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PE®EPAT

Breinycknas kBanugukanuonHas padora cogepxut 134 c., 30 puc., 20 tabmx., 2
npuioxenusi, 50 HCTOYHUKOB JIUTEPATYPHI.

KitoueBble coBa: TEIIMYHBIA KOMIUIEKC, MUKPOKIMMAT, MUKPOKOHTPOJLIED,
HEYeTKas JIoruKa, S3HeproddPeKTUBHOCTD.

Lenp paboThl — HCCIIEIOBAaTh BONPOC 3HEProd3PGEeKTUBHOCTH MUKPOKIUMATa
TEIUIMYHOTO KOMIUIEKCAa C HCIOJIb30BAHHMEM HEYETKOW JIOTMKH, CO3JaTh MOJEb
paboThl KIMMATHYECKOT0 KOHTpoJIepa Ha 0a3e MpaBul HEYETKOTO PEryJIUPOBAHHUS.

B xone BbIMoSHEHUs JaHHOW paboThl OBUIO MPOBEIEHO MOJEIUPOBAHUE
NEPEXOHBIX MPOLECCOB B CHUCTEME MHUKPOKJIMMATa TEIUIMYHOTO KOMILIEKca C
UCIIOJIb30BaHHE PETYJISATOPA HEUYETKOTO YIIPABJICHHUS.

B pesynbrare paboThl OblIa CMOAENMPOBAHA CHUCTEMa  YIPABICHUS
MUKPOKJIMMATOM TEIUIMYHOTO KOMILJIEKCAa C MPUMEHEHHE 0a3bl MPaBUI U HEYETKOTO
perynupoBanud. I[IpoBeaeH aHanu3 rpaukoB MEPEXOIHBIX MPOIECCOB B CHCTEME

HOqueHHOﬁ MOACIIN.
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BBEJIEHUE

CoBpeMEeHHOE TEIUTMYHOE X035UCTBO CHIIBHO OTIIMYAETCS OT TOTO, YTO OBLIO eIlle
HECKOJIbKO JiecaTiieTuit Ha3aa. OCHOBHBIC 33]1auu, peliaeMble B TETUIMYHOM KOMIUIEKCE
— ONTUMAJIbHOE TMOJJIEP)KaHUe MUKPOKJIMMAaTa (OCBEIICHHE, TMOJIHUB, MOJJEpIKaHue
ONTUMAJIBLHOW TeMIlepaTypbl) BO3MOXKHO, PEIIUTh TOJBKO Ha YPOBHE COBPEMEHHBIX
TEXHOJIOTMH, BKJIIOUMB KOMIIBIOTEPHOE YIpaBiieHue. [[1s MakCMMalbHOTO YypoxKas B
TEIUIMYHOM KOMIUIEKCE OrPOMHYIO POJIb WIPaeT BPEMEHHOW PEXUM CO3pEBaHUS
CEJIbCKOXO3SIUCTBEHHBIX KYJIBTYp (C/X) — JOCTUTHYTh €TI0 BO3MOXKHO TIPH TOMOIIU
WHTEHCUBHBIX METOIOB BhIpaluBanus pacteHuii [1]. TermmnyHbii KOMIUIEKC COCTOUT U3
MacCHBa JATYMKOB, WCIIOJHUTEIBHBIX MEXaHU3MOB M ILIEHTPAJIBLHOTO YIPABIISIOIICTO
YCTPOMCTBA.

OmHuM #3 BaXXHBIX AacCIEeKTOB BEJCHHS TCIUIMYHOTO XO3SMCTBA SBIISICTCS
ASKOHOMUYHOE HCIIOJIb30BaHKME SHEPruu. M3-3a OOJNBIION IUIOMIAIU CBETOIPO3PAYHBIX
MOBEPXHOCTEN B TEIUIMYHBIX KOMILUIEKCAX BO3HUKAIOT CYIIECTBEHHBIE TEIJIONOTEPH,
9TOOBI UX KOMIIEHCUPOBATh TPeOYyeTCs 3HAYMTEIBHBIM pacxXoJl TOILIMBA JJISI CHCTEMBI
OTOILICHHUSL.

[To maHHBIM TEIUTMYHBIX XO3SUCTB, JOJS YHEPTOHOCHUTENICH B 00IIEH CTPYKType
3aTpaT NPOMBIIUICHHBIX TEIUIUIL B IEPBYIO OUYEPEb 3aBUCUT OT KOHCTPYKIMU. B cTaphix
TETUTUIIAX U3 «CTEKJIa U 0eToHay, mocTpoeHHBIX 20 — 30 yeT Ha3aj, Ha YPHEPrOHOCUTETN
yxoauT ot 45% 1o 80% Bcex MPOM3BOACTBEHHBIX 3aTPAT TEILNIMYHOTO KOMILIEKCA.
CoBpeMeHHbIC KOHCTPYKIIMA CHIDKAIOT TOTPEOICHUE PHEPTUHU 3a CUET COKpAIEHHUs €€
notepb 10 20% — 40% B 001Iel CTpYKType 3aTpaT TEIUIMYHOTO KOoMIUiekca. MIMeHHo
IO3TOMY TIOBBIIICHHUE DHEPrOCOSPEIKEHUS 3a4acTyIO SBIIICTCS TJIABHOM IIENIBIO BCEX
TEIJTMYHBIX KOMILIEKCOB [1].

JI71st TOCTHIKEHNS MAaKCUMAJTBHOTO YpOXKasi ¢ MUHUMAJIBHBIMH DHEpro3aTparamMu B
TEIUTMYHOM KOMIUIEKCE MCIONb3yeTCd aBTOMATHU3MPOBAHHAS CHCTEMa YIMpPaBICHUS
MUKPOKJIUMATOM, KOTOpas IMO3BOJSET MOBBICUTH YPOXXKAWHOCTh, COXPAHUB IMPU ITOM
SHEPreTUUECKHUE PECYPCHI.

OmHuM U3 BaXKHBIX IIOKa3aTelIei B SKOHOMHMHM SHEPIHM SIBISICTCS CHCTEMa

3allITOPUBAHN, OHA YMCHBIIACT HGOGXOI[I/IMOCTB 060rpeBa KpPOBJIX B HOYHOC BpPCMA U
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YBEJIMUYMBAET CBETOOTAUy JIaMIl JTIOCBETKU. Ba)kHO, 4TO TEIUIO, M3IIydaeMoe JIaMITaMH,
TaK)K€ YUYUTBIBACTCS CUCTEMOM aBTOMAaTUYECKOTO YIPABIEHUS, U HA BPEMS BKIIFOUCHUS
JIaMIT CHHMPKAeT 3allpoc TEIUla, YTOObI COKOHOMHUTH TEIUIO, NPEAOTBPATUTH MEPETPEB U
TEMIIEpaTypHBIN CTPECC PaCTCHUM.

B uenoM, HOBbIE TEXHOJIOTMM W Bce OOJbllIas aBTOMATHU3alMs IPOLIECCOB B
TETUTULIE JeNIat0T paboTy Oosiee KOM(MDOPTHOM, YMEHBIIAIOT 3aTPaThl TPY/AA, IPUBJICKAIOT
B 3Ty 00JACTh CEJIbCKOTO XO3SMCTBA MOJOJBIX KBATH(PHUIIMPOBAHHBIX CIHEIIMATHCTOB.
CerofHs HEBO3MOXXHO TIPEACTaBUTh COBPEMEHHYIO SKOHOMUYHYIO TEIUMIy 0e3
MOLTHOM, OBICTPOACHUCTBYIOIIEH, HAZIC)KHOW CUCTEMBI YIIPaBJICHUSI.

Jiist pa3paOOTKM Takol CUCTEMbl HEOOXOAMMO PaCCMOTPETh pa3iMyHbIE CPENIbl
pa3paboTKku MporpaMMHOro odecreueHus. PaccMoTpeTs aneMenTHyto 0a3y, Ui TOro,
4yT0OBI BEIOPATh HAMOOJIEE MOAXOISIINE [Tl peali3allii JaHHOM cucTeMbl. PaccMoTpeTh
NporpaMMHOE OOecTiedeHrne, TMO3BOJISIONINE MOJAEIUpPOBaTh padoTy cucrembl. U
HE0OX0IMMO Pa3padboTaTh MOJIENb CUCTEMBI [Tl €€ OTVIAAKU paboTOCIOCOOHOCTH.

B B3 ¢ 9STUM  aKkTyaJlbHBIM CTAaHOBUTCS  BONPOC  HCCIIEJOBaHUS
SHEProdPPeKTUBHOCTH MUKPOKJIMMATA TEIUNIMYHOTO KOMITIEKCA.

Hay4nas HoBM3HA TaHHOU paOOTHI SIBIISICTCS:

1. Hcnonb3oBaHHWE CUCTEMBI YIPABICHHUA MHUKPOKIMMATOM  TEIUIMYHOIO

KOMIUIEKCA, MOCTPOEHHOM C WCIHOJB30BAaHUE almapara HEYETKOH JIOTUKU
(Fuzzy Logic Toolbox) u mo3BoNSIOmICH aIrOPUTMHU3HUPOBATH PYUYHBIC
IPOLECCHl  YIPABICHUSA C HCIOJIB30BAHUEM OIbITa TEXHOJIOra MW €ro
poheCCHOHANILHBIX 3HAHUM.

2. YTOYHWIM MOHATHE MUKPOKJIMMAaTa TEILUIMYHOro Komiuiekca 1t Cubupckoro
PErMOHA NPU BBIPAIMBAHUM OIPEICTIEHHON CETbCKOXO03MCTBEHHON KYJIbTYPBI
(BUKTOpHS).

[TpakTrueckast 3HAUUMOCTD PaOOTHI:

1. Peaym3anmsi KOMIIBIOTEPHOM MOJENM C YYETOM HPOLECCa BBIPALIUBAHUS
KyJIbTYpbl Ha OCHOBE, BbIPAa0OTAHHBIX MPABUJI HEUETKOrO pEryiiaropa, u
pa3paboTKa aNropyuT™Ma yupasieHHs sl MUKPOKOHTpoJLIepa ¢ 62301 paBuil K

HEMY.
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2. BpipaboTaHbl TPaKTUYECKHE PEKOMEHIAINY 110 MOJIEP’KaHUI0 MUKPOKIMMAaTa
IS ¢/X KyJbTyp (BUKTOpHS): Temrieparypa (1); ocemenue; BnaxHocts (M); u
coaepxkanrie CO; (Q).

3. BHeceHbl U3BMEHEHUS B KOMIIOHOBKY TEXHUUECKOTI0 000pyI0BaHUs

enpto maHHOM paboOThl  SABIAETCA UCCIENOBATH  AHEProd(PQPEeKTUBHOCTH
MUKPOKJIMMAaTa TEIUIMYHOTO KOMITJIEKCA C UCTIOJIb30BAHUEM HEUETKOM JIOTUKHU, CO3/ITaHUE
MOJIETI  paboThl KJIMMATHYECKOrO0 KOHTpoJUiepa Ha 0a3e MpaBUil HEYETKOrO
PEryJIUPOBAHUSL.

B cooTBeTcTBUY ¢ TOCTABICHHBIMU TIEJISIMU OTIpeiesieHa CTPYKTYypa JUCCepTaIny,
COCTOSIIIIEH U3 BBEJICHUS, TISITH TJIaB, 3aKJIFOUCHHUS U CIIUCKA JIUTEPATYPHI.

B nepBoii rinaBe BHIMOIHEH aHAIN3 UCTOPUU Pa3BUTHS TETUTMUHBIX KOMILJICKCOB U
pPacCMOTPEHBI  TEIUIMIIBI, CYIIECTBYIOIIME B  HACTOSIIIEE BpeMs, TakK ke
NPOaHAIM3UPOBAHBI TIEPCIICKTUBLI PA3BUTHSI TUIIOB TEIUIMYHBIX KOMILIEKcoB. Crenan
BBIBOZI O IiesiecooOpa3zHocTy ucnoib3oBanusa terul |V u V nokonenuit. [Iposenen
aHaJM3 MEXaHWU3MOB, YIPABISIEMBIX KOHTPOJUIEPOM, JISi TOJAEPKAHUS 3aJaHHOTO
MUKpPOKJIMMATa B TEIUIMYHOM KOMIUIeKce. PaccMoTpeHs! TpeOGoBaHMsI, PeAbsBIIIEMbIE K
TUM MEXaHHW3MaM, a TaKKe MPOAHATM3UPOBAHBI BO3ZMOKHOCTH HMX IMPAKTHYECKOTO
PUMEHEHUSI.

Bo BTOpOI#i TMaBe 1aHO OMMCaHME CXEMBI peau3alliil CUCTEMbl aBTOMAaTHUECKOTO
yIpaBICHUS MHUKPOKIMMATOM TEIUIMIBL. PacCMOTpeHBI CHCTEMBI  YIIPABICHHS
MuKkpokiaumaToMm. [IpoBeneH ananmu3 TpeOoBaHMiA, IPEAbIBIsIEMbIC K JAHHBIM CHCTEMaM
VIpaBJICHUS, HA OCHOBE KOTOPOT'O BBIMOJHEH BBHIOOP OOOpPYIOBAaHUS IS peav3alliu
33JJaHHOI0 MUKPOKJIMMAaTa B TEIUIMYHOM KOMILIEKCE.

B Tperheii r1naBe mnpoaHaNM3UPOBaHBI OCOOEHHOCTH OOBEKTA YHPABICHUS
(MUKpOKIIUMAT  TEIUIMYHOTO KoMIuiekca). OcylllecTBeHa BBIBOJI  YpaBHEHHI,
OIMMCHIBAIOIIMNX PA0OTy MHKpPOKJIMMATa TEIUIMYHOTO KOMIUIEKCA, W MaTeMaTHYeCKU
00OCHOBBIBAETCSI BO3MOKHOCTh Pa0OTHI KOHTpOJIJIepa Ui TMOAJCpKaHUS 3aJaHHbBIX
MapaMeTpoB METOJOM HEUETKOH JIOTWKH. BblmosHeHa pa3paboTka MO HEYETKOTO
peryasitopa B Fuzzy Logic Toolbox, mist kotopoit cocraBisiercs 0Oa3a MpaBuIL,

OCHOBaHHAs Ha OIBITE TEXHOJIOTOB U TPEOOBAHUH, MPEIBABIIIEMbIC K C/X KyIbTYpeE.
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B gerBepTol Ii1aBe BBIOIHEHO MATEMATUYECKOE MOACIIMPOBAHUE B IIPOrPAMMHOMN
cpene MATLAB Simulink. Tomy4yensr rpadyuku nepexoHbIX MPOIECCOB B CHUCTEME.
[IpoBeaéH anamu3 pabOThI CUCTEMbl MUKPOKIMMATA, KaK OTAEIbHBIX €€ KOMIIOHEHTOB,
TaK U pabOThI KOMIUIEKCA B IIEJIOM.

B maroil rmaBe paccMOTpeHbl  BONPOCHl  (PMHAHCOBOIO  MEHEIKMEHTA,
pecypcorhPEeKTUBHOCTU U pecypcocOeperKeHHUS.

B mecToli rnase npoaHaln30pOBAHHBI ACHIEKTHI COLIMATIbHOW OTBETCTBEHHOCTH.

B 3akmioueHnu  cOpMYJHMpPOBaHbBl  OCHOBHBIE  PE3yJbTaThl, TMOJYYEHHbIE B

JUCCEPTAIIMOHHOM paboTe, U cAelaHbl 0000IIIAIOIINE BHIBOIBI.
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1. PASBBUTHUE TEIIVIMYHBIX KOMIIVIEKCOB
1.1. Tenuununble komiiekcbl. UcTopus pa3sBuTus

IlepBble ynomMuHaHUsA O TEIUIMLAX ITOSBUIIACH CO BpEMEH PUMCKOW UMIIEpUH.
Pumckuii umneparop TuOepuid oueHb JIIOOMII OTypIbl M €71 KaKIbld JAEHb MO OJIHOM
mryke. Pumckue canoBoabl pa3paboTanu COOCTBEHHYIO CUCTEMY KpPYIJIOTOJUYHOTO
BBIPAIIMBAHUS OT'YPLIOB JJIsl TOTO, YTOOBI KX/l IEHb NOIYYaTh K CTOJY UMIIEpaTopa
cBexkre oBOIIM (pUCYHOK 1.1). Orypiisl ObUTH MOCAXKEHBI B TPYHT, KOTOPbII HAXOAMJICS B
MTOBO3KaxX. JTH MOBO3KH €KETHEBHO YTPOM BBIBO3MIIM Ha COJIHIIE, @ BEYEPOM 3aKaThbIBAJIN

B TETUIOE MMOMEIICHHE ISl TOTO, YTOOBI JEpKaTh UX HOUBIO B TeTuie [2].

Pucynok 1.1 — Pumckue Tenauiisl

B HWranuum napy BEKOB Ha3aj TEIUIULBI CTPOWIHCH I Pa3MEIICHUS PACTCHUM,
MPUBE3CHHBIE M3 TPOMHMKOB HCCIAEAOBATEISIMH, OT HHUX M TOUUIO Ha3BaHUE
«boTannueckuii camg.

Termmuibl, B KOTOPBIX ObLIa BO3MOYKHOCTH PETYJUPOBAHUS TEMIICPATypPhl
BPYYHYIO, CTajy TOSIBIATHCS 3HAYMUTEIIBHO MO3KE. YTOMHUHAHUS O TAKUX TEIUIUALIAX
otHOcsTCS K 1450 romy. Termia ¢ BO3MOKHOCTBIO PETYJIUPOBAHUS TEMIEPATYPhI U
BJIQXKHOCTH JUIsSl PAa3IMYHBIX pacTeHWil Obuia pa3zpabotana B Kopee. MaHmapuHOBbIE
JIEPEBbSI, PACTYIIUE B TPATUIIMOHHON KOPEUCKON TEIUIMIIBI C YCTAHOBJICHHON CUCTEMOM
OTOIUJICHUS B 3UMHHI TIEPUOJI, ONMCHIBAIOTCS B 3aMUcaX AuHACTUU YocoH [2].

[IpenmecTBEeHHUKN COBPEMEHHBIX TEIUIUI[ TAKXE€ MOsSBWIach B [ oymmanauu, a
3ateM U B Anrimu B XVII Beke. Ceronns B ['oyutanaum pacrosararorcsi KpymnHenme
TEIUIUILIBI MUPA, HEKOTOPbBIE U3 HUX HACTOJILKO BEJTMKU, YTO OHU CTIOCOOHBI MPOU3BOIUTh

MIWLTUOHBI [IBETOB " OBOIIEH Ka Kbl TOJI.
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@paHIly3bl Ha3bIBAIH CBOM INEPBbIE TEIUTULBI OpaHkKepesiMu, TaK Kak OHU ObLIU
IIOCTPOEHBI [UIsl 3aIlWTHI AIEIbCHUHOBBIX JEPEBBEB OT 3aMOPO3KOB. PpaHIy3CKOMY
6oranuky [lapmo JI. boHamapTy YacTo MNPUMUCHIBAIOT CTPOUTEILCTBO TEPBOM
IIPAKTUYECKU COBPEMEHHOM OpaHkepee B JIelneHe. DKCIIEpUMEHTBI C TU3AMHOM TETLIUL]
npopospkanuck B EBpone B Teuenne Bcero XVII Beka. Terumna-opamxepes B
BepcanbckoM ABoplie MMmena OrpoOMHBIM IIO TEM BpeMeHam pasMep. B umHy oHa
cocraBisuia 150 meTpoB, npu mupuHe U BoicoTe 13 u 14 MeTpoB, COOTBETCTBEHHO. B
Snonun neppas teruia nosiBuiiack B 1880 roay. Ona Oblia mocTpoeHa OPUTAHCKUM
TOPTrOBLIEM, 3aHUMABLIMMCS SKCIIOPTOM TPAB.

MHoOrounciaeHHble MApHUKU CTAIU NOABIATHCA IMOBceMECTHO ¢ 1960, xorma
NOJUATUIIEHOBAS! IJIEHKA CTajla IIMPOKO AOCTYNHA. Takue MapHUKU U3rOTaBIMBAIN U3
ATFOMHUHHUEBBIX M OIIMHKOBAHHBIX CTAJBHBIX Mpoduiei nwin gaxe npocto u3 [I1BX tpyo,
MOCKOJIBKY 3aTpaThl Ha TAKOE COOPYKEHUE OBLIM HEBEIUKHU. JTO MPUBEIO K TOMY, YTO
NApHUKU CTaId CTPOUTHCS Ha HEOONbIIMX (epmMax M CaJoBbIX ydacTkax. [IpouHocTb
MOJIMATUIIEHOBOM TUIEHKU CO BpeMEHeM Bo3pocia, a B 1970 rony B Hee Oblia 1o0aBieHa
Y@ 3ammra, 9T0 pe3Ko YBEIIMYHIIO CPOK CITYKOBI ieHKU ¢ 1 roga o 5 net [2].

C 80-x rosoB MpoILIoro Beka MosSBWIMCH COBPEMEHHBIE TEILIUIIbI, OCHAIIICHHBIE
OTOIUICHUEM,  JOTOJIHUTEIbHBIM  OCBEIIEHHWEM M  CHCTEMaMU  MOJACPKAHUS
HEOOXOIMMOT0 MUKpOKIUMarta. KoJauuecTBO BUIOB MOKPBITHS TaKkKe PACHIUPUIOCH.
[ToMuMO TUIEHKH, B TEIUTMLAX AKTUBHO NMPUMEHSIOT TAKUE MATEPHAIIbl, KAK CTEKIO U
COTOBBIH MOJMKAPOOHAT.

CoBpeMEHHBIE  TEIUIMIBI M TEIUIMYHBIE KOMIUIEKCHl — XapaKTepU3YHOTCS
3HAUUTENBHBIM Pa3sHOOOpa3ueM KOHCTPYKTOPCKUX PpEIICHUM, HHXKECHEPHBIX CHCTEM,
TE€XHOJIOTUW BbIPAIIUBAHUS PACTCHUM, HCTOUHUKOB SHEPropeCypCcoB U T.1.

JlelicTByIOIIME ~ HOPMATHUBHBIE  JOKYMEHTBl  PacCMaTpUBAIOT  OCHOBHBIE
0COOCHHOCTH HEITOCPEJACTBEHHO TETUIHII, a TAKXKe TEXHOJIOTHI uX dKcruryaTaryd [3], [5].

Homenknatypa Temmmn # TEIUIMYHBIX KOMOHMHATOB pacrpenensercs IIo
Ha3HA4YEHUIO (OBOIIHBIE, paccagHble, PaccaJHO-OBOLIHBIE), CPOKAM HCIOJIb30BaHMS

(KpyIJIOTOAMYHOTO M BECEHHE-JIETHE-OCEHHEr0),  IUIAHUPOBOYHOMY  PEIICHUIO
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(ogHOIIpONIETHBIE M MHOTOMPOJIETHBIE), a TAKXKE COOTBETCTBYIOIIMM pPa3MepaM U HX
momaaeu [3].

OpnHako, U3BECTHO, YTO B MOCIEAHUE ACCATUICTUS B IPAKTUKY TETLTUIICCTPOCHUS
BHEJIPEHBI Psii HOBBIX OPUTHHAIBHBIX TEXHOJOTMYECKUX M KOHCTPYKTUBHBIX PEILICHUH.
Jlaiee paccMOTpeHBbI 00IKMe MOAXOAbl K COBPEMEHHOMY DPACIpPEACIICHUIO IO TUIaM

(TUMMPOBAHUIO) TETUTHI, IIPUBEIEM JIAaHHYIO Kiaccudukanuio (puc. 1.2-1.3).

TenmHITEL

¥

THIIBI TEILTHIT II_

h

TeXHOIOTHY NPOMBINLTEHHOTO BEIPAITHBAHHA PACTEHHIT H
IPHOOE IT
ApXHTeKTYpHBIe, 00beMHO-IUTAHHPOBOYHEIE PelIeHHd | g

'

KoHCTpyKTHBHEIE pellleHHs ’T

|

TexHOTOTHYECKHE H HHEHeHEPHBIE

CHCTeMBbI IT
!

TexHOTOTHY H OpraHH3alHg CTpOHTeIBCTEA VI

l

Brog B 3KeILTyaTamus |

L4

%

w

Pucynok 1.2— OcHOBHBIE OJIOKH-YCIOBHS, KOTOPBIE OTPAKAIOT OCOOCHHOCTH
U3rOTOBJIEHUS, MPOEKTUPOBAHUS U CTPOUTENHCTBA TEILIULL

IIpy »>TOM mMEpBBIM OCHOBHBIM BOIIPOCOM PAaccMaTpUBAETCS TEXHOJIOTHUS
BbIpalllMBaHusl pacTeHuil B Terumuax (0sok II). Oty Bompocsl HANPSIMYIO ONPEEISIIOT
BBIOOp ApPXUTEKTYPHBIX H OOBEMHO-TUTAHUPOBOUHBIX pemeHnd (0mox III) w
KOHCTPYKTUBHBIX petieHui (010k [V). Takke TeXHONIOTHsI OCHOBHOTO MPOMBIIIEHHOT O
MIPOM3BO/ICTBA OMPEEIIAET HAMOJIHEHNE (HAYMHKY ) MHXKEHEPHBIMU U TEXHOJIOTUYECKUMU
cucreMami (070K V), uX mapameTpsl U XapaKTEPUCTUKH.

