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OIIBIT PASPABOTKH IIPUBOPHOI'O OBECIIEYEHMUSA
HAYYHBIX UCCJEJOBAHUHN MO SHEPIO3KOJI0OI'MA
CBETOKYJIbTYPbI

PeanbHBIM IyTEM TOTIOJIHEHHUS UCCIIEA0BATENBCKONW 0a3bl MOXKET CTaTh M3TOTOBJIEHHUE CIIEHN(PHUUECKUX CPEJICTB H3-
MepeHI/If/'I 1 aHaJIn3a B KOHCTPYKTOPCKUX U IMTPOU3BOACTBCHHBIX MOAPA3ACIICHUAX HAYUYHBIX OpFaHPI?;aHPIﬁ. Brimosnen
0030p pa3paboTaHHBIX B JaOOPaTOPHU IHEPTOIKOJIIOTHH CBETOKYJBTYPBI U3MEPUTEIBHBIX MPUOOPOB U naboparop-
HOro obopynoBaHus. PaboTa BHIIONHEHa Ha OCHOBE OmONMMoOrpadudeckoro aHanmsa MyOJUKAIMA 1O mpodieMam
OTEYECTBEHHOTO HAaYYHOro mpubdopocTpoeHus. OTMeueHbI MPUIMHBI OTCTABAaHMS OTPACIH. BBIIBHHYTa THIOTE3A,
YTO B 3TUX YCJIOBHSX CO3[JaHHWE COOCTBEHHBIX JIaOOPATOPHBIX MHCTPYMEHTOB SIBJISIETCSI peasbHOM ajlbTepHATHBON
LEHTPAIN30BaHHOMY CHaO)XeHHIO. PackppiTa CyTh TEXHOJOTHMH "CBOOOZHOTO M OTKpBITOro obopynosanus" (free
and open-source hardware, FOSH), pa3pabaTsiBacMOro HEMOCPEACTBEHHO HCCICIOBATEISIMUA. BhIIeIICHBI IPEUMy-
mecTBa U Henmocrarku TexHoorun FOSH. Paccmotpen psin paspaborok naGoparopun B 00macTv mpuOOpHOTO
oOecrieueHHs Hay4YHBIX MCIIEIOBaHUI: YCTPOHCTBO JUIsl HKOJIOTUYECKOT0 MOHUTOPHHIA CTPECCOBBIX COCTOSIHUH pac-
TEHHH; JIMCTOBOI TOHMO(POTOMETP; YCTPOUCTBO /st MOP(OIIBETOMETPHH JIMCTHEB PACTEHUI; HATYPHAsI MOJIENb pac-
TEHHsI B CBETOKYJIbTYpE; YCTPOMCTBO Ul M3MEPEHHs NMapaMeTpoB (HIUIOTAKCHCA; U3MEPUTENb IBETA; YCTPOHCTBO
JUIS oTIpeieNieHns (PITyKTYHPYIOIIeH aCHMMETPHUN ONTHYECKUX XapaKTEPHUCTHK JINCTHEB PACTECHUI; JIMCTOBOH (OTO-
KOJIOPHMETP; YCTPOHCTBO VISl ONPEACTICHHUSI SHEPTOEMKOCTH (POTOCHHTE3a; aHAIN3aTOP KadeCcTBa CIEKTpa MOTOKa
OTITHYECKOTO M3ITydEHHUs B CBETOKYJIbType. OTMEUEHO, UTO PacCMOTPEHHBIC IPHOOPHI SBIIAIOTCSI OCHOBOM HAay4HOH
JiesITeNbHOCTH Jlaboparopun U no3sommn ¢ 2011 r. omyGmukoBath 140 craTeld B HAy4HBIX XypHanax, 6oxee 70
Hay4HBIX paboT B COOpHHKaX, MOIYYHUTh 33 maTeHTa Ha U300peTeHus. Pe3ynbraThl MpakTHUECKHX Pa3padOTOK ylIo-
croensl 10 3070ThIX Menanieii Ha BricTaBkax BJJHX u ArpoPychk. ChenaHbl BEIBOJIBI: YPOBEHB pa3pabdoOTOK B obac-
TH TPUOOPOCTPOCHUS 1A00PATOPHH IHEPTOIKOIOTHH CBETOKYIBTYPHI TOCTATOYHO BBICOK. KOJiekTHB 1abopaTopuu

HMEET CePhEe3HBIN 3aJIe B 00JIACTH HAYYHOTO TIPHOOPOCTPOCHHS.

Ka. ca.: Hay4aHbIe TpHOOPHI M 000pYJOBAaHKE, MaTepHAIHO-TEXHIUECKast 0a3a, Hay4YHbIC OpraHU3alnH,

npuOOpOCTPOCHUE

BBEJIEHUE

Nmeromasicss B pacnopsKeHUM HcciieoBaTeneit
JKCIIEpUMEHTATbHAS 0a3a SIBISICTCS HEO0OXOIUMBIM
YCIIOBHEM pa3BUTHsA MEPCHEKTHBHBIX HAay4YHBIX Ha-
MIpaBIIEHUH M TOTyYEHHS] HOBBIX HHTEPECHBIX PE3yIIb-
TaToB. be3 mpubopHOro obecreyeHuss HEMBICIHMEI
Hay4YHBbIE TPOPBIBBI, B PE3yJNbTaTe KOTOPBIX CYILIECT-
BEHHO 000ramaroTcs Hallu 3HaHUS O CBOMCTBaX NpH-
ponsl. Kak mpaBuio, uccienosarenbckoe 000pyaoBa-
HHE TPEAOCTABISIET OTpacib HAy4HOro Hpudopo-
CTPOEHMS, IPEANIPUATHA KOTOPOI CHENMATU3UPYIOTCS
Ha OTAETBHBIX BHIAX 000pyAOBaHUS.

[IpuctanbHoe BHMMaHHME K IpobiemaMm oOecrie-
YEHHsI HWCCIIeOBATENLCKAX OpPTaHM3aIlluii COBPEMEH-
HBIMH TEXHHUYECKHMHU CPEICTBAMHU (HAY4YHBIM 000pYy-
JIOBaHHEM ) 3aKOHOMEPHO U 00Jiee YeM CBOEBPEMEHHO.
IIpou3BoACTBO HAy4HOTO OOOPYIOBaHMA, MPEXKAE
BCET0 HAay4YHBIX NPUOOPOB, CErojiHS MEPBEHCTBYET
B MEpapXuH MPOWU3BOJICTBA CPENICTB NPOW3BOJCTBA BO-
o6me. MHUpOBO# pBIHOK Hay4yHBIX HprOOpoB B 2022 T.

90

cocraBua $28.8 mupa u, no mporxosy, B 2030 r. moc-
turaer $34.05 mupa [1].

B poccuiickux HaydHBIX OpraHu3aiusix AeQuuuT
Hay4YHBIX NpUOOPOB Hepeakoe siBieHue. OMHOU U3
MOCIEHUX Mep ero mpeoposieHus ssisiercs Dene-
panbHbBIH TipoekT "Pa3zBuTHE OTEUECTBEHHOTO MpHOO-
POCTPOEHUS TPAKAAHCKOTO Ha3HAUEHUS AJISl HAyYHBIX
ucciaenoBanuii". JlaHHBIA TPOEKT BXOOUT B rocyaap-
CTBeHHYIO nporpammy Poccuiickoit denepamun "Ha-
Y4HO-TEXHONOoruueckoe passurue Pocculiickonn dene-
pamm”. TIpoekt mpemycmatpuBaeT maciradubie OKP,
B PE3yJIbTaTe KOTOPBIX OXKUAACTCS MOSBICHUE ILUPO-
KOl HOMEHKJIaTyphl Hanbosee BOCTPEOOBAaHHBIX MPH-
0OOpOB U PacXOJHBIX MaTEpUANIOB IO MPHOPUTETHBIM
HAaIpaBJICHUSIM, TTOrOTOBKA WHKCHEPHO-HAYYHBIX KaJl-
poB i mpodeccnoHaIbHOrO obecredeHnss 0bIacTu
npubopoctpoenus B 2023-2030 rr., ¢popmupoBaHHe
TpyHn pa3pabOTYMKOB YHHKAIBFHOTO HAyYHOTO 000-
pynoBaHus Ans (QyHZAMEHTAIBHBIX W TNPHKIAJHBIX
WCCIIEIOBAaHMH, pa3BUTHE OTEYECTBEHHOW 0a3bl, obec-
NeYEeHHE MOCIIENPOIAKHOIO cepBrca 000pyaoBanus [2].
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C nmpyroii cTOpoHbl, TITyOOKHE HCTOPUYECKHE KOP-
HU UMEeT HJiesl CO3AaHus HCClleoBaTeIeM COOCTBEH-
Horo obopynoBanusa. OHa He yTepsla 3HaUeHUS U B HbI-
HellTHee BpeMsl KOMMEPYECKOIo MOAX0/1a K KOMILIEK-
TOBaHMIO MPUOOPHOI HccaenoBaTenbckoi 0aspl. Tak,
HETPEPBIBHO PACTET KOJIWYECTBO MyOJIMKALMKA 1O MC-
MOJIB30BAHUIO  TOMYJISIPHBIX ~ MHKPOKOHTPOJIIEPOB.
Pa3Butne 3D-neuaTtu caenano U3roTOBIEHHE MHCTPY-
MEHTOB JUIsI HAyYHBIX HCCIIEZIOBAaHMHN IIMPOKO JOC-
TynHeIM. [Ipn Hamnmumu 000CHOBaHHOW METOAOJIOTHH
NPUMEHEHHE TaKNX NPHOOPOB SBISETCS pPealbHBIM
BBIXOJIOM JJIsI MCCJENOBATENEe B YCIOBHAX OTPaHH-
YEHHOCTHU pecypcoB [3].

B Hameit crpaHe TpaaMIMOHHO CIEIU(UIECKHe
CpelICTBAa M3MEPEHMH M aHaliu3a HW3rOTaBIMBAIIUCH
B KOHCTPYKTOPCKMX W NPOW3BOACTBEHHBIX MOJIpa3ie-
JICHUSIX HAYYHBIX OpraHu3anuii [4].

KoncrpyupoBanue npubopoB uccieqoBaTeNs MU
TECHO CBSI3aHO C MX MATEHTHOM aKTHBHOCTBHIO. B mporr-
JIOM rojy nouss 3asBoK oT By30B u HHM cocraBuia
52%, uro moutu Ha 10% mpeBbImIaeT 3HaUEHHE
o TMpeAbIAyIIeMy rofy. Beero HayuHble ydapexeHus
ctpansl B 2023 1. moganu 3797 3asBoK Ha m300peTte-
Hue [5]. DeaepanbHblii Hay4YHBIA arpOMHKEHEPHBII
uentp BUM (®I'BHY ®HAIl BUM) Bomen B Ton-3
POCCHICKHX 3asBUTENIEH MO KOJWUYECTBY MOJaHHBIX
3asBOK Ha u3o0perenue 3a 2023 r. (62 3asBKH).

[TomoXXUTENbHBIM TPUMEPOM  CaMOCTOSATEIHHOTO
M3TOTOBJICHUS HAYYHOTO OOOPYZOBaHMA SBIISETCA
JabopaTopHs SHEPTOIKOIOTHH CBETOKYJIBTYPHI (DDC)
HHcTuTyTa arpoMHXEHEpHBIX U 9KOJIOTHYECKUX IPO-
osiem (pmman ®HAL] BUM — HUADII). Co3nannas
B HEW 3a MHOTHE TrOJbl MaTepUaIbHO-TEXHHUYECKAs
0a3a ¥ HaKOIUICHHBIN HAy4YHBIA MMOTEHIMAJ ITO3BOJIH-
U HAyYHBIM COTPYAHHKAM JIabopaTopuy Ha JOCTa-
TOYHO BBICOKOM YPOBHE pEUIaTh CJIOKHBIE HAy4YHO-
TEXHWYECKHE 3aJa4d ¥ CII0COOCTBOBATH YCHEITHOW
pabore TemnmuuHOK oTpaciu. TemaTnka U300peTeHuit
nabopaTopum SBISAETCS JTOTUYECKUM IPOJOJIKCHUEM
ee Hay4yHOH AesrenbHOCTH. [Ipexne Bcero 3To m3Me-
pUTENbHBIE TIPUOOPHI, CBS3aHHBIE C ONTHYECKUM H3-
JMy4eHHEM; MpeAHa3HAYCHHBIE M HCCIENOBAHUSA
CBOWCTB pAcTEHH, /Uil MpOBeIeHHUS OMOMHIMKALMU
1 9KOJIOTHYECKOTO MOHUTOPHHTA.

HOEJb U 3AJAYU UCCIIEJOBAHUA

Llenv uccneoosanuss — 00OOCHOBATH HEOOXOIHU-
MOCTb TOCYJApCTBEHHOW MOJJIEPKKH WHULIMATUBHOM
cOoOCTBEHHOH pa3pabOTKU HAYYHBIX MPUOOPOB UCCIIe-
JIOBATEILCKUMHU OPraHU3aIUsIMHU.

3adauu uccredosanus — paccCMOTPETh MPOOIEMBI
OTEUECTBEHHOTO HAY4YHOTrO MPHOOpPOCTpOSHUs, 000C-
HOBAaTh U MPOJIEMOHCTPUPOBATH BO3MOXKHOCTH pa3pa-
0OTKHU CIeNMaTM3UPOBAHHOTO MPUOOPHOTO obecmede-
HUSl DKCIEPUMEHTAIBHBIX HCCIICIOBAHUN HEIOCPEe.I-
CTBEHHO B HAayYHBIX OPraHU3ALMUAX, MPOU3BECTH
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aHaJiM3 ONbITa HAYYHOTO0 NPUOOPOCTPOCHMS M BBI-
SBUTh POJb CO3JAHHOTO MPUOOPHOTO OOecIedeHHs
B HAYYHBIX JIOCTHXEHHAX aboparopun 3IC.

