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EKOHOMIYHA TA TEXHOJIOTTYHA EGEKTUBHOCTI IHTEJEKTYAJILHOI CACTEMHA
KEPYBAHHA MIKPOKJIIMATOM Y TEIIVIMII

JIncenko B. II., Iyanux A. O., llItena B. M.

Hayionanvuuii ynieepcumem biopecypcie i npupoooxkopucmyeants Yxpainu

3o0iticneno nopieHaNbHULl aHANI3 eheKMUBHOCHI 8I0 BNPOBANIICEHHA PO3POONIEHOT cUCmeMU KepyS8aHHsL 3 ICHYIOYUMU
ananozamu. Ilokazano 3meHuienHs 8UMpam npupooOHO20 2a3y HA ONANIEHHSL 8 3UMOBUL NePioo.

IMocTanoBka mnpodiaemu. BupomryBaHHS OBOYEBOI
OPOAYKINT Y TEIUIMYHUX KOMOIHaTax YKpaiHM OCTaHHIM
4acoM Ma€ TEHJEHIII0 10 3MEHIICHHS BHUKOPHCTaHHS
€HEepPreTUYHUX PecypciB, MPOTE MiIBUILEHHS LiH Ha I
pecypcH He TO3BOJISIE 3YNUHATUCH Ha JIOCATHYTOMY. 3a-
3HaveHa mpo0yieMa BUMarae ImpojIoBKEHHS TTOIIYKY TaKUX
croco0iB eHepro30epeKeHHs, AKi O 3a0e3MeUIn CHePro-
e(eKTUBHICTH BUPOOHUIITBA, TIPH IILOMY SKIiCTh BUPOOIIC-
HOI MPOIYKIil OBHHHA JIUIIATHCH BUCOKOIO.

HenocraTHe BUKOPHCTaHHS Cy4acHHX METOJMIB 1 3a-
cO0iB IHTENIEKTyaJIbHOTO KepyBaHHs (METOIIB MPOTHO3Y-
BaHHS, 0a3M 3HAHb, ANTOPUTMIB ONTHMI3alii BUPOOICHUX
KEepYIOUHX pillIeHb) CTaJ0 MPUYUHOIO ITiJIBUIIEHHS COOi-
BapTOCTI BUPOLICHOI MPOAYKIi HABITh y Cy4aCHUX Tel-
JMYHHUX TIAOPUEMCTBAX, IO MPAIIOIOTH 32 TOJUTaH/ICHKH-
MU TEXHOJIOTiSIMU.

Came TOMy TOCTaBJIEHO 3aBIaHHsS CHHTE3Yy CHCTEMH
KEepyBaHHS 13 BUKOPHCTaHHSIM CYYacHHX METOJIIB iHTele-
KTyaJIbHOTO YIPAaBJIiHHA Ta IPOTHO3YBaHHSM 30BHIIIHIX
30ypeHb.

AHaji3 octaHHIX IocaimkeHb i myOmikamiii. Tpu-
BaJIi TOCTIKEHHS Ta Pe3yJbTaTH PO3POOKH CHCTEMH Ke-
pyBaHHS MIKpPOKIIMAaTOM y TEIUIMIl IOKa3ald MOKIIH-
BICTh BUKOPHCTaHHS HEHPO-MEpekKEBOro NPOrHO3YBAHHS
JUTSL 30BHIIIHIX 30ypeHb, a TAKOXK aJITOPUTMIB ONITUMI3AIIi1
TEXHOJIOTIYHUX MapaMeTpiB 3 METOI MakcHMi3allii npH-
pocty oBouiB [1-4].

TpaauniiiHi cUCTEMHU KepyBaHHS, sKi IPaIlOIOTH 32
ITOPUTMOM  cTalimizamii TEXHOJIOTIYHMX HapaMeTpiB
MIKpOKIJIIMaTy, MaloTh PsZi CBOIX HENOJIKIB, IPOTE € Hai-
MOIMPEHIIINIMH B TEINHLAX YKpaiau. ToMy came Takux
PI3HOBHII CHCTEM KepyBaHHA OOpaHO ISl TIOPIBHSHHSA i3
3aIIPONIOHOBAHOIO CHCTEMOIO.

Merta pocaimxenb. [IpoanamizyBaT TEXHOJOTIUHY
Ta €KOHOMIYHY e(eKTHBHICTH BiJl BIPOBAIKEHHS CHCTe-
MH KepyBaHHS 3 HeHpOoMepeKeBUM MPOTHO3YBaHHAM 30y-
PEHb Ta ONTHUMI3AII€I0 IPUPOCTY OBOYIB Y TETUIUIISX.