PaccMoTpuM HcTioNiHEHHE U COCTAB OTAENIBbHBIX OJIOKOB MO KJ1acCU(DUKAIIMOHHBIM

MIPU3HAKaM.
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brok 1 «Tumbl Temmuuy» npeasiara€Tcsi B COCTABE YETBIPEX OCHOBHBIX

COCTaBIISIOIIUX (pUCYHOK 1.3).
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Pucynox 1.3— Turnsl Teriunig

[lo Ha3zHayeHWIO paccMaTPUBAIOTCA TEIUIUIBI MPOU3BOACTBEHHbIE (OCHOBHOE
Ha3HAYEHUE): ITO MPOMBIIIJICHHbBIE TEIUTUIBI pa3Ho Tutomaan (00bgHO 3 Ta U Ooree)
JUIE MacCOBOTO BBIPAIIIMBAHKS OBOIIIEH, IIBETOB M MPOY. W OJOK (hepPMEPCKUX TETUIHII
wiomanpio 0,25-2,0 ra. IIpudem, mocneaHue MOTYT yCTpawBaTbCs Ha JEHCTBYIOIIMX
MIPOMBIILIEHHBIX MJIOMIAKAX KPYITHBIX TPOU3BOJACTBEHHBIX NPEeANpUITUid [4].

Haubomee pacnpoCTpaHEHHBIMH CETOJHS SIBIISIFOTCS TEIUTUIBI  YETBEPTOTO
nokosieHus (tuna «Venloy). 3a nocneanue 1520 jieT UMEHHO TaKue TEIUIUIIBI MACCOBO

CTPOWJIM U MPOJIOJKAIOT CTPOUTH B cTpaHax Boctounoit EBpornsl (puc. 1.4).

18



Pucynok 1.4 — Terunma «Venloy

Termuuer 1V mokonenust  «Venlo»  (pucyHok  1.4) UCTIONB3YIOTCS TSt
3¢ (GEeKTUBHOTO BhIpAIIMBAHUS OBOIICH, (PYKTOB, 3€JICHU U I[BETOB B MPOMBIIIICHHBIX
Macirabax. 3a cueT Haluuus MUHUMAJIBHOTO KOJMYECTBA 3JE€MEHTOB KOHCTPYKIIMH,
KOTOpbIE TMPEIMSATCTBYIOT TMPOHUKHOBEHHUIO COJIHEUHBIX Jy4el, TEIUIMIbI 00JIafgaroT
OTJIMYHOW  CBETOINPOITYCKHOW  CIIOCOOHOCTBIO.  braromapss 3ToMy  BHyTpeHHEe
MPOCTPAHCTBO TMOJy4YaeT MaKCHUMaJbHOE KOJMYECTBO TEIUIa, YTO B CBOIO OYepenb
CHOCOOCTBYET JyyllleMy TIpOpacTaHUI0 M CO3peBaHMIO pacTeHuil. HanexHocTh u
YCTOMUMBOCTh ~ KOHCTPYKIIMM  TIO3BOJISIIOT ~ MCIONB30BaTh  TakWe  TEIUIAIBI B
pa3HOOOpa3HBIX KIMMATHUECKUX 30HAX, ¢ Temreparypamu oT + 40 mo — 40 °C. Taxxe
OHHU OTJIMYHO BBIJIEP’KUBAIOT BETPOBYIO U CHETOBYIO HArPY3KYy.

OnHako MaHHBIE TEIUIHMIIEI UMEIOT CYIIECTBEHHBIH HEJOCTAaTOK: HECTIOCOOHOCTh
TETUTUIBI TIOJIEP’KUBATh ONTUMAIBHBI MHUKPOKINMAT (M3-32 TEperpeBa TEIUIULIBI
TpeOyeTcsi OTKphIBaHKE (HOPTOUEK, UTO BICUET 32 COOOH pacXo TOIUIMBHOM sHeprum) [3].

Temmumer V' nokonenns «Ultra Clima» o0GecrieunBaroT MOJIHBIA KOHTPOJb 3a
MPOIIECCOM  BBIPAIIMBAHUS PACTCHHM, YIPABICHWE MHUKPOKIMMATOM B TEIUTMYHOM
KOMILUIEKCE OCYIIECTBISIETCSI C BBICOKOM TOYHOCTBIO B JI000€ Bpemsl Troja.
Ocy1ecTBiIeHHE 3TOTO BO3MOXKHO OJ1aro1apsi BO3AYIIHOMY TIOTOKY, KOTOPBIN MTOCTYIAET
yepe3 nepdopupoBaHHbIC PyKaBa, PACMOIOKEHHBIE MO TPAAKaMU. TeXHOJOTHYECKUI
MIPOTIECC BBITIONHACTCS CICIYIONMIMM 00pa3oM: CHUCTEMa MPUIACT BO3IYITHOMY MOTOKY

HEOOXOJUMYIO TeMIIEpaTypy, PEryJIUpyeT BIaXHOCTh, H00aBisaeT CO, (KOHUEHTpaus

19



KOTOpPOTO paBHOMEpHA MO BCEH TEIUIMIIE), OCJIE Yero JOCTaBISIET €ro MHAUBUIYAIbHO
KKIOMY pacTEHHUIO.
OTiauuueM TeIUTUIl ¢ MHHOBAIMOHHOM TexHooruen «Ultra Climay (pucyHok 1.5)
OT TETUIUI] Y€TBEPTOrO MOKOJICHUS SIBIISTIOTCS

® BBICOTa KOHCTPYKIIMH, OKOJIO 7 METPOB, YJIYYIlIaeT PACCTOSTHUE MEXIy BEepXHEH
YacTbIO PACTCHUM U KPBILLIEH;

® OTCYTCTBYET HEOOXOJUMOCTh MPOBETPUBAHUSA, T.K. UCTIOJB3YETCS PEIUPKYIISIIS
U KOHIMIIMOHUPOBAHHE BO3/AyXa BHYTPU TEIUIMIIBI Ojarogapsi MPUMEHEHUIO
PEIMPKYIISIUU U KOHIUITUOHUPOBAHUIO BHYTPEHHETO BO3/1yXa TEIUIUIIBI;

® [POHMKHOBEHHE BPEAUTEIICH MUHUMAJIBHO, T.K. TETUTMYHBIA KOMIUIEKC HAXOIUTCS
1oJ1 HEOOJIBIIUM W30BITOYHBIM JIABJIEHUEM, a BCE TEXHOJIOTMUECKHUE TIPOEMBI U
(dbopTOUKH TPOBETPUBAHUS O0OPYIOBAHBI AHTUMOCKUTHBIMH CETKAMU;

e koHueHTpamus CO2 paBHOMEPHA 1O BCEU TEILIUIIE;

® KOHJUIIMOHUPOBAHHUE MO3BOJIET OXJIAXKIAThH TEIUTUILY JIETOM;

® TEIJIO, BBIACTSEMOE JaMIIaMU HCKYCCTBEHHOTO OCBEIICHUS, HCIIOIb3YETCS

MOBTOPHO CHUCTEMOU yIpaBjIeHHS MUKPOKIMMATOM TEIUTMYHOIO KOMIUIEKCA, YTO

3HAYUTEIHHO CHIKAET PACXOIbl HA OTOTUICHUE.

[MpoananmsupoBaB  ocobennoctr  TexHomorumu «Ultra  Climay  MoxHO
MOJYEPKHYTh, YTO TAKOW KOMIUIEKC TEXHOJIOTMH TO3BOJSIET COKPATUTh 3aTpaThl Ha
oToruieHue Ha 25% ¥ moAgHsITh ypoxaitHocTh Ha 20%.

Texuonorust «Ultra Climay 1mo3BoJIsSIeT NP MHUHUMATBHBIX 3aTpaTax IMOJydaTh
MAaKCUMAaJIbHBIM YPOKail B TEYEHUE BCETO I0/1a.

OxkynaemMocTh TPaIUIIMOHHOMN TETUTUIBI MOXKET MpeBbIath 10 set, Toraa Kak s
TEIUTUIL] IISITOTO MOKOJIEHUSI OHA COCTAaBISAET S-6 JieT. [Ipu 3TOM MHHOBaIMOHHAS TETUIALIA
oboimercs mpuMepHo Ha 35% aopoxke, yem Teruuia |V-ro mokojgeHusI.

Hecmotpst Ha 3HauMTENnBHO OOJIBIIME 3aTpaThl, CTPOUTEIHLCTBO TEIUIUIL MATOTO
MOKOJICHUSI SKOHOMHMYECKHU OMNPAaB/IaHO, YEro HE CKAXKEIIb O TEIUIMIAX YETBEPTOTrO U
0osiee paHHUX TMOKOJIEHUH, B KOTOPBIX CTPEMJICHHE K TMOBBILICHUIO YPOXKAMHOCTU HE

BCET1a MOXET ObITh 3KOHOMUYECKU obocHOBaHO [3], [4], [7].
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Pucynoxk 1.5— Temmuma «Ultra Climay

OcHOBHasT  3ajada  TEIUMIBI —  co3dMaHWe  ycinoBud  3(dekTuBHOM
KU3HEICATSILHOCTH pAacTeHWd. JTa Ielb JOCTUTAeTCS, B TOM YHCIE pa3HBIMU
ApXUTEKTYPHO-TUIAHUPOBOYHBIMHU PEIICHUSIMH.

[To pa3pe3y TeIuIUIIBI paccMaTpUBaeM Kak OTIACTBHO-CTOSIIHE (YKPBITUS, TYHHEITH
Y aHTapHbIE), a TAKXKE TETUIUIIBI, KOTOpbIe CHOPMUPOBAHBI (0OBbETUHEHBI) B OJIOKH.

B 3aBuCHMMOCTH OT KOHCTPYKTHUBHOTO CTIOTHEHUS (PEIIICHHUS ) TETUTHIIHI PEIIAFOTCS
BOIMPOCHI BEHTWISIIIMA B KPOBJIE M B OOKOBBIX cTeHaX. /[ Termir 5-ro MOKOJCHHS
MPEyCMaTPUBAIOT CHEIUATBHYIO BEHTHISIIMOHHYIO Kamepy, pacrojiaraéMyio BIOJb
MIPOJICTOB TeIUIHIL. JlOTIOTHUTEIbHBIE CHUCTEMbl BEHTWIATOPOB 3a0HpalOT BO3AYX U3
TETUTUIBI, JOBOAST HMX JO TPOEKTHOTO KayecTBa (B TOM YHCIE OXJAKAAIOT C
WCTIOJIb30BAHUEM TaK HAa3bIBAEMBIX «MOKPBIX 3KpaHOB») W BO3BpallaloT B OJIOK ¢
pactenusimu.  [Ipy 3TOM KOHCTPYKTHB (KOJMYECTBO) (HOPTOYHOW BEHTHISIIUU
3HAYHUTEIHHO MEHBIIIE, YeM y TEeTUTuI] TuTa «Venloy.

[Ipex e, uem NPUCTYNHUTH K BHIOOPY TEIIMYHOTO KOMILIEKCAa HEOOXOAMMO YIeCTh
HECKOJILKO TTApaMETPOB: KITMMATUICCKHE YCIIOBHSI PETHOHA, TJI€ TUIAHUPYETCS IIOCTPOMKA
KOMILIEKCA, CPOK BBHIPAIMBAHUS C/X KYJIbTYp, a TAK)KE CBETOBYIO 30HY pernoHa (Tomck

Il cBeToBas 30Ha) [4].
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1.2.  OcHoBHBbIC  mapaMeTpbl, KOHTPOJIMpPyeMble B  TeIlIMLe
(aBTOMATH3MPOBaHHBIE), TPEOOBAHUS K HUM

Heo6xonumMbim (paxTopom JUIS 3¢ (PEKTUBHOTO BBIpAI[UBaHUE
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp SBJISCTCS TMOJACPKAHUE ONTUMAJBHBIX YCIOBHMA
MHUKPOKJIUMATA.

B coBpeMEHHOM  TEIJIMYHOM  KOMIUIEKCE  YCTAHABIMBAETCS  CJIOKHBIC
00opymoBaHus 10 UPPUTALINH, MTOJKOPMKE CO2, 3aIlITOPUBAHUIO,
ANEKTPOAOCBEUMBAHUIO [9]. Kaxkblil U3 JaHHBIX 3JIEMEHTOB YBEIUYMBAET BO3MOKHOCTH
TETUIAIIBI  TIO BBIXOJy TOTOBOW TMPOJYKIIMK, HO U CTOUMOCTh KBaJIpaTHOTO MeETpa
TETUTULIBL.

Bri6op TexHuueckoro o00py0BaHUs M TUIT KOHCTPYKITUN HANIPSMYIO BIIHSIFOT Ha
SKOHOMHUYECKHE MMOKA3ATEIN YCTAHOBKH TEINTMYHOTO KOMILICKCA.

JInst  TOCTOBEPHOTO HM3MEPEHUS] COCTOSIHMSI MHUKPOKJIMMAaTa B TEIUIMYHOM
KOMIUIEKCE HCIIOJIB3yeTCsl aBTOMATUYEeCKash CHUCTeMa, KOTopas NpeACTaBiIsIeT co0oit
MPOrPAMMHO-TEXHUYECKUM KOMIUIEKC [IJI1 JIOCTOBEPHOIO M3MEPEHHUSI COCTOSIHUS
KIMMaTa B Terumie. [6].

ABTOMaTH3WPOBAaHHAS CUCTEMA YIIPABIICHUS PETYIUPYET paboune mapaMeTphl:

e cucteMbl POPTOYHON BEHTUIISIIINH;

® CHUCTEMbI PELUPKYIISIIIUU BO3IYXa;

® CHCTEMbI 3allITOPUBAHUS;

® CHCTEMBI KareJIbHOTO MOJINBA,;

e cuctemsbl nogkopmku pacteHuit COy;

® CHCTEMBI HCKYCCTBEHHOI'O OCBEIICHUSI pacCaibl;

® cucTeMa OTOIUICHUS TEIUIULIBI.

1. BeHTUnsiMS TEIUTULIBI IPEYyCMOTPEHA €CTECTBEHHAs! Yepe3 OTKPBIBAIOIINECS
doproukn B KpoBiie (pucyHOK 1.6). BeHTmismmoHHBIE (DOPTOYKH OTKPBHIBAIOTCS H
3aKpBIBAIOTCSA C TOMOIIBIO CUCTEMBI C PENTbCOBBIM MEXAaHU3MOM. MeXaHU3M OTKPbIBAHUS
dopToUuek MpencTaBiIsieT COOOW CHUCTEMY BaJIOB M 3yO4aThIX peeK, KOTOphble, IpH
B3aMMOJICCTBUU MEXIY COOOM, MNPHUBOISIT B JICUCTBUE TOJKATEIBHBIM AJIEMEHT,

OCYIIECTBIISIIOIIUN MOABEM PopTouek. CTepKHU NPUBOIATCS B JIBUKEHUE MOTOpPAMU-
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penykTopamMu. MOTOpPBI-pEAYKTOpbl CHAOKEHbl ABAPUITHBIMU  BBIKIIOYATEISAMUA U

PEryinpyeMbIMH KOHICBBIMU BBIKIIOYATCIIAMU.

Pucynok 1.6 — IIpoBeTprBaHue TeIUIUIIBI POPTOTHON CUCTEMOM
JIns UCKyCCTBEHHOTO NEPEMENIMBAHUS BO3/yXa B TEIUIMYHOM KOMIUIEKCE C
LEJIbI0 PABHOMEPHOTO PaCIpeAeeHNs TEMIIEPATyPHBIX MOJIEN IPUMEHSAETCS CUCTEMA
PELUPKYISUAN BO3AyXa, IJISl CHUKEHHUS MEPErPEBOB PACTEHUM, JIMKBUIALMKA 30H C
MOBBIIIEHHON BIIAXKHOCTBIO. PenupKynsiuus BO3AyXa OCYLIECTBISIETCS OCEBBIMU
BeHTWIsiTOpaMu. PaboTa BEHTWIATOPOB MPOM3BOIAUTCS B aBTOMATH3WPOBAHHOM

pexxume. Ha pucynke 1.7 npenctaBiieHO H300pakeHHE 0CEBOro BeHTHIsITopa [9].

- — ——

Pucynok 1.7 — PenupKkynssiMOHHBINA BEHTUIATOP
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Bentuwiisitopamu  obecriedrBaeTcs PEeLUMpPKYJSIMsS BO3/yXa, YOpaBisemas [0
pasHulle TeMIepaTyp B KOHTPOJBHBIX TOUKAaX, KOHTPOJUPYEMBIX JaTYUKAMU
TEMIIEPATYPHI.

[Tpu 5TOM crcTema yrpaBieHHs BBITIOTHSET CleAyomue GyHKIUU:

® peryJIMpoBaHHUE TEMIIEPATYPhl U BIAKHOCTHU 10/1aBa€MOI0 BO3AyXa

® peryaupylomiee Bo3IeUCTBUE MEPEIacTCs Ha KIIalaHbl TETJI0- U XOJI0A0HOCUTEIIS,
KJIanaHbl TOJMeca Hapy>KHOTO BO3AyXa 4Yepe3 CUTHajbl, IMOCTYMNAlolue Ha
AJIEKTPOTPUBO/IBI,

® peryiMpoBaHUE U30BITOYHOTO JIABJICHUS BHYTPU TEIUIUIBI TOCPEICTBOM
W3MEHEHUS TIOJIOKEHUs (DOPTOUEK,

® yIMpaBJIeHUE BO3AYyXOpacCIpeesieHUEM, MOCPEACTBOM BKIFOUEHUS/BBIKITIOUEHUS 1

WU3MEHEHUSI CKOPOCTH BpAIICHUsI BEHTUIISITOPOB.

2. CucreMa MTOPHBIX SKPAHOB

OCHOBHBIM M BaXHBIM (DAaKTOPOM  YTIpaBJIEHUS POCTOM, Ppa3BUTUS U
TUTOJIOHOIICHUEM PACTEHUI SIBIISIETCS] TEMIIEPATYPHBIN pexkuM. TemnepaTypa BIUSET Ha
¢doTocuHTE3, IBIXaHKUE, TPAHCIIUPALINS, TIEPEMEIIIEHHE BEIIECTB, POCT U IJIOJJOHOIICHHE.

OnTtuManbHBIN TeMIEpaTYPHBIN PeXuM Uis (GOTOCHHTE3a Y OBOIIHBIX KYJIbTYP
coctapisieT oT 20 °C no 24 °C. Upe3Bbl4ailHO BBICOKHE TEMIIEPATyphl OTPULATEIHLHO
BJIMSIOT HA MPOLIECCHI POCTA, PA3BUTHS, OTIBUICHUS U TI0A000pa30BaHusl.

CucrtemMa MITOPHOTO PKpaHa JJIsi TEIUIO3AIIUTHl U CBETOOTPAXKEHHUST pa3paboTaHa
JUISE MAKCUMAIIBHOTO SHEProcOepeKEHUs B XOJIOIHBIN MEPHOI U B TEMHOE BPEMSI CYTOK,
a TaKKe JUIs 3aTEHEHUs] B TETUIMYHBIX KOMIUIEKCaX MPU AKTUBHOM COJTHEYHOW paguaiiiu

B BECEHHE-JIETHUH niepuo rojaa (puc. 1.8) [6].
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Pucynok 1.8 — IlITopHbI€ dKpaHBbI

brnaromapst rulGkoctu Marepuana JKpaHbl CKJIAJLIBAIOTCS M HE 3aTCHSIO
pactenus. IIlpuMeHeHME OKpaHOB TaKke HEOOXOAMMO JUIsl MPeaOTBpaIlCHUS
KOHJIeHCaTa. MeXaHU3M 3alllTOPUBAHUSL BBITIONHAETCA OTACIBHO JUJISI  KaKIoi
KJIIMMaTH4YeCKOM 30HBI OJioka Terumil. CucTema IITOPHBIX IKPAHOB OTKPHIBACTCS U
3aKpBIBAETCS MO0 MEPEe HEOOXOIUMOCTH B aBTOMAaTHYECKOM pekume 1o curHany ACY
MHUKPOKJIMMATOM HJIH JUCTaHIIHOHHO [8].

3. Cucrema KarejibHOTO IMOJUBa

Cucrema KameiabHOTO TMOJUBAa 00ECIIEUMBAET T0JIa4y TPEOYyEeMOro KOJIUYECTBA
BOJBI C HEOOXOAMMBIM HAOOPOM SJIEMEHTOB NMUTAHUS K KOPHEBOW 30HE pPACTEHUS,
Takas cucTeMa O00ECIeurMBaeT ONTHUMAIbHBIM MUTATENBHBIA M BOJHO-BO3IYIIHBIN
PEXKHUM TEIUIMYHOTO CyOCTpaTa, IMOBBIMIACTCS YPOXKAHHOCTH OBOIIHBIX KYJIBTYD,
COKPAIIIAIOTCS PACXOIbI BOJBI I YIOOPEHHM, CHIDKAETCS 3a00JIeBa€MOCTh PACTEHUN U

YMEHBIIIAeTCs pUCK UX pacnpocTpaneHus (puc. 1.9) [8].
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Pucynok 1.9 — KoMnieHCUpOBaHHBIE KalelIbHbIE INHUH

JIsisi BbIpalllMBaHUsl OBOIIHBIX KYJIBTYP, MOHTHUPYETCS OTAEIBHO AJISi Kaxaou
TETUTMIBI CUCTEMA KalleJIbHOTO TOJIMBA, CUCTEMa 3araca BOJIbl M cOopa JipeHa)a. 3amnac
BOJIbI ITPElyCMaTPUBAETCS B pa300PHBIX METAUTMYECKUX eMKOCTSX [8]. Boabl TUIs
KareJIbHOTO TOJIMBA MPOXOJUT Yepe3 CUCTEMY (PHIIbTpAllMU, KOTOpas OOecleuynBacT
OYHMCTKY BOJIbI OT MPUCYTCTBYIOLIUX B HEHM B3BEIICHHBIX TBEP/IbIX YACTHUI] PA3MEPOM OT
80-100mkM. B xauecTBe HaNOTHUTENS UCIIOJIL3YETCSl KBAPIIEBBIN MECOK.

PactBopenue ynoOpeHuit mpou3BoAUTCS B 0akax B COOTBETCTBUU C XUMHUYECKOM
COBMECTHUMOCTBIO ya00peHuit. [IuTaTenbHBIA pacTBOpP OYMINACTCA C MPUMEHEHHUEM
JIMCKOBOTO (PUIIBTpA.

Jl1s1 obecriedeHrst paBHOMEPHOTO TIOJIMBA U IO3UPOBAHHOM MO/Ia4M TUTATEIIHHOTO
pacTBoOpa K pacTEHUsIM MCHOJIb3yeTCs] KOMIEHCUPOBAHHBIC KaNeIbHUIIBI JAOUPHUHTHOTO
THIIA C TIPOITYCKHOM criocoOHOCThIO 3,1 /4. [6], [8], [10].

MarucTpanbHbIe MTONMATIIICHOBBIE TPYOBI UCTIOIB3YIOTCS JUIA TOJIa4X PAcTBOpa K
KJIalaHHBIM TPYIMIaM M OT KJIaMaHHBIX TPyHN K MeTsM nonuBa [6]. B kimamaHHbIX
rpynmnax, Juis oOecredeHus aBTOMATUYECKOrO YIpaBICHHs TIOJIMBA, MOHTHUPYIOTCS
KJIaraHa ¢ 3JeKTPOMAarHUTHBIM YIIPABJICHUEM.

4. Cucrema nozupoBanusi CO;.

VYTIiekucnslii ra3 — 3TO JUOKCHJI YIJIEpPOAA, KOTOPBIM B XHMHMH IIPENCTABIICH
dopmynori CO,. D10 Ta3 0e3 3amaxa W IBETa, HE3HAUYMTENBHBIA TPOICHT KOTOPOTO
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COAEPXKUTCA B BO3ayXe. VIMEHHO OH SBISI€TCS MCTOYHMKOM YHCTOrO yriiepoja JUis
pacTeHuid, KOTOPBIM JISKUT B OCHOBE BCEX HX MPOIECCOB kuzHeneareabHocTu. CO»
UTpacT OuYeHb BAXHYIO pOJIb B Ipolecce (POTOCHHTE3a, JaBasi BO3MOXKHOCTb
pacTUTEILHOMY OpPraHuU3My IPOW3BOJUTL SHEPrUi0, HEOOXOIUMYIO ISl pocTa U
pa3BuTHs. be3 yriekucioro rasza pacTeHHs] HONPOCTY MOTMOHYT, Kak 4YeJoBeK Oe3
kuciopozga [11].

JIONOTHUTEBHOE KOJMYECTBO YIJIEKUCIOTO Tra3a COBMECTHO C MOIIHBIM
OCBEIICHHUEM, TOJIOKUTEIBHO CKa3bIBAETCS HAa POBEIEHUH TpoLiecca (POTOCUHTE3A.

B pesynbrate pacteHus HAUMHAIOT OBICTpEE pacTH, GOPMUPOBATH OOJIEE MBIITHBIE
COLBETUSI U COYHBIE IUIOJbI, KOTOpPbIE coJepKaT B ceOe 3HAuYMUTENbHO OoJbllee
KOJIMYECTBO BKYCOApOMAaTHMYECKMX BELIECTB. B pe3ynbraTe moiyyaercs ypokaid He
TOJILKO HEMHOT'O PaHbIIIe, HO ¥ B 3HAUUTEIBHO 00JIbIIIeM KormdecTBe. COIBETHS U TUIO b
BBIPACTAIOT 00JI€€ COUHBIMU U OOBEMHBIMH, YTO TOBOPUT 00 YIYUIICHUH X Ka4eCTBA.

Eme onHa mnonoxutenbHas CTOpoHa wHcnonb3oBaHus CO; B TEIUIMYHBIX
KOMILUIEKCAX — PAaCTEHHUs] CTaHOBSTCA OoJieeé yCTOMYUBBIMU K TIOBBIIIEHHBIM
TeMIeparypaMm M CBETOBbIM OoraM. OHU MOTYT OTJIMYHO ceOsi YyBCTBOBATH IPH
nokasateisix Tepmomerpa B 30-35 rpagycos [11].