AHAJIN3 ITPOBJIEM OTEYECTBEHHOI'O
HAYYHOT' O TPUBOPOCTPOEHMUA

Pabora BemonHena Ha ocHOBe OmOmHMOTpadmye-
CKOr'0 aHalu3a MyOJNMKanui 1Mo mpodjemMaM OTedecT-
BEHHOT'0 HAYYHOT'O NMPUOOPOCTPOEHMS C IpeJiCTaBIIe-
HUEM co3faHHOTO B Jaboparopun DIC mpuOOpHOTO
obecrieueHus B 9TOH 00IacTu.

Otpacnp npuOOPOCTPOCHHUS UTPAET BAXKHYIO POJIb
HE TOJBKO B KOHTEKCTE TEKYILETO pPa3BUTUSA IKOHO-
MUKH{, HO W TIEPCIIEKTHB JaJbHEWUIIEr0 TeXHOJIOTHYIe-
CKOTo Iepexojia B paMmkax KoHuenuuu "HMuaycTtpus
5.0". Tpebyercst mpoBeIcHUE B YCKOPSHHOM IOPSIIKE
BOCCTaHOBJICHUSI Pa30PBaHHBIX LIEMNOYEK I1OCTABOK,
pEeCTpYKTypH3alusd KaHaJOB BHEIIHEH JIOTHCTUKH,
pacmmpeHrne pPhIHKOB COBITa, COXpaHEHWE KBaJH-
¢unmpoBanabix Kangpos. Ludposas tpanchopmanms
SIBJISIETCS OJTHOM M3 BaKHEWINMX 1iesie pa3BuTusi Poc-
cuiickoit @enepanuu Ha nepuof 1o 2030 r. [6].

[IpubopocTpoutenbHas oTpacib BXOAWT B COCTaB
OoTpaciM MalIMHOCTpOoeHus . B Hell mnpousBomsTcs
CUCTEMBI YIpPaBJICHHsSI, CPEJCTBA M3MEPEHHs U 00pa-
0otk wuH(pOpMaLUHM, YCTPOHCTBA ABTOMAaTH3ALUH.
OTa MNpoayKUUs HAXOAWT IIHPOKOE TPUMEHEHHUE
B IPOMBININIEHHOCTH. B mocnennee Bpemsi HaOmoma-
eTCsl yCUJIEHHE TOCYJapCTBEHHON MOAJEPKKHU OTpac-
JU ¥ MHBECTHPOBAHUS CpeAcTB B mpeamnpusatus. Ox-
HAaKO aHAJUTUKU OTMEYAIOT, YTO BMECTE C TEM BbIIe-
JIIEMBIX CPEJICTB Ha MEepPEeBOOPYNKEHHE TNPEeANpHITHN
9acTO  HEIOCTaTOYHO, IOCKOJBbKY  HAaKOIUICHHAs
3a MpeaecTBYIOMNN OONBbIIONH MEepPHOo CTENEeHb H3-
HOCa OCHOBHBIX CPEIICTB BechbMa Beimka. [IpuBreka-
TENBHOCTH JUI BIOXEHMHM YacTHOTO KanuTaaa CHH-
XKaroT Takue (pakTopel, Kak Oojbine (QUHAHCOBHIE
PHCKH, CIIOXHOCTb IpoLecca MPOM3BOACTBA M  €T0
TPYAOEMKOCTh, HEBBICOKas KOHKYPEHTOCHOCOOHOCTb
4yacTu npeanpusituii [7].

MexayHapOoIHbII1 U OTEYECTBEHHBIN OIBIT CBUJE-
TEIbCTBYET O TOM, YTO T'OCYJapCTBEHHAs IOJHMTHKA
U MEXaHU3MBI NOJACPKKH B TEXHOJIOTMYECKOM pa3-
BUTHH TPOMBINIICHHBIX KOMIITAHHA MOTYT BIIHSThH
Ha TPAacKTOPUHU pa3BUTHSA OTpaciiel, B TOM 4HCIE
npudopoctpoenus. [lonydeHHbsle pe3yapTaThl MO3BO-
JSIFOT ONPEAETNTh MYTH, C TIOMOILIBIO KOTOPBIX PErHO-
HaJIbHBIE TOJUTUKA MOTYT CIIOCOOCTBOBATH POCTY
MPOMBIIIUIEHHOCTH ¥ TIOBBIIICHUIO €€ KOHKYpPEHTO-
crocobHocTH [8].

[Ipenmpusarus oTpacnu MPUOOPOCTPOCHUS HCIIBI-
TBIBAIOT PSI TPYAHOCTEH, KOTOpBIE OOYCIOBJICHBI:
HEJOCTaTOYHBIM YpPOBHEM KOMIIETEHIIMI MepcoHaia
TaKuX MPEeNNpUsATHH, HU3KOH 3¢ HEeKTHBHOCTHIO MPO-
M3BOJICTBEHHBIX MOIIHOCTEN, COXPaHAIOLIEICS 3aBH-
CUMOCTBIO OT TIOCTaBOK U3-3a pyOexa pasHbIX
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KOMIUJICKTYIOIINX, HEOOXOAUMBIX IJIsi COOCTBEHHOTO
npou3BozacTBa. VMerommecs npoOieMbl JTOKHBI ObITh
YCTPaHEHBI, HO 3TO MOXHO CAENAaTh TOJBKO B CIIydae
JOJDKHOTO BHMMaHHS K mpobieMam MpuOOpOCTpOu-
TETFHOW OTpaciii CO CTOPOHBI (eIepaTbHBIX WU pe-
TMOHAJIBHBIX OPraHOB BJIACTH, T.K. TpeOyeTcs peanu-
30BaTh PSAA Mep, KOTOPbIE MOTYT TOBBICHTH KOHKY-
PEHTOCNIOCOOHOCT M HWHHOBALMOHHBIA IMOTEHIHMAN
NpUOOPOCTPOUTEIBHOTO CEKTOpa, CIIOCOOCTBYS €Tro
pocTy u pa3BuTHIO. ClleyeT NpU3HaTh, YTO NMPEANIPH-
ATUSL OTpaciy MpUOOPOCTPOEHHS OTCTAIOT B IOKa3a-
TENSIX YCTOMYHMBOTO €XKETOJHOTO Pa3BHTHUSA, YTO BBI-
3BaHO, MOMUMO YK€ 0003HaYEHHBIX NPOOJIEM, OCTPOH
HEXBAaTKOH (DMHAHCOBBIX PECYPCOB, B TOM HHCIE IS
peanuzauuy (UHAHCUPOBAHUSI WHHOBALIMOHHBIX IPO-
ekToB. Takyke MHOTHE MPEATPHUATHS OTPACIHA JEMOH-
CTPUPYIOT HEYNOBJIETBOPUTEIIBHBIE 3HAYEHUS PEHTa-
0enbHOCTH COOCTBEHHOTO KaluTajda W (UHAHCOBOM
aBToHOMHuHM. Otpacip IpUOOPOCTPOEHHUS TOTOBA
o0ecreuynTs rocylapCTBEHHBIC MPEIUpUsITHI U OH3-
HEC-CTPYKTYpPhI CBOEH MPOJYKIIMEN, HO TOCYIapCTBO,
CO CBOEH CTOPOHBI, JOJDKHO CO3JaTh AJISl 3TOr0 HEOO-
XOJIUMEBIE yCITOBHS [9].

Hay4Ho-TeXHOJIOTHYECKUH BBI30B SBIISIETCS OXHUM
U3 Cephe3HEHIINX BBI30BOB, C KOTOPBIM HAa COBPEMEH-
HOM JTalle CTAJIKHUBAETCS POCCUICKAsi 9KOHOMUKA.

Bce 310 mponcxonuT B 310Xy MOBBIMIEHUS TEXHO-
JIOTHYECKOTO yKiIaja, HHPOPMATH3aUN TTPOU3BOCT-
Ba. [Ipoucxopsmas Ha HamMX IJa3ax 4YeTBepTas
MPOMBIIIUIEHHAs] PEBOJIOIMS COMPOBOXKIAETCS IIHPO-
KHM PAcIpOCTPaHEHUEM CHUCTEM HCKYCCTBEHHOTO HMH-
TeiekTa. B co3maHmMM KadecTBEHHO HOBOTO IPOU3-
BOJICTBEHHOI'O TIOTCHIMajla OCOOEHHO BEJHMKa pPOJIb
NpUOOPOCTPOCHHS, O0OECHEUUBAIOIIETO MaTepHalb-
HYIO OCHOBY, I3MEPUTENBHYIO U aHATTUTHYECKYTO 0azy
HAy4YHBIX HCCIEAOBAaHUI W IMPOU3BOACTBEHHBIX IPO-
meccos [10].

Hayunblif moteHunan ctpansl GopMUpyeT B mep-
BYIO O4epeb MaTepualbHO-TeXHHUYECKas 0a3a By30B
nu HUU, ompenensromasi pe3ynbTaTUBHOCTh BBIIOJI-
HSI€MBIX HAy4YHBIX HCCIIEJIOBAHUH, a HEPEIKO U caMmy
BO3MOXKHOCTh MX HpoBeneHus. O0ecre4yeHHOCTH HC-
CIICIOBATEIbCKUX J1a00paTOpPHii COBPEMEHHBIM 000-
pyZlIOBaHHEM B ITOCIIEAHEE BpeMsl yIenseTcsi OonbIoe
BHUMaHMe. 11 TeM He MeHee, HECMOTpPS Ha MPUHUMAae-
MBbI€ MepBbI, y O0IBIION YacTH rocyaapcTBeHHbx HUN
npuOoOpHas M AKCIEpUMEHTaNbHAs 0a3bl HaXOIATCS
B BEChbMa HM3HOIIEHHOM COCTOSIHUM, @ 4YacTO U MO-
pasibHO ycTapenu. Kolmn4ecTBo M CTENEHb MPUTOIHO-
CTH HCCIJICAOBATEIbCKOIO O0OPYAOBaHMS B HAYYHBIX
W MCCIIEIOBATENIbCKAX OPTaHU3aIMsIX MOPOWd HE COOT-
BETCTBYIOT YPOBHIO, NMPEABABIIEMOMY K COBPEMEH-
HOMY HCCIIEIOBATEIECKOMY 000pYyIOBaHHIO.

O HEOBXOIMMOCTHU U UHCTPYMEHTAX
COBCTBEHHBIX PABPABOTOK ITPUBOPOB

B sTHX ycnoBusx HEOOXOIUMO aKTHBHEE HCIIOJIb-
30BaTh Pe3epB CO3JaHUsI COOCTBEHHBIX J1a00PaTOPHBIX
WHCTPYMEHTOB B T€X YCJIOBHSIX, KOT/Ia MO psiiAy MpH-
YHH TIOJIHOIIEHHOE IIEHTPAIM30BaHHOE CHa0XXEeHHE
HEBO3MOJKHO JInOO HexmoctaTouHO. Jlaxe B 3apyOex-
HBIX MCCJIENOBAaTENLCKUX WHCTUTYTaX U YHHBEPCUTE-
Tax IpU HAJIMYUU BO3MOXHOCTU CEPbE3HOro (hMHAH-
CHpOBaHUsI CYLIECTBEHHAsi 4acTh MpuOopHOro obec-
TIeYeHUS BBITONTHsIETCSI cBonMu crutamu [11]. Tlo ana-
JIOTHH C IIUPOKO M3BECTHBIM TEPMUHOM 'CBOOOIHOE
M OTKpHITOE mporpamMmHoe obecreuenne” (free and
open-source software, FOSS) npemnoxxeHo noHsTue
"cBoOOMHOE U OTKpbITOe oOopynoBanue" (free and
open-source hardware, FOSH). FOSH 3axmrouaercs
B mpeaocTaBiseMoll uHpOpManuu s 000pyJaoBa-
HUSI, BKJIIOYAs CICIU(PHUKAINIO, CXEMBI, HHCTPYKIIUH,
npoexTsl CAIIP u ap., HeoOxoaumoit i puznvecko-
ro coznanus npudopa. Texnonorms FOSH mokazana
0c00yI0 MEpCIEeKTUBHOCTh B pa3padOTKE HMHIMUBHUIY-
IBHBIX HAyYHBIX MHCTpyMeHTOB. CerojHsi CyIIecT-
Byt0oT npumepsl FOSH-TexHomoruii no nojaapisoue-
My OOJBIIMHCTBY Hay4yHbIX aucuuiuiuH. [lokaszaHo,
YTO JUIsl IIMPOKOT'O CIEKTPa HayYHBIX MHCTPYMEHTOB
FOSH-texnonornn o0ecrneynBalOT CHIKEHHE CTOH-
MocTH Ha 87% 10 CPaBHEHHIO C DKBHBAICHTHBIMHU
nHcTpyMeHTamu. [Ipumenenune Arduino obecneunBa-
€T CHIDKEHHE CTOMMOCTH 110 89% u emie OoJblie —
10 92% npu ucnons3oBanun 3D-neuatu. Ilpu code-
taHuu Arduino u 3D-me4aTé 3KOHOMHSI COCTaBIISIET
B cpenHeM 94% MO CpaBHEHHIO C KOMMEPUYECKUMU
SKBUBAJICHTAMHU.