OcHOBHI MaTepia/im TOCTiTKeHb. 3 METOIO JIOCITi-
JOKeHHST ¢()eKTUBHOCTI PO3POOJICHOT CUCTEMHU KEPYBaHHS
MIPOBEJICHO TOPIBHSUILHUN aHaJi3 ICHYIOUOi CHCTEMH Ke-
PYBaHHS, 110 MPALIOE 3a ATOPUTMOM cTadimizamii TeXHO-
JIOTIYHUX TTapaMeTpiB MIKPOKIIMATy, CHCTEMH KepyBaHHS
3 HEHPOMEPEIKEBUM MPOTHO3YBAHHAM 30BHILIHIX 30ypeHb
Ta CHCTEMH KepyBaHHJ, 10 MICTUTBH OJIOK HeHpomepexe-
BOTO IPOTHO3YBaHHS 1 OJIOK ONTHMI3alii MPUPOCTy OBO-
4eBoi npoaykiii. CHHTE3 MaTeMaTHYHOI MOJIENI CHCTEMH
KepyBaHHs, 110 (YHKIIOHYE Yy NOCIIIKYBaHOMY OloTex-
Hiunomy 00’exTi (ITAT «KomGinar "Tennmmunuii") 3xikic-
HEHO 3 BUKOPUCTaHHSM CTaTHCTHYHHX JAHHX TPO 3aJexK-
HICTh BUTpPAT NPUPOJHOTO ra3zy Ha ONaJeHHS TEIUTUI Bix
TaKUX HapaMeTpiB: 30BHIIIHBOT Ta BHYTPIIIHBOI TEMIIepa-

TypH TIOBITPS Ta iIHTEHCUBHOCTI COHSYHOI pafiamii, To6To
CTaTHYHOI XapaKTepUCTUKH O00’€KTa, sIKa ONHCYEThCS
MOJIHOMIIILHUM DPIBHSIHHSIM Ipyroro nopsiaky (1):

P(T,T1L,R) = —6,213-107 +186-T + 592 - T1 +
+0,038-R+0314-T-T1-3257-10° -T - R+
+7,41-10°%-T1-R—0,056-T% —0,023-T1* +139-10°-R* (1)

3 MeTOr0 BU3HAYCHHS €(EKTUBHOCTI CUCTEMH MPOBE-
JICHO iMiTalliiiHe MozenoBaHHs B cepepoBuili Simulink
naketry MATLAB, sixe 103Boinio nodyayBaT Ta 10CIi-
JUTH pi3Hi KoH(irypamii cucreMH mnepe] CTBOPEHHIM
EKCIIEPUMEHTANIBHOT YCTaHOBKM 1 BIPOBAKEHHSIM 11 y
BUPOOHHIITBO.

VY Tabn.l mokazaHi pe3ysNbTaTH PO3pPaxyHKy BUTpar
MPUPOHOTO ra3y IS CHCTEM KepyBaHHs pi3HOro THmy: 1
— JUISl CHCTEMH KEepYBaHHS, M0 (YHKIIIOHYE y TEIUTHII 3a
ANTOPUTMOM CTabiizallii mapaMeTpiB MiKpoKIimMary, 2 —
CHCTEMH KEpPYBaHHSA, B SIKii BUKOPHCTOBYETHCS IMPOTHO-
3yBaHHS 30BHIIIHIX 30ypeHb, a TaKOX AN 3 — CHCTEMH
KepyBaHHS, B SIKiil BUKOPHUCTOBYETHCS SIK HEHPOMEPEKEBE
MPOTHO3YBaHHs 30BHIIIHIX MPUPOIHUX 30ypeHb, TaK i
ONTUMI3allisl TapaMeTpiB MIKPOKIIIMATy 3 METOI0 MaKCH-
Mi3allii IPUPOCTY OBOYEBOT MPOIYKIIIL.

Tabnums 1. Pe3ynpraTé MOJENIOBaHHS 3 BHKOPHC-
TaHHSIM PI3HUX AITOPUTMIB pOOOTH CHCTEMH KepYBaHHS

30BHiIHI 30ypeHHs R EdexruBHiCTh CHCTEMH KEpyBaHHS
P KepyBaHHs Py
Ne 3oBHimus | InreHcuBHicTh | Temmeparyp| Butparu Burparu Burparu
n/n TemIe- COHAYHOT TOBITpSt TIpup. Tpup. TIpup.
patypa paniawii, B TEIUIHL, rasy (1), rasy (2), rasy (3),
noBiTps, °(] Br/m? °C o o o
1 3 500 18 6,26 5,6027 5,22084
2 6 400 19 7,104 6,32256 5,97446
3 7 600 20 4,926 4,37921 422158
4 5 700 21 1,454 3,21574 2,9681
5 4 350 22 6,464 5,80467 5,33926

Ha puc.]l 4iTko BHOHO 3MEHIICHHS BHTPAT IPUPOI-
HOTO ra3y IpHY BHKOPHCTaHHI HEHPOMEPEKEBOrO MPOTHO-
3yBaHHS 30BHINIHBOI TEMIIEPