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Pa3pa60TKa pO6OTH3HpOBaHHOﬁ aHaHTHBHOﬁ CUCTCMBI ITIOAACPIKAHNA
KU3HCACATCIbHOCTH (I)OTOCI/IHTGSI/Ipy}OH_[I/IX OpraHnu3mMoB C HUCIIOJIB30BaHHUECM

HCKYCCTBCHHOI'O MHTCIIJICKTA

AHHOTaLINI

[Ipoekt  poOOTHM3UPOBAHHOM  QJANTUBHOW  CHUCTEMBI  TOJAJCP>KAHUS
KU3HENIEATeIbHOCTH (DOTOCUHTE3UPYIOIINX OPTaHU3MOB NMPU3BAaH OKAa3aTh MOMOIIIb

IIPU MTPOBEICHUU HAYYHBIX paOOT B OMOIOTHUECKUX JIA00OPATOPHSIX.

PoGoTtusnpoBanHas cucreMa 3HaYUTEIBLHO YIPOIIAET U YCKOPSET MPOBEACHU
¢ paboT ¢ KUBBIMHU (DOTOCHHTE3UPYIOITUMU OPTaHU3MaMU, & UCTIOJIb30BAHHUE UCKYCCT
BEHHOI'0 MHTEJUIEKTA JEJAEeT €€ NEPCIEKTUBHON JUIS JaJbHEWIIETO pa3BUuTus. B
HACTOAIEEC BpEMsS CHCTEMBbI JUIS TOAACP)KAHUSA IKU3HEOOCCIIEUCHUS JKMBBIX
OPraHM3MOB CTAJIM BCTpe4aThCsd HaMm Bce yaiie. OJHAKO OOJBIIMHCTBO M3 HUX HE

CIIOCOOHBI MOJICTPANBATHCS MOJI KOHKPETHYIO 3a/1a4y, PaCIIUPATHCA.

[lenpto maHHON paboThl  sBisieTCs: pa3paboTka  POOOTH3UPOBAHHOM
alalITUBHOM CUCTEMBI JUIsl TIOJACPKAHUS )KU3HEAEATEIbHOCTU (DOTOCUHTE3UPYIOIINX
OpPraHU3MOB C UCIOJIB30BaHNEM UCKYCCTBEHHOTO MHTEIIICKTA.

B pesynbrare pa®oThl Haj MPOEKTOM OblIa coO3/laHa POOOTHU3UPOBAHHAS
CUCTEMA C HUCKYCCTBEHHBIM HHTEJIEKTOM, KOTOPas aBTOMaTHYECKH ONTUMHU3HUPYET
YCIOBUSL  OKpYXKAalomledl  cpenbl i TOJACPXKAHUS — KU3HEACSITETbHOCTH
(OTOCUHTE3UPYIOUINX OPraHU3MOB, aHAIU3UPYS UX cocTosiHUe. CucTeMa MO3BOJISET
MPOBOJNTH MCCIIEIOBAHUS CO MHOTMMHU BHUJAMU (POTOCHHTE3UPYIOLIUI OPTaHU3MOB,

MMoACTparuBasACh IOA X MHAWBUAYAJIbHBIC Tpe6OBaHI/Iﬂ.
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BBEJIEHUE

B Hacrosiiee BpeMst cucTeMbl 1S TOJICpKaHUs JKU3HE00ECTIeUeHU S dKUBBIX
OpPraHM3MOB CTajJl BCTpeYaThCcsl HaM Bce yamie. OgHako OONBIIMHCTBO M3 HUX HE
CIOCOOHBI TNOJICTPAUBATHCA IMOJ KOHKPETHYIO 3ajady, pacmupsrbes. HeoOxomumo
3aKynaTh MHOXECTBO  pPa3HOOOpa3HBIX yCTAaHOBOK C  pPa3HbIMH  CXEMaMu
GYHKIIMOHUPOBAHUS, C Pa3HBIMU YIPABISIOMUMH yCTpOHCTBaMU. MIX HEBO3MOXKHO
CBA3aTh B OJHY CHUCTEMY yIpaBieHHs, HaOmogeHus u  KoHTposs. OHH
peIyCMaTPUBAIOT Pa3HbIE CIIOCOOBI OTCIECKUBAHUSA COCTOSIHUS JKUBOTO OpraHHU3Ma,
HO HE TO3BOJIAIOT aBTOMAaTHYECKH HM3MEHSATh MapaMeTpbl cpeabl. Mpeeir mpoekrta
ObLIO pa3paboTaTh HECKOJIBKO POOOTHU3MPOBAHHBIX YCTPOWCTB U OOBEAMHUTH UX B
OOIIyI0 CUCTEMY, MO3BOJISIIONIYIO YIPABISATh MU C TIOMOIIBIO €IUHOTO MOOUIIBHOTO
MPUIOKEHUSI.

AKTYalbHOCTh JTaHHOW MPOEKTHOM pabOThl COCTOMT B TOM, YTO OHa HE
MIPOCTO TIPEACTABIIET CO0OM mpoekT Komruiekca loT cucreM, a, HCHONB3YS
BO3MO>KHOCTH UCKYCCTBEHHOI'O MHTEJIEKTA, MO3BOJISIET CO3/1aTh KOMILJIEKC, KOTOPHIi
U3MEHSET TapaMeTpbl CPeIbl B 3aBUCUMOCTH OT COCTOSIHUS OpraHu3Mma. Takum
0o0pa3oM, COCTOSIHHE >KMBOTO OpPTraHM3Ma CTAHOBUTCS TJaBHBIM MapaMeTpOM IS
paboThI BCel CUCTEMBI.

B kadectBe TecTOBOro (OTOCHHTE3HPYIOMIETO OpraHu3Ma B TIPOEKTE
ucrnoJib3oBana MukpoBoaopocibs Chlorella vulgaris.

B pasnuuHbIX  HaydHBIX ~ JIa0OpATOPUSIX  COACPKUTCA  MHOMKECTBO
(OTOCHHTE3UPYIOIMINN OPTraHU3MOB, TPEOYIONTNX K ce0e OTACIBHOT0 BHUMAHWMS. J1is
HUX HEOOXOJHMMO CO3/1aBaTh OIpPENEIEHHbBIE YCIOBUS COJIEPKaHuUs, OJIaronpHUsITHYIO
OKpykaromryio cpeny. HeoOGxoamma cucrema, ClocoOOHasi BIUATH HA OKPYKAIOIIYIO
Cpely, B 3aBUCUMOCTH OT COCTOSIHHSI CAMOI'O OpraHU3Ma.