Beienstor cieayronye NperuMyInecTBa TeXHOJIO-
ruu FOSH:

1) oTHOcUTENBHAS JICNIEBU3HA MPOCKTa, HAMOOIb-
n1as OpUEHTUPOBAHHOCTh Ha pELICHHE crenuduye-
CKOW Hay4HOH 3a/1auu;

2) co3maHue COOCTBEHHOTO HKCIIEPUMEHTAJIBHOTO
0o0opyIoBaHMsI JaeT ropasao Oosee riyO0oKoe MOHH-
MaHHE TPHWHIUIIOB, JEXAlMX B OCHOBE €ro KOHCT-
PYKLIMH U OCO3HAaHHE €ro OrpaHHYeHHi, YTO MPHBO-
JIAT K JIy4YIIAM HAyYHBIM pe3yJIbTaTaMm;

3) ObicTpas omepaTuBHas pa3paboTKa pacIIHpsieT
BO3MOYKHOCTH JIAO0OpaTOpHUii;

4) OTKpHITOCTh TEXHOJOTMHM — 3TO IJ00aIbHOE
SBJICHHE, KOTOPOE TPHUBIICKACT TaJaHTIMBBIX pa3pa-
OOTYUKOB U MPOTPAMMHUCTOB BCETO MUpa K pa3padoT-
K€ ¥ U3TOTOBJICHUIO OPUTHHAIBHBIX YCTPOHCTB.

OnHaKo HEOOXOAMMO OTMETHUTh U HEKOTOPHIC He-
JOCTATKH TEXHOJIOTHUH:

1) u3menus He SIBISIOTCS aHAIOTAMH JJIsi BCETO
HMEIOIIETOCS aCCOPTUMEHTA HAYYHOTO 000pyaoBa-
HUS,
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2) He BCe HAay4YHBIC TPYIIBI UMEIOT BO3MOKHOCTD
CaMOCTOSITEIbHO TPOU3BOAUTH O0OPYAOBaHKE HA JI0-
CTaTOYHOM YPOBHE;

3) obecnieueHne KauyecTBa U HAICKHOCTH SIBIISICTCS
CepBE3HOM MPOOIEMO TSI CaMOCTOSTEIFHO U3TOTaB-
JMBaeMBIX puOOpoB [12].

MHNPUMEPBI IPUBOPHBIX PASPABOTOK
JJABOPATOPHUHA 23C

YeTpoiicTBo 11 3KOJOTHYeCKOro MOHMTOPUHTA

Hwxe npencrarieH psj pa3pab0oToK J1abopaTopuu
B oOyacth TpUOOPHOTO OOECTCUCHMS] HAYYHBIX HC-
CIIE€I0BAHUM.

Yempoiicmeo onsi axonocuueckoeo monumopunaa
CmMpecco8ulX cOCMOAHUN pacmenuii. IKOJIOTHUECKUI
MOHHMTOPUHT B COBPEMEHHBIX YCIOBHSIX SBISETCS
BaKHENIIEH 3ajadyell MpU OLIEHKE COCTOSIHUSL OKpPY-
JKarouled cpeapl Ipu BO3JICUCTBMM HA HEE aHTPOIO-
TeHHBIX U ApyTuX (akTopoB. IHTEHCUBHOCTH BO3IEH-
CTBHS MOXHO OLCHUTb METOAOM (DUTOMHAWKALIMH
Mo peakiuu pacteHnid. Cpenu MHOTHX METOAOB OHO-
WHAMKAIlUA CBOEH NMPOCTOTON M UyBCTBUTEIBHOCTHIO
BBIZICISICTCSI MOP(OreHETHIECKHI, OCHOBAaHHBIN Ha W3-
MEPEHHH BENWYMHBI (QIYKTyHpYIOLUIEH acHMMETPHH
(DA), xapakTepu3syrolei ciiydaifHple Majble OTKJIO-
HEHHSI OT HMJCabHON 3epKaJbHOW CHUMMETpUH Ouiia-
TEpaJbHBIX NPU3HAKOB, T.€. TEX MPHU3HAKOB, OT KOTO-
PBIX B HOpPME OXHIACTCS 3epKajbHas CHMMETpPHSL.
OTOT moKa3aTelb XapakTepu3yeT CTaOWIBHOCTh WH-
TUBUAYANBHOTO PAa3BUTHS PACTEHHH, T.€. UX CIOCO0-
HOCTB MOJAEPKHUBATH TOMEOCTa3 Pa3BUTHUsS B YCIOBH-
SX BHEWIHUX Bo3AcicTBuil. Ilokazano, 4TO, Hapsgy
C TEOMETPUUYECKUMHU, MOTYT OBITh MCIIOJIb30BaHbI (HH-
3MOJIOTUYECKUE MPU3HAKU, B TOM YHCIIE ONTHYECKHE
CBOICTBA JINCTA PACTCHMUSL.

VYecrpoiictBo (puc. 1) cMoHTHpOBaHO B Kopmyce /,
MTOJIOBHHBI KOTOPOTO BBITIOHEHBI C BO3MOXXHOCTHIO
TENECKONMYECKH BABUraThCs OJHA B Apyryro. K mx
MIPOTUBOIIOJIOKHBIM CTOPOHAM IPUKPEIUIEHBI KOHIIBI
PacTsHKUMOTO YIIPYTOTo JJIEMEHTA 2, K CEpeluHE KO-
TOPOrO TPHUKpPEIUIEH YKa3zaTelb 3 TakuM 00pa3om,
YTOOBI TIPH OTHOCHUTEIBEHOM TIepEMEIIEHUH TOJIOBHH
KOpIlyca yKa3aTelb BCEr/la HaxOJWICS Ha cepeluHe
paccTOSHUS MEXTy U3MEPHUTEIHHBIMI OTBEPCTHSIMH 4
U 5, UIMEIOIIMMUCS HA HHJKHEH CTOPOHE Ka)IOH I0-
JIOBMHBI Kopityca. Han m3aMepuTenbHBIMH OTBEPCTHS-
MH pa3MelleHbl onTuieckue O1oku 4 u 5, odbecneun-
BaIOIME M3MEPCHHE CMEIIaHHOW M Tudy3HON Co-
CTaBJIAIONINX OTPAKEHHOTO OT JIMCTa PACTEHHS MOTO-
Ka. DJEKTPOHHBINA OJIOK 6 BBIYMCISIET 3HAYCHUE 3€p-
KaJbHOW KOMIIOHEHTHI, (IyKTyHpYIOIas aCHMMETPHS
KOTOpOH SIBJISIETCS MOKA3aTElIEM CTPECCOBOIO COCTOS-
Hus pacteHus. llomyueHHble TaHHBIE OTOOpa)KaIOTCS
Ha nucruiee 7 [13].
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Puc. 1. Cxema ycTpoiicTBa Al 3KOJOTHYECKOTO MOHU-
TOpUHTA.

1 — xopmyc, 2 — ynpyrui 3jaeMeHT, 3 — yKa3aTelnb,
4 m 5 — ontudeckue OJOKU C U3MEPHUTEILHBIMH OTBEP-
CTUSIMU, 6 — DIIEKTPOHHBIN OJIOK, 7 — NUCIUICH

TexHn4eckue XapaKTepUCTUKH:

rabaputsl — 80 % 60 x 150 Mm;

JMara3oH HM3MEHEHHUS PacCTOSHUS MEXIy H3Me-
psieMbIMH yyacTKkaMu jucta — 30—120 mm;

macca — 0.65 kr.

JlucTroBoii ronnopoTomMeTp

OnpenenuTs COCTOSHUE PACTEHUS U OLEHUTHh WH-
TEHCHUBHOCTH  TIPOIIECCOB, MPOTEKAIOMIUX B HEM,
MOJKHO IO MPOCTPAHCTBEHHOMY paclpeAeieHUIO sIp-
KOCTH TIOBEPXHOCTH JHcTa. Hanmume 3epkanbHOM
KOMIIOHEHTBI TOBOPUT O JyYIIEM 3KOJOTHYECKOM CO-
CTOSIHUU PaCTEHHUSL.

OcHoBoil yctporicTBa (puc. 2) SBISIETCS BEpPTH-
KaJbHast CTOMWKA /, K KOTOPOI HEMOJABM)KHO MPHUKPETI-
JIeHa TOPHU3OHTalbHAsA OCh 2, Ha KOTOPOH MO OJHY
CTOPOHY CTOMKH 3aKpeIlieHa IuTaHra 3 co MKaiou 4
Y OCBETUTEJIEM J, a IO JIPYTYyI0 — IIITaHra 6 co IIKa-
jJoil 7 u kamepoit 8. Jluct pacrenus JI 3aKperisitoT
Ha Jepxaresne 9, UMeroIeM IJIOCKYIO U IMIUHApHYIe-
CKyl0 Iuromanku. [loBOpOT MITaHr OCYHIECTBISIOT
Yyepes IIaroBble ABUraTeNy OT KOHTposuiepa (Ha puc. 2
He TIoKa3aHo) [14].

TexHn4eckue XxapakTepUCTUKH:

JUIMHA IITaHTU ocBeTUTENIs — 570 MM;

JyMHa WtaHry gotoanmapara — 480 mm;

JIMara3oH YIJIOB OBOPOTa mTaHr — + 90°;

TOYHOCTh YCTAHOBKH YIi10B — * 0.5°;
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!

N

¢doroanmapar — SONY DSC-H100;
ocerurens — CJI mamma 30 Bt 2700 JIm;
rabaputsl — 370 x 140 x 106 mm;

macca — 12 kr.

YcrpoiicTBo 1/ MOP(OLBETOMETPHH JIUCThEB
pacreHuit

JlucTesl BecbMa 4yBCTBHUTEJIBHBI K HEOIAromnpusr-
HBIM (paKTOpaM U B YCIIOBHSX CTpecca MPH aJanTalin
W3MEHSIOT CBOM MOP(OJIOrHYECKHE U [IBETOBBIE ITOKa-
3aTeNH, KOTOphIe MOTYT BBICTYNATh KaK AMAarHOCTHYE-
CKME IPHU3HAKHU COCTOsIHUA pacTeHuil. IlokazaHa Bo3-
MOYKHOCTb HCIIOJIb30BaHUSl METOJOB MOpQoIBETO-
METPHUHU TPAaBIHUCTBHIX PACTECHHUH IS aHAJN3a CTETICHN
HeOJIaronpusTHOrO BO3/ACHCTBUSL aHTPOIIOTEHHOM Ha-
Tpy3KH.

YcrpoiictBo (puc. 3) umeer kKopiryc /, BBITIOIHEH-
HBII U3 IIAPHUPHO COCIMHEHHBIX BEPXHEU M HUXKHEHN
ceKui. BHyTpHu BepxHEel CEeKIMM pa3MelIeHO BbITyK-
JI0€ 3epKalo 2, CBEpXy pa3MelleHa kamepa 3. B Hux-
HEll CeKIMW KOpIyca pacloioKeHbl auadparma 4,
IUIOCKOE 3epKajlo 5, OCBETUTEND 6 W JnH3a /. Beptu-
KaJIbHO HaIlpaBlieHHasl ONTHYECKas OCh KaMepsl Mpo-
XOIUT Yepe3 LIEHTPHl M3MepsieMoro oOpasua (ImcTa
pactenus) JI, oteepctus auadparmsl u ocsetutens. CheM-
Ka  IpOU3BOAWTCA KaMepol B MPOXOZSAIEM
U oTpaxkeHHOM cBete [15].

TexHn4eckue XapaKTepUCTUKH:

pa3Mepsbl okHa 151 cbeMoK — 280 X 160 mm;

ncrouHuk ceera — CJI mamma 30 Bt, 2700 JIm;

rabaputbt — 400 x 200 x 580 mwm;

macca — 3 KT.

Puc. 2. Cxema nmucTOBOTO TOHHO(OTO-
MeTpa.

a — BHJ B OOKOBOH IUIOCKOCTH, O —
BUJ BO ()POHTANTBEHON TUIOCKOCTH.

1 — crotika, 2 — ocb, 3 U 6 — mTaH-
Y, 5 — OCBETUTENb, 4 U 7 — IIKaJIbI,
8 — xamepa, 9 — nepxarens, JI —
JIUCT PACTCHHUS

5

-

Puc. 3. Cxema ycrpoiicTBa At MOP(OIBETOMETPHA
JIUCTHEB PACTEHUI.

1 — xopmyc, 2 — BBINYKIIOE 3epKajio, 3 — Kamepa,
4 — nuadparma, 5 — MIOCKOE 3epKajio, 6 — OCBETH-
TeNb, 7 — JIUH3A, J[ — JTUCT pacTeHUs

HaTypHaﬂ MOI€Jb PACTCHUA B CBETOKYJIbLTYpPE

IIpu uccnenoBaHusX CBOMCTB PACTEHHI B 3KCIeE-
pUMEHTaxX IO CBETOKYJIbTYpE HX CBOMCTBA MOTYT
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WU3MEHATHCS BO BPEMEHH, UTO 3aTpPyIHSET MOJIy4YEHUE
JIOCTOBEPHBIX W BOCIPOM3BOJUMBIX TIOKa3aTesei.
YroObl U3MEHEHHUSI CBOMCTB pacTeHHs B TEUCHUE IIPO-
JOJDKUTEIHHOTO 3KCIIEPUMEHTa HE CKa3ajHhCh Ha €ro
pe3ynbTaTax, PeKOMEHAYEeTCsl BOCIIOIb30BAThCA (PH-
3MYECKOW MOJIENBIO, ¥ KOTOPOW BCE OCHOBHBIE T'€0-
METpPUYECKHe IapaMeTpsl COOTBETCTBYIOT ITapaMmeT-
paM MOAETUPYEMOr0 KHUBOT'O PACTEHHUSL.

