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BBEAEHHUE

B Teuenue Bcero mepuoja XpaHeHHs 3€pHa B 3€pPHOXpaHUIIUIIE Tpedyercs
MNOCTOSIHHBIN U CUCTEMAaTUYECKUII MOHUTOPHUHT, OCYLIECTBIIIEMbIN C IPUMEHEHHEM
Pa3JIMYHBIX JaTYUKOB, HAIPUMED, BIAKHOCTH U TEMIEPATYPBl. DTO MPOUCXOIUT
U3-32 OIPOMHOI0 YHCJIa OHMOJIOTMYECKUX SIBJICHUM, MPOUCXOSUIUX B 3JIEBATOpE.
Ecnu 3a 3epHOBOM Maccol OTCYTCTBYET NOCTAaTOYHBIA YPOBEHb KOHTPOJISA, TO HE
BOBpEMsI OyIyT MPUHSTHI JACHCTBUS MO JUKBUIAUMU T'YOUTENbHBIX SIBICHUU, TO
€CTh 3TH JEHUCTBUSA BBI30OBYT JOCTATOYHbBIE OTEPU 3€PHOBOM MACChl U CHUKEHUE
Ka4yecTBa 3€pHa.

[IpaBunbHO MOmOOpaHHas cTpaTerusi HAOMIOJIEHUS 3a 3€PHOBOM MAacCOl H
BEPHO BBIOpPAHHAsI METOJWKAa aHaln3a IMOJYYEHHBIX pPE3yJbTaTOB HAOJIOJACHHUS
MO3BOJISIIOT BOBpEMSI yOpaTh BC€ T'YOUTENbHBIE MPOLECCHl U ¢ MUHUMAJIbHBIMU
3aTparaMu (PUHAHCOB M BPEMEHHU JOBECTH CEMEHa J0 COCTOSIHUS BBIITyCKa Ha
PBIHOK.

HaGnronenne npoBOAST 32 OAHOPOAHBIM IO KayeCTBY 3€PHOM. YUHWTHIBas
3TOT (PaKT M HAJMYME HA BJIEBATOPE OIPOMHOIO YHCIa 3€pHA, MBITAIOTCS ClEIaTh
KOHTPOJIb 3€pHA JOCTATOYHO HAJAECKHBIM B TO K€ BPEMS U ITPOCTHIM.

Temneparypa, BIaXXHOCTb, COJIEpkKAHUE NPHUMECEH, CUTyalHs MO YacTu
3apa)KEHHOCTH 3€PHOBBIX 3al1aCcOB, CTEIIEHb CBEKECTU (I[BET W 3aIlaX) - OCHOBHbIE
[IOKA3aTey, OINPEACISIIONINE COCTOSHUE 3€pHAa. B ceMeHHBIX 3EpeH Takke
KOHTPOJIMPYIOT BCXOXKECTh U IHEPTHIO MTPOPACTAHUSI.

[{UKIMYHOCTh KOHTPOJS COCTOSIHUSL 3€pHAa MO OTACNIbHBIM IpHU3HAKAM
3aBUCUT OT HECKOJBKHMX YCIOBMH. OJHUM M3 TaKuX IOKa3zaTejed SIBISIETCS:
COCTOSIHUE 3EPHOBOM MAaccChl, YCTOWYMBOCTh NPU XPAHEHUH, MPABUJIA COXPAHEHUS
(mepuoj roga, arMocdepHasi crienudpuka TePpUTOPUU, BUJI XPAHWIUILA, YPOBEHb

HACBIIIN).



1. OFBEKT USMEPEHUS

a) TemnepaTypa 3epHOBOI MacChI

Temneparypa - HauOosiee Ba)XXHBIM TOKa3aTelb, KOTOPBIM IOKa3bIBAET
COCTOSIHUE 3€PHOBOM MacChl B ONPEACIICHHBIM IPOMEKYTOK BPEMEHH. 3HAYUMOCTD
TEMIIEPATYPHOTO YCJIOBHUS B COXpaHEHUU CEMEHHU sicHa. HeBbicokas Temmeparypa
36pHa Ha BCEX CJOSX 3CPHOXpaHWIMIA WIM »HJeBaTopa TOBOPUT HaM O
MOJIOKUTEITLHOM COCTOSIHUM.

CymiectByOoT (akToOpbl, CHOCOOHBIE clenaTh Pa3HOCTh TEMIIepaTyp Ha
Pa3JIMUHBIX CJOSIX DJJIEBATOpPA, HAMPUMEP, OKPYXKAIOIIHMI BO3AYX U CTEHKH
3epHOXpaHwiuma. ClIeACcTBEHHO, TMOSBISETCS  3ajJadya -  NOJJIEp)KAHUE
OJINHAKOBOI'O0 YPOBHS TEMIIEPATyphbl HA BCEM YYaCTKE XpPaHEHUS NTAPTUU 3€PHA.

Ecnu HaGnroparoTcs pa3iauuus TeMIlepaTyp MEXIy 3€pHOBOW Maccoll u
OKpY’)Karoliel cpelod, TO 3TO TOBOPUT OO0 aKTUBHU3AIUHU (PU3HOJIOTMUECKHUX
nedcTBuil U camocorpeBaHus. [lodTomMy BakHO TPOBOAUTH MOHUTOPUHT
TEMIIEpaTyp BO3JyXa, KaK pa3IW4YHBIX CJIOEB 3€PHOBOM HAChINU, TaK U
OKpy>Karoren cpenbi[1].

KonuuecTBO mNpoBEpOK OMpeAensieTcss COCTOSHHEM caMoro 3epHa. B
CEJIbCKOM XO3SIUCTBE 3€pHO, HETABHO COOPAHHOTO C YpOXKas, C BBICOKUM
BJIAr0COJIEPKAHUEM TEMIEPATypy KOHTPOJIHUPYIOT KaXAbIi JI€Hb, CyXU€ 3€PHOBbIC
Macchl - 2 pa3a 3a 10 nueil. Ecnu 3epHO 0XJ1akA€HO, TO TEMIIEPATYPY MOHUTOPST
pa3 B 10 mmu 15 pgueit. Temmeparypa Wrpaer Ba)XKHYK pPOJIb Ha KOJIHWYECTBO
MIPOBEPOK B ONpEACICHHBI MPOMEXYTOK BPEMEHHM Ha BpeAUTENEH 3EpHOBBIX
3anacoB. Temnepatypa Hke 0°C usmepsaem 1 pa3 B mecsil, Boiie 10°C - pa3z B 10
JTHEH.

Ocoboe BHUMaHHME YIEIsieT TEM CJIOSIM 3€pPHOBOM MAaCChl, KOTOpPBIE
HaxonsTcss Ha 30-50 cMm ot aHa 3epHoxpaHmwiuma v 30-75 c¢cM OT BepXYIIKH
3¢pHOBOM HAchImM. M3 pa3nmndHbIX HAOMIOJACHUH HW3BECTHO, IIOBBIIICHUC
TEeMIIepaTyphl 3€pHa MPOUCXOIUT OCOOCHHO Ha STUX ydacTKax xpaHeHus. bes

BHHMMAaHHA HC OCTArOTCA 3CpPHA, HAXOAAIMMUCCA MAKCHUMAJIbHO ONMM3KO K CTEeHaM



aneBaropa. HeBwicokast Temriepatypa mo Bced ruiomiaan xpanenus (8-10°C u
HUKE) TOBOPUT 00 OTJIMYHBIX YCIOBUSX COJIEPKAHUSI.