[lenpto nmaHHOM paboOTHl  ABISETCS: pa3paboTKa POOOTHU3UPOBAHHOM
aIalITUBHOM CUCTEMBI JIJIsl TOJICPIKAHUS KUZHECATSIbHOCTH (POTOCUHTE3UPYIOLTIX

OPraHu3MoOB C UCITIOJIb30BAHUCM HCKYCCTBCHHOI'O MHTCJIJICKTA.


https://ru.wikipedia.org/w/index.php?title=Chlorella_vulgaris&action=edit&redlink=1

JIJ1s AOCTHKEHUSI TOCTABJICHHOM LIeIN HEOOXOAMMO PEIIUTh s 3a1a4.
U3YYUTh TOTPEOHOCTH OUOIIOTHUYECKUX JTaOOpaTOpHii;

W3YYUTh OCHOBBI  JKM3HEACATEIPHOCTH  (HDOTOCHHTE3UPYIOIIUX  KUBBIX
OpraHU3MOB;
IIPOBECTH UCCIIEJOBAHUE aHAIIOIOB CUCTEMBI;
pa3paboTaTh KOHCTPYKIIMIO CHCTEMBI, MOJIEJICH 3aIIUTHBIX KOPITYCOB M OOKCOB;
CIIPOEKTUPOBATH Y31kl cucTembl B CAIIP;
BBITIOJTHUTHh BCE MPOM3BOJCTBEHHBIC ITAIbI 1O M3TOTOBICHUIO HEOOXOIUMBIX
Y3JIOB U JIETaJIEH;
pa3paboTaTh U CHasITh CXeMOTEXHHUKY MTPOEKTA;
MIPOU3BECTH COOPKY BCEX Y3JI0B POOOTU3UPOBAHHON CHCTEMBI;
IIPOBECTH KOMIUIEKCHOE TECTUPOBAHHUE CUCTEMBI;

COCJIaTb BBIBOJ, BBIAABUTL HAIIPABJICHHC naaneﬁmer O pPa3BUTHUA CHCTCMBEI.



| HccnenoBanrie POTOCUHTEIUPYIONINX OPTaHU3MOB

1.1 AHanu3 CylmecTBYIOIIUX CUCTEM

B naGopatopusix mnpu paboTe ¢ MHUKPOCKOIOM IIUPOKO HCIHOJB3YIOTCS
HAaOOpbl TOTOBBIX MMKpPOIIPENApaTOB, KOTOPBIE BKIIOYAIOT B ce0s ClEIyrOIIMe
obpasnpl o Ootanmke, oOmiedl Onomoruu, 3ooioruu: aabuus (Daphnia), koHUHMK
kopHsi ayka (Onion Rool Tip) , undy3zopus tydenspka (Paramecium caudatum),
noxxneBoi uepsb (Earthworm) u npyrue. B 6uonornyeckoit maboparopun BO3MOKHO
CaMOCTOSITEIbHO HM3TOTOBUTh MUKPOIPENapathl, sl 3TOTO JXKUBBIM OpTaHU3MaM
HEOO0XO0MMO CO34aTh ONTUMAJIbHBIE YCIIOBUS AJIs JKU3HEACSITEITbHOCTH.

B xonme BeImonHEHWS HAcTOsAMmEH pPabOThI OBUIO TIPOBEICHO W3YyUCHHE
CYIIECTBYIOIIUX HA PBIHKE CHUCTEM [UJISl MOJJACPKAHUS MHUKPOCPEbl, KOTOpHIE
HIMPOKO TpejcTaBieHbl Ha ToproBoi rmiomanake AliExpress [1]. BonbmuHcTBO U3
pa3paboTaHHBIX CHCTEM HE MUMEIOT BO3MOXKHOCTH IMOACTPANBATHCS MO KOHKPETHYIO
3amaqy. HeoOxoaumo 3akynath MHOXKECTBO Pa3HOOOpPA3HBIX YCTAaHOBOK, C Pa3HBIMU
cxemMamMu (QYHKIIMOHUPOBAHHS, C Pa3HBIMUA YIPABISIONIMMHU yCTporcTBamMu. HMx
HEBO3MOJXKHO CBSI3aTh B OJHY CHCTEMY YIIpaBJICHMS, HAOMIOACHUS U KOHTPoJs. OHH
HE CIIOCOOHBI BIMATH Ha OKPY’KAIOLIYIO CPENly, B 3aBUCUMOCTH OT COCTOSTHUS )KMBOTO
opranusMa. B mae 2023 roga Hay4HbIM KOJUIEKTUB [I€H3€HCKOTO TrOCY1apCTBEHHOTO
YHUBEPCUTETA MPEACTABWI MPOEKT «YMHOU TEIUIUIB, 32 COCTOSTHUEM PACTEHUU B
KOTOpOM CJEAUT MCKYCCTBEHHBIM WHTEUIEKT. [IpoeKT HaxoauTcs Ha CTaJauu

pa3paboOTKH M MOKa He YAAETCS MOTYYHTh TONMOJHATEILHYI0 HH(OpPMAITIU 00 UTOTaX.

1.2 Wzydenue nmotpedHOCTEN (OTOCHHTEIUPYIOIINX OPTraHU3MOB

JIJis U3TOTOBIIEHUSI MUKPOIIPENApaTOB U3 KUBBIX OPTaHM3MOB HEOOXOAMMO
CO3[1aThb ONTHUMAJIBHBIE YCIOBHUS JUISl UX KA3HEAEATENbHOCTH. OCHOBHBIE M3 HUX:
OCBEILEHUE, BIIAJKHOCTh, YPOBHU TEMIIEPATYPBI, [IUTATEIbHAS CPEa.

[Ipu pa3zpaboTke cuUCTeMBbl I MOJACPKAHUA KU3HEIAEATEIbHOCTH



OpraHU3MOB HEOOXOJUMO Y4YecTh BCE He0oOXoauMmble ycioBus. B Ttabmuue 1
IIPE/ICTABIICHbl ONTHUMAJIbHBIE 3HAYEHUs IOKa3aTesied OKpY’Kalllel cpeabl s

Chlorella Vulgaris.