Pazpaborana HaTypHas MOJENb PAacTCHUs, B KOTO-
poii peann3zoBaHa BO3MOXHOCTb ITyTeM Hoadopa 3aza-
BaTh T€OMETPUYECKHE CBOMCTBA MCKYCCTBEHHBIX JIH-
cTbeB (puc. 4). Mogens coaepKUT BEPTUKAIBHO pac-
MOJIOKEHHBIN CTEepKeHb [, UMUTHpYIOUIHMH cTeOeb
pearbHOTO PacTeHUs] U UCKYyCCTBEHHBIE JIUCTHA 2, KO-
TOpBIE KPEMATCS Ha CTEPKHE C MOMOIIBIO (PUKCATOPOB
3 gepe3 ruOkue 3BeHbs 4. BepxHne moBepxHOCTH Ka-
JKIOTO JIUCTA BBIMOJIHEHBI U3 ()OTOUYBCTBUTEIBHOTO
MaTepuana U 3JIeKTPUIECKH MPUCOECTUHEHbI K KOHIIAM
ANEKTPUUECKUX NMPOBOIHUKOB 5. B moxacraBke 6 pasz-
MEILEHBI 3JEKTPUUECKH COCTUHEHHBIE MEXIy coOoi
Oyiok mwmTaHWs 7, MUKpompolieccop 8§ u OmoTy3 9.
BHyTpu mOACTaBKM KOHIIBI 3JIEKTPUYECKUX MPOBO-
HUKOB 5 NMPUCOEAMHEHBI K COOTBETCTBYIOIIMM BXOJIaM
aHaJoro-ur(poBoro npeodpa3oBaTessi MUKPOIPOLIEC-
copa [16].

i

Puc. 4. HatypHas monens pacrte-
HUA.

1 — crepxenb, 2 — HCKYCCTBEH-
HBIC JIUCTHS, 3 — (UKCATOPHI, 4 —
THOKHE 3BEHbs, 5 — DJIIEKTpHUe-
CKHE MPOBOAHUKH, 6 — TOJACTaB-
Ka, 7 — OJIOK mMuUTaHusA, § — MHK-
pormporeccop , 9 — OIOTY3
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TexHuYeCcKHE XapaKTEPUCTUKH:

KOJINYECTBO JTUCTheB — 710 10 1mIT;

JauHa ucta — 30-160 mwm;

mupuHa aucta — 2070 mMMm;

JUTHA yepemka — 110 40 mw;

yroJl HaKJIoHa yepenika — + 80°;

yroJ moBopota yeperrka — 0-360°;

BBICOTA Y3JIOB JIUCTHEB Ha cTeOse — 5—10 mMm;
rabaputbl — 250 x 250 x 500 mwm;

macca — 2.2 KT.

YcrpoiicTBo AJist U3MepPeHUs TAPaMETPOB
¢uiorakcuca

[Tapamerpsl ¢umiorakcuca — pacIoioOKeHUe JIH-
CThEB Ha cTebiie, PaCCTOSHUS MEXIY y3JIaMH U YTIIbI
pacxoxJeHus (IUBEPTeHIINA) MEXIY IBYMS COCE-
HUMH JHUCTbSIMH — TIO3BOJIAIOT XapaKTEpU30BaTh
MOp(hoIOTHYECKHE CBOWCTBA pacTeHHA. B cBETOKyIb-
Type 1o (UUIOTAKCUCY MOXXKHO CYAMTH 00 yCTOHYH-
BOCTH pa3BUTHS pacTeHH. M3meHenus (akTopoB
BHEIIHEW Cpe/bl OKa3bIBAIOT BIHSHUE HA MapaMeTphl
¢umtorakcuca.

PazpaboranHoe ycrpoiicTBo (puc. 5) mo3Bojser
YHCIEHHO W3MEPUTh OCHOBHBIE TapameTpbl (QHILIO-
Takcuca. Y CTPOHUCTBO COACPKUT KOpITyC /, TIOBOPOT-
HYyI0 TaThopMy 2, YrioBbIe IIKaIbl 3 U 4, KOHTAKT-
HBIN IIyN 5, CTOMKY 6, peiyaru 7 u 8.

Puc. 5. YcrpoiicTBO U1 U3MEPEHUS TapaMETPOB

¢umnoTakcuca.
1 — xopmyc, 2 — moBopoTHas mardopma,
3 u 4 — YyrioBble HIKalbl, 5 — KOHTaKTHBII

1Iyn, 6 — CToiKa, 7 U § — pel4aru
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[Ipy w3MepeHHAX YCTaHABIMBAIOT IJIaT(opmy
C pacTeHHEM B HaYaJbHOE IMOJIOKEHHE, COBMeEIas
BEPTUKaJIb CTEOIsI C OChIO BpaIIEHUs IUIATGOPMBI.
Bpamast mnardgopmy B 3aaHHOM HaIlpaBJiICHUH, I0-
CJIEIOBATEIHHO TMEPEXOJAT OT OHOTO y3Ja JINCTHEB
K JIPYroMy, Kacasichb UX KOHTaKTHBIM IIynoM. Pukcu-
PYIOT BBICOTHI y3JIOB M YTJIbI AuBeprennnu [17].

TexHnueckre XapaKTEPUCTHKH:

JuHa peraaroB — 300 MM;

auameTp crounka — 180 mMM;

TOYHOCTh U3MEPSEMbIX yriaoB — = 0.5°;

rabaputbl — 360 x 200 x 300 mm;

Macca — 1.6 k.

HN3mepuTreb nBeTa

CTpyKTypa M pacIojiOXeHHE KJIETOK B JIMCTBSIX
HaXOJST CBOE BHEIIHEE IMPOSIBIEHHE B ONTHYECKHUX
cBoiicTBa TKaHeil. OHHM ke OIpenenstoT (HyHKIHO-
HaJIbHOE COCTOSHHE PAacTEeHUM: MPOLECCHl JBIXaHUA,
pecriupanyy, GOTOCHHTE3a, HA KOTOPbIE HEMOCPEACT-
BEHHO BIIMAIOT YCJIOBHS OKpYy’Karouien cpeasl. Mzyde-
HUE IIBETOBBIX MapaMeTPOB OBEPXHOCTH JIMCTA MPeI-
CTaBIISIET HEMaJOBAKHBIH MPaKTHYECKUI HHTEPEC.

PazpaboTanHoe yCTpOHCTBO BBIMOIHEHO B BHJIEC
pyuHoro mpubopa (puc. 6). BHyTpru 3proHoMHyHOTO
KOpITyca pacroyIOKeHbl MHUKPOIPOLECCOp 2, AATUUK
nusera 3 (Mmoxynb TCS34725), 6moty3 6, 6atapes aB-
ToHOMHOro nuTanus 11. Ha kopmyce pacnosoxeHsl
KHOTIKH ynpasienusd, nucruieid, USB-pa3znpem, BBIKITIO-

Puc. 6. zmepurens 1seta.
a — BUJ (POHTABLHBIN C BBIpE3aMu, 0 — BHUJ] CBEPXY;
I — xopnyc, 2 — MHUKpOTIpOIleccop, 3 — MaTYUK LBETA,

4 — WHAWKATOp IIBETa, S — MOUCIUICH, 6 — OJIOTY3,
7 — KxjaBuarypa, § — kHonka, 9 — USB-pazsem, 10 —
BEIKJTIOUATENs NUTaHusA, // — Oarapes aBTOHOMHOTO

IIUTaHuA, 12— Pa3beM BHCIIHCTO NUTAHUSA

Yarenb NUTAaHUs, Pa3beM BHEIIHErO MUTaHUS. YCT-
POWCTBO NPH M3MEPEHMSIX MOAHOCAT JATYUKOM IIBETa
K JIUCTYy pacTeHus. Pe3ynbraTbl M3MepeHHs LBETa
B Bujie RGB-cocTapistonmx 0ToOpakaroTcs Ha JHC-
mwiee u dYepe3 OMOTYy3 MOTYT OBITH TEpeqaHsbl
Ha BHEIIHUE ycTpoiicTaa [18].

TexHu4eckne XxapaKTEpPUCTUKH:

rabaputsl — 230 x 85 x 90 mm;

macca — 0.45 kr.

YerpoiicTBo 1A onpeAeneHust PIyKTynpyomei
acMMMETPUM ONTHYECKUX XaPaKTePUCTHK JIHCThEB
pacTenmii

OKclepUMEHTaNbHO HaWJeHO, 4To ypoBeHb DA
SIBIISIETCS] YyBCTBUTEIBHBIM HHIUKATOPOM COCTOSTHHUS
pacTeHHs, XapaKkTepU3yOLUIMM CTaOUIBHOCT €ro pas-
BHTHS B YCIOBUSAX JIEHCTBHS (PaKTOPOB Cpepl Ha pac-
TeHus. Vcnosip3ys 3TO SIBICHHE B YCIOBHSX CBETO-
KyJbTypbl, BO3MOXXHO JaTh KOMIUJIEKCHYIO OIIEHKY
KadyecTBa CO37aBaeMOl CBETOBOW cpelpl M obecre-
YUTh €€ ONTHMH3alMI0 3a cueT BbliOopa Hambojee
MIPUEMJIEMBIX HCTOYHIKOB CBETA.

B paspaborannom ycrtpoiictBe (puc. 7) rubkue
CcBETOBOALI 4 W 2 COENUHSIOT MCTOYHHMKH cBera 3
u /] c onTHYECKUMH pazbeMaMu 2 U 9, pacnooxKeH-
HBIMU Ha 3akuMax / u 8. CbeM ONTHYECKOro CUTHasIa
MPOM3BOJUTCS C MIOMOILBIO YCTPOICTBA YIIPaBICHUS O
Yyepe3 Pa3BETBIICHHBIM THOKHI CBETOBOJ 7/ Ha CIEK-
TpoMeTp 5. 3aKUMBI TPUCOCTUHEHBI K HAIPaBIIAIO-
e /0 ¢ BO3MOXHOCTBIO B3aMMHOTO IEpEMEIECHUS

Puc. 7. YcrpoiictBo ams onpeneneHus QIyKTyupyromei

ACUMMETPUHU.
1l u 8§ — 3axumbl, 2 U1 9 — ONTUYECKUE PA3bEMBI,
3 wu 1] — UCTOYHHKH cBeTa, 4 U /2 — THOKHE CBETOBO-
Jbl, 5 — CHEKTpOMETp, 6 — YCTPOWCTBO YINpaBIICHUS,
7 — pa3BeTBIICHHBIH TMOKMH cBeToBOA, /() — Hampas-

nAwomias, JI — JucT pacTeHus
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u ¢ukcanuu Ha Hell. [Ipu n3MepeHHusx Ha MOBEPXHO-
CTH JIMCTa PACTEHHs HaMEYaloT JBE CHMMETPHUYHO
PacCIONOKEHHBIX OTHOCHUTENBHO paxuca TOYKH. 3a-
JKUMBI TIEpEeMEIatoT BJOJb HANpaBJISAIOMIEH 10 COB-
MaJeHNS MECT H3MEPEHHsI ONTHYECKHUX XapaKTepH-
CTHUK JIUCTa C J3THMU TOYKAMH M (UKCHUPYIOT HX
Ha HarnpaBigromei. BeiOpanHbIi A7 U3MEPEHUH JIUCT
MOMEIIAIOT B 323KUMBI U HAXOJST CIEKTpPajJbHBbIE KO-
3G UIUCHTBI OTPAXKCHUS JINCTA B HAMCUCHHBIX TOY-
kax [19].

TexHudeckue xapakTepUCTUKU:

cnekTpanbHblid AuanazodH — 360—1100 HM;

rabaputsl — 300 x 40 x 60 Mwm;

macca — 0.55 kr.

JIucroroii poTokoI0pUMETP

Conepkamyecss B JIHCTE PACTCHHSI MHUTMEHTHI
007alal0T CENEeKTHBHOCTHIO B IOTJIONICHWH CBETa
B OTACIBHBIX CIICKTPAJbHBIX JAMWaIla3oHax. HO3TOMy
ONTUYECKHE CBOWCTBA JINCTHEB, B YACTHOCTH MX CIEK-
TpasibHasl TOTJIONIAIONIAsl CIOCOOHOCTh, MOTYT CITy-
JKUTHh ITIOKa3aTC/IsIMU q)YHKI_[I/IOHaHBHOFO COCTOSITHUA
pacTeHui Mpu BO3JIEHCTBUYM HA HUX BHEIIHUX (haKTO-
POB. Ilo CpaBHCHHIO C IOCCTPYKTHUBHBIMHU METOJaMM
Ha OCHOBE TaKMX M3MEPEHUIH BO3MOXKHA OpTaHU3aIUs
OINICPATUBHOTO MOHUTOPHHI'A COCTOAHUSA pAaCTCHUS.

Kopmyc nmuctoBoro ¢oroxomopumerpa [/ BBINIOIN-
HEH B (pOpMe MUCTOJIeTa U UMEET HPOpPe3b IS U3Me-
paemoro siucTa pacteHus: JI. BHyTpu Kopityca pa3me-
HICHBI OJIOK CBETOAMOAOB 2, (OTONPUEMHHK 3, MPO-
meccop 4, TUCIUIeH 5, KiraBuarypa 6, OJIOK TUTaHus 7;

|
1 i 7 4 13
! 8
P ooHoo
= 5
= [ _
LN, 10 Vi :

~
N
Pl
“w

Puc. 8. JInucroBoii poTOKOTOpHMETP.

1 — xoprmryc, 2 — OIOK CBETOAMOAOB, 3 — (OTOTIPHEM-
HUK, 4 — mpoueccop, 5 — Jucluel, 6 — KiIaBHarypa,
7 — OnoK nuTaHus, § — NPWKUM, 9 — 3JIEKTPOMAarHuT-
HBIM mpuBoa, /() — patuuk mpwkuMma, /] — JHaT4uK
TOJIMHBL, [2 — MOANPYXUHEHHBIH pelvyar, /3 — BbI-
KJo4uatenb, /4 — OJIOK maMsITu
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MPWXKUM 8, MEXaHUUYECKU CBSI3aHHBIA C BJIEKTpoMar-
HUTHBIM TIPUBOJIOM 9 m matumkom mprokuma [(); mat-
YUK TOJIIMHBI //; NOANPYXUHEHHBIA pbryar /2, onu-
parolmiics Ha BbIKJItOYaTeNb [3; OOk mamstu [4
(puc. 8) [20].

TexHn4eckue XxapakTepUCTUKHU:

rabaputet — 170 % 70 x 200 mMm;

macca — 0.55 kr;

BpeMs aBTOHOMHO# paboTsl — 3 u;

BpeMs u3mepenus — 30 c;

nuctieit — 4 cTpoku;

MaKcHMaJbHas ontrdeckas miotHocts — 4.0 dB.

YcrpoiicTBO 11 onipeiesIeHUs] JHEPrOeMKOCTH
dorTocunTesa

@DOoTOCHHTE3 SABISETCSA OJHUM M3 ITAIOB IpoIiecca
JIBUKEHUS TTOTOKA SHEPTUH TpU ee MpeoOpa3oBaHHH,
Ha KOTOpPOM ompezaensercss oomas 3((eKTHBHOCT
CBETOKYNBTYpHL. [logxom k oreHke 3()QPeKTHBHOCTH
(hOTOCHHTE3a B CBETOKYJIBTYPE 110 €r0 SHEPrOEMKOCTH
PacKpBIT B paMKax MPUKIATHOW TEOPHH dHEprocode-
pexxenus [211.

YcrpoiictBo (puc. 9) comepkut: OJIOK HU3MEPEHUs
1 obmyuenHocTH E, co3/aBaeMOll HCTOYHUKOM CBETa
UC; 610k u3mepenus Macchl Jucta M, 2; 610K usme-
peHus momany aucra S, 3; 6510k Gukcanuyu BpeMeH!
MOSIBJICHUST ouepenHoro nucra 7, 4; OJok 3amaHus
¢oroneprnona @I/ wm BpemeHu obmydeHus Tk J;

oIl Tk
nc & k{}

AR | |
I | 5 |
I i :3(1>c
E |::>I 1 — 7 r:;"‘>
A A | |
M=y 2 |
: :
s, =>1| 3 |
| |
| :
T,
s '=:>| 4 il

Puc. 9. YcTpoicTBO 7151 OnpepeneHus YHEProeMKOCTH
¢dorocunresa.

HC — wucrounuk cBera, £ — motok obmydenus ot HC,
M, — macca BBIOPaHHOTO 71-TO JIACTA, S, — IUIOMAIb /-
ro nucra, 7, — BpeMs MOsIBIAEHUs n-ro jucta, PII —
(doronepuon, Tk — BpeMs OOTyUICHUS.

1 — 6mok u3MepeHus 00JIy4eHHOCTH, 2 — OJIOK U3Mepe-
HUS MACChI JINCTA pacTeHus, 3 — OJIOK M3MEPCHHUS IIIO-
A JIMcTa pacTeHus, 4 — OJIOK (UKCalu BpEMEHH
MOSIBJICHHST OYEPEIHOr0 JIMCTa Ha pacTeHUH, 5 — OJIOK
3amaHus (oTomepuoa W BpeMeHH OONydeHus, 6 —
apu(METHKO-IOTHIECKOE YCTPOUCTBO, 7 — OJOK HHIH-
Kaluu
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apru(METHKO-JIOTHYECKOE yCTPOICTBO 6; OJIOK MHIU-
Kauuu 7 sHeproemkoctu ¢orocunreza IOC [22].
TexHUYeckue XapaKTePUCTUKH:
CIEKTpaNbHBIN Auana3zoH — 390-760 Hwm;
rpesensl padodeti ocsemenHocTr — 10-20 000 Jik;
¢uxcupyemas macca — 110 500 T
¢uxcupyembie pazmepsl rcta — 10 300 x 180 mm;
macca — 2.5 KT.

AHaJ’ll/BaTOp KadyeCTBa CIICKTPa NMoToKa
ONTHYECKOI0 U3JIYyUCHUSA B CBETOKYJIbTYpE

Juana3oH (OTOCHHTETUYECKH aKTHBHOH pajana-
mu B obsactu 400—700 am (DAP) sBisercs He00X0-
JUMBIM Ui ()OPMHUPOBAHHS CBETOBOW Cpeiabl pacre-
HUI B CBETOKYJIBTYpE. BHYyTpH 3TOr0 quanazoHa Bax-
HO pacrpesielieHue YHEPruy Mo OTAEIbHBIM IOAIua-
Ma3oHaM, KOTOpPOE OMpeAemsieTcss TpeOOBaHHEM BBI-
palBaeMbIX paCTEHUH, X BUAOM U (a30i pa3BUTHS.
B cBsI3M ¢ 9THM BO3HUKAET 3aja4a OLEHKH OIM30CTH
CIEKTPOB MOTOKA, GOPMUPYEMOr0 UCTOUHUKAMHU CBE-
Ta, ¥ TIOTOKa, Hanbosee 3(PPEKTUBHOTO ISl PACTEHUI
(T.e. OIIEHKHM KadecTBa CIEKTPa), OT KOTOPOTO HEMO-
CPEACTBEHHO 3aBUCIT SKOHOMHYECKHE I10Ka3aTeln
CBETOKYJBTYpHI. /[ m3MepeHns CHeKTpajabHOTO CO-
CTaBa UCTOYHHUKOB CBETA B IIPAKTUKE CBETOKYJIBTYPHI
IIUPOKO UCTIOJIB3yeTCs CIEKTPOKOJIOPUMETP
TKA-BJI/02 [1]. Ha ero 6a3e mpemjioxeH aHaIIU3aTOP
KayecTBa CIeKTpa. MeTolrKa pacueToB pealn30BaHa
B Bepcun 2.3.4 (2012 1.) mporpaMMHOTO 00ECTICUCHIS
CIEKTPOKOJIOPUMETPA.

4 9
3 5 10
6
1
2
1
i 7 8

Puc. 10. dysxkunoHanpHas cXxeMa aHAIA3aTopa KadyecTBa
CIIEKTpa.

1 — monuxpomaTop, 2 — OJIOK PpEerucTpaliy CIEKTpa,
3 — Onok ompenencHuss (HOTOHHONW OOJyUCHHOCTH,
7 u 8§ — OIOKHM 3aaHusl TONK MOTOKA B CHEKTPAIBHBIX
nojuanasonax, 9 — apupMETHKO-TOTHYECKOE YCTPOid-
CTBO, /() — OJIOK MHIUKAITUN

Amnamuzarop (puc. 10) coctout n3 noauxpomaropa /,
070Ka 2 perucTpamnuu CreKTpa, BBIXOABI KOTOPBIX CO-
eIMHEHBI ¢ BXoJaMu 0J10ka 3 onpezaeneHus: GOTOHHON
00JIy4eHHOCTH, BBIXOJIBI KOTOPOTO BMECTE C BBIXOJa-
MU OJIOKOB 3aZlaHWs JOJHM TMOTOKa B CIEKTPATbHBIX
nojjvana3oHax / 1 8 COeMHEHBI CO BXOJaMu apud-
METHKO-JIOTHYECKOTO YCTPOHCTBa 9, BBIXOI KOTOPOTO
COEIMHEH ¢ 0JToKOM uHAMKauu 10 [23].

TexHuueckne XxapakTepPUCTUKU:

JMana3oH CKaHUpoBaHus cnekTpa — 390-760 Hwm;

npezenbl padoueit ocsereHnoct — 10-20 000 Jik;

macca — 2.5 Kr.

POJIb CO3JJAHHOI'O TPUBOPHOI'O
OBECIIEYEHUSA B HAYYUHBIX JOCTHKEHUAX
JJABOPATOPUH 23C U NEPCIIEKTUBBI

PaccmoTtpennsie Bblme MpUOOPHI ABISIOTCS OCHO-
BOH Hay4HOH aesrenpHOCTH JMaboparopuu. C 2011 T.
COTpyIHUKaMHU j1abopaTopuu omyoaukoBaHo 140 cra-
Tell B HAy4YHBIX JXypHanax, Oonee 70 Hay4HBIX paboT
B COOpHHUKaX, MOJyueHO 33 maTeHTa Ha W300peTCHUSI.
Pe3ynpraTel mpakTHYECKHX pPa3pabOTOK yIOCTOEHBI
10 30710TEIX Menaneil Ha BbicTaBkax BJIHX u Arpo-
Pycs [24].

[loka3zarenb ypoBHS FOTOBHOCTH TEXHOJIOTHH CO3-
JaHHOTO MpHOOpHOTO obecreueHus (B COOTBETCTBHU
¢ mpuKazoM MHUHHCTEPCTBAa HAyKH M BbICLIETO oOpa-
3oBanmst  Poccwmiickoit ®emeparmm ot 6.02.2023
Ne 107) — Tperuit (pa3paboTaHbl MaKeTHBIE 0Opa3IIbI
B LIEJISIX AEMOHCTPAIMU KITIOYEBBIX XaPAKTEPHUCTHK ).

[IpubopHoe obecriedeHrne U METOAMYECKHE pa3pa-
OOTKHM OBUIM MCIIOJIb30BaHbl B COBMECTHOH IesTelb-
HOCTH J1abOpaTOpWu ¢ KoJuleraMu u3 Pmkckoro tex-
HUYECKOTO yHHUBepcurera, r. Pura, u JlarBuiickoro
CeJIbCKOXO034WCTBEHHOIO yHHUBepcuTera, I. Enrasa,
B paMkax pabot mo rpanry "New control methods for
energy and ecological efficiency increase of green-
house plant lighting systems (uMOL)".

Wsmepenust Ha co3gaHHON MpUOOpHOI Oasze mpo-
BOJAWJIN B CBETOKYJbType TOMAara B OJIOKE TEIUIUI]
"Mexsuau'", JlaTBuUs, W TEINIMIHOM KOMILICKCE
"Kpyrunerit ron", [IukaneBo; B CBETOKYJIBTYpE cajaTa
B arpoxonguare "Breioopxkern", Cankr-IleTepOypr;
NpY BBIPAIIMBAHUU CEMEHHOTO KapTodens Mo a’po-
nmorHou Texuonoruu ['AY HIIIL "MocCemlIponTex-
Kaprodens", r. Mocksa. Ha psin pa3paboTok moyue-
HBI aKThl O BHEJIPCHUH Ha MPEANPHUATHIX-TTAPTHEPAX:
HITIO "IIckoBArpounOoBauu", OO0 "Tenko", OO0
"entpPernonCepruc". Pa3paboranHoe MeTOMUe-
cKoe obecrieueHne MCIob3yeTcsl B yueOHOM mpoLec-
ce Ha kadenpe DOMNuIT aneKTpOIHEPreTHUECKOTO
¢axynprera Cankt-IlerepOyprckoro rocymapcTBeH-
HOTO arpapHoro yHUBEPCUTETA.

Teoperndeckue BOIPOCH M OCOOCHHOCTH TTPAKTHIC-
CKOTO BHE/IPEHHMS PE3yJIbTaTOB MCCICAOBAHUMN IO MpaK-
TUYECKON CBETOKYJBTYpE U €€ METPOJIOTHYECKOMY

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4
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oOecrieueHuIo ObIIM JOI0KEHBI 1 00CY>KACHBI Ha Ha-
yuHbIX KoH(epeHuusix Lux Pacifica; Engineering for
Rural Development, JlarBus; CIOSTA; ManOBamon-
HBIC TEXHOJOTMH B Hayke u oOpazoBanuu (MTHO);
Arpoundo; IIpobreMsl 1 IepCIIeKTUBBI Pa3BUTHS OTe-
YECTBEHHON CBETOTEXHMKH, JJIEKTPOTEXHUKH W SHEp-
retukd, CapaHCK; Ha BY30BCKHX KOH(EpPEHIHIX
Bbpsuckoro T'AY, Mypmanckoro I'TY, Cankr-
[MerepOyprckoro 'AY u mHOTUX Apyrux [25].

Psan paccMoTpeHHBIX pa3pabOTOK BOIUIM B TECT-
CHUCTEMY SHEPrOIKOJIOTUYHOCTH CBETOKYJIBTYPHI, YI0-
CTOCHHYIO 30JIOTOM MeJaiau Ha BbICTaBKe "3oyoTas
ocenb 2019".

CoBmectHo ¢ boranwmuecknm uHCcTHTyTOM PAH
nabopaTtopusi ydacTBOBaJa B OHJIAHH-3KCIO3HULIUH
Ha Poccuiickoll Heziene HAyKH U TEXHOJIOTUH B paM-
kax MexnyHapogHoil kutaiickoil BeicTaBku "CIEP
2020" ¢ mayuHo-TexHU4YecKkuM mpoekroM "Cozmanue
tatopMbl (pEeHOTHITMPOBAHUS PACTEHHII Ha OCHOBE
MCKYCCTBEHHOTO MHTEIUIEKTa U IHU(POBBIX TEXHOJIO-
ruit".