0) Braxxnocts 3epHa

BnaxuocTh cyxoro 3epHa, Haxongiascs B uatepsaie ot 10-12 %, rosoput
arpoHOMaM O TOM, YTO B 3€pHAaX MPEKPaIIalOTCs MPOILECCHI, BEAYIIHE K PA3BUTHIO
napa3uToB. J[aHHOE ycrmoBHe obecrednBaeT XpaHEeHWe Ha HECKOJIBKO JIeT, a Macca
3epHa tepsercs He Oonee 0,01... 0,4 % B ron. Ecim B 3epHe mNOBBIIIAETCS
BJIQXHOCTh - HA4YHET BO3pacTaTb WHTECHCUBHOCTh TEIDIOOOMEHa, OBICTPO
pPa3BUBAIOTCS BPEAUTENIM 3€pHOBOM Macchl. Ecnmu Bo3pacTaer WHTEHCUBHOCTH
TEII0o0OMeHa, TO OyAeT BBIACHATHCA TEIUIO, 3HAYEHHWE KOTOPOM TMpPEBBIIIAET
HOPMY XpaHEHHUS, 4YTO TMPUBOAUT K CHUKEHUIO CBOWCTB MU MAacChl 3€pHa.
Kpurnueckas BIQKHOCTh - pe3KOe yBeIMYEHUE TersiooOMeHa. [[ns cemenu
NIICHUIIBI, KU, SUMEHS, pUca M I'PEUMXHU OHA pacroiiaraercsi B creneHu 14,5...
15,5 %; 3epHOBBIX O00KOBBIX KYyIbTYp - 15... 16 %; npoca, KyKypy3bl U OBca -
13,5 ... 14,5%. Ceipoe 3epHO CITIOCOOHO BBIIEIATH TOKCHUHbBIE BEIIECTBA, KOTOPHIE
NIPEICTABIISIOT OMMACHOCThH 3JI0POBBIO UEIOBEKA M KUBOTHBIX. MOKpas Kpyma mpu
COXpaHEHHWU CIOCOOHA MPOPACTH, YTO YCYryOJsieT €ro CBOICTBa M TOBBIIIAET
yTPaThl MacCHI.

B) CocTOsIHUE 3apa’KEHHOCTH

KonTpons 3a 3apak€eHHOCTBIO 3E€PHOBBIX MacC - BaKHBIM MpOIlECC,
o0ecreynBaromuii TUO0 YMEHBIIIEHUS! KOJIMYECTBA BPEIHbIN BpeAUTENe, 1100 uxX
MOJIHYIO JIMKBHUJIALIMIO C 3epHOXpaHwiuiia. [IpoBepky oOCYHIECTBISIOT IyTEM
TOYCYHBIX MPOO TIO Pa3IMYHBIM YPOBHSIM HAaChIHU. [IpOMEXKYyTOK MPOBEPKH
yCIIOBUSA 3apaKEHHOCTH OIpeeIseTcs BJIArocoziep>KaHueM U
TemnepaTypoil. OpraHoienTuyeckue Nmoka3aTellid KauecTBa 3epHa U 3apakEHHOCTh
¢ yuérom ero temneparypsi:Boie 15°C — 1 pa3 B 10 gueit;ot 15° no 5°C — 1 pa3 15
nueu; ke 5°C — 1 pa3 B 30 qHel.

r) 3amax u 1BET 3epHa

[To xomy XpaHeHHS B JJIeBaTOPE MOTYT pPa3BUBATHCS HEOJIATOMOIYYHBIC

IPOIIECChI, OHU OYAYT COMPOBOXKJATHCS IEPEMEHOM CBEXECTH M 3alaxa 3epHa.



Hamnpumep, ciupToBoil apoMaT ToBOPUT 00 MHTEHCUBHOM aHA3pOOHOM JIbIXaHWH,
TYXJIbIA - pa3BUTUE MHUKPOOPTaHU3MOB, COJIOAOBBI - MPOpPACTAHUE 3€pHA.
N3MeHeHue 11BeTa roBOPUT 00 MHTCHCUBHOM JIbIXaHUU CEMEHH M OPTaHU3MOB.

1) BexoxecTs U 3Heprus npopacTaHus

BcexoxecTh 1 sHEprus mpopacTaHusl 3epHa - J1Ba 00s3aTe/IbHBIX MTapaMeTpa,
KOTOpBIE ITPOBEPSIIOT Y COPTOBOI'O U CEMEHHOI0 3epHa. MHTepBan konTposusa 1 pas
B MecAl U Oosee. J[aHHBIE mapaMeTphl XapaKTEpU3YIOT COCTOSHUE JII0OOTO BHIA
3€pHa, HO JIJIsl CEMEHHOI0 3€pHa 0053aTeIbHO HYKHO POBOAUTH U3MEPEHUSI.

n) [Ipumecu B 3epHOBOI1 Macce

W3meHeHne mpuMeceil B 36pHOBOIM Macce - KOCBEHHBIN (haKTOp, KOTOPBIH
MOKA3bIBAET COCTOSIHUS 3€pHA B JIAHHBIH MOMEHT BpEeMEHHU. DTOT (DaKTOp KpaiiHe
HEOOXO/IUM JIJI1 HUCHOPYEHHBIX, HM3BEACHHBIX W TOTEMHEBIIMX 3epeH. Ecnm
COZIEp’KaHHE 3aIUICCHEBEBUINX, U3bEICHHBIX, MOTEMHEBIINX WM HCIOPYECHHBIX
3€pEH YBEJIMYUBAETCA, TO 3TO TOBOPUT O IUIOXUX YCIOBHUSIX XPaHCHUS B
3€pHOXPaHUIUIIE.

Kak mnoka3plBalOT  MHOTOYHWCIICHHBIE  HUCCIIEIOBAaHUS,  MOSIBICHUE
Pa3JIMUHBIX OPraHU3MOB B 3€PHOBOM MAacCe€ CMOCOOCTBYIOT YBEIMYECHHUIO TaKUX
3epeH. 3Ha4yuT, W3y4YeHHWE Ha 3aCOPEHHOCTh 3aHUMaeT 0co00e MeCTO B
ceMeHoBeieHUU. TakuMm o0pa3oM, THIATENbHBI OCMOTP KaXKJIOM MapTUU 3€pHA
MO3BOJISIET BOBPEMSI OOHAPYKUTh UCTOYHUK BO3SHUKHOBEHHUS TUIECEHH U JPYTHX
3aCOPEHHOCTEM.

Ha xaxaoM mnpeanpusTUM, OCYIIECTBISIOIIEIO XpaHEHUuE U 00paboTKy
3€pHa, CYIIECTBYET CIEHHAJIbHBIM JKYpHAJI, KyAa 3aHOCSAT C HEKOTOPbIM
MHTEPBAJIOM BPEMEHU pE3YJIbTaThl MPOBEPKH Kaxkaoud mnaptud. [IpaBunbHO
OpraHU30BaHHbIC JICCTBUSA TIO3BOJIAIOT B KOPOTKUH CpPOK OOHApYX UTh

HapylLIEHUE HOPM XPaHEHUS U IPUHATH MEPHI 110 CTAOWIN3AIMK TAPAMETPOB.



2METOAbI UIBMEPEHUS MTAPAMETPOB 3EPHA

2.1 MeTtoasbl u3MepeHHs TeMIepaTypbl

a) MHOroroueyHslii KOHTPOJIb IYyTEM YCTAHOBKM H3MEPUTEIbHBIX
AJIEMEHTOB HETIOCPEICTBEHHO B 3€PHOBOM HACHIINH;

0) 3MepeHune napaMeTpoB TOUEYHBIX MPOO, MOIYYEHHBIX MO ONPEACICHHON
METOAMKE 0TOOpA.

[TepBblii MeTO/ OOJIEe XapaKTEPEH /1JIs 3JIEBATOPOB.

Bropoii 00BIYHO MPOBOIAT C MOMOIIBIO PYYHBIX MW ABTOMATHYECKHUX
npo06ooTOopHUKOB. TodeuHble TPOOBI OTOMPAIOT MO CTPOTO OMpPENETECHHOM
CUCTEME H3 Pa3HbIX CJIOEB HAChIIM. 3aTeéM IyTeéM HX TIIATEIbHOIO
HNepeMelIMBaHus MOIYy4YaroT OOBbEIMHEHHYIO MNpoOy, M3 KOTOPOM BBLAEISIOT
CPEIHIOK MpoOy AJIs MPOBEAEHUS J1ab0paTOPHOro aHajin3a KadecTsa 3epHa. [lpu
ATOM Ba)KHOE 3HAUEHHE MUMEET Macca MpoObl, TaK KakK MO pe3yibTaTaM U3MEPEHHs

€€ IapaMeTpOB CYAST O COCTOSHUM HACBIIU B LIETIOM.

2.2 MeToabl M3MepeHusl BJIAKHOCTH

N3MepeHus BIaXXHOCTH B 3aBUCUMOCTH OT YCJIOBUM H3MEPEHUS MPUHATO
JICTIUTh Ha MIPSIMbIE U KOCBEHHBIE.

[IpsiMmble  W3MepeHUusT MNPOU3BOAUTCS HEMOCPEACTBEHHOE  pa3/iesICHUE
Marepuana Ha CyXO€ BEIIECTBO W Biary. JlaHHbIA BUJ U3MEPEHUS] MPOBOASATCS
yepe3 3a00p mpoObl Marepuana. KoHeuHble pe3ynbTaThl OY€Hb TOYHBI, HO HX

noJiydeHue 3aiiMer Hemasio Bpemenu (10 10-15 gaco).

K npstMpiM MeTOIaM OTHOCHT:

a) MeToa BeICYIIUBAHUS 3aKIIFOYAETCS B HEMIPEPHIBHOM ONPEICTICHUN MACChI
npoObl 1pu BbicylMBaHuu. CyIKy 3aKaHYMBAIOT, €CJIU JBa MOCIEI0BATEIbHBIX
B3BEIIMBAHUS HCCIEAYEMOro obOpasia MalT OJWHAKOBHIE WJIM BechMa OJIM3KHE

PE3YyJIbTATHI. Tak KakK CKOpPOCThb CYIIKH IIOCTCIICHHO YMCHBIIACTCH,



NPENIoNIaraeTcs, YTo MPU ITOM YIAISETCs MOYTH BCS BJlara, CoJeprKaliasics B
oOpasrre.

0) B mucTHIIAIMOHHBIX METOJaX HMCCIEAyeMbIid 00pasell MmoJorpeBaeTcs B
COCYJZI€ C ONpEEICHHBIM KOJIHMYECTBOM >KUIKOCTH, HE CMEUITHBAIOIICIHCS C BOIOMH
(OeH3051, TONMYOJ, KCHIION, MUHEPAIbHOE MAciio U T. 1.), 10 TeMIepaTypbl KUIIEHUS
ToM kuakocTH. I[lapel, mpoxons uepe3 XONOAWIHHUK, KOHIECHCUPYIOTCS B
U3MEPUTETHLHOM COCYZE, B KOTOPOM M3MEpSETCs 00bEM MIIM BEC BOJIBI.

B) OCHOBOI XUMHMUYECKHX METOJIOB sIBJsieTcsi 0OpaboTka Marepuana
peareHToM, BCTYNAIONIUM B XUMHUYECKYIO PEAKIHMI0 TOJBKO C  BIArowu,
conepkameiics B oOpasine. KommuuectBo BOmbl B 0o0Opasiie ONpenemnsercs Io
KOJIMYECTBY JKHJIKOTO WJM ra3oo0pa3Horo mpoaykra peakimu.Hanbomee
pacipocTpaHEHHBIMA XHUMHYECKUMU METOJaMH SIBJISSFOTCS KapOWIHBIA METOJ H
npuMeHeHune peaktuba Duriepa

r) OKCTpakIMOHHBIE METOAbl OCHOBAHBI HA W3BJICYEHUH BJaru W3
UCCIIeyeMOro o0pas3iia TBEpAOT0 MaTephalia BOAOIOTJIOMIAIONICH KUIKOCTHIO
(IMOKCaH, CIIUPT) U OTMPEACTICHUU XapaKTEPUCTUK KUIKOTO IKCTPAKTA, 3aBUCSIINX
OT €ro BIIArOCOACPKAHMS: YIEIbHOTO Beca, [OKa3aTensl MpeIoMIICHHUS,
TEMIIEPATyphl KUIICHHS WU 3aMep3aHusl U T.I1. B 3JIeKTprYecKuX 3KCTPAKIIMOHHBIX
METOZaX M3MEPAIOTCS dJEKTPUUECKHe CBOWCTBA (YyIENbHOE CONMPOTHUBIICHUE,
JURJIEKTPUYECKasi MPOHUIIAEMOCTh ) IKCTPAKTA.

KocBeHHbIe ~ METOABI  TONPA3ACNSAIOTCS  HA  DJJICKTPUUYECKHEe U
HEDJIEKTPUUECKHUE.

B KOCBEHHBIX METONIaX M3MEPSETCS BEIMYMHA, (DYHKIMOHAIHLHO CBSI3aHHAS
C BIAKHOCTBbIO Marepuana. KocBeHHBIE METOIbI TpPEOYIOT MpenBapUTEIbHOM
TPaIydpOBKH C IENbI0 YCTAaHOBIEHHUS 3aBUCUMOCTH MEXIY BIIAXXHOCTBIO
MaTepuasa U U3MEPSIEMON BETMYNHON

Omnpezenenre BIAXXHOCTU OCYIIECTBISCTCS OECKOHTAKTHBIM CIIOCOOOM.
[TomydeHHBIi pe3yabTaT OyAeT 4yTh MEHEe TOUYHBIM, HO HAMHOTO 0ojiee OBICTPhIM
(0OpaboTKa JaHHBIX 3aHUMAET HECKOJIBKO CEKYH]T)

Hesnekrpuueckue nenarcs Ha:



a) Temmopu3udyecknii - OCHOBaH Ha 3aBHCHUMOCTH TEIUIO(PHU3MUECKUX
napaMeTpoB MaTepHalla OT €ro BJIAKHOCTH. Temnodu3nyeckue mnapamMerpbl —
TETJIONPOBOIHOCTD, YAEIbHAS TEINIOEMKOCTh U JIP;

0) Onrudeckuifi - OCHOBAaH Ha 3aBUCUMOCTH ONTHYECKUX CBOMCTB
MaTepuaJoB OT UX Biarocojepxanus. Haubonee ymoOHO HCHOIB30BAThH
3aBHCHMOCTh ONTHYECKON TUIOTHOCTH OT KOHIICHTpAIUH Biary [2];

B) B ocHOBe Merona siiepHOro MarHUTHOro pesonanca (AMP) nexut
PE30HAHCHOE TOTJIONIEHUE PaJMOYaCTOTHOM AHEPruu sAlipaMH aTOMOB BOJIOPOJIa
(mpoToHaMM) BOABI MPH TOMEUICHHH BIAXXKHOI'O MaTepuajga B IOCTOSHHOE
MarHuTHOE IOJIE,;

OcHoBoi ANEKTPUYECKUX METO0B U3MEPEHUS BJIJKHOCTH
SBJISIETCA3ABUCUMOCTh ~ OT  BJQXHOCTHM  MApaMETPOB,  XapaKTEPHU3YIOIINX
MOBEICHUEBJIAKHBIX MATEPHUAJIOB B SJICKTPUUECKHUX TMOJISAX

DJIEKTPUYECKHUE IeTATCS HA!

a) Meron AIIEKTPONPOBOTHOCTH, Wi KOHJTYKTOMETPUUECKUN
METO/,0CHOBaH Ha 3aBUCHUMOCTH SJIEKTPUUECKOTO COMPOTHUBJICHUS MaTepualia OT
CTEMEHH  €ro  BIAXKHOCTU: UYE€M  BBIIIE  BJIAXHOCTh, TEM  MEHbBIIE
yIeITbHOCCOTIPOTHBIICHNE MaTepUaIal TEM BBIIIE €0 JICKTPOIPOBOIHOCTS [3].

