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OO0’eKT HMOCHIIKEHHSI — CHUCTeMa KEPYBaHHS BEPTHKAJIbHUM TEIUTMYHUM
KOMILJIEKCOM.

MeTton AochiKeHHS — METOJIM KOMIT IOTEPHOTO MOJETIOBAHHS CHCTEM
KEpyBaHHSA BEPTUKAJIbHOI (pepMH, B OCHOBI SIKMX JICKUTH JIOCHIP)KEHHS CUCTEM
MIKPOKJIIMATy TOPU30HTAIBHUX T BEPTUKAIBHUX KOMIUIEKCIB.

OcHoBHI pe3yibTaTH. PO3risiHyTO 0COOIMBOCTI BEPTUKAIBHOTO TETUIMYHOTO
KOMILJIEKCY, WOro BIAMIHHICTb BiJ] TOPU3OHTaIbHOTO. bynum moOymoBaHi OJIOK-
cxemMu pobotu peryiapoBanuMmu napamerpamMu B BTK. Po3ziOpanuii anroputm
poOOTH TaKMMU OKPEMUMH I[apaMeTpaMu SIK: TEMIIEpaTypolo, BOJIOTICTIO,
T1JIPOTIOHIKOI0, OCBITJICHHSAM 1 acuMuIAiieto. [IpoBOAUTBCS CUMYJIAIIS CUCTEMU
JUUISl TIOPIBHSIHHSI HEOOX1THUX MapaMeTpiB 3pOCTaHHS KYJbTYpH B pI3HUM mepion, 3
pizanmu nokasHukamMu B BTK. OTpumanH1 ekcriepuMeHTalnbH1 JaHHI MOKa3ylOTh

e(EeKTUBHICTh 3alpPONOHOBAHOI CUCTEMHU KEPYBaHHS.

TEIUIULS, TEIUIMYHUM KOMIUIEKC, TIJIPOIIOHIKA, CUCTEMA
KEPYBAHHSI, AEPOIIOHIKA, OIIEPATOP, ®EPMA, BEPTUKAJIbHA
®EPMA,  OCBITJIEHHS, BOJIOTICTh, CO,  MIKPOKJIIMAT,
PEI'VJIIOBAHHS], ABTOMATU3ALILS
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HNEPEJIIK CKOPOYEHD

BTK — BepTUKAIbHUN TETUIMYHUM KOMILIEKC
BOO3 — Bcecsitaa Opranizauist Oxoponu 310poB s
I'TK  — TOpU30OHTAIBHUN TETUIMYHUN KOMILIEKC

EC —  CJICKTPOIPOBIIHICTD

MK —  MIKPOKOHTPOJIEP

IK — TEPCOHAIBHUN KOMITHOTEP

CK — CHCTeMa KepyBaHHs

TK —  TEIUIMYHUN KOMIUJIEKC

®AP — ¢doTocuHTEeTHYHA aKTUBHA pajliallisa



BCTYII

Kinbka AecsaTkiB pOKIB TOMY TEIUTUII TMPEACTABISIN COOO0I0 KOMIIAKTHI
3aCKJIeHl, a00 OOTATHYTI ILIIBKOIO CIOPYAU Oe3 Oylb-SKMX TEXHIYHUX O3HaK.
CporojiHi — 1€ Cy4yacHI TEIIMYHI KOMIUIEKCH 3 PEeryJibOBaHUM OCBITIIEHHSAM 1
MIKpOKJIIMATOM, OOJaJHAaHHSAM, IO JI03BOJISIE BHUPOIIYBAaTH MPAKTHYHO OYIb-SKi
KyJapTypu Kpyriui pik. KonkypeHiis 1 Oa)kaHHs OTpUMaTH OLIbIIUN BpOXKai 3
HAaMEHIITUMU BUTpPATaMH, TOCTIMHO pyXarTh HAYKy BIIEpEl, Paayloud arpapis
HOBUMH po3poOkamu. OZHUMHU 3 SKMX € BEPTUKAIbHI TEIJIMYHI KOMIUIEKCH, SIK1
Oynu 3amporoHoBani 1me B 1999 pori. BeprukanbHe 3eMiepoOCTBO X04 1 CTalo
MO>KJIMBHUM 3 BHHAXOJOM CBITIOAI0AIB B 60-X pokax 20 CTOJITTA, ajie IPOPHUB
ctaBcs B octaHHl 10 poKiB, KOJU CBITJIOAIONW CTalu JOCTYITHUMH 1 HAaCTLIBKU
e(eKTUBHUMHU, 1110 BOHH CKAaCOBYIOTh €KOHOMIKY BHYTPIIIHBOTO 3eMJIepoOCTBa. A
MMOBHA aBTOHOMHICTb JIO3BOJISIE TOTPUMYBATHCS OOpaHUX PEKHUMIB BHPOIIYBAHHSI
3eJIeH1 JUCTAHIIINHO, a y4acTh JIIOJIMHU B MPOIIEC] pOOUTH MIHIMAJIBLHUM.

OCHOBHOIO TIEpEBArOl0  BEPTUKAIBHUX  TEIUIMYHUX  KOMIUIEKCIB, €
30UTBIIICHHST BPOKAWHOCTI MPU MEHIIN TUIOMI 3eMJ, a TaKOoX MOXJIHUBICTh
BUPOIIYBAaTU BEIUKY KUIBKICTh KYJBTYP OJHOYACHO, OCKUIBKH KYJIbTYpHU HE
BUKOPUCTOBYIOTh OAHI 1 Ti K AUISHKM 3€MJII JJI1 BUPOLLyBaHHSA. BUpoOHUIITBO
OUIBIIIOT KITBKOCTI MPOAYKTIB XapuyBaHHS MPU MEHIIUX BUTPATAX € KPUTUIHOIO
po0JIeMOI0 B Mipy 3pOCTaHHS HACEJICHHS CBITY.

OpHuM 13 3aBJaHb MOOYJOBM BEPTUKAIBHUX ABTOHOMHHUX BEPTHUKAIbHHX
KOMITJIEKCIB TOJISITa€ B TOMY, IO TUIAHETa TOJIOAYE, CKENTHUYHO HAJIAITOBAHI
JIOM, MOXYTh  3alepedyuTH, HIOUTO  (OPMAIBHO TOJOAYIOTH  TUIBKU
cmabopo3BuHEeH1 aepxkaBu A3zii 1 Adpuku, ajse Mallo XTO 3aMHUCIIOETHCS TPO
MaciTabu gaHoi npoosemu. CbOro/IHI KOXKEH JCB'STUN JKUTEIh MJIAHETH TOJIOAYE,
T00TO Maiibke 820 MuIbioOHIB, mie 3rigHo 3 ganumu BOO3 1.3 muibspna
BITUYBalOTh HecTauy Dki. bararo kpaiH B cy4acHOMY CBITi Bi4yBalOTh HECTady
OpHHX 3eMenb, 10 2050-ro poKy HaceJleHHs MIAHETH 3pocTe 10 9.5 Mubsapaa, 10

TOTO XK, SIKIIO JOAATH CIOJM KJIIMATUYHI 3MIHM, 1 3MEHIICHHS 3amnaciB IMpPICHOI



BOAM, KapTHHA MaiOyTHbOrO BuiAe He 3 mpueMHux. Ham motpibHO Oyne
BUPOOJISATH OUIbIIE MPOJOBOJIBCTBA, HE MAlO4M OuIbIIEe 3€MJl, 3 MEHIIO
KUTBKICTIO BOJIM 1 HE 3a0pyAHIOIOYH HAIlle JOBKULIA. | TyT moJisirae muTaHHs, K Ke
301IBIIUTH OOCSTH MPOJOBOILCTBA. TaKi MEPEKUTKH MUHYJIOTO, SIK HE30paHi MoJs,
0abycuHi ropoau, iM Ha 3aMIHy IPUHIUIM CMOYaTKy 3BUYalHI TETUIMIN, a IMiCJIs
BEPTUKAJIbHI TETJIMYHI KOMILIEKCH.

Po3BuBaeThCS THUMOJOTISI BEPTUKAIBHUX TETUIMYHUX KOMIUICKCIB, BOHA
HajJlaja HOBlI MOJKJIMBOCTI JJIsi apXITEKTypH Ta MICBKOIO MPOEKTYBaHHS,
o0'eqHaBIIM BUPOOHUUTBO NPOAYKTIB XapuyBaHHA 1 apXxiTekTypy. Konuentu
MaifOyTHbOr0O B 00JIaCTI  arpONpPOMMCIIOBOI  apXITEKTypH MependadaroTh
IHTErpallil0 BEPTUKAIHHUX (epM 3 MICTOM, B TaK 3BAaHOMY CHMOIOTHYHOMY
BIIHOILIIGHHI. Y 0ararboX MPOMO3HUIIIAX TNepeadadyaeThcsi, 0 KOMIUIEKCH B
HaHOMKYOMy MaiOyTHROMY OyayTh 30MpaTh OpraHiyHl BiIXOJAU, BYTJICKHUCITHM
ra3, THii, CO, 1 Ha/UIMIIIOK TeIrUia Bij 3aBOJiB 1 (GaOpuK, MEpEeTBOPIOBATH iX B
Oiora3 sl OmajeHHA Ta OXOJOMKEHHS. TakuM UYMHOM, HE TUIBKH 3MOXKYTh
BUPOIIYBAaTH 1Ky, ajie 1 IomoMaratd B po3poOill CTIMKWX pillleHb JJIsi KPaIioro

BUKOPHUCTAHHS €HEPrii, TerJia, BIAXOA1B 1 BOJIH.
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1 OIIMC ICHYIOUUX BEPTUKAJIBHUX KOMIIJVIEKCIB,
OCOBJIMBOCTI IX BCTAHOBJIEHHA I EKCIIVTYATALIA

1.1 OcobamBocti BTK, iioro Bimminnicts Big I'TK

BepTukanpHuil TEMIMYHMI KOMIUIEKC — 1€ TEIUTUI 3 OaraTospyCHUM
po3ranryBaHHsIM pociauH. OCHOBHUMH MepeayMOBaMu MOOYAOBH BEPTUKAIbHHUX
TEIJTMYHUX aBTOHOMHHUX KOMIUICKCIB MTOCITYXHUJIO TIOCTIITHE 3pOCTaHHS HACEJICHHS
IJTAHETH, a TAKOXXK BIUIMB KIIMATHYHHUX (DAaKTOPIB, IO B JOCTYITHOMY JIJIS OTJISTY
MalOyTHHOMY TIpHU3BElE JO Opaky TEpUTOpid  CUILCHKOTOCIOAAPCHKOTO
NpU3HAYCHHS. BepTUKaapbHUN TETUIMYHUN KOMIUICKC TUTAHYETHCS HE TUIBKH, SK
€JIEMEHT MICBHKOTO CEPEe/IOBHUINA, a i MOKe OyTH oOyA0BaHUI B MICIISIX, 3a3BUYAM
HEIMPUBITHUX, JJII CUIbCHKOTO TOCIOJIAPCTBA 32 PaXyHOK CBO€i aBTOHOMHOCTI, Ta
HECIIPUIHATIMBOCTI O 30BHIIIHIX YMHHMKIB. Hampukian, MoxHa BUpPOLIYBAaTH
NIeHuIo B nycrensax binumsskoro Cxoay, ne JaHi KOMIUIEKCH MOTJIA
BUKOPUCTOBYBATH COHSYHY €Heprito. Po3MilIeHHS KOMIUIEKCIB, O€3M0CepPenHbO Y
CIOKMBa4a, B MiICTaX — 1€ €IWHUNA Ccrnoci®d mo30yTHCS BiJl HECKIHUYEHHUX
TPAaHCIIOPTHUX MOTOKIB, 10 3a0€3MEeUyI0Th JOCTaBKY MPOAYKTIB 3 TOJIB, a TAKOK
eHeproepeKTUBHICTh, CHEPTOHE3aJICKHICTh 1 aBTOMATH3AIliI0 TIPOIICCIB, JI03BOJIUTH
3a0e3IeuyBaTh HACEJICHHS SIKICHOIO, CBIKOIO 1 JICIIEBOIO CLIbCHKOTOCIIOIaAPCHKOIO
MPOIYKUIEIO LIUIAN PIK.

Ha BiamiHy Big BIAKPUTHX TEIUIMYHUX KOMIUICKCIB, BEpPTHUKAJIbHI
MIPEICTABIIAIOTE COO0I0 KOHTPOJIBOBAHY cepely BupollyBaHHSA. KoxkeH BuU
KyJIbTYp Ma€ IJIaH 3POCTaHHSA, aJalTOBAHMM TiJ MOro MOTpeOH, HAMPUKIAM, B
MOKUBHUX PEUYOBMHAX 1 CBITII. {1 KOHTpOJbOBaHA cepema 3axHIae IMOCIBH BiJ
CTUXI1M, TaKUX SIK BITEpP, AOLI] 1 MOPO3, Yepe3 iX PO3MILIEHHS B MPUMIILIEHHI, 10
03Haya€ MCHII BTPATH BPOXal B €KCTPEMaJIbHUX, a00 HECIOAIBAaHMX IOTOIHUX
yMOBax, O€3leuHe JOBKIUIS MNPU3BOJAUTH JI0 HYJBOBOTO PIBHS MIKIJHUKIB 1

iHBa3uBHUX OakTtepil. CucTeMa ycyBae, B LJIOMY, HEOOXIHICTh B MECTULIMAX 1
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repOinuIax, 3aBIsgKu 4YOMY, TIPOIYKIliS €KOJIOTIYHO YKcTa. BepTukanpHi cucteMu
nepepoOIsIOTh BOLY 1 A00pUBa, JO3BOJSIOTH BUPOIIYBATH MPOAYKIIIO 3 MEHIIOO
KutbKicTIO 70-95% BoM, HEOOX1AHOT )11 3BUYAHHOTO BUPOIIYBaHHS pociuH. [Ipu
IFOMY €JMHAa BOJA, Ky BHI00YBalOTh MPOTITOM LHUKIY 3POCTAaHHS — € BOJOIO
CIOKMBAHHS POCJIMH, a BCS BOJA, IO 3JIMIIWJIACS, PEUUPKYIIOE Ha3ajd, depes
cucreMy (QUIBTpIB 1 TIOBTOPHO BBOAUTHCA B 3pOIICHHSI. BukopucraHHs
CHeliaIbHUX CBITJIOAIOAHUX CHEKTPiB, aBTOMAaTH30BAHOTO 3POIICHHS 1 KIIIMaT-
KOHTPOJIIO  A03BoJisie  (epMi  CTaHAAPTU3YBATH KOXKEH IHMKJI 3pOCTaHHS,
BUPOOJISIIOUM OJIHAKOBY KUIBKICTb, SIKICTh 1 PO3MIP BpOXKaro, 1110, B CBOIO 4YEPry,
NMPU3BOJIUTH 10 CTAHIAPTU30BAHOT BPOKAINHOCTI.

Takoxk, 103BOJSIE BHUPOIIYBATH BEJIHMKY KUIBKICTh KYJIBTYpP OJIHOYACHO,
OCKIJIbKH KYJIBTYpU HE BUKOPUCTOBYIOTH OJIHI 1 Tl %K JUISHKH 3emill. ICHye KijibKa
OCHOBHUX MOJeJIel BHUPOILYBaHHsS: TiJIPONOHIKA — L€ METOJ BHUPOILYBaHHS
POCIIUH, MPU SKOMY KOPIHHSI 3HaXOASTHhCS B MOPUCTOMY CEPENOBHUIII, Yepe3 sIKe
MOCTIMHO IUPKYJIIOE BOJHUM PO3YUH; a€pOIOHIKA — 1€ OJWH 3 BU/IB T'1JIPOTOHIKH,
npy SIKOMY KOPIHHS BHCITh B TpyOax, a Hacoc 13 3aJlaHOI0 MEPIOJAMYHICTIO
OOMpPHUCKYE KOPIHHSA JKUBWIBHMM pO34YMHOM. [l mpukiaxy MNOPIBHSHHA
e(eKTUBHOCTI TEXHOJIOTIA BUpOITyBaHHS HuKYe (puc. 1.1), mpeacraBieHa cxema
e(eKTUBHOCTI TIAPOIMOHIKK 1 aepONOHIKM B TIOPIBHSHHI 3 TpPaAUIIHUM

3eMJIEPOOCTBOM.

AeponoHika 150% | l 10%
e [ D -
N @9~

Tpamm. sevmepobetEo

Pucynox 1.1 — IopiBHSAHHS €(pEKTUBHOCTI BUPOIITYBAaHHS KYJIbTYD 32

JIOIIOMOT'OF0 HOBHUX TE€XHOJIOT1H

3a nanumu NASA, aepornonika Ha 20% edexTuBHIIIE T1IPOMOHIKH, TPOTE

oOnaHaHHs KOMTYe Aopoxkue. KpiM Toro, sIKIo cuctemMa OOnpUCKyBaHHS BHUIE 3
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Jany, abo BUMKHETBCS CBITJIO, TO POCIMHHA MOXKYTh 3aTHHYTH IPOTATOM ACKIIBKOX
roguH. OTKe, Bapro mOAOATH TPO pe3epBHI cmocobu xapuyBaHHS [1].
BepTukaibHUil TEIITMYHUN KOMIUIEKC JO3BOJISIE MPOBOJAUTH OLIBII CBIXK1 IPOYKTH
Xap4yyBaHHS JUISI MICBKHX JKUTEJIB, SIKE OJHOYACHO 3HIKYE BUKHUIU BYTJEIO, L0
YTBOPIOETHCS MPU BHPOIITYBaHHI OBOYiB, 200 iX TpaHcHopTyBaHHI. JlocipKeHHs
MOKa3aJiy, 110 BEpTUKAIbHI (pepMU 3HWKYIOTh 3aranbHi BUkuau CO;, Ha 67-92% B
MOPIBHAHHI 31 3BUYAlHUMM TeIHUIsIMU. YUepe3 oOMexeHe 3eMIICKOPHUCTYyBaHHS
BEpPTUKAJIbHE 3eMJIEPOOCTBO MEHINI PYWHIBHE ISl MICIIEBUX POCIHUH 1 TBApPHUH, IO
BEJIE /10 TOAJIBIIIOTO 30epekeHHs MicIeBOi (iopH 1 dhayHHu.

AJe iCHye KIJbKa HIOAHCIB, Y BEPTUKAJIbHHMX TEIJIMYHUX KOMILUIEKCaX, HE
Tak Bce iajako, Minycom BTK — € Benuki moyaTkoBi BUTpAaTH Ha YCTaHOBKY 1
KOMIUJIEKTYIOUl. Y TMOpPIBHAHHI 3 TPaAULIMHUMU (pepMaMH, TaK CaMO OCHOBHOIO
po0JIEMOI0 HA CHOTOHINIHIN Yac — € CIOKUBaHHS HaIMIpHOT eHeprii. s 1iporo
HayKa arpapiiB, IIyKae CrocoOu Jisi BUKOPUCTAHHS MEHIIOI KUTBKOCTI €HEprii, 1
MOIIYK EKOHOMIUHMX TIOHOBIIOBAaHUX JOKEpENn €Heprii sl  CKOPOYEHHS
eKCIUTyaTamiiHux BUTpaT. BeprukanbHi (epMu MOXYyTh BUPOOIATH OljbIle
3a0pyHEHHs, HDK TpaauliiHl ¢epmu ab0 TEIIMIi, SKI0O B €Heprii
BUKOPHCTOBYEThCSI HE BIJIHOBIIOBaJIbHA €Hepris. Ha naHuii MOMEHT, 1O CBITY
icHye Oe3iu KOMIIaHii, HOBUX CTapTamiB 31 CBOIMH 1HHOBAIIWHUMHU MPOCKTAMHU
BUPOIIYBAaHHSI PI3HUX BHUIIB KYJIBTYD.

Opnun 13 mpukiIaaiB — 1e kommadis «Aero Farmsy, po3ramosana B CIIA
MaHXeTTeH. IX  TeXHONorii  BepTHKAILHOrO  CiIbCHKOIO  IOCIOAApPCTBA
MaiOyTHBOTO, TaKWI MiAXiJ AO3BOJSE BUPOIILYBATH JUCTOBY 3€JI€HBb, B 3aKPUTHX
MPUMIIICHHSX 0€3 COHIlS 1 TPYHTY, P IbOMY BUKOPUCTOBYBAaTH Ha 95% MeHIIe
BOAM, HDK MpU TpaauUIMHOMY croco0i monuBy. BepTukanbHi depmu Oiblie
HaraJyloTh JaTa IEHTpU. PO3yMHI MaTYMKU aHAMI3YyIOTh CTaH POCIHMH 1 PiBEHb
OCBITJICHHSI, CHUCTEMH TIOJIMBY, Ta TIIHKUBIECHHS JOOpPHBAMHU BKIIOYAIOTHCS
aBTOMATUYHO. JIfOAMHA K BiAIrpae JIpYyropsiHy poJib, a KOMMI'IOTEPHI CHUCTEMHU
OJTHOYACHO OOpOOJSAIOTH BEIMKI OOCATH JAaHMUX, 1 MOCTIHHO aJanTylOThb YMOBH

3pOCTaHHs OBOYIB, B TOPIBHSHHI 3 TPaAUIIMHUM IIJIXOJAOM JO CLIBCBKOTO
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rocroaapcTBa. BepTukanbhi ¢epmMu 3HAUHO MPOTYKTHBHINI, 1 SK paHime Oyio
BiJI3HAYCHO, 3aliMalOTh MEHIE Micld. POCIMHM pO3MINIAIOTBCS B JIOTKH,
MOKJIaIeH1 OJMH Ha OJTHOTO OCOOJMBUM YMHOM, BOHU 3aliMaloTh 0 9 M B BUCOTY.
[Ipu momiGHOMY TiAXOMAl, 3BUIBHAETHCS BEIMYE3HA KUIBKICTH 3€MIIl, sKa
BUKOPHUCTOBYBAjacs, SKOM pocMHM nepedyBanu B rpyHTi. el miaxia mo3Bossie
«Aero Farmsy BupomryBatu npubiau3Ho B 10 pa3iB OuIbIle pOCIUH, HIXK KIaCHYHA
depma mwiomero 5000 km?. 3amiCTh COHSYHUX MPOMEHIB, POCIMHU KYMHarOThCS B
CBITJIOJIIOHUX TPOMEHSX, BECh 4ac MPAIlOI0Th BEHTUJISITOPU, a KOXHI KUIbKa
TOJIUH POCIIMHA aBTOMAaTUYIHO OOIIPUCKYIOThCS toopuBamu [2], [3].

«Aero Farms» BHKOpHCTOBYIOTH Y€ JBa BIJOMHX METOAAa BHUPOIILYyBaHHS
aepornoHikua 1 rigpomnonikd. Came 1ed miaxia 1 ao3Boiiie Ha 95% CKOPOTHTH
BUKOPUCTaHHS BOJIM, B TIOPIBHSIHHI 31 3BUYAHUMU TOCIOAAPCTBAMH, a TAKOX Ha
50% ckopotuTH BUKOpUCTaHHS 100puB. Jlo Toro 3 Ha ¢depmi He
BUKOPHCTOBYIOTHCS MECTHUIMIN, OCKUIBKK 3€JIEHb POCTE B MPUMIIICHHI, BIUIMBA
IIKIAHUKIB Hemae B3aram. Crapran 30upae 30 BpoxaiB Ha pik. Bonu
BUKOPUCTOBYIOThH CIEIIabHI alTOPUTMU JIJI OIIHKH THUITY 1HTEHCHBHOCTI CBITJIA,
BMICT MOXXUBHUX PEUYOBUH, TEMIIEPATYPH, 3BOJIOKEHICTH 1 piBeHb CO».