ITo uroram meponpusTuil nomnyuyeHo biaromapcr-
BEHHOE TMHCHMO OT MEXIyHapOJHOTO COI03a MpHOOo-
pocTpouTenell M CIEMUAINCTOB IO HH(POPMAINOH-
HBIM H  TEJIEKOMMYHHMKAIIMUOHHBIM  TEXHOJIOTHSIM
(MCIT UTT).

Hanpagsnenne nanpbHEWIMX HCCIIEAOBaHHN J1a00-
paTopun — pa3pabOTKa WHTEIDIEKTYaIbHOTO METPO-
JOrHYecKoro obecrneyeHnss W LU(POBBIX CPEIACTB
KOHTPOJIS B IEJSX OOecTreueHus] SHEPTOIKOIOTHIHO-
CTH TpH (YHKIMOHHUPOBAHUHM HCKYCCTBEHHBIX arpo-
9KOCHCTEM.

Hayunas mnpobnema, cBs3aHHas C CO3/aHUEM
CPEJICTB MOHHUTOPHHTA MapaMETPOB arpo’IKOCHCTEMBHI,
00ycCJIOBIICHA CIIOKHBIM XapaKTepOM OOBEKTa HCCIIe-
JIOBaHUM, €ro HeAOCTaTOYHON M3yYEHHOCTBIO, OTCYT-
CTBHEM OJHO3HAYHO PEKOMEHIOBAHHBIX JJISI MOHUTO-
pHUHTra napamMeTpoB.

Uccnenoanne Oyner 6a3upoBaThcs Ha COBPEMEH-
HOW TapajiurMe YHEPrO3KOJIOTUIHOCTH, O3HAYAOIIEH
o0ecrnieueHrue SKOHOMUYECKON 3P PEKTUBHOCTH (PyHK-
[IMOHWPOBAHUSI arpodKOCHCTEMBI MPH €€ KIIMMaTHde-
ckoil HelTpanbHocTH [26]. HoBas mapamgurma o3Hadaer
MOJTy4YeHNe OTBETCTBEHHO IPOM3BENECHHOW SKOJIOTH-
YecKM YHUCTON NPOAYKIMHM IMYTEM YIPABICHHUS IPO-
TYKTHBHOCTBIO ~ arpOdKOCHCTEMBI  COOTBETCTBEHHO
CKJIQ/IBIBAIOIIMMCS YCIOBUSM, ONTHMH3AINI0 dPdeK-
TUBHOCTH HCIIOJNIb30BAHUS PECYpPCOB, YMEHBIICHHE
HeONaronpusTHOTO BO3ACHCTBUS HAa OKPYXKAIOIILYIO
cpey. DHEProdKOJOTHYHOCTD MT0/Ipa3yMeBaeT MpeLHt-
3MOHHOE KYJHTHBHPOBAHHE, KOHTPOJIh W MPHUHSATHE
pelIeHuil Ha OCHOBE JaHHBIX. Vcrosnb30BaHuE COBpe-
MEHHBIX CHCTEM MOHHUTOPHHTA IMO3BOJISIET OTCIIEKH-
BaTh M PETyJIHPOBATh MapaMeTpPhl CPeIbl BhIpAIIUBa-
HUS, BHOCA IIeJICHANpPaBICHHbIE BMEIIATEIHCTBA
U KOPPEKTUPOBKH. VIHTerpamuss HaydHBIX 3HaHUH

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4

OTACIbHBIX JHUCIUIIJINH 00eCIeynuT KayeCTBEHHBIH
CKa4oOK B YIIPaBJICHUU arpO3KOCUCTCMAaMHU.

BbIBO/JbI

1. B HacTosiliee BpeMsi MUPOBOM PBIHOK HAy4YHBIX
npuOopoB HempepbIBHO pacteT. OAHAKO B POCCHM-
CKMX Hay4yHBIX OPraHM3alUsIX HEPeAKOo HabromaeTcs
ux aepunur. B mocnenHee Bpemsl MCTIPaBICHHUIO Ta-
KOTO TIOJIOKEHHS yJensercss OONbIIoe BHUMaHWE
Ha caMbIX BBICOKMX ypoBHiX. M TeM He MeHee, He-
CMOTpSl Ha MPUHUMaeMble MEpHI, y OOJBIION YacTh
rocynapctBeHHsix HUUW mpubopHas u sxcrnepuMeH-
TanbHasg 0a3bl B 3HAYUTEIBHOM Mepe W3HOIIEHBI
1 MopasibHO ycTapenu. O0beM M KauecTBO HCCIENO-
BaTEILCKOTO O0OpPY/JIOBaHUSI HE BCET/Ia COOTBETCTBY-
10T COBPEMEHHOMY YPOBHIO HCCIICIOBaHUH.

2. Vnes co3gaHus B KOHCTPYKTOPCKHMX W IPOU3-
BOJICTBEHHBIX TO/IPa3ACNeHIsIX HAYYHBIX OpTaHu3a-
Ui coOCTBEHHOro 00OpYIOBaHHA HMMeeT IIyOOKHe
uctopuueckue kopHu. OHa He yTepsula 3HAuYEHUS
U B HBIHEIIHEE BPeMsl, KOTZa MO psily IPUYUH HOJIHO-
[EHHOE LEHTPATN30BaHHOE CHAa0KEHHE HEBO3MOXKHO
1100 HeNOCTaTOYHO. MUPOBBIM TPEHIOM B pa3paboT-
K€ ¥ MEJIKOCEPUIHOM IPOU3BOCTBE aHAIUTHUYECKOTO
1 M3MEPUTENBHOTO 000PYIOBaHUS B aKaJIeMHYECKHX
WHCTUTYTaxX M Ha MPEONPHUATHAX NPH HUX, a TaKKe
B OTIENBHBIX YHUBEPCUTETAX SBIIACTCS TEXHOJOTHUS
FOSH — free and open-source hardware (cBob6omHOE
U OTKpBITOE 000pyZOoBaHHE). BBISABIEHB OCHOBHBIE
npenmyinecTBa TexHomorun FOSH (oTHocuTenpHas
JICIIEBU3HA, MOTEHIIMAIBHO JIy4Illasg Hay4dHas pe3yib-
TaTUBHOCTB, OMEPATHBHOCTH, OTKPHITOCTh) M €€ He-
JOCTaTKM (HETOJIHAs aHaJIOTHA, JOCTYMHOCTb HE IS
BCEX HAYYHBIX TPYIII, CIOXKHOCTh 00ECTIeUeHNs Kade-
CTBa U HAaJEKHOCTH).

3. AHanu3 ombITa CaMOCTOSITEILHOIO HM3TOTOBIIE-
HHUsSI HAyYHOTO 00OpyIOBaHUS KOJJIEKTHBOM Jalbopa-
topun DOC moKa3zal, YyTo 3TOT MyTh SIBISETCS BIIOJIHE
pearbHBIM IS CO3/IaHWSl MaTepHATbHO-TEXHUYIECKOU
0a3pl M pemeHHus AOCTaTOYHO CIOXKHBIX Hay4HO-
TEXHUYECKUX 3a7ad. PaccMOTpeHHBIE TPUMEPHI TIOKa-
3bIBAIOT JOCTATOYHO BBICOKMH YPOBEHb pa3pabOTOK
naboparopunn D3C B obmactu npubOOpPOCTpOCHUs,
CBSI3aHHBIX C ONTHYECKHM H3JIy4YEHHEM, HCCIIEI0Ba-
HUEM CBOWCTB pPAacTECHUi, MpoBeIeHHEM OHOMHIMKA-
UM W 3KOJIOTHYECKOro MoOHUTOpuHra. IloTeHnu-
IBHBIMU MOTPEOUTENAMU TAKOW NPOLYKLUUHU SIBIIS-
JOTCS PACTEHHEBOJYECKHE W TEIIMYHBIE XO3SICTBA,
CUTH-(PEepMBI, YacTHBIA CEKTOp, HAyYHO-HCCIIEA0Ba-
TEJIbCKUE OpraHu3aluy, ydeOHble 3aBexeHus. [lpe-
MMYIIECTBAMU COOCTBEHHBIX Pa3paboTOK mepen aHa-
JIOTaMH SIBJISIIOTCS: HEBBICOKAs CTOMMOCTh, PEMOHTO-
IPUTOAHOCTb.

Co3nanHoe B nabopatopun IIC npubopHoe odec-
IIEYCHUE SIBJIIETCS. OCHOBOW HAy4YHOM JEATEILHOCTH
nabopaToOpuu. Ilokazarens ypoBHS TOTOBHOCTH
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TEXHOJIOTHH CO3aHHOTO NPHOOPHOTro oOecredeHus
— Tperuii (pa3paboTaH MaKeTHBIH OOpasell B ICIAX
JIEMOHCTPAIIMU KITIOYEBBIX XapakTepucTHk). [Ipudop-
HOe ofecrieueHHe W METOAWYECKUE pa3pabOTKH HC-
MOJTB3YIOTCS B paMKaX COBMECTHOH JesTeTbHOCTH
C KOJJIEraMH M3 JAPYTUX HAayYHBIX U NPOU3BOJCTBEH-
HBIX MPEANPUATUH.
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EXPERIENCE IN DESIGN OF INSTRUMENTATION
FOR SCIENTIFIC RESEARCH ON ENERGY ECOLOGY
AND HORTICULTURE

S. A. Rakutko, E. N. Rakutko

Federal Scientific Agroengineering Center VIM, branch in Saint Petersburg, Russia

A real way to replenish the research base can be the production of specific measuring and analysis instru-
ments in the design and production departments of scientific organizations. To review the measuring instru-
ments and laboratory equipment developed in the laboratory of energy ecology and light culture. The work was
carried out on the basis of a bibliographic analysis of publications on the problems of domestic scientific in-
strument making. The reasons for the industry's lag are noted. It has been hypothesized that under these condi-
tions, creating your own laboratory instruments is a real alternative to centralized supply. The essence of the
technology of "free and open-source hardware" (FOSH), developed directly by researchers, is revealed. The ad-
vantages and disadvantages of FOSH technology are highlighted. A number of laboratory developments in the
field of instrumentation for scientific research are considered: a device for environmental monitoring of stress
states of plants; leaf goniophotometer; device for morpho-colorimetry of plant leaves; full-scale model of a plant
in hortyculture; device for measuring phyllotaxis parameters; color meter; a device for determining the fluctuat-
ing asymmetry of the optical characteristics of plant leaves; leaf photocolorimeter; device for determining the
energy intensity of photosynthesis; quality analyzer for the spectrum of optical radiation flux in hortyculture. It
was noted that the considered devices are the basis of the scientific activity of the laboratory and, counting
scientific activity since 2011, have allowed us to publish 140 articles in scientific journals, more than 70 scien-
tific papers in collections, and obtain 33 patents for inventions. The results of practical developments were
awarded 10 gold medals at the VDNH and AgroRus exhibitions. The level of developments in the field of in-
strument engineering at the Laboratory of Energy Ecology and hortyculture is quite high. The laboratory team
has a serious background in the field of scientific instrument making.

Keywords: scientific instruments and equipment, material and technical base, scientific organizations, instrument making
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INTRODUCTION

The experimental base available to researchers is a
necessary condition for the development of promising
scientific directions and obtaining new interesting re-
sults. Without instrumentation, scientific break-
throughs are unthinkable, as a result of which our
knowledge of the properties of nature has been signif-
icantly enriched. As a rule, research equipment is pro-
vided by the scientific instrument-making industry,
individual enterprises specialize in certain types of
equipment.

Close attention to the problems of providing re-
search organizations with modern technical means
(scientific equipment) is natural and more than timely.
Scientific equipment, primarily scientific devices, to-
day takes first place in the hierarchy of means of pro-
duction in general. The world market for scientific
instruments in 2022 amounted to $28.8 billion and,
according to the forecast, will reach $34.05 billion in
2030 [1].

In Russian scientific organizations, a shortage of
scientific instruments is not uncommon. One of the
latest measures to overcome it is the Federal Project
"Development of Domestic Civil Instrument Engi-
neering for Scientific Research". This project is part
of the state program of the Russian Federation "Scien-
tific and Technological Development of the Russian
Federation". The project provides for large-scale
R&D, which is expected to result in the emergence of
a wide range of the most popular devices and consu-
mables in priority areas, training of engineering and
scientific personnel for professional support of the
instrument engineering field in 2023-2030, the forma-
tion of groups of developers of unique scientific
equipment for fundamental and applied research, the
development of a domestic base, and the provision of
after-sales service for equipment [2].

On the other hand, the idea of creating a research-
er's own equipment has deep historical roots. It has
not lost its significance in the present time of a com-
mercial approach to staffing an instrument research
base. Thus, the number of publications on the use of
popular microcontrollers is continuously growing. The
development of 3D printing has made the production
of instruments for scientific research widely accessi-
ble. With a sound methodology, the use of such de-
vices is a real solution for researchers with limited
resources [3].

In our country, traditionally, specific measuring
and analytical instruments were manufactured in the
design and production departments of scientific organ-
izations [4].

The design of devices by researchers is closely re-
lated to their patent activity. Last year, the share of
applications from universities and research institutes
was 52%, which is almost 10% higher than the value

for the previous year. In total, scientific institutions of
the country filed 3,797 applications for inventions in
2023 [5]. The Federal Scientific Agro-Engineering
Center VIM entered the top 3 Russian applicants in
terms of the number of applications filed for inven-
tions in 2023 (62 applications).