0) Meron IUAPICKTPUYSCKOM MPOHMIIAEMOCTH, HJIM EMKOCTHBIM METO/I,
OCHOBAH Ha 3HAYUTEIBHOM PA3JIMUYUM BEJIUUMH AUDIIEKTPUUECKON POHHUIIAEMOCTHU
BOJIbI U CyxuXx BemiecTB. C yBEIWUYEHHEM BJIAXKHOCTH MaTepuajayBEIUYMBACTCS

CT0 JUDJICKTPpUYCCKAS ITPOHUIACMOCTDb

2.3 MeTtoas! onpeaeieHUs1 3apasKeHHOCTH

a) TernaoBU3MOHHBIM METOJ MOXET BBISBIATH CKPBITYIO U SBHYIO (OpMY
3apaKCHHOCTH, HalpuMep, Ha OO0BEKTaX, OCYHIECTBIIAIOIIMX IEpepadOTKy u
XpaHeHHsl 3epHa - aneBaTop. I[lpuHUMI JEHCTBHSA 3aKIIOYAETCS B YCTAaHOBKE
TEIJIOBU3MOHHOTO YCTPOMCTBA, HAXOMSMIETocsa Ha BbICOTE 5-50 €M OT 3epHOBOM

HAcChllii U yroy HakjioHa 20 rpaaycoB. YCTPOHCTBO MMEET YYBCTBUTEIBHOCTH
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+0,1°C u manuny BosHBI 2-12 mkM. CleayroniuMm 5TaroM SBISETCS U3MEpPEHUe
TEMIIEpaTyphl, IOCJIE€ KOTOPOW MPOUCXOAUT OOJYyYEHHE BBICOKOM YacCTOTHI
2450450 MTI'u. Jlanee 3epHOBas MOBEPXHOCTH IMOJBEPTraeTCs TEIIOBU3MOHHOU
cbeMKe. M3MepeHHble [aHHbIE IOCTYMAIT Ha KOMIIBIOTEp ISl JAJIbHEUIIEH
o0paboTku. TmiaTenbHBIM aHalW3 JAaHHBIX JaeT BO3MOXXHOCTh OOHApPYXUBATh
MECTOHAXO0XK/IEHNE MAKCUMaJIbHOM M MUHHMAJbHOW TEMIIEpaTyphl. 3apa)K€HHOE
MECTO ONPENENAI0T Oaroaaps pasiudyuio TEMIIEpaTyp 3€pHa U Tell BPEAMTENEH,
coctaBisitomux He MmeHee 0,5°C.

0) AKyCTHYECKUN METOA3aKIII0YaeTCsl B TOM, YTO HACEKOMBIE UMEIOT CBOM
XapaKTEpHBIA IIyM, KOTOPBIA OOHAPYKUBAETCA CHCIUAIBHBIM  3BYKOBBIM
JAaTYMKOM C Tocienyromeid oOpaboTkoii B  HeKoTopbld curHan. I[locne
npeoOpa3oBaHuil OH TMOAaeTcss Ha JuHAMUK. Hacekomble WMEIOT HMHTEpBal
yacToThl 3ByKa 1-1,5 kI,

B) Metoj npocenBanus cpeaHelt mpooObl 3epHa, 0OTOOPaHHON B COOTBETCTBUU
¢ TpeOOBaHUSAMM HACTOSLIErO CTaHJapTa, Ha JabopaTopHoM pacceBe VI-EP3 unu
BPYYHYIO Ha HAOOpE€ CUT, MOJACYETE OOHAPYKEHHBIX )KUBBIX BPEIUTENCH OTIEIBHO
N0 BHUJIAaM W YCTAHOBJIGHMM CYMMapHOM IUIOTHOCTH 3apaK€Hus 3epHa
BpPEIUTEISIMH.

F) Hcnonp3oBaHue CIICHHAJIbHBIX JIOBYIICK OJII HACCKOMBIX B 3JICBATOPC
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3. PASPABOTKA U3MEPUTEJIbHON CUCTEMBI

3.1 Onucanue 3epHOXPAHUWIHIL U UX KJIaccuPuKaIus

CoBpeMEHHBIE  3€pHOXpAHWIMINA -  3TO  MHOrOQYHKIHOHAIBHOE
COOpY)KEHUs, 00ECIEYMBAIOIINE CBOUM BO3MOXKHOCTSMH TOJATOTOBKY, CYIIKY U
XpaHEHUE OT HECKOJIbKUX MECAIleB J0 Heckoiabko Jier. Kak mnpasuio,
3EPHOXPAHWIMILIE BKIIOYAET PsiJl KOMIIOHEHTOB:

a) MexaHu3Mbl, CLIOCOOHBIE BBIMOJHATH 3aJlauyd MO Pa3rpy3Ke U MOrpy3Ke
3€pHOBOM MaccChl;

0) CrnenuanbHble YCTPOWCTBA, CIIOCOOHBIE B HYXHBIM MOMEHT MEepeMeIiaTh
3€pHO;

B) TexHuka, obecrieunBaronas OXJaXIACHUE 3€pHA C LEIbI0 JIUTEIHHOTO
XpaHEHUs.

CoopyXarloT 3EpHOXPAHUIIMIIEC HAKJIOHHOW, PpOBHOM WM KOHYCHOM
MMOBEPXHOCTBIO B OJIMH ATAX. 3JJaHUsl, TPEAHA3HAYCHHBIE ISl XPAHCHUS 3€pHA, HE
UMEIOT BCIIOMOTAaTEIbHBIX A3TaXKEW M COJHEYHOro CBETa, 3aT0 00OpYHAOBaHBI
YCTPOUCTBAMU BEHTWISILUM. [7aBHass (QyHKIUS CHUCTEMbl BEHTWISLIUU -
oOecrieueHue 0€30MACHOCTH 3€pHA MyTEM YHUYTOXEHUS KOHAEHCATa MO KpasMm
3EPHOXPAHWIMILA U YAEPKAHUA HOPMBI BJIAXKHOCTHU 3€pHA.

B 3epHoxpaHunuvina yCTaHaBIMBAKOT YCTPOMCTBA Ui NOABEMA U
ONyCKaHUsl, TPAHCHOPTHBIE CPEACTBA, YIPOIIAOIIME IEPEMELLEHUE 3€pHA BHYTPHU
3epHOXpaHmiInma. CynecTByeT NMpakTUKa yCTAHOBKH OTTOPOKEHHBIX TOMEIIEHUH,
MIPUMEHSIOIIUXCS U1 Pa3AEIbHOTO XPAHEHUS Pa3HbIX COPTOB U BUIOB 3€PHOBBIX.
B cBs3u ¢ pasButHeM HHPOPMALMOHHO-U3MEPUTENHHOM TEXHUKH B KaXIAOM
3EpHOXpAHWIHUIIE  CYIIECTBYET  CHelualibHas  Cclyx0a, oOecreyuBaronias
HEIMPEPBIBHYIO padOTy JATYMKOB TEMIIEPATYPhI, BIAXKHOCTH U IPYTUX MapaMeTPOB

3epHa. Cpok cinykObl JaTYMKOB Bapbupyercs ot 20 go 50 ner.
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YroObl yBEAMUYUTH MPOICHT KadecTBa ypoXkas, Ha MNPEANPUATHIX
arponpoOMBIIIJICHHOTO KOMILIEKCA YCTaHABIMBAIOT BCIIOMOTATelIbHBIC CPEICTBA
KOHTPOJIS TEMIICPATyPhl 3¢€pHA MEpe]T 3aKJIaAKOM, cymku [4].

3epHOXpaHIIIUINA Pa3JIeNIIIOTC Ha TPH OCHOBHBIX KJlacca:

a) 3epHOCKJIa bl

3epHOCKIa

Puc 3.1

[IpencraBmisitoT o000l OMHOATAXKHBIC 3AaHUS JUITMHOW 10 90 M M MIUPUHON
10 30 M ¢ IBYCKAaTHOHM KphIIeH U BBICOTON cTeH 3 — 3.5 M. Ckiaapl OBIBAIOT C
POBHBIMH ¥ HAaKJIOHHBIMH mojamu. [lo kKoMmIuieKkTanmum oOOpYHAOBAaHHS ACTATCS
Ha MEXaHU3WPOBAHHbIC U HEMEXAHU3UPOBAHHBIE.

HeMmexanuszupoBaHHbIE CKJIa/Ibl, KaK TPHUBWIO, OBIBAIOT C PaBHOMEPHOM
MOBEPXHOCTHIO. [lepeHoc u morpy304Ho-pa3rpy304Hbie pabOThl 36pPHOBOM MacChl
OCYILIECTBIISIFOTCSI  MPU  MCIOJIb30BAHUM  CIENUATU3UPOBAHHOM  TEXHHUKHU.
TpynoeMkocThb - r1aBHBIM MUHYC PACCMOTPEHHOI O BUJIa 3€pHOCKIIA/IA.

MexaHU3UPOBaHHBIE CKJIAJbI COOPYXKAIOTCSI C POBHBIMM M HAKJIOHHBIMHU
nosamu. OH HMEIOT B CBOEM HAJIWYUU MOTPY304HO-PA3rpy304YHbIE JICHTHI

TpPaHCHOPTEPHl U HOPUU HA yriax 3[4aHus. BeHTUnsauusa npucyrcTByer Onaropaps
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UCIIO0JIb30BAHUIO MOJIBUKHBIX U HEMOABUKHBIX BEHTUISIIUOHHBIX YCTaHOBOK. Polib
Pasrpy3KHu U JOTOJHUTEIbHON BEHTUIISIIIUN TPUHAIIICKUT adPOKEI00Yy.

K nmocromHcTBaM MaHHOrO BHUJAa MOXHO OTHECTH JICIIEBU3HY Ha
CTPOUTENBCTBO U OTPOMHBIN CIEKTP XpaHEHUs pa3HOOOpa3HbIX MapTUl U COPTOB
3epHa. K MuHycamM MOXHO OTHECTH OIPOMHYIO IUIOIIA[b COOPYXEHUS, OYEHb
MaJieHbKasl 3arpyK€HHOCTb, SHEPro3aTpaTHbIN MPOLIECC PA3rPY3KU U COXPAHEHHE
repMETUYHOCTH MOBEPXHOCTH CKJIA/IA.

[Toner A7 3€pHOBBIX CKJIAOB M3TOTABIMBAIOT M3 TYrOIJIABKOTO acQalibra,
00J1aJal0IIEero Majiol TEMIONPOBOJIHOCTHIO U XOPOIIUMHU TUAPOU3OIISIIUOHHBIMU
nokaszareinsiMu. Eciau TpyHTOBbIE BOABI HAXOMASTCS JIOCTATOYHO Jal€KO OT
MOBEPXHOCTH, TO 3€PHOXPAHWIMINA BO3BOIATCS C HAKIOHHBIMHM IIOJIAMM.
BenenctBue aToro, ynpomarTcs: pa3rpy304Hbie padoThl, U 00bEMbI COXPAHIEMOT0
3€pHA BO3pacCTaloT.

[Ipy HUBKOM paCMOI0KEHUU TPYHTOBBIX BOJ CTPOSITCS CKJIAAbl C
HAKJIOHHBIMU TI0JaMH, YTO 3HAYUTEIBHO OO0JIer4aeT pas3rpy3ouHble padoOThl U
YBEIMYMUBAET OOBEMBI COXPAHSIEMOrO 3€pHa, HO HCKIIOYAEeT BO3MOXKHOCTh
COOPY’KEHUS 3aKPOMOB.

Ecnu B miiane 3epHOXpaHWIININA NIPUCYTCTBYIOT OKHA, TO UX YCTaHABIMBAIOT
BBIIIE YPOBHSI 3€pPHOBOM HACHIIIH.

CteHbl 1F000T0 36pHOBOTO CKJIJIa IOJDKHBI BBIJIEP>KUBATH 3€PHOBYIO Maccy,

0COOEHHO MPU MAKCUMAJIbHOW BMECTUMOCTH, a TAaK)K€ BHEUTHUE (DAKTOPHI.
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0) DneBarop

DneBarop

Puc 3.2

CoBpeMeHHBIH AJIeBaTOp - KOMILIEKC 000pYA0BaHUM, OCYIIIECTBISIONUX 0€3

ydacThs deJIOBeKa MPOIENypbl OO0pabOTKH, XPAaHEHUSU BBITPY3KH 3E€PHOBBIX

COPTOB.

Cocrasn 9JeBaropa:

o 3epHOCYIINIIKA;
o 3epHOXpaHWIHIIE;
o 3naHue s TPOBENEHUS TEXHOJIOTUYECKUX TMPOIECCOB (OUMUCTKH,

ne3uH(EKIun, COPTUPOBKN);

o CuiiocHbIe KopIyca;
o [Torpy3ouHO-pa3rpy304HbI€ Y3IIbI;
° Llex orxon0B.

Bce BBIIICIICPCUYHUCIICHHBIX OJICMCHTHI, COCTaBJIAOIIHUEC 9JICBATOP,
06T)CIII/IHGHBI B CIHMHOC 1CJIIOC IIpyU IIOMOHOIM JICHTOYHBIX W  ICIIHBIX

TpaHchopMaTopoB
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MoHOMUTHBI W COOpPHBIN JKEIe300€TOH - OCHOBA IS COOPYXKEHHUS
CWIOCHOTO Kopmyca. K TpenMyInecTBy MOHOJIMUTHOTO J>Kele300€TOHa MOXKHO
OTHECTH TEPMETHYHOCTh, HO W3TOTOBJICHHE OTOTO MaTepuaja 3aTpavyrBacT
CJIMIITKOM MHOT'O BPEMEHH.

['epMeTHYHOCTP W PEMOHT COOPHBIX KOHCTPYKIIMH  OCYIIECTBIISCTCS
Oyaromapsi KOHCTPYKTUBHBIM PEIICHUSM C HKCIOJIb30BAHHEM COBPEMEHHBIX
MOJIUMEPOB

[MaBHBIM TIPEUMYIIIECTBOM 3JIEBATOPOB SBIISCTCS MOJTHAS MEXaHW3AlHs |
aBTOMAaTHU3allUs BCEX MPOIECCOB 00padOTKM U XpaHEeHUs 3epHa. B 1enom, uenoBex
JUIIb KOHTPOJUPYET caM TPOIECC, TO €CTh HAXOAWTCS B OINEPATOPHON U
HaOJIF0/1aeT 3a MOKa3aHUEM M3MEPHUTEIbHBIX IPUOOpPOB [5].

B) Merannuyeckuii cuioc

B HbeiHemHee Bpems crana HaOMIOJAThCS TEHIEHIUS HCIOJIh30BaHUE
METAJUTMYECKUX CUIIOCOB, KOTOPBIC MONTYYAIOT U3 aTIOMHHHMS, CTATH U Pa3IMYHBIX
METAJUTHYECKUX CIUTaBOB. K TpwumHaM, MO KOTOPBIM CHJIOCHI CTajdd 3aHUMATh
HOMEp OJWH CpeAu BHIOB, MOXHO OTHECTH OTHOCUTEIBHO KOPOTKOE BpEMs
MOCTPOIKH, OONbIIasi BMECTHMOCTh TIPH HEOOJNBINON ITUTOMAAM 3EMIIM U
pazHooOpasue 00padoTKH.

K HeCcOMHEHHBIM IPEUMYIIECTBAM METAJUTMYECKUX CUIIOCOB C KOHYCHBIM

JTHOM OTHOCSITCS:

° bricTpBIil MOHTaXK;

° Manas 3aHuMaemas IIoIaab;

o [TonHast MexaHU3aIUs TOTPY30YHO-PA3TPY30UHBIX padoT;
o [ToxapHasi 6€30MacHOCTb;

o 3ammra OT IPhI3yHOB;

o B03MOKHOCTh BEHTHIIMPOBAHUS U Je3UH(PEKIINN 3epHAa;

o bricTpas okynmaemMocTs.
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OmuH w3 TIJaBHBIX HEIOCTAaTKOB METAJNIMYECKOTO CHJIOCA OTHOCST
oOpa3oBaHME BJaru B MeCTax, ONM3KHX K CTEHKaM CHJIOCa M3-3a W3MEHEHUs
TEeMIIEPaTypBHl.

IIpy MpOEKTUPOBAHUHN METAUIMYECKOIO CHUJIOCA C IUIOCKUM JHOM JUAMETP
MOKET JTIOCTUTaTh 4-32 METPOBH BBICOTA 10 27 MeTpoB, a ob1rast macca 7000 T.

BeIrpy3ka OCHOBHOW 3€pHOBOM MACChl B OTHUX CHJIOCAX IPOUCXOIUT YEpeE3
BOPOHKY, DPAacCIlOJIO)KEHHYIO B ILIEHTpPE JHA, C IMOMOIIBIO LIENHOr0 KOHBEHEpa,
pa3MenieHHoro noxa aHumeM. OCTaTok Macchl MOJAIOT OOETAIONIUM ITHEKOM, a

3a4MCTKY AHA IPOU3BOIAT THEBMOPA3TPY3YMKOM HUIIM BPYUHYIO.

MeTrammyeckuii Cuioc

=

7

iy, ¢ O
7

Puc 3.3

B 3akimrodyeHun MOXKHO CKa3aTb, 4YTO MCTAJIJIMYCCKHE CHIIOCHI B ccpepe

ABTOMAaTHU3allX BBITJTIAIAT SHAYUTCIIbHO HMIKC KOHYCHBIX CHJIOCOB U 3JICBATOPOB.



CTpykKTypHas cxemMa padoThbl CHCTEMBbI 3JIeBATOPA

BONTOBOE COELMHERME

L

75

Puc 3.5

WTAHA

MHIVKATOP
TAPAXEHHOCTH

JEPHO

JATHK AT AT
BAAKHOCTH 1 IAPAXEHHOCTI 1 IAPAXEHHOCTH 8
JATYK \ ¥
BAAXHOCTH 32 —‘ |
=
KOMMYTATOP = AL MUKPOKOHTPO/YIER
JATYK .
TEMIEPATYPY 1
¥
TPEXDAIHN
ALLHHXPOHH = PLAE |- CEHCOPHAS [TARE/TB
[JBITATE
AT
TEMIEPATYPH 32
Puc 3.4
JdaeBaTop
~ OTBEPCTHE 3ATPY3KN JEPHA

AOTACTH TEPEMELMBARMA

TI0CALIKA /18 WTAHTH

OTBEPCTHE BHIPY3KN JEPHA

17
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3.2 PazpaGoTka makeTa

B ocHOBY pa3paboTku MakeTa yCTpOHCTBa ObLI MCIIOJIb30BaH MaTepual u3
JPEBECUHBI, KOTOPBIM B MOCIEAYIONIEM OblI akKypaTHO 00pa0OTaH MoJ HY>KHbIE
AJIeBaTOPY pa3Mepbl U MOKPHIT JIAKOM C LIEeNIbI0 yAydllleHus BHeIHero Buaa. Jlis
UMUTAIIMK TIpollecca XpaHeHus Obula KyIuleHa ¢ oO0beMoM 1,5 11 eMKOCT,
nperHa3HaueHHAs! 1J1s1 XPAHEHHsI ChIITYYHUX U APYTUX IPOIYKTOB.

[lepen Hawamom pa3pabOTKH JKMBOT'O MaKeTa YCTpPOWCTBa Oblia
UCIONb30BaHa rpaduueckas mporpaMMa ¢ OOO3HAYEHHEM BCEX BO3MOXKHBIX

pa3meposB, HazBaHHas Kommac-3D v18.

OcHOBHOM BUJ|

[N
)
Jamyux memnepamyps v baaxHocmu 8
Onepamaprasg h
3 15:05_ [
I y
665:037 118
; &
s . y H
N ! g E | y N
e 1 (R 7 ]
5 - ‘ & A
3 / [ 1 2
i 5, 2 LT ST ! N j
- 778 3 7 AT AT BT 2 T 77 A Tl % 7
oy
S /
S Lucnred Uazobei dbueamens ——
Puc 3.6
Maker wuMeeT JBE COCTaBJIAIOIIMNE - MHUHHU-DJIEBATOpP, HAa KOTOPOM

yCTaHOBJIEHa HH(GOPMAIIMOHHO-U3MEPUTENbHAS TEXHUKA U ONepaTopHas Win OJ0K
yIpaBJIeHUs, KyJla TOCTYNAOT U3MEPEHHBIEC JTAHHbIE I JaibHelIe oopadoTku

C BBIBOJIOM Ha DKpaH.
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B nnuHy makeT uaMmepeHus mapaMeTpoB 3epHa cocrasisieT 34,5 cm.Bricora
MUHU 3JeBaTopa - 17 cM, BbICOTa U MIUPUHA ONEPATOPHON WM OJIOKA yIIpaBiIeHUS
coctaBiusieT 9 cM U 15 ¢M COOTBETCTBEHHO, pa3Mep PKpaHa B JJIMHY U LIUPUHY
COCTaBJsIET 6 CM M 5 CM COOTBETCTBEHHO pa3MEp y4acTKa B BBICOTY, Ha KOTOpPOU
pacrnoyiaraercsi cucrema - 3 CM, pacCTOsiHUE OT Kpas U OT OJioKa ympaBlieHUs

CcOCTaBIIsIeT 4 CM U 5 CM COOTBETCTBEHHO.

Bun cBepxy
D @D 9
S
&
Q
515037 425:031
1955:0.24
=
S
e 3
3 ISy
W <
995026
i S 9
Lamyuk ocbexerHocmu u = g
® ) onpedenerus ybema Q =
/ 10205 45407
/
Ombepcmue nod wypynsl

Puc 3.7

Kaxk noka3bIBaeT BbIllI€ MPEAICTABICHHBIN YEPTEXK, MAKET UMEET HE TAKUE YK
orpoMHble pa3mepsl. llupuHa camoro makera u 0J0Ka ynpaBieHHs cocTaBiser 17
CM, JuaMeTp MHHH-dJIeBaTopa 11 cM, JOWamerp COCEIHEro OTBEPCTHS,
IpeIHa3HAYEeHHOI O JIJIs1 COEAMHEHHUS IarOBOro JIBUraTeisl, KOTOPBIM HAXOAUTCS Ha
HUKHEM YPOBHE COCTaBIAET 1,4 cM, pacCTOSIHUE MUHHU - 3JIEBAaTOpa CJieBa U CIpaBa
COCTaBJISIIOT 5 CM U 4 CM COOTBETCTBEHHO, a PACCTOSIHUE CHU3Y U CBEpXY 110 29 cMm.

B nanbheiimeM mMakeT ObUT IOJTHOCTBIO PEATU30BaH B MAcTEPCKON Kadeapbl

HNUT c npuBeaenubiMu pa3mepamu B nmporpamme Kommac-3D v18.
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a) MuxpokonTpomepAtmega2560
Atmega2560- cepame mnpubopa, TmpeaHA3HAYECHHOTO JJIA H3MEpEHUs

napaMmeTpoB 3epHa B aseBaTope. Beibop ynan nmenno HaAtmega2560 [8].

Atmega2560

Puc 3.8
Tabnuya 1
Kpartkue xapakrepuctuku

MukpokoHTpoJuiep Atmega2560
Pabouee nanpsoxenue, B 5
Bxonnoe nanpsbkenue (pekomenayemoe), B 7-12
Bxonnoe nanpsixenue (npeneinsHoe), B 6-20
[Mudpossie Bxoasl/Beixoas 54
AHaJIOrOBBIE BXOJIBI 16
[TocTostHHBIN TOK Yepe3 BXOJ/BBIXO, MA 40
ITocTostHHBIN TOK 111 BeIBOAA 3.3 B, MA 50
dmur-mamaTts, KB 256
O3Y,KB 8
TakroBast uactora, MHz 16
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0) JaTunk Temneparypsl U BIAKHOCTH

Hatuuk DHT-11 - oTHOCHTEIBHO HEAOPOToW IMU(PPOBON H3MEPUTEIbLHBIN
JaTYMK, COUETAIONINI B ce0e M3MepeHNe TaK TeMIepaTyphl, TaKk U BIAXHOCTH. B
OCHOBE 3aMepa BIAKHOCTHU 3aJ0KEH €MKOCTHBIM METOJl M TEPMHUCTOP JIA 3aMepa

TEeMIIepaTyphl Bo3ayxa B aneBatope [9].

Hatunk DHT-11

Tabnuya 2

Texnuueckue xapakrepuctuku DHT-11
[Turanue, B 3,5-5
Tok nmuTaHus B peKUMeE OKUAAHUSA, LA 60
Tok nmuTaHus B pexxuMe U3MEPEHus, MA 0,3
OmnpenencHue BIaXHOCTH, %0 20-80 % c TounocTh 5%
Onpenenenue temneparypsl, °C 0-50 °C ¢ TounocTsio 2 %
Yacrora ompoca, I'i He 6onee 1
Pa3mepsl, Mm 28x12x5,5
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B) Jlatuuk nseta ¢ UK-punsrpom TCS34725

Hatuuk uBera c¢ UK-punbtpom TCS34725 - mHOrodyHKIHOHATHHBIN
JATYUK, TIO3BOJISIONMIMK  HM3MEPSATHOCBEIICHHOCTh (B JIFOKCaxX), IIBETOBas
temneparypa (mo KenbBHuHY) U ele OTIUYaTh pa3InyHble OTTEHKU I[BETOB, TaKue

KaK KpaCHBIH, 3eJeHBIN U cuHui [9].

JlaTunk 11BeTa

Puc 3.10
Tabnuya 3
Texuunueckue xapakrepuctuku 1CS34725
Hanpspkenne nuranus monyns, B 33-5
[ToTpebasiembil TOK, MKA 235
Bpewms npeobpazoBanuii, Mc ot 2.4 1o 700
Cxkopocts unrepdeiica 12C, xkbur/c 10 400
Anpec natuuka Ha muHe [2C 0x29
Pabouas tremmepatypa, °C -40 ... +85
labaputsi, MM 20x20
Bec, T 3.23
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r) lllaroBerit neurarens SB. ¢ apaiiBepom Ha ULN2003

4-x ¢a3npii maroBeli gBurarenb 28BYJ-48 - naBurarens, KOTOpBIH
OCYHIECTBISAET BpamieHue maraMd. OH COCTOMT M3 Bajla, MarHUTa W KaTYIIKH.
Karymku mpou3BoasT BpallleHHue Bajl 3a CYET 0JIauyu ToKa, 00pa3ys MPUTHKEHUE

WJIN OTTAJIKMBAHMA BaJia, KOTOpBIﬁ 3aCTaBJIFCT BAJl BpallaTbCs

[TarossIit nBUTATEND

Puc 3.12

YerbipexpazHbIM Ha3BaJIM B CUILY TOTO, YTO BHYTPH KOPITyCa HaXOJIUTCS JIBE
OOMOTKH, pa3leNEHHbIX Ha 4YeTblpe 4YacTu. LleHTpanbHble OTBOJBI KATYIIEK
IIOAKJIIOYEHBI BMECTE W CIy’KaT Uil NUTaHWs ABUraTensd. JlaHHBIM JBUTaTellb
ABJIIETCS. YHUIOJSPHBIM, MOTOMY YTO Kaxkaash OOMOTKa SBJISIETCS MUTAIOIICH.
Porop coxmepxur 8 MarHuTOB, MOJKOCA KOTOPOrO HAXOIATCA B MOPSAKE
Yepe1oBaHus.

ITogximroyars IIaroBbIM JBUTaTellb HAIPAMYIO K MHUKPOKOHTPOJLIEPY HE

CTOUT, IIIaTa VYIPABICHHUA IIPOHCCCOM CIrOpHUT. B CUIy OJOTOro IosABHUJIACH
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NPOMEXKYTOUYHAs IJlaTa MEXKJY JABUTaTEIeM M MUKPOKOHTPOJIEPOM - MOAYJb
marosoro asuratenss ULN2003, ynpasistonuii Harpy3koi 500 MA 3a oIuH K04,
a B moayne ux 7. ULN2003 npucnoco6aen kak u a1t S B, Tak u s 12 B pabotsr
nBuratend. Jns nepexiatoueHuss HeoOXOAMMO YCTaHOBUTh WU yOpaTh MEPEMBIUKY.

N3HavanbHO HA MOJyJIE YCTAHOBJIEHO 3Ha4Ye€HUE, paBHoe 5 B

Mopyne marosoro asurarenss ULN2003

Puc 3.13
Tabnuya 4
Texnuueckue xapakrepuctuku lllarosoro nsurarens
Tun nBurarens Y HUANIONSAPHBII
Hanpsokenue nuranus, B 5
KomuuectBo (a3 4
Yacrora, I'11 100
ComnpotuBiienue, € 50+ 7% (mipu 25 °C)
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n) LiBetnoit rpadmueckuii qucruieit 2.8 TFT 320x240

I{BeTHOU ceHcopHbli TFT mucruien - »KUAKOKPUCTALUIMYECKUM CEHCOPHBIN
skpaH. OH  CcOBMeCTMUM €  pa3MyHbIMM  pabouumu  miIatgopmamu,
MUKpOKOHTposuiepamu. [lonnepxkuBaer 16 OuT 1BeTra U Ha OOpaTHOM CTOpPOHE

pa3beM i1 MicroSD, npen3HadeHHoM 1 padoThl ¢ HHpOpMaIUCH

I'padmueckuit nucruieit 2.8

Puc 3.14
Tabnuya 5
TexHuueckne XapakTepUCTUKU JucIuies 2.8
Paspemenne rpadudaeckoit odmacTu 320x240 px (RGB)
Hamnpsoxenue nuranus, B 3,3-5
[ToTpebasiemsbrit TOK, MA Menee 50
Pa3mep rpaduueckoit odiactu, MM 60x44
Nnrepdeiic SPI
Kontpomnnep IL19340C
Bec, T 39
["aGaputei,Mm 78 x 53 x 4
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B pesynbprare nonydaeM KMBOM MakeT 3JIEBATOPA, KOTOPBIM IMOATBEPKAAET

PCAIIBHYIO CUCTCMY pa6OTI>I 3CPHOXPAHUIINIIIA.

JKuBoii MmakeT aseBatopa

Puc 3.15
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3AKJITIOYEHHUE

B pesynbrare BbIMOIHEHUS pabOThl ObLTa pa3paboTaHa MOAEIbH CUCTEMBI
U3MEpPEHUs TMapaMeTpoB 3€pHA C UCIHOJb30BAaHUEM JIATYUKOB TEMIIEPaTypHI,
BJIQKHOCTH, 3apaXCHHOCTH U JBUTATEIS IIEPEMEITUBAHUS 3€PHOBBIX 3aI1acoB.

PaccMoTpeHs! pa3nuyuHbie BUIBI U3MEPEHUN 3€pHA B 3JIEBATOPE, KOTOPBIC
OKa3bIBAIOT OIPOMHOE BIIMSHUE HA KAYECTBO.

[IpopaGorana Mozmens MOBEACHUS MapaMETPOB 3€pHA B MPOIECCE XPaHEHUS
3epHa.

Ha ocHoBanuu pa3paboTaHHON M3MEPUTETHLHON CUCTEMBI, ObUT peaTn30BaH

KUBOIM MaKeT, MOJITBEPKAAIOIINI TOJHYI0 pabOTOCTIOCOOHOCTD 3JIeBaTOPA.
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[MTPMJIOKEHUE A
KO/l ITPOI'PAMMEBI

#include <Adafruit GFX.h> // Aapo rpaduyeckoit OuGINOTEKH

#include <Adafruit TFTLCD.h> // Criettnduka anmapaTHoro ooecredeHus
#include <MCUFRIEND_ kbv.h> // Cneuuduka paboTsl ¢ pa3HbIMU YUTIAMH
#include <Stepper_28BYJ.h>

#include <Wire.h>

#include "Adafruit_TCS34725.h"

#include <iarduino_DHT.h> // nogkmouaem OuOIHOTEKY 151 pabOTHI €
mataukoM DHT

iarduino DHT sensor1(53); // oObsiBIIsieM mnepeMeHHYIO JJig paObOThI C
naturkoM DHT, yka3siBasi Homep 1udpoBOro BbIBO/Ia K KOTOPOMY MOAKIIOYEH
naT4MK (ceituac 2pin)

iarduino DHT sensor2(51); // oObsiBnsieM nepeMeHHYIO AJid paOdoThI C
naturkoM DHT, yka3piBas Homep Lu(poBOro BEIBOA K KOTOPOMY MOAKIIOUEH
JaT4MK (ceityac 2pin)

iarduino DHT sensor3(49); // oObsiBIsieM TmepeMeHHYIO I paOOTHI C
naturkoMm DHT, yka3siBast Homep 1iu(poBOro BbIBO/Ia K KOTOPOMY MOAKITIOYEH
JaT4rK (ceituac 2pin)