VY cBITI icHy€, Tak caMO, OJIMH 3 HOBUX MPOEKTIB IIBEICHKOI Xap4yOBOi
TexHoJor1yHOo1 kKomnaHii «Plantagon». Bona npencrapnsie coboro odicHy OymiBio,
sKa 3a0e3nevye 1’Ker BCiX CBOIX MOCTOSUIBIIB. BUpoOHUIITBO Tk1 BiIOyBaeThCs 3a
paxyHOK IHTerpailii B OyJiBIO TIAPOMOHHUX BEPTUKAIBHUX Tpsiiok. [ToOymyBaTu
Horo mnanyetrbcs B JliHuemninre 1 Ha3Batu CBITOBUM MPOJOBOJBYUKUM OYIIBIICHO.
Bono Oyzae BupoOssitu He MeHIe 550 ToH 0BOYIB Ha PIK, 110 3a0€3MEeUUTh 1KEI0
npubauzHo 5000 donosik. [yt oOCIyroByBaHHS pOCiIWH 1 300py Bpokaro Oyze
BUKOPUCTOBYBATUCS aBTOMATU30BAaHA CHUCTEMa, IO 3a0e3nedye HU3bKI MOTOYHI
BUTpPATU. ABTOHOMHA CHCTEMa KOHTPOJIIO Oy/e CTEKHTH 3a BCiMa IMapaMeTpamu:
OCBITJICHICTIO, TEMIIEPATypOI0, 3a0€3MEUCHHSIM MOKUBHUMH PEUOBUHAMH 1 SIKICTIO
noBitpsa. Cinranyp, I'onkonr 1 CIIA Bxe 3asBWwIM, WO SKIIO KOHIEMIs

BUSIBUTHCS YCIIIIHOO, TO BOHU TOTOBI ii po3BuBatu [2], [3].
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['mobGanpHOI0 MPOOIEMOI0 BEPTUKAIBHUX TEIUIMYHUX KOMIUIEKCIB — €
CTHIOXKUBaHHS eHeprii, mo0 BupoctuT B 10 pasiB Oinbiie 3eneHi, moTpidHo B 10
pa3iB OuIbIlle CIOXKMBAaHHS €Heprii. A 1€ B CBOIO Yepry, MOPHU3BOJIUTH JO
nonatkoBoro Bukuay CO, B atMocdepy, He HaWKpalluii apryMeHT Ha KOPHCTb
eKOJIOTIYHOTO  BHPOOHUIITBA, aje 3aBAJKA IHTEHCUBHOMY BHKOPHCTAHHIO
aNbTepHATUBHUX JDKEpeN eHeprii, TakuM, sK COHA4YHI Oartapei, depmaM BxKe
BJAIOCS 30UTBIINTA €PeKTUBHICTH OCBiTJIIEHHA Ha 50%. CTpIMKO pO3BHUBAETHCS
PUHOK aJIbTEPHATHUBHOI €HEprii, M0 JO03BOJHUTH B HAHOIMKYOMY MaiOyTHHOMY

CKOPOTUTHU BUTPATH €HEPIIi BBIYI.

1.2 YceranoBka i ekciiyaraniss BTK

PosrisiHeMo OCHOBHI OCOOJMBOCTI yCTaHOBKHU. J[aHy TEXHOJIOTiI0 MO>KHA
BIIPOBAAUTH B Maibke Oyab-sKy cdepy KUTTA: BEIUKY IPOMHUCIOBICTS,
pecTopaHHM 1 TOTeabHUI OIi3HEC, OCOOMCTE KOPUCTYBAaHHA B JKUTJIOBOMY
npuminieHHi. [lo0 KOHTpodOBaTH BEPTUKAIBHMA TEIUIMYHUA KOMILJIEKC Ha
1000m* 1oTpiGHO 7-10 HOIOBIK: POCIHHHUKH, (aCyBaIbHHKH, PHOHPATHHUKH,
OTepaTop BIJBAHTAXEHHS, OyXraarep, IUPEKTOp BUPOOHUIITBA, IMiICOOHUI
pOOITHUK — iX KUIBKICTh 3aJI€KHUTh BiJ 3aBIaHb (PEPMH, TAKUX SIK, TPOMHCIIOBE
BUPOOHMIITBO, EKCIEpUMEHTAIbHA JIabopaTopisi, BUPOIIYBaHHSA IIiJI MOTpeOU
BJIACHUX PECTOpPaHiB 1 Kade.

Bona ckiiagaeThes 3 3 BiJAUICHD:

— TepIia Kamepa MpOopoIyBaHHS, B HIM POCIMHM TPOBOJSATH BiJ 0OH 10
TPHOX;

— Jpyra po3caJiHe BIJUIUJICHHS, JIe cajaTh 1 NpsiHi TpaBu pocTyTh 10-14
JIHIB;

— TpEeTs 30Ha BUPOILIYBaHHS, € POCIUHH epeOyBalTh 10 MOMEHTY 300py.

VY BiAaiIeHHSAX PI3HUA MIKPOKJIIMAT, OCKIUIBKM Ha KOXXHOMY €Talll
3pOCTaHHs, 3€JeHI HEOOXigHO 3a0e3MeYMTH BIAMOBIJIHE CBITIO, BOJIOTICTb,

TEeMIIepaTypy 1 MiATOIOBYBaHHSA. TaKoX Ha BUPOOHUIITBAX JOJATKOBO 00JIaTHAHI
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OKpeMa KiMHaTa g ¢acyBaHHS NPOAYKIII 1 TMPOCTIp [UIsi MEPCOHAIY.
BeprtukanbHa hepMa miioiier0 BUPOIyBaHHS 1000Mm° BukopuctoBye 69 000 kBt *
pik Ha micsupb — 0,16 kBT Ha 1Mm°. Crenaxi, oOnaaHaHl CBITJIOMIOAHUMH JaMIIAMHU
JUI TIPUCKOPEHOTO POCTY POCIHH, po3pobiieHi imkeHepamu. Illo cTocyerbes
BUTpAT BojaU 3a A00y, depma BuTpadae B cepeaubomy 8m> (8000:1) Xxo0m01HOI
BoJONIpoBiAHOT Boau, 2M* (200051) BOHA ouuIae yepe3 OCMOTHYHMM (GUIBTP 1
BUKOPUCTOBYETbCS U1 BHpomlyBaHHsS pociud. Ille 6m° 3amumarorses
HePUIPTPOBAaHUMHU 1 HWIYyTh HAa BUPOOHUYI Ta TEXHOJOTIYHI MOTPEOH, SK MHUTTS
HiAA0HIB, major i T. 1. [4].

VY npuminieHHi 000B'SI3KOBO Ma€e OyTH MPOBEACHO IIEHTPAJIbHE OMalieHHs. B
OCHOBHOMY, BcTaHOBJeHI B (epmi LED-nmamnu BUAUISIOTH TEIUIO, SIKOTO BICHB

JIOCUTB J1J1s1 00IrpiBY BEPTUKAIBHOI (PEPMHU 1 KIMHATH, B K1 BOHA 3HAXOJIUTHCS.

1.3 PeryanoBani napamerpu B cuctemi BTK

Bigomo, mo BenuyuHa BpoOXKaw 1 MOro SKICTh, a TaKOX COOIBapTICTh
BUPOOHMIITBA 3aJIEKATh BiJl TOYHOTO PETYJIIOBaHHS OajaHCy Takux (haKToOpiB, SK
temriepatypu, LED ocBiTiIieHOCTI, peKUMy BOJIOTOCTI MOBITPS 1 CyOCTpaTy, BMICTY
kucHio, CO, B mNOpuUMINIEHHI 1 JOCTyIMHUX €JEMEHTIB KubBJieHHS. Jlo ix

pEryJIIOBaHHS MOTPIOHO MPUALIUTH OCOOIUBY yBary.

1.3.1 OcBiT1eHHs

OmHUM 3 HOBHX MEPCIEKTUBHUX €TAIB PO3BUTKY TEIJIMYHOTO OCBITIICHHS —
e tak 3BaHe LED oceiTinenns. Hemomik cBiTia — € cepiio3HOIO IPOOJIEMOIO B
3UMOBUN TIEPioJi, KOJIM CBITJIOBUN JI€Hb CTA€ KOPOTIIHUM, KOJU COHSIYHE CBITJIO
BiJICyTHE, a00 HOTO HEIOCTaTHhO [JIsi €()EKTUBHOTO BHPOIIYBAHHS POCIHUH.
Beprukanbhi ¢depmu, abo OuIbII MIMPOKO MOUIMpPEeHI B €Bpomi BEpTUKANIbHI
"pepmu koHTEHHEpH", € XOPOUIUMH TpPHUKIaTaMH €()EKTUBHOTO BUKOPUCTAHHS

cBiTHOmiogHOTO OCBiTIeHHs. [lITydHe OCBiTIIeHHS TOBHHHO 3a0e3medyBaTH
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aCUMUIALII0, SKEe HEOOXITHO naisi pocTy pociauH. CBITIOMIOAHE OCBITICHHS
JI03BOJIsIE€ 30UIBIIUTH ypOXKail 3 KOXKHOTO KBaJIPAaTHOTO METPa 1 CKOPOTUTH Iepion
po3BuTKy pociaunu. LED cBitio 31 crnerudiuHuM CIIEKTPOM CBITJIAa SIBJIIE€ COOO0IO
i7ieanpHe PIIICHHS, 1HII JIAaMIIA HE BHUPINIYIOTH IO MpoOjeMy, BOHU OyayTh
BUMNPOMIHIOBAaTH TUIBKHA TEIIO, IO OyA€ TUIbKU IIKOAUTH. Y KOXXHOTO BHIY
POCJIMHU CBOi BUMOTH JO PIBHS OCBITJICHOCTI, SIK€ TAKOXX MOXKE BIJIPIZHATHCS B
3aJIe)KHOCTI BiJ] CTaJil pO3BUTKY POCIHHH.

Bci pocniaM MOXKHA pO3AUIMTH HA TakK 3BaH1 TPU IPYIU [0 BUMOTIIMBOCTI J0
ocBiTiieHHs. [lepmmmu 3 HHMX, € CBITJIONIOOHI BUAM, SIKI B MPUPOII POCTYTh y
BIJIKDUTOMY IPOCTOPi 1 HE MOKYTh TEPIITU HABIThH JIETKOTO 3aTiHEHHA. PocimHu
i€l TPyNu BBAXKAIOTh 3a Kpalie piBeHb ocBiTIeHocTi He MeHme 10000 LUX.
HacTynHuil TUI — TIHBOBUTPUBAJI POCIMHH, SKI BUMAraroTh PIBHS OCBITJIEHOCTI
Bim 3000-5000 LUX. I Ha oOCTaHOK TIHBOJIOOMBI POCIUHH, SIKI MOXYTh
po3BHBaTHCS TpH piBHI ocBiTieHocTi 500-1000 LUX [5].

IIpu Hepomikax CBITA, NEPIIOI0 BIPHOKO O3HAKOIO, POCIMHA CKUJAE JIUCTS.
A HETNpaBWIBHHUKN PEXKUM OCBITJIICHHS, BCTAHOBJICHUH [JIs1 BUPOIIYBAHHS POCIIHH,
MOX€E CIPHUSTH, A0 KOBTIHHS 1 BUCHXAHHS Ti€l M 1HIIOI pociuHu. [L1ogoHOCH1
POCIIMHU HE PO3KBITAIOTh B HAJIGKHHM 4ac, abo MBITYTh, ajie X KBITKHM MEHIIE 1
HUKYE 32 SKICTIO, IO BIJHOIIEHHIO 10 HOPM JJISl IILOTO BUY KYJIbTYp. 3a3BUYAM
SACKpaBl 1 HACWUYEHl JHUCTS POCIWHU CTalOTh MPOCTO 3eiaeHuMHu. [lokazom
BIJICYTHOCTI POCTY POCJIMHH CBITYaTh BUTATHYTI CTeOJIa 3 JOBTUMH MiIXKBY3JISIMHU.
[Ipy HamMIIKYy PiBHS CBIT/Ia POCIWHU TaK CaMO CKHJAIOTh JIUCTS, 3'SBIISIOTHCS
IssMH 1 omikyd Ha Juctax. L[o0 momiOHux cutyarliii He OyJio, HEOOXITHO TyXKe
BIJIMOBIIAJILHO IMIIXOUTH JIO PETYTIOBAHHS OCBITICHHS B TEIUTMYHOMY KOMILIEKCI,
110 TIpo0JIeM MOAIOHOTO TUITY HEOOX1HO MiAXOAUTH PI3HOOIYHO.

IcHye mpsiMuii 3B'SI30K MK (POTOCHHTE30M 1 IHTETPAJIOM CIIEKTPAIBHOTO Ta
nennoro ceimia (DLI) dotocunternunoro BumnpominioBanHs (PAR). HaiGinpm
e(eKTUBHI JOBXHHHU XBHWJIb JUIsl GOTOCHHTE3Y — YepBoHi 660 HM, a cuHi 430-450
HM 3 BEJIMKHM BIJIHOIICHHSM OJIAKUTHOTO B CIEKTPl € KpalluM{d B TEpPioj

Bererailii. CHHIH CIEKTp CHpHUsS€ PO3BUTKY 1HTIOITOPIB POCTY, SIKI CTUMYIIOIOTH
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dbopMyBaHHS POCIMHHM, MTOKPAITYIOTh MIUIBHICTH 1 TOBIIUHY JIUCTS 1 cTebaa. CBITIIO
3 BEJIMKAM KOE(IIIEHTOM YEpPBOHOTO CIIEKTpa, OCOOJMBO 3 MIKOM B 660 HM,
Halikpalie MiIXOAuTh IS [BITIHHS, IUIOJOHOIIEHHS 1 PO3BUTKY KOPEHEBOI

CHCTCMU.

1.3.2 PeryjoBaHHsI ONTUMAJIBLHOI TeMnepaTypH i Bosiorocti B BTK

HaiiBaxxnuBimie miATPpUMYBAaTH ONTHMAlbHY TEMIIEpaTypy 1 BOJIOTICTH B
TeIUIMYHOMY KoMIuiekci. [lounemo 3 mapamerpa TemmepaTypH, SIKIIO ii 3HaUEHHS
Oyze BUIllE ONTUMAIBLHUX 3HAYEHb, TO POCIWHU OYIyTh BiIUyBaTH CUIILHUM CTpeC,
MOXYTh I0YaTHUCA HEKPO3M, TKAHWHA JINCTOBUX IUIACTMHOK OyJe B'IHYTH 1
BIIMUpATH. 3almuiieHHs TPU MiABUINCHIN Temneparypi Oyae 3HayHo ripimie. [Ipu
3HIKEHIN TeMIeparypl CIOBUIBHATHCS BCl OOMIHHI IPOLECH, POCIUHUA OaHAIBHO
He OyAyThb POCTH 1 PO3BUBATHUCS. 3alWICHHS TakoX OyJe CHJIBHO YTPYAHEHO,
3HU3UTHCA IMYHITET, 3HAYHO CKOPOTUTBHCSA YpOKaid, 1 MOro [o3piBaHHS Oy1e
NOMITHO pO3TATHYTO. Y Tabnuui Huwxk4de (tabn. 1.1) HaBeneHO NpUKIAAU

ONTUMAJIHOI TEMIIEpaTypH B TIEP10]1 10 IJI0IOHOIICHHS], T IiJ] Yac.

Tabmuug 1.1 — OnTumanbHa TeMiiepaTypa st KoM(GOPTHOTO BUPOIIyBaHHS

KYJBTYP
Temneparypa | Temnepatypa Ho B nepion
KynbTypa .
BJICHb BHOUI IJIOJIOHOUIEH. | TUIOJIOHOIIIEH.
Oripku +20-24 °C +20-22 °C +19-22 °C +24-28 °C
Tomatu +22-24 °C +16-18 °C +19-20 °C +24-26 °C

Canatni pocn. | +20-23 °C +10-11 °C
Kopenemogu | +20-22 °C +11-12 °C
Kamycra +20-21 °C +12-13 °C

ABTOMaTHYHI CHCTEMHU 3/aTHI MAaKCHUMalbHO €(EKTUBHO 3HM3UTH PU3HK

neperpiBy, abo MepeoxoyIoMKEHHs MOBITPS B TEIIMYHOMY KOMILIEKCI B 2 pasm.
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OOMIH BHYTPIIIHHOTO 1 30BHIMIHBOTO TMOBITPS B BEPTHUKAIBHUX TEIUIMYHUX
KOMIUIEKCax  BiAOyBaeTbCs B  CIEMIaibHIM  KaMmepl  peuupKymsamii 1
KOHJIUIIIOHYBaHHsA. BeHTWIAIs KOHTpoJoe aTMocepy BcepeauHi, 3abe3nedye
OXOJIO/DKCHHS TOBITPS, TaK SAK I 0araThOX POCIHH PETYJSIPHUA TPHUTIINB
CBDKOI'O TIOBITPS MPOCTO HEOOXimHMM. [l aBTOMaTH3allli TEIJIMIl BEIUKOTO
po3mipy ToTpiOHA YCTaHOBKA CIICHiaIbHOI aBTOMATH30BaHOI CHUCTEMH OOITpiBY.
Bona no3Bosisie kKoHTposroBaTH atMmochepy BcepeauHi npumimnieHHs. ChoroaHi
Taka cHCTeMa BIJIPI3HAETbCS KpailHhOIO MPOCTOTOI, BOHA BKIIOYAae B cede
JATYMKW TEMIIepaTypH, €JIEKTPOMArHiTHI pejie, Harpipaul 1 eJIEKTPO-BEHTUIISATOPU
[6].

Jlnst OLIBIIOCTI BUKOPHUCTOBYBAaHHUX Ha CHOTOJIHI TEIUIWIB i€ TMPUHIIMIL:
MIBUIIMIACS TEMIIEpaTypa — CIPAlbOBYIOTh JATUYUKH 1 3aMTyCKAIOTHCS CHUCTEMHU
PELUPKYJISIIT  TOBITPS, BKIIOYAETbCS BEHTWIAIISA. B cucremi kepyBaHHS
3aCTOCOBYIOTBCS €JIEKTPOTEPMOMETPH, $AKI BU3HAYAIOTh TOKA3HUKU TMOTOYHOI
TeMmnepaTypy, il BIAXWICHHS BlJ MaKCUMAJIBHOTO 1 MIHIMQJIbHOTO 3HAY€Hb,
MOPIBHIOIOTH 3 JIAHUMH OCTaHHBOTO criocTepexeHHs. OCKUIbKA TeMIepaTypHHil
pEXUM 3aJ€KUTh BIJ TUIY CHCTEM OINAJ€HHA Ta JocBluyBaHHS, piBHA LED
OCBITJICHHsS, OCOOJNMBOCTEH KyJIbTYpH 1 BIUIUBAE HA BOJOTICTh MOBITPS,
KOOPJIMHYBAaTH TOKA3HUKHU Kpaile 3a JIOMOMOTror Oe3IpOTOBUX EJIEKTPOHHUX
TEPMOTIrpOMETPiB, a00 MporpaMoBaHUX KOHTpoJepiB. BoHM mepenaroTh cUrHAI
OTIEPaTOPCHKOI CTaHINI Ha MOMIYJ JUCKPETHOTO BBEJCHHS-BUBEICHHS, a IMOTIM
yepe3 MIAKIIOUEHHS J0 1HTepdeiicy, npolecopHi BY3JIUM aKTUBYIOTh, a0o
BUMMKAIOTh MEepUPepiiiHi TpUCTpOi — TEIIOoBe OOJaJHAHHS Ta €KpaHW, KyJep 1
JIOJTaTKOB1 BEHTUJISITOPHU. JJIst OTpUMaHHs HalO1IbIII TOYHUX PE3YIIbTaTIB, JAaTYUKU
CJIi] pO3TAIlIOBYBAaTH B PI3HUX YaCTHHAX 1 HA HEOJIHAKOBUX IO BUCOTI P1BHSX.

Sk yxe Oys0 BiIOMO, B BEpPTUKAIBHUX TEIUTMYHUX KOMILIEKCAX 33 PaXyHOK
CBOET CIIOPYIM HAWMPOCTIIIE YMPABIATA BOJIOTICTIO 1 TEMIIEPATYpOIO MOBITPs. Y
MOAIOHUX TEIUIULISIX, Ha MPUKIAAl M'STOr0 MOKOJIHHS, Tak 3BaHl «YbTpaKimimy,
TEeMIlepaTypa Ha PI3HUX MOBEPXHSX ICTOTHO BiApi3HAEThCA. OCKUIBKM XOJIOJHI

TJIOIIMHI OXOJIOJKYIOTh HABKOJIO ce0e MOBITPS, B MOAIOHOMY THII MPUMIIICHHSIX
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HOro MOKHa OCYIIWTH TPU HANpaBICHHI HA MOBEPXHIO 3 TEMIEPATYypOIO HIKYE
TOYKH YTBOPEHHS POCH, a MOTIM BIJIBECTH KpaIeJbHY BOJIOTY 32 MEX1 KOMIUICKCY.
[Ipu 11bOMy aBTOMATHYHI JATYUKH TEMIIEPATYPU 1 BOJOTOCTI CIIiJl pO3TAIIOBYBaTH
B MICIISIX MOTEHIIIITHOTO XOJIOAY, @ TAaKOX HaJ POCIMHAMU 1 B HIDKHIX PIBHSX, 1 HE
3a0yBaTH iX PEryJIsipHO MEPEBIPATH 3a TOIIOMOTOI0 TICUXPOMETPA.

Kontposiepu Bonorocti mpusHadeHi JUisi KEpyBaHHSA BOJIOTICTIO TyMaHO
YTBOPIOIOYUX CUCTEM B TeTuUIsiX. Born po3pobieni mis qox minei. [lepma — e
pPO3MOPOIIEHHS! BOJAMU JJIS 3HIDKEHHS TEMIlepaTypyd BCEpPEeIMHI TEeIUIUIl 1
YIOPABISIETbCS JATYMKOM TEMIIEpaTypd, 1 Apyra — L€ HIATPUMKA BOJOTOCTI B
IPUMILIECHH] Ha 3aJJaHOMY MPOrpamMor0 piBHI. Y PEXHUMI 3HUKEHHS TEMIIEpaTypH,
KOHTpoJIEp PYHKIIOHYE B IUKIIYHOMY PEKHUMI, 1 4ac IIUKIIIB 3aJIeKUTh BiJ 3aJ1aHO1
temnepatypu. Kpim Toro, € MOXIHMBICTh YCTAHOBKHA POOOTH 3a 4acoM. Y PexKUMI
TYMaHHO-YTBOPEHHS, a00 MIATPUMKH 33JIJaHOi BOJIOTOCTI, BIH MPALIO€ HE3AJIEKHO
BiJI TEMIIEpaTypH 1 Hacy.

OnTuMi3yBaTH BOJIOTICTh MOBITPS MOKHA 1 32 PaXyHOK 3MIHHM TEMIIEpaTypu
BEPXHIX 1 HUXKHIX pericTpiB. s 1por0 B TErUIMIll MOBUHHI OyTH BCTaHOBJICHI
TepMoMeTpu Ta rirpomerpu. OnHAK chig maMm'aTaTtd, IO TpPU CTaHAAPTHOMY
pO3MOAUII Teruia, TOOTO 3HU3Y-Bropy, HUPKYJSIlS TOBITPSIHOTO TOTOKY IyKe
CWJIbHA, TOMY BHUIIApOBYBaHHS 3pocTae. [[s 3amo0iraHHs YTBOPEHHS CHJIBHOTO

CTPYMEHIO TOBITps, ABTOMAaTHMKa MOBHHHA IOCUJIUTH TEMIIEPATYpPy BEPXHBOTO

pericTpy.

1.3.3 IliaTpuMka piBHSA BYIJIeKUCJI0THOrO rasy CQO,

Huzbkuil BMICT BYTJIEKUCIOrO ra3y B MOBITPI TEIUIMLI — € YAHHUKOM, IIO0
0OMEXKy€e BPOKAWHICTh. Y MPUPOTHUX YMOBAX KOHIICHTPAIliS BYTJIEKHUCIIOTO Ta3y B
noBiTpl 3HaxoauThest Ha piBHI 300-400 ppm., abo 6mm3pko 10 kr Ha ra CO, B
00cCs131 MOBITPsSI PIBHOTO BHYTPIMIHbOMY 00'eMy Temnuii rmuometo 1 ra. Ilpu
MakcuManbHUX ke piBHAX OAP (porocuHTeTMUHMII aKTUBHIM pajialii),

cnokuBanHs CO, pocinuHaMu B nporieci porocunTe3sy moxxke Habmmkatucs a0 20
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KI © TOJ JUJIEHE Ha Ta, IO BIJMOBITAa€ HEOOXIMHIM TMOCTIWHIM KOHIEHTpAIil
BYTJIEKUCIOro Tasy B moBiTpi Terumii Ha piBHi 1000-1500 ppm. YTBOpeHumii
nedIUT JIMIIe YacTKOBO IMOKPUBAETHCS 3a PAaxXyHOK NPHUILIUBY aTMOC(EpHOTo
MOBITPAL.