Tabnuua 1 — OntuManbsHble yeaoBus okpyxatomien cpeanl aig Chlorella Vulgaris

d)aKTop CpCabl IIoka3zarenu Jualia3doHa CreneHb

HOpMaHBHOfI KUBHCACATCIbHOCTH | 3aBUCHUMOCTHU

Ocgelienue 20 4yacoB B CyTKHU Bricokas
BrnaxHocTb 100 % Bricokas
Temneparypa 25°C - 38°C Huskas
[TutarenbHble BemiecTBa | A30Tcoaep:kaliasi CyCleH3us Bricokast (+ 50%)

1.3 HCCHGI[OB&HI/IG IBCTOBBIX XAPAKTCPHUCTHK HOHYJBII_II/Iﬁ OAHOKJIICTOYHBIX

BOJIOPOCIEN

B kaudectBe MojenbHOro o6pasma (HOTOCHHTE3UPYIONIETO OpraHu3Ma Oblia
NpUHATA OTHOKJIeTOuHas 3en€Has Bojopocib — xjopemta (Chlorella vulgaris),
BOAHBINA pacTBop. OmHOKIETOYHas 3ei€Hasi BOJOPOCHb, OTHOCHUMAas K OTAETy
Chlorophyta. Ona B OGojblliell CTEIEHH MOAXOIUT JJIS HUCCICIOBaHHMM, KaKk MEHEe
NPUXOTJIMBAs, JOCTyIHAasd i1 NpuoOpeTeHus U He TokcuuHasd [2]. MccnepoBanue
MIPOBOJIUJIOCH B MPOTOTHUIIE 3aKPBHITON CUCTEMBbI MOAJIEPKAHUS KUZHEEATEIbHOCTH
opranu3moB. Kymprypa Chlorella Vulgaris Obuta BbIpamieHa B OTKPBITBIX YaIllKax
[lerpu. BepxHee mocBeumBaHWE TPOBOAWIOCH C TOMOIIBIO JIAMITBI TTOJTHOTO
CBETOBOTO CIieKTpa ¢ npeodnaganueM cunero (400-500um) u kpacuoro (600-700 HM)
nBeToB. Temmeparypa kyinbTuBUpoBaHus — 25°C. Braaxuocts — 50 %. Bpewms
IPOBE/ICHUs KYJIbTUBUpOBaHUS — 6 aHeil. B mpouecce doTocuHTe3a BOIOPOCIH
notpebsroT yraekuciasii ra3z (COz). Comepxanne CO2 B BOJIe MOXKHO YBEIUIUTH
nyTeM J00aBIeHUSI B KYJIbTYpY APOXKeH, uro u Obuto mpoBeneHo. OOoramieHue

CYCIICH3HUHA IIPOBOJUIIOCH 4a30TCOACPIKAITUMHA BCIICCTBAMMU. B Ka4YCCTBC


https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B5_%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D1%81%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BF_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B5_%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D1%81%D0%BB%D0%B8

HKCIIEPUMEHTAILHON TMOAKOPMKH HCIOIB30BANICA KUAKUNW KOHIEHTPAT yIO0O0pEeHMI
JUI KOMHATHBIX U OaJIKOHHBIX [IBETOB “Vito”.

Kaxxnprit sTan skcnepumenTa (uxcupoBaiics nyrem (ororpadupoBanus Ha
kamepy. Paspemienune kamepbr 800x600 mukceneil. L[[BEeTOBbIE XapaKTEPUCTHKU
CyCleH3Uu Bojopociield (UKCUPOBAIUCh €XEeIHeBHO. B  mepBbiii JeHb Oblia
3auKCHpOBaHa MEepBOHAYANIbHAS I[BETOBAsI XapakTEepUCTHKa cycneH3uu. Ha BTopoit
JIeHb ObUIO OTMEYEHO, YTO POCT 3aMEIJIWJICS, HA4yajloCh TOJOJAaHUE KIETOK. bbul
no0aBlIeH a30TCOJEpKAIMA MUTATEeNbHBIM pacTBop. [lanee oH moGaBmisics
aBTOMATHUYECKH, JUIS MOIepKaHus rpaduka pocTa XJIOpelibl. B pesynbTaTe yxe Ha
5 JIeHBb MPOU3O0ILIO 3aMETHOE YBEIMYCHHUE KOHIICHTPAIMA OMOMAacChl, KOTOPOE OBLIO0
3a(UKCUPOBAHO KaK MaKCHUMaJbHOE U JIOCTaTOYHOE. Pe3ynbTaThl MPOBEAEHHOTO

OMbITA OTPAXKEHBI B TAOIULIE 2.

Ta6J'II/IHa 2— PE3YJILTAThI OIIbITA I1I0 UCCIICAOBAHUIO IBCTOBLIX XaPAaKTCPHUCTHUK

Jlens omibiTa | Y CpemHEHHOE 10 IUIOMAM 3HAYCHNe BeTa | M300paxenne | Temmeparypa,

oC
0 rgb(234,237,24) 25
1 rgb(168,199,12) 25
2 rgb(159,183,11) 25
3 rgb(142,177,90) 25
4 rgb(142,179,92) F 25
5 rgb(110,144,56) . 25
6 rgb(87,127,32) . 25

Ha ocHOBe monmy4eHHBIX TaHHBIX OBLIO IPOU3BEICHO 00YUCHHE MOICTN
pacro3HaBaHUs dTana pa3BUTHs POTOCUHTE3UPYIOIIETO OPraHU3Ma, COIJIACHO

HIBCTOBBIM XaPAKTCPHUCTUKAM ITOITYJISIUN.
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2 Pa3pa60TKa aBTOMaTHBHpOBaHHOﬁ CUCTCMBI ITIOJACPIKKHU U KOHTPOJIA

KU3HEICATCIIbHOCTH (POTOCUHTE3UPYIONINX OPTaHU3MOB

2.1 Anroputm paboThl CUCTEMBI

[Tocne mpoBeneHUs: UcCCIENOBaHUS O MOTPEOHOCTSIX (POTOCHHTE3UPYIOIIUX
OpPraHU3MOB, 3TAIlOB UX XU3HEJCATEILHOCTH ObLIa pa3paboTaHa CTPYKTypHasl cXxema
IPOEKTa  ABTOMATH3UPOBAHHOM  CHCTEMbl  HOAJEPXKKH  KU3HEIEATEIbHOCTH

OpPraHu3MoOB. Cxema IpCaACTaBJICHA HA PUCYHKC 1.

CTpYyKTypHas cxema npoekTa

|naTuwK TEMNEpaTY Ll

[aT4kK PAcCTORHUA 2
BNEHHOCTH

OATYMK Nepenvea xamepa

| |
1

|- === = + Bnok ynpasnexus ‘

l l l l

|
|
|
|
|
|
|
! ESHTUNATOD OCEBLIEHME Hacoc MaHunynsTop MoHuTop
|
|
|
|
L

MOBUMLHOE
npUnoNKeHre oBnauHoe
XpaHUMiILEe
CTATHCTHYECKAR uzoGpameHii
nHGopMaLWA

Pucynoxk 1 — O6mias cTpyKTypHasi cxema MnpoeKTa

2.2 Peanu3zanus anroputMa pabOThl CUCTEMBbI

CrpykTypHas cxema YCTPOMCTBA COCTOWT W3 JAaTYUKOB, YIPABISAIOLIETO
yCTpOMCTBAa U OOBEKTOB yNpaBJIeHUs! (UCIIOJHUTENBHBIX YCTPOICTB). OOpaTHas CBA3b
MEXIy OOBEKTaMH VYIpaBIEHUS U JaTYMKaMH pPEaTu3yeTcss depe3 alroOpUTM

NIPUHATHS pPEUICHUM. bIOK-CXema anropuTMa NPUHATHUSA PEUICHUS INPUBEACHA Ha



pHUCYHKE 2.

HAUATO

onpeaenex
BETOHOMHEI
pexIM

SEINCIHEHNE KOMBHD
oneparopa
~

MeHblLe
yMMapHoro

BpeMenm

Pucynox 2 — briok-cxema anropurma NpuHATUS PEIICHUS

OCHOBHOM TIPOTrPaMMHON OCOOEHHOCTBIO pEaTU3alUA CUCTEMBI SBJISETCS
BO3MOYXHOCTH MapaiIeIbHONU PaOO0Thl UCIIONHUTEIBHBIX YCTPONUCTB HEOJOKUPYIOIIUM
CrIocoOOM Ha OCHOBAHWHM TPUMEHEHUS IPOTPAMMHBIX TalMEpPOB COOCTBEHHOM
pa3paboOTKH, peaTu30BaHHBIX B KauecTBe QyHKIHMA [3].

B cBs3u ¢ Tem, 4TO cucTeMa mojrydaet OOJbIIoe KOJTUYECTBO MH(OpMAIUU C
pa3IMYHBIX JaTYMKOB, a B 3aKPHITOM CHCTEME U3MEHEHHUE IOoKa3aTeleu
B3aMMOCBSI3aHbL, TO I MPUHATHUS PEHIEHUA O BKIKOYEHWH TOTO WA HWHOTO

HCIIOJIHUTCIIBHOI'O YCTpOﬁCTBa, H€O6XOIII/IMO HCIIOJIB30BATh AJITOPUTM OIITUMHU3AllUU.

2.3 BsiOOp ycTpONCTB ¥ U3rOTOBJICHUS Y37I0B CUCTEMBI

KOMHJI@KC, B COOTBCTCTBHUC C ICJIbIO, OPUCHTHPOBAH Ha IOAACPIKAHNC B
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TEYEHHE JJIUTEIIBHOIO BPEMEHHM  KU3HEACSITENBHOCTH  (HOTOCHHTE3UPYIOLIUX
opranu3MoB. Jlyis 3TOro HEoOXOIMMO OpraHu30BaTh I0/ady BIJIard, CBETa H
UTATEJIBbHOrO pacTBOpa. B Havane TexHOIOrn4eckoro srana Obul IPOBEIEH pacyeT U
BBIOOP KOMIIOHEHTOB.

Beibop Hacoca OCHOBBIBaJICS Ha JBYX CaMbIX Ba)KHBIX MapaMeTpa 3To:
IIPOU3BOJMTEIBHOCT, B JIMTPAX M BBICOTA HANopa. bbUIO TPHUHATO pEIICHUE
YCTaHOBUTh MEMOPAHHBIN BAKYYMHBIN HACOC.

B npoexrte ucnonb3oBansl gammbsl SMD 2835 -60d 60 cBeToM0oA0B Ha METP
(300wt Ha 5 MeTpoB: kpacHbIX (660nm)-250mmT, cuHux(445nm)-50mIT).

[Tpuunuel BBIOOpa (UTOMAMIT: SKOHOMHS DJIEKTPOIHEPTUH, HAMOOJbIIAS

3¢ (HEKTUBHOCTH JIs1 paCTEHUH, YTO MPECTABICHO HA PUCYHKE 3.

Mcnonb3osaHune namn

Lighting s

Pucynok 3 - DddexTuBHas qIuHA CBETOBOM BOJIHBI

Cucrema cocToUT H3 OJIOKa yOpaBICHUS, KOMIUIEKTAa MJAaTYUKOB IS
CUUTBHIBAHHS PA3UYHBIX MApaMETPOB OKPYXKAIOLIEW Cpelbl W HMCHOJHHUTEIbHBIX
YCTPOMCTB (BKJIIOYAsi MAaHUMYJIATOP). biok ynpaBienust 6a3upyeTcst Ha KOHTPOJUIEepe
ESP32 [4]. B Hactosmeit Mmoaudukanyuym K KOHTPOJUIEPY MOAKIIOYEHBI 7 pa3IMYHbIX
JATYMKOB: TEMIEPATypbl BO3/yXa, BIAXKHOCTH BO3/ayXa, aTMOCHEpPHOrO JaBICHUS,
(boTOpe3UCTOP, BIAKHOCTH IPYHTA, JATYUK YPOBHS KUIKOCTH, TaTYUK PACCTOSTHUS.

Jns nopaep:kaHusl 3aJaHHBIX IApaMETpPOB TEMIEPATyphbl, BIAXKHOCTU H
OCBEMIEHHOCTH OBLT pa3paboTaH U U3TOTOBJICH O0KC M3 opranmdeckoro crekina ['OCT
17622-72, 4 ™M, mpencraBleHHBIM Ha pucyHke 4. B kauecTtBe cpenbl

npoekTupoBanus Obuia BeiOpana CAIIP Kommac.
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Pucynok 4 — IIpoextupoBanue B CAITP Komnac 3D

3amuTHBIE KOpIlyca OBbUTM HM3TOTOBJICHBI Ha CTaHKE JIA3€PHOM pPE3KU U
nopaboTaHbl Ha CBEPJIWIBHOM CTaHKE. TEeXHOJOrMueckas KapTa HW3TOTOBJICHHMS
3alIUTHOTO KOpIyca yIOpaBisitomiero Onoka mpeactaBieHa B [lpumoxennn A.

Hpouecc HU3IrOTOBJICHUA KOPITYCOB IIPCACTABJICH HAa PUCYHKC 5.

(6)

a — paboTa Ha CTaHKe Ja3epHOM pe3ku, O — padoTa Ha CBEPIUILHOM CTaHKE

Pucynok 5 — PaboTa HaJl M3rOTOBJICHUEM 3aIIUTHBIX KOPITYCOB
Jlnst  wambomnee ymoOHOTO CoeNWHEHHWS Oblla pa3paboTaHa KopoOKa-

pPa3BETBUTEND IIVMH, MOKA3aHHAA Ha pUCYHKE 6. OHA MO3BOJISET HAAEKHO 3AIMUTUTH

COCOAMHCHUA OT BJIA)KHOCTH.
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(6)

a — CJIaICUHT MOJEJIH 0 — 3D ackus

Pucynok 6 — Kopobka-pazBerButens muH pazpadorannas B CAIIP

Ona Obuta wu3roroBneHa Ha 3D mnpunrepe. TexHonmormueckas KapTa
W3TrOTOBJIEHUS NpencTasieHa B [Ipunoxenun b.

Jlis pa3HbIX cocoO0B OCBeEIlIeHUsI (POTOCUHTE3UPYIOLIUN OPraHU3MOB OBLI
pa3paboTaH CBETHJIBHUK CO CBETOJMOJHOM JIEHTOM, MO3BOJISIOLIUN yCTaHABIUBATh
Pa3HyIO BBICOTY OCBEIEHUA. Moieab CTOMKM OCBELICHUS NIpeAcTaBicHa Ha Pucynke

7.

(a) (0)
a — 3CKHU3 «BUJ CBEPXY», 6 — 3D acku3

Pucynok 7 — Ctoiika ocBeleHus

On Obul pazpaboran u wusroroBiieH u3 QurunroB I[IBX 20D u TpyOsI
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[IBX20D, ¢ TexHOJOTMYeCKON MOpaOOTKON (PUTHHIOB, JJIi BO3MOXKHOCTH COOpPKHU
0e3 mpuMEeHEHHsI TOTIOTHUTEIEHOTO 000PY/I0BAHHSL.

TexHuyeckue XapakTEpUCTUKU BbIOpAHHBIX KOMIIOHEHTOB U JIAaTYMKOB
npenactaBiensl B tadnuie Bl Ilpunokenuss B, mpuHuumnuanbHas >IeKTpUUECcKast

cxeMa npuBejeHa B [Tpunoxenun I' [5].

2.4 COopka y3JI0B CUCTEMBI

Ha 0a3e oCHOBHBIX Y3JIOB U KOMIIOHCHTOB ObLIN C06paHBI 2 BapHaHTa

KOMIIJICKTallu 1 HCHTPAJIbHBIX Y3JI0B, OTBCYAIOIINX HOTpe6HOCT$IM KHUBBIX

OpPraHu3MoOB. 3aKpBITaH " OTKPBITad CUCTCMBI ITPCACTABJIICHBI HA PUCYHKC 8.

(6)

a— 3aKpbITasd CUCTCMaA 0— OTKpBITasd CUCTEMaA

PI/ICYHOK 8 — BapI/IaHTBI KOMILJICKTAallNH

B 3akpsiTOii cucTeMe NoaAepKUBaeTCs CTaOMIbHAs OKpyxKarolias cpeaa. OHa
COCTOMT H3: OOKca, KOpIyca YMpaBSIOMIEr0 MOJYJIS, KOpIyca Hacoca, JTaT4YHuKOB,
CBETOJIUOHOM JICHTHI, BEHTWIATOPA. JJIs1 TOAKOPMKH KMBBIX OPraHU3MOB, KOHTPOJIS
MoKaszaTreleld WX JKU3HECIIOCOOHOCTH B 3aKpBITBIH OOKC OBIIO  400aBIEHO

HCIIOJTHUTCIIBHOC YCTpOﬁCTBO — MAHHUITYJIATODP.

2.5 PaspaboTka mporpaMMHOTO 00ECTICUCHUS

[Ipu pabGote MaHuIyIsITOpa MPUMEHSUIMCH COBpeMeHHble TexHosoruun WU.

14



Ob6napyxeHnue 00bekToB npu noMoiu M1 — 310 061acTh KOMIIBIOTEPHOTO 3pEHMUS,
KOTOpasi ONpEeAEseT MECTONOJIOKEHUE U KIaCCUPUIMPYET pa3InyHble OObEKThI Ha
n3zoopaxenuu. IloaroroBka u o0yueHue Mojenu MpOBOAWIIACh BO (pelMBOpKE IO
padore c¢ Heipocetbto EDGE INPULSE. Ha pucynke 9 mnpuBenéH sramn

TCCTUPOBAHUA MOJCIIN I10 OIIPCACIICHUIO 0OBEKTOB.

RAW DATA

20240218 221149

Pucynok 9 — Onpenenenne yamku [letpu 00ydeHHONH MOIETBHIO

Ha pucynke 10 nokazanbl pe3yibTarbl 00ydeHust Mojeian. OHa MCHONIb3yeT
66 Kuno0alT ONepaTUBHOW MaMsITH U ONpPENENseT pacrnojoxkeHue yamku lletpu c

TOYHOCTBIO 83%. [IpoaoKarOTCsl SKCIEPUMEHTHI JJIsl YIYUILICHUS PE3YIbTaTOB.

— == @ 0=

Pucynox 10 — Pe3ynbTaThl 00yueHus: MOACIN

Jnst ynoOGHO#M paboThl MOJNB30BATEI0 HEOOXOJIMMO B3aUMOJIEHCTBOBATH C
CHUCTEMOM, OTIepaTUBHO MOydaTh WH(OpMAITHIO ¢ JaTunKoB. Pazpaboran uHTEpdEiic

MOJIB30BaTeNsl ISl B3aUMOJCHCTBHS € cHCTeMOW 1o cMmaptdony [6]. B xome

15



peanu3auuu uHTepdeiica ObUTM peann3oBaHbl (PYHKIIMH, KOTOPHIE HAMPABICHBI Ha
MOHUTOPUHT CpeAbl KU3HM pacTeHHs, 00paOOTKy © TIepeaady JTaHHBIX B
IIPOIPaAaMMHOMU Cpee.

Ha pucynke 11 mnpencraBieHa auarpaMMa BapUaHTOB HCIOJIb30BaHUS
MPUIOKEHUS B3aUMOJICHCTBUE MEXKYy KOHTPOJUJIEPOM U MPUIIOKEHUEM Ha TesepoHe

nojs3oBarens [7].

% ’/\

TlomssoBaTeTs

MHKPOKOHTPOJLIEP

Pucynox 11 — Jluarpamma BapuaHTOB HUCHOJB30BaHUs NpuiioxxeHust mo WIFI

Ha pucynke 12 npenctaBiieHbl 3JIEMEHTHI YIIPABIEHUS TPUIOKEHUEM.

Pucynoxk 12 — OxkHO 00pabOTKM TaHHBIX B MPUIIOKEHUH
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3 AHpO 6au1/151 CUCTCMBI  IIOOAACPKKH U KOHTPOJII  KU3HCACATCIbHOCTH

(OTOCUHTE3UPYIOIINX OPraHU3MOB.

Bepxauil TemmepaTypHBIM Ipelen |y pasHbIX OPraHUu3MOB  CHJIBHO
paznuuaercs. [leperpeB mpuBOIUT K TMOENIM KyJIbTYpbl, B TO BpeMsl KaK CHUYKEHUE
TEMIIEpaTypbl HWKE ONTHMAJIBHOM INPHUBOJUT TOJIBKO K 3aMEUICHHIO Ipolecca
¢doTocuHTE3A.

Cucrema mpenmnosiaraeT yCTaHOBKY B 3aKpbITOM HNOMELIEHUH, TIe paboTaroT
moau. Temmeparypy oOkpyxarwouien cpeapl B auanazone 18°C-26°C. B 3umHwMit
NEepUOJl, MNpPU BO3MOKHOM MEPUOAUYECKOM IPOBETPUBAHUHU, TEMIEparypa B
IOMEILEHUHN OTKJIOHSETCS OT CTaHAAPTHBIX 3HauUeHUM. [lJig Takux OTKJIOHEHUH ObLIO
MIPOBEJICHO MCCIIEA0OBaHNE KOJCOaHN TeMITepaTyphl M BIAXKHOCTH BHYTPHU 3aKPBITOM

CHCTCMBEI. PC3YHBT3TBI HUCCICAOBAHHNA IIPUBCACHBI Ha PUCYHKC 13.

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66

ST EHEW, G =@ T BHYTD, G i B/IEOKH BHYT, 06

Pucynok 13 - HccnegoBanue CcTaOMIBHOCTH TEMIIEPATypbl W BIAKHOCTH B
3aKpBITOU CUCTEME.

[Ipu mpoBeneHuu ampoOanuu TeMIIEpaTypHBIA AUana3oH BHEIIHEW Cpe.bl
ObL1 B tnana3one 12°C—24°C.

WN3meHennss TemiepaTtypsl BHYTpU cuUCTeMbl coctaBmwio 24°C-20°C,
BnaxHoctu  28%-33%. HccnenoBanue TPOBOAWIOCH MPU  BBIKIIOYEHHOM
BeHTUWIATOpEe. OOHOBJIEHUE BO3/1yXa IPOUCXOANIO Yepe3 OOKOBbIE OTBEPCTHUS.

[IpuHYIUTENBPHO MOAABAEMBIM BO31yX B TOPU30HTAJIBHOM M HHCXOMSAIIEM
HarnpaBJeHUsAX (MpU MOMOIIM BEHTWISATOpPA) 00ECIEUNBAECT CHUKEHUE BIAXKHOCTU U
TemrepaTypsl. Bo3mymiHelii moTOK BeHTHIsTOpa — 35M3/uac. OGbeM 3aKphITON
cuctemsl V= 0,04 m>. OOHOBIEHHE BO37yXa MPOUCXOIWT 3a 4 CEKYHIBI, YTO

IMOJJHOCTBIO IIOAXOAUT OJIA IIOAACPIKAHUSA HGO6XOIIHMOI>1 TCMIICPATYPblI BHYTPH
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3aKpBITON CUCTEMBI.

Ecnmm mo 3amaHHBIM YCIOBUSM HEOOXOAMMO CHHU3UTH YPOBEHb BIIAKHOCTH
BHYTpH OOKCa, TO aBTOMAaTUYECKH IPOUCXOJUT 3aMyCK BEHTUJISTOPA, KOTOPBIM
paboTaeT 10 MOCTHXKEHHMS CHUCTEMOW 3aJJaHHbIX 3HAUYCHUH. YPOBEHb BIIAXKHOCTH
BO3MOXXHO MOAAEpKHUBaTh B aAuanazoHe oT 25 % no 70 %. Beicokuil ypoBEeHb
BJIQKHOCTU  TIO3BOJISIET  IMPOBOJUTH MHUKPOOHMOJOTHYECKHUE  HCCIEIOBAHUA C
OTKPBITBIMU 4amkaMu IleTpu. DTO maeT BO3MOXKHOCTH OTCIIEKHBATh COCTOSIHUE
KUBBIX OOBEKTOB mpu mnomomu Kamepsl ¢ M. TectupoBaHue mokaszayio, 4TO B
3aKPBITOM YaIlIKE Ha KPBIIMIKE 00pa3yeTcs KOHAEHCAT, YTO MEIIAET MPOU3BOIAUTH
OIIEHKY COCTOSIHMSI >KMBOTO OpPTraHU3Ma.

B oTkpeITOil cHCTEME B aBTOMATUYECKOM PEXUME MOAACPKUBACTCS
BJIQXKHOCTh TIOYBBI, YTO TIO3BOJIAET MPOBOJUTH JUIUTEIbHBIE SKCIEPUMEHTHI 10
BBIPAIIIUBAHUIO )KMUBBIX OpraHU3MOB 0€3 yJacTus yenoBeka [8].

[TonmyyeHHBIN KIMMATHYECKUE YCIIOBUSI OKpYKarolied cpenbl (B 3aKpbITOM
CHUCTEME) ONITUMAIIEHO TTOAXO/ST JIJIs1 OOJBITUHCTBA (DOTOCHHTE3UPYIOIINX PACTEHUH.
3aKpbIThIIl OOKC MOJIXOJIUT JUIsl pabOT TPeOYIOMIMX 3alIUTUTh 00pa3libl OT BHEIIHEH

cpenbl. 3aKpbITasi CUCTEMA C MAHUITYJIATOPOM IpeACcTaBieHa Ha pucyHke 14 [9].

Pucynoxk 14 - 3akpeiTas cucrema

OtkpbiTas cuctemMa OOJbINE TMOJXOMUT JUIA BBIPAIMBAHUS MXOB H
JUIIAHHUKOB, PacTE€HUN HETPeOOBATENbHBIX K YPOBHIO BJIAXHOCTH Bo3ayxa. OHa

MOJKET OBITH MCIIOJIb30BaHa IIpu CO3TaHUN CPCObI obuTaHus IS XKUBBIX OPraHU3MOB
18



- JOXKICBOI'O YCPBsA, THXOXOAKH. Kommiekc cucrem IIpCACTAaBJICH HA PUCYHKC 15.

Pucynok 15 — Komiuiekc cucrem

C nomouisto U Obu1 pazpaboTaH JOTOTUI TPOEKTA, KOTOPBIN MPEICTaBIECH Ha
pucyske 16.

Pucynox 16 — Jlorotumn nmpoexra
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3AKJIIOYEHUE

B pesynprate paboThl Hal NPOEKTOM OBLIM PEIIEHbl BCE IOCTABICHHBIC
3a/1a4n, IPOBEICHA JKOHOMHYEcKas oueHka mnpoekra lIpunoxkenmne JI. Cucrema
NO3BOJIAET MPOBOJAUTH HCCIIEJOBAHMUSI CO MHOTMMM BHUJAMHU (POTOCHUHTE3UPYIOLIHIM

OPraHu3MoOB, IIOACTPANBAACH IIOA UX MHANBHUAYAJIbHBIC Tpe6OBaHPIH.

3akpbiTas CHCTEMa C HCKYCCTBEHHBIM HHTENIEKTOM aBTOMAaTHYCCKU
ONTHMHU3HUPYET YCIIOBUS OKpY’KaroIen CpeIbI TUTST TOJIICPYKAHUS
KU3HEICATSILHOCTH (POTOCUHTE3UPYIONTUX OPTaHU3MOB, aHAIM3HUPYS UX COCTOSHUE.
Ha ceromusmHmMii JeHb 3aKkpbiTas CHCTEMa aJalNTHPOBaHA I10J BbIpAl[MBaHHE
xynopemtsl (Chlorella Vulgaris). 3ammaaupoBaHo naapHEHIICE pa3BUTHE MTPOCKTA IS
UCTIONb30BaHUSI B MHUKPOOHMOJIOTHMUYECKHUX JiabopaTopusx. Takke IUIaHHPYETCS
UCIIOJIB30BaTh CHCTEMY B KaueCTBE Y4eOHOrO MaTepualia, JUIsl JTOTOJHUTEIEHOTO

O6y‘l€HI/I}I OCHOBaM pO6OTOTCXHI/IKI/I C UCIIOJIb30BAHHUCM HCKYCCTBCHHOI'O HHTCJIJICKTA.
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[Tpunoxenue A.

Texnonornyeckas kapra 1

Pucynok A1 — Mogenp uznenus cipoektupoBanHas B CAIIP

Tabnumna Al Texnomoruyeckas kapta 1 «KopoOka-pacnpenenuTensb e

HanmenoBaHue TEXHOJOTHYECKUX ONepauui HaumenoBanue obopymoBaHus,
MaTepHa’soB, WHCTPYMCHTA,
MIPHUCIIOCOOJICHU I

Coznanne 3D mozpenu T-FLEX Cad

Oxcnopt 3D moxemu B STL dhopmar T-FLEX Cad

OnTuMm3anus pacroiioKeHusl Monenn Ha pabouem | [deaMaker

noJie 3d nmpuHTEpa

Caaiicunr 3D Moznenu IdeaMaker

ITepeBon STL monenu B Mmoaens amns IdeaMaker

3 D npunTepa

IToaroroska nosepxuoct 3D nmpunTtepa k neyaty | lnatens

Oxunanue HarpeBa comuia u croia 3D mpunHTepa,
poBepKka KonnvecTsa ¢puramMenTa B 3 D mpurTEpe.

3amryck neuatu Ha 3D mpuHTEpe

ITanens ynpasnenus 3D npunTepa

IleuaTs neramm

3D npunTep

VY nanenue neranu ¢ padodero nojs 3 D npunTepa

Hlmarens

Brikmouenue 3D npuHTEpa, ero oxjgaxJeHue

UYucrka pabouero nosst 3D npuHTepa

[IleTka nmmacTuKoBas

O0paboTka geranu nepe;] UCIIOIb30BaHUEM

Haxxmaunas Gymara, Hafguib.
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[Ipunoxenue b.
TexHonornyeckas kapra 2

Tabmuuna bl — TexHomoruueckass kapta 2 «3allUTHBIA KOPITYC YIPABISIOIIETO

OJIOKa»

HanmenoBaHue TEXHOJOTHYECKUX ONepauui

HaumenoBanue o6opynoBanus,
MaTepuaioB, HHCTPYMEHTA,

MIPHUCTIOCOOICHU I
Coznanue 3D moznenu T-FLEX Cad
Coznanue npoekiuii mogenu B SVG popmare T-FLEX Cad
[TocTpoeHune neranu A CTaHKA JA3€PHOM PE3KH, Ha Corel Draw
ocHoBe ueptexer 3 D mogenu.
Br160op onTEManbHOTO PACIIONOKEHUS IeTaId Ha LazerWeb
NOJIOTHE MaTepuana
Coznanvie 3a1a4 U1 CTaHKA JIA3ePHON pe3Ku LazerWeb

OO0pe3ka IMCTOBOro MaTepHaja B COOTBETCTBUH C
pabodnM moJieM cTaHKa.

Ycunennsiii pezak OLFA nns mmactuka OL-
PC-L, merannmudeckas JuHEWKa, KapaH/Iall,
YHUBEPCAJIBHBIN CTOJI IS PE3KHU.

Uwnctka pabodero moje craHka OT TOCTOPOHHUX
JIeTalield U Mycopa

IIeTka mmacTukoBas

[ToaroroBka cTaHka Ja3epHON PE3KH, OKUIaHHE
BBIX0JIa CTAHKA Ha 3aJaHHBIA TEMIIEPaTypPHBIA PEXXUM

CraHOK J1a3epHOM pe3KH

3akpenyieHns: MaTeprana Ha Moje CTaHKa

I'py3 st mpmxuma matepuaia

[IpoGHas pe3ka aeTaan Ha TECTOBOM MaTepualie
(opranwur, kKapToH, Oymara)

CraHOK J1a3epHOM pe3KH

JlopaboTka J1eTajii COrJIaCHO BBISBICHHBIM
HEJOCTaTKaM

Corel Draw

3akperuieHns: MaTepHala Ha 1oJie CTaHKa

I'py3 st npukxuma matepuana

IIpoBepka HacTpoeK pabOTHI CTAHKA JIA3EPHON PE3KH ¢
BBEIOpaHHBIM MaTEPHAaJIOM, ITyTEM BBIpe3a MPOOHOH
JeTau

CraHOK J1a3epHOM pe3KH

KoppekTupoBka HaCTpOEK CTaHKA Ja3epHOU Pe3KU
(MOIIHOCTB PE3KH, CKOPOCTH pe3KH, (pokycHoe
paccTosTHUE)

LazerWeb

3akperuieHns: MaTepHala Ha 1oJie CTaHKa

I'py3 st npukxuma matepuana
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Oxonuanue tadmuusl b1

Utoroselil pa3zka getaiu

CraHOK J1a3epHOM pe3KH

[epemerenre roxoBKH J1azepa B 0€30MacHyI0 30HY,
OTKJIFOUYCHUE JIa3epa, BBDKUIAHUE TOCTIKCHUS
Ja3epOM TEeMIEPATYPhl OKPYKAIOLICH CPEIbl.