Adafruit TCS34725 tcs =
Adafruit_TCS34725(TCS34725_INTEGRATIONTIME_700MS,
TCS34725_GAIN_1X);

#include <Stepper.h>

const int stepsPerRevolution = 200;
Stepper myStepper(stepsPerRevolution, 47,45,43,41); //nonkirodyeHre K THHAM

8...11 Ha Apaynno

Il Accomuupyem MIeCTHAAATHPUYHBIE 3HAYCHHUS [IBETOB B YI000YUTAEMBIN BU/



#define BLACK 0x0000 // uepHbrii
#define BLUE Ox001F // cunwmii

#define RED  0xF800 // kpacHsrit
#define GREEN 0x07EO // 3enéuprit
#define CYAN  OxO7FF // rony6oii
#define MAGENTA OxF81F // manuHOBBI#
#define YELLOW OXFFEOQ // »xénrorit
#define WHITE OxFFFF // 6enbrii

MCUFRIEND _kbv tft; /mannmanu3anmst oObeKTa JUCIUIeS
String utf8rus(String source)
{

int i,k;

String target;

unsigned char n;

char m[2] ={'0,"\0' };

k = source.length(); i = 0;

while (i <Kk) {

n =source[i]; i++;

if (n >= 0xBF){
switch (n) {
case 0xDO: {
n = source[i]; i++;

If (n == 0x81) { n = OxAS8; break; }

if (n>=0x90 && n <= 0xBF) n = n + Ox2F;
break;

¥

case OxD1: {

n = source[i]; i++;
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if (n ==0x91) { n = 0xB7; break; }

if (N >= 0x80 && n <= 0x8F) n = n + OX6F;
break;

by

¥

¥

m[0] = n; target = target + String(m);

¥

return target;

¥
void setup(){

Serial.begin(9600); {

myStepper.setSpeed(60); //ycTaHoBKa CKOPOCTH BpallleHUs POTOpa

tft.reset(); //cOpoc nucruies

uint16_tidentifier = tft.readID(); //urenne unenTndukaropa ynumna

tft.begin(identifier); //uanumanu3amnus auces

}

if (tcs.begin()) {
Serial.printin("Found sensor");

}else {

Serial.printin(*"No TCS34725 found ... check your connections");

while (1);
¥

/ Now we're ready to get readings!
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void loop() {
while(true)

{

uintlé tr, g, b, c, colorTemp, lux;

tcs.getRawData(&r, &9, &b, &c);
colorTemp = tcs.calculateColorTemperature(r, g, b);

lux = tcs.calculateLux(r, g, b);

Serial.print("Color Temp: "); Serial.print(colorTemp, DEC); Serial.print(* K - ");
Serial.print("Lux: "); Serial.print(lux, DEC); Serial.print(*" - *);
Serial.print("R: "); Serial.print(r, DEC); Serial.print(" ");
Serial.print("G: "); Serial.print(g, DEC); Serial.print(" ");
Serial.print("B: "); Serial.print(b, DEC); Serial.print(" ");
Serial.print("C: "); Serial.print(c, DEC); Serial.print(" ");
Serial.printin(" ");
// sensorl.read(); / dTeHHEe TOKa3aHW TEPBOro AaTUYHKA
// sensorl.hum // moka3aHus BIAXXHOCTH TEPBOTO JaTUYHKA
/I sensorl.tem // mokasaHus TeMIIEpPaTyphl IEPBOIO JaTUUKA
// sensor2.read(); // uTeHMEe MOKa3aHUN BTOPOTO JATUYHUKA
// sensor2.hum // moka3aHus BIa)KHOCTH BTOPOIO JIaTYUKA
// sensor2.tem // moKa3aHUs TeMIEpaTyphbl BTOPOro JaTYHKa
switch(sensorl.read()){ //uuTaem nmokazanus naT4nKa
case DHT_OK: Serial.printin((String) "CEHCOP B KOMHATE: " +
sensorl.hum + "% - " + sensorl.tem + "*C"); break;
case DHT_ERROR_CHECKSUM: Serial.printin( "CEHCOP B
KOMHATE: HE PABEHCTBO KC"); break;
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case DHT_ERROR_DATA:  Serial.printin( "CEHCOP B KOMHATE:

OTBET HE COOTBETCTB. CEHCOPAM 'DHT™); break;

case DHT_ERROR_NO_REPLY: Serial.printin( "CEHCOP B
KOMHATE: HET OTBETA"); break;

default: Serial.printIn( "CEHCOP B KOMHATE: ERROR");
break;
¥

switch(sensor2.read()){ // unTaem mokazaHus JaTYUKA
case DHT_OK: Serial.printin((String) "CEHCOP B KOMHATE: " +
sensor2.hum + "% - " + sensor2.tem + "*C"); break;
case DHT_ERROR_CHECKSUM: Serial.printin( "CEHCOP B
KOMHATE: HE PABEHCTBO KC"); break;

case DHT_ERROR_DATA:  Serial.printin( "CEHCOP B KOMHATE:

OTBET HE COOTBETCTB. CEHCOPAM 'DHT™"); break;
case DHT_ERROR_NO_REPLY: Serial.printin( "CEHCOP B

KOMHATE: HET OTBETA"); break;

default: Serial.printin( "CEHCOP B KOMHATE: ERROR");
break;
¥

switch(sensor3.read()){ // uuTaem mokazaHus JaTYHUKA
case DHT_OK: Serial.printin((String) "CEHCOP B KOMHATE: " +
sensor3.hum + "% - " + sensor3.tem + "*C"); break;

case DHT_ERROR_CHECKSUM: Serial.printin( "CEHCOP B
KOMHATE: HE PABEHCTBO KC"); break;

case DHT_ERROR_DATA: Serial.printin( "CEHCOP B KOMHATE:

OTBET HE COOTBETCTB. CEHCOPAM 'DHT"); break;

case DHT_ERROR_NO_REPLY: Serial.printin( "CEHCOP B
KOMHATE: HET OTBETA"); break;

default: Serial.printin( "CEHCOP B KOMHATE: ERROR");
break;



}

if (sensorl.tem>30)

{Serial.printin("DVIGATELQg0");

myStepper.step(1000);

delay(2000);}

/ffor(uint8_t rotation=0; rotation<4; rotation++) {
/[/moniepeMeHHOYCTaHOBKAIIOBOPOTA AU CIIIES
uint8_t rotation=1;

tft.setRotation(rotation); //ycranoBuThIIOBOpPOT

tft.fillScreen(BLUE);
tft.setCursor(0,0);
tft.setTextSize(2); //pazmepTekcra
tft.print(utf8rus("'Bnaxxuocts: "));
tft.print(sensorl.hum);
tft.setCursor(0,30);
tft.setTextSize(2); //pazmepTekcra
tft.print(utf8rus("' Temmeparypa: "));

tft.print(sensorl.tem);

tft.setCursor(0,60);
tft.setTextSize(2); //pasmepTekcra
tft.print(utf8rus("'Bnasxxocts: "));
tft.print(sensor2.hum);
tft.setCursor(0,90);
tft.setTextSize(2); //pazmepTekcra
tft.print(utf8rus("' Temmeparypa: "));
tft.print(sensor2.tem);
tft.setCursor(0,120);
tft.setTextSize(2); //pasmepTekcra



tft.print(utf8rus("Bnaxnocts: ));
tft.print(sensor3.hum);
tft.setCursor(0,150);
tft.setTextSize(2); //pazmepTexcra
tft.print(utf8rus(" Temmeparypa: "));
tft.print(sensor3.tem);
tft.setCursor(0,180);
tft.setTextSize(2); //pazmepTekcra
tft. print(utf8rus("Ocemennocts: ));
tft.print(lux);

tft.setCursor(0,210);
tft.setTextSize(2); //pasmepTekcra
tft.print(utf8rus("R: ™));
tft.print(r);

tft.setCursor(120,210);
tft.setTextSize(2); //pazmepTekcra
tft.print(utf8rus("G: "));
tft.print(g);
tft.setCursor(240,210);
tft.setTextSize(2); //pazmepTekcra
tft.print(utf8rus("B:"));
tft.print(b);

delay(2000);

by

b