Hedimut CO, — e HallbiIbI cepiio3Ha nmpobiaeMa, HIXK AShIIUT eIeMEHTIB
MIHEpaJIbHOTO KUBJICHHSI, B CEPEIHROMY POCIIMHA CUHTE3YE 3 BOJU 1 ByTJIEKUCIOTO
razy 94% wMacu cyxoi peuoBuHH, pemra 6% pociuHa OTpUMYE 3 MiHEpaIbHUX
no6puB. Ilopsn 3 peXUMOM  MIHEPANbHOTO KUBJICHHS, PpEryJIOBaHHSIM
temriepaTypu 1 Bojorocti. [liaroaisns CO, rpae Ay»e BaKJIUBY poJib B YIIPaBI1HHI
BET€TaTUBHUM 1 TE€HEPAaTUBHUM OaslaHcoM pociMHU. [liIBUILIEHHS aKTUBHOCTI
dboTocuHTE3y 30UIBIIYE Iy ACUMUISHTIB 1 CTUMYJIOE PO3BUTOK POCIHUH B
TreHepaTUBHOMY HampsaMKy. [Ipu mpoMy 10 KOpeHEBOi CUCTEMH JOXOAUTH 3HAYHO
OUIbLIE IMOKUBHUX PEYOBUH, TOMY IOCHUIIOETHCS 3POCTAHHS MOJIOJUX KOPEHIB,
AKTUBI3YETHCS MOTJIMHAHHS €JIEMEHTIB MIHEpPANbHOIO KUBJICHHS, IMIJBULIYETHCS
CTIMKICTh POCIIMHU A0 HECHPUSTIMBUX (DAKTOPIB CEPEAOBHINA, B TOMY YHCII O
MIIBUIIEHOT  Temmeparypu ToBiTps. [lipKUBIEHHS  BYTJEKUCIMM  Ta3oM
3MIICHIOETHCS MPOTATOM yChOTO MEPIOYy BUPOLIYBAHHS POCIHMH BiJ MOSIBU CXOIB
no npunuHeHHs Bererarii. IlinBumena konnentpailis CO, 4aCTKOBO KOMIICHCYE
HEJI0JTIK OCBITIIEHOCTI [7].

BignocHo oGnannanss, cuctema no3yBaHHia CO, Takoxx BKJIOYae B cebe
natunk CO, 1 HaOIp MAaTYMKIB TOKCHYHUX Ta3iB, MOBHODYHKIIOHATBHY CHUCTEMY
KepyBaHHsA, TaK 3BaHUW KiiMar-koMm'totep. Ilpu nporpamyBanHi Kiimart-
KOMIT'IOTEpa Ha BIAKPUTTS (Gpamyr ciij BpaxyBaTd, WO MHPU CHUCTEMATHYHIN
MITO/IBIIl AOIMyCTUMA OUIBII BUCOKA TeMIiepaTypa B Teruunii. Jljis 3abe3nedeHHs
piBHOMIpHOT KoHUeHTpamii CO, B MOBITPI MO IJIOMI TEIJIMII 1 MOJIMIICHHS
ra3000MiHy POCJIWH, Y BHUCOKHMX TEIUIMISIX 3aCTOCOBYETHCS TPyIMa CIEIiaIbHIX
MUPKYJSIIAHUX BEHTUJISITOPIB, IO CTBOPIOIOTH PIBHOMIPHUN KPYTOBHHM PyX
MOBITPS BCEpPEAMHI CHOpYyAW. Y  BEPTHUKAIBHHUX TEIUIMYHUX KOMIUIEKCaxX
BUKOPHCTOBYIOTHCS pi3HI BUauU noAadi B cuctemu CO,. Halikparum BapiaHTOM Ha

CI)OI‘OI[HiI.HHifI Jac — € rnoaada 4rucCTOoro BYIJICKHUCIIOTO ra3y 3 6aJIOHy — O€ OYXKC
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npoctuii Mmetof. [lepeBara Bukopucranus uncrtoro CO; mossirae B TOMy, 110 BiH
HEe BUPOOJIsie€ BOASHY TMapy 1 TEIUIO.

3 MIHYCIB TaKOTro CIOCOo0y MOKHA BIJ3HAYUTH BHUCOKY MOYATKOBY BapTICTh
MPOCKTYy. 3 TaKUMHU CHCTEMaMH, MPH IbOMY, SKIIO PO3MISIATH TPUIO0AHHS, SK
JIOBTOCTPOKOBE KAIITAIOBKIIQJCHHS 3 TEPCICKTUBOIO, TO BapTiCTh BUTpAT Ha
obOciyroByBaHHs Oyjie HaOaraTo Hik4de. BapTicTh 3ampaBku 0ajgoHa BYTJIECKHCIHUM
ra3oM HEBEJMKa, aJKe JIJIs 3alPaBKU CUCTEMHU BaM MOTPIOHO JIHIIIE TTepe3anpaBUTH

0aJioH, a00 3aMIHUTH HOTO Ha 3a3/1aj1erigb NIArOTOBICHHUIA.

1.3.4 I'iaponoHHMI1 110JIUB

Cucrema TiIpONOHHOTO MOJHUBY 3a0e3meuye mojadyy HeoOXiTHOI KiIbKOCTI
BOJIM 3 HEOOXITHUM HaOOpOM €JIEMEHTIB KuBJeHHs. be3nocepennbo, 10 KOpeHeBoi
30HM POCJIMHH, IO J03BOJIAE 3a0€3MEUUTH ONTUMAJIbHUM TOXUBHHUMI 1 BOJSHO-
MOBITPSHUN pPEXKUM TEIUIMYHOTrO cyOctpatry. [limBuillyeThbcsi BpOXKaWHICTD
OBOYEBHX KYJIbTYpP, CKOPOYYIOTHCS BHUTPATH BOAW 1 JOOPHWB, 3HUKYETHCS
3aXBOPIOBAHICTh POCIUH 1 3MEHIIYEThCA PU3HK iX mommmpeHHs. [liaroroBka Boau
JUIS KPAaIlUIMHHOTO TIOJIUBY 3MIIMCHIOETHCS 4Yepe3 cucreMmy GinabTparii, sKa
3a0e3nedye OYMIIEHHS BOAM Bl MPUCYTHBOI B Hill CyClEeH31i TBEpANX YACTUHOK.

JIJist MeTomy TiIPOTOHIKK ICHYIOTh CBOi THMNHM PO3YMHHUX BY3MiB. JlaHwii
By301 3a0e3medye aBTOMAaTW4YHE TMPUTOTYBAaHHS JKUBUJIBLHOTO  PO3YHHY,
MpOrpaMOBaHUM 3a 4YacoM IMOJady PO3YMHY JO0 CTEJIaXIB 3 pocCiIuHamMu, 30ip 1
BTOPUHHE BUKOPHUCTAHHS JAPEHAXXHOTO PO3UYMHY B TIAPONMOHHHX YCTaHOBKaX.
Huxue (puc. 1.2) noka3zaHuid 30BHIIIHIA BUIJIAA PO3YMHHOTO By3Na IS

TiIPOMOHHUX CAaTHUX KOMILIEKCIB [8].
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Pucynok 1.2 — 30BHIIIHIN BUTIISIA PO3YMHHOTO BY3J1a

Ak mpaBuUiio, TaKUi PO3UYMHHHUI BY30J1 31ACHIOE TOJUB I1710000BO. Y
3B'SI3KY 3 LMM, JO JAHOrO0 By3jJa Mpea'sBIAIOTbCS MIABUIIEHI BHUMOTU IO
HaJIAHOCTI. SIK KOMM'IOTep KEpyBaHHS, BUKOPUCTOBYETHCSI  KOHTPOJIEP.
He3Baxkatoun Ha Te, 10 BY30J BHUKOPUCTOBYETHCS MOBHICTIO, 30UpaeTbcs
MOBTOPHUN PO3YMH, TAPAMETPHU XapUyBaHHS B HbOMY BCE€ OJIHO MIITPUMYIOTHCS Ha
3aJIaHOMY piBHI 32 JOMOMOTOI TOCTIMHOTO TMOJBIMHOTO BUMIPIOBaHHS
enextporpoBigHocti EC 1 pH po3unny. PozunHHuil By3051 3A1MCHIOE MOCTIHHY
HUPKYJSLII0 PO3YMHY Yepe3 TIIPOMOHHI CTEeNaXkKHI YCTAHOBKH 3 3€JICHUMH
KynbTypamu. [Ipu HEoOXiTHOCTI, IPUCTPIN NOJAE BOAY B IUPKYJSAIIIO 1 IHIOMHTI
BUPOOJIsie€ TOABIMHUN KOHTPOJIb Toka3HukiB EC 1 pH.

IcHye Tak camo By301 MeTony '"mpuiMB-BIAIMB". Po3uMHHMI By305 IS
pO3cagHUX KOMILJIEKCIB 3a0e3Medye sIKiCHE MPUTOTYBaHHS KUBHIJIBHOTO PO3UYUHY,
IJIaHYBaHHS 1 NPOBEIEHHS TOJMBY — MIATOIUIEHHSAM 'TPUIUB-BIAJIUB" Ha
TIIPONOHHUX YCTaHOBKax. PO34YMH 110 MPOXOAUTH Yepe3 TIAPONOHHI CTeNla)KHI
YCTAaHOBKU 30MPAETHCS 1 MOXKE OyTH BUKOPUCTaHHI B MPOIECI MPUTOTYBaHHS
pPO3UMHIB Ji1 HAacTynmHuX TosuBiB. Hmwkue Ha puc. 1.3, moka3zaHuil 30BHIIIHIN

BUTJISA] PO3UMHHOIO By3J1a ISl pO3CaIHUX KOMILICKCIB [8].
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Pucynok 1.3 — 30BHINIHIN BUTIIAL PO3YMHHOTO BY3J1a «IIPHINB-BIJIHBY

Po3uriHHUIT BYy30J1 JI03BOJISE  OpraHi3yBaTH I1HJAUBIAyaJbHY TOAAUY
KUBWJIBHOTO PO3YMHY IS OKpEeMHX (parMeHTIB T1JPOMNOHHOTO KOMIUIEKCY 3
KOHTPOJIEM Yacy MOJIMBY 1 BUTPATU PO3UMHY. BiH MIAXOAUTH, SIK IS T1IPONOHHUX
YCTAaHOBOK 3 AaBTOMAaTUYHHM 3JIMBOM, TaK 1 JUIsl YCTAaHOBOK OOJaJHAHMX
aBTOHOMHUMM KjamaHaMmu 371uBYy. KepoBana komm'toTepoMm, cucTeMa Jo3alii
PIIKUX MiHEpAIbHHUX JOOpHUB 3a0e3neuye MPUTOTYBaHHS KUBUJIBHUX PO3UYUHIB 3
TOYHO BUTPUMAHOIO KOHIEHTPALIE0 MOXUBHUX peuoBUH. [IpuHuun poOoTu By3na
CKJIa/Ia€ThCSl B BUTOTOBJICHHI KUBWJIBHOTO PO3YMHY 10 33JaHux napamerpax EC 1
pH, msixom 3MillyBaHHS 3 BOJOIO JABOX, a00 OLibIlle MaTKOBUX PO3YMHIB 1
KUCIOTH. OCOONMMBICTIO PO3YMHHOIO BYy3JIa [JI PO3CAAHMX KOMIUIEKCIB, €
MO>KJIUBICTh TOBHOI PEIUPKYJISIT MaTOYHOTO PO3YHMHY, JJIS IIbOTO HA BXOl B

BY30J1 BCTAHOBJICHU JTOJJaTKOBHI JaTYMK KOHIIEHTpaIii [8].



24

2 PO3BIP AJITOPUTMY KEPYBAHHSA I'OPU30HTAJIBHOT'O 1
BEPTUKAJIBHOI'O TEIIVIMYHOI'O KOMIIJVIEKCY

2.1 Icnywuuii aaroputm po6otu, apromatuzoBanoi I'TK

VY cucremax ropu3OHTAIBHUX TEIUIMYHUX KOMIUIEKCIB amapaTHa YacTHHA
CUCTEMU CKJIATAEThCs 3 OJIOKY KepyBaHHS KOHTPOJIEpa MIKPOKIIMATy, KOMILIEKCY
JaTYMKIB 17 300py BIJOMOCTEH MpO TEIUIMI, OJIOKYy PYyYHOTO KEpYyBaHHS 1
peneitHoi komyTaiii. 301p IaHUX 1 TOJIOBHE KEPYBaHHS MIKPOKJIIMATOM 3/1ACHIOE
KOHTpOJIEp, ajie JUIsl HAlOUIbLI 3pYYHOro MEperyisily 1 3aBAaHHS NapameTpiB
MIKpOKJIIMATY, a TaKOX J1JIs BHECEHHSI KOPUTYBaHb B KEPYBaHHs, Uepe3 CIelialbHe
porpaMHe 3a0e3Me4eHHs IEPCOHANIBHOI0 KOMII'TOTEPA.

Jlns 300py AaHuX, Npo mapameTpu TEIUIMYHOTO KJIIMaTy, BCTAHOBIIOETHCS
KOMIUIEKC JATYUKIB, 1O J03BOJISIE ONEPATUBHO CTEXKHUTH, 3a BIAXUJICHHSIMH BIJ
33IaHOTO  MIKPOKJIIMATy, i1  CBO€YAaCHOTO  KOPUTYIOUOrOo  BIUIMBY. Y
CTaHJapPTHOMY BHKOHAaHHI TIOCTAaBJISIOTbCA HACTYNMHUM HaAOIp JAaTYWKIB, SK1
BUKOPHCTOBYIOTHCS VISl PO3PAXyHKY KEPYIOUMX BIUTMBIB: TEMIEpATypa 1 BOJIOTICTh
NOBITPS B HeHTpl Temuuli; KoHueHtpamiss CO,; TeMmrepaTypa CKIIHHS;
TEeMIepaTypa JUCTa POCIMHU; TEMIlepaTypa IPYHTy; TeMIeparypa IMOBITPS B
BEPXHI TOYLl TEIUIMI; TeMIeparypa TMOBITpA MO NEPUMETPY TEIUIHII];
TeMIlepaTypa TEIJIOHOCIS y BCIX KOHTypax 00irpiBy.

JIJisi TIOBHOIIIHHOTO TMIATPUMAaHHS MIKPOKJIIMATy TEIUIMYHUX KOMIUICKCIB
BUKOPUCTOBYETHCSI METEOCTaHIIIs, fKa J03BOJIAE€ 3HIMATH HAMOUTbII BaXJIMBI
MOKa3HUKH 30BHILIHBOTO CEPEIOBUIIIA:

— TeMmImeparypa i BOJIOTICTh 30BHINTHLOTO TIOBITPS;

— IHTEHCUBHICTh COHSTYHOT pajaiarlii;

— MIBUAKICTD 1 HAIIPSIMOK BITPY.

Bci naHi, onmepyBaHI 3 METEOCTaHIIl, BPaXOBYIOThCA MPHU PO3PAXYHKY
KEpYIOUYUX BIUIMBIB, IO J03BOJISE MPU 3MiHI CTaHy 30BHIIIHBOTO CEPEIOBHUILA

CBO€YACHO KOMIICHCYBAaTH ueﬁ BIIJIMB.
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VY 610111 3MOHTOBaHUM MyJIBT PYYHOTO KEPYBaHHsI, J03BOJIsIE BUOMpATH, a00
aBTOMaTH4yHe, ab0 py4yHE KepyBaHHS OKpeMHUMH MexaHi3Mamu. /o KoHTposepa
MIIKII0YaeThesa  BignadeHuidt mnepcoHanpHuii  komm'rorep (I1K). CrhemiansHa
nporpama, Imo BcTaHoBmoeThesi Ha [IK, mo3Bomsie rpadiuno BimoOpakaTu
JWHAMIKy 3MIHM BCiX BHUMIPIOBAaHHUX 1 3aJlaHUX BIJIACTUBOCTEH MIKpPOKIIIMATY,
MOKa3aHb JAaTYMKIB, pO3paXxOBaHUX Kepyrouux BIUMBIB. [Ipu 3MiHI KopUCTyBaueM
mapaMeTpiB, IO BIUIMBAalOTh HAa KEpPYBaHHA, MporpaMa KOHTPOJOE iX Ha
JOTMYCTUMICTh 1 HE JI03BOJIAE MepeaTh B KOHTpoJiep moMmikoBi nadi. [1IK moxe
aBTOMATUYHO 3MIHIOBATH B aJITOPUTMH POOOTU CUCTEMHU, IO TO3BOJISIE TTOTIIIITUTH
AKICTh KEpyBaHHS.

[Iporpamue 3a0e3nedeHHs] CUCTEMU JI03BOJISIE B HAOUHIM (opMi TUTaHYBaTH
JUHAMIKY MIKPOKIIMATy HPOTAroM A00M, 3TiIHO arpoTeXHIYHMM BuUMoram. [lpum
3MiHI 3aBJIlaHHSA MIKPOKJIIMATYy, MapaMeTpu IHTEPIIONIOIOTHCS, TOOTO KOMII'TOTEp
3a0e3nedye HEOOXIMHUN TUIAaBHUM TEpexill, 3 OJHOTO CTaHy KJIiMaTy TEIUIMII B
1HIe. baraTo (axiBiiB pEKOMEHAYIOTh 3a/1aBaTH P13HI PEKUMH MIKPOKIIMATY IS
MOXMYPUX 1 COHSYHUX [IHIB, ajié TpHU 3aBJaHHI TPOrpaMH B KOMII'IOTEP,
KOPUCTYBa4 HE MOXKE Tepea0auyuTH sIKUM Oy/e HACTYyIHHUH JIeHb, TOMY CHUCTEMa
aBTOMATHU30BAaHOTO KEPYBaHHS MIKPOKIIMAaTOM, 3a0e3leueHa  aJropuTMOM
aBTOMAaTHYHOI KOPEKIIii 3aBIaHHSA IO COHA4YHOI pamiamii. Kpim 1poro, s
HNIATPUMKHA HEOOXIJHOI BOJIOTOCTI, YAaCOM JOBOJUTHCS MIHATH TEMIEPATYPHUI
pexuM Teruill. [ 1Iboro BUKOPUCTOBYETHCSA aJITOPUTM aBTOMATHUYHOT KOPEKITT
3aBJaHHs 10 BOJIOrocTi. JlaHi KoeillieHTH JO3BOISIIOTH MIJIAIITYBATH allrOPUTMU
KOpEKIlli 3aBAaHHS MiJ] OCOOJMBOCTI KOHKPETHOI TEIUIMIIl 1 MiJ pEeKOMEHaIil
TEXHOJIOT1B.

JUiss  TONIMIIEHHS  KepyBaHHA  MIKPOKJIIMAaroM B  TEIUIMII  1HOAI
BCTAHOBIIOIOTh 3axucHI ekpanu. Kontpomep 3a momomororo 17 koedirieHTIB
JI03BOJISIE 3a7IaBATU Pi3HI peKUMH poOOTH ekpany. [lepmmii 3 SKuX 3aTEMHIOI0YHA,
BiH 3MEHIIY€ KIJIBKICTh COHSYHOI pajialli, 10 HaIXOJUTh B TEIUIMIIIO 1 3HIKYE

HEOE3MeKy TeperpiBiB POCIWH, 3HIKCHHS BTpaTH TeIJja — TEPMIYHUHN, a
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3aTEMHIOIOUMH, B CBOIO UEpry, 3MIHIOE TPUBANICTh (Qoromnepioay. Takox B
MPOoIIeCi, MOXKIIMBO 33/1aBaTH KOMOIHOBaH1 BUIAM POOIT EKpaHy.

MexaHi13MH KBaTUPKOBOI BEHTHJIALIIT BUKOPUCTOBYIOTHCS, K JJI MIATPUMKH
TEIUIOBOTO, TaK 1 BOJIOTICHOTO PEKUMY B TEIUHLI. SIK 1 1711 CUCTeMH OOITpiBY, TaK
1 711 CUCTeMM BEHTHWJIALIL, SAKICTh poOOTH alropuTMy MOKHa KopuryBatu. 1106
3HM3UTU PU3MK BUHUKHEHHS aBapiiHUX CHUTyallii B aJropuTMi KepyBaHHS
BUKOPHUCTOBYETbCA P KOCPIIEHTIB, IO JMO3BOJSIOTH IUIAHYBaTH YacTOTY
CIpalboBYBaHHS NpuBoAy ¢pamyr. Kpim Toro, B cuctemi nepeadadyeHuid 3aXucT
(dpamMyr 1 pOCIHMH BIJl CWJIBHOIO BITPY, HU3bKOI 30BHIIIHBOI TEMIIEpaTypu Ta
omaniB. [Ins kepyBaHHS BOJIOTICTIO B KOHTPOJIEpl, Mepea0adyeHUil aaropuTMm
CUHXPOHi3aIlii poOOTH CUCTEM BEHTUJIAIII 1 00ITpIBY, [JIs MiHIMI3allli TETUIOBTpAT.

BigHocHo cuctemu oOIrpiBy, HICis pO3paxyHKYy HEOOXIIHOrO 3aBJaHHS 1
aHalli3y JaHUX 3 JAaTYUKIB, KOHTPOJEP MO 3aKJIAaJE€HUM B HBOTO AITOPUTMaM,
BIUIMBAa€E HA MIKPOKIIMAT TEIUIMLI 3a JOMOMOTOI0 BKJIIOYEHHS BUKOHABUYMX
MexaHi3MiB. JJi1 KepyBaHHsI OOITpIBOM TEIUIUII BUKOPHUCTOBYETHCS JOMIHYIOUE-
MiANOpsA/IKOBaHe KepyBaHHA. [lomiHyrouMM € eTam, Ha SKOMY BiJIOyBa€ThCs
OOYHMCIIEHHS TEMIIepaTypu TEIJIOHOCIs, IO BPaxOBY€ 4Yac peakilil TerIuiy,
napamMeTpyu BHYTPIIIHBOTO 1 30BHINIHBOTO KiiMmaTy. [liayernum BBakaeThesl eTarl
aBTOMATUYHOI MIJTPUMKH PO3paxoOBaHOi TeMIlepaTypH TEIUIOHOCIS, Ha SKOMY
KOPUTYETHCS TOJIOKEHHS 3MINIYBAJIBHOIO KJamaHa Tak, 1100 BHUMIpIOBaHa
TeMIlepaTypa B KOHTYPI1 3piBHSIIACS 3 PO3PAXOBAHOIO.

OOGuucneHHs TeMIepaTypu TEIUIOHOCIS 3MIMCHIOEThCS HE TIIBKU 3a
CTYIEHEM HEY3r0JI)KEHOCTI pO3paxyHKOBOIO 1 BUMIPSHOTO KJIIMaTy TEIUIMII, a il 3
ypaxyBaHHSM MOJAJIbIIOTO BIUIUBY IIBUAKOILIMHHUX (PAKTOPIB TaKuX, SIK COHIIE,
30BHIIIHS TeMmIepaTypa, BITEp, OMaau, IO JO3BOJISE TMPOTHO3YBaTH 3MIHY
TEMIIepaTypHy B TEILIUIl 1 BYACHO MPOTHUIISATH IIUM 3MiHAM.

AJTOPUTM CHCTEM TPAIIO€ TAKMM YHHOM, IO TIPH MIBUIIEHH] MOTYHOCTI
COHSIYHOTO BHUIPOMIHIOBAHHSI MOXHa Nepen0ayuTH, 10 TeMIeparypa B TEIUIMII
Oyze pocTH, TOMy MpHU 301IBIIEHH] MOTY>KHOCTI COHTYHOTO BHUIPOMIHIOBAHHS TYT

K€ TPOBOJUTHCS PO3pAaxXOBaHE 3HWKEHHS TeMIeparypu TeruioHocida. llpu
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3HIKEHH1 30BHILIHBOI TeMIepaTypHu MOBITPA, 3 ypaxyBaHHSAM ILBHJKOCTI BITPY 1
CTYTICHSI BIAKPUTTS (hpamMyT, TPOBOIUTHCS PO3PaXOBaHE IMiIBUILIEHHS TEIIJIOHOCIS B
KOHTypax oOirpiBy. Ilpum BKIIOYEHHI JOCBIUYBaHHS, BIiJIpa3y B3HUKYETHCS
TEeMIepaTypa TEIJIOHOCIS Ha 3a/laHy BEJIMUYMHY, a MPU BUKIIOUEHHI TeMIIeparypa
TEITOHOCIS IT1IBUIIY€ThCS.

Ha mincraBi aHanizy oTpuMaHUX JaHHUX, KOHTPOJEp HacaMIiepes] 00UHCIIIoe
TEMIEPATypy TEIJIOHOCIS AJsl HIDKHBOTO KOHTYPY, SKHH € OCHOBHUM KOHTYPOM
obOirpiBy. Jlayi Ha mijAcCTaBl BXK€ OJEPKAHOI PO3PaXyHKOBOI TeMIepaTypu
TEIUIOHOCISI TEPIIOro KOHTYPY 1 3aJJaHUX PEKUMIB pOOOTH, HJe pO3paxyHOK st
IHIIMX KOHTYpIB OOIrpiBy. 3aJIeKHO Bl NPHU3HAYEHHS 11 KOKHOTO KOHTYPY
00IrpiBy, B TEIUIMIII MOK€ OyTH BCTAHOBJICHUI KOHTPOJHHUMN JaTUMK, SIKUM Oyje
KOPHUTYBaTH PO3PaxOBaHy TEMIIEpaTypy TEIJIOHOCIS JJIsi BUPIBHIOBAHHS TEIJIOBOTO
HOJIS.

Takum 4YmHOM, B JaHi cHCTeMl OOIrpiBy, KEpyBaHHA KOHTYpaMH
B3a€EMO3AJIEKHO, 110 HE J03BOJIIE NPUUTH 10 CUTYyalii, B sIKIM HarpiB OJIHOTO
KOHTYPY KOMIIGHCY€TbCS  OXOJIOJPKEHHSIM  1HIIOrO, IO MPU3BOJUTH 10
HECTaOUIbHOTO KepyBaHHsS. [[1s KOXHOrO 3 KOHTYpPIB MOJKJIMBAa YCTAaHOBKA
MIHIMAQJIBHOI TEMIEPATYPH TEIUIOHOCIS. SIKIO0 MIHIMYM HE BCTAHOBJICHHH, TO MPHU
HQJUIMIIKY TEIUla, CHCTEMOI0 mepeAdayeHO aBTOMATUYHE  BiJKIIIOUEHHS
HUPKYJSLIAHUX HacociB. KpiM  1bOro, KOHTpOJIEp JAO3BOJIIE  OOMEXKHUTH
MaKCUMaJIbHI TEMIIEPATYPH TEIUIOHOCIS 1HUBITYAIBHO JIJIs1 KOKHOTO KOHTYPY, 110
3ano0ira€ BHCYUIYBaHHIO TPYHTY 1 OIIKIB POCIWH. YHIBEPCAIbHICTh JaHOI
CUCTEeMH, Tiepeadadae sKiCHy poOOTy, SIK B TEIUIMIIX 3 PO3AIJICHUMHU KOHTYpamMu

00IrpiBy, TaK 1 B TETUIUIISIX 3 OJHUM OOITPIBAIOTh KOHTYPOM.

2.2 Aaroput™M KepyBaHHs okpemumu napamerpamu BTK

[IpoekT kepyBaHHS 1 KOHTPOJIIO KJIIMaTy B BEPTHUKAJIbHUX KOMIUIEKCAX €
TUIMIOBUM. Y MPUMILIEHH] 3 XOPOLIOK TEPMOI30JISILIEID BUPOIILYIOThCS Pi3HI BUIU

KYJbTYp, SIKI BUMAararoTh AESKUX MOCTIMHMX KJIIMAaTHYHUX yYMOB, a00 TUIaBHA iX
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3miHa. Temmepatypa, Bosorictb 1 piBeHb CO BHUMIPIOIOTBCS 32 JOIOMOTOIO
JaTYMKiB, (OPMYIOTHCSI KOPUTYBaJIbHI JIii, IO YIPABISIOTH, SIKI peali3yloThCs 3a
JIOTIOMOTOI0 OTAIIOBAIBHOI CUCTEMH, CUCTEeMH BEHTWJIALI{, CUCTEMH TOJadi ra3y
CO. V npumilieHHI TaKoXX 3HAXOJIUTHCS MyJIbT YIPABIIHHS OlepaTopa i CUCTEMH
300py iHdopwmari. [Ipyn BiaxuieHHi 3HadeHb KiaimMaTuuyHuX ymMoB B BTK Bix
HOPMH, aBTOMAaTHYHO NPUHMAIOThCS Kepyrodi BIUUBY. [Ipu 3MiHI HOpMallbHUX
YMOB, 3a JOTIOMOTOI0 MyJIbTa OMNEpaTopa MPUHMAIOTHCA KEpyIOdl BIUTUBY, SKI

MOBEPTAIOTh CUCTEMY B HOPMAJIbHUMN PEKUM.

2.2.1 Airoput™M KepyBaHHs TeMIIEPATYPOIO

Bynb-siki, HaBITh HE3HAYHI, BIAXUJICHHS TEMIEPATYPH TralbMYyIOTh PO3BUTOK
POCIIMH 1 MOXYTh MPUBECTU JI0 PO3BUTKY 3aXBOPIOBaHb, B'STHEHHS mocajok. Jis
I[bOr'0 MOTPIOHA ONTUMAJIbHA TEMITEpaTypa.

Posrasituemo anroputm po6otu Tepmoperyssaiii B BTK. Binnmosigno 1o
Osok-cxemu puc. 2.1, BKIOYae B ceOe BBEACHHS TEMIIEpaTypHUX HaHUX 4Yepes3
CUCTEMHY Tporpamy MyJIbTy KepyBaHHsS, a TOYHIIIE MIHIMAJIbHO 1 MaKCUMAaJIbHO
nomyctuMoi Temmepatypu. Ilicis doro, cucrema ONMMUTYy€E JAaTYUK, KU B CBOIO
4yepry, 34UTy€ MOKa3HUKU BEPXHHOTO W HIDKHBOTO KOHTYPY, MOTIM Tepeae maHi
Ha MiKpokoHTpoiep, MK Bupobisie 00poOky orpuManoi iHbopmarlii, Bij JaTYHKa

TeMIiepaTypu, 1 BuBoauTh iH(popmariito Ha [1K.
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Pucynox 2.1 — biok-cxema anroputmy poOOTH CUCTEMU KOHTPOJIIO TEMIIEpaTypu

B ymoBax omnuTyBaHHS Ha JdaHId OJOK-CXEMi, CHCTEMOIO, JaT4yuKa
TeMmreparypu, SKkmo 3a ymoBoo T < Ty, BMHKaIOTbCA CHCTEMH IIITPIBY
TEITMYHOTO KOMIUIEKCY Ha 5 XBWJIMH, CHUCTEMH PEHHUPKYJIAIIl pPO3MOALISIOTH
PIBHOMIPHO TEMIIepaTypHI TOJIS I MOJAIBIIOr0 TOYHOTO BUMIpIOBaHHS. SIKIIO
T> Tpin, MIKPOKOHTPOJIEP HACTYIMHOKO YCTaBKOIO OMHUTYE YMOBY T> Tpay, SKIIIO
3aMip HETaTUBHUM, BIIOYBA€THhCS 3ayCK CUCTEM OXOJOJKEHHS Ha S5 XBHIIMH.
Cucrema BEHTWIALI, y CBOIO 4Yepry, JOMOMAara€ B MiATPUMII ONTUMAIbHOT
TEMIEpaTypyu, a CHCTeMa IO 3BOJOXKEHHS 1 BHUMAPHOTO OXOJODKCHHS st
MITYYHOTO 3HIDKCHHSI TapaMeTpiB. Y TO3UTUBHOMY BHUIIQJKY 3aJaHa 5 XBHJIWHA
nays3a, B MOCTIAYI0OUOMY PEXUMI OUYIKYBaHHS MPOTITOM S5 XBWIHMH, 3 HACTYITHUM

OIIMTYBAHHAM AAaTUYWKa TECMIICpATYpPH.
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Pucynox 2.2 — biok-cxema anroputMy poOdOTH CUCTEMHU KOHTPOJIIIO

BOJIOTOCTI

[Ticnst BBeIGHHS TaHMX CUCTEMHUM ONEPaTOpOM, MIKPOKOHTPOJIEP OIMUTYE

JATYMKW BOJIOTOCTI, SIKIO 3HayeHHs BojorocTi cepenoBuimia BTK ¢> @max

MNepeBUIIYyE 3HAYCHHSA YCTAaBKH, CHUCTCMa 3adaKpHBA€ CI)OPCYHKI/I 3BOJIOKYBada, a

MOTIM 3aIyCKa€e KJIIOYOBI CHUCTEMM Takl, SIK BEHTWJIALS, BOHM HEOOXITHI s

BUTPUMYBaHHSI ONTUMAaJbHUX TEMIEpaTyp B MEPIOAM 3 HAAMIPHOI BOJIOTOCTI 1

temneparypu. Cucrtema penupKyJssii B TEINIMYHOMY KOMIUIEKC] MPU3HAYCHA AJIs
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HITYYHOTO TEPEMIIIYBaHHS MOBITPS 3 METOIO JOCATHEHHSI OUIbII PIBHOMIPHOTO
pO3MOTy TeMIlepaTypHUX TOJIB B 00CsA31 BEPTHUKAIBHUX CIHOPYM, 3HIKEHHS
neperpiBy pocivH, aKTUBI3allll B HUX 010JIOTIYHUX TporieciB. BKIIIoUeHHs cucTeMu
BUITAPHOTO OXOJIO/DKEHHS 1 JO3BOJIOKCHHS TMOBITPS, MPU3HAYEHI IJIST MITYYHOTO
3HM)KEHHSI TEMIIEPaTypH MOBITPSL.

SIKImo 3Ha4eHHS @ <Qmi; MEHIIE 33aJaHOT0 MIHIMyMY pIBHSL BOJIOTOCTI,
cucTemMa BiIKpuBae (OPCYHKH 3BOJIOKYyBaua, 3aIlyCKa€ CHUCTEMHU 130METPUYHOTO
3BOJIOXKEHHSI, 32 JOTIOMOT'0I0 BUKOHABYUX MPUCTPOiB. /151 KoMDOpTHOT miATPUMKH
kiimaty B BTK, ontumanbHa nist cucteM npotsiroMm S xBuiuH. [licas crabimizamii
ONTUMAJIbHUX NTapaMeTPiB BOJIOIOCTi, CHCTEMA MEPEXOJIUTh B PEKUM OUIKYBaHHS 5

XBUJIMH, 3 IIOBTOPHUM 3aIIUTOM 3UUTYBAHHSA IIOTOYHOI'O piBHSI BOJIOT'OCTI.

2.2.3 AIroputM KepyBaHHS OCBIiTJICHHAM

Constune cBiTiiO hopmye (POTOCHHTETUYHI 1 MOP(OJIOTIUHI arapaTy POCIIUH.
[Ilo6 Ti, yu 1HII KYyJbTYpU TJIOJAOHOCUIIM, HEOOXITHO 3MOEIIOBATH XBUJIHOBI
Jiarma3oHu, K1 mMaxoaaTh 1 HuX. [IpaBuibHO OpraHi3oBaHa CUCTEMAa OCBITICHHS
3llaTHA TEHEPYBAaTH JOCTAaTHIO KIJBKICTh CBiTJIa, MO0 3a0€3MEUYUTH BHUCOKY
BPOXKAMHICTh OBOYIB, 3€JI€HI, KBITIB 1 HaBITh EK30THYHUX (QpPYKTiB. Bxpaii
BOXJIMBO, MPU IBOMY JOTpUMYBAaTHCS (HOTOMEpioAy — TaK 3BaHy JOBXKHUHY
cBiTioBoro fHsA y pociuH. [lossa LED namn 103BONMIIO CTBOPUTH BEPTHUKANbHI
TEIUIMYHI KOMIUIEKCH, JIe MOXHA 3a0€3MeUnTH MPUPOJHUNA PICT POCIUH B YMOBaxX
MOBHOI BIJICYTHOCTI CBITJIA.

[Ipuknagom Oynyts LED namnu kommanii «iFarmy», siki CBITATH OLIMM
CBITJIOM, IO BKJIIOYaEe B ce0€ YEePBOHUM, CHHIN, KOBTHH 1 3CJICHUN CIICKTPH,
3aBSIKM YOMY TIOBHICTIO 3aMIiHIOIOTh COHIE. Toai sSK OIKOJOpHI, SKI YacTo
BBA)KAIOTh Halle(DeKTUBHILIMMU, BUJIAIOTh TUIBKU YEPBOHUM 1 CHHIN J1ama30HH, 110

Ha 111 HabaraTo MEHII KOPUCHO JIJIST POCIIHH.
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Pucynox 2.3 — biok-cxema anroputmy poOOTH OCBITJIICHHS Ta aCUMUISIIIT

Buxonsun 3 CWiIbHOT CHOPUMHSTIMBOCTI POCIAUMH IO PIBHS CHEKTpa
OCBITJICHHSI, 3aITPOTIOHOBAHUHN aJTOPUTM B JaHiil 670k cxemi (puc. 2.3). Pi3Hi Buan
KyJbTYp, B 3QJIEKHOCTI BiJ iX CTajli pocTy, BUMararTh Pi3HI PiBHI HACUYEHOCTI,
SICKPaBOCTI CBITJIa, PI3HOI JOBXKWHU CBITJIOBOTO JIHS. {715 IIbOTO, MIKPOKOHTPOJIEP
onutye natunku LED ocBiTieHHs, ko piBeHb JIK mMeHIe MiHiManbHO 3a7aHOi,
cuctemMa 30UIbIIye HEOOXITHUM pIBEHb SCKPABOCTI, BKJIOYAE JOJIATKOBE
ocBiTiieHHs. Skmo piBens JIK Buie 3amaHoi ycTaBKHM, BCTAHOBICHOT JOBXKHUHOIO
COHSIYHOTO JHS, MIKPOKOHTPOJIEP 3HUXKYE PIBEHb SCKPABOCTI, & TAKOX BIAKIIOYAE

nonatkose LED ocBiTiieHHs.

2.2.4 AaropurMm kepyBanns nogadi CO,

[logaya YWCTOrO BYIVIEKMCIOIO Ta3y B BEPTUKAIBHOMY TEIUIMYHOMY

KOMIUTEKC1 BiAOyBaeThCs 3a nonomororo 6anoHiB CO,, abo K KOJIM BYTJIEKHCIIOTA B
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piakoMy cTaHl 30epiraeTbcs B TPAHCHOPTHIM, ab0 CTaliOHApHIN BYIJIEKUCIOTHIN
emHocTi. [licns doro rasudikaropoM Ta IHIIMMH BHUKOHYIOUMMHU BY3JIaMU
HOJIA€EThCSI B CUCTEMY. AJIE XOpOILOK IepeBaror BUKopucTaHHs uductoro CO,
MOJIATA€E B TOMY, 11O BIH HE BUPOOJIIE BOASHY Tapy i Tero. [Ipu takomy crmocobi
nojavyi CO, BUKOPUCTOBYIOTh BYIJIEKUCIOTHUI OallOH, PEAYKTOP 3 HEOOXITHUMU
perynsaropaMu nojadi 1 €J1eKTPOMAarHiTHUM KJlalnaHoM JJIsl BIAKJIIOUEHHSI CUCTEMHU
nonayi CO, B moTpiOHHMN NPOMIKOK yacy. Taki CHUCTEeMH MiAKIIOYAIOTH JI0
KOHTPOJIEPiB, a00 CHCTEM KJIIMaT-KOHTPOJIIO, SKI B CBOIO Uepry, MpH JOCSATHEHHI
HEOOXI1JTHOI KOHIIEHTpalli, ado B HEOOXIIHMH Yac, BIJIKIIOYAIOTh HANPYTYy 1
eJIEKTPOMArHITHUHN KJIallaH MepeKpuBae Mmojaady razy. Tak, sk B BEpTHUKaJIbHHUX
TEIUIMYHUX KOMILJIEKCAX BUKOPHUCTOBYETHCS T1IPOIOHIKA 1 aepoIlOHIKa, Mojava
CO; Tak camo € BaxJHMBUM (DaKTOPOM, SIKAU BIUTMBAE HA 3pOCTaHHS KynbTyp. Lle
HaWOUTBII MPUIHATHUN CIIOCIO HACWYEHHS BEPTUKAIBLHUX TEIUIMYHUX KOMIUICKCIB

CO,.

2.3 AaroputM KepyBaHHs 11010 cuctemoro BTK

3anponoHOBaHU BapiaHT aJIrOpuTMy pOOOTH CHUCTEMHU BEPTUKAIHLHOTO
TEIUIMYHOTO KOMIUIEKCY, 3aCHOBAaHMHA Ha po300pl ICHYIOUYMX TEIIMYHHUX
KOMIUIEKCIB 5 TIOKOIiHHSA. PerymoBaHHs BiI0yBa€ThCS 32 TIOMOMOTOK0 BUKOHABUMX
BY3JIiB 1 €JIeMEHTIB. BaXXJIMBUMHU KOHTPOJIHLOBAHUMU IMapaMeTpaMHu, K: BOJOTICTS 1
TEeMITepaTypa MOBITPs, TeMIepaTypa BOAH, Mojada KOPUCHOTO PO3YHMHY, & TaKOK
noctaTHid piBeHb CO, 1 OCBITJIICHHS 3 JIOJaTKOBOIO acuMmijsiiero. [loBHUi BuA
OJIOK-CXeMU KepyBaHHS 32 BHUKOHABYMMH BY3JaMH BEPTHKAIHHOTO TETUIMYHOTO
KOMIUIEKCY TIPEACTaBICHO Y TOAaTKy A.

['onoBHUM Kepyrounii OJIOK-KOHTPOJIEP, 3a IONMOMOTOI0 KOMIT'IOTEepa, Ha PUC
2.4, kepye KJIiMaT KOHTPOJIEM, SIKUM B CBOIO YEPry BKJIIOUA€E B ceOe Taki OCHOBHI
CUCTEMU KepyBaHHS ISl pETYJIIOBaHHS NTapaMeTPaMH SIK:

— CHUCTEMH BEHTHUJISLIIT;

— CUCTEMH TCHJIOHOCifI;
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— CHUCTEMH T1IPOIOHIKH;
— cuctemu mipkuBiaeHHs COo;

— CHUCTEMHU JIOCBIUYBaHHS.
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Pucynok 2.4 — biok-cxeMa rojoBHOT0O Kepyrodoro 0JI0Ky

brok >xuBneHHs1 opMye HampyTy KOMI'TOTEPHUX CUCTEM, a TAKOK BUKOHYE
dbynkii ctabimizamii 1 3aXUCTy BiJ] HE3HAYHUX TMEPEIIKOJ KUBJISTU0T HAPYTu. Y
0a3l BUXIAHUX JaHUX 30€epiraroThCsi BCl aHAII3W CHUCTEM KEpPYyBaHHS 3a PI3HUU
nepiol 3pOCTaHHS PI3HUX BUAIB KynbTyp. lle 103Bonsie cuCTEMHOMY
aJIMIHICTpaTOPy peTeNbHO HanamToByBatu cuctemu BTK.

Cucremu BeHTWIAIIT Ha puc. 2.5, JO3BOJISIIOTH CTBOPIOBATH BCEPEIMHI
CIIOPYAH XOPOIIHK MOBITPOOOMiH. HeoOXiTHICTh HAIaroHKEHOTo MOBITPOOOMIHY,
BHU3HAYAETHCSI 00OB'SI3KOBUM 3alTMJICHHSIM POCIIMH TS iX MPOJXYKTHBHOI BEreTarlii.
BeHTHIIATOPH B TETUIHIII BXKE IABHO € BAXIIMBOIO YaCTHHOIO KIIIMATUYHOI CHCTEMH.
KpiM cBO€i 3maTHOCTI JOCTAaBJISTH BYTJEKHCIWNA Ta3 1 KUCEHb POCIUHAM,
3MIITYBAaTU TEIUIl 1 XOJOJHI MOTOKW TMOBITPS, BEHTUJISATOPU MOXYTh 3amo0iratu

XBOpoOaM 1 3aXHINATH POCIHUHU BiJ] TEIIJIOBOTO CTPECY.
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Pucynox 2.5 — biok-cxema cucremu kepyBanHs BeHTHIIsier0 BTK

Jlist 30epexeHHsT BUPOIIYBAaHUX KYyJbTyp HEOOXIIHO BpPaxOBYBaTH, IO
XOJIOJTHUM TOBITPSIHUM TOTIK MPOXOJUTh BHU3Y, a TEIUIUH MITHIMAETHCS BIOpY.
Jlnst piBHOMIPHOTO TEMIEPaTypHOro 3MilIaHHS OyJe KOPHUCHOIO PEUUpKYIISLis
MOBITPSI, HAMPUKIIAJI, 32 JOTIOMOTOI0 BEHTHJIATOPIB, KysepiB. CucrteMa BKIIIOYAE B
cebe, BEHTWISIIIO 3 BUTSDKHUMHU BEHTWIISITOpamu. [IpumiuBHHUI 0OCST MOBHHEH
JIOPIBHIOBaTH BUTSOKHOMY. 7 IIOTO, BEHTHIALINWHI OTBOPU CHOPYIKYIOTHCS
OJIHAKOBOTO po3Mipy. BeHTHIATOpH, 110 MIIKIIOYAIOTHCS 0 SICKTPUIHOT MEpEKi,
MOHTYIOTBCSI, SIK BCEPEAMHI MPUILUIMBHOIO OTBOPY, TaK 1 BCEPEAMHI BUTSKHOTO.
BUTs)KHI BEHTUIISITOPH MOHTYIOTBCS 3BEpXY, OJIMKYe A0 CTedi, AJs TOro, mood
MOTIK TPOXOJIOJHOTO CBDKOTO TOBITPS MEPETHHAB TEIUIUITIO, MiAXOIUTIOI0YN Ha
CBOEMY IIJISIXY rapsiye BOJOTre IMOBITPS. A BCTAHOBJIEHHS BYT'UIbHOTO (iIbTpa Ha
BUTSDKHUM BEHTUIIATOP 3a0e3neuye BuaaneHHs 10 90-95% HenpueMHUX 3amaxis.

Kynepu posramoBaHi Ha OIYHUX MaHENSIX CTEIaxiB, SKI HaBeACHI B

NTOpPUTMI HIDKYE, (DYHKIIOHYIOTH 3 JaTYMKAMH IIBUIKOCTI BITPY Il CTBOPEHHSI
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ONTUMAJIBHOTO TIOTOKY MOBITps. J[aTYWKH BOJOTOCTI TOBITPS 1 TeMIepaTrypu, 3
JIOTIOBHEHHSIM €JIEKTPOTEPMOMETpa, PO3TAIIOBaHI y BEpXHIA 1 HIKHIM YacTHHI
CTeNaXiB TEIUIUIl. BOHU 103BOMISAIOTH 3UMTYBATH 3 TOYHICTIO MOTPIOHI apaMeTpu
MOBITPS, a TakKoX TEMIepaTypd B TEIUIMYHOMY KOMIUIEKCI B  ILIJIOMY.
TemnepaTypHi AaTYMKHU JI03BOJISIIOTH MEXaHi3MaM CaMOCTIHHO BMHKAaTHCA Ta
BUMMKATHUCS JUIsI TEPMOPETYJIALIT MIKpOCEPEIOBHUIIIA.

Cucrema KepyBaHHS TEIUIOHOCIEM Ha puc. 2.6, BKIIOYae B cebe KOTenl 3
TEH-om, sikuii HarpiBae Boay A0 MOTpiOHOT TemmnepaTypu. Boaa depes pesepByap
3amacy, 3a JOMOMOTOI0 MOTYKHOTO HAcoCy, SIKUW JT03BOJISIE CTBOPUTH MOTPIOHUIN

TUCK, HAJIXOJIUTh YEPEe3 BUKOHYIOUMH By30J1 (PUIbTpaLlli B CHCTEMY HOJIUBY.