A positive example of independent production of
scientific equipment is the laboratory of energy and
ecological efficiency of photoculture (EEEP) of the
Institute of Agroengineering and Environmental Prob-
lems (branch of VIM Center). The research infrastruc-
ture created in it over many years and the accumulated
scientific potential allowed the scientific staff of the
laboratory to solve complex scientific and technical
problems at a sufficiently high level and contribute to
the successful work of the greenhouse industry. The
subject of the inventions of the laboratory is a logical
continuation of its scientific activity. First of all, these
are measuring devices associated with optical radia-
tion; designed to study the properties of plants, for
bioindication and environmental monitoring.

GOAL AND OBJECTIVES OF THE RESEARCH

The purpose of the study is to justify the need for
state support for proactive in-house development of
scientific instruments by research organizations.

The objectives of the study are to consider the
problems of domestic scientific instrumentation, justi-
fy and demonstrate the possibilities of developing
specialized instrumentation for experimental research
directly in scientific organizations, analyze the expe-
rience of scientific instrumentation, and identify the
role of the created instrumentation in the scientific
achievements of the EEEP laboratory.

ANALYSIS OF PROBLEMS OF DOMESTIC
SCIENTIFIC INSTRUMENT-MAKING

The work is based on a bibliographic analysis of
publications on the problems of domestic scientific
instrument-making with a presentation of the instru-
mentation created in the EEEP laboratory in this area.

The instrument-making industry plays an impor-
tant role not only in the context of the current devel-
opment of the economy, but also in the prospects for
further technological transition within the framework
of the "Industry 5.0" concept. It is necessary to carry
out an accelerated restoration of broken supply chains,
restructure external logistics channels, expand sales
markets, and retain qualified personnel. Digital trans-
formation is one of the most important development
goals of the Russian Federation for the period up to
2030 [6].

The instrument-making industry is part of the me-
chanical engineering industry. It produces control sys-



tems, measuring and information processing equip-
ment, and automation devices. These products are
widely used in industry. Recently, there has been an
increase in government support for the industry and
investment in enterprises. However, analysts note that
the funds allocated for the re-staffing of enterprises
are often insufficient, since the degree of depreciation
of fixed assets accumulated over a long period is very
high. The attractiveness of private capital investments
is reduced by such factors as high financial risks, the
complexity of the production process and its labor
intensity, and the low competitiveness of some enter-
prises [7].

International and domestic experience indicates
that government policy and mechanisms for support-
ing the technological development of industrial com-
panies can influence the development trajectories of
industries, including instrument-making. The obtained
results allow us to determine the ways in which re-
gional policymakers can promote the growth of the
industry and increase its competitiveness [8].

Instrument-making enterprises are experiencing
a number of difficulties caused by: insufficient level
of competence of the personnel of such enterprises,
low efficiency of production capacities, continued
dependence on supplies from abroad of various com-
ponents necessary for their own production. The exist-
ing problems must be eliminated, but this can only be
done in the case of due attention to the problems of
the instrument-making industry on the part of federal
or regional authorities, since it is necessary to imple-
ment a number of measures that can increase the
competitiveness and innovative potential of the in-
strument-making sector, promoting its growth and
development. It should be recognized that enterprises
of the instrument-making industry lag behind in terms
of sustainable annual development, which is caused,
in addition to the already identified problems, by an
acute shortage of financial resources, including for the
implementation of financing of innovative projects.
Also, many enterprises in the industry demonstrate
unsatisfactory values of return on equity and financial
autonomy. The instrument-making industry is ready to
provide state enterprises and business structures with
its products, but the state, for its part, must create the
necessary conditions for this [9].

The scientific and technological challenge is one of
the most serious challenges that the Russian economy
is currently facing.

All this is happening in the era of increasing tech-
nological structure, informatization of production. The
fourth industrial revolution, which is happening be-
fore our eyes, is accompanied by the widespread use
of artificial intelligence systems. In the creation of a
qualitatively new production potential, the role of in-
strument engineering is especially great, providing the
research infrastructure, measurement, and analytical

base of scientific research and production processes
[10].

The scientific potential of the country is formed
primarily by the material and technical base of univer-
sities and research institutes, which determines the
effectiveness of the scientific research carried out, and
often the very possibility of their implementation.
Much attention has been paid to the provision of re-
search laboratories with modern equipment in recent
years. And nevertheless, despite the measures taken,
the instruments and experimental infrastructure of
a large part of state research institutes are in a very
worn-out state, and are often morally obsolete. The
quantity and degree of suitability of research equip-
ment in scientific and research organizations some-
times do not correspond to the level required of mod-
ern research equipment.

ON THE NEED AND INSTRUMENTS FOR
IN-HOUSE DEVELOPMENT OF DEVICES

In these conditions, it is necessary to more actively
use the reserve of creating in-house laboratory instru-
ments in those conditions when, for a number of rea-
sons, full-fledged centralized supply is impossible or
insufficient. Even in foreign research institutes and
universities, with the possibility of major financing,
a significant part of the instrumentation is carried out
by their own efforts [11]. By analogy with the widely
known term "free and open-source software" (FOSS),
the concept of "free and open-source hardware"
(FOSH) is proposed. FOSH consists of providing in-
formation for equipment, including specifications,
schematics, instructions, CAD designs, etc., necessary
for the physical creation of the device. FOSH technol-
ogy has shown particular promise in the development
of individual scientific instruments. Today, there are
examples of FOSH technologies in the vast majority
of scientific disciplines. It has been shown that for a
wide range of scientific instruments, FOSH technolo-
gies provide an 87% cost reduction compared to
equivalent instruments. The use of Arduino provides a
cost reduction of up to 89% and even more — up to
92% when using 3D printing. When combining Ar-
duino and 3D printing, the cost reduction is on aver-
age 94% compared to commercial equivalents.

The following advantages of FOSH technology are
highlighted:

1) relative cheapness of the project, the greatest fo-
cus on solving a specific scientific problem;

2) creating experimental equipment gives the com-
pany a much deeper understanding of the principles
behind its design and an awareness of its limitations,
which leads to better scientific results;

3) rapid operational development expands the ca-
pabilities of laboratories;



4) openness of technology is a global phenomenon
that attracts talented developers and programmers
from all over the world to develop and manufacture
original devices.

However, it is necessary to note some shortcom-
ings of the technology:

1) the products are not analogs for the entire range
of scientific equipment available;

2) not all scientific groups have the ability to inde-
pendently produce equipment of a sufficient quality;

3) ensuring quality and reliability is a serious prob-
lem for independently manufactured devices [12].

EXAMPLES OF INSTRUMENTATION
DEVELOPMENTS OF EEEP LABORATORY

Device for environmental monitoring

Below are a number of developments in the labora-
tory in the field of instrumentation for scientific re-
search.

Device for environmental monitoring of stress
conditions of plants. Environmental monitoring in
modern conditions is the most important task in as-
sessing the state of the environment when exposed to
anthropogenic and other factors. The intensity of the
impact can be assessed by the phytoindication method
based on the reaction of plants. Among many bioindi-
cation methods, the morphogenetic method stands out
for its simplicity and sensitivity. It is based on mea-
suring the value of fluctuating asymmetry (FA), which
characterizes random small deviations from the ideal
mirror symmetry of bilateral features, i.e., those fea-
tures from which mirror symmetry is normally ex-
pected. This indicator characterizes the stability of
individual plant development, i.e., their ability to
maintain developmental homeostasis under external
influences. It has been shown that, along with geome-
tric features, physiological features, including optical
properties of the plant leaf, can be used.

The device (Fig. 1) is mounted in housing /, the
halves of which are designed with the ability to teles-
copically slide one into the other. Attached to their
opposite sides are the ends of an elastic stretchable
element 2, to the middle of which an indicator 3 is
attached in such a way that during the relative move-
ment of the housing halves the indicator is always in
the middle of the distance between the measuring
holes 4 and 5 located on the lower side of each hous-
ing half. Above the measuring holes, optical units 4
and 5 are located, ensuring the measurement of the
mixed and diffuse components of the flow reflected
from the plant leaf. Electronic unit 6 calculates the
value of the mirror component, the fluctuating asym-
metry of which is an indicator of the stress state of the
plant. The obtained data are displayed on display 7
[13].

Fig. 1. Schematic diagram of the device for environ-
mental monitoring.

1 — housing, 2 — elastic element, 3 — indicator,
4 and 5 — optical units with measuring holes, 6 —
electronic unit, 7 — display

Technical specifications:

dimensions — 80 x 60 x 150 mm;

range of variation of the distance between the
measured sections of the leaf — 30—120 mm;

weight — 0.65 kg.

Leaf goniophotometer

The condition of a plant and the intensity of the
processes occurring in it can be determined by the
spatial distribution of the brightness of the leaf sur-
face. The presence of a mirror component indicates a
better ecological condition of the plant.

The basis of the device (Fig. 2) is a vertical stand
1, to which a horizontal axis 2 is rigidly attached, on
one side of which a rod 3 with a scale 4 and an illumi-
nator 5 is fixed, and on the other side — a rod 6 with
a scale 7 and a chamber §. Plant leaf JI is fixed on
a holder 9, which has a flat and cylindrical platform.
The rotation of the rods is carried out through stepper
motors from the controller (not shown in Fig. 2) [14].

Fig. 2. Schematic diagram of a leaf goniophotometer.
a — side view, 6 — frontal view.

1 — stand, 2 — axis, 3 and 6 — rods, 5 — illumina-
tor,

4 and 7 — scales, 8§ — chamber, 9 — holder, JI —
plant leaf

Technical specifications:

length of the illuminator rod — 570 mm,;
length of the camera rod — 480 mm;
rod rotation angle range — % 90°;

angle setting accuracy — + 0.5°;

camera — SONY DSC-H100;
illuminator — LED lamp 30 W 2700 Im;
dimensions — 370 x 140 x 106 mm;
weight — 12 kg.

Device for morphocolorimetry of plant leaves

Leaves are very sensitive to unfavorable factors
and, under stress conditions during adaptation, change
their morphological and color indicators, which can
act as diagnostic signs of the state of plants. The pos-
sibility of using morphocolorimetry methods of her-
baceous plants to analyze the degree of adverse im-
pact of anthropogenic load is shown.



The device (Fig. 3) has a body I/, made of hinged
upper and lower sections. Inside the upper section
there is a convex mirror 2, on top there is a chamber 3.
In the lower section of the housing there is a diaph-
ragm 4, a flat mirror 5, an illuminator 6 and a lens 7.
The vertically directed optical axis of the camera
passes through the centers of the measured sample
(plant leaf) JI, the apertures of the diaphragm, and the
illuminator. The camera takes pictures in transmitted
and reflected light [15].

Fig. 3. Scheme of the device for morphocolorimetry
of plant leaves.

1 — housing, 2 — convex mirror, 3 — chamber, 4 —
diaphragm, 5 — flat mirror, 6 — illuminator, 7 —
lens, JI— plant leaf

Technical specifications:

dimensions of the window for shooting —
280 x 160 mm;

light source — LED lamp 30 W, 2700 Im;

dimensions — 400 x 200 x 580 mm;

weight —3 kg.

Full-scale model of a plant in photoculture

When studying the properties of plants in photo-
culture experiments, their properties can change over
time, which makes it difficult to obtain reliable and
reproducible indicators. In order to prevent changes in
the properties of a plant during a long-term experi-
ment from affecting its results, it is recommended to
use a physical model in which all the main geometric
parameters correspond to the parameters of the simu-
lated living plant.

A natural model of a plant has been developed in
which the possibility of setting the geometric proper-
ties of artificial leaves by selection has been realized
(Fig. 4). The model contains a vertically located rod /,
simulating the stem of a real plant and artificial leaves
2, which are attached to the rod with the help of
clamps 3 through flexible links 4. The upper surfaces
of each leaf are made of photosensitive material and
are electrically connected to the ends of electrical
conductors 5. The stand 6 contains a power supply 7,
a microprocessor 8, and a Bluetooth 9, which are elec-
trically connected to each other. Inside the stand, the
ends of electrical conductors 5 are connected to the
corresponding inputs of the analog-to-digital conver-
ter of the microprocessor [16].

Fig. 4. Full-scale model of a plant.

1 — rod, 2 — artificial leaves, 3 — clamps, 4 — flex-
ible links, 5 — electrical conductors, 6 — stand, 7 —
power supply, 8§ — microprocessor, 9 — Bluetooth

Specifications:

number of leaves — up to 10 pcs;

leaf length — 30—160 mm;

leaf width — 20—70 mm;

petiole length — up to 40 mm;

petiole inclination angle — + 80°; petiole rotation
angle — 0-360°;

height of leaf nodes on the stem — 5—-10 mm;

dimensions — 250 x 250 x 500 mm,;

weight — 2.2 kg.

Device for measuring phyllotaxis parameters

Phyllotaxis parameters are the arrangement of
leaves on the stem, distances between nodes, and di-
vergence angles between two adjacent leaves. They
characterize the morphological properties of the plant.
In photoculture, phyllotaxis can be used to judge the
stability of plant development. Changes in environ-
mental factors affect phyllotaxis parameters.

The developed device (Fig. 5) allows numerical
measurement of the main phyllotaxis parameters. The
device contains a housing /, a rotary platform 2, angu-
lar scales 3 and 4, a contact probe 5, a stand 6, levers
7 and §.

Fig. 5. Phyllotaxis parameter measuring device.

1 — body, 2 — rotary platform, 3 and 4 — angular
scales, 5 — contact probe, 6 — stand, 7 and 8§ — lev-
ers

During measurements, the platform with the plant
is set to the initial position to align the stem vertical
with the platform rotation axis. Rotating the platform
in a given direction, a researcher successively moves
from one leaf node to another, touching them with the
contact probe. The heights of nodes and divergence
angles are recorded [17].