B kauecTBe MCTOYHMKA CHAOKEHUS YTJIEKUCIIBIM Ta30M TPHUHITO HAarHETaHUE
OTXOJSIIUX Ta30B OT KOTEIbHOW MPEANPUATHS, UCIIONB3YIOIIEH B KA4eCTBE TOILUIMBA
IPUPOJIHBIN ra3, He coepKamnui (PUTOTOKCUYIHBIX MPUMECEH.

entpanuzoBanHoe pgo3upoBaHue CO2 OT JBIMOBBIX Ta30B, B KOTEJIbHOMU
OCYIIIECTBIISIETCS yCTaHOBKOM A03upoBaHusi CO,. YCTaHOBKA U3rOTaBIMBAETCS HA pame,
MOHTUPYEMOM K KOHJIEHCODY.

BcachiBarolast 4acTh yCTaHOBKHM MOJCOEIUHSETCS K TPOMHUKY, MOHTHUPOBAHHOMY
B ILIMOBYIO TPYOY KOHJICHCOpPA MOCPEACTBOM THOKOTO COeTMHEHHS. MEX Ty YCTaHOBKOM
Y TPOWHHMKOM YCTaHABIMBACTCS YIIPABISIEMbId CMECHUTENIbHBIM KianaH. B mpouecce
no3upoBanusi CO; BO3IYIIHBIA BXOJ 3TOr0 KIamaHa 3akpbiT, U BeCh BO3AYyX Oyner

3a61/1paTLc;1 M3 IbIMOXOJ4d, U ITOJACTCA B TCIUIHILY 110 PACIIPCACIINTCIbHBIM I'a30IIPOBOAAM

(puc. 1.10) [8].
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Pucynok 1.10 — Cxema akkymynupoBanus Teria u nogauu CO;

K pacrenusam rasel noctymnarot uepe3 nephopupoBaHHBIC MOJUMEPHbBIE PYKaBa,
KOTOPBIE OTXOJAT OT paclpeAeTUTEeTHHOr0 Ta30IpOBO/Ia BHYTPHY TEIUIMIBL. B Kaxmom
OTAENICHUH MPEAYCMOTPEHO 10 1 IpeHaKHOMY NMPHUSIMKY C TIOTPY>KEHHBIM HaCOCOM LISt
cOopa 1 0TBO/Ia KOHJIEHCATa B IMBHEBYIO KaHamu3aimo. Habop o6opyoBanus cucTeMbl
nosupoBanusi CO; takke BkitoyaeT B cedst garunk CO, u HabOp JATYUKOB TOKCUYHBIX
ra3oB, MOJHO(DYHKIMOHAIBHYIO CHCTEMY YyrpaBieHus (KiauMar-kommbrotep). [lpu
MIPOrPaMMHPOBAHUN KJIMMAT-KOMITBIOTEPA (HA OTKPBITHE (PpaMyr) CIEAyeT YUeCTh, YTO
MIPU CUCTEMATUYECKHX MOJIKOPMKaX JOIMycTUMa 0oJiee BEICOKasi TEMIIepaTypa B TEIUIUIIE.
Jnst obecniedenust paBHOMepHOI kKoHIeHTpauuu CO2 B Bo3ayxe (I10 MJIOIIa Iy TeTUTHIIH )
W yAydllIeHus Ta3000MeHa PACTeHWW B BBICOKUX TEIUIMIIAX NPUMEHSETCS TpyMma
CHELMAJIbHBIX LHUPKYJISAIMOHHBIX BEHTUJISITOPOB, CO3JAIOLIUX PABHOMEPHOE KPYroBOE
JIBIDKEHUE BO3/IyXa BHYTPH COOPY>KEHUsI, Ha HeOOIbIOoM ckopocTu a0 1 m/c [8].

5. Cucrema 37eKTpOoA0CBeUMBaHUs (ACCUMIIIALIMOHHOE OCBEILIEHHUE)

BoNbImMHCTBO ~ OBOIIHBIX W SITOMHBIX  KyJABTYpP, B  3aBHCHUMOCTH  OT
(U3NOIOTHYECKUX  OCOOCHHOCTEH, pacTyT ©  A3(GGEKTUBHO IUIOAOHOCAT TIpU
ocBerieHHOCTH 10-20 ThIC. MrOKC. Takoi MOMIHBIN TMOTOK HAOIIOAAETCS B CONHEYHYIO
MOrojly C MapTa IO aBryCT.

HcTOYHHK HCKYCCTBEHHOTO JJOCBEUMBAHUS TPEOYETCS B OCEHHE— 3UMHUH TTEPHOI,

T.K. CCTCCTBCHHOI'O OCBCILICHUA HC XBATACT. COBpeMeHHaH TCXHOJIOI'MA CBCTOKYJIBTYPHI,
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OCHOBAaHHAsi Ha CO3JaHUM BCEX YCJIOBUN MHKpPOKIMMATa C MCIOJb30BAaHUEM JIaMII
ACCUMWJISILIMOHHOTO OCBEIICHUS B KAYECTBE OCHOBHOT'O HICTOYHUKA CBETa [9].

6. Crucrema aBTOMaTU4ECKOrO YIPABIECHUS! MUKPOKIIMATOM.

CoBpeMeHHbIE TEXHOJOIMH BBIPAIlMBaHUSA OBOIIHBIX KYJIbTYp TpeOylOT
MOCTOSIHHOTO  MOJJIEPKaHUsI 3aJlaHHBIX PEKUMOB MHKPOKIMMATa B TEIUIMYHOM
komiuiekce. ACY MUKpPOKIMMATOM IMO3BOJSET 3KOHOMUTH 15-25% Ttermma mpu pocrte
YPOKaHOCTH OBOLIHBIX KYJBTYp, YJIYULIUTh YCIOBHS TpyJa MEpPCOHANa U MOBBICUTH
OOLIYI0 KYJBTYpY MpOM3BOACTBA. Mcnonp30BaHHE KOMITbIOTEPU3UPOBAHHON CUCTEMBI,
o0ecrneynBaeT BHICOKYIO TOUHOCTD MOAJEPKKU TpeOyeMbIX apaMeTpOB MUKPOKIUMATa
C YY4ETOM U3MEHEHHSI BHEIIHUX METEOPOJIOTHYECKUX YCIOBUIA M arpOTEXHUYECKUX 33124,
BO3/ICHCTBMEM HA HCIOJHUTENIbHBIE MEXaHU3Mbl MU O00OpYIOBaHHME CIEIYIOLIUX
TEXHOJIOTUYECKUX CUCTEM U MPOIIECCOB:

e cOOp BHEIIHUX METEOPOJIOTMYECKUX MTaPaMETPOB;

® yIMpaBJICeHUE CUCTEMOMN OTOIJICHUS TETLTHII;

e ympaBieHue POPTOYHON BEHTUIIALIUEH;

® yIMpaBJeHUE PEIUPKYIAIMOHHBIMU BEHTUIIATOPAMU;

® yIMpaBJICHUE CHCTEMaMH JI0O3UPOBAHUS YIIIEKUCIIOrO Ta3a, MOoJIep >KaHnue YPOBHS
KOHIICHTPAIIMHU YTIIEKUCIIOTO ra3a B 00beMe TeIUIHII;

® KOHTPOJIb M YIPABJICHUE CHCTEMOW aCCUMUIISIIMOHHOTO OCBEIICHNUS;

® yMpaBJIeHHE TOPU3OHTATIHLHBIMU IITOPHBIMU IKPAHAMH.

Bes uHOpManus TEXHOIOTHUECKUX MPOIECCOB OTOOpa)kaeTcss Ha MOHHUTOPE
KOMIIBIOTEpA C CO3/JaHUEM apXWBHBIX 0a3 JaHHBIX, MPEJICTABICHHBIX B YIOOHOM IS
anaymza popme [12], [13].

KouTponbs u ympaBieHre BCEMHU TEXHOJIOTMYECKHUMH IMPOLECCaMU B TEIUIUIIAX
IIPOM3BOIUTCS «on-lainy.

[Ipumenenne ACY wMukpokinMara B TEIUIMYHOM Komiuiekce (puc. 1.11)
o0ecrneYmnBaeT:

® T[IOBBIIICHHUE YPOKAWHOCTH OBOIIHBIX KYIbTYP;
® CHIKEHHUE SHEPronoTpeOIeHHS;

® T[IOBBIIICHHUE YPOBHS HAJIEKHOCTU U 3PPEKTUBHOCTH pabOTHI 000PYIOBAHMUS;
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® [IOJy4YeHHE JOCTOBEPHON M CBOEBPEMEHHON TEXHOIOIMUYECKOW HHPOPMALIIH;
® ONEpaTUBHOE pEarupoBaHWE HA CUTHAIBI OO0 aBapUilHBIX W NpPeAaBAPUIHBIX

cutyanusix [ 14].

Pucynok 1.11- IleHTpanbHbIi KOMIBIOTEP YIIPABICHUS MUKPOKIUMATOM

BbiBox o nepBoiu riase:

B mepBoii riaBe ObUTH pacCMOTPEHBI HCTOPUYECKHE ACTICKThI BO3HUKHOBCHUSI
TETUTHII, TIPOrPECC KOTOPHIX HE CTOMT HAa MECTE, TEIUTMYHbIE KOHCTPYKIIUHM MOCTOSIHHO
COBEPIIIEHCTBYIOTCS. BHEPSIOTCS HOBbIE MaTepHalbl M TEXHOJIOTWH. Ha ceromHsimtuii
JICHb CYILECTBYET OTPOMHBIA BBIOOp TEIUIMYHBIX KOMIUICKCOB. ®aBoputamu B
COBPEMEHHOM MUpe ABIIAI0TCS Terutuibl 4-ro «Venloy u 5-ro «Ultra Climay mokonenuid,
KOTOpbIE ~ OOCCHECUMBAIOT  BBICOKYIO  YPOXKaMHOCTH  C  MaKCHMAaJbHBIM
sHeprocOepekeHreM.  Takue  TEIUMIBI ~ AKTHBHO  HCIIOJIB3YIOTCS  JIyYIIUMH
arpOTEXHUYECKUMH KOMIIAHUSIMA ~ CTPaHbI, JUIA KOTOPBIX BaXCH pe3yibTaT ¢

MHUHHUMAJIbHBIMHU 3aTpaTaMU Ha PCCYPCHI.
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2. CACTEMBbI YIIPABJIEHUSA TEINIMYHBIM MUKPOK/INMATOM

2.1. O0mme cBegeHus

B temmunoM KoMILIEKce HCIIOJIB3YCTCs CUCTCMA aBTOMATHYCCKOI'O KOHTPOJIA

HaJl TEXHOJIOTMYECKUM MPOLIECCOM BhIpAIIMBAHUS BUKTOPUU (PUCYHOK 2.1).

Tennnya
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Pucynok 2.1—- CxeMa peanuzaiuu CUCTEMbl aBTOMAaTUYECKOTO YIIPaBICHHUS

MHUKPOKIMMATOM TCILIWIIbI

ABTOMAaTHYECKasi CHCTEMa BKIIOYAeT B €€0S HECKOJIBKO TPYNN YyNpaBICHHS,

TaKHuEC KakK:

® KJIMMaTHUYECKUI KOHTPOIJIb,

31



® CHUCTeMa BHYTPEHHETO OTOIJICHUS TETIHII,

® CHUCTeMa BEHTWIAINYU B TEIUIUIIAX;

® cuCTeMa FOPU30HTAIBHBIX U BEPTUKAJIBHBIX IIITOPHBIX SKPAHOB,;

® cucTeMa KamejlbHOTrO TOJIMBA PACTEHUW C TOBTOPHBIM HCIIOJIb30BAHUEM
JpeHa)xka MUTAaTEeILHOIO PAcTBOPA;

® CHUCTEMa UCMAPUTEITHHOTO OXJIKICHUS U JI0 YBIAXKHEHUS BO3/1yXa;

e cucrema nogkopMku pacteHun COo;

® CHUCTeMa aCCUMWISIIIMOHHOTO OCBEILICHHUS.

Cuctema KIUMaTUYECKOTO KOHTPOJIS MIpeaHa3HaueHa [l U3MEPEHUST KiuMara
BHYTPH TEIUIUIIBI, ONPEEICHUs BIAXHOCTH M TeMreparypsl. [Ipu HeoOXoaumocTu,
JlaHHasE CHUCTEMa NPHUBOJAUT B JICUCTBHE OOOPYJOBAaHHE BEHTHWJISIIUU, CHUCTEMBI
3alITOPUBAHUS, CHCTEMbl TyMaHOOOpa3oBaHWS (OXJaXIeHUs Bo3ayxa). JlaTumku
CHUMAIOT TIOKa3aHUs U OTIPABJISIIOT CUTHAJ HAa KOMITBIOTEP, KOTOPBIM B CBOIO OUepe/Ib
oTpeieNsieT KaKou MpoIiecc He0O0X0AUMO 3aITyCTUTh B TOT MJIM MHOW MOMEHT. JlaTunku
JEJSITCS HA TIEPBOCTENIEHHBIE (KOHTPOIUPYIOT MUKPOKJIMMAT B TETUIMYHOM XO35HCTBE)
U BTOPOCTENICHHBIC (JOTIOJHUTENbHBIC JaT4uku) (Tabmmma 2.1). YmnpaBnsronui
KOMIIBIOTEp HeceT Ha cebe Bech (YHKIMOHAA M0 KOHTPOJI TEIUIUIBl U
coopy/mepepabotku uHpopmaruu. [Tomumo sToro, Ay paboThl cucTeMbl Hy:keH Wi-
Fi poyrep KOTOpbIii SBISETCS CBSA3YIOIIMM 3BEHOM MEXIYy KOHTPOJUIEPOM H
MUKpOKOMIIbIOTEpoM. K KOHTpoIsiepy ympaBieHUS MOIKIIOYAIOTCS BCE OOBEKTHI
yOpaBJ€HUs, TaKUe Kak: pesie, JaTYUKH, CEPBONPHUBOJbI, BOJAHBIC KiIamaHbl U T.J.
Kopniyc koHTpomiepa, a Takxke pa3beMbl 1JI HOAKIIOYEHUS TaTYNKOB 3alIUIIEHBI 1O
cragaapty [P65. MukpokoMnbsloTep SBISETCS TIABHBIM YIPABISIOMUM O0OBEKTOM B
cucteme. OH cobupaet, 00pabaTeIBacT M OTIPABIsACT HHPOPMAIIUIO HA KOHTPOJIIIEPHI
[15], [16], [17].

Ta6muna 2.1— [lepBocTeneHHbIe U BTOPOCTETNICHHBIC TaTUUKH

No [TepBocTenEeHHBIE TATYUKHU BTopocTeneHnHbie JaTYUKA
1 JIaTYUK TEMIIEPATYPHI CHA u
patyp PyX JIATYUK YPOBHS BOJIbI
TETUTULIBI
2 JTAaTYNK TEMIIEPATYPbl BHYTPH JIATYUK TEMIIEPATYPHI BOIbI
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TCIIIIHUIIBI

3 JATYUK UTHTEHCUBHOCTH OCaJIKOB JATYMK TOJIOKEHUS ppamMyru
aTYMK BIAKHOCTH BO3yXa B
4 . Y naT4uK poTouKcanuu
TEIUIALE
3) JATYUK BIAKHOCTU CyOCTpaTOB
JATYUK KOHIIEHTPALMH YTIIEKUCIIOTO
6 ra3a B IPOU3BOICTBEHHOM

OTACICHNU

7 JaTYUK OCBCIICHHOCTH BHC TCIIJIMIIbI

JaTYUK OCBCH_IéHHOCTI/I BHYTpH
TCIIJINIbBI

Bce cucrembr komriekca pa®oTarOT B aBTOMAaTHUYECKOM PEXKHME, OJIHAKO,
TpeOyIOT MOCTOSIHHOT'O KOHTPOJISt CO CTOPOHBI arpoHOMOB. Tak e KOMIUJIEKC MOKET
paboTaTh U B PYYHOM pEXKHUME, MPU KOTOPOM BCE BBIMICTIEPCUYUCITICHHBIC ()YHKIIMU
3aIyCKaeT B JIEWCTBUE YEIOBEK.

CoBpeMeHHbIE TEXHOJIOTUM BBIpPAIIUBAHUS C/X KYJIbTyp (BUKTOPHHU) TPEOYIOT
MIOCTOSIHHOTO TOJICPKAHUSI OMpPENENIEHHbIX PEXUMOB MHUKPOKIMMATa B TEIUTUIAX.
ABTOMaTH3AIMS CUCTEM YTIPABIEHUS MUKPOKIMMATOM IMO3BOJISIET SKOHOMUTH 15-25%
TEIUIA TPU POCTE YPOKAWHOCTH OBOIIHBIX KYJIbTYp, YIAYUIIUTh YCIOBUSA Tpyna
IIepCOHAJIa U MOBBICHTH OOIIYIO KyJIbTYpy mpou3BoacTsa [17].

2.2 TpeGoBaHusi, MpeabsiBJsieMble K 000Py10BAHUIO JJ MHUKPOKJIUMATA
TeIJINYHOT 0 KOMILIEKCA

Pa3HooOpa3ue cucreM WHTEINIEKTYalbHO YIPABICHUS MUKPOKIUMATOM B
TEIUTMYHBIX KOMIUIEKCAX, MPHHAMJEKAIINE OTCYECTBEHHBIM M 3apyOeKHBIM
MIPOU3BOAMTEIISIM, TIO3BOJISIET YIIPOCTUTH paboTy TexHooram [18].

CoBpemeHHasi 3UMHSAS TEIUIMIIA KaK OOBEKT YIPABICHUS TEMIIEpaTypHO-
BJIQYKHOCTHBIM PEXKUMOM XapaKTEPHU3YETCS HEYJIOBJIECTBOPUTEIbHON TUHAMUKOU H
HECTaOUJIbHOCTBIO MapaMETPOB, BBITEKAIOUIUMU U3 OCOOEHHOCTEW TEXHOJIOTHUH
Mpou3BOJICTBa. B TO ke BpeMs arpoTeXHUUYECKHUE HOPMBI MPEINHUCHIBAIOT BHICOKYIO
TOYHOCTh CTaOUIM3aluu Temieparypsl (+/-1 rpagyc), CBOeBpeMEeHHOE €€ NU3MEHEHUE

B 3aBUCUMOCTU OT YpPOBHS (POTOCHHTETHMYECKH AaKTUBHOU OOIyuYeHHOCTH, (ha3bl
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pa3BUTUSA pPACTCHUN U BpPEMEHU CYTOK. Bce 3T 00CTOSTENhCTBA NPEABSBISIOT

BBICOKHC Tp€6OBaHI/I$I K q)YHKI_[I/IOHI/IpOBaHI/HO U TCXHUYCCKOMY COBCPHICHCTBOBAHHIO

000pyAOBaHUs aBTOMAaTU3aLUH YIPABICHUS MUKPOKIMMATOM B Termuax [19].

Camble coBpeMEHHblE U MPOPECCUOHAIBHBIE CHUCTEMBI XapaKTEPU3YIOTCS TaKUMHU

napaMeTpaMu:

o0ecrnieunBalOT B TEIUIMIIE KOHTPOJIb OTOTUICHUS, BEHTWISIWHU, OXJIKICHUS,
ypoBHs CO2, TUPKYJISIIIUN BO3AYyXa, TOMOJIHUTEIHFHOTO OCBEIEHUsI, 00pabOTKU
pacTeHU XUMHUKATaMU;

YOPaBISIOT JKpaHAMH U 3aTEHEHUEM, YBJIAQXHEHUEM BO3yXa, CHCTEMOM
OYHUCTKM  KPBIIIK, TOpPEIKaMH  OTOIMUTEIBHBIX KOTJIOB, OPOIICHUEM,
ne3uHpeKIMen JIpeHaKHOM BOJBI W PEHUPKYIAIUEH BOABI B CHCTEME
OpOIIeHUs, OOecreunBaeT U3MEPEHUE TMOTOJHBIX YCJIOBUH, TEMIEpaTyphl U
BJIQXHOCTH BHYTpU Teruuikl. COOp JaHHBIX W TOCTpOeHHE TpaduKoB
IPOU3BOIATCA C MOMOILBIO IEPCOHAIBHOTO KOMIIBIOTEPA;

UMEIOT BBICOKYIO TMOKOCTh W MacIITa0UPyeMOCTb. MOryT MCIOJIb30BaThCS B
AHOOBIX TEIUIMIIAX, B Pa3IUYHBIX KoHpurypauusx. [Jns kaxmgoro mnpoekrta
COCTaBIIACTCA WHIUBUIYAbHBIA HAOOp ammapaTHOr0 M MPOrPAMMHOTO
oOecIieYeHusI;

UMEIOT BBICOKYIO HaJEKHOCTh, B TOM YHCJIE OOECIEYMBAEMYIO CHCTEMOU
PE3EPBHOr0 KOMUPOBAHUS JAHHBIX;

yI0OCTBO MOHTaXa M TEXHUYECKOTO 00CITYKUBAHUS;

KOHTPOJIb BCEX MapamMeTpPOB B TEIUIMIE MOXET OCYIIECTBISTHCA C OIHOTO
OMEePaTOPCKOro paboyero MecTa, OCHAIIEHHOTO MEPCOHATBHBIM KOMITBIOTEPOM;
BO3MOXXHOCTh OPTraHHW3allMd HECKOJbKUX JyOJHUPYIONUX pabodMx MecCT, a
TAaK)K€ yNAJIEHHOTO YIOpaBJEHUS TEIUIMIEH uepe3 paJuoKaHall WIH CETh
Wurepner [12], [17].

2.3. MukporkiumMaT, He00XOAUMBIH A5l ¢/X KYJbTYPbI (BUKTOPHS)

Buxkropus — sirona, kotopas TpedyeT k cede 0co00ro BHUMaHUS, J1JIsI TOJTYYEHUSI

MaKCUMAJIbHOW YpOXKaWHOCTH C MHHUMAJIbHBIMU pecypco3aTpaTaMu HeOoO0XOIUMO

o0ecrneynTh KOPPEKTHBIMU MapaMeTpaMH CUCTeMY MUKpokinmarta. [lapamerpsl mis
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pocTa W pa3BUTHUSL BBIPAIIUBAEMON KYJIbTYPhI, YYUTHIBAIOTCA MCXOJs W3 OIBITA
TEXHOJIOTa JUIsl BUKTOpHUH. Bech MEpHOJl KU3HU PACTEHHUS NEIUTCS Ha TPU IUKIIA:
MepBbId NUKI (OT MOCAAKU JI0 IBETEHUS, MPUOTUZUTENIBHO, 25 qHEN), BTOPOM UK
(uBetenue, npudOIM3UTENHHO eme 20 AHeW) U 3aKIIOUUTENIbHBIA TPETUU UK
(mmonoHomIeHue). PekoMeHjanuu, OnrMcaHHble B TEOPUU C YUETOM OCOOEHHOCTEN MO
MOAACP>)KaHUI0 MUKPOKJIMMATA JJIsl BUKTOPHH, TIPEICTABICHBI HIKE, B Tabuie 2.2.

Tabmuma 2.2 — OnTtuManbHBIM MUKPOKJIMMAT JJIi BUKTOPHH, MPEACTAaBICHHBIA B

JIUTCPATYPHBIX UCTOYHUKAX

T (remneparypa) M (B1a3KHOCTB) Q (COy)
[Muxn
TCOPHSI TCOPHS TCOPUS
1 He Menee 12 °C 90% 900 ppm
2 18°C —22°C 75% — 80% 800 ppm
3 20°C — 25°C 85% — 90% 1100 ppm

Jis  mojjepkaHWs  JaHHBIX —MApaMETPOB  MHMKPOKJIMMAaTra HEO0O0XOIUMO
KayecTBEHHOE 000py0BaHUE, KOTOPOE OyJeT CHUMATh C JaTYMKOB BCE TOKA3aTeIu U
OTIIPABISATh UX KOHTpoiepy. KoHTposuiep MoJKeH JIeTKO W IMPOCTO HAacTpauBaThCs,
9YTOOBI 00ECTICUNTh 3aJaHHBIC TTAPaMETPHI I POCTa U pa3BUTUA pacTeHuit [20].

Ha ww#poBOM phIHKE TMpEACTaBICH I[IUPOKUN BBHIOOP KIMMATHYECKUX
KOHTPOJUIEPOB MJisi aBTOMAaTH3allMU TEIUIMYHOTO KOMIUIEKCa, BCE OHM 00JIaaroT
CXOXUMHU XapaKTEPUCTUKAMU U (PYHKIUSMH YIpaBICHUS, Pa3jiuyuMsl JIMIIb B IICHE
YCTPOHCTBA M BCEX €ro KOMIUICKTYIONIUX, B CTpPaHE TMPOU3BOJUTENC W
sHEeprodphekTuBHOCTH. PaccMoTpeB pa3indHbie (PUpMbI, MBI OCTAHOBUIIU CBOM BHIOOD
Ha ¢upme HortiMaX, crpana mpowsBoaurenr — Hunepnannel. Jlanaas cuctema
yIpaBieHHsI 00JIaacT BceMu (QYHKITUSAMU JJIT MaKCHMaTbHOTO yposkas [21].