CHcTema KepYBaHHA
TemIeHociem

Koreac TEHom

F Y

Pezepeyap zamacy
BOIH

Boaaunit
KJIanaH

TJatanx
EHTpPAaT BOIH

—
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Cuerema MO THEY

\ 4

EaeKTpoTepMoMeTp

@opCcyHKH
3IBOJ0KYBa9a

Pucynok 2.6 — biok-cxema cucreMu kepyBaHHs TerioHocieMm B BTK

JlaTuuky BUTpATH BOAM 3YUTYIOTH 1 (DIKCYIOTh 3HAUEHHS, a MICIs NepeaaloTh
JaHl B cUCTeMy KepyBaHHs. Uepe3 cucTeMy MOJNMBY, MOB'SI3aHy 3 T1IPOIIOHHOIO

CUCTEMOIO, TPOXOJsuu (iabTp, BOJAa HAAXOAWTh Ha (DOPCYHKH 3BOJIOKYBaua.
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[Topyd 3 HUMH pO3TalIOBaHI CHEIiATbHI JATYMKKA BOJIOTOCTI TOBITPS 1
TEMIIEPATYPH, SKI 3UUTYIOTh TEMIIEPATYpPY 1 BOJIOTICTb.

Cucrema KepyBaHHS TIIPOIOHIKOIO HAa pHUC. 2.7, Mpaltoe 3a MPUHIUIIOM
OpUIUB-BIUUB. JIpeHakHa cucTeMa JO03BOJIIE BEPTHUKAJIHHOMY KOMIUIEKCY
nmo30yTucs 3aiBoi Jo1moBoi Boau. Uepes By3os (uIbTpallii MepexoauTh y BY30I
3MINIYBaHHS JIpEHaXHOI BOAM 3 pE3epByapHOI0 BoJoI0. BiH BKItouae B cebe

TEepMIUHUH 1 yabTpadionaeToBuil Ae31HPEKTOPH.

CucreMa KepyEaHHA
rizpomoHixom

F 3

- Tpena:xHA cm‘re.\la]
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Hacoc

Pezepeyap 3anacy Eoan .
Boasamit| pEvap yEo Bysoa iteTpanii
KiamaH | BOIH

) v
H_Dflrpmm“ A 4 [ Byzoa sMimyeRaHHS |
Rovmpecop TEH IpeHAAHOT BOIH 2

* | MOINEAJIBHOK
Posmmiosas v Tepmiummi | [Vaerpadiogerosmi
s Y |3ezindexTop JesindexTop

P PozuneHNil BYI00 (—L
Byzo0a craditizanii pH

[ 1 L JaTame:

Hacoc noaMEHIT PH
Pe90EHH

Cuerema MNO.THBY

Iloane cHcTeMOR TiIpomoHIKH
"mpuaHE-eizane”

Pucynox 2.7 — biok-cxema po6oTu kepyBaHHs Tiapononikor B BTK

3a A0MOMOTOI0 TEPMIYHOTO JIe31H(EKTOpa, 3HUIYIOThCS MIKIINBI OaKTepii,
a TaKOX TPUOOK 1 PI3HOTO POAY BIPYCH. 3 JOTMOBHEHHSIM YIbTPadioleTOBOTO
ne3iHdexTopa, 3anodirae BIATBOPEHHs MiKpoopraHi3miB. I1icias mpoxoeHHs BCixX
HEOOXITHUX TMPOIEAYyp, BOJA HAAXOAWTHh B CIEIIATBHUI pe3epByap, 3 SIKOTO B
CBOIO UEepTy 3a JIOMOMOTOI0 Hacoca, 4yepe3 HarpiBabhmii TEH, micis 3amaHoro

HarpiBy, Boja MOTparuis€e B pO3YMHHUIN By30Jl. BiH B CBOIO Uepry, 3a JOMOMOIOIO
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MOBITPSHOTO KOMIIPECOpa 1 pO3MUITI0OBaYa, 3MIIIyE MATKOBUI PO3YUH 3 OUMILEHOIO
Bojot0. By3on crabimizaumii pH 1 penupkymsmii Heitpamizye OikapOoHaTH 1
3M1MCHIOE KOHTPOIb pH po3unHIB, 32 TONMOMOTOI0 JaTurKa, JO3BOJISIE MepeaaBaT
naHi B cucteMy kepyBaHHsA. [lpunmmn BumiptoBanHs pH 3acHoBaHmii Ha
BUKOpUCTaHHI  pH-uyTIMBOro  enexkTpoja, KOHTPOJIBHOTO  eleKTpoAa 1
TEMIIEPATypHOTO €JIeMEeHTa [l CTBOPEHHS MOTEHIialy, MpPONOPLIHHOIO
nokasHuka pH y pozunny.

Cuctema kepyBanHs mniaroaisicio CO; Ha puc. 2.8, 3A1HCHIOETECS B MEXKax
Bix 0,03% 1o 0,1%, B 3a1€XHOCTI BiJ] OCBITJIEHOCTI, TEMIIEPATypH MOBITPS 1 Yacy
100M, 3a pIIIEHHSIM omeparopa. Byriiekuciora B piIkoMy CTaHl 30€piraeTbcsi B
BYTJIEKUCJIOTHIA €MHOCTI. 3 €éMHOCTI, piaka ¢a3za CO, nogaeTbcsi B razudikartop,

SKUU B aBTOMaTUYHOMY PEKHUMI MIATPUMYE TUCK B EMHOCTI MOCTIHHHUM.

CucTeMa KepyEaHHA
migrogiezesn CO,

I'azoanaaizatop ﬁ
CO,

EaexTpoMarHiTHIII
l KIanaH

BYyTIeKHCT0THA
EMHICTE

TasndixaTop

v

ByraexkHcI0THHI
nigirpieau

MaricTpaasHa
CHCTeMaA Jatame
EHNTDAT Ta3y

F 3

AgapiftHuit
KY.IBOBHIT
KpaH

i

Perviro JaTanr
AYRTOP koHIeHTpanii COs

anipamit

ETERTPHYHHIT

KIanaH
HarniTaasHui
BeHTHIATOD
 ————

Pucynox 2.8 — biok-cxema po6otu cuctemu CO, B BTK
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l"azoBa (aza CO, momaeThcs B BYTJICKUCIOTHUN MiITPiBay, 3BIIKHU Ta3 i
TUCKOM 4-6 aTmocdep, HArHITA€ETbCs B MariCTpajibHy CHCTEMY Ta30XO/IiB,
BUKOHAHUX 3 TMOJIETUJIEHOBUX TpyO pi3HOro aiameTpy. ['a3 3 marictpaiabHOTO
TpyOOIIPOBOJy MPOXOJAWUTH dYepe3 KyJIbOBHH aBapiiHUW KpaH, a Jalll dYepes
penykrop. PemykTtop B CBOIO uepry, 3HUXKYE THUCK 110 2 atMocdep, a micis
MPOXOJUTh Yepe3 3aMpHUN EIECKTPUYHHM NaTYMK 1 HAIXOJUTh B TEIUIMIIO Ha
HATrHITaJbHUM BeHTWIATOp. He3anexxkHoro mojmayero ra3y B KOHTYPU TEILUTUIN
ynpaBisitoTe AaTduku CO,, sIKI B CBOIO 4epry MO KOMaHJl BiJl KOHTpPOJEpa,
YIPaBISAIOTH KJIAaHOM 3aKpIIJICHUM 32 TaHUM KOHTYPOM.

Cucrema KepyBaHHs OCBITJIEHHSI Ha puc. 2.9, Kepye He TUIbKM OCHOBHHM,
ajie 1 aCUMUIALIIMHUM OCBITJICHHSIM, BOHO 3aCTOCOBYETHCS B BIJIUICHHSX, €

BUPOILYIOTHCS KYJIBTYPH 3 BEJIUKHUM CIIOKUBAHHSAM IITYYHOI'O COHSYHOTO CBITJA.

CucreMa KepyEaHHA
OCBITAeHHAM

OcpiTneHHs

v

JaT4nk
> oceiTaeHHOCTI
LED ceitao

Pucynox 2.9 — bnok-cxema po6oTu cuctemu ocBitiieHHs B BTK

[Ipu BcTaHOBJEHHI B TEIUIMLI IITYYHOTO OCBITJICHHS, CIiJ] 3BEpHYTH yBary,
10 aCUMUISIIAHE CBITJIO Ma€ MEHIIY 00JIACTh CIEKTpa, HXK TOW KUl MOTpiOeH
OKy JIIOJIMHU [UIsl PO3PI3HEHHS KOJbOPIB. 3 1€l NPUYMHUA JUIsl POCIHH
BUPOOIISIIOTHCS criemiaibie LED oCBiTIIEHHS, 110 BUTTPOMIHIOIOTH CBITJIO B PI3HHUX

NPUMHATHUX BiJ KyJbTYpH CHeKTpax. [laTyuk OCBITJIIEHHS Ma€ BOJIOTO3AaXHUCT,
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JI03BOJISIE€ BIJICTEKYBAaTH PIBEHb CBITJIOBOIO BUIPOMIHIOBAHHS, 10 TOTPAIUIsS€E B
moJie BUAUMOCTI cuctemu. IIpomeni cBitia (GOKYCYIOThCS 3a JIOMOMOTOIO
dbortoenementa. Komaum gocsraerbcss TEBHUM TOPIT SCKPaBOCTI MIHIMyMY 1
MaKCHUMyMy, CHCTE€Ma KEpyBaHHs 3a JOMOMOTOI0 JETEKTOpa, CTBOPIOE HAIPYTY,
sKa BUKOPUCTOBYETHCS MPUIIAJOM B SIKOCTI CUTHATY JUIsl 3aMHUKAHHS JIAHIIOTa 1
OJIOKYBaHHS JIEIKUX €IEKTPUYHUX MPUCTPOIB.

Byxe 3ragana cuctema KepyBaHHSI BEPTUKAJIBHUM TEIUTMYHUM KOMILIEKCOM
BKJIIOYAE CIENIaJbHO pPO3po0JieHe MporpamMHe 3a0e3neyeHHsl s KOHTPOJIIO
By31iB. Lle yHIBepcaabHUI IHCTPYMEHT YHPABIIHHS, KU B CBOIO YEPTy J03BOJISIE
OE3MOMWJIKOBO 1 aBTOMAaTUYHO IUIaHyBaTW Tnocaaku. Hanmae 1HcTpymeHTH
MOHITOPUHTY MikpokiimaTy, 1 BupoonunrBa Ha BTK. [lo3Bomnsie orpumyBaTu
MPOTHO30BAaHUN ypoxkall B 3aJjaHi TEPMIHU, MPUKIATOM BUAY Iporpamu Oyje

KommaHisa «iFarmy y mogartky b.
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3 AOCIIAKEHHSA POBOTU CUCTEM HA JTAHUX 3POCTAHHSA
PO3SIJIAHYTUX KYJIBTYP

3.1 BuxiaHi napaMeTpu J0CIiIKYBAHOT0 TEIUIMYHOT0 KOMILJIEKCY

Bxe 3ragana, cuctema KepyBaHHS 3 ii airoputMoM pobotd, Oyna
BIIPOBA/KCHA B BEPTUKAIHHUI TEIUIMYHUI KOMIUIEKC. 32 OCHOBY B JOCIIIKEHHAX
NPOMOHYETHCSI  BapilaHT BEPTUKAIBHOI TEIUIMYHOI  (epMH, aHAJIOTOM 3a

MiHIMabHOT KBagpaTypu 6yne KoMmaHis «iFarmy, Ha 48m° (puc 3.1).

1) 3BoIOKYBay; 2) KOHAUIIOHED; 3) OaK 3 )KUBUIBHUM PO3UHHOM; 4) MOIYITb
JOPOIIyBaHHS 3€JIeHi; 5) Hacoc; 6) Moaynb s po3caan; 7) 6anon 3 CO2; 8) KOHIIEHTpaT
KHUBHJIBHOTO po3unHy; 9,10) 6ak s 36epiranns unctoi Boau; 11) ¢insTp 1g Boau; 12)

KOMIT'FOTED 3 IPOrPaMol0, 1o yrpasJise; 13) 610k aBTOMAaTHUKH.

Pucynok 3.1 — Beprukansha Termana Gepma kommanii iFarm (48m°)

[Toma mpuminieHHs JOPiIBHIOE 48M2, a IJIoIa MMocaaoK — 35M%. Ane BapTO
3a3HAYMTH, Ha BIAMIHY BiJ 3aranbHOi cucteMu kepyBanHs B BTK, motpiOHa pizHa

MOTYXXHICTh OOJaHAHHS, B 3aJIEKHOCTI BIJl KBaApaTypu KomIuiekcy. Jlis
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JOCTIPKEHHSI IPUMIILIEHHST Mae OyTh oOjafHaHe, B MEpIIy Yepry TiApONOHHOIO
CHUCTEMOIO, O00irpiBayamMu, MpPaBWIbHO MiJIOpaHUM CIEKTPOM OCBITJICHHA 1
cucteMoro BeHTW s, CTenaxXHui crnocid BUPOIIYBaHHS /103BOJIsIE€ €()EKTHUBHE

BUKOPHWCTAHHS IO TeruIli (puc 3.2).
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Pucynox 3.2 — Buj crenaxxHoro crnoco0y BUPOITyBaHHS

B sxocti o06irpiBaua, MIATPUMKH MIKpokiiMary, Oyne 1 moOyroBuit
kouuiionep pipmu «DAIKINY. Konnuiionep, B CBOO 4Hepry, mpH JOCATHEHHI
3aJaHOl  TeMIepaTypu TMEepeXOAWTh Ha 3HIDKEHY MOTYXHICTh. [lapamerp
HOTY>XHOCTI 001rpiBy — 5,8 kBT, oxonomkenns — 5,0 kBt. Takum unHoMm, 103B0IISIE
Jy’)K€ TOYHO MIATPUMYBATH TEMIIEpATypy Ha 3aJaHOMY PiBHI B MPUMILIEHHI. A
IHBEpTOPHUI THN TPOJOBXKYE TEpPMIH CIykOu koHmuiionepa Ha 30-50% 1
E€KOHOMUTH €JIEKTPOCHEPTito B cepennboMy Ha 30% Ounbliie, HiXK 3BUYAHI MOJIETI.
CtpykTypHa cXxeMa 1HBEpPTOPHOTO KOHIUIIIOHEpa MpeacTaBieHa Hikue (puc. 3.3).
Bin Takox 3a0esneuye MOMATKOBY BEHTIIIAMIO, a (YHKIIS «Sarara» crpuse

YCYHEHHIO 3aiiBOi BOJIOTH.
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Pucynok 3.3 — Cxema iHBepTOpHOT0 KoHauIioHepa [9]

Jnst migBuimenHs koHueHtpaimii CO, BapTo He 3a0yBaTH 3a MOCHJICHHS
BeHTW AT, KpiM migBUINEHHS KOHIIGHTpAIlii, 3a JOMOMOrOK BEHTHIIALII,
3HM)KYETBCSI BIIHOCHA BOJIOTICTh MOBITPs. Byriekucnora Baxkua 3a MOBITPS 1 TOMY
OITYCKA€ThCS 10 MJUIOTH. SKIo He OyJie eeMEeHTapHOTO MepeMIlTyBaHHs TOBITPS,
TO BYTJICKHCJIOTA TOCTYIOBO BHUBITPUTHCS. TakoX 3a JOMOMOTON TiAPOTMOHHHX
CUCTEMU «IPUIUB-BIITIUBY» (puUC. 3.4), 103BOIMMO CTBOPUTH PIBHOMIPHUN PEXHUM
XapuyBaHHA pocivH. BoHa 1nae MOXIIMBICTE B 0araropazoBOMYy BUKOPHUCTaHHI

KUBWJIBHOTO PO3YMHY 1 BIACYTHOCTI PYy4YHOI Ipalli MPY MOJMBI.

Pucynok 3.4 — IntocTpaiiist IOTOKY BOAM B TAPOTOHHINA CUCTEMI «ITIPHUITUB-

BIJIJIUBY
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Cucrema Mae BHCOKY MPOAYKTHBHICTb, a JJs OTPUMAaHHS, YMOBHO
MOPIBHIOIOYHA 3 BEIUKUMH YycTaHOBKamH, SO0KTr 3€JI€HOr0 KOpMYy, KOMILIEKCY
notpiGHo Bchoro 1m® Bomm, ToO6TO 201 Bomw Ha | kr. AHamor depmu Ha 48M°
JIOBOJIUTHCSI, B cepemHboMy, 110Kr Bpokaro 3ei€HI B MicsIlb. A MaKCHMaabHa
BUTpATa €JIEKTPUKU B YCTAHOBII BEIMKUX KOMIUIEKCIB JUIsI T1IPOTIOHIKM CTAHOBUTH
B cepennbomy 5 kBT Ha n00y. Jlana cuctema nyske npocra. Pocinuau po3MilryemMo
B CTENaxi, SKI TEpPIOAUYHO 3alOBHIOIOTHCS BOJOI0, 0arator MOKHUBHUMHU
peYOBUHAMU, sIKa MI3HIIIE iJle B pe3epByap.

3a 3aMOBYYBaHHSIM, BEpTUKaJIbHA (epMa BUMAra€ CHCTEMH INTYIHOTO
OCBITJICHHSI, TaK K 32 JIOMOMOTOI0 MOTPIOHOTO CHEKTPY, PIBHIO OCBITIECHOCTI, BOHA
CKOpOUy€ TEpPMIHM BereTalli KyJabTyp 1 B IIJIOMY MIJBUILYE BpPOKAMHICTH. Ll

cUcTeMa JIO3BOJISIE PIBHOMIPHO PO3IOAUTUTH MOTIK cBiTia (puc. 3.5).

Pucynoxk 3.5 — Po3MmilieHHs1 OCBITJICHHS B TEIUIHUIII 1100 BUPOIIYBaHOL

KYJIBTYPH

B ocHOBHOMY MHpOMHCIIOBI TEIJIUII OCHAIIYIOTHCS HATPIEBUMHU JIAMIIAMH,
SKI MalOTh CIEKTp, MaKCHUMJIbHO HAOMMKEHWH 10 COHSYHOro cBiTma. Jlims
BEJIMKUX KOMIUICKCIB II€H THUIl MOMITHO €KOHOMIYHUN 1 Ma€ TPUBAIMN TEpPMiH

excruryaTaiii. Tak, SK pUHOK MOBHHUM PI3HUM aCOPTHUMEHTOM CBITJIOII0IHUX
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CBITHJIBHUKIB 1 JaMI, MiIXOSIIUM BapiaHTOM B JOCHIIKEHHI, € (PITO CBITUILHUKU
(puc. 3.6). BoHn BHUKOPHCTOBYIOTH CI€liajbHI CBITJIOMIOAU 3 JIOCHUTh BHUCOKOIO
HOTY>KHICTIO. A TaKOX JI03BOJIIIOTH JJOMOTTUCSI HEOOXIHOTO CIIEKTpa OCBITIICHHH,
KOMOIHYIOYM CBITJIOJIONM B MOTPIOHOMY CHIBBIJHOIIEHHI CHEKTpiB, abo

BHKOPHUCTOBYIOTBECA ITIOBHO CHGKTpaJIBHi CBiTJ'IOIIiOIII’I.

Pucynox 3.6 — 3oBHimHi# Bun ito «LED» cBiTUNBHUKA

[ToTy>XHICTh CBITWJIBHUKIB MIAOMPAEMO, BUXOIAYM 3 TUIOMI TETUIMIII.
OnTuMaabHUM 3HAYCHHSIM B CTAisIX TUIOJAOHOIICHHS KYJIbTyp CTaHOBHUTH 80-160
Br/M°. BKIIOUEHHS [OMOMIKHOTO M1JICBIYYBaHHs, TaK 3BaHOI acUMUIALII, Oyje
3aiiicHIOBaTUCS He Oubine Hik 12-18 rogun Ha 100y .

Bci ngani mo kymbTypax Nel 1 No2, mjst mOCHiIKEHHSI CUCTEM KEpyBaHHS,
HajaH1 (HaxiBISIMH, SIKI MPAIIOIOTH B TEINTMYHOMY KOMILIEKC] 3armopi3bkoi 00JIacTi.
A TakoX, aHl PO TEeMIEPATypy 1 BOJOTICTh 30BHINIHLOTO cepeaoBuina Bij 60 10

90 mHiB BUpoOIyBaHHs, Oyiu B34Ti 3 apxiBy 2020 poky B micTi bepasucbky [10].

3.2 Pesyabtatu cucrem kepyBaHHsa BTK nHa mpukiaaai BupouryBaHHsi

KyJbTypH Nel

Sx xyapTypa Nel, mmst mocmimkeHHS poOOTH CHCTEM, 3 ypaxyBaHHSIM
CTENIaXXKHOr0 Croco0y BUPOLIYBaHHA, Oyna oOpaHa CyHMISA. 3a JOMOMOIOIO

T1APONOHHOI CUCTEMH, METOJOM MEPIOIUYHOIO MIATOILICHHS, MPU BUPOIIYBaHHI
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CYHHIIl 3aMICTh TPYHTY BUKOPHCTOBYEMO >KUBHJIBHUN PO3YMH, IO MiJBOASTH JO

KOPEHIB pOCIIUH 1 J10 cyocTpaty (puc. 3.7).

b b BﬂT‘
YR

i -

Pucynok 3.7 — I[Togaya »KUBWIBHOTO PO3YUHY JI0 KOpiHHS cyHwmIi [11]

Bin mmpkymnoe B mocagouyHUX MOAYJSIX, BUPOIYBaHHS MOKE BiIOyBaTuCH,
SK TOPU30HTAIBHO, TaK 1 BEPTUKAIBHO. PocinHaM HEOOX1THU PETyJIsipHUM TTOJIUB,
JUTSL KOKHOTO TEpIoAy PO3BUTKY POOHMTHCS PO3YMH IMEBHOro ckiany. He Baprto
3a0yBaTH MpoO Te, 10 MOCaJKa POCIUHUA TOBUHHA 3/IIMCHIOBATUCS HA B1JICTaH1, MIXK
HUMH Onm3bko 25cMm, a Mik psagamu — 40cm (puc. 3.8). Bucamkyerbes naHa

KyJbTypa B 10Ope 3BOJIOKEHUH CyOCTparT.
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Pucynok 3.8 — Cxema nocaku cynwiii [9]

[lepeBipka kucnotHocti pH 1 enextponposigHocti EC anamizyeTses st
CYHMIIl KO’)KeH HOBHH TwxaeHb. Hopmansauit pH Bix 5.5 no 6.5, a EC Big 1.8 no
2.2 oguHULb. 7S MOSIBM MIOMIB y CYHHIll, MOTPIOHO 1i IITy4HO 3aNUJIIOBATH.
Heo06xiaH1 mapaMeTpu AJ1s1 BUPOITYBaHHS, 31 3MIHOO MEPi0ly 3pOCTaHHS HaBeACHI

B Ta0mu1i (Tadmn. 3.1).

[Tapamerpu IIpopocranns Lpitinas | [lnmogonomenns | Yac nobu
Temmepatypa T, 16-18 18-20 20-25 JleHn
°C 8-12 14-18 17-19 Hiu
Bonorictb
_ 80-90% 70-80% 70-75% Cep.1100.
MOBITPS, O
Bonorictb
65-70% 70-75% 75-80% Cep.no6.
cyocrpaty HB,%
14000-
Ocsitnenns, JIK 10000-14000 18000-20000 | Cep.no®.
18000
TpuBan. cBiTI. AHS 14-18 ron 14-16 ron 12-14 ron —

['inponoHika 1

CO,, PPM

600-1000 1000-1260 1260-1540 Cep.no0.

VY 3BuuaiiHUX yMoOBax CyHuUIls 3arBitae 4yepe3 25-30 paniB. lIBiTiHHSA
BiOyBaeThes Bif 15 mo 35 nmHIB, a BiJ MOYATKy IBITIHHS 10 JO3PIBaHHS MEPIIUX
AT1T NPoXoauTh OJn3bko 30 1HIB. Y BEPTUKAIBLHOMY TEIJIMYHOMY KOMILIEKCI
3pOCTaHHs OYyIIb-SIKUX KYJBTYp 30UIBIIYETHCS B MIBTOpa pasu. 3a JOMOMOIOIO
JIOCBIYYBaHHS, TIPU JIOBXKUHI CBITIIOBOTO AHs 16 TOauH, CyHuIls 3aiBitae yepe3 10-
14, a moumnHae miogoHocuTH uepe3 30 mHiB. IL1ogOHOIIEHHS BIIOYBAETHCS
MPOTATOM 2 MICSIIIB, MICJISI YOTO CIIIYE MEPioj] CIIOKOIO.