Specifications:

length of levers — 300 mm;

diameter of table — 180 mm;

accuracy of measured angles — £ 0.5°;

dimensions — 360 x 200 x 300 mm;

weight — 1.6 kg.

Color meter

The structure and arrangement of cells in leaves
has an external manifestation in the optical properties
of tissues. They also determine the functional state of
plants: the processes of respiration, photosynthesis,
which are directly affected by environmental condi-
tions. Studying the color parameters of the leaf sur-
face is of considerable practical interest.

The developed device is managed manually
(Fig. 6). Inside the ergonomic case there is a micro-
processor 2, a color sensor 3 (TCS34725 module),



Bluetooth 6, and an autonomous power battery /7. On
the housing there are control buttons, a display, a USB
connector, a power switch, and an external power
connector. During measurements, the color sensor of
the device is brought to the plant leaf. The color mea-
surement results in the form of RGB components are
displayed on the display and can be transmitted to ex-
ternal devices via Bluetooth [18].

Fig. 6. Color meter.

a — front view with cutouts, 6 — top view;

1 — housing, 2 — microprocessor, 3 — color sensor,
4 — color indicator, 5 — display, 6 — Bluetooth,
7 — keyboard, 8§ — button, 9 — USB connector,
10 — power switch, /] — battery, /2 — external
power connector

Specifications:
dimensions — 230 x 85 x 90 mm;
weight — 0.45 kg.

Device for determining fluctuating asymmetry
of optical characteristics of plant leaves

It has been experimentally found that the FA level
is a sensitive indicator of the state of a plant, characte-
rizing the stability of its development under condi-
tions of the action of environmental factors on plants.
Using this phenomenon in photoculture conditions, it
is possible to give a comprehensive assessment of the
quality of the created light environment and ensure its
optimization by choosing the most suitable light
sources.

In the developed device (Fig. 7), flexible light
guides 4 and /2 connect light sources 3 and /7 with
optical connectors 2 and 9, located on clamps / and §.
The optical signal is picked up using control device 6
through branched flexible light guide 7 to spectrome-
ter 5. The clamps are connected to guide /0 and capa-
ble of mutual movement and fixation on the guide.
When taking measurements, two points symmetrically
located relative to the rachis are marked on the surface
of the plant leaf. The clamps are moved along the
guide until the measurement locations of the optical
characteristics of the leaf coincide with these points,
and they are fixed on the guide. The leaf selected for
measurements is placed in the clamps, and the spectral
reflectance coefficients of the leaf are found at the
marked points [19].

Fig. 7. Device for determining fluctuating asymme-
try.

1 and 8§ — clamps, 2 and 9 — optical connectors,
3 and /] — light sources, 4 and /2 — flexible light
guides, 5 — spectrometer, 6 — control device, 7 —
branched flexible light guide, /0 — guide, /I — plant
leaf

Specifications:

spectral range — 360—1100 nm,;
dimensions — 300 x 40 x 60 mm;
weight — 0.55 kg.

Leaf photocolorimeter

The pigments contained in the plant leaf have se-
lectivity in absorbing light in individual spectral
ranges. Therefore, the optical properties of leaves, in
particular their spectral absorption capacity, can serve
as indicators of the functional state of plants when
exposed to external factors. In comparison with de-
structive methods, it is possible to organize operation-
al monitoring of the plant condition on the basis of
such measurements.

The housing of the leaf photocolorimeter / is made
in the form of a pistol and has a slot for the measured
plant leaf JI. Inside the housing there is a block of
light-emitting diodes 2; a photodetector 3; a processor
4; a display J5; a keyboard 6; a power supply 7;
a clamp 8, mechanically connected to an electromag-
netic drive 9 and a clamp sensor /0; a thickness sensor
11; a spring-loaded lever /2, resting on a switch /3;
a memory unit /4 (Fig. 8) [20].

Fig. 8. Leaf photocolorimeter.

1 — housing, 2 — LED block, 3 — photodetector,
4 — processor, 5 — display, 6 — keyboard, 7 —
power supply, 8§ — clamp, 9 — electromagnetic
drive, /0 — clamp sensor, // — thickness sensor,
12 — spring-loaded lever, /3 — switch, /4 — mem-
ory block

Specifications:

dimensions — 170 x 70 x 200 mm,;
weight — 0.55 kg;

battery life — 3 h;

measurement time — 30 s;

display — 4 lines;

maximum optical density — 4.0 dB.

Device for determining the energy intensity
of photosynthesis

Photosynthesis is one of the stages of the energy
flow during its transformation, at which the overall
efficiency of photoculture is determined. The ap-
proach to assessing the efficiency of photosynthesis in
photoculture by its energy intensity is disclosed within
the framework of the applied theory of energy saving
[21].

The device (Fig. 9) contains: a unit for measuring /
the irradiance E created by the light source ZC; a unit
for measuring the leaf mass M, 2; a unit for measuring
the leaf area S, 3; a unit for recording the time of ap-
pearance of the next leaf 7, 4; a unit for setting the
photoperiod @I and the irradiation time 7x J;



an arithmetic logic unit 6; an indication unit 7 of the
energy capacity of photosynthesis 2@C [22].

Fig. 9. Device for determining the energy intensity
of photosynthesis.

HC — light source, £ — irradiation flux from XC,
M, — mass of the selected n-th leaf, S, — area of the
n-th leaf, T, — time of appearance of the n-th leaf,
@I1 — photoperiod, Tx — irradiation time.

1 — irradiance measurement unit, 2 — plant leaf
mass measurement unit, 3 — plant leaf area mea-
surement unit, 4 — unit for recording the time of
appearance of the next leaf on the plant, 5 — unit for
setting the photoperiod and irradiation time, 6 —
arithmetic logic unit, 7 — indication unit

Technical specifications:

spectral range — 390—760 nm;

limits of working illumination — 10-20 000 lux;
fixed weight — up to 500 g;

fixed leaf dimensions — up to 300 x 180 mm;
weight — 2.5 kg.

Spectrum quality analyzer of optical radiation
flux in photoculture

The range of photosynthetically active radiation in
the region of 400-700 nm (PAR) is necessary for the
formation of the light environment of plants in photo-
culture. Within this range, the distribution of energy
over individual subranges is important, which is de-
termined by the requirements of the grown plants,
their type, and development phase. In this connection,
the problem of assessing the closeness of the spectra
of the flux generated by light sources and the flux
most effective for plants (i.e. assessing the quality of
the spectrum), on which the economic indicators of
photoculture directly depend, arises. To measure the
spectral composition of light sources, the spectrocolo-
rimeter TKA-BJI/02 [1] is widely used in the practice
of photoculture. On its basis, a spectrum quality ana-
lyzer is proposed. The calculation method is imple-
mented in version 2.3.4 (2012) of the spectrocolori-
meter software.

The analyzer (Fig. 10) consists of a polychromator
1, a spectrum recording unit 2, their outputs are con-
nected to the inputs of a photon irradiance determina-
tion unit 3, the outputs of which, together with the
outputs of the flux fraction setting units in spectral
subranges 7 and 8, are connected to the inputs of an
arithmetic logic unit 9, the output of which is con-
nected to an indication unit /0 [23].

Technical specifications:

spectrum scanning range — 390—760 nm;

working illumination limits — 10-20,000 Ix;

weight — 2.5 kg.

Fig. 10. Functional diagram of the spectrum quality
analyzer.

1 — polychromator, 2 — spectrum recording unit,
3 — photon irradiance determination unit, 7 and 8§ —
units for setting the flux share in spectral subranges,
9 — arithmetic logic unit, 10 — indication unit

ROLE OF THE DEVELOPED INSTRUMENTATION
IN THE SCIENTIFIC ACHIEVEMENTS
OF THE EEEP LABORATORY AND PROSPECTS

The devices discussed above are the basis of the
scientific activities of the laboratory. Since 2011, the
laboratory staff has published 140 articles in scientific
journals, more than 70 scientific papers in collections,
and received 33 patents for inventions. The results of
practical developments were awarded 10 gold medals
at the VDNKh and AgroRus exhibitions [24].

The level of readiness of the technologies of the
created instrumentation (in accordance with the order
of the Ministry of Science and Higher Education of
the Russian Federation dated 06.02.2023 No. 107) is
the third (prototypes have been developed to demon-
strate key characteristics).

The instrumentation and methodological develop-
ments were employed in the laboratory joint activities
with colleagues from the Riga Technical University,
Riga, and the Latvian University of Agriculture, Jel-
gava, within the framework of work on the grant
"New control methods for energy and ecological effi-
ciency increase of greenhouse plant lighting systems
(uMOL)".

Measurements using the created instruments were
carried out in the tomato photoculture in the block of
greenhouses "Mezhvidi", Latvia, and the greenhouse
complex "Krugly God", Pikalevo; in the lettuce pho-
toculture in the agroholding "Vyborzhets", St. Peters-
burg; when growing seed potatoes using the acroponic
technology of the Scientific and Production Center
"MosSemProdTekhKartofel", Moscow. Implementa-
tion certificates were received for a number of devel-
opments at partner enterprises: NPO "PskovAgroln-
novations", OOO "Tenko", OOO "TsentrRegion-
Service". The developed methodological support is
used in the educational process at the Department of
Energy Supply of Enterprises and Electrical Technol-
ogies of the Electrical Power Engineering Faculty of
the St. Petersburg State Agrarian University.

Theoretical issues and features of practical imple-
mentation of research results on practical light culture
and its metrological support were reported and dis-
cussed at scientific conferences Lux Pacifica; Engi-
neering for Rural Development, Latvia; CIOSTA; In-



novative Technologies in Science and Education (IT-
NO); Agroinfo; Problems and Prospects for the De-
velopment of Domestic Lighting, Electrical Engineer-
ing and Energy, Saransk; at university conferences of
Bryansk State Agrarian University, Murmansk State
Technical University, St. Petersburg State Agrarian
University, and many others [25].

A number of the developments considered were
included in the test system of energy and ecological
efficiency of photoculture, which was awarded the
Gold Medal at the Golden Autumn 2019 exhibition.

Together with the Botanical Institute of the Rus-
sian Academy of Sciences, the laboratory participated
in an online exhibition at the Russian Science and
Technology Week within the framework of the Inter-
national Chinese Exhibition "CIEP 2020" and pre-
sented a scientific and technical project "Creation of
a plant phenotyping platform based on artificial intel-
ligence and digital technologies".

Following the events, a Letter of Gratitude was re-
ceived from the International Union of Instrument
Makers and Specialists in Information and Telecom-
munication Technologies (IUIT).

The direction of further research in the laboratory
is the development of intelligent metrological support
and digital control tools in order to ensure energy and
ecological efficiency in the functioning of artificial
agroecosystems.

The scientific problem associated with the creation
of means for monitoring agroecosystem parameters is
due to the complex nature of the research object, its
insufficient study, and the absence of parameters
clearly recommended for monitoring.

The study will be based on the modern paradigm
of energy and ecological efficiency, which means en-
suring the economic efficiency of the functioning of
the agroecosystem, taking into account its climate
neutrality [26]. The new paradigm means obtaining
responsibly produced environmentally friendly prod-
ucts by managing the productivity of the agroecosys-
tem in accordance with the prevailing conditions, op-
timizing the efficiency of resource use, and reducing
the adverse impact on the environment. Energy and
environmental efficiency require data-driven decision-
making, precise management, and cultivation. The use
of modern monitoring systems allows one to track and
regulate the parameters of the growing environment,
making targeted interventions and adjustments. Inte-
gration of scientific knowledge of individual discip-
lines will ensure a qualitative leap in the management
of agroecosystems.

CONCLUSIONS

1. Currently, the world market for scientific in-
struments is continuously growing. However, in Rus-
sian scientific organizations, there is often a shortage

of them. Recently, much attention has been paid to
correcting this situation at the highest levels of man-
agement. And yet, despite the measures taken, the in-
strumentation and experimental bases of a large part
of state research institutes are largely worn out and
obsolete. The volume and quality of research equip-
ment do not always correspond to the modern level of
research.

2. The idea of creating in-house equipment in the
design and production departments of scientific organ-
izations has deep historical roots. It has not lost its
significance even at the present time, when for a num-
ber of reasons full-fledged centralized supply is im-
possible or insufficient. The global trend in the devel-
opment and small-scale production of analytical and
measuring equipment in academic institutes and at
enterprises attached to them, as well as in individual
universities, is FOSH technology — free and open-
source hardware. The main advantages of the FOSH
technology (relative cheapness, potentially better
scientific efficiency, responsiveness, openness) and its
disadvantages (incomplete analogy, availability not
for all scientific groups, difficulty in ensuring quality
and reliability) are revealed.

3. Analysis of the experience of independent pro-
duction of scientific equipment by the team of the
EEEP laboratory showed that this way is quite realis-
tic for creating a material and technical base and solv-
ing quite complex scientific and technical problems.
The considered examples show a fairly high level of
developments in the EEEP laboratory in the field of
instrumentation related to optical radiation, studying
the properties of plants, conducting bioindication and
environmental monitoring. Potential consumers of
such products are crop and greenhouse farms, city
farms, the private sector, research organizations, and
educational institutions. The advantages of our in-
house developments over analogues are: low cost,
maintainability.

The instrumentation created in the EEEP laborato-
ry is the basis of the laboratory's scientific activities.
The readiness level of the technologies of the created
instrumentation is the third (a prototype has been de-
veloped to demonstrate key characteristics). The in-
strumentation and methodological developments are
used in the framework of joint activities with col-
leagues from other scientific and production enterpris-
es.