2.4 CucteMa ynpaBjeHHsI MUKPOKJIUMATOM Temaunbl HortiMaX

[Tporpammuoe ob6ecneuenne HortiMaX Productive momxomut nmst mro06oi
TerummaHON KynbTypbl. Kontpomtep HortiMaX-Go! (puc. 2.1) — 3To HOBOE perieHue
JUTSL TETUTMYHOTO XO3SMCTBa, pa3padOTaHHOE CHEIHAIBHO IS TPOU3BOJIUTENCH,
HAYMHAIONIMX  BBIpANIUBaTh B 3aKPBITOM  TPYHTE, KOTOPHIM  HY)KHA
aBTOMATU3UPOBAHHAS CHUCTEMa YIPaBICHUS HA HAYAIILHOM YPOBHE. DTO MpEeKpacHas

AJIbTCPHAaTHBAa MHOI'MM  COBPCMCHHBIM TOJUIAHACKHUM  BBICOKOTCXHOJIOI'MYHBIM
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peIICHUAM, KOTOPBIC YaCTO MABJIAIOTCA CIHIIKOM KOMIIJICKCHBIMUA n CIHUIIKOM

JOPOTUMH.

© ; )
Pucynok 2.1 — Buemnuii Buj koutposuiepa HortiMaX-Go!

Kontpomnep HortiMaX-Go! sBnsiercss yHUKanbHBIM 00OpPYJOBaHUEM U
OTJIMYAETCS OT CYIIECTBYIOIIMX KOMIIBIOTEPOB HA PBIHKE TEIJIMYHOTO XO35HMCTBA
CIEAYIOIINMU aCTIEKTaMH:

® BCTPOEHHOE YIIPaBJIECHHUE BOJAHBIMH PECYPCAMH U MUKPOKIMMATOM
® [10 CPABHEHUIO C IPYTUMU KOMIIBIOTEPAMU B 3TOM LIEHOBOM KJIACCE KOHTPOJLIED

HortiMaX-Go! Bkiarodaer B ce0s ypaBieHHE MHKPOKINMATOM, JO3UPOBAHUEM

yIOOpEHUIi U TTOJIMBOM B TETLTHUIIE.

Bce ati mapameTpsl ympaBieHUs 0TOOpa)XaroTcsi OJHOBPEMEHHO Ha JKpaHe,
TaKUM 00pa3oM, BaM IPEIOCTABISETCS MOMEHTAIBHBIN 0030p TEKYIIUX MPOIECCOB B
terummie. Takum oOpa3oMm, BaM OoJibllie HE HYXKHBI pa3/ielibHbIe KOMIBIOTEPHI IS
VOPaBICHUS KaXJAbIM OTACIBHBIM MPOILECCOM, YTO OOECHeunBaeT CHIDKECHUE
VHBECTULUN.

CoBpeMeHHBIIl M0JIb30BaTENbCKUI HHTEPdeC

CoBpeMeHHbIE KOHTPOJUJIEPHI MO JIOCTYNHOM IIeHe OOBIYHO CHaO>KEHBI
OTPaHUYCHHBIM TIOJIB30BATEIBCKUM HHTEp(EicCOM ¢ MajabiM KOJMYECTBOM KHOIOK
VIOPABICHUS W YEPHO-OETBIM OJIHO- WJIM JBYXCTPOUHBIM nuciieeM. KoHTposiep
HortiMaX-Go!, ocHamieH 00JIbIIMM COBPEMEHHBIM IIBETHBIM CEHCOPHBIM 3KPaHOM.

[IporpammHoe oOecneueHne ObIIO pa3pabOTaHO C IMEJIbI0 IPEIOCTABICHUS
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JOCTOBEPHOTO0 0030pa € OJHOIO B3IJIAJa HA DKpaH M PYYHOIO YNPaBICHHUA. DTO
MPOCTasi U MHTYUTUBHAS B UCTIOJIb30BAHUM CUCTEMA, KaK, HallpuMep, CMapTQOoH.

AanITUBHOE pelleHne

Kontpomnep HortiMaX-Go! — sto apmantuBHoe pemienue. IlpomsBoaurenu
CaMOCTOSITEJIbHO BBIOMPAIOT HYXXHBIE MM KOMIIOHEHTHl B 3aBUCHMOCTH OT
BBIpAIIMBAEMbIX KYJIbTYp, TUIMA TEIUIMIIBI U HHAUBUAYAIbHBIX MOTpeOHOCTEM. Ilo
CPaBHEHHUIO C APYTUMHU KOMITBIOTEPAMU Ha PHIHKE TETUIMYHOTO XO3sICTBA KOHTPOJIJIED
HortiMaX-Go! mno3BosiseT KOMIIOHOBaTh €ro IO YCMOTPEHHIO TIOJIb30BATEIs |
MO3TOMY TMOJXOAWT JUIsl TMpakTHYeCKu Jroboro Owmkera. B crangaptHOU
koMIuiekTanuu kontposuiep HortiMaX-Go! TlocraBnsieTcss yxe OCHAIlEHHBIM BCEM
HEO0OXOAUMBIM MPOTrpaMMHBIM obecriedueHrneM. Kondurypaiums cucTeMbl TPOUCXOIUT
ABTOMATUYECKHU IO TPHUHIUITY «MOAKIIOUM W padoTait». ODTO MOXKHO CPaBHUTH C
MOJKIIOYEHUEM MBIIIKA WKW  KJIABHATyphl K KOMIIBIOTEPY, KOIjla CHCTEMa
aBTOMATHYECKH paclo3HaeT MoIKIrYaeMoe o0opyaoBanue (puc. 2.2).

KonTtposuiep HortiMaX-Go! Bkitouaer B cedsi cieaywiiee 000py1oBaHue:

* kouTposuiep HortiMaX-Go! Kontpoep;

* koutpoiiep HortiMaX-Go! KommyTaTtopsr «Smart Switchy;

* kouTpoJuiep HortiMaX-Go! bioku 1aTuynkos,;

* koutpoyep HortiMaX-Go! brnoku ynpaBiieHus u naHemny,;

* koutposep HortiMaX-Go! brok-o61ako Cloudbox ans noctymna B

HNutepHer.
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Ynpaanenne BOAHBIMM

Ynpaenexue MUKpoKnuMaTom pecypcammn

o, Cooling Hotair Pad-fan FlingPump  Vahve

Pucynok 2.2 — Cxema paboTsl kouTposiepa HortiMaX-Go!

Meteoctanuus Meteo-Go!

KomnakTHasi MoMHOCTBIO YKOMIUIEKTOBaHHasi mereoctaHius Meteo-Go! (puc.
2.3), BKIItOUasi aTYUK AOXKAS, Ui 3aMepa CKOPOCTH W HalpaBJICHUS BETpa, HAPYKHOM
TEMIEpaTypbl, BIAXXHOCTH W COJNHEYHOro wu3mydeHus. Mereocranims Meteo-Go!
SBJISICTCS HAJCKHBIM U TPOCTHIM B TEXOOCIY>KMBAaHHUHM YCTPOMCTBOM M BCTpPOEHA B
3alIUTHBIA  KOXKyX. B HEil OTCYyTCTBYIOT MABWXKYIIMECS JeTand, Ojaromaps
raJIbBAHUYECKOMY Pa3JIEICHUI0 HMCKIIIOYAETCS PUCK MOBPEXKACHUS YAapOM MOJIHUU.
[Tonkmouenne GPS onpenensier MeCTONOIOKEHUE METEOCTAHIUMU M MOAKIIOYEHHUE K
IIMHE TapaHTUPYyeT TMpOCTOTy YycTaHOBKM Mereo-Go! Jlns paboThl HECKOJIBKUX

KOHTPOJUICPOB JOCTATOYHO O,Z[HOI71 MCTCOCTAaHIIH.
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Pucynok 2.3 — Meteoctanius Meteo-Go!

Baok gatunkoB MTV-Go!

Hospiit 6110k naturikoB MTV-Go! (puc. 2.4) obecrieunBaeT akKypaTHbIE 3aMephbl
TEMIIepaTypbl 1 OTHOCUTEIILHOW BIaKHOCTH BHYTPH TEIUTUIIBL. ECITU 171 BCEX CEKTOPOB
TEIUINILI JIOCTATOYHO IMOKa3aHWM ojHOM MereoctaHmuu MeteoGo!, TO 19 KaKgoro
OTJEJIBHOTO CeKTopa Tpedyercsi coOcTBeHHBIN 0ok natunkoB MTV-Go! Kak omus,
o5ox natunkoB MTVGo! moxet ObITh ocHateH aaraukom CO- . [IBoitHoI kopryc 610Ka
naturikoB MTV-Go! npegoxpansieT 3aMepbl OT BIUSHUSA COJTHEYHOTO M3IY4YEHUS U HET
HEOOXOJMMOCTH B YCTAHOBKE BEHTWISITOpa Oyarogapsi XoOpolleil ecTeCTBEeHHOU
BeHTWIIIMK. OYeHb TOYHBIE 3aMephl, IMPOCTOTAa YCTAHOBKM M HET 3arps3HeHUs

BCJICJICTBUE OTCYTCTBUS JBIXKYILIMXCS YaCTEH.

Pucynok 2.4 — brnok natankoB MTV-Go!
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Baok natuukos CO2

VYnopasinenne B 3aBucumMoctd OT ypoBHS CO2 NpUMEHSETCS HE TOJIBKO B
BBICOKOTEXHOJIOTMYHBIX ~ TEIUIMLAX HO  CTAHOBUTCA Bce Oomee u  Oojee
pacipoCTpaHEHHBIM B OOBIYHBIX TEIUIMIIAX. DTO TMOHATHO, TIOTOMY UYTO NPUMEHEHUE
ynpaiieHus KoHUeHTpanuein CO2 MOKET 3HAUUTEIBLHO TOBBICUTH YPOKaHOCTB. B CcBsi3n
¢ 3TUM ymnpaiieHre KoHleHTpauued CO2 1ocTynHo kak onuud. biok natunkoB MTV-

(puc. 2.5) OcHallleH IOMNOJIHUTENBHBIM pPa3zbeMOM JUIs TOCJIEeI0BATEIHHOIO
nojktoueHust Mokporo gaturika MTV-Go! k 6moky natunko CO». Tlogkmtouus 010K
natunkoB CO; HEMOCPEeICTBEHHO K MOKpoMYy natduky MTV-Go!, BO3MOXKHO U3MEPUTH
koHUeHTpaluio CO2 HEMOCPEICTBEHHO B CEKTOPE TEIUIMIbl. OJTHU JaHHBIC TaKkKe

JOCTYIIHBI 17151 ynpaBiieHus KoHeHTpamueit CO2 B pexxume peaabHOro BpeMenu [21].

Horth

growing solutions

Pucynok 2.5— bnok natunkos CO;

BriBOa 110 BTOPOI IJ1aBe:

B nanHoii rimaBe ObUT HCCIIEIOBAH BOTIPOC PeAIM3aIlii CUCTEMBI aBTOMAaTHIECKOTO
VOpaBICHUS  MHUKPOKIMMAToM  Terumibl.  [IpoaHanmsupoBanHbl — TpeOoBaHUS,
NpeIbsBIsieMble K OOOpYIOBaHUIO il OOeCredYeHHsl 3a/laHHbIX [apaMeTpoB
MuKkpokaumata. CocTaBiieHbl PEKOMEHIANNU 0 Temrepatype, BiaxHocTd u CO; s
BBIpAIlIMBaHUSl BUKTOPUHU B TEIUIMYHOM KoMmIulekce. Ha ocHOBaHMUM Bcex MmapameTpos,
KOTOpbI€ OBUIM PACCMOTPEHbI B TJaBe ObLT MPOU3BEACH BBHIOOp OOOpYAOBaHUS.

Bri6panHoe 000pynoBaHuE SIBISIETCS ONTUMAIBHBIM /1711 BAKTOPHUH, T.K. UMEET IIIUPOKUN
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ACCOPTUMCHT TCXHHUYCCKHX pCIHeHI/Iﬁ H IIPOrpaMMHOIO o0OecIieueHus. HCI[OCTaTKaMI/I

ABJISIIOTCSI POTIPUETAPHOE MPOIPAMMHOE 00ECIIEYEHHE U BHICOKHE LIEHBI.
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5. PHUHAHCOBBIA MEHE/KMEHT, PECYPCOR®®EKTUBHOCTH U
PECYPCOCBEPEXEHUE

Tema BBIITYCKHOU KBaJIN(PUKALMOHHOM paboThI «HccnenoBanue
9HEprod(PGHeKTUBHOCTH MUKPOKIMMATA TETUIMYHOTO KOMIUIEKCA.

Henbto pa3gena «DPUHAHCOBBIM MEHEIKMEHT, pecypcodPPEeKTUBHOCTh H
pecypcocOepexeHre» sBIsETCS ONpeaesieHue pa3padaThiBAEMOro MPOEKTa, OLEHKA
ero 3(Q¢eKTUBHOCTH, YPOBHS BO3MOXHBIX PHUCKOB, pa3paboTKa MeXaHH3Ma
YOPaBJICHUSI M CONPOBOXKJCHUS KOHKPETHBIX MPOEKTHBIX PEIICHUW Ha J3Tame
peanuzaiuu.

Jnst noctukeHus 00O3HAYEHHOW 1€ HEOOXOJUMO PEHIUTh CIEAYIOIIHe
3a/1a4H:

1) mpou3BeCTH TEXHUKO-IKOHOMHYECKOE 0OOCHOBAHHUE MTPOCKTA;

2) OCYILECTBUTH MJIAHUPOBAHUE ITANIOB BHITIOJIHEHUS ITPOCKTA;

3) paccuuTaTh OIOHKET MPOBOJAUMOIO HAYYHO-TEXHUYECKOTO MIPOEKTa;

4) mpou3BeCTU OIIEHKY ¥ 9KOHOMUYECKON 3()(PEKTUBHOCTH MPOEKTA.

5.1 MWuunumaau3anusi TPOEKTAa M €ro TEeXHUKO-IKOHOMHYECKOoe
odocHoBanue. [loTeHIUAJIbHBbIC OTPEOUTEIH MPOEKTA. AHAIN3 KOHKYPEHTHBIX
TeXHUYECKUX pPelIeHUH.

CoBpeMeHHBIE TEXHOJIOTUM BBIPAIIMBAHUS OBOIIHBIX KYJIBTYp TpeOYIOT
MOCTOSIHHOTO TOJJEPKaHUsSI ONPEIEIECHHBIX PEKHUMOB MHKPOKIMMATa B TEILIMIAX.
ABTOMaTH3AIMS CUCTEM YNPABICHUS MUKPOKINMATOM MO3BOJISET SKOHOMUTH 15-25%
TEIJa MPU POCTE YPOXKAWHOCTU OBOIIHBIX KYJbTYp, YIYUYIIUTh YCJIOBUSA Tpyda
MepPCOHAJa ¥ TIOBBICUTH OOIIYIO KYJIBTYpPY IIPOU3BOJICTBA.

[TorenmuanbabiM oTpeduTesneM HTII sBrsieTcs TemIMYHbINA KOMILIEKC.

CerMeHTHUPOBAaTh PHIHOK YCIAYT MO CHCTEMaM aBTOMATUYECKOTO YIPABICHUS
MUKPOKIUMATOM MOXHO TIO CIEAYIOIUM KPUTEPUSIM: TEXHHYECKOE OOCTY>KHBaHHE,

JUTATEIBHOCTH dKCILTyaTanuu o0opyaoBanus (pucyHok 5.1).
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Heobxodumuie ﬂflumeﬂbHOC‘l’l’lb IKCnstyamavuuu, jiem

Meponpuamus 1 1-10 bonee 10

Hacrpotika

KOHTpOJLIepa

TexHuueckoe
00CITy>)KUBaHHE,
PEMOHTHBIE

paboThI

3aMeHa 1aTYnKOB

PemonTHas
ciryx0a

CepBucHas Pupma -
KOMITaHUS MIPOU3BOIUTEND

Pucynok 5.1- Kapta cerMmeHTHpOBaHUS pPbIHKA YCIYT IO CHCTEMaM aBTOMAaTHYECKOTO

YIIPABJICHUS MUKPOKIINMATOM

5.2 AHA/IU3 KOHKYPEHTHBIX TEXHUYECKHUX pelneHui

[IpoBenem aHann3 KOHKYPUPYIOHIMX pa3pabOTOK, a UMEHHO CPAaBHUM CHUCTEMBI
aBTOMATHUYECKOTO YIpPABJICHHUS MHKpokIuMaroM. [IpoBepuM ux s¢dexTuBHOCTH U
pecypcocOepexeHue s TeITMYHOT0 KOMILIEKCA.

AHanu3 KOHKYPEHTHBIX IMPOEKTHBIX PEIICHHH I1e1eco00pa3Ho MPOBOIUTH C
MTOMOIIBIO OIIEHOYHOW KapThl, MPUMEpP KOTOpPOU mpuBeaeH B Tadmuie 1. i aToro
HE0OX0IMMO O0TOOpaTh HE MEHee JBYX KOHKYPEHTHBIX TOBapoOB W pa3padoTok. B
KayecTBe KOHKYPEHTHBIX TOBapoB OBUIM paccMOTpeHbl by — KiInMaTHuecKuii
koutposuiep Priva Compact, npousBogutens Hunepmanast u be - KoHTpoiep

HortiMaX-Go!, npousBoautens Hunepinanbl.
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Tabmuua 5.1 — OnieHoyHas KapTa AJig CPAaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

peLIEeHU
Kpurepuu ouenku Bec banbl Konkypenro
KpuTe CIIOCOOHOCTH
pusi Bq, ‘ BK Kq, ‘ KK
TexHHYecKrue KPUTEPUH OLCHKHU pecypcod(PPeKTUBHOCTH

1. I[oBrlimenue 0,15 5 5 0,75 | 0,75

MIPOU3BOIUTEILHOCTH TpyAa

pabouero

2. Y100CTBO B 9KCIUTyaTalu 0,1 4 5 0,4 0,5

3. DHEProdKOHOMHYHOCTh 0,13 5 5 0,65 | 0,65

4, HaneXxHoCTh 0,1 3 3 0,3 0,3

5. be3onacHocTh 0,07 4 4 0,28 | 0,28

6. 'abGapuTsl 0,05 4 3 0,2 0,15

7. BO3MOXXHOCTH JOIOJIHEHUS 0,15 4 5 0,6 0,75

Pa3TUYHBIMU JATYHKAMHU

JKOHOMHUYECKHE KPUTEPUH OLeHKH d(PPeKTHBHOCTH

1. KonkypeHTOCTIOCOOHOCTh MPOAYKTA 0,1 4 4 0,4 0,4

2. Ilena 0,05 3 4 0,15 0,2

3. Tlpenmonaraemsblii CPOK DKCILTyaTaIluu 0,1 4 4 0,4 0,4
1 4,13 | 4,38

Hroro

Kputepun  nams  cpaBHeHHST ©  OICHKH  pecypcoddPekTuBHOCTH U
pecypcocOepexeHusi, MpUBEACHHBIE B TaOM. 1, moaOMparoTcs, UCXOA W3 BhIOpaHHBIX
OOBEKTOB CpPaBHEHUSI C YYETOM HMX TEXHHUYECKMX W 3KOHOMHYECKUX OCOOCHHOCTEH
pa3pabOTKH, CO3MaHUS U IKCILTyaTaIlUH.

[To pesynpratam BumHO, 4To KOoHTposuiep HortiMaX-Go! sBnsercs nambornee
KOHKYpPEHTOCIIOCOOHBIM, T.K. BKJIIOYAeT B ceOs yIpaBlIeHHE  MHUKPOKIUMATOM,
JI03UPOBAaHUEM YIOOpEHUI ¥ TOJNMBOM B TeIUHile. Bce 3T mapameTpsl ynpaBieHHUS
OTOOpaKAIOTCS OMHOBPEMEHHO  HA DJKpaHe, TakuM o00pa3oM, TMpeI0oCTaBISIeTCs
MOMEHTAJIBHBIN 0030 TEKYIIUX MPOIECCOB B TEILIHIIC.

5.2 IlnaHupoBaHMe UCCIEI0BATEILCKUX PadoT
9.2.1 CtpykTypa padoT B paMKaXx HCCJIe10BAHUSA

[InanupoBaHue KOMIUIEKCA MPEAIOiaraéMblXx padOT OCYIIECTBISETCS B
CJIETYIOIIIEM MOPSJIKE:

® OmpeJeieHHe CTPYKTYPhI padoT B paMKaxX UCCIIEIOBAHMS,;
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® ONpe/eeHNe YYaCTHUKOB KaxXI01 paboThI;

¢ YCTAHOBJICHUC IPOAOJDKUTCIIBHOCTH pa60T;

e [ocTpoeHue rpadrka NpOBEICHUS UCCIETOBAHUMA.

JUisi BBITOJNIHEHUS] HAYYHBIX HCCleNoBaHUM (opMmupyercs pabouas rpymnma, B

COCTaB KOTOpOﬁ MOTYT BXOJUTb HAYUYHBIC COTPYAHUKHW W IPCTIOAaBaATCIIM, WHXCHCPHI,

TEXHUKHU U JJAOOPAHTHI, YUCIEHHOCTh IPYIII MOXKET BapbUpoBathes. [1o kaxaomy BUIY

3aIIaHUPOBAHHBIX

pabot

YCTaHaBJINBACTCA

COOTBCTCTBYIOIIAA

JOJDKHOCTD

ucnonauteneid. CocraBisgeM NepedyeHb 3TaloB M pabOT B paMKax IPOBEICHUS

HUCCIICO0OBaHUs, MPOBOAUM PACIIPCACIICHUC WUCIIOJIHUTEJICH O BUAAM pa60T. P€3yJ'IBTaT

npezcTaBieH B Ta0I. 5.2.

Tabmuma 5.2 — Ilepedens 3TanoB, paboT U pacnpeaeieHUe UCTTOTHUTENICH

No JlomxHOCTB
OCHOBHBIE ATaIBI Conepxanne pabot
pab WCTIOJTHUTEIIS
PazpaboTka
CocTaBieHHE U YTBEPKICHHE
TEXHUYECKOTO 1 PykoBouTens(MHXEeHED)
TEXHUYECKOTO 3a/IaHUS
3aJaHHS
[TonGop u u3ydyeHre MaTepuagoB 1o
2 #00P v p Crynent (paboTHUK)
TEME
Bri6op HanpaBnenus | 3 Onucanne 00ObeKTa pazpabOTKH CryneHT (paboTHUK)
MCCICIOBaHNH KanenaapHoe mIaHupoBaHue padoT
4 PykoBouTens(MHXEeHED)
110 TEME
PaspaboTka BapuaHTOB
5 p P CryneHT (pabOoTHUK)
POEKTHUPOBAHUS
Teopernueckue u
CpaBHEHHE BO3MOYKHBIX BApUAHTOB
pacyeTHbIC 6 CryzaeHt (pabOTHHK)
0 PsITy KPUTEPHEB
UCCIICIOBAaHUS
7 Pacuer oCHOBHBIX ITapamMeTpoB CryzaeHt (pabOTHHK)
O60061enue u Ouenka >3 peKTUBHOCTH
» 8 H b PykoBoautens(unxeHep)
OIICHKA PE3yJIbTaTOB TIOJTYYCHHBIX PE3YJIbTaTOB
IIposeoenue OKP 9
9 NmuTanimoHHOE€ MOAEIUPOBAHUE CryzaeHt (pabOTHHK)
10 | TeXxHMKO-IKOHOMHYECKUE pacueThl CryneHT (pabOTHUK)
Pa3paboTtka Texnu- B 5
. OIPOCHI OE30MaCHOCTH U
9YCCKOU 11 P CryneHt (pabOTHUK)
JOKYMEHTAIIHH 1 g 9KOJIOTHYHOCTH MTPOEKTA
aCTh MPOEKTA, BBHITIOJHEHHAS HA
IIPOCKTHPOBAHNE 12 P ’ CryneHt (pabOTHUK)
WHOCTPAHHOM SI3BIKE
CocraBieHne MosICHUTENFHOM
13 3aMUCKU (IKCIUTyaTallMOHHO- CryneHt (pabOTHUK)
TEXHUYECKOH TOKYMEHTAIINN)
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5.2.2 OnpenesieHne TPYA0EMKOCTH BbINOJIHEHUS padoT

TpynoBble 3aTpaTbl B OOJIBIIMHCTBE ClydasX OOpa3ylOT OCHOBHYIO 4YacTb
CTOMUMOCTH pa3pabOTKH, MO3TOMY BaXKHBIM MOMEHTOM SBIISETCS OINpENeSICHUE
TPYAOEMKOCTH pabOT Ka)k10Ir0 U3 yYaCTHUKOB HAyYHOT'O UCCIIEIOBaHUS.

TpyaoeMKoCTb  BBINOJHEHUST  HAy4YHOI'O  MCCIIEIOBAaHUS  OLEHUBAETCS
HKCIIEPTHBIM MyTEM B YEJIOBEKO-THSAX U HOCUT BEPOSITHOCTHBIN XapakTep, T.K. 3aBUCHUT
OT MHOXECTBa TPYAHO YYHUTbIBaeMbIX (hakTOpoB. sl ompeneneHus 0XKuIaeMoro

(cpenHero) 3HaueHUs TPYJOEMKOCTH t_, UCTIONB3YeTCs cleaytonas Gopmya:

3tm'n i + 2tmax i

t,..=
01 5 ) (1)

rae U, — OXumaemas TpyI0EMKOCTh BBIMIOJIHEHHS i-0i paObOThl YeIL.-/IH.

t

mni — MHHUMAJIBHO BO3MOJXKHAsI TPYJOEMKOCTh BBITIOJIHEHUS 3aJlaHHOM 1-0i
paboThl (ONTUMHUCTHYECKAsl OLIEHKA: B MPEANOJIIOKEHUH Haubosee 0JaronpusTHOIO

CTCUCHUA 06CTOSITCJII>CTB), YCJI.-JH.,

trmxi — MAKCHMAaJIbHO BO3MOJKHasd TPYAOCMKOCTD BBIIIOJIHCHHA 3a,HaHHOﬁ i-oii

paboTHI (MMeCCUMUCTUYECKAs OLICHKA: B IMPE/IITOIOKEHUH Hanbojiee HeOIaronpusITHOTO
CTEUYCHUSI OOCTOSTEILCTB), YEI.-/IH.