[Ipn BuMiIpIOBaHHI MapaMeTpiB Yy BEpPTUKaIbHIN ¢depmi AOCTIIKEHHS

MPOBOAMIIOCS Bifl 2-0X 10 3 MICSILIB, 3 TTOYATKy CEPHHS 0 KiHIS >KOBTHS. J[is




48

TOTO, 100 TMepeBipUTH POOOTYy CHUCTEMH, 1 T HE3aNEKHICTh BIJ OYIb-IKUX
30BHIINIHIX (DakTOpiB, AN TOPIBHAHHA, B TeEpeOiry 3pOCTaHHS KyJIbTypH, 3
MEePIOANYHICTIO KOXKHI 5 JHIB 3HIMAJIUCS HE TIIBKU NapaMeTpu B BEPTUKAIbHIN
depwmi, aje 1 30BHIIIHBOTO cepepoBuIa B MicTi bepasHcpky 3anopi3pkoi 00acTi.

Jliarpamu TeMIiepaTypu 1 BOJIOToCTl OyJid MoOya0BaH1, BUXOASUH 3:

— HeoOX1THOTO 3HAYCHHSI JIJIs 3pOCTaHHS KyIbTypHu Nel;

— BHMIPIOBaHHA MTapaMETPiB 30BHIIIHHOTO CEPETOBUIIA;

— BHMIPIOBaHHS MapaMeTPiB B TEIUIUILIL.

Hwxye OynyTh mpencTaBiieHI OTpMMaHI TOYKOBI JilarpaMu TeMIIEpaTypH

npoTsirom 90 nHiB (puc. 3.9) ta (puc 3.10).

s spoctasss syneTypE Nel

-] ' ' ( > ' °

Pucynok 3.9 — [liarpama piBHs TeMnepatrypH BAEHb 3a 3-bOMa 3HAUCHHSIMU

Jmi spocransas syneTyps Nel

* hane oro oof

Pucynoxk 3.10 — Jliarpama piBHS TeMIIepaTypHu BHOY1 3a 3-bOMa 3HAYEHHSIMHU
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MoskHa BiI3HAYUTH, 1110 BUXOJIYH 3 OTPUMAHUX JTaHUX TeMIepaTypH BICHb
1 BHOYI, a TaKOXX HEOOXIigHOI 1 BUMIPSAHOI B TEIUIMIl, CUCTEMH KEepyBaHHS
BEPTHKAIBbHOI (epMU MIATPUMYIOTH TOTPIOHMI [iana3oH, HE3aJIeKHO Bif
30BHIITHBOTO CEPEIOBHINA. TakoX 3a JOMOMOTOK BEHTHJIAIII 1 CHUCTEM
PEIMPKYJIAIii MOBITPs, MapaMeTpU BOJOTOCTI MAalOTh MAJCHBKY IOXHOKY B

IIPOIIEHTHOMY CITiBBiHOMIEHHI BiJ HeoOXiaHOi (puc. 3.11) Ta (puc. 3.12).
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Pucynox 3.11 — Jliarpama piBHsI BOJIOTOCTI BJIeHb 3a 3-bOMa 3HAYCHHSIMU
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Pucynox 3.12 — Jliarpama piBHSI BOJIOTOCTI BHOYI 32 3-bOMa 3HAYCHHSIMH
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Cucrema KepyBaHHS JO3BOJSIE MaKCHUMajdbHO TOYHO MIATPUMYBATH
noTpiOHMI pPiBEHb BOJOTOCTI cyOcTpary. Lle MOXHa BiJ3HAUMTH HA HACTYIHIN
miarpami (puc. 3.13). 31 3MEHIIEHHSM BOJIOTOCTI MOBITPS ISl KOM(pOPTHOI

BereTarlii moTpiOHO MiABUIIICHHS BOJIOTOCTI BicoTky HB cyOcTpary.

Pucynok 3.13 — Jliarpama He0OX1AHOTO Ta BUMIPSTHOTO PiBHS BOJIOTOCTI

cyocTparty

3a manuMH B Tabimii 3.1, Bumarae miasuiieHuss PPM Big 600 go 1560 oauHHIb.
[lepiognuHICTh 1O 3anucy AaHUX OyB 3MiIHEHMH 3 5 10 2 nHiB. CUcTEMa KepyBaHHS
T'1IPOTIOHIKOIO J03BOJISIE MAKCUMAIBHO TOYHO MIATPUMYBATU MOTPIOHUI Jiana3oH

koHientpaiii PPM (puc. 3.14).
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Pucynok 3.14 — [liarpama KOHIIEHTpaLlli pO3YUHY T1IPONOHIKH

3rigno tabdauii 3.1 ocBiTiIeHHs CyHUIll BiOyBaeThesi 12-18 ronun. Tak, sik
BEPTUKAJIbHA TEIUIMIIS € 3aKPUTOIO Bl OyIb-SIKMX 30BHINIHIX (DAKTOPIB, B TAKOMY
BUIAJKYy BUKOPHUCTOBYETHCS IUTYYHE OCBITJIEHHS. AJie BapTO 3a3HAYUTH, IO
MaKCUMaJbHO TOYHUM BY3JIOM B CHCTEMI KEpyBaHHS € HE TUIbKH T1JIPOTNIOHHUMN

BY30JI, a i CHCTeMa, [0 BIIMOBIIA€E 3a OCBITJICHHS 1 acuMiIsLito (puc. 3.15).
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Pucynox 3.15 — Jliarpama piBHsI OCBITJICHHS Ta aCUMUIISIIIT
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3 nmaHuxX JiarpaM MOKHa 3pOOWUTH BHCHOBOK, IO BEpTUKaJbHA TETLIUILI
OiATPUMY€E TOTPIOHMI pIBEHb NapaMeTpiB 3 MIHIMAIBHOIO TOXUOKOIO TpHU

BUPOIIYBaHHI KyJIbTypu Nel.

3.3 Pe3yabtatu cucrem kepyBanHsa BTK nHa mpukiaai BupouryBaHHsi

KYJbTYpH N2

Buxonsuu 3 myHKTy 3.2, pO3TJISIHEMO BapiaHTH JOCIIHKEHHS 1HIIOTO BUAY
KyIbTypU B 3aKpHUTIH BEPTUKAJIbHIA EKOCHCTEMI, 3 IHIIUMH BHMOTaMH JO
MIKpOKJIIMaTy. TakuM 4YHUHOM, B SIKOCTI KynbTypu Ne2 e oripku. Bes cragis

3pOCTaHHs BiJl TIOCIBY JIO MEPIIHUX IUIOAIB 3aliMae J10 2 MicsliB (puc. 3.16).

Pucynok 3.16 — Bun kyneTypu Ne2 31 3MiHOIO cTafii pocTy

Jlnst rapHOi BPOKaMHOCT1 OTIPKIB MOTPIOHA XOPOIa IUPKYJIALIS MOBITPS 1
IPaBWIBHO MiiIOpaHe XapuyyBaHHs, BIH JyKe TEI10at00HUM. 11 MOBHOLIHHOTO
PO3BUTKY Oripka MoTpiOHO 12 roguHHUN NAeHb. 301IBIIECHHS CBITIOBOIO JHS 10 16
TOJAWH CTUMYJIOE€ TIUIOJOHOIICHHS, aje 3HWXKYE BpokaHicTh. HeoOxiaH1

napaMeTpH JUIsl BUPOIyBaHHS KynbTypu Ne2 HaBeseHi B Ta0. 3.2.
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Tabmuusa 3.2 — IlapameTpu aiis BUPOIIYyBaHHS OTIPKIB, 3 ypaxyBaHHSIM

CTaii Moro 3pOCTaHHs

[TapameTpu [Ipopoctanns | Ligitinasa | [Imogonomenns | Yac nobu
Temmneparypa, 18-22 24-28 24-30 JeHb
T,°C 15-18 16-20 16-20 Hiu
BosoricTs noBiTps, ¢ 60-75% 70-80% 80-95% Cep.n00.
Bonoricts
cyocrpary, 75-80% 80-85% 60-75% Cep.no0.
HB %
Ocsitnenns, JIK 6000-9000 10000- 14000-20000 Cep.n00.
14000
TpuBain. cBiTI. AHS 14-18 ron 14-16 ron 12-14 ron —
['ppomnonika 1 COy,
oPM 400-900 900-1190 1190-1750 Cep.1100.

Buxonsuu 3 Tabmumi 3.2, piBeHb KOHIIEHTpallli, OCBITJIICHHS, a TaKOX
TeMIlepaTypa 1 BOJOTICTh MOBITPS 30UIBIIYETHCS MPU Mepexol KyiabTypu Ne2 B
1HITy ctanairo 3pocTaHHs. Cucrema KepyBaHHS BEPTUKAIBHOI (epMH, SIK MOXKHA
BII3HAYUTHU Ha Jilarpamax, 3 MIHIMaJbHOI MOXHUOKOIO BijJ MOTPIOHMX 3HAYEHb
napameTpiB, CHPABISAETHCS 3 TMIOCTaBICHUMHU 3aBAaHHsAMHU. [Ipu BuMipi Bci
napameTpy 3aMIpsUIUCS 3 TaKOK K MEPIOJUYHICTIO, IO 1 JTOCTIKEHHS KYJIbTYPH
Nel. Jliarpamu Temmeparypu 1 BOJIOTOCTI Oy MoOyAOBaHI, BUXOISAYU 3 JAHUX

HeoOXigHOro 3HadeHHs, 3amipsHoro B BTK 1 30BHIIHBOTO cepemoBuima (puc.

3.17), (puc. 3.18).
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Pucynox 3.17 — [liarpama piBHs TeMIiepaTypu BJICHb 3a 3-bOMa 3HaYCHHSIMHU
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Pucynok 3.18 — Jliarpama piBHsI TeMniepaTypu BHOY1 32 3-bOMa 3HAYEHHSIMU

Bapro 3a3nauntu, mo TemrepaTypa BIEHb 1 BHOYI HISIK HE BIUIUBAE Ha
BHYTPIIIHIN MIKpOKIIMAT BepTHKaIbHOI Teruuil. KyiasTypi Ne2 moTpibHa BUCOKa
BOJIOTICTh TOBITPSI, IPW HU3BKINA X ICTOTHO 3HIDKYETHCS 3alUJICHHS 1 3pOCTaHHS

wiony. [Ipu ay’e HU3bKOMY piBHI BOJIOTOCTI 30BHIIIHBOTO CEPEIOBUIIA BACHb PUC
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3.19, 1 Bucokorw — BHoui puc. 3.20, cucrema BTK miarpumye nocTiitHUiA BiACOTOK

BOJISTHOI MApH.
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Pucynok 3.19 — Jliarpama piBHSI BOJIOTOCTI BJIEHb 32 3-bOMa 3HAYCHHSIMHU

Pirenns Bogorocti ¢, %
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Pucynox 3.20 — Jliarpama piBHS BOJIOTOCTI BHOYI 32 3-bOMa 3HAYCHHSIMH
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Kynbrypa Ne2 mnpu miaBuILlEeHHI BIJCOTKY BOJIOTOCTI TOBITPS BHUMAarae
3HIKEHHS BosiorocTi cyocrpary a0 60-70%. Cuctema kepyBaHHsS BEPTUKAIbHUM
TETUVIMYHUM KOMIUIEKCOM IPAaKTUYHO MOBTOPIOE B MPOLEHTHOMY CITiBBiTHOIICHHI

HEOOXiHMIA piBeHb CyOCTpaTy B TigponoHii (puc. 3.21).
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Pucynok 3.21 — JliarpamMa He0OX1THOTO Ta BUMIPSIHOTO PiBHS BOJIOTOCTI

cyocrparty

PiBens xoHmeHTpaii 11 KyiabTypu No2 Bij modaTky BereTarlii, BUXOASYH 3
tabmui 3.2, nopiBHtoe 400-900ppm, Mmiciis 4OTO TUIABHO 3MIHIOETHCS JI0 T1ama30oHy
900-1190ppm, a mogoHOUIEHHSI BinOyBaeTbcsi B Mexax 1190-1750ppm.
['inponioHHMIA BY30J1 CUCTEMHU KEepyBaHHA, (DaKTUYHO, MAKCHMAJIBHO MIHIMAaJIi3y€e

BIIXMJICHHS BiJl HEOOXiqHOTO 3HaUeHHs (puc. 3.22).



57

1200
\ ®
1600 ?\\ /?\ ’\‘
| R\ /| \ f \\
o [ \/ & 4
/ VY oA
= 1200 = ot | b
. PN e AN [
= 1000 | \ / \ N/
2 [ o ¢ vy ¥ \:.,
£ w00 R I
NAA |
2 6l / \ a ‘\.l
2 e |/ \
a0 L J
10 20 0 ( 50 b0 0
JH spocranes EyneTypa Me2
=@~ HeolxLumi pieHs KOHIEATPATY *— etk KOHNEETPETY B TeIImn

Pucynox 3.22 — Jliarpama KOHIIEHTpaIlli pO3YUHY T1APONOHIKA

AHaJIOT14Ha CHUTYyallisl 3 CUCTEMOIO OCBITJICHHS 1 acuMuIsAUiero. BoHa Tak
caMO CHpAaBJSIETbCS 3 HEOOXIJIHUM pPIBHEM OCBITJIICHHS TMPOTSATOM YChOTO

3pocTtaHHs KyabTypu Nel, Ne2 (puc 3.23).
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Pucynok 3.23 — Jliarpama piBHSI OCBITJICHHS Ta aCUMUIALIIT
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Crnuparourich Ha MOOyZ0BaHi AiarpaMu poOOTH CUCTEM KEpyBaHHS Ha JaHHUX
kynbTypu Nel 1 No2, BuOOpy ABOX pI3HUX KYyJIbTYp 3 PI3HUMHU BHMOTaMH [0
MIKpOKJIIMaTy, MOKHa 3pOOUTH BHUCHOBOK, IO J1MCHO BEPTUKAIbHUN TEIUTMYHUIM
KOMIUIEKC MOKE€ MiATPUMYBaTH MOTpPiOHI mapameTpu. [Ipu mpomy moxuOka Bif
MOTPIOHOTO Jlama3oHy € MiHIMajJbHOK. A HezajexHIcTh ekocucteMu BTK Bin
OyIb-IKHX 30BHIIIHIX (aKTOPIB, K OYJIO 3a3HAYECHO BHIIE, TO3BOJISIE BUPOIITYBATH
pi3HI BUIM 3€JIeHl, OBOYIB, PPYKTIB LM pik. JlocTymHa, B OLIBIINX MaciiTabax
BUpoIyBaHHs, peanizamis BTK B MickkoMy, MycTEIbHOMY CEpEIOBHIII, € HE
TIJIBKH BEJTUKOIO NIEPCIIEKTUBOIO B PO3BUTKY BEJIHMKOI BPOXKANHOCTI, a M MIATPUMII

B MalilOyTHHOMY 3€JIEHOT €HEPIreTUKH.
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4 EKOHOMIYHE OBI'PYHTYBAHHS BITPOBA/IKEHD

4.1 BaxmBicTb PO3BHTKY PHMHKY BepPTHKAJIbHUX TeIIMYHHUX

KOMILIEKCIB.

Temoro Mmarictepcbkoi pobotn € «CHucTeMH KepyBaHHS BEpPTUKAIbHUM
TEIUIMYHUM KOMIUIeKcoM». Ha nmaHmii yac, akTyanapHICTh JaHOT TEMH IMOJSITaE y
TOMY, III0 3 POCTOM CBITOBOTI'O HaceJIEHHS 301IbIITYEThCS HMOBIPHICTH TOTO, IO BCE
Oulbllle JIOAEH B KpaiHax, OyIyTh BiAYyBaTH MpoOJIeMH B HECTadl ixkl.
BeprtukanbHi ¢pepMu He BUMararTh BEIMKOI TUIOMI 1 X MOXKHA PO3MIILyBaTH Y
BEJIUKHUX MICTaX, sIKI ChOTOJHI CTAJIM OCHOBHUMH CIOKMBadyaMHM ix mpoaykii. Ha
MPAKTUIlI BOHH MOXYTh PO3TAIIOBYBATHUCS MPAKTHYHO B OYyIb-SIKHX BHCOKHX
OyniBisix. B Tomy umci, 1 crapux OyaiBiIsIX TPOMKCIIOBOTO TPU3HAYCHHSI.

Jy>xe OaraTo aHaJITHKIB, AKi MPOTHO3YIOTh, IO B HAWOIMK4Yl POKA PUHOK
KOMILJIEKCHHX BEPTHKaJIbHUX (hepM 1 MOB'S3aHUX 3 HUM TEXHOJIOTI Oyne pocTu.
MoBa B mepiry uepry ijae mpo TOTYyXKHE, aje EeKOHOMHE OCBITIeHHs, 3D-
npuHTEpH, aHami3 gaHux, [T, moOpuBa Ta HaAcCiHHSA. 3a JAHUMM JIOCIIHKEHHS
«Marketsand Markets» cepenHbOpiYHHI TEMI POCTY TEXHOJIOTIH 3 ypaxyBaHHSIM

CKJIQJTHOTO BiJICOTKA 9.65% Mae Jy>ke BEJMKY MEePCIEeKTUBY B 1IHHOBINSAX (puc.4.1).

50
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Pucynok 4.1 — OOcsr puHKY TEXHOJIOTIH /11 BepTUKAIbHUX GepM, $ Mip

3 reorpadiyHoi OJIM3BKOCTI BUPOOHUYMX MOTYKHOCTEH A0 MOTEHLIMHUX

PHHKIB 30yTy BIIOYBA€ThCS CYTTEBA €KOHOMIS, SIK BUTPAT Ha MEPEBE3CHHsI B3arali,
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TaK 1 MaJMBHO-MACTHJIBHMX MartepiajiB. A 1€, KpiM yChOrO 1HIIIOTO, BEAE O
3MCHIIICHHS] IIKIJJMBAX BHUKHUIIB, SKI TPOIMOPIINHI BIACTaHI Bix MicCIA
BUPOOHUIITBA JI0 MICIISl CIIOKUBaHHsA. [, 3ayBaxKy, IO 11€ AEThCS PO BEJIMYE3HI
BIJICTAHSX: MPHU KIACHYHOMY 3eMJIEPOOCTBI HOTO TIPOIYKITiS, B CEPEAHHOMY, J0JIAE
no 2000 kiuToMeTpiB, TIepII HDK IMOTpaIlise 10 CIOXuBada. J[pyra ckiamgoBa
C€KOHOMIi1 MaJMBHO-MAaCTUJILHUX MaTepialliB, a 3 HEK 1 3MEHIICHHS IIKIJJIUBUX
BUKH/IIB, TIOJIATAE Y BIICYTHOCTI CIIbIOCITEXHIKH, 1110 MPAIIOE 3 POCTUHAMHU.
Takox 1€ OAHIEID TEpeBarol BEPTUKAIBHUX KOMIUIEKCIB, € EKOHOMIis
BOAHUX pecypciB. Cporogni 3 mnpoOJeMoOr0 3a0e3NeUeHHs MPICHOK BOAOKO
CTUKAIOThCcsl OaraTto KpaiH. Po3ymitoud, 1m0 cuibChKOrocnoaapcbka cdepa
BUTpavae 0;1u3bK0 70% BCi€l CIOKMBAHO1 BOJIU B CBITI, CTA€ 3pO3yMIIOI0 TOCTPOTA
npoOsieMu. Y CBOIO 4epry, BepTUKaIbHI (pepMu BUTpadaroTh Ha 75 - 95% MeHiie

BOJIY, HIK TpaAuIliiHe 3eMIepoOCcTBO. TaKuM YMHOM, €KOHOMISI OYeBH/THA.

4.2 TengeHuii poO3BUTKY BEPTHUKAJBHMX TeIUIMYHUX KOMILIECKCIB 3

no3umii crapramy «iFarmy.

Kommanis «iFarm» 3 HoBocubipcbka, Bixke B ApyTruid pa3, BUiILIIA y (iHai 1
BU3HAHA KpammMm arpodyn-crapranom 2020, HA TPECTHKHOMY €BPONEHCHKOMY
KoHKypci «The Europa’s Awards», skuii 11 pokiB BH3HAaYa€ HaAHOLIBII
1HHOBAIIiHI TEXHOJIOT14H1 cTapTanu €Bponu. BeprukansHa gpepma «iFarmy, saBise
co0or0 Gabpuky i MICBKOTO BEPTHUKAIBHOTO (epMepcTBa B 3aKPUTHUX
OpUMILIEHHSAX. TeXHOJIOTi, TO3BOJSIOTh KPYIVIMM pIK BUPOIILYBaTH aOCOIIOTHO
3I0POBI POCIHMHH, 0€3 BHKOPUCTAHHS IECTUIIMIIB. ABTOMAaTH30BaHHMM KJIIMarT,
CUCTEMA «PO3YMHOTO» XapuyBaHHS 1 CBITJIOMIOIHE OCBITIIEHHS BJIACHOI pO3POOKH,
3a0€3Meuyl0Th POCIMHU BCIM HEOOXITHUM, IJIsl IIBUAKOTO 3POCTaHHA. Ypoxai
J03piBa€ B JIBa pas3dl MIBUJIIE, HK HA TOJI. YTIPaBis€ MOCagKaMu, BiJl TPOTHO31B
MOMUTY A0 00Ky 30yTy MPOAYKIIii, 1 BUAAE YITKI CIIEHAPIi JJIs IepcoHany Gpepmu,

KOHTPOJJIIOIOYH 1X BUKOHAHHS.
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Beptukanpai GepmMu JErKo 1 MpOCTO MACIITaOYyIOThCS, X MOXKHA 3BOJIUTH
Oynp-sk0i KoHbIryparii - Big 50 go Outemr Hixk 1000 m?. Ha manwmii yac BOHU
MPOCKTYIOTh MIICTh 00'ekTiB. Ilepmmit — moy-pym B MOoCKBI, Apyruii -
POMUCIIOBUN 00'€KT B CTOJNHIN, TPETIH - IIOYy-pyM 3a KOPJAOHOM, YETBEPTUU -
BEIIMKY BepTuKanbHy ¢depMy B Kazani sika siBisie coboro 60 crenaxiB, N'STUN -
Ja0bopaTopito I OJHIET 3 MYHIIUMAIbHUX MK TOMChKa, MIOCTUN - HEBEIUKE
BUPOOHUIITBO B IpKyTChKY B po3Mmipi 8 cremaxiB. Kommanis «iFarmy mposena 36
EKCTICPUMEHTIB 3a OCTaHHI MIBPOKY POOOTH BEPTHUKAILHOI ()epMHU, 3 HACIHHSIM,
CBITJIOM, Xap4yyBaHHsM 1 KiaiMaToM. Tak camo 3a mel yac OyJio mocapkeHo 1o 3
MJIH HaciHHA. 3aranoM npoBefeHo 100 arpoxiMiyHMX aHauli3iB. 3a OCTaHHIN yac,
KOMITaHisi oTpumana 458 3asBOK Ha MOKYINKY TeXHOJorii, 17 3 HUX 3a KOpJOHY.
TexHosorii mikaBasITh 3aMOBHMKIB 3 Dinnsumli, Jlareii, CayniBcbkoi Apasii,
O6'ennannx Apabcbkux Emiparis, Icnanii, Kanaau, Ynii Ta 1HIImX kpaif.

Jist  po3paxyHKy €KOHOMIYHOI YacTHHM TPOEKTY «BCTAHOBIICHHS
BEPTUKAJIBHOI (hepMU» CII1J] BKIIFOUUTH TaKl pO3PaXyHKHU:

— PO3paxyHOK KamiTaJIbHUX BKJIAJICHB;

— PO3paxyHOK €KCIUTyaTal[ifHuX BUTPAT;

— PO3paxyHOK PIYHUX JI0XO/IIB;

— pO3paxyHOK NpHOyTKY;

— PO3paxyHOK MEPioy OKYITHOCTI.

4.3 Po3paxyHoK KanmiTaJabHUX BKJIAaJ€eHb

KamitaneHi BKIIaeHHS SIBJSIOTH COOOKO KOIITH, CIPSMOBaHI Ha IPpUAOAHHS
HOBUX TIJMPUEMCTB; PO3IIUPEHHS, PEKOHCTPYKINIIO 1 TEXHIYHE O0O0JIaJHaAHHS

JIFOYMX IMiAMPUEMCTB.
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Tabmuns 4.1 — OcHoBHI BUpoOHMUY1 00JIaJHAHHS TETUTMYHOTO KOMITIIEKCY

. 3arajabHa
On. o Bapricts .
Ne HaiimenyBaHHs _ KinpkicTh BapTICTh,
BUMIpPIOBaHHS , TPH.
TpH.
KomrmuiekT Termii
1 ) 1 1 760900 760900
48m
[Tincymox 760900

VY MiHIManbHy KOMIUIEKTALlI0, JUIsl aBTOMATHU3alli BEPTUKAIBHOT TEIINYHO1
(dbepMu BXOAUTH BCTAHOBJICH] BY3JIM B TOCIIAHUIIBKOMY TIYHKTI (puc. 3.2):

— KOHJIMLIOHEP 3 3BOJI0KyBaueM noBiTps (1,2);

— 0aK 3 JKUBUJIBHUM PO3YHMHOM (3);

— JIBa MOAYJ1 Jyisi po3caau (6) 1 1opoliyBaHHs 3elieHl (4) y po3Mipi Tphox
OJIMHUIIB;

— Hacoc (5);

— o6amon 3 CO; (7);

— KOHIIGHTPAT KUBUJIBHOTO pO34uHy (8);

— 0ak /1 MATOTOBKH KUBHIIBHOTO pO34HHY (9);

— 0Oak ta pinbTp g yuctoi Boau (10,11);

— komm'totep (12) 3 kepyrouoro mporpamoro Ta 6;10koM aBromatuku (13);

— Wi-Fi moayomi.

[Ipu w™moHTaxi oOjagHaHHS, Oy/IeMO BUKOPHUCTOBYBATH BXXE TOTOBY
CTPYKTYpY CIIOpYI1 a00 PUMIIIICHHS.

Po3paxyHOK BUTpaT Ha MOHTaX YCTATKyBaHHS:

Bapricts obnagnanus: K, = 760900 rpH.

ButpaTtu Ha MoHTaxH1 poboTH ckiaaaroTh 10% Big BapTOCTI 00JIaIHAHHS:

K, =K. - 10% (4.1)
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K,, = 760900 - 10% = 76090 rpH.

HenepenbaueHni BuTpaTtu ckiianaroThb1% Big BapTOCTI 00JIaIHAHHS

Kyen = Kos. - 1% (42)

Kyen = 760900 - 1% = 7609 rpH.

CyMapHi KamiTajJibHi BUTPATHU:

K= KOG. + KM + KHer[ (43)

K = 760900 + 76090 + 7609 = 844599 rpH.

4.4 Po3paxyHOK eKCILIyaTalliiiHUX BUTPAT

Po3paxyHok ekcrutyaTalliiHuX BUTPATH, MOB'SI3aH 3 €KCIUTyaTalll€r0 TEXHIKH
M1IIPUEMCTBA.

Jlo ux BUTpAT BiAHOCATHCS:

— MarepiajgbHl BUTpaTH (BUTPATU HA OIUIATY €JIEKTPOEHEPTii);

— 3apo0iTHA IUIaTa NepcoHay,;

— €IMHMH COIllaIbHUH BHECOK;

— aMOpTH3alliiiHl BiApaxyBaHHS;

— 1HIII BUTpPATH.
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Tabnuis 4.2 — MiHiManbHUN ITAT AJ 0OCITYTOBYBaHHS BEPTHUKAIBHUX

depm 48m°
3apo6itHa | Kubkicts | Poboui 3aranpHa 3apo0iTHA
Ilocana o .
miara, TpH. | JIOAeH MicCsITi maTa 3a pik, TpH.
Havanbauk 20000 1 12 240000
['onoBHUM
15000 1 12 180000
1HXEHEep
['onoBHwMi
12000 1 12 144000
oyxranrep
MoHTa)KHHUK 9000 2 12 216000
EnexrpomonTep 9000 3 12 324000
ArpoHom 9000 6 12 648000
Omnepatop 8000 3 12 288000
[Tincymox 2040000

Po3paxyHOK QOHly OCHOBHOI1 OIJIaTH Tparli:

(4.4)

®OIly, = ®OIT + IIp + /I3,

ne Ilp — mpewmii, saxi ckinagaroTh 25% Big OIT;

I3 — nomaTkoBi 3aTpaTH, skl ckianats 10% Big OOII.

®OIly = 2040000 + 510000 + 204000 = 2754000 rp=.

€ il comansHui BHECOK 22% B1x DOII:

Ocoy = 2754000 - 22% = 605880 rpH.
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AmMopTu3aliiiHi BipaxyBaHHS:
VY naHomy BUINAJKy TepMiH ciyxOu oOnaaHaHHs 10 pokiB, aMopTHU3aIliiiHI

BigpaxyBaHHs ckiagaoTs 10% :

A, =Ky - 10% (4.5)

A, = 760900 - 10% = 76090 rpH.

MarepianibHi BUTpatd M, CKIamalOThbCd 3 BHUTPAT Ha Marepianu 1

3aM4acTuHU, K1 cKki1aaaTh 3% Big K — cyMapHuX KaniTaabHUX BUTPAT.

M, = K- 3% (4.6)

M, = 844599 - 3% = 25337,97 rp=.

Butparu Ha orutaty enekTpoeHeprii BU3HAYAIOThCS BUXOMYH 3 TTOTYKHOCTI
CIIOKMBAHOI OOJaJHAaHHSIM, dYacy poOOoTH 1 TapudiB Ha EJIEKTPOSHEPTIIO.
BeptukanbHuii  TEMJIWYHUNA  KOMIUIEKC Yy  MIHIMQJIbHIA  KOMIUIEKTAIll
mioma sKkoi craHoBuTh 48M° , a mioma poGouoi mocamku 35M% Gyme

pPO3paxoBaHUM 3a CIIOKUTY €HEPTit0 MOCAT0YHOT TUIOIII:
E=D-K-T-365-1.69 4.7)
ne D — mocamouna mioma, D = 35;
K — Butpatu eneprii komminekcy KB,/roa., K = 0.17 KBt/roz;

T — rogun Ha 100y, T = 24roaunHu

E=35-0,17-24-365-1,69 = 88086 rpH.



66

CymapHi MaTepialibHl BUTPATH :

Mpyy =M, +E (4.8)

M,y = 25337,97 + 88086 = 113423,97 rpH.

Takum yuHOM, €KCIUTyaTallliiHI BUTPATHU

EBHTp = CDOHZ + Ocou + Aa + MBZ- (49)

Egurp = 2754000 + 605880 + 76090 + 113423,97 = 3549393,97 rpH.

J1J1st O17IBII HAOYHOT KAPTUHKY 3aHECEMO JiaH1 B TaOJIUIIIO:

Tabnuus 5.4 — ExcrityaraliiifHi BUTpaTH B pik

No HasBa Butpar Piuni 3atpartu, rpu

1 ®doH/ orIaTH Mpari 2754000

2 € auHUNA coliaIbHUI BHECOK 605880

3 AMopTH3alliiiHi BiApaxyBaHHS 76090

4 | CymapHi MaTepialibHI BUTPATU 90368
[Tincymox 3526338

4.5 Po3paxyHOK piYHMX 10X01iB

KoxHOro poKy, 3a CTaTHCTHKOI KOMIaHil «iFarmy, mpojae B cepenHbOMY
60 TexHoMoriH TermIpe obmero miomeo 48M° . Y JaHOMy BHIAmKy pasOBHil
JIOX1]1 SIBJIsI€ COOOI0 TEXHIYHE MJIAaHOBE OO0CITYyrOBYBaHHS.

TexniuHe mIaHOBE 0OCITYTrOBYBaHHS:
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Prro = No * Ny * P (4.10)
P,.,=60-1-15000 =900000 rpu
ne P, — BapTicTh TexHiYHOTO 00CIyroBYBaHHs, P, = 15000 rpH.
N, — k1IbKicTh 00’ €kTiB, N, =60.
N., — KUIBKICTh 0OCITyrOBYBaHb 00’ €KTIB Ha ik, N,,= 1.
HemnnanoBe texHiune oOciayroByBaHHs ckiagatuMme 10% Big BapTocTi
JI0XO0JTy TEXHIYHOTO OOCITYyTOBYBaHHS:

Pyen = Py ¥ 10% (4.11)

P, = 900000 * 10% = 90000 rpH.

3HaiiieMo OBHY BapTiCTh 00CIyroByBaHHs 3 60 00’ €KTIB:

Po6 = Pl‘[TO + PHen (412)

P, = 900000 + 90000 = 990000 rpH.

Bapricte MoHTaxy 3 60 00’ €KTiB:

Pyoy = Ny * Py (413)

P ow = 60 % 76090 = 4565400 rpH.

ne  Pyow — BapTICTh MOHTaXYy, P,y = K,, = 76090.
N, — KibKicTh 00’ €kTiB, N, = 60.

3arapbHUH JOXIJI B PIK:
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Psar = P06 + PMOH (414)
P,.. = 990000 + 4565400 = 5555400 rpH.

4.6 Po3paxyHOK YHCTOr0 NpudyTKY
3HalaeMo piuHUN TPUOYTOK :

Ppiy = Pyar — Epyny (4.15)
P,y = 5555400 — 3549393,97 = 2006006,03 rpH.

[TogaTtok Ha npubyToK — 18% pryHuX:

H=Ppi‘{

+0.18 = 361081 rpun
YucTtuii npulyTOK:
Poyer = Ppiy —H (4.16)
Piyer = 2029062 — 361081 = 1644925.03 rpH.
4.7 Po3paxyHoK nepiojgy OKyNHOCTi BePTHKAJIbHOI (hepMU
Po3paxyHkoM mepiofy OKYNMHOCTI MOKHA BiJIOOpa3UTH MPOMIKOK Hacy, 3a

KWW KariTajdbHl BUTPATH OKYIUISATHCA 1 MOYHYTh MPUHOCUTU NpuOyTOK. TepMmin

OKYITHOCTI PO3Pax0OBYETHCS 3a (HOPMYJIOIO:

T=K/, (4.17)

YUCT
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_ 3549393,97 _
T= /1644925.03 = 21 POKy.

5 OXOPOHA ITPAIII TA BE3IIEKA Y HAI[3BPI‘IAP1HPIX CUTYALIAX
5.1 AHaJji3 noreHUiaJILHUX He0e3eK

Maricrepcbka poOota Ha TeMy «CHUCTEMH KepyBaHHS BEpPTHUKAJIbHOIO
TEIUIMYHOIO0 KOMIUIEKCY», poO0oYe MiClle CHUCTEMHOIO OIepaTropa, SBIIE COOOIO
IPUMILLEHHS , 00JIaJHaHEe NEPCOHAJBLHUMH KOMIT I0T€paMH 3 TepMiHaiamMu. Tomy
HEOOX1IHO PO3MVISIHYTH 3aXOJid, IIOJI0 3a0e3MedyeHHsT MOXKEXKHOI Oe3meKu, s
IPUMILIECHHS 3 MEPCOHAIIBHUMH KOMII FOT€paMH, BUPOOHMYOI CaHITapli Ta TIrlEHH
npari.

Ha ocHoBax BHBYEHHS Ta aHali3y, ICHYIOUMX 1 HOBUX TEXHOJOTTYHUX
mporieciB, o0JagHaHHA Ta TexHIKow BuMiproBaHHs 3rigHo 3 'OCT 12.0.003-74
«HeOe3neuni ta mkianuei BupoOoHU4l Gakropu. Knacudikaris», 10 HeOe3neuHnx
3arajbHUX HECHPUITIMBUX (PaKkTOpiB, OOYMOBJIEHHX XapaKTepoM BUPOOHUYOTO
poliecy Ta yMOBaM Ipaili MO>KHa BiTHECTH:

— ypaXXeHHS EeJEKTPUYHUM CTPYMOM, BHACIIJOK HEAOTPUMAHHS TPaBHI
eJIeKTpoOe3neKr ab0 BHACIIOK BUXOAY 3 JIay €IEKTPOIPUIaAiB, 1110 MOXKE CTaTH
MPUYHUHOIO €JIEKTPOTPaBM ab0 IPU3BECTHU J0 JITATLHOTO HACHTIJIKY;

— HETAaTUBHHUM BIUIMB Ha OINOPHO-PYXOBUM amapaT oleparopa Ipu
HEJIOCTaTHIM  PYXJMBOCTI  MPOTATOM  poOOYOro  yacy, He3aJOBUIbHIN
€proHOMIYHOCTI POOOYOTO MICIISl Ta HEMIPaBUJIBHIN opraHizailii po6o4yoro Jacy;

— eMOIliliHe TepeBaHTAKEHHS Ta pPO3YMOBE IMEpPEHANPYKEHHS, Yepes3
HEJOTPUMAaHHS PEXUMY pOoOOTH 3a MEePCOHATBLHIUM KOMII FOTEPOM, IO PHU3BOIUTH
70 TIABUIICHHS CTOMJIIOBAHOCTI, 3HIJKEHHSI yBaru, IiJIBUIY€TbCS HWMOBIPHICTb
TpaBMYyBaHHs [IEPCOHAITY HA pOOOYOMY MICII];

— MEXaHIYHI ~ TpaBMHM  4Ye€pe3  HENpaBWIbHY  YCTAaHOBKY  MEOJIIB,

HEIMPaBUILHOTO O0JIaIHAHHS Ta OCHAIIEHHS POOOYUX MICIh;
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— HEJIOCTATHE OCBITJIIEHHS pPoOOYOi 30HM, BHACHIJOK HECHPABHOCTI
OCBITJIIOBAJILHUX MPHJIAAiB a00 HEMpPaBUIBLHOTO MPOEKTYBAHHS OCBITIIOBAIBHOI
CUCTEMH, III0 MA€ HETaTUBHUM BIUIMB Ha 30pOBE CTOMJIEHHS 1 Olb B Oouax, yepes
HEJIOCTAaTHIO OCBITJIEHICTh POOOYOi 30HM, SIKI MPU3BOAATH 0 3HMKCHHS yBaru 1
MO>KJIMBOCTI TPaBMYBaHHS,

— HE3aJIOBUIbHI TMapaMeTpU TMOBITPSHOIO CEPEJOBHINA PoOOYOi 30HH, IO
NO3HAYalOThCS HA TOPYLIEHHS CTaHy 3/J0pOB's, MOTIPIIEHHS CaMOIOYyTTs
pOOITHUKA, BHACTIIOK HEMPaBUJIBHOTO MPOEKTYBAHHS CUCTEMHU BEHTWIIALIT abo ii
HECIIPaBHOCTI,

— HeOe3neKka 3aropsHHsA y 3B'SI3KYy 13 HECIPABHICTIO E€JIEKTPUYHOIO
oOnamHaHHS, HEIOTPUMaHHS, a00 MOPYIICHHS MPaBUJ MPOTUIIOXKEKHOI Oe3MMeKH
00CIIyrOBYIOYMM IEPCOHATIOM, 10 MOKE IPU3BECTH JI0 MOXKEKI;

— HeIpaBWJIBHI Jii IEPCOHATY B YMOBaX HaA3BUYaHKUX CUTYyaIlii [12].

5.2 3axoau moao0 3a0e3neYyeHHs TeXHIYHOI 0e3nmeKu

TexniuHa Oe3neka — 1€ CUCTEMa TEXHIYHUX 3ac00iB Ta OpraHizamiitHuX
3ax0/iB, SKi 3amo0irairoTh BIUIMBY  HeOe3MeYHMX BHUPOOHMUMX (HAKTOPIB.
[TpuminieHHs! y SIKOMY 3HaXOJUTHCA MEPCOHAJ, HE BIIHOCUTHCSA A0 NMPHUMIIICHHS
0e3 MiJIBUILIEHOT HEOE3MEeKN YPAKCHHSI €JIEKTPUUYHUM cTpyMoM. OOaHaHHS, 1110
BUKOPHCTOBYETHCS B ITUX MPUMIIIEHHSX KUBUTHCA BiJl 3MIHHOTO cTpyMy 220 B Bij
MEpexXi 3 3a3eMJICHOI0 HeuTpaimo. [l 3axucTy BiJl ypaKeHHS EJIEKTPHUKOIO
nepea0aueHo 3aXMCHE 3a3eMJICHHS onopoM He Oubie 4 OM.

[Ipu po6ori 3a IIK, enexTpuka € roJoBHUM HeOe3MeYHUM (PaKTOPOM, BOHA
MOX€e MPU3BECTH 10 CMEPTI a00 BTpaTH mpare3aatHocTi. OCHOBHUMHU MPUYUHAMU
HEITACHUX BUMAJIKIB BiJ J1i €JICKTPUIHOTO CTPYMY SIBIISTFOTHCSI:

— BUIMAJKOBUU JOTUK a00 HaOMM)KEHHs Ha HeOe3ne4yHy BiJCTaHb J10
CTPYMOBEIyUHX YACTHH, [0 3HAXOIATHCS i1 HAIIPYTOI0;

— MOsiBA HANpPyrd JOTUKY HA KOHCTPYKTUBHUX METAJEBUX YaCTHHAX

eJeKTpooOJIaTHAHHS B PE3YJIbTaTI MOUIKOKEHHS 1301111,
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3axony IIOJI0 BUKOHAHHS BHUMOT €JIEKTpOOE3NeKH O(ICHUX MpaIliBHUKIB
perJaMeHTyIOTh HACTYITHI HOPMATUBHI JOKYMEHTH:

— TUIIOBE IMOJIOKEHHS NP0 MOPAJOK IPOBENECHHS HAaBUYaHHSA 1 MEPEBIPKH
3HaHb 3 nuTaHb oxopoHu mpaimi (HITAOIT 0.00-4.12-05), 3aTBepKeHe HaKa30M
JlepaBHOTO KOMITETYy YKpaiHH 3 Hariisiay 3a OXOpPOHOIO Mpaii YKpaiHu Bix 26
ciuns 2005 p. Ne 15 [13];

— [paBWJIa TEXHIYHOI eKCIUTyaTalii eJlIeKTPOYCTaHOBOK CIOKMBadiB,
3aTBEp/KEH1 Haka30M MiHiCTepCcTBa MaiuBa Ta EHEPreTUKU Y KpaiHu Big 25 TUIHS
2006 p. Ne 258;

— npaBwia O€3MEeYHOi eKCIUTyaTalli eJEKTPOYCTaHOBOK  CIOKMBAUIB,
3aTBEp/KEHl Haka3oM MiHicTepcTBa Mpall Ta COLIANBHOI IMOJITUKA YKpaiHHu,
Komirtery no Harmisiay 3a 0XopoHoto mpaiil Bij 9 ciunst 1998 p. Ne 4;

— OpaBuja TMOXEXKHOI Oe3neku B YKpaiHi, 3aTBEPJKEHI HaKa3zoM
MinictepcTBa BHYTpillIHIX cripaB Ykpainu Bij 30 rpyans 2014 p. Ne 1417.

3axoIu 3aXMCTy BiJl YypaKEHHs €JEKTPUYHUM CTPYMOM IependayaroTh
BUKOPHUCTAHHSA 1X TMPH HOPMAIbHOMY pEeXUMiI pOOOTH eJIeKTPOyCTaHOBOK 1
NIATPUMYIOTh iX Oe3neKky B aBapiiHMX yMoBaxX. 3aXWUCT BIJ YpaKeHHS
eJIEKTPUYHUM CTPyMOM NOBUHEH 3a0e3nevyBaTucs: KOHCTPYKIIEIO
€JIEKTPOYCTAaHOBOK, TEXHIYHUMU 3ac00aMHt 1 3ac00amMu 3aXUCTy, OpraHizalitHUMu
3ax0JlaMHU.

Jist 3a6e3medeHHst 6e3meKku poOiT y MII0UYMX €IEKTPOYCTAHOBKAX HAJICKUTH
BUKOHYBATH HACTYITHI OpraHi3aliiiHi 3aX0/Iu:

— MpU3HAYCHHS OCI0, SIKI BiANOBIJAIOTh 3a OpPraHi3alil0 Ta IIPOBEACHHS
pooiT;

— o(opMIICHHS HApSIy YU PO3MOPSIPKEHHS HA TIPOBEICHHS POOIT;

— oprasizailisi HarJsAay 3a IPOBEICHHSIM POOIT;

— oopMJIEHHS 3aKIHYEHHS POOIT, IEpPEPB Y pOOOTI.

Opranizauiiini 3aXO0/H. ExcrutyaTariis €JIEKTPOYCTaHOBOK 1
eJIEKTPOYCTaTKyBaHHs MpoBoAWThCs BigmosimHno g0 HITAOIT 40.1-1.01-97

«IIpaBuna Oe3nmeuyHoi ekcruryataii enexkTpoycraHoBok» (mami «IIBEE») Ta
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HITAOIT 40.1-1.21- 98 «lIlpaBuna Oe3medHOi €KCIUTyaTallii eIeKTPOYCTaHOBOK
cnoxkuBadiBy (gam «I[IBEECy). [l 3amo0iraHHs CTaTHCTUYHOTO HAaBAaHTAKCHHS
npu kopuctyBanHi [IK pekoMeH10BaHO BUKOPUCTOBYBATH IepepBU B podoTti 10
XB. yepe3 KOKHi JBi roaunan [14].

Bracnigox TpuBangoi pobOTH 3 MHINCHO, Yy JIIOJAEH BHUHHMKAIOTh XPOHIYHI
TpaBMH, TaK 3BaHUI TyHEJIbHUIM CUHAPOM abo 3ar’scTHOro kaHamy. st Toro mo0
YHUKHYTH BUHHKHEHHS TpaBM, MOTPiOHO AOTPUMYBAaTUCh OpraHizaiii poOodoro
MICLISA:

— HasBHICTh €prOHOMIYHHUX MUUII Ta KJIaBlaTypu;

— MOXJIUBICTh PETYJIIOBAaHHS BHCOTH 1 HaxXWiy KjaBlaTypH (BiACTaHb BiJ
MOBEPXHI CTOJa J0 CEepeuHU Kiapiatypu — He Ouibmie 30 MM, KyT migiiomy
KJIaBlaTypu — Big 2° no 15°).

[InanyBaHHsT poOOYMX MICIF Y TPHUMINICHHI MPOBOJAMMO CXIJHO 3a
HACTYITHUX YMOB:

— poOOUHMii CTUT MOBUHEH MATH MPOCTIP [l HIT BUCOTOO He MeHIe 600 M,
mupuHo0 He MeHie 500 MM, ruOUHOI0 Ha PiBHI KOJIH He MeHIine 450MMm 1 Ha
PiBHI BUTSITHYTUX HIT HE MeH1Ie 650MMm;

— ONTHMAaJIbHA BHCOTA KJIABIaTypH BiJ MIJIOTH — 65-75¢M;

— B1JIEO MOHITOp MEPCOHATBLHOTO KOMIT I0TE€pa Bijl OUeii orepaTopa MOBHHEH
3HAXOAUTHCS Ha onTuManbHIA Biactanl 60-70cMm, ame He Ommkuye S50cMm 3
BpaxyBaHHSIM PO3MIpPiB IIU(POBUX CUMBOJIIB Ta 3HAKIB,

— HasBHICTh €prOHOMIYHUX MUIUII Ta KJIaBlaTypu;

— poboue KpiCcI0 TOBUHHO PETYIIOBATUCh IO BHUCOTI 1 KyTOM Haxuily

CI/II[iHHH Ta CIIMHKH, a4 TAKOK PCTYJITOBAHHA .