H3Bieuenune roroBou aeTaneil U3 IMCTOBOI'O
MaTepuraia

H3BaeueHus OTpa6OTaHHOFO Marcpuaia, O4YMCTKaA MOJIA
JIa3€pHOI'0 CTaHKa

IIeTka rmacTuKoBas

HopaboTka neranu

Haxnaunast 6ymara, Haaduib
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HpI/IJ]O}KGHI/IG B. Texunueckue XAPAaKTCPHUCTHUKHN CUCTCMBI

Tabnuma Bl - Texandeckue xapaKTEepUCTHUKU JATYINKOB M KOMIIOHEHTOB

Hatuuku n
TexHMUYEeCKHe XapaKTePUCTHKH
KOMITIOHCHTHI
MUKpOKOHTPOJIIEPH | OHOKPHCTAIbHAS CXeMa, BKIIIOYaromas 32-0uTHbIN MUKpoKoHTpoiutep Tensilica

as iata ESP 32

Yacrora siapa: 80/160 MI'

CunoBoit MOJIYJb
MOSFET IRF540 nHa

4 TpaH3ucTOpa

Mopyns 4-x noneBbix TpaH3uctopoB IRF540 npeanasznayeH muist ynpaBiaeHus: 4
HE3aBUCHMBIMU Harpy3kamu c OoipmuM TOKOM. Jlisi pasmeneHust wnemneu

yIpaBieHUS U HarPy3KH KaXKAbIH KaHaJ MOAYJIsl 000pyIOBaH ONTONAPO.

Hudposoit
unaukarop HJ1602A
16x2 ¢ 12C

Mopaynb 16-cerMeHTHOTO 2-X CTPOYHOTO HU(POBOTO JucIuies, ¢ Apaiisepom [12C

HIJ1602A 16x2 Pabouee namnpsoxenue: 3.3 - 5.5B;

IIpeo6pazoBarens

PCF8591 AD/DA

Monyms ALIT/LIALL, moctpoennsiit Ha Mukpocxeme PCF8591. KonBeprep nmeet
4 amanoroseix Bxogma (ALLLL, on ke ADC), 1 amanoroseiii Berxon (LIAIL, oH xe

DAC), pazpemnierne kaxxaoro BXxoaa/Berxoaa 8 6ut. Ympasmsercs mo muHe [12C ¢

HIOMOIIIBIO
Kamepa Al-Thinker ESP32-CAM mnpexncraBnsier coboit DIP mewatHyro mmaty c
pasmepamu 27*40.5*4.5. Ha Hel cTanMOHAPHO KPEMHTCS MHKPOKOHTPOJLIEP
ESP32-S u kamepa OV2640 2MII 1600x1200 ¢ pazmepom oObeKkTHBa Y4
KommoHneHTs KomnnekropHble MOTOPBI — 3JIEKTPOMOTOPHI, HCIIOJb3yEMbIE B POOOTOCTPOCHUH.
MaHHITYJISTOpA CKOpocTh BpallleHHss MOTOpa 3aBHUCHT OT CHJBI TOKa, KOTOpas Ha HEro

IMOCTYIIACT. I[HSI Bpali€HuA OCHU ABUTATCIId B IPOTUBOIIOJIOXHOM HallpaBJICHHUU
JOCTAaTOYHO IMOAKIKOYHUTH KOHTAKThl OT HMCTOYHHKA IIMTAHHWA K JIBUIaTCIIO
HA00OPOT.

XapaKTepUCTUKHU:

[Tutanue: 5 B;

Paboumii Tok (5B): 5S00MA;

Cxopocts Bpamieans 5000 06/MuH

Mortop B cbope ¢ peaykropoM. HMcmonb3yeTcs moHmKatonmii pexykrop 1:90

25




[Ipunoxenue I'.
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[Ipunoxenue /1.
DKOHOMHYECKAS OIIEHKA

Tab6mmma J11— Pacu€r cebecTOonMOCTH MaTEpPHAIOB CHCTEMBI

Kommexryromiue Kon-Bo Lena(py6.) 3a 1mT. O611ast cTOMMOCTB
(py6.)

Muxkpoxkontposuiep ESP 32 2 360 1600

IInara pacmupenus 1 150 150

Cunosoii  moayns MOSFET 1 220 220

IRF540 Ha 4 Tpan3ucropa

USB pa3zbem 1 25 25

Mounutop  HJ1602A 16x2 ¢ 1 290 290

12C

IIpeobpazoBarenb PCF8591 1 220 220

AD/DA xoHBepTep

Monyns JaTyuKa 1 230 230

TEeMIIEpaTyphl, BIAKHOCTH U

JIaBIICHUS Ha YHIax

AHT20+BMP280 c

unrepgeiicom [2C

Mopynbp jgaTyuka BIQXKHOCTH 1 65 65

nouBbl FC-28

JlaTunk ypoBHS BOJBI 1 65 65

YIpTpa3sByKOBOM JTATYUK 1 390 390

paccrostaust US-100

Jlenra cBeronuogHA Ix1IwMm 263 263

Membpannslii Hacoc 385 1 328 328

Oprcrekio Ha KopoO 1 M2 750 1100

IInacTuk Ha  ynpaBisSOLIUI 1 M2 800 800

ook

[naurn 2M 700 700

Hakoneunuku st moausa 4 50 200

IIpoBoxa HabOp Sm 300 300

[Mnactuk  pns  3d-npuHTepa, 1,75Mm, 1600 1600

"Star Plast", Nylon

Tpy6a PPR 20D 2.1m 280 280

3arnymka PPR 20D 6 mT 16 96

VYronok PPR 20D 4wt 25 100
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Oxonuanue Tadauib J11

Haxxnauynas Oymara 20m1cTOB 20 400
Motop-peayKkrop 4wt 120 480
Kamepa 1 mt 760 760
UTOI'O MATEPUAJIOB 10662
Ta6J'II/IIIa I[2 — PpacxoJd SJICKTPOSHEPTHUH IIPU U3IrOTOBJICHHUHN CUCTCMEI
YerpoiicTBo MourHocTs (kBT) Bpewmst pabotbi(u) DNEeKTPOIHEPTHS CroumMocTb
(meHa py0. 3a (py0)
KBT/9)
3D npunTtep 1 48 5,93 284,64
CraHok  na3epHOI 1,5 3 5,93 26,69
pes3ku
[lasgneHas cTaHIUsS 0,06 10 5,93 3,56
CBepanIbHbII 2 2 5,93 23,72
CTaHOK
OcBelieHue 0.12X6 150 5,93 890

HUTOI'O pacxon 31€KTpOIHEPIUH:

1228,61

O6m1as crouMocTh IpoekTa cocraisiet: 11890,61 pyoinei.
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