Hcxons n3 0XHJ1aeMOU TPYJAOEMKOCTH pabor, ONpEEIISIETCS
HOPOJOJDKUTENIBHOCTh  KaKJO0W padoThl B pabounx nHAX 1p, y4YUTHIBAOLIAs
MapajuIeIbHOCTh  BBITIOJIHEHUS pabOT HECKOJBKMMH HCIOJHHTCISIMUA.  Takoe
BBIYUCIICHHE HEOOXOIUMO JIsi 0O0CHOBAHHOTO pacdeTa 3apa0OTHOM IUIATHI, TaK Kak
YVACIBHBIA BEC 3apruiaTel B OOIIEH CMETHOM CTOMMOCTH HAyYHBIX HCCIIEIOBAHUM

COCTAaBJISIET 0KOJIO 65 %.

Tpi — _OXi ’ (2)

rae 'pi — NpOaOKUTEILHOCTE OJHOM paboThI, pad. JH.;

tomi — OKHugaeMasl TpyJA0E€MKOCTh BBITIOJIHEHUS OJTHOM pabOThI, YeJl. -/TH.
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I-Ii — YHCJIICHHOCTB I/ICHOJ'IHI/ITCJ'ICI\/'I, BBIITOJHAIOIUX OAHOBPEMCHHO OJJHY U TY

e paboTy Ha JaHHOM 3Tane, Yedl.

5.2.3 Pa3paboTka rpajduka npoBeJeHUsI HAYYHOI 0 MCCJIeI0BAHNS

[Ipy BBINOJHEHUU JUIUIOMHBIX PaOOT CTYJEHThl B OCHOBHOM CTaHOBSATCS
YYaCTHUKaMHU CpPaBHUTEIBHO HEOOJBIIMX MO 00beMy Hay4yHbIX TeM. I[loaTomy
HanOoJsiee yAOOHBIM W HArJISAHBIM SIBISIETCS MOCTPOCHHUE JIGHTOYHOrO TIpaduka
NpOBEJICHUS Hay4YHbIX paboT B hopme nuarpammbl ["aHTa.

Muarpamma T'aHTa — rOpU3OHTAJBHBIM JIEHTOUHBIM rpaduk, Ha KOTOPOM
paboThl MO TeMe MPEACTABIAIOTCS MNPOTSKEHHBIMM BO BPEMEHHM OTpPE3KaMH,
XapaKTepU3yIOIUMHUCS JaTaMH Hayajga U OKOHYaHUS BBITIOJHEHUS JAHHBIX padoT.

Jist yno6cTBa noctpoeHus rpaduka, IIUTEIbHOCTh KaXI0r0 U3 3TarnoB padoT
U3 pabouux JHEH clieqyeT MepeBecTu B KajeHAapHble AHU. J[Ji1 3TOro HeoOXoauMo

BOCIIOJIB30BATHCA CJIC)IYIOHICI;'I q)OpMy.TIOI‘/JIZ
TKi :Tpi .kKan: (3)

rie Txi— MPOJODKUTEILHOCTh BBITIOTHEHHUS I-if paOOThI B KaJICHIAPHBIX JTHSIX;
Tpi — IPOJOIDKUTEIILHOCTD BBIIOJHEHHUS I-i pabOTHI B paOOUYUX THSX;

S KO2()PUITMEHT KaJIeHAAPHOCTH.

KoaddunmeHT kaneHagapHOCTH onpeeseTcs o cieayromei gopmye:

k _ TKan
T T T ()
KaJl BbIX p

rae T, — KOJWYECTBO KaJICHIAPHBIX THEH B rofy;

T, . — KOJIMYECTBO BBIXOJAHBIX JHEU B TONY;

T,, — KOJIMYECTBO NPA3JHUYHBIX JHEN B FOLY.

PaccunutanHbpie 3HAYEHUs B KaJCHAAPHBIX MOHSAX M0 KaXXJI0d padote TKi
HEOOXOUMO OKPYTIIUTH JI0 IIEJI0TO YHUCIa.

Bce paccuntannbie 3HaUue€HHUS CBOJIMM B Tabnuily (Tabi. 7).

[Tpumep pacueTa (cocTaBiaeHUE U YTBEPKICHUE TEXHUYECKOTO 3a/JaHMUs]):
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Tabnuua 5.3 — BpemeHHble oka3aTey MpoBEACHHU HaAyYHOT'O UCCIIEI0BaHMS

TpynoémkocTs pabot JnmurenbHOCT | J[IMTENBHOCTH
tmin, tmax, tooci, pabot B pabot B
Yen-THW | 9eN-THH | Uel-IHU paboumx AHAX | KaJeHAapHbIX
T . JTHSIX
pl
Ha3Banne Kl

paboThI

PyxoBogutens
Crynent
PykoBoauTenn
CryneHt
PykoBoauTenn
CryneHnt
PyxoBogurens
CryneHt
PyxoBogurens
CryneHt

CocraBiieHue u
YTBEPKIACHUE
TEXHUYECKOTO 3aIaHUI

o
o1
[EEN
[EEN
[N
N

[TonGop u u3yuenue
MaTEepHUAJIOB 110 TEME

Omnucanne o0ObeKTa
pa3paboTKu

Kanengapnoe
manupoBanue padorno | 0,5 2 1 1 2
TeMe

[TonGop naTuynkoB
TeMIIepaTyphl JJs 2 4 3 3 5
TEIUIMYHOTO KOMILIEKCa

ITon6op natunkoB
OCBEIIEHHOCTH IS 2 4 3 3 5
TEIIMYHOTO KOMILIEKCA

[Toxbop gaTunkoB
BJIQXKHOCTH JUJIS 3 4 4 4 6
TEIUIMYHOTO KOMILIEKCA

[Moxbop natunka CO2 mns
TEIUIMYHOTO KOMILIEKCA
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[Iponomxenue TaOIUIIBI

HUCCIICIOBAaHMA

5.3

— BpeMeHHbIe IMOKa3aTcjii IMPOBCACHUSA HAYIHOI'O

[Toxbop cucremsl
BCHTUWIIAOUU I
TEIUTMYHOTO KOMILIEKCa

[Toxbop xKoHTpOILIEpa
MHUKpPOKJIIMMAaTa
TEIUTMYHOTO KOMILIEKCa

Orenka > heKTUBHOCTH
IMOJIYYCHHBIX PE3YJIbTAaTOB

NMmuraimmonsoe
MOJIETUPOBAHKE

TexXHUKO-I9KOHOMUYECKHE
pacyeTsl

12

Bompocsr 6e3omacHocT u
9KOJIOTHYHOCTH MTPOEKTa

12

Yactb npoekTa,
BBITIOJIHEHHAS HA
MHOCTPaHHOM SI3bIKE

10

12

11

11

17

CocraBnenune
MOSICHUTEIBHOM 3aIIUCKH
(?KCIUTyaTaliMOHHO-
TEXHUYECKOH
JOKYMEHTAITUH )

15

20

17

17

26

Ha ocHoBanum Ttabmunbl 5.3 cTpouM KaleHAapHbIA ruaH-rpaduk. ['paduk

CTpOUTCA JII MAKCHUMAJIBHOI'O IIO JJIMTCIIBHOCTH HMCIIOJIHCHUA pa60T B paMKax

Hay4YHO-HCCJIEIOBATEIILCKOTO MTPOCKTA ¢ pa3OMBKOM 10 MecsaM u ekaaam (10 gaei)

3a mepuoji BpeMeHu auruioMupoBaHus. [lpu 3ToM paboThl Ha rpaduke BbIIEISIEM

paanquﬁ HITpHXOBKOﬁ B 3aBUCHMMOCTH OT HCHOHHHT@Heﬁ, OTBCTCTBCHHBIX 34 TY HJIN

HHYIO padoTy.
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T i ITpoKOKUTEIBHOCTD BBITIOJIHEHHS PaboOT
K
B 5 Hcnou- 5 o 5 o .
ux padboT OKT. | HOS0. ex. €B. | Mapr | amp. | CeH. | OKT. | HosO. eK. eB. | mapr | armp. Mait
AP HuTenn | Kall ot p p A P p
st 213|123/ 1|2/ 2|3|1/2|3[1]2|2[2[3|1]2/3]1]2[3]1|2]2 1|2 2 2
Cocrasnenue %
YTBEPKIICHHE 2 2
TEXHUUYECKOTO S
3a/1aHUs &
[Ton6op n =
H3yUYCHHE g 4
MaTepHaioB -
10 TEME o
Omucanue %
o0BbeKTa = 5
pa3paboTKu S
¥a]
Kanennap- QE
HOE =
IIAHUPO- S 2
BaHHUE pabOT 2
10 TeMe &

Tabmanma 5.4 —

KanengapHuerit Turan-rpaduk




[Iponomxenue tabnuna 5.4 — KanengapHsiii miaH-rpaduk

[Tonbop
JaTYNKOB
TeMIepaTyp
Bl IS
TCINNINYHOT' O
KOMILJICKCa

CryneHt

[Ton6op
JaTYNKOB
OCBEIICHHOC
TH 11
TCINNINYHOT O
KOMILIEKCa

CryneHt

[Ton6op
JIATYHKOB
BJIQKHOCTH
JUTST
TEIUTMYHOTO
KOMILJIEKCa

CryneHt

[Ton6op

JaTYHKA

CO2 nnsa
TEIUTMYHOTO
KOMILJIEKCa

CrynmeHt

[Toxbop
CHCTEMBI
BEHTHJISAIIUH
TSt
TETUTMYHOTO
KOMILIEKCA

CryneHt
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[Iponomxenue tabnuna 5.4 — KanengapHsiii miaH-rpaduk

[Tonbop
KOHTPOJLJIEP
a
MHUKPOKJIUMA
Ta
TCINNINYHOT' O
KOMILJIEKCa

CryneHt

OneHka
3¢ deKTUBHO
CTH
MOJTy4EHHBIX
pe3ysbTaToB

PyxoBoguTens

mutanmon
HOE

MO/IETUPOBA
HHE

CryneHt

Texuuko-
3KOHOMHUYEC
KHE pacueThl

CryneHt

12

Bomnpocsr
0€30I1aCHOCT
HH
9KOJIOTUYHO
CTH MPOEKTa

CryneHt

12
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[Iponomxenue tabnuna 5.4 — KanengapHsiii miaH-rpaduk

Yacts

IIPOEKTA,
BBIIIOJIHEH-
Has Ha
MHOCTpaH-
HOM SI3bIKE

Cocrasie-

CryneHt

17

HUE
HOSCHUTEJb-
HOM 3aImnucKu

Oobitee

CryneHt

26

BpeMs Ha
MIPOEKT

Bpewms

132

paboThl

PYKOBOIUTE-
ns

11

Bpewms
paboThl
CTyIEeHTa

121

) — PYKOBOTHTENb

B - oxerep
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5.3 BokeT HayuHO-TeXHUYecKoro uccienopanus (HTH)

[Ipu nmnanupoBanum Oromxera HTU nomxHO OBITH 00€CHEYEHO MOJHOE U
JOCTOBEPHOE OTPAKEHHE BCEX BHIOB PACXOJI0B, CBI3aHHBIX C €T0 BBHIIIOJIHEHUEM. B
npouecce opmupoBanus 6romkera HTU ucnonszyercs cienyromas rpynnupoBKa
3aTpar Mo CTaThsIM:

e marepuasibHbie 3aTpartel HTU;

e 3arpaThl Ha  CHEUHAIBHOE o0opynoBaHue A HAY4IHBIX
(3KCIIEpUMEHTAIbHBIX) PadoT;

e OCHOBHas 3apa0OTHAas IJIaTa UCTIOTHUTENCH TEMBI;

® JIOTIOJHUTENbHAs 3apab0THAS IJIaTa UCTIOJHUTENICH TEMBI;

® OTYHCIICHUS BO BHEOIO/KETHBIC (POHIBI (CTPAXOBBIC OTUYHUCIICHHS);

® 3aTpaThl HAYYHBIC U TPOU3BOJICTBEHHBIC KOMAHINPOBKH;

® KOHTpareHTHBIC PACXOIbI;

® HAKJIaJHBIE PACXO/BI.

Bce HeoOxoaumoe 000pyaoBaHNE U MaTepUalbl UMEIOTCS B 1JaOOpaTOpHH,
[IO3TOMY pacyeT MaTepUaIbHbIX 3aTPAT IPOBOJUTH HE OyIEM.
5.3.1. Pacyer MaTepHaJbHBIX 3aTPaT
B wmartepuanbHble 3aTpaThl BKJIIOYAIOT JONOJHUTENbHBIE 3aTpaThl Ha
KaHLEJISIPCKUE MPUHAJIEKHOCTH, HH(OPMALIMOHHbIE HOCUTENH, KAPTPUIKU U T.11.

PacueT maTepuanbHbIX 3aTpaT OCYIIECTBISETCS MO CIEIYIONIeH popMye:

m
3, :ZHi ’ Npacxi J
i=1
r7Ie M — KOJIMYECTBO BUOB MaTEPUAIIbHBIX PECYpPCOB;
Npacxi — KOJIHYECTBO MaTepHaJbHBIX PECYPCOB I-TO BHIA, TUIAHUPYEMBIX K
UCIIOJIb30BaHUIO (HATYp.€]1.);

L; — meHa nmpuoOpeTeHUs SAMHMIIBI I-TO BUJIA MMOTPEOJIIEMBIX MaTePHATBHBIX

pecypcoB (py0./HaTyp.exm.).
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Tabnuua 5.5 — MarepuanbHbie 3aTpaThI

3aTparbl Ha
HaumenoBaHue KosuuecTBO lena 3a ex., MaTepuaJbl, (3v),
pyo. py®.
JlaTuuk
TEMIEPATYpPbl 4 1134 4536
JlaT4MK BIaKHOCTH
TTOYBBI 1 140 140
Hatuux CO2 2 980 1960
JlaTuuk
OCBEIIIEHHOCTH 2 530 1060
JlaTuuk ypoBHs
BOJIbI 2 358 716
JlaTuuK BIAXXHOCTH 1 2210 2210
JlaTduk cuiibl BeTpa 1 3300 3300
KonTposmnep 1 403 19138
Uroro 32000

9.4 OcHoBHasi 3apadoTHAS NJIATA UCIIOJHUTEJIEH TeMbl
B Hacrosiryro cTaThio BKJIIOYAETCS OCHOBHAs 3apalOOTHAs IUlaTa HAyYHBIX U

MH)XCHEPHO-TEXHUYECKHX PAOOTHUKOB, pabOYMX MAaKETHBIX MACTEPCKUX W
OTIBITHBIX TTPOU3BOJICTB, HETIOCPEACTBEHHO YYACTBYIOIIMX B BBHIITOJIHEHUH PAOOT 11O
JaHHOM TeMe. BenundymHa pacxo/10B 1Mo 3apa00THOM TUIaTe ONMpeesaeTcs] HCXOIs U3
TPYJOEMKOCTH BBITIOJIHSIEMBIX pa0dOT M JIEUCTBYIONIEH CHCTEMBl OKIAIOB H
Tapu(HBIX CTAaBOK. B cocTaB OCHOBHOH 3apa0OTHOM TUIATHI BKIIFOYACTCS MPEMHUS,
BBHITUTAYMBaeMasi eXXeMecsYHo U3 QoHa 3apaboTHoi miatel B pazmepe 20 —30 % ot
Tapuda Wi OKIaja.

HNanayro HUP BHIMONMHSIOT 2 COTpYOHUKA: PYKOBOAHUTENH(MHKEHEP) W
CTyZIEHT (pabOTHHUK).

Ha ocHOBaHMM BBIOTHEHHBIX pabOT HEOOXOJUMO PaCcCUUTATh 3apa0OTHYIO
IJIaTy UCTIOJIHUTENIEH MpOoeKTa.

MecsiuHblid TOMKHOCTHOW OKJIaJl pyKOBOAUTENS (MHAKEHEpa):

3,=3 .13 (1+20%),pyo.

0Ka0

3 =17000-13- (1+ 20%) = 26520( py6.)
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Mecsiunblii TOTKHOCTHOU OKJIaJl pabOTHUKA:

3, =3 -1,3-(1+20%),pyo.

oKnao

3 =15000-1,3- (1+ 20%) = 23400( py6.)

3apaboTHas miara u3 pacyeTa 3a 1 yac:

3
3 = M ’ 6
w2187

26520
= 220 _157,9(py6.
168 (py6.)

qac
OcHoBHas 3apa60THa51 IiaTa MCIIOJHUTEIICH 3a BECh nepuoa pa6OTBI:

30(:H.pyK0BOI[HT. = 3qac ’ Z Hacos, py6 .
3 ~157,9-88 =13895, 2(py6.)

OCH.PYKOBOJIHT.

3OCH.pa60THI/IKa = 3uac ’ Z Hacos, py6 .
3 =157,9-1008 =159163,2(py6.)

OCH.paboTHHKa

I[OHOJ'IHI/ITGJ'II)Ha}I 3apa60THaﬂ mIaTa paCCYUTBIBACTCA KakK 12% ot CYMMBI

OCHOBHOM 3apabOTHOM IUIATHI 32 BECh MEPUO]] PAOOTHI:

3()0n. PYyKO60OUm = 3ocu.py1<01zoam_ ) 01 12’ py6 .
3 =13895,2-0,12 =1667, 4(py6.)

0on.pyKOBOJUT

= 300H.pa6omm<a ) 0’ 12’ py6 .

=159163,2-0,12 =19099, 6( p6.)

O0on.paboTHHKA

3

don. pabomHuxa

Otuncnennss BO BHEOIOKETHBIC (OHIBI SBISIOTCS  00SI3aTEIHHBIMHU
OTYHUCIICHUSIMH 110 YCTAHOBJIEHHBIM 3aKOHOAATENILCTBOM Poccuiickonn denepannu
HOpMaM oOpraHaMm TOCYJapCTBEHHOro couuaibHoro crpaxoBanus (PCC),
nencuonHoro ¢gouna (I1d) u menunuuckoro crpaxoBanus (POPOMC). Benmnunna
OTYUCJICHUI BO BHEOWKeTHBIE (GoHIBI ompexaensercs kak 30% OT cymMMBI
OCHOBHOM U JIOTIOTHUTEIHON 3apa0OTHOM TIIaTHI.

3 =(3 +3

6HeO . PyKOBOJIHT. OCH. pyKO80OUm. ()()n.pyKOBOIII/IT.) ) O’ 3’ py6 .

= (13895,2+1667,4)-0,3 = 4668, 78(pyo.)

6HeO .PYKOBO/IHT.
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3

6He6 .padOTHHIKA . = (

3

6HeD . pabomHuxa

300H. pabomuuka. ) ) 01 3’ py6 .

= (159163,2+19099, 6) -0,3=53478,84(py0.)

+3

O0on.pabOTHUKA

HaknagHple pacxolbl YYMTBHIBAIOT MPOYUE 3aTpaThl, TAKHE KaK 3aTpPaThl
ANIEKTPOIHEPT UM, NIeYaTh MaTEpUAJIOB, OIjIaTa YCIYr CBS3H U T.J. PaccunThiBatoTcs
kak 80% OT CyMMBbI OCHOBHOM 3apa0OTHOM MJIATHI.

3. = Bcnpycononr. T Jocnpasorna) - 08, PYO.
3. =(13895,2+159163,2)-0,8 =138446,7(py06.)

O6mme 3arpatet Ha HTU sHeproadexTHBHOCTH MHKpPOKIMMATA
TEIUIMYHOTI0 KOMILJIEKCA CBEIEHEI B Ta0I. 8.

Tabnuua 5.8 — 3arpatsl Ha HTU

HaumenoBanue ) |

HortiMaX-Go.

OG6opynoBaHue 32000
3apaboTHas miara 193825,4
OTtunciieHns BO BHEOIOKETHRIE 53478,84

b OH/IBI

Hakmannpie pacxoibl 138446,7
Hroro 417750,94

Cwmera 3aTpaT Ha pa3pabOTKy TeXHUUECKOTo poekTa coctapisgeT 417751pyo0,
13 KOTOPBIX MOYTH MOJOBHHA TO 3aTPaThl HA OILJIATY TPY/1a UCIIOJIHUTEIICH MPOEKTa
3a BeCh nepuoj padoTel. Bee pe3ynbTaThl MPOEKTa 0KA3aIMCh 0KHIAa€Mbl 1 MOTYT
OBITH peaTu30BaHBI.

5.5 Onpenesnenue pecypcodpPpeKTUBHOCTH MPOEKTA

C o701 11eNBI0 MOXKET OBITh MCIOJIB30BaHa BCS UMEIOMIascsa nHMOpMAaIs o

KOHKYPEHTHBIX pa3paboTKax:

o TEXHUYECKUE XapaKTEPUCTUKH MIPOECKTA,;
o KOHKYPEHTOCIIOCOOHOCTh MTPOEKTA;
o YPOBEHb 3aBEPIICHHOCTH HAY4YHOTO UCCIEAOBaHUs (HAJIMYME MaKera,

MPOTOTHUIA, MOJIENIU U T.IL.);

° 010/ KET pa3pabOTKH U T..
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AHanu3  KOHKYPEHTHBIX  TEXHHUYECKMX  pEHIeHUH ¢ TO3UIUH
pecypcoddPEeKTUBHOCTH U pecypcocOepekeHuss MO3BOISET MPOBECTH OILCHKY
CPaBHUTENIBbHON 3(P(HEKTUBHOCTH HAYYHOI'O MPOEKTAa M ONPEAEIUTh HAIpPaBIICHHS
JUIsI €ro Oy IyIIero NOBBIIIEHUS U peanu3aiuu. Jjis Takoi olleHKU ObLTH TOA00paHbl
kputepun 3G (HEKTUBHOCTH TaKHe Kak: 0€30MacHOCTh, YA0OCTBO B AKCIUIyaTalluH,
00Cy>KUBaHHE, HAJIEAKHOCTb, U3HOCOCTOMKOCTh

Kpurepuu pecypcoddHEKTUBHOCTH B UX KOJMYSCTBCHHBIE XapaKTCPUCTUKH
npuBeAeHbI B TabuIE 5.7.

Tabnuua 5.7 — CpaBHUTENbHAS OLICHKA XapaKTEPUCTUK MPOEKTA

. KonTposiep KonTposiep
Kpurepun Becosoii PRIVA HortiMaX-Go
ko3¢ duLmeHT
1. ITpoctoTta 0.4 3 5
IKCIUTyaTaI[uu
2. Bo3aM0OXHOCTh
JIOTIOTHCHHUS 0.3 4 5
Pa3ITUYHBIMU
JaTYNKaMU
3. llena 0,05 3 5
4. Pazmepsl 0,1 3 3
5. Cpok 3KCIuTyaTanuu 0,15 5 5
Uroro: 1,00 3,6 4.6

[To3umust OlEHMBAETCS MO KaKIOMY ITOKa3aTeI0 AKCIIEPTHBIM ITYTEM IIO
IATHOAJJIBHOM IIKaje, rae 1 — Hanbosee cinabast MO3UIK, a 5 — HauboJiee CHIILHAS.

3HaueHUs MOKa3aTeNel, ONpeesieMble SKCIIEPTHBIM ITyTEM, B CYMME COCTaBIISIOT
1.

Ananus KOHKypeHTOCHOCO6HOCTI/I IIPpOCKTa  OIIpPCACIIACTCA  COIJIaCHO

BBIPAKEHUIO:
K=Y B-5,,
rae K — KOHKypeHTOCTIOCOOHOCTh HAyYHOU pa3padoTKHu;
B, — Bec moka3zatens (B JOSAX €AUHUIIBI);
b; — Gann i-ro mokasares.

Torna:
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K. =0,4-5+0,3-5+0,05-5+0,1-3+0,15-5=4,8

[Toka3aTenb KOHKYPEHTOCIIOCOOHOCTH MPOEKTa JOCTATOYHO BBICOK (IO 5-
OQJITLHOM TTKAaJIE), YTO CBHUICTEIHCTBYET MOJIOKUTEIHHOU OIICHKE MUCIOJIb30BaHUS
TEXHHYECKOTO0 TpOeKTa. B pe3ynbrare BBITOJHEHHS TOCTABJICHHBIX 3a7a4 I10
JaHHOMY pa3lielly MOXHO CJelaTh CIEAYIOIIUE BBIBOJ O TOM, YTO KOHTPOJLIEP
HortiMaxGo! naubonee s¢ddextuBHO, yem koTposuiep Priva, Omaromaps cBoeit

CTOMMOCTH U IIPOCTOTC IKCILTYaTAITUU.
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6. COHUAJIBHAA OTBETCTBEHHOCTb
Hayuno-uccnenoBarensckast ~ paboTa  HampaBieHa  Ha  pa3paboOTKy

MaTeMaTHICCKON MOJIETN KIMMATHIECKOTO KOHTpOJUIepa, MpeIHA3HAYCHHOTO IS
MOJIICP KaHMS  3aJJaHHBIX TMapaMeTPOB MHMKPOKIMMATa TEIIMYHOTO KOMILUICKCA.