5.3 3axoau no 3a0e3nMe4YeHHIO TirieHi mpauni Ta NPOMMCJI0BOI caHiTapil

Omneparop B mporieci poOOTH 3a TIEPCOHATBHUM KOMIT FOTEPOM ITiITA€ThCS K
BIUIMBY WIKIJUIMBUX BUPOOHMYMX (pakTopiB. 3a "yac pobotu mposenenuid 3a 1K,

MOKE BUKJIIMKATU PO3YMOBC IICPCHAIIPYIKCHHA, @ TAKOX 3HAYHC HABAHTAXKCHHA Ha
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30poBUI amapar mpaniBHUKa. [IpoMucioBa caHiTapis Ta Tiri€Ha mpaii BHU3HAYae
JpKepesia BUHUKHEHHS HUX (PaKkTOpiB 1 BCTAHOBIIIOE 3aCO0M 3aXUCTY BiJl HUX.

Opranizaiis pododoro Mmicus kopuctyBadua EOM mnoBuHHa 3a0e3nedyBatu
BIAMOBIHICTh  YCIX €JIEMEHTIB po0ouoro Micusg Ta iX po3TallyBaHHS
eproHomiuauM BumMoram ['OCT 12.2.032 «Pabouee MecTO IIpH BBIMOJIHEHUU PabOT
cuas. OOmme >proHOMUYECKHE TPEOOBAHMS»; XapakTepy Ta OCOOJIMBOCTSIMU
TpyaoBoi misutbHOCTI. [lpm posmimenHi pobounx wmicie 3 EOM  HeoOXimHO
JOTPUMYBATUCh TAKMX BUMOT:

— BIACTaHb MK O1uHMMU nToBepXHsIMU EOM mae Oyt He MeHIoro 3a 1,2 Mm;

— BIACTaHb MK TWIBHOIO moBepxHer onHiei EOM Ta exkpaHoM 1HIIOI He
MOBUHHA OYTHU MEHIIIOIO 2,5 M;

— MPOXiJ MK psiIaMu poOOYHX Micilb Ma€e OyTu He MeHI 1 M [16].

['irieniuni BUMOTrM nependayaroTh 3a0e3MeYeHHs] TAKMX HOPM: OCBITJICHHS
poOOYMX MiCIlb; MOBITPOOOMIHY, TEMIEPATYPHOTO PEKUMY; BOJOTOCTI; IIyMy M
IHIIUX YWHHUKIB pPoOOYOro CepefioBHINA, IO BIUIMBAIOTH HA 3JI0POB'S 1
Npale3aTHICTh JOAWHU. [l CTBOpEHHS CHPUSATIMBUX YMOB JJsl 3A0POBOT
pobotu, ski O 3amobiraqd IMMBUAKIA BTOMIIIOBAHOCTI OYeH, BHHUKHCHHIO
npodeCifHMX 3aXBOPIOBaHb, HEMIACHUX BUITQJAKIB 1 CHPHSUIM TIABUIICHHIO
MPOJAYKTUBHOCTI Tpalli, BUPOOHWYE OCBITJIICHHSI TOBUHHO BIJIMOBIAATH HACTYITHUM
BUMOTaM:

— CTBOPEHHSI Ha po0OO0Yiil MOBEPXHI OCBITIEHOCTI, IO BIAMOBIJIa€ XapaKTepy
30pOBOi POOOTH 1 HE € HUXKYOIO 3a BcTaHOBJeH1 HopMu (300-500 11k);

— 3a0€3Me4YeHHs]  JOCTaTHhOI  PIBHOMIPHOCTI Ta  TOCTIHHOCTI  PIBHS
OCBITJICHOCTI Y BUPOOHWYUX MPUMILICHHSIX JJII YHUKHEHHS 4acToi MpeajanTarii
OpraHiB 30py;

— MOBUHEH OyTH JOCTAaTHIM JUIsl pO3Pi3HEHHSA AeTallell KOHTPAacT MOBEPXOHb,
10 OCBITIIIOIOTHCS,

— NOBUHHO OyTH HaJIldiHUM 1 MPOCTUM B €KCIUIyaTallii, eKOHOMIYHHM Ta

CCTCTUYHUM.
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Buxigni mani nns po3paxyHKy 3arajbHOrO OCBITJICHHS B MPHUMIIIEHHI,

npejcTaBieHa B Tabnuil 5.3:

Taomuig 5.3 — BuxigHi qanHi

A B H he h,

12 6 4 0,8 1,1 m

1,5

HopmoBana ocBiT/IeHICTh TPUMIIICHHS 71 30pOBOi poOoTH ckianae E, =

300 nk. Buxoasiuu 3 Toro ne OyJe BUKOPUCTOBYBATUCS CBITHJIBHHUK, BUOMPAEMO

Horo Tun. BukopucTaHHS CBITUJIBHMKA — MPUMINIEHHS BUCOTOKO A0 4,5M

(aIMIHICTPATUBHO —KOHTOPCHKI, y4OOB1 IPUMIIIECHHS ), TUII CBiTHIIbHKUKA — JIBII.

BuzHauuBmm cTymniHb 3axucTy cBITWIBHUKIB (International Protection) Bix

nuty (mepria nudpa) ta Bojoru (apyra mudpa) — IP = 54, ta yncnoBe 3HaueHHs

KoeillieHTa CBITHJIBHUKA — BIAHOIICHHS BifcTaHi L Mix psgamu abo cyciaHiMuU

CBITHJIbHUKAMH y DSy JO BHCOTH N iXHBOTO MiABICY HaJ POOOYOI0 TOBEPXHEIO

L/h = 1.3. Ceitmbhuk 3i crynerem |P20 3axurienunii Big iy Ta OpHU30K.

OmiHoroun Koe(illieHT 3amacy OCBITIEHOCTI k, = 1.4, skuii BpaxoBye

3HM)KEHHSI PIBHSL OCBITJIEHOCTI 3 4acoOM B pe3yJbTaTl 3a0pyJHEHHS Ta CTapIHHSA

JIaMTIl, CBITUJILHUKIB 1 TOBEPXOHb MPUMIIIICHHS.

Po3paxyBaTu KUIBKICTB PSZIB CBITHIBHUKIB y npuMimieHH] Np:

N = B ~ 6 6
»“(H-h)*[L/h] (4-0.8)*13 4.16

T

>

ne B — mmpuHa npumimeHHs, M;
H — BucoTa npumiieHHs, Mm;

h » - BUCOTa pOoOOYOi MMOBEPXHI, M.
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BusnHauaeMo  MakcMMalbHO  TOPUIYCTHUMY  BIJICTaHb MK  pAgaMu

CBITHJIbHUKIB:

e B — mmpuHa npumitieHHs, M;

Np — KUIBKICTB PSI/IiB CBITHJIBHUKIB Y IPUMIIIEHHI, IIT.

Po3paxoByeMo BUCOTY MiJIBICY CBITHJIBHUKA HaJl poO0YOI0 TOBEpXHEHO h:

he L max
[L/h]

3
2 23
1.3 M,

n€  Lmax — MaKCUMaJIBHO MPUITYCTHMA BIJICTaHb MIXK PsJIaMU CBITHJIBHHKIB;
[L/h] — uncnoBe 3HaueHHs Koe(dilli€HTa CBITHIIbHUKA.

3HaxX0AMMO BUCOTY 3BHCAHHS CBITUJILHUKA Bijg cTeli h , 3a hOpMyIIor0:
h=H-h —h=4-0.8-23=0.9 j,

ne  H-—Bucora npumimieHHs, M;
h , — Bucota po0040i MOBEPXHi, M;

h — BucOTa mijBiCYy CBITHIBHHKA HaJl pOOOYOIO TIOBEPXHEIO, M.

Busznauaemo 3HayeHHs 1HJIEKCY TMPUMINIEHHA 1, IO XapaKTepU3ye

CHIBBIJIHOLIEHHSI PO3MIpPIB OCBITIIOBAJIBHOIO MPUMILIEHHS 1 BUCOTU PO3MIIICHHS

CBITHJIbHUKIB:

- AxB _ 12%6 _044
h*x(A+B) 2.3%(12*6)

Buznauaemo 3HaueHHs KoedilieHTa BUKOPUCTAHHS CBITJIOBOTO MOTOKY
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n=50% .

Buznauaemo cymapHuil CBITJIOBUH IOTIK OCBITJIIOBAJIbHOI YCTAaHOBKH Y

naHoMy npuMitieHi Oy

. — E,*A*B=*k *z 300%12%6%1.4%1.1

= 66530
> n 0.50 M

ne  Ey— piBeHb HOPMOBAHOTO 3araJIbHOTO OCBITJICHHS, JIK;

k.— xoedimienT 3amnacy;

Z — Koe(DiIieHT HepIBHOMIPHOCTI (MIHIMAJIBHOT) OCBITJICHOCTI (BIHOIICHHS
CEpelIHbOI OCBITICHOCTI JI0 MiHIMAaJIbHOT OCBITJICHOCTI),

7 — KoedIlIEHT BUKOPUCTAHHSA CBITJIOBOTO MOTOKY. Buxomsum 3 Takoi

dbopMyJIM BUBHAYAEMO YMOBHE KUJIbKICTh CBITHJILHHUKIB:

AxB 12x*6
N*CB=L2 = 9 =0 | mr.

max

HaCTyrIHI/IM YUHOM BHM3HAYa€MO 3HAYCHHS CBITJIOBOT'O INOTOKY YMOBHOTO

JoKepena CBITa:

« @, 66530
O =—2== = 4158
A Nﬂ 16 Py JIM

b

ne @y — cymapHuUil CBITJIOBHUH MOTIK OCBITJIFOBAIBLHOT YCTAHOBKH, JIM;

VY TakoMy BHMAJAKY y SKOCTI JJAMIIH, BPaXOBYIOUH PE3yJIbTAaT PO3PAXyHKY @’

, JUT OCBiTIeHHS, Oepemo namny Tumy JIJ[-80 (@ = 4300 nm).
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ne N, x — 3arajgpHa KUIBKICTh JIaMIT Y CBITHWJIBHHUKY, SIKa PO3PaXOBYEThCS 3a

dbopmyoro:
N =N, *n=8%2=16

1€ N — KUIBbKICTb JJaMM Y CBITWJIbHUKY, IIIT.

Po3paxyeMo cymapHy NOTYXHICTh OCBITIIOBAJIbHOT YCTAHOBKHU:
R. =N, *P, =16+%80=1280, Br.

Jlns 3a0e3nedyeHHsT HOPMOBAHMX 3HAY€Hb OCBITJICHOCTI B MPUMIIICHHI
MOTPiIOHO MPOBOJUTH CBOE€YACHY 3aMiHY MEPETOPLIUX JaMIl Ta KOPEKTYBaTU 3MiHY

30BHILIHHOTO CBITJIA.

5.4 3axoau B HAA3BUYANHUX CUTYALIAX /A 3a0e3Me4eHHs 0e3NeKn
5.4.1 3axoau 3 NMOKEKHOI De3neKu

[loxexxna Oe3neka — 1€ CTaH OO’€KTy, NpPU SKOMY BUKIIOYAETHCS
MO>KJIMBICTh TOXEX1, a y BUMAAKY il BAHUKHCHHS BUKIIOUAETHCS il Ha JIIOJEH
HeOe3neuyHnx (akTopiB TMOXexl Ta 3a0e3MeuyeThCs 3aXHCT MaTepialbHUX
IHHOCTEMN.

Cucrema aKTUBHOTO TIOKEKHOTO 3aXUCTy — I1€ KOMIUJIEKC OpraHi3ariitHuX
3aX0J[IB 1 TEXHIYHUX 3acO0IB MO OOpOTHOI 3 MOXEe)aMH 1 3amoOiraHHio i Ha
o/l HeOe3NMeYHUX YWHHMKIB TOXKEX1, a TaKoXX OOMEXKEHHsS MaTeplaibHUX
30UTKIB BiJ HEI.

[IpuMilIeHHsI CUCTEMHOTO OIepaTopa, B SKOMY 3HaXOASThCcs MeOsl 3
nepesa, naneposi Hocil iH(opwmartii, [TK Ta enexrponni npuiagu 3rigao CTY b

B.1.1-36:2016 «Bu3HaueHHs1 KaTeropii NpUMIIIECHb, OyJAMHKIB Ta 30BHIIIHIX
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YCTAaHOBOK 3a BHOYXOIOKEKHOIO Ta TMOXKEKHOI HEOE3MEeKO» BiTHOCUTHCS
no kareropii «J/l», a kmac moxmmBoi moxexi, 3rimno  JICTY EN 2:2014
«Knacudikamis nmoxex (EN 2:1992, EN 2:1992/A1:2004, 1DT)», Bu3HadaeThcs
Kk «A» ta «E». Ctynine BorHectifikocTi Oynimi He Hrokde 11 [17], [18].

JIns maHoro Kjacy MoKkl MiIXOAATh JIeKiIbKa THIIB BOIHETaCHUKIB, TaKl
SK: TIOPOIIKOBI, XJIAJIOHOBI Ta BYIJICKUCIII BOTHETAaCHUKW. BHKOpPHCTOBYHOUH IIi
nani 3rigHo 3 HAIIB 5.03.001-2004 «TunoBi HOpMH HaJEKHOCTI BOTHETACHUKIBY 1
TaKk SK IUIOINA MPUMIIICHHS CKJIaaae 72M*  nocratHeo 1 MTOPOIIIKOBOTO
BOTHETaCHHMKa 00’ eMoM 3 JITpiB Ta 1 ByriiekucaoTHui 3 00’ emoM 3 mitpis [19].

[MToxexua Oesmexka o00'ekta BigmoBiguo mo [OCT 12.1.004-91-CCBT
«IToxexHa Oe3reka. 3arajibHi BEUMOTHY 3a0€3IICUCHHI:

— CHCTEMOIO 3ar00IraHHS MMOXKEXKI;

— CHCTEMOIO MPOTHUITOKEKHOTO 3aXUCTY;

— OprasizariiHO-TeXHIYHUMH 3aX0/1aMHU.

[IpoTunoxexHui 3aXUCT 3a0€3MEeUEHO:

— 3aCTOCYBaHHSM 3aC001B MOXKEXKOTACIHHS Ta BIJMOBIIHUX BUIB MOKEKHOI
TEXHIKH, BorHeracHukiB Mapok BII-3(5) ta BBK-1.4(3);

— 3aCTOCYBaHHSAM aBTOMAaTHUYHHMX YCTAaHOBOK TIOXKE)KHOI CHTHam3amii 1
noxexxoracinus tuny [TKIJI 3 cioBinyBauamu AIIT-2.

BignoBimno g0 Bumor IlpaBuyi mokexkHOi Oe3neku YKpaiHM Ha
MIPUEMCTBI BCTAHOBJIIOIOTH MEPBUHHI 3aCO0M TOKEKOTACIHHS. Y MPHUMIIICHH]
JI¢ BCTAHOBJICHI KOMIT' FOTEPH, BHKOPHCTOBYIOTHCS aBTOMATH4YHI CHCTEMH
MOKEe)KHOI CUTHAMI3aIli y pa3l BUHUKHEHHS TIOXKEXI, a TaKO0X OIOBIIIECHHS
IpaIliBHUKIB.

B opranizaiiiiHo-TexXHIYH1 3aX0I1 BKJIIOUYECHI:

— HaBYaHHS POOITHUKIB IIPaBUIIAM MOXKEKHOI OC3MEKH;

— peayizalii HOPM 1 TMpaBUI TMOXKEXKHOI Oe3MeKd, IHCTPYKUIA Mpo
JOTPUMAHHSI TMPOTHUIIOKEKHOTO PEXUMY 1 Mpo [ii Jrojed MpU BUHUKHEHHI

ITOXKEXKI;
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— 3aXO0JM INOAO MAiM agMiHICTpalii Ha BUIAJOK BUHUKHEHHS MOXEXI Ta

oprasizarii eBakyarii ojeit [20].

5.4.2 3axoau 3 UUBUJIBLHOIO 3aXHCTY

BaxxauBuM 3ax0/10M TOMEPEIKEHHST a TaKOXk 3arobiraHHsSIM y pasl sSBHOI
3arpo3u JKUTTIO TMpaliBHUKAM IMIJIPUEMCTBA € €BaKyallisi, sika MTPOBOJUTHCSA
BIJITOBITHUMH OpTraHaMH B O€3TEeUHI 30HH.

[IpoBeneHHs OpraHiz0BaHO1 €BaKyallii 3 BAPOOHUYMX Ta 1HIIMX MPUMILIEHB 1
OyniBenb, 3amoOiraHHs TMpPOsSBaM TAHIKK 1 HEIOMYIIEHHS 3aruOeni JrojaeH
3a0€3MeUy€eThCS NUITXOM:

— IUTAaHYBaHHS ~ €Bakyalii Jrojed (CKIaJaHHsS IUIaHy eBakyamii 3
MPUMIIICHHS 3 PO3POOJICHHSIM CXEMH €BaKyal[liHUX MIJISX1B Ta BUXO/IIB);

— BU3HAYCHHS 30H, TMPUAATHUX JUII PO3MIIICHHS €BaKyHOBaHUX 3
MMOTEHIIIIHO HEOE3IIEeUHUX 30H;

— oprasizailii yrpaBJiHHs €BaKyalli€lo;

— HABYaHHS HACEJICHHS JisM TIiJ] 4ac MPOBEACHHS €BaKyallii.

EBakyaiiisi mpoBOIUTHCA y HAUKOPOTIIT CTPOKHU Micis ii oroJiomenHs. J{is
3MIACHEHHS I[BOTO 3aXOAYy BHUKOPHCTOBYIOTHCS yCi BUAM TPOMAICHKOTO
TpaHCHIOPTY (3aJII3HUYHUM, aBTOMOOITLHUM, BOJHUIM, aBialliiiHUi), 10 HE 3aiHATI
HEBIAKJIAQHUMA BHUPOOHUYUMU 1 TOCHOJAPCHKUMH TIEPEBE3CHHIMHU, a TaKOXK
TPAHCTIOPT 1HAMBIAYaTbHOTO KOpUCTyBaHHS. [leBHA uyacTMHA HaceJeHHs, IO
mijyisirae  eBakyailii, MOX€ BHUBOJUTHUCS IMMIIUM TOPSIKOM. 3 OTPUMaHHSIM
PO3MOPSIIPKEHHS Ha MPOBEJCHHSA €BaKyallil HAauyaJbHUKH 1 OpraHu YIPaBIIIHHS
IIMBUTLHOTO 3aXUCTy HACEJICHHS 1 TEPUTOPIN BiJl HAJA3BUUAWHUX CUTYyAIId pa3oM 3
eBaKyalllHHIMHU KOMICIsIMH 1 ciay0amu [[3 mpoBOasATH OMOBIIIEHHSI KEPiBHUKIB
HNIJIPUEMCTB, @ 4Yepe3 HUX POOITHUKIB 1 CIYKOOBIIB, iX CiMEH Ta I1HIIOTO
HACEJIEHHS PO Yac npuOyTTs Ha 301pHI eBaKyalliiiHi MyHKTH JJIs eBaKyallii.

Jl7iss OTMOBINIEHHS HACEJCHHS BUKOPHCTOBYIOTHCS PI3ZHOTO POAY CHUCTEMHU

OTIOBIIIIEHHS, a TaKOX 3aco0M MacoBoi iHdopmallli — pasaio, TeaedaueHHs, mpeca
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tomo. [Ipu aBapii Ha mianmpuemcTBax abo KaTacTpodax HAa TPAHCHOPTI CHIIAMHU
KEepPIBHUKIB MIANPUEMCTB Ta MICHEBUX OpraHiB 3/IHCHIOETHCS €BaKyallis
pPOOITHUKIB 1 CITY>)KOOBIIIB, a Y HEOOX1THMX BUIAJKaX 1 MICIIEBOI'O HACEJICHHS, IO

pOXKHUBAE MOOIU3Y aBapii abo karacTpodu, 10 cTanacs, a TaKOXK MOTEPILITUX.
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BUCHOBKU

MeTronoM  JOCHIJKEHHSI CHUCTEM BEPTUKAIBHUX 1 TOPU3OHTAJIBHUX
TEIUIMYHUX KOMIUIEKCIB, 3a pe3yibTaTaMu poOOTH, Oyiau 3poOJeHi HACTYIHI
BHUCHOBKH:

a) BEpTUKaJIbHI TEIUIMYHI KOMIUIEKCH 30UIBIIYIOTh BPOXXKAWHICTh TIPHU
MEHIINM TUTIOIII 3€MJi, a TaKOX JIO3BOJISIIOTh BHUPOILYBATH BEJIHUKY KUIBKICTh
KyJbTYp OJIHOYACHO.

0) Y BEpPTUKAJIBHOMY KOMIUIEKCI HAaWIpOCTIIIE KEpyBaTH BOJOTICTIO 1
TEMIIEPATYPOIO TOBITPS 32 PaXyHOK HOTO CHIOPY/IKCHHS;

B) rigpononHi cuctemMu B BTK 103BOJISIIOTE €KOHOMHUTH BEJIMKY KUIBKICTh
BOAM, IX TPSIMOIO €(EKTUBHICTIO — € 3HIKEHHS COOIBapTOCTI paIlioHy,
MIJBUIIEHHS MPOJYKTUBHOCTI, 3HIKEHHSI BUTpPAT Ha JIIKyBaHHS Ta BITaMiHH, a
TaKOoX poOoUy CHIIy 1 TEXHIKY;

I') YCTaHOBKH TIJIPOMOHIKH OKYMAITHCSA MPOTAroM 8-14 MicsIIiB;

1) Ipu  onTuMmizaiii ontuMmainbHoro wikpokiaiMaty B BTK, pocmuau
PO3BUBAIOTHCA Maibke B 2 pa3W IIBHAINIC, a TaKOXXK MaKCUMAIbHO €()EeKTHBHO
3HIDKAIOTh PU3UKHU TIEPETPIBY, 00 MEPEOXOIOHKEHHS TOBITPS;

€) BUKOPHUCTAHHS CHEIIaIbHUX CBITIOMIOMHUX CHEKTPIB aBTOMATH30BaHOTO
3pOLICHHS 1 KJIIMAT-KOHTPOJIIO J03BOJISIE (PepMi CTaHIAPTU3YBATH KOXKEH LHUKII
3pOCTaHHS, BUPOOJISIIOYM OJHAKOBY KUIBKICTh, SIKICTh 1 PO3MIP BpOXKaro, IO, B
CBOIO Uepry, MPU3BOANTH JIO CTAHAAPTU30BAHOI BPOKAWHOCTI;

) BEpTUKAJILHUN TEIUIMYHUN KOMIUIEKC 3HWXKYye 3araibHi Bukuau CO, Ha
65-92%, B OpiBHAHHI 31 3BUYAHUMH TETUIMIISIMU,

3) ocHoBHa Tmpobsiema BTK Ha chOrofHimHii 4ac — 1€ CIOXKHWBaHHS

HaJMIpHOI €Heprii, ajie 3 TyKe MMBUJIKUM PO3BUTKOM arpapiis 11e He HaJO0BTO.
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JTOJATOK A

Biok-cxema kepyBaHHSA HJIOIO CHCTEMOK0 BEPTHKAJIBLHOIO TEIINYHOTO
KOMILTICKCY

1CD era et

T worimns

) ==

e ias eima

epaven




85

JIOJIATOK B

BI/II‘JIHII nporpamMm K€pyBaHnHsl BEPTUKAJIBbHUM TCIVINYHUM KOMILJICKCOM

Ha nanwit yac 3 pozputkoM BTK cTpiMKO po3poOsitoThCsl pi3HI MPOTrpaMHi
3a0e3MeyeH sl JJi YIPaBIiHHSI €KOCHCTEMOIO Y BEpTHKaJIbHOMY KoMIuiekci. Bun

nporpamu kommadii «iFarmy» HaBegeno Ha puc. b.1-5.
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Pucynok b.1 — Bun myHKTY niporpamu TIaHyBaHHS MOCAI0K KybTyp[4]
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Orders Intefoctal Farms Oy

- -— —r —— oty Aty ten -

Pucynok B.2 — Bujg nyHKTY nporpaMu pu BUOOpi 3aMOBHHKA Ta 3MiHI 1oca10k[4]
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Pucynok b.3 — Bun nmyHKTY porpaMu KepyBaHHS MiKpOKIIMaTOM
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Pucynok b.4 — Bun nyHKTY nmporpaMu KepyBaHHS MIKpPOKJIIMaTOM Ta Horo

aiarpaMoro BiaxuiaeHHs[4]
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Pucynok b.5 — Bug nmyHkTy nporpaMu aHaiizy Bpoxaro[4]
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