHTpaumn CO2 okpyxatoLuei cpeas!.

OnHUM 13 3TanoB UCCNEAoBaHNS SBNSETCSA NNaHMPOBaHWE 1 NPOBeAEHe MHOrOgaKkTOPHOro aKCnepu-
MeHTa Mo ONTUMW3aLMM YCROBWIA BblipaliMBaHns rpuboB. B pamkax ycTaHOBKM nnaHMpyeTcs UCCneaoBaTb
BNMSHWE Pa3nnyHbIX DAKTOPOB, TakWX Kak yron HakmoHa nomok, Tun cybcTpara, Temnepatypa, BNaxHOCTb U
koHUeHTpaums CO2, Ha ypoxanHOCTb rprbos.

MOXHO MpeanonoXuTb, YTO UCMONb30BaHKWE Pas3NNYHbIX CyBCTPaTOB, BKMOYAs KyKYpY3Hble NoYaTku 1
LIeNyXy XNOMKa, OKaxXeT MOMOXMTENbHOE BIMSHME Ha YPOXaWHOCTb. B xode npeacToswimx nccnesoBaHui
MOXHO BapbMpoBaThb COCTaB CybcTpaTa M CpaBHMBATb Pe3ynbTaTbl C KNACCUMYECKUM KOMMOCTOM, KOTOPbIN
TpaaMLMOHHO 1cnonb3ayeTcs B rpuboBoacTse [2, 5).
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Puc. 1. CtpyktypHas cxema ACY pa3pabatbiBaemMoi yCTaHOBKM ANA BbipaliuBaHUA rpudos

OtgenbHO B xoae aKkcnepumeHTa ByaeT pacCMOTPEHO BRMSHWE Yrna HaknoHa Nonok Ans rpnbos Ha ux
YpOXanHOCTb, ANs Yero B paspabaTbiBaeMoil yCTaHOBKe NpeayCMOTPeHa BO3MOXHOCTb perynnpoBaHus yrna
HaKroHa. Ha AaHHbI MOMEHT BbIABMHYTA rMNOTE3a, YTO ONTUMANbHbBIA YroN HaknoHa NonokK MOXeT cnocob-
CTBOBaTb PABHOMEPHOMY pacnpefeneHuio BO3AYLLUHbIX MOTOKOB W YIyYLIEHUI0 pocTa muuenus. MNposenexve
MHOro)aKTOpHOro 3KCMEepUMEHTa C YYETOM 3TUX MapaMeTpoB MO3BOSUT HE TOMLKO ONpefenuTb OnTUMarb-
Hbl€ YCINOBMS, HO W 3aM0XM1Tb OCHOBY [N151 aNbHENLINX UCCefoBaHuMI B AaHHON obnacTy.

MpoekT no pa3paboTke aKCNepUMeHTarbHON YCTaHOBKM ANS BblpallyBaHus rpuboB ¢ npyMeHeHeM aB-
TOMaTU3NPOBaHHbIX CUCTEM YNpaBneHus nNpeacTaBnser coboi NepcnekTMBHOE HamnpasrneHne Ans noBbllle-
HWA peHTabenbHOCTW M NPOAYKTUBHOCTW NPEeanpUATUA MO BbIpalLMBaHWO rpuboB. DKOHOMUYECKUI aHanM3
nokasblBaeT, YTo BHeapeHne ACY 1 UCnomnb3oBaHWe anbTepHaTUBHbIX Cy6CTPaTOB MOXET 3HAYUTENbHO CHI-
3UTb cebeCTOMMOCTb NPOM3BOACTBA, YTO OCOBEHHO aKTyanbHO AN ManblX ¥ CPeaHWUX NPeanpusTi B ycno-
BUSIX POCCUIACKOM SKOHOMUKM.

Mpeacrosiiime SKCnepUMeHTbl NO3BOSST BbISBUTH ONMTUMArbHbIE NapameTpbl BblpalyuBaHus rpubos,
BKIIOYas Yron HakmoHa Nosiok 1 coctas cybeTpata, YTo 4OMKHO CnocobCTBOBATL NOBLILLEHIO YPOXANHOCTY U
kayecTBa npogykuun. [anbHeiwne uccrenoBaHus MoryT ObiTb HanpaBneHbl HA WHTErpauuio NoMyYeHHbIX
[aHHbIX B NPOMbILLEHHbIE NPOLECChI, YTO MO3BOSINT NOBBLICUTL KOHKYPEHTOCNOCOBHOCTL POCCUICKOrO rpubo-
BOACTBA Ha MMPOBOM pbiHKe. Takxe, MonesHbIM1 MOTYT OKa3aTbCsl UCCMeOBaHMUs, B KOTOpbIX ByadeH pac-
cMOTpeH Bonpoc ynyuwweHns ACY nyTéM noBbIlEeHUS HALEXHOCTW U OTKA30YCTONYMBOCTM, pa3paboTku Yesno-
BEKO-MALLMHHOrO UHTepdeica 1 MacluTabupoBaHUs NPOM3BOACTBA.
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