KnrMatnyeckuii KOHTPOJIJIEp — 3TO KOMIIBIOTEP C OCHOBHBIMH OpPTaHAMH
yIPaBICHUS Uil PETYIMPOBKH KJIUMaTa W JIO3UPOBAHHUS BOABI B TECTUIMYHOM
KoMIUIeKce. JIJisi TOro 4ToObl BBIPANIUBATH CEIBCKOXO3SHCTBEHHBIC KYIBTYPHI
UCKITIOYUTEIFHO BBICOKOTO KadecTBa, IOMHUMO COOJIIOJICHUS BBIIICYKa3aHHBIX
YCIIOBUW TaKXe HEOOXOAMMO KOHTPOJUPOBAThH JPYrUe IMEPEMEHHBIC, TaKHE Kak
TEeMIIepaTypa, BIaKHOCTb, SPKOCTh ocBelleHus 1 ojgada CO2. IMEHHO 171 3TOTo
UCIIOJIb3YETCS CHCTEMa KIIMMAT-KOHTPOJIS.

CucteMbl  KJIMMAT-KOHTPOJIS ~ TO3BOJISIIOT ~ PETYJIUPOBaTh  yCIOBHUSA
OKpyXaromei cpeabl H, TakuM o0pa3oM, MaKCHMaJIbHO OINTHMHU3UPOBATh
IPOU3BOJICTBO. KiMMaT-KOHTpoJUIep TIO3BOJIIET CO37aBaTh  OJIAarONPHUSATHBIC
yCIIOBUS OKpY)Karomeil cpeabl Juisl JOOBIX BHUAOB pPAaCTCHHM, a TaKKe
KOHTPOJUPOBATh Pa3IMYHbIC YCTAHOBKH B COCTaBE CHCTEMBI KIIMMAT-KOHTPOJIS
(cucTeMbl BEHTWJISIMU, O0OTpEBa, TCIUIOBBIC WIIM TEHEBBIC JKpaHbI, YCTAaHOBKHU
YBIIQXKHECHHS BO3AyXa U IECTPATU(DUKALIHH ).

Kimmar-koHTposiep Takke BKIOYaeT B ce0s (YHKIMIO CHUTHAIBHOTO
OMOBEIICHUS M PsAJ CTAaHAAPTHBIX pabouumx mporpamMm. JlaHHas TEXHOJOTHS
3HAYMTENIPHO 00JerdaeT paboTy ¢ CHCTEMaMM KIMMAaT-KOHTPOJIS M 00ecIeunBaeT
3HAYMTEIIPHYI0 SKOHOMHIO BPEMEHU M CHJI JIsi (pepMepoB, 3a CUET ONTHMHU3AIUU
MIPOM3BOIUTEILHOCTH IPYTUX TEXHOJOTHUCCKUX PEIICHUI, peaTu30BaHHBIX BHYTPH

KOMIIJICKCA.
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6.1. IIpaBoBble M OPraHU3alMOHHBbIC BONPOCHI 00eceYeHU
0e301macHOCTH
6.1.1. CneuunajbHble (XapaKTepHbIe 1 POCKTHPYeMOH padoyeil 30HbI)

NMpaBoBbie HOPMbI TPYJ0BOI0 3aKOHOIATEJIbCTBA
Cornacio TK P®, N 197 -®3 pabotauk ayautopuu 130, 8 xopmyca TITY
HMMEET IMPaBo Ha:

e  pabouee MECTO, COOTBETCTBYIOIIEE TPEOOBAHUSAM OXpPaHbI TPY/Ia;

e  0o0s3aTeNbHOE COITMATIBbHOE CTPAaXOBaHHE OT HECYACTHBIX CIIydacB Ha
IPOU3BOJCTBE U TPOPECCHUOHANBHBIX 3a00JICBaHUN B COOTBETCTBUH C
deneparbHbIM 3aKOHOM;

®  OTKa3 OT BBINOJHEHHUs pabOT B Clydae BOBHUKHOBEHUS OTIACHOCTH JIJISI
€ro YKU3HH | 37]0pOBbsI BCJICJICTBUE HAPYIIICHHS TPeOOBaHMI OXpaHbI TPYIa, 3a
UCKIIFOUCHUEM CJIy4aeB, MPEAYCMOTPECHHBIX (efepaibHbIMU 3aKOHAMH, [0
YCTpPaAHEHUSI TAKOW OMACHOCTH;

e obecrnieyeHUe CpeCTBAMH UHIUBUIYATbHON U KOJUIEKTUBHOMN 3aIUTHI
B COOTBETCTBUM C TpeOOBaHUSIMU OXpaHBl TpyJda 3a CYET CPEJICTB
paboToaarens;

° BHEOYEPETHOM  MEIUUUHCKUA  OCMOTP B  COOTBETCTBUHU  C
MEIUIMHCKUMH PEKOMEHJAIUSIMH C COXpPaHEHHWEM 3a HHUM MecTa PaboThI
(TOJDKHOCTH) M CPEeIHETo 3apaboTKa BO BpeMs MPOXOXKICHHS yKa3aHHOTO

MEIMITMHCKOTO OCMOTPA;

6.1.2. OprannzanoHHbIEe MEPONPHUATHS IPH KOMIIOHOBKE pado4eid 30HbI
PaGouee mecto B ayautopuu 130, 8 kopmyca TIIY momkHO COOTBETCTBOBATH
tpedoBanusiM ['OCT 12.2.032-78. OHO IOMKHO 3aHUMATH IUIONMIAAL HEe MeHee 4,5
M2, BBICOTA TIOMEIICHHS JOIDKHA OBITh HEe MeHee 4 M, a 00beM - He MeHee 20 M° Ha
OJTHOTO 4YeNloBeKa. BricoTa Haj ypoBHEM mosa pabouel MOBEPXHOCTH, 32 KOTOPOM
paboTtaetr omeparop, J0/bKHA cocTaBiasaTh 720 MM. OnTUMalbHBIE pPa3MEpPhI
nopepxHoctu ctona 1600 x 1000 kB. mMm. Ilom cTOJIOM JOKHO HWMETHCS

MPOCTPAHCTBO JJIA HOT ¢ pa3Mepamu no riryoune 650 mm. PabGounii cton goikeH
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TaK)K€ UMETh MOJCTaBKY UIsl HOT, PACHOJIOKEHHYIO MO/ YyriioM 15° K MOBEpXHOCTH
croiya. JInuna noacraBku 400 mMm, mupuHa - 350 MM. Y 1aJIEeHHOCTH KIaBUATYpPBI OT
Kpas croyia JojkHa ObITh He Oosnee 300 MM, uTto oOecrneyuT yAoOHYIO ONopy s
npeamieunii. Paccrosnue Mexay ria3aMu omneparopa U SKPaHOM BHUACOIUCILIES
noixHO cocTaBiATh 40 - 80 cm. Tak sxe pabouuit CTOJ JOJKEH ObITh YCTOWYUBBIM,
UMETh OJJTHOTOHHOE HEMETANINYECKOE MOKPHITHE, HE 00J1ajatoniee CloCOOHOCThIO
HaKaIJuBaTh CTaTUYECKOE dJEKTpuuecTBO. Pabounii cTyn JoKeH UMETh JIU3aiiH,
UCKJIIOYAIOIMNA OHEMEHHe Tejla U3-3a HapylIeHUs KpOBOOOpalleHUs MpH
OPOJOJKUTENILHON paboTe Ha paboyem MecTe.

PabGouee mecto corpynuuka aynuropuu 130, 8 kopnyca TIIY cooTBeTcTBYET
tpeboBanusim ['OCT 12.2.032-78.

6.2. [IpousBoacTBeHHAsA 6€30NMACHOCTH

Pa3zpabateiBacmasi MaTeMaTHyeckas MOJENb KIMMAaTHYECKOro KOHTpOJIIepa
10JIpa3yMeBaET UCIIOJIb30BAHUE DIIEKTPOHHOM BhIYUCIUTENbHON MauHbl (OBM) u
cepBepHoro obopyaoBanus BMK PB 33C, ¢ Toukum 3peHUs COUMATBHOM
OTBETCTBEHHOCTH 11€JIeCO00pa3HO PacCMOTPETh BpEIHBIE M OMAacHbIE (PAKTOPHI,
KOTOPBIE MOT'YT BO3HUKAThH MPHU pa3pabOTKe MATEMATHIECKON MOEIN WIH padboTe C
o0opyI0BaHHEM, a TaK)Ke TpeOOBaHMS IO OpraHU3aIuy paboyero Mecra.

6.2.1. AHaau3 NOTEHUHAJBbHO BO3MOKHBIX H ONACHBIX (aKTOpOB,
KOTOpble MOIYT BO3HMKHYTH Ha pa0oyeM MecTe TMpH MPOBeJEeHUH
HCCIe0BaHUI

st BeiGopa daktopoB ucrnonb3oBaicss ['OCT 12.0.003-2015 «OmnacHble u
BpeaHbIC MPon3BocTBeHHBIE (pakTophl. Kiaccudukanusy [34]. [lepederns onacHbIX
U BpelHbIX (DaKTOPOB, XapaKTEPHBIX JUJIsi MPOEKTUPYEMON MPOU3BOJICTBEHHOMN

Cpeabl MPEJCTaBIICH B BUC TAOJIHIIBI:
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Tabmuua 6.1. OmnacHble W BpeaHble (AKTOPhl MPU BBINOJIHEHUH PAbOT 1O

pa3paboTKe MPOrPaMMHOI0 MOJTYJIS

HcTounuk ®axtopsl (mo 'OCT 12.0.003-2015)
dakTopa, HopmaTuBHbI
HauMeHoBaHue | Bpemnbie OnacHeie € JIOKYMEHTBI
BUJIa paboT
1) PazpaGotka | 1. IoBbleHHBIN 1. OnacHocTb CanlluH
MaremMaTuye YPOBEHbD MOPaXEHUS 2.2.1/2.1.1.1
CKO MOJIENIH 3JEKTPOMArHUTHBI AIEKTPUUYECKUM 278-03
MUKPOKINMA X mouteit [2, 17]; ToKOM [2, 17];
Ta . HenocraTtouyHas 2. [loxxapos3apeiBoonac | CanlluH
TEeTUTUYHOTO OCBEIIEHHOCTb HOCTh [2, 17]. 2.2.2.542-96
KOMILIEKCa paboueit 30HBI;
2) Pabota c [2,3, 17]; CaulluH
O5BM . TToBbIICHHBIH 2.2.2/2.4.134
YpOBEHB IIIymMa Ha 0-03
pabouem mecre; [2,
17]; CanlluH
. HeynosnerBopure 2.2.4.1191-
JBHBIN 03
MUKpOKJIUMAT [2,
17]; CII
. TloBbIIEHHBIN 52.13330.20
YPOBEHbD 11
HaANPSHKEHHOCTH
AIEKTPOCTATUYECK CanlluH
oro mojs [2, 17]. 2.2.4.548-96
CH
2.2.4/2.1.8.5
62-96
IoCct
30494-2011

6.2.2. Pa3paboTka MeponpusAATHii 10 CHU:KEHUIO BO3/1efiCTBUS BPEeIHbIX U

OnacHbIX (pakTOpPOB

[Tpu pa3paboTke MaTeMaTHYECKOW MOJEIU KIMMAaTHYECKOTO KOHTpOJIepa U

MCIIOJIb30BaHusl cepBepHOro obopynoBanusi B aynuropuu 130, 8 kopmyca TIIY,

OCHOBHBIM HCTOYHHKOM IMOTCHIHWAJIIBHO BPCAHBLIX H OIIACHBIX IIPOHU3BOJACTBCHHBIX
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¢akropoB (OBII®) sBasercs DBM, BO3MOXKHOCTb MOPAXXEHHSI JIEKTPUUYECKUM
ToKOM. Mcrnosib30BaHUE CEPBEPHOrO0 OOOPYAOBAHUS MOXKET MPUBECTH K HATUYHIO
TaKMX BpPEOHbIX (AKTOPOB, KaK IMOBBIIICHHBIA YPOBEHb CTAaTUYECKOTO
AIIEKTPUYECTBA, MOBBIIIEHHBIH YPOBEHb 3JEKTPOMATHUTHBIX MOJIEH, MOBBIILIEHHAS
HaIpPsHKEHHOCTh 3JEKTPUUECKOTO TOJIS.

K 0ocHOBHOI1 JOKYMEHTALMK, KOTOpasi PErJIaMEHTUPYET BhILLIEIIEPEUHCIICHHBIE
Bpeanble (axtopbl, otHocutTcs CanlluH 2.2.2/2.4.1340-03 '"T'uruenuueckue
TpeOOBaHUA K 3JIEKTPOHHO-BBIYUCIUTENIbHBIM MAllIMHAM M OpraHu3aluu padoThl":

OBM J1omxKHBI COOTBETCTBOBATH TPEOOBAHUSAM HACTOSAILIUMX CAHUTAPHBIX
OpaBW, M KaXAbIA MX TUN MOMJIECKUT CAHUTAPHO-3IHIEMHOJIOTUYECKON
HKCIIEPTU3€ C OIEHKON B HMCIBITATENbHBIX JIA0OpATOPUAX, AKKPEIUTOBAHHBIX B
yCTaHOBJICHHOM mopsiake[36].

JlommycTumblie ypoBHU 3JeKTpoMarHuTHbIX nonerd (OMII) B aynutopun 130, 8
koprryca TITY [37], coznaBaembix DBM, He MOJKHBI MPEBBINIATh 3HaYeHHH [37],
IpEeCTaBICHHBIX B Tabmuie 5.2:

Tabmuma 6.2- Jlomyctumsie ypoBau OMII, coznaBaembix 9BM

HaumeHnoBanue Tuanazon Y OMII
napamMeTpoB
B Auara3oHe yacToT 5 ['11 25 B/m
HanpsiskeHHOCTh -2kl
3JIEKTPUYECKOTO TOJIs B JHAaIla30HE Y4acToT 2 2.5 B/um
k[ - 400 xI'11 ’
B IMana3oHe 4acToT 5 ['11 250 4Tt
IInoTHOCTH MAarHUTHOTO -2 kl'g
IIOTOKa B JIMAIa30HE 4acToT 2 25 uT
Kl - 400 xI'1x
HanpsixennocTs
3JIEKTPOCTATUYECKOTO 60 kB/m
TTOJISt

Yposuu OMIIL, OCII B aynutopuu 130, 8 kopnyca TIIY, nepeunciieHHbie B

TabmuIe 5.2. COOTBETCTBYIOT HOpMaM.
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J1eKTP00Ee30MaCHOCTD:

JIist npe1oTBpallleHHus TOPaKEHUs SJIEKTPUUECKUM TOKOM, 1€ pa3MeIatoTCs
pabouee mecto ¢ DBM B aynutopuu 130, 8 kopmyca TITY, o6opynoBaHue 101KHO
OBbITh OCHAIIEHO 3alllUTHBIM 3a3€MJICHUEM, 3aHYJIEHHEM B COOTBETCTBHM C
TEXHUYECKUMU TpeOOBaHMSIMHU MO HKcmyatauuu [47]. nsg npenynpexaeHus
AIEKTPOTpaBMaTU3Ma HE00XO0IUMO IPOBOJUTH COOTBETCTBYIOIIIHE
OpraHU3aIMOHHBIE U TEXHUYECKHE MeporipusTus: 1) opopmiienre paboTsl HApsSIAOM
WM YCTHBIM pacnopsbKeHUeM; 2) MpoBeeHUE MHCTPYKTaXeH U JIOMyCK K padoTe;
3) Hag30p BO BpeMsi paboThl. YpOBEHb HaNpspKeHUs i nutanus OBM B manHoi
aynutopun 220 B, mns cepBepHoro obGopynoBanus 380 B. Ilo omacHocTu
nopaxeHus nekTpuueckum TokoM nomenienue 130, 8 kopmyca TITY otHocutcs
NEPBOMY KJIACCy — IMOMEIIEHUs1 0e3 TMOBBIIIEHHOW OMacHOCTH (CyXoe, XOpOIIO
OTaIJIMBaeMOe, MOMEIIEHUE C TOKOHETPOBOASIIUMHU T0JIaMH, ¢ Temneparypoi 18-
20°, ¢ Braxknocthio 40-50%) [47].

OCHOBHBIMH ~ HENOCPEJCTBEHHBIMU  MPUYMHAMHU  IJIEKTPOTpaBMaTHU3Ma,
ABIAIOTCS: 1) TNPUKOCHOBEHHE K TOKOBEAYIIUM 4YaCTSM BJIEKTPOYCTAHOBKH,
HaXOJSIICHCS TOA HampsbKeHHeM; 2) TMPUKOCHOBEHHE K METaJUIMYeCKUM
KOHCTPYKIIMSIM ~ DJIEKTPOYCTAHOBOK, HAXOASIIMMCS TIOJ  HampspDKeHueMm; 3)
OIMOOYHOE BKIIOUEHHE OJJIEKTPOYCTAHOBKM WJIM HECOTJIACOBAHHBIX JICHCTBHIA
00CTy>KHBAIOIIETO MepcoHana; 4) mopa)k€eHNe MAaroBbIM HAIPSHKEHUEM U JIP.

OCHOBHBIMH TEXHUUYECKUMU CPEACTBAMHU 3alIUTHI, coryiacHo [1Y D, saBustoTcs
3alIUTHOE 3a3€MJICHHE, aBTOMAaTUYECKOE OTKIIOYECHHE MUTaHUs, YCTPOWCTBA
3aIIUTHOTO OTKIIOYEHHS, U3OJUPYIONIME 3JIEKTPO3aIIUTHBIE CPENICTBA, 3HAKU U
miakarel Oe3omacHOCTH. Hanmuume TakuxX CpeacTB 3alllUThl MPEIyCMOTPEHO B
paboueit 30He. B mensax nmpoduiIakTUKU MEPUOAMYECKH MPOBOIUTCS HHCTPYKTAXK
PabOTHUKOB MO TEXHUKE OE30MaCHOCTH.

He cnenyer pasmemate paboune Mecta ¢ OBM BONMM3M CHIIOBBIX KaOeseH,

TEXHOJIOTHYECKOTO 000pYyIOBaHUS, CO3/IA0MIEro IoMexu B pabore IBM[36].
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Pazpabotannbie MeponmpusiTus 0OeCreyuBalOT OE€30MAaCHYI0 SKCIUTyaTaluio
ANEKTPOYCTaHOBOK B ayauropuu 130, 8 xkopmyca TIIY.

OcBemenne:

B aymutopun 130, 8 xopmyca TIIY wumeercsa ectectBeHHOe (OOKOBOE
JIBYXCTOPOHHEE) U UCKYCCTBEHHOE OCBellleHre. Paboune cToJbl pa3MelleHbl TAKUM
o0pa3oM, 4yTOOBI BUJICOAUCIITIEHHBIE TEPMUHAIBI ObUIM OPUEHTUPOBAHBI OOKOBOM
CTOPOHOM K CBETOBBIM IIpoeMaM, YTOObI €CTECTBEHHBIM CBET majal
IPEUMYIIIECTBEHHO CJIeBa.

HckyccTBeHHOE OCBeIlleHHE B TMOMEMICHUSX [JIs JKcrutyatauuun SOBM
OCYIIECTBIISIETCSI CUCTEMOM 00111eT0 paBHOMEpPHOTO ocBeteHus. B aynuropun 130,
8 kopryca, B ciaydasx paObOThl ¢ JOKYMEHTaMH, CJIEAYeT MPUMEHSITh CUCTEMbI
KOMOWHHMPOBAHHOTO OCBelieHus (K OOIeMy OCBEIICHUIO JIOMIOJTHUTEIBHO
YCTaHABIIMBAIOTCSI CBETUJIBHUKA MECTHOTO OCBCIICHMS, TPeIHA3HAUYCHHBIC JIJIs
OCBEUIEHUS 30HBI PACIIOJIOKEHUS JOKYMEHTOB).

OcBeleHHOCTh Ha TMOBEPXHOCTH CTOJAa B 30HE pa3MelleHHus padodero
nokymeHTa goikHa ObITh 300 - 500 nx [37]. OcBenieHrue HE JOMKHO CO3/1aBaTh
OJIMKOB Ha MOBEPXHOCTH dKpaHa. OCBEIIEHHOCTh TTOBEPXHOCTH dKpaHa HE JT0JKHA
ob1ThH Ootee 300 ax [37].

B kauecTBe HMCTOYHUKOB CBETa MPUMEHSIIOTCS CBETOJUOIHBIE CBETHIIBHUKH

NI METAJIJIOTaJIOT'CHHBIC JIAMITbI (HCHOJ’II:BYIOTCH B Ka4Y€CTBC MECTHOI'O OCBCHIGHI/ISI)

[37]
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Tabnuia 6.4. Hopmupyemblie nmoka3atesid €CTECTBEHHOT0, UICKYCCTBEHHOTO U

COBMEIIIEHHOI'O OCBEIICHUS TOMEIICHHH KUIbIX 31aHuit [37]

Paboua | EcrecrBennoe | CoBMemieHHOE
! OCBEIICHUE OCBEII[CHUE Hcxyccrsennoe
MOBEPX [T EG o 0 KEO e,, % OCBEIlIEtE
HOI:TB [Tpu [Tpu [Tpu [Tpu | Ocsew | Iloka | Koadd
1ocko | BEPXHEM O0KO | BepxHeM | OOKO | €HHOCT | 3aTell | UIIUEHT
oTh WA BOM 158105 BOM b b myJibca
LIOCKO KOMOUHHM | OCBE | KOMOUHU | OCBe | pabouu | qucko | muu Ky,
oTh POBaHHO | IICH | POBAaHHO | IIEH X Mpop | %, He
HOPME M 17071 M ud | noBepx | TM, | Ooxee
ITome poBaH OCBeEIIEH OCBEIIEH HOCTEH | He
IIEHU s 15071 15071 , IK | Oonee
© |KEOwu
OCBEII]
€HHOCT
U
BBICOTA
IJIOCKO
CTH
Haz
II0JIOM,
M
Kaou | I'-0,0 3,0 1,0 1,8 0,6 300 - <5%(pa
HETBI 0ota ¢
OBM)
<20%(m
pu
pabore
c
TTIOKyMe
HTaLHe
i)

CornacHao [48] ocemenue B ayautopun 130 8 kopmyca TIIY coorBeTcTBYET

A0IIYCTUMBIM HOPpMaAM.

Hlym:

[Ipu padore ¢ OBM B aynutopuu 130, 8 kopnyca TIIY xapakrtep myma —

IMPOKOTOJIOCHBIN C HEMPEPHIBHBIM CIIEKTpOM Oojiee 1 OKTaBBbl.
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Tabmuua 6.5 - [IpenenbHo AOMYCTUMBIE YPOBHHU 3BYKOBOIO JIaBJIEHHS, YPOBHH 3BYKa

N OKBUBAJICHTHBLIC YPOBHHU 3BYKa JJIs1 OCHOBHBIX HanOoJiee TUITHYHBIX BUOOB pr,[[OBOfI

JeSTeNIbHOCTH 1 pabouunx mect [39]

N

IIIT

Bug tpynosoit
NEeSATENbHOCTH,
pabouee MecTo

YpoBHM 3BYKOBOTO JaBiicHus, 1b, B

OKTaBHBIX

IIoJIoCcax Co CpECAHCTCOMETPUICCKUMHU

yactoTtamu, 1’1y

12| 25|50 | 100 | 200
510(0] 0] 0

31,
5

400
0

800
0

YpoBHHU 3ByKa
u
SKBUBAJICHTH
bI€ YPOBHU
3ByKa ( 1bA)

2

3145671819

10

11

12

TBopueckas
JESATEITBHOCTD,
PYKOBOISIIIAS
paboTa ¢
TIOBBIIIICHHBIMU
TpeOOBaHUAMH,
Hay4yHas
JESITENBHOCTD,
KOHCTPYHUPOBaHHE
u
IPOEKTUPOBAHUE,
IPOrpaMMHUPOBaH
ue, IpernojaBaHue
u o0ydeHue,
BpadycOHas
JeSTETHHOCTb.
PaGoune mecta B
MTOMETICHUSX
TTUPEKITUH,
IPOEKTHO-
KOHCTPYKTOPCKHUX
o10po,
pPac4YeTUYNKOB,
IPOrPaMMHUCTOB
BBIYACITUTETHHBIX
MaIliH, B
1a0bopaToOpUsX AJIst
TEOPETUUECKUX
pabot u

86 6154 49| 45 | 42

R NP lWO

40

38

50
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00paboTKu
JAHHBIX, TIpUEMa
OOJILHBIX B
3IPaBITYHKTaX

Cornacno [48] ypoBens myma B ayautopuu 130, 8 xopmyca TITY ne Gonee 80
1BA ¥ COOTBETCTBYET HOpMaM.

Mukpokjaumar:

JIns co3aanus M1 aBTOMaTUYECKOT0 noAaepkanus B ayautopun 130, 8 kopryca
TIIY He3aBUCHMO OT Hapy>KHbIX YCJIOBUM ONTUMAJIbHBIX 3HAYEHUU TEMIIEPATypHI,
BJIQKHOCTH, YUCTOTHl M CKOPOCTH JIBMKXEHHS BO3]lyXa, B XOJOJHOE BpeEMsS roja
UCIIOJIB3YETCS BOASHOE OTOIUJICHHUE,

B TCINIOC BpEM:A TIOJa TIPUMCHACTCA

KOHAUITMOHUPOBAHUE BO3/yXa. Konaumnonep Ipe/ICTaBIsET coboit
BEHTUISIITUOHHYIO YCTaHOBKY, KOTOpas C MOMOIIBIO MPUOOPOB aBTOMATHYECKOTO
PETYIMPOBAaHUS TOIJICP)KUBACT B MTOMEIICHUM 3a/IaHHBIC IMapaMeTPhbl BO3YIITHON
CpeIlbl.

Aynutopust 130, 8 xopmnyca TIIY sBasercs momemenueM I 6 kareropuwu.
JlomycTuMble BETUYMHBI MTHTEHCUBHOCTH TEIUIOBOIO OOJy4YeHHs padoTaronux Ha
pabouyux MecTax OT MPOU3BOJCTBEHHBIX HCTOYHUKOB, HATPETBIX O TEMHOTO
cBeueHus (MaTepuaiioB, uaaenuii u ap.) [38]

Tabmuma 6.6- OnTuManbHBIC BEIMYHHBI MOKA3aTeIe MUKPOKIMMAaTa Ha pabounx

MCECTax IMPOU3BOACTBCHHBIX HOMCHIGHI/Iﬁ

Karer. padort CkopocThb
Temneparypa OtHoc.
Ilepuon 110 YPOBHIO Temneparypa . JBUKEHUS
rona SHep- Bo3yxa, °C NMOBEPXHOCTEH, | BJIAKHOCTH —
’ °C BO31yXxa, % i
rosarpar Mm/c
X OJIO AHBIH 10 21-23 20-24 40-60 0,1
Tennbiii 16 22-24 21-25 40-60 0,1
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Tabnuua 6.7-JlonycTiMble BEIMYMHBI MHTEHCUBHOCTH TEIJIOBOTO O0JTy4YEHUs

OO6nmydaemasi TOBEPXHOCTh Tena, % HMHTEHCUBHOCTD TEIUIOBOTO OOIydeHUS,
Bt/Mm?, He Goiee
50 u Goiiee 35
25-50 70
He Oonee 25 100

B ayauTopun npoBoAUTCS €xXeAHEBHAS BiIakKHas YOOpKa U CUCTEMATHYECKOE
MIPOBETPUBAHME MOCIE KaXA0ro yaca padboTel Ha DBM.

CornacHo [48] mukpoknumat ayautopuu 130, 8 kopmyca TIIY cooTBeTcTBYET
JOMYCTAMBIM HOPMaM.

6.3. Dkos0oruyeckasi 6€30MACHOCTD

B nmaHHOM monpa3sznene  paccMaTpuMBaeTCs  XapakKTep  BO3JIEUCTBHUA
MPOEKTUPYEMOTO  PELICHUS]  HAa  OKPYXalIyl0  cpeay.  BeisBistoTcs
MpeIoIaraéMble ICTOYHUKHU 3arpsI3HEHUS OKPYIKAloIIe Cpeibl, BOSHUKAIOIIUE B
pe3ynpTare peanmsanuu npeminaraeMbix B BKP pemenuid.

6.3.1 Anaau3 BANSIHUS 00bEKTA UCCJIEI0OBAHNS HA OKPYKAIOLIYIO CPeAy

MaremaTtnueckass MOZENb KIMMAaTHYECKOTO KOHTpOJuiepa — SABISIETCSA
IpOrpaMMHBIM aJTOPUTMOM M HE HAHOCUT Bpela okpyxkarouied cpexne. C TOUKH
3pE€HHs] BIMAHUS Ha OKPYKAIOUIYI0 Cpely MOXKHO pPacCMOTPETh BIUSHHUE
CEpBEPHOT0 000PYIOBAHUS MIPU €TI0 YTUITU3AIIHH.

BOnbIIMHCTBO KOMIBIOTEPHOM TEXHUKH COJCPKUT OCpUIUIHH, KaaMUM,
MBIIIBSK, TOJTUBUHUIXIIOPUT, PTYTh, CBUHEI], (PTaaThl, OTHE3AIIUTHBIE COCTABbI Ha
OCHOBE OpoMa M peaKo3eMenbHbIe MUHEpaIbl [44]. DTO OueHb BpeIHBIC BEIIECTBA,
KOTOpPBIE HE JOJKHBI ONAJATh HA CBAJIKY I0CJIE UCTEYEHUS CPOKA UCIIOIb30BAHUS,
a JOJKHBI IPABUJIBHO YTHIM3UPOBATHCS.

Y Tunuzaius KOMIbIOTEPHOTO 000PYAOBaHUS OCYIIECTBIISETCS MO CIIEIIUAIBHO
pa3paboTaHHOM cXeMe, KOTOpasi TOJDKHA COOIOAAThCS B OPraHU3aIUsAX:

1. Ha nepBom »3Tamne HEOOXOAUMO c€O3/JaTh KOMHCCHIO, 3ajJadya KOTOPOWU
3aKJII0YAETCs] B MPUHATUU PEIICHUN MO CIUMCAHUIO MOPAJIbHO yCTapeBILIEeH WA HE
paboueil TEeXHHMKH, KaXAbld oOpa3el] paccMaTpUBAETCSl C TEXHUYECKOM TOYKH

3pCHHSL.
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2. PazpabarbiBaeTcs NpuKa3z O CHUCAHUU YCTPOMCTB. [[ns mpoBeneHwus
AKCIEPTU3bl  NPHUBJIEKAECTCA  KBAaIU(ULIHUPOBAHHOE CTOPOHHEE JMIO WU
OpraHu3anusl.

3. CocraBnsieTcss akT yTWIM3alUM, OCHOBAaHHOTO Ha pe3yJibTaTrax
TEXHUUYECKOT0 aHajIn3a, KOTOPBIA MOATBEPKIAET HETOJHOCTh O0OpYAOBAHUS IS
JAJbHENIIErO0 IPUMEHEHUS.

4.  @opmupyercs mpHKa3 Ha yTUIW3alMio. Bce comyTcTByrolue pacxojbl
JOJIKHBI OTOOpaXXaThCsi B OyXTalTEepHH.

5.  VYTuiMzanuio OpPrTeXHUKH 00s3aTeIbHO  JOJDKHA — OCYIIECTBIISTH
crenuanu3upoBaHHas pupma.

6. Tlonmywaercs cnenumanbHas opuLMaIbHON (HOPMBI, KOTOpas MOATBEPAUT
YCHEITHOCTh YHUUTOKEHHUS JIEKTPOHHOTO MyCOpa.

[locne odopmiieHns BceX HEOOXOAUMMBIX JOKYMEHTOB, KOMIIbIOTEpHAs
TEXHHMKA BBIBO3UTCS CO CKJIa/ia Ha nepepabdarpiBatolyto ¢padbpuky. Bee momyueHnHbie
B XoAe mepepabOTKH Marepuaibl BTOPUYHO MCHOJB3YIOTCS B Pa3IMYHBIX
HPOM3BOJICTBEHHBIX Tporieccax. [40]

6.3.2 AHaIM3 BIMSIHUS NPOLECCA UCCIEJOBAHUA HA OKPYKAIOILLYIO Cpexy

[Ipomecc wuccnemoBanusi mpeaAcTaBiIsieT U3 cebs padory ¢ uMHOpMaIUeH,
TaKOW KaK TEXHOJIOrM4eckas Jnureparypa, crarbd, ['OCTel M HOpMaTHBHO-
TEXHUUYECKas: JOKyMEHTAIlMs, a Takke pa3pad0oTKa MaTeMaTUYeCKOW MOJENH C
MOMOIIBIO PA3UYHBIX TMPOTPAMMHBIX KOMILIEKCOB. TakuM o0pa3om mporiecc
MCCJIeIOBAaHMS HE UMEET BIIMSAHUS HETATUBHBIX (PAKTOPOB HA OKPYKAIOIIYIO CPEIY.

6.4. be3onacHoOCTb B Ype3BbIYAIHBIX CUTYAUAX

6.4.1. Anaan3 BeposaTHbIX UC, KoTOpbIe MOKET HHUIMHUPOBATH 00BEKT
HCCIIe0OBaHUI U 000CHOBAHUE MEePONPUATHI 10 npeaoTBpameHuio UC

Cornacno I'OCT P 22.0.02-94 YC - 310 HapylleHHEe HOPMaJbHBIX YCIOBHI
KU3HA W JIEATCILHOCTH JIIOJICH HAa OOBEKTE WJIM ONPEJCICHHOW TEPPUTOPHUH
(axkBaTOpHMHU), BBI3BAHHOE aBapuel, KaTacTpooil, CTUXUHUHBIM WUJIN SKOJIOTHYECKUM

OeAcTBUEM, JSNOUAEMUEH, 3MU300THEH (0O0JIE3Hb IKUBOTHBIX), ANUDUTOTHEH

71



(mopaxeHue pacTeHuil), MPUMEHEHUEM BO3MOKHBIM MPOTUBHUKOM COBPEMEHHBIX
CPEACTB MOPAXKEHUA W TMPHUBEIIICE WIM MOTYIIEE MNPUBECTH K JIOACKUM WU
MaTepUaJIbHBIM ITOTEPSM .

C TOUKM 3peHUs BBIMOJIHEHUS TPOECKTA XapaKTepHbI cieayronme Buasl YC:

1. Tloxapsbl, B3pBIBHI;

2. BHe3zamnHoe o0pylieHue 31aHuN, COOPYKEHUI;

3. T'eodusuueckue onacHble SIBICHUS (3EMIICTPSICEHUSA);

4.  MeTeoposIorTHYECKHE U arpOMETEOPOJIOTMYECKUE ONTACHBIC SIBICHUS;
Tak kak OOBEKT HCCIEIOBAHUM TMPEACTaBISICT W3 ce0s MaTeMaTHYECKYIO

MOJI€Jb, PAOOTAIOIINI B TPOrPaMMHOM TIPUIIOKEHUH, TO Haubosee BeposTHor UC
B JAHHOM CJlyda€ MOXHO Ha3BaThb MOXap B ayJIUTOPUU C CEPBEPHBIM
obopynoBanueM. B  cepBepHON KOMHATe€ NPHUMEHSETCS  JOPOTOCTOSAIIEE
o0opy/I0BaHUE, HE TOPIOYUE U HE BBIJCIAIONINE JTbIM KaOenu. Takum 00pazom,
BO3HHKHOBEHHE MOXKAPOB MPOUCXOIUT U3-3a UEJI0BEUECKOoro (hakTopa, B YaCTHOCTH,
ATO HECOOJII0JIeHHe TpaBWil MoxapHou Oe3zomacHocTu. K mpumepy, 3ambikaHue
AIEKTPONPOBOJKH - B OOJIBIIMHCTBE CIIy4aeB TOXKE YeJlOBEUeCKUil (akTop.
CobunroieHrie COBpeMEHHBIX HOPM MOXKapHOM 0€30MaCHOCTH TTO3BOJISIET UCKITIOYHTh
BO3HMKHOBEHHE M0Kapa B CEPBEPHOI KOMHATE.

e Cornacuo CII 5.13130.2009 mnpenen OrHECTOMKOCTH CEpPBEPHOMU
JOJDKEH OBITh CICNYIOIIMM: Ieperopogku - He MeHee EI 45, cTeHsl u
nepekpbiTus - He MmeHee REI 45. T.e. B ycnoBusax nmoxapa noMemeHue 10IKHO
OCTaBaTbCsSl TEPMETHUYHBIM B T€UeHUE 45 MUHYT, NPEMSATCTBYS JajlbHEUIIEMY
pacnpoOCTPaHEHUIO OTHSL.

e [lomemienue cepBepHOM AODKHO OBITH OTACIBHBIM ITOMEIICHHEM,
(GYHKITMOHAIBPHO HE COBMEIIEHHBIM C IPYyrUMH nomenieHusiMu. K npumepy, He
JOIyCKAETCA B IIOMEIICHUHA CEPBEPHOM OPraHW30BbIBATH MMHU-CKJIA]
000pyIOBaHUS WM KaHIEISIPCKUX TOBAPOB.

e [lpu pa3paboTke NPOEKTa CEPBEPHON HEOOXOAUMO Y4YeCThb, YTO

aBToMarthueckas yctaHoBka mnoxkaporymeHuss (AVYIIT) pnomkHa ObITH
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o0OecrieyeHa J3JIEKTpONUTaHMEM 1O nepBoil kareropun (m. 15.1 CII

5.13130.2009).

e Cormacmo CII  5.13130.2009 B cucremMax  BO31YXOBOJOB
0011€00MEHHON BEHTWIISALIMH, BO3YIIHOTO OTOIIEHUS M KOHIULMOHUPOBAHMUS
BO3/lyXa  3alMIIAEMbIX  IIOMEIIEHWH  CleayeT  NpeaycMaTpUBaTh
ABTOMAaTUYECKH 3aKpbIBAIOIIMECS MpU OOHApPYKEHHH MOXKapa BO3AYIIHbIE
3aTBOPHI (3aCIIOHKU WM MPOTUBOMNOKAPHBIE KJlalaHbl).

6.4.2. Anamm3 BepossiTHbIX YC, KoTOpbIe MOIYT BO3HHKHYTH INpH
NMPOBeIeHUH HCCIeJOBAHU I " o00ocHOBaHHUe MepONnpUATHH 1o
npeaorspamernuto YC

[Ipu mpoBenenun wuccienoBanuii HauOonee BeposatHod YUC sBasercs
BO3HUKHOBeHUE moxkapa B nomeuiennn 130, 8 xopmyca TIIY. Iloxkapnas
0e30MacHOCTh JOJKHA 00eCreunBaThCcsl CUCTEMaMU MPEAOTBpALEHUs MoXKapa U
OPOTUBOMOKAPHON 3alUThl, B TOM YHCJIE€ OPraHU3alNOHHO-TEXHUYECKUMU
MEPONPUITUIMH.

OCHOBHBIE HICTOYHUKHN BO3ZHUKHOBEHUS MOXkKapa:

1. HepaboTtocmocoOHOE 371eKTpOo0OOpyA0BaHUE, HEUCIIPABHOCTH B MPOBOJIKE,
po3eTKax M BhIKIIOYATENsAX. J[JIsI MCKIIOUEHHS] BO3ZHMKHOBEHHS MOXapa MO 3TUM
NpUYMHAM HEOOXOJAMMO BOBpPEMS BBISBISTH M YCTpPaHSATh HEMONAAKH, a TaKxKe
POBOAUTH MJIAHOBBII OCMOTP JIEKTPOOOOPYAOBAHHS.

2. Dnexktpudeckue npudopsl ¢ nedexramu. [Ipodunakruka moxapa BKIIOYAET
B ce0sl CBOCBPEMEHHBINM U Ka4eCTBEHHBIH PEMOHT 3JICKTPOIIPHUOOPOB.

3. Ileperpy3ka B »snektposHeprerudeckor cucreme (O3C) U KOpPOTKOE
3aMBIKaHHUE B 3JIEKTPOYCTAHOBKE.

[Tox mosxapHOW TPOPUIAKTHKON MOHUMACTCS OOYYCHHE IMOXKAPHOW TECXHHUKE
0€30MacHOCTH ¥ KOMIUJIEKC MEpPONpUATHN, HANpaBICHHBIX Ha MpEAyNpekIcHHE
II0KapoB.

[ToxapHas 6e30macHOCTh 00ECTIEYNBACTCS KOMIUIEKCOM MEPOTPHUSTHIA:

73



e o0yyeHue, B T.4. paclpOCTPAHEHHE 3HAHHK O MOKapoOE30MaCHOM
noBeJicHUH (0 HEOOXOJUMOCTH YCTAaHOBKM JIOMAIllHUX HWHJUKATOPOB
3a/IbIMJICHHOCTU Y XPAaHEHMS 3a)KUTAJIOK U CIUYEK B MECTaX, HEJOCTYITHBIX
TETIM);

®  TIOXXApHBIU HaJ30D, npeaycMaTpUBaIOIIN T pa3paboTKy
rOCYJapCTBEHHBIX HOPM IMOXKapHON 0€30MacHOCTH M CTPOUTEIBHBIX HOPM, a
TaK)Ke MPOBEPKY UX BHITIOJHEHUS,

e  obOecneyeHre 00OpyIOBAHUEM U TEXHUYECKUE pa3pabOTKu (yCTaHOBKA
NEPEHOCHBIX OTHETYIIUTEIE W W3rOTOBJIEHUE 3a)XKUTAJIOK O€30MacHOro
MOJIb30BaHUS ).

B cootrBerctBun ¢ TP «O TpeGoBaHusX mMoxapHOW O€30MACHOCTHY ISt
aIMUHUCTPATUBHOTO KUJIOTO 3JaHusi TpeOyeTcs YCTPOMCTBO BHYTPEHHETO
IIPOTUBOTIOKAPHOTO BOJIOMIPOBOIA.

Cornacio ®3-123, HIIb 104-03 «IIpoexTupoBaHHWE CHUCTEM OIOBEIICHUS
JIOJIEN O MOXKape B 3JaHUSIX U COOPYKEHUSX» IS OOBEUIEHNS O BO3SHUKHOBEHUHU
no’kapa B KaXJIOM TMOMEIIEHUH JTOJKHBI ObITh YCTAHOBJIEHBI JIBIMOBBIE OITHKO-
ANIEKTPOHHBIE ABTOHOMHBIE IOXApHbIE M3BEIATENM, a OIOBEIICHHE O MOXKape
JOJKHO OCYHIECTBIIATHCS TOJAaueil 3BYKOBBIX M CBETOBBIX CHUTHAJIOB BO BCE
MOMEIIEHUS C TIOCTOSTHHBIM UM BPEMEHHBIM MPEObIBAHUEM JTFO/ICH.

Ayautopust 130, 8 xopmyca TIIY ocHamieHa TNEpBUYHBIMH CpPEICTBAMU
noxapotyiieHus: oruerymurensiMu OY-3 1mr., OI1-3, lmr. (mpeaHa3HaueHbl s
TYIIEHUS JTIOOBIX MAaTEPHUAIIOB, IPEAMETOB U BEILIECTB, TPUMEHSAETCS JIJIs1 TYLICHUS

IIK u oprrexHuku, kiacc noxapos A, E.).

Tabnmuma 6.8 — Tumbl WCHONB3YEMBIX OTHETYIIUTENEH TpU TOXKape B
QJICKTPOYCTAaHOBKAX
Hanpsxkenne, kB Tun ornerymuTens (Mapka)
o 1,0 nopouikosblii (cepuu OIT)
o 10,0 YrIeKUCIOTHBIH (cepun OY)
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Cormacno HIIb 105-03 nomemnienue, npeqHa3Had4eHHOE 111 IPOEKTUPOBAHUS 1
MCMOJIb30BAaHUS PE3YJIbTaTOB IPOEKTA, OTHOCHUTCS K TUIly [1-2a.

Tabnuua 6.9. Kareropuu nomenieHuii no no>kapHoil 0rnacHOCTH

Kateropust nomemenus XapaxkTepucTUKa BEIIECTB U MAaTEpUAJIOB,
HAXOAIIMXCS (00panaronuxcsi) B TOMEIEHUN

30HBI, PaCIOJIOKEHHBIE B TMOMEHICHUSIX, B KOTOPBIX
oOpalmiaroTcss  TBEpIble TOpIOYME  BELIECTBA B
I1-2a KOJIMYECTBE, TMIPU KOTOPOM yJeJbHas IMOXKapHas
Harpy3ka COCTaBsieT He MeHee | Merajpkoyis Ha

KBaJpaTHBIM METP.

B kopniyce 8 TITY umeercs noxapHasi aBTOMaTuKa, CUTHaJIn3anusa. B ciydae
BO3HUKHOBEHHUS 3aropaHusi HEOOXOIMMO OOECTOUUTh 3IIEKTPOOOOpYyI0BaHUE,
OTKJIFOYUTh CUCTEMY BEHTHJIALINH, TPUHATH MEPHI TYIICHH (Ha HA4aJIbHOM CTaI1N)
1 00eCceunTh CPOYHYIO IBAKYAIMIO CTYACHTOB U COTPYJIHUKOB B COOTBETCTBHUE C

IIJIAHOM 32BaKyalluu.
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3AKJIFOYEHUE
B nanHOi1 paboTe ObUIM MONTYYEHBI CAEAYIOIINE PE3YIIbTATHI:

1. KoppektupoBka MOHATUSA 3HEPro3(PPEKTUBHOCTH MHUKPOKIMMATA TEIIMYHOIO
KOMIUIEKCA JJisi BBIpPAIIMBAaHUS BHUKTOPUU. Hamu OBUIM TOTydYeHBI OCHOBHBIC
nmapaMeTpbl, KOTOpbIE€ OKa3bIBAalOT HAWOONbIIee BIUSHUE HA MHUKPOKIMMAT
TEIJIMYHOTO KOMILIEKca, a UMeHHO: Temmeparypa (T), BnaxHocts (M), conepxanue
yriekuciioro rasa (Q);

2. bouna pa3zpaborana 6a3za mpaBws JJIE MUKPOKOHTpoJuiepa Ha 0a3e HEYeTKOM
JOTUKU ISl PETYIHUPOBAHHUS TEMIEpaTypbl, BIAKHOCTH U TPOBETPUBAHUS,
OCOOCHHOCTBIO KOTOpOW SIBISIETCS BO3MOXKHOCTH  YIPABICHHS MapaMeTpamu
MHUKPOKIIUMaTa ¢ MAKCUMaJIbHOU YHEProd()PEeKTUBHOCTIO;

3. CozmaHa WMHTAlMOHHAsS MOJENb MHUKPOKJIMMATa TETUIMYHOTO KOMIUICKCa,
KOTOpast TO3BOJISIET YIPABIISATH CHCTEMOW OTOIUICHUS U TPOBETPUBAHUS, BIAKHOCTH
U COJIEP’KaHUs YTIEKUCIOTO ra3a, KOTOPhIE BIUSIOT Ha YPOXKaMHOCTh, BEIOpAaHHOM
CEJIbCKOXO3IMCTBEHHOM KYJIbTYpPbI (BUKTOPUS);

4. Pa3paboTaHbl MPaKTUYECKHE PEKOMEHJAIMM OCHOBHBIX MapaMeTpoB
MUKpPOKJIMMATa [JIi CEJIbCKOXO3SUCTBEHHOW KYJNbTYphl (BUKTOPHH), KOTOpHIE
BJIMSIIO Ha YpOXKaWHOCTH, JIMCTOOOpa30BaHUE, IIBETOHOCHOCTh M 3a00J7€BaEMOCTh
pacteHus. PacxokneHuss MexAy MNPaKTUUYECKUMHU JaHHBIMU U TEOPETUYECKUMU

BBIKJIaJIKAMU COCTaBWJIH, B CpeHEM 15% B MEHBIIIYIO CTOPOHY.
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IIpunoxenue A
ba3a npaBu/ HeYeTKOro peryJasiropa napaMeTpoB MUKPOKJIUMATA

TEXHOJOINHIECKOro mpoiecca

1. If (T is n) and (Tout is z) then (HeatValve is open);
If (T is sn) and (Tout is z) then (HeatValve is open);
If (T is z) and (Tout is z) then (HeatValve is open);
If (T is sp) and (Tout is z) then (HeatValve is stop);
If (T is p) and (Tout is z) then (HeatValve is close);

If (T is bp) and (Tout is z) then (HeatValve is close);

N o o &~ D

If (M is n) and (Tout is z) then (VaporValve is open);

8. If (M is sn) and (Tout is z) then (VaporValve is stop);

9. If (M is z) and (Tout is z) then (VaporValve is close);

10.1f (M is sp) and (Tout is z) then (VaporValve is close);

11.1f (Q is bn) and (Tout is z) and (Qout is z) then (AirValve is close);
12.1f (Q is bn) and (Tout is z) and (Qout is p) then (AirValve is close);
13.1f (Q is n) and (Tout is z) and (Qout is z) then (AirValve is stop);
14.1f (Q is n) and (Tout is z) and (Qout is p) then (AirValve is close);
15.1f (Q is sn) and (Tout is z) and (Qout is z) then (AirValve is open);
16.1f (Q is sn) and (Tout is z) and (Qout is p) then (AirValve is stop);
17.1f (Q is z) and (Tout is z) and (Qout is z) then (AirValve is open);
18.1f (Q is z) and (Tout is z) and (Qout is p) then (AirValve is open);
19.1f (Q is sp) and (Tout is z) and (Qout is z) then (AirValve is open);
20.1f (Q is sp) and (Tout is z) and (Qout is p) then (AirValve is open);
21.1f (Q is p) and (Tout is z) and (Qout is z) then (AirValve is open);
22.1f (Q is p) and (Tout is z) and (Qout is p) then (AirValve is open);
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23.1T (Q is bp) and (Tout is z) and (Qout is z) then (AirValve is open);
24.1F (Q is bp) and (Tout is z) and (Qout is p) then (AirValve is open);

25.1F (Q is bbp) and (Tout is z) and (Qout is z) then (AirValve is open);
26.1T (Q is bbp) and (Tout is z) and (Qout is p) then (AirValve is open);

27.1F (T is n) and (Tout is n) then (HeatValve is open);

28.1f (T is sn) and (Tout is n) then (HeatValve is open);

29.1f (T is z) and (Tout is n) then (HeatValve is stop);

30.1f (T is sp) and (Tout is n) then (HeatValve is close);

31.1f (T is p) and (Tout is n) then (HeatValve is close);

32.1f (T is bp) and (Tout is n) then (HeatValve is close);

33.1f (M is n) and (Tout is n) then (VVaporValve is open);

34.1f (M is sn) and (Tout is n) then (VaporValve is open);

35.1f (M is z) and (Tout is n) then (VaporValve is stop);

36.1f (M is sp) and (Tout is n) then (VaporValve is close);

37.1f (Q is bn) and (Tout is n) and (Qout is z) then (AirValve is close);
38.1f (Q is bn) and (Tout is n) and (Qout is p) then (AirValve is close);
39.1f (Q is n) and (Tout is n) and (Qout is z) then (AirValve is close);
40.1f (Q is n) and (Tout is n) and (Qout is p) then (AirValve is close);
41.1f (Q is sn) and (Tout is n) and (Qout is z) then (AirValve is close);
42.1f (Q is sn) and (Tout is n) and (Qout is p) then (AirValve is close);
43.1f (Q is z) and (Tout is n) and (Qout is z) then (AirValve is stop);
44.1f (Q is z) and (Tout is n) and (Qout is p) then (AirValve is close);
45.1f (Q is sp) and (Tout is n) and (Qout is z) then (AirValve is open);
46.1f (Q is sp) and (Tout is n) and (Qout is p) then (AirValve is stop);
47.1f (Q is p) and (Tout is n) and (Qout is z) then (AirValve is open);
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48.1f (Q is p) and (Tout is n) and (Qout is p) then (AirValve is open);
49.1f (Q is bp) and (Tout is n) and (Qout is z) then (AirValve is open);
50.1f (Q is bp) and (Tout is n) and (Qout is p) then (AirValve is open);
51.1f (Q is bbp) and (Tout is n) and (Qout is z) then (AirValve is open);
52.1f (Q is bbp) and (Tout is n) and (Qout is p) then (AirValve is open);
53.1f (T is n) and (Tout is bn) then (HeatValve is open);

54.1f (T is sn) and (Tout is bn) then (HeatValve is stop);

55.1f (T is z) and (Tout is bn) then (HeatValve is close);
56.1f (T is sp) and (Tout is bn) then (HeatValve is close);

57.1f (T is p) and (Tout is bn) then (HeatValve is close);
58.1f (T is bp) and (Tout is bn) then (HeatValve is close);
59.1f (M is n) and (Tout is bn) then (VaporValve is open);
60.1f (M is sn) and (Tout is bn) then (VaporValve is open);
61.1f (M is z) and (Tout is bn) then (VaporValve is stop);
62.1f (M is sp) and (Tout is bn) then (VaporValve is close);

63.1F (Q is bn) and (Tout is bn) and (Qout is z) then (AirValve is close);
64.1f (Q is bn) and (Tout is bn) and (Qout is p) then (AirValve is close);

65.1f (Q is n) and (Tout is bn) and (Qout is z) then (AirValve is close);
66.1f (Q is n) and (Tout is bn) and (Qout is p) then( AirValve is close);
67.1f (Q is sn) and (Tout is bn) and (Qout is z) then (AirValve is close);
68.1f (Q is sn) and (Tout is bn) and (Qout is p) then (AirValve is close);
69.1f (Q is z) and (Tout is bn) and (Qout is z) then (AirValve is close);
70.1f (Q is z) and (Tout is bn) and (Qout is p) then (AirValve is close);
71.1f (Q is sp) and (Tout is bn) and (Qout is z) then (AirValve is close);
72.1f (Q is sp) and (Tout is bn) and (Qout is p) then (AirValve is close);
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73.1f (Q is p) and (Tout is bn) and (Qout is z) then (AirValve is stop);
74.1f (Q is p) and (Tout is bn) and (Qout is p) then (AirValve is close);
75.1f (Q is bp) and (Tout is bn) and (Qout is z) then (AirValve is close);
76.1f (Q is bp) and (Tout is bn) and (Qout is p) then (AirValve is stop);
77.1F (Q is bbp) and (Tout is bn) and (Qout is z) then (AirValve is close);

78.1f (Q is bbp) and (Tout is bn) and (Qout is p) then (AirValve is close).
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IIpuioxenue b

Section of the master's thesis in a foreign language

CryneHr:
I'pynna DPUO oanucn Jara
5I'M72 3mueBa Kcenust AuapeeBHa
Koncynprant UIIID 025!
Jlo/zkHOCTH DdUO Yuenasi cTeneHb, Hoanucn Jara
3BaHHe
Houent Canmgu Caun K.T.H
Koncynprant — nmuarsuct ULID UADU:
Jlo/zkHOCTH DdUO Yuenasi cTeneHb, Hoanucn Jara
3BaHHe
Toxmamies Jlenuc
JlotieHT K.Q.H

Muxaiinosuy
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INTRODUCTION

A modern greenhouse is a very complex technological object. The main task
that is solved in a greenhouse complex is the optimal maintenance of the
microclimate (lighting, watering, maintaining the optimum temperature). It can only
be solved at the level of modern technologies, including computer control. In order
to get the maximum yield in a greenhouse complex, the temporary mode of ripening
of agricultural crops (agricultural) plays an important role - it is possible to achieve
it with the help of intensive methods of growing plants. A greenhouse complex
consists of an array of sensors, actuators and of a central control device.

One of the important aspects of greenhouse management is the economical
use of energy. Due to the large area of translucent surfaces in the greenhouse
complexes, the significant heat losses occur, which require a certain amount of fuel
in the heating system to compensate.

To achieve maximum vyield with minimum energy consumption in a
greenhouse complex, an automated microclimate control system is used, it allows
increasing crop yields while maintaining energy resources.

In general, new technologies and the increasing automation of processes in a
greenhouse make work more comfortable, reduce labor costs, attract young qualified
specialists to this area of agriculture. Today it is impossible to imagine a modern
economical greenhouse without a powerful, fast-acting, reliable management

system.
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1. THE DEVELOPMENT OF GREENHOUSE COMPLEXES
1.1 Greenhouse complexes. The history of development
A greenhouse complex was mentioned for the first time during the period of
the Roman Empire. The Roman emperor Tiberius liked cucumbers very much and
ate them every day. The Roman gardeners developed their own system of the all-
year cucumber growth in order to have fresh vegetables for the emperor’s table every
day (Figure 1.1). The cucumbers were planted in the soil which was placed in the
carts. These carts were installed under the sun every morning, and then, in the
evening, they were taken away in a warm room in order to save the warm during the

night.

Figure 1.1 — The Roman greenhouse complexes

In the 13" Century, the greenhouse complexes were built in Italy for the exotic
plants which were brought by the researchers from the tropics. The idea of a
“Botanic garden” goes back to those complexes.

The ‘“Active” greenhouses, in which it was possible to regulate the
temperature, appeared later. They were originally mentioned in 1450. The Koreans
developed a greenhouse, the description of which contains the possibility to regulate
the temperature and humidity for different plants and crops. Due to the records of
the Choson Dynasty we can see the description of Mandarin trees growing during
the winter season in a Korean traditional greenhouse with a system of heating [2].

The predecessors of the modern greenhouses also appeared in Holland and

then in Britain in the 17" Century. Such greenhouses demanded too many efforts for
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the preparation of its construction for a night or for a winter season. There were
many problems with the well-balanced climate and necessary temperature. Today
the biggest greenhouses of the world are situated in Holland, some of them are so
big that are able to produce millions of vegetables and flowers every year.

The French people called their first greenhouses the “Orangery”, as they were
created for the protection of orange trees from the frost. The French botanist Charles
L. Bonaparte is considered to be the first who built practically modern orangery in
Leiden. The experiments with a greenhouse design continued until the end of the
17" Century. The greenhouse-orangery in the Palace of Versailles was so huge in
comparison to others. Its length was 150 meters, and its width and height were 13
and 14 meters, respectively. In Japan the first greenhouse appeared in 1880. It was
built by a British salesman who exported herbs.

The numerous greenhouses began to occur since 1960, when the plastic
sheeting became available. Such greenhouses were created with the help of
aluminium and zinked steel sections or even just with PVC pipes because their cost
was not too expensive. It caused the fact that people began to build greenhouses on
small farms and gardens. The plastic sheeting’s strength was increasing during the
time, and in 1970 it was added by the UV protection that suddenly extended its
lifetime from 1 to 5 years.

Since the 1980s the modern greenhouses, fitted with heating, additional
lightning and systems of necessary microclimate, occured. The number of cover’s
types also expanded. Besides the plastic sheeting it is also popular to use such
materials as glass and alveolated polycarbonates.

The modern greenhouses and greenhouse complexes are characterized by the
variety of constructions, engineering systems, planting technologies, energy sources
and etc.

The active regulations regard the main particularities of the greenhouses and

the technologies of their use [link].
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Greenhouses and greenhouse complexes are grouped by the purpose of use
(vegetal, seedling, vegetal-seedling); by the duration of use (all-year, spring-
summer-autumn season); by the planning (single-span, double-span); by their sizes
and squares [5].

The purpose of use means the industrial greenhouses (the main purpose of
use): it is the industrial greenhouses of different sizes (mostly of 3 ha and more) for
mass planting of vegetables, flowers and etc., and also the block of farm greenhouses
with an area of 0,25 - 2,0 ha. Moreover, the last ones can be situated on the active
industrial areas of the large enterprises.

The most popular greenhouses are the greenhouses of the 4" generation
(“Venlo” type). During the last 15-20 years such greenhouses are still being built in

the countries of Eastern Europe (Figure 1.2).

Figure 1.2 — The «Venlo» greenhouse

The modern greenhouses of the 4™ generation of the “Venlo” type are the
greenhouses with the height up to 8 meters, well-pressurized, with the high level of
automation, which allow realizing the leading technologies of vegetable planting.
Due to the integration of such greenhouses it became possible to increase the crop
yield of vegetables, at the same time the technologies of photoculture even doubled

the vegetal output from one square meter. However, these cost-effective
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greenhouses also have some important disadvantages, which do not allow getting
the full crop biologically encumbered in the hybrids [3].

One of the main disadvantages is the fact that a greenhouse cannot maintain
the ideal microclimate during the different seasons of a year. First of all we can see
it in spring, and we can see it even earlier if we use the technologies of photoculture.
In this time the overheat of a greenhouse can be seen, so in order to maintain the
necessary microclimate it is important to open the air vents and this fact in its turn
leads to the overconsumption of thermal energy. Moreover, it is essential that the
plants are stressed by the “temperature shock” because of the cold air going down,
and this leads to the reduction of yields.

So in this case we can see that a negative multiplicative effect is obtained: it
Is impossible not to open the vents because of the “steaming” of plants, and at the
same time while opening them, the top of the plant is damaged and the heating costs
increase. In the summer period of growing vegetables, the 4™ -generation greenhouse
Is incapable of maintaining the desired microclimate, as there are no resources to
reduce the temperature [3].

The 5"-generation greenhouse, the so-called “half-closed greenhouse”,
created by using the Ultra Clima technology, retains all the advantages of “Venlo”
type greenhouses, but in many respects surpasses it in a number of parameters:

1. A greenhouse maintains the ideal microclimate at any time of the year.

In winter or spring, while overheating, as well as in the simple greenhouses,
the vents are opened slightly, although the number of them is 90% less than in
conventional greenhouses and they serve only to relieve a slight overpressure under
which the Ultra Clima greenhouse is located. At the same time, the air always comes
out of the greenhouse, and here the temperature shock is fundamentally not possible,
and since the amount of vents is small, it leads to the lower heat losses, respectively.

In summer, the greenhouse is able to cool itself. Along the entire length it is
supplied with adiabatic panels, to which water flows. The water, evaporating, takes

a part of the energy, so the chilled air enters the greenhouse. The practical use of
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such a cooling system in a greenhouse in the city of Dankov, Lipetsk region, showed
that it is possible to reduce the temperature in the greenhouse to 10 ° C, which, in its
turn, leads to a beneficial effect on plants and no yield loss occurs [link].

2. A greenhouse saves heating costs. This happens due to the recycling of
thermal energy. In a conventional greenhouse, warm air from the heating pipes rises
upwards and through the glazing of the roof of the greenhouse comes out, and the
greater the difference in temperature between the outside and the inside air, the
higher the transpiration intensity. Naturally, in winter, we can see the maximum heat
consumption. In the Ultra Clima greenhouses, the warm air which rises up is picked
up by the fans and then supplied to the heating again through the plastic sleeves
located under each bed. This effect is especially enhanced while using the
photoculture technology. The heat from the lamps, which represents about 90% of
the lamp power, is irrevocably evaporated in a simple greenhouse, and in the Ultra
Clima greenhouse it is almost completely used for heating.

3. A greenhouse at any period of time can maintain an optimal level of CO..
It is known that during the period when the air vents should be opened, it is
impossible to maintain the CO, level required for the technology in a simple
greenhouse. It always strives for a natural background noise outside, which is about
400 ppm. Such level of CO; is not enough for the high-grade photosynthesis, which
leads to yield loss. In the Ultra Clima greenhouse, due to its “half-closeness”, it is
much more possible to maintain the necessary concentration of CO,, and this fact
has a beneficial effect on the yield [3].

1. The greenhouse is protected from pest infestation. One of the distinctive
features of the Ultra Clima greenhouse is the presence of excess pressure inside.
While opening the vents and the entrance gate, insects cannot overcome the force of
excess pressure and do not penetrate into the greenhouse.

2. In the Ultra Clima greenhouse (Figure 1.3) there is no stagnation of air, and
this fact prevents the development of diseases due to the film sleeves located under

each bed [3].
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Figure 1.3— The “Ultra Clima” greenhouse

The main task of a greenhouse is to create conditions for the effective
functioning of plants. This goal is achieved by various architectural and planning
solutions.

According to the section of a greenhouse we can divide them into separate-
standing (shelters, tunnels and hangar), and into greenhouses that are formed
(combined) into blocks.

Depending on the design (solution) of a greenhouse, the issues of ventilation
in the roof and in the side walls are solved. For greenhouses of the 5™ generation it
is provided a special ventilation chamber, located along the spans of greenhouses.
The additional fan systems take air from the greenhouse, bring it to the required
quality (including cooling with the use of so-called “wet screens”) and return it to
the unit with plants. At the same time, the size of the “air vent” ventilation is
significantly smaller than that of the “Venlo” type greenhouses.

While choosing the type of a greenhouse, it is necessary to take into account
the climatic conditions of the region, the period of crop production, the light zone of
the region (Tomsk 111 light zone) [link].
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1.2. The main parameters controlled in the greenhouse (automated), their
requirements

The next necessary factor is the ability to provide conditions in the greenhouse
for the effective cultivation of crops. This concerns both the choice of the
construction in terms of height, the type of its ventilation, the thermal conductivity
of the coating, and, if it is possible, the placement of the necessary set of
technological equipment. The modern low-volume methods of growing vegetables
suggest a sufficient for the formation of the height of the suspension (crop support),
an effective climate control system for the greenhouse with appropriate actuators, a
heating system with the separation of heating circuits [4].

In a modern greenhouse, the complex equipment for irrigation, CO2
fertilization, screening and electro-reflection is installed [link]. Each of the listed
elements increases not only the potential for output of a greenhouse, but also
increases its cost per square meter. At a certain stage, if we assume that the potential
yield is limited by the capacity of a variety or hybrid, the type of a greenhouse, the
installation of expensive equipment will not always give a high economic effect.

Thus, the choice of a greenhouse design and of a set of its technological
equipment is found in a direct proportion to the economic feasibility of its
installation.

The automatic system is a software and hardware complex for reliable
measurement of the state of climate in a greenhouse, the state of the environment
and the calculation on this basis of control actions on the actuators of engineering
and technological equipment of the greenhouse [4].

The automated control system adjusts operating parameters:

* “air vent” ventilation systems;

* air recirculation systems;

* curtain systems;

e drip irrigation systems;

* CO; plant feeding systems;
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« artificial seedling lighting systems;

* greenhouse heating system.

1) The greenhouse ventilation is considered to be the natural one due to the
opening small vents in the roof (Figure 1.4). Air vents are opened and closed by a
rail system. The opening mechanism of the vents is a system of shafts and toothed
racks, which, while interacting with each other, actuate a pusher element that lifts
the vents. The rods are driven by gear motors. The geared motors are equipped with

safety switches and adjustable limit switches.
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Figure 1.4 — “Air vent” ventilation system
The air recirculation system in a greenhouse is designed to mix it artificially in
order to distribute temperature fields in the structure more evenly, to reduce plant
overheating, to activate physiological processes in plants, to eliminate areas with
high humidity especially during periods when natural ventilation through the vents
Is impossible or ineffective. The package includes axial fans, electrical equipment,
fan control units. The fan operation is carried out in automatic mode. The image of

the axial fan of the air recirculation system is shown in Figure 1.7 [5].
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Figure 1.5 — The axial fan

The recirculation is provided by fans controlled by the temperature difference
at the control points which, in their turn, are controlled by temperature sensors.

In this case, the control system performs the following functions:

* regulation of temperature and humidity of the supplied air

» regulating effect is transmitted to the valves of the heat and coolant, the
outside air mixing valves through the signals to the electric actuators,

* regulation of overpressure inside the greenhouse by changing the position of
the vents,

» control of air distribution through on / off function and changing the speed
of rotation of the fans.

2) Curtain Shading System

The main and important factor that controls the growth, development and
fruiting of plants is the temperature regime. Temperature determines the intensity of
such processes as photosynthesis, respiration, transpiration, substance transfer,
growth and fruiting.

The optimum temperature for photosynthesis in vegetable crops ranges from
20 ° C to 24 ° C. Extremely high temperatures adversely affect the processes of

growth, development, pollination and fruit formation.
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The system of heat-shielding and reflective curtain screen is specially
designed for maximum energy saving in the cold period and at night, as well as for
creating of shading in greenhouses with intense solar radiation in the spring-summer

period of the year (Figure 1.6) [link].
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Figure 1.6 — The Curtain Shading

The flexibility of the material allows the screen to be folded into packages of
such a size that it practically does not obscure the plants and does not prevent the
passage of light. In addition, the use of the screen reduces the likelihood of
condensation.

The design of the curling mechanism is made separately for each climatic zone
of the greenhouse block. The curtain screens are opened and closed as needed in
automatic mode by a signal from an automated climate control system or remotely
[6].

3) Drip irrigation system

The drip irrigation system provides the supply of the required amount of water
with the required set of batteries directly to the root zone of a plant, that in its turn
ensures the optimal nutrient and water-air regime of the greenhouse substrate,
increases the yield of vegetable crops, reduces the consumption of water and

fertilizers, reduces the incidence of plants and reduces their risk distribution.
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The usage of the drip irrigation system in the technological cycle of
production of vegetable and berry products allows planning optimally the watering
of plants during the day, depending on the phase of growth and development of

plants and the influence of external environmental factors (Figure 1.7) [5].
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Figure 1.7 — Complex drip irrigation lines

The drip irrigation system, the water supply system and the drainage
collection system are installed separately for each greenhouse in order to grow
vegetable crops. The reserve of water is provided in collapsible metal tanks. The
container is a cylindrical frame made of steel sheets galvanized on both sides of
corrugated sheets, where there is a heat insulating gasket and a black PVC liner [6].
From above the tank is covered with a coating of woven synthetic material that
provides free passage of air, but protects the water in the tank from exposure to light,
which helps prevent water blooming in the tank. The water supply to the tanks is
regulated by a valve with electromagnetic control.

The water treatment for drip irrigation is carried out through a filtration system
that provides the purification of water from suspended solids in it from 80—100 um
in size. Quartz sand is used as a filling component.

The assembly unit of preliminary mixing of fertilizers provides mixing and

dissolving of fertilizers in the tanks of the mortar unit, cleaning from insoluble
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fertilizer particles and impurities and pumping them into tanks for mother liquors. It
Is equipped with a control panel that provides control of the process of stirring and
pumping.

The dissolving of fertilizers is made in tanks in accordance with chemical
compatibility of fertilizers.

The nutrient solution is cleaned using a disc filter.

To ensure the equal irrigation and dosed supply of nutrient solution to plants,
the compensated labyrinth type droppers with a flow rate of 3.1 1 / h are used. The
dropper body is made of UV-resistant and impact-resistant polyamide, which
ensures long life of dropper services [7].

Polyethylene pipes are used as main pipelines for supplying solution towards
valve groups and from valve groups and to irrigation lines [6]. In valve groups, to
ensure automatic control of irrigation, valves with solenoid control are mounted.

4) CO; dosing system.

The low carbon dioxide holdup in the greenhouse air is a factor that limits the
yield. Under natural conditions, the concentration of carbon dioxide in the air is at a
level of 300-400 ppm or about 20 kg / ha CO; in a volume of air equal to the internal
volume of a greenhouse with an area of 1 ha. At the maximum levels of
photosynthetically active radiation (PAR), CO; consumption by plants during
photosynthesis may approach 50 kg ¢ h / ha, which corresponds to the necessary
constant concentration of carbon dioxide in the greenhouse air at a level of 600—
1000 ppm. The resulting deficit is only partially covered by the influx of atmospheric
air through the transom and not the density of enclosing structures, as well as by the
night breathing of plants. CO, deficiency is a more serious problem than the
deficiency of mineral nutrients - on average, the plant synthesizes 94% of dry matter
from water and carbon dioxide, the remaining 6% is obtained from mineral
fertilizers. Along with the mineral nutrition regime, temperature and humidity
regulation, CO, fertilizing plays a very important role in controlling the vegetative

and generative balance of the plant. The activity of photosynthesis increases the pool
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of assimilates and stimulates the development of plants in the generative direction.
At the same time, the greater amount of nutrients reach the root system, that is why
the growth of young roots increases, the absorption of mineral nutrition elements is
activated, the plant’s resistance to adverse environmental factors increases,
including increased air temperature (the optimum temperature of photosynthesis of
higher plants are shifted upwards by 1-4 °C depending on the crop, variety and light
level) [7].

The fertilizing with carbon dioxide is carried out during the entire period of
growing plants - from the occurrence of seedlings to the end of the growing season.
The increase in plant biomass by CO, fertilizing the yield of vegetable crops is
significantly increased by 15-40%, moreover the number and weight of fruits
increase, and their maturation accelerates by 5-8 days [7].

The increased concentration of CO; (index) partially compensates the lack of
illumination in winter and because of a decrease in the light transmission of the
greenhouse’s roof, and also contributes to a more efficient use of light in the early
morning. For example, the lack of solar radiation in winter, which often leads to the
loss of the first inflorescences in tomato, can be successfully compensated by
increasing the concentration of CO, up to 0.1%. Such a technological technique
increases the intensity of photosynthesis, contributes to a higher intensity of
assimilant development from leaves, thereby restoring fruit set [8].

The injection of the exhaust gases from the boiler house of an enterprise using
natural gas that does not contain phytotoxic impurities is taken as a source of carbon
dioxide supply. Top dressing is done by partially dried natural gas combustion
products. The gases (smoke) leaving the boiler are cleaned with a water scrubber
(condenser) and cooled with partial separation of the water condensate.

Centralized dosing of CO, from flue gases in the boiler room is carried out by
installation of CO; dosing. Installation is made on a frame mounted to the condenser.

The suction part of the installation is connected to the tee installed in the

chimney of the condenser by means of a flexible connection. Between the
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installation and the tee a controlled mixing valve is installed. In the course of CO;
dosing, the air inlet of this valve is closed, and all the air will be drawn from the

chimney and supplied to the greenhouse via distribution gas pipelines [8].

The gases come to the plants through perforated polymeric sleeves that leave
the distribution gas pipeline inside the greenhouse. Each compartment has 1
drainage pit with a submerged pump for collecting and draining condensate to storm
sewers. The set of equipment for the CO; dosing system also includes a CO, sensor
and a set of toxic gas sensors, a full-featured control system (climate computer).
While programming a climate computer (for opening a transom), it should be noted
that with systematic dressings, a higher temperature in the greenhouse is permissible.
To ensure an equal concentration of CO; in the air (over the greenhouse area) and to
improve the gas exchange of plants in high greenhouses, a group of special
circulation fans are used, and they create uniform circular air movement inside the
structure at a low speed of upto 1 m/s [8].

From the point of view of labor protection, the use of this technology is safe,
provided that the plant provides high-quality gases.

An additional economically valuable function of the feeding system is to increase
the efficiency of the boiler by 4-6% due to the use of the latent heat of the exhaust
flue gases.

5) Electro-lighting system (assimilation lighting)

Most of the vegetable and berry crops, depending on their physiological
characteristics, grow and effectively fruit when the light is 10-20 thousand lux. Such
a powerful stream is observed in sunny weather from March to August.

The weak intensity of natural illumination in the autumn - winter period does
not allow vegetable crops to grow in greenhouses without an additional source of
artificial lighting. The newest modern light culture technology is based on the
creation of all microclimate conditions using assimilation lighting lamps as the main

source of light [9].
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6) Automatic climate control system.

Modern technologies of growing vegetables require constant maintenance of
certain microclimate regimes in greenhouses. The automation of climate control
systems allows saving 15-25% of heat while increasing the yield of vegetable crops,
improving the working conditions of staff and increasing the overall production
culture. The use of a computerized system ensures high accuracy of support for the
required parameters of the microclimate, taking into account changes in external
meteorological conditions and agrotechnical tasks, by influencing the actuators and
equipment of the following technological systems and processes:

* collection of external meteorological parameters;

* management of the greenhouse heating system;

* “air vent” ventilation control;

» control of recirculation fans;

* management of carbon dioxide dosing systems, maintaining the level of
carbon dioxide concentration in the greenhouse volume;

* control and management of the assimilation lighting system,;

« control of horizontal curtain shading.

At the same time, all information of technological processes is displayed on a
computer monitor with the creation of archival databases, presented in a form
convenient for analysis [6].

Monitoring and control of all technological processes in greenhouses is
carried out on-line.

The use of an automated climate control system in greenhouses (Figure 1.8)
provides:

« increase the yield of vegetable crops;

« reduction of energy consumption;

* increasing the level of reliability and efficiency of the equipment;

* obtaining reliable and timely technological information;

* prompt response to signals of emergency and pre-emergency situations [10].
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Figure 1.8— The central microclimate control

The first chapter conclusion

The first chapter examined the historical aspects of a greenhouse production,
the progress of which does not stand still, the greenhouse structures are constantly
being improved. New materials and technologies are being introduced. Nowadays,
there is a huge variety of greenhouses. The greenhouses of the 4" Venlo and 5" Ultra
Clima generations that provide high yields with maximum energy savings are the
most favorite in the modern world. Such greenhouses are actively used by the best
agrotechnical companies in the country, for which the most important moment is the

result with the usage of minimal resources.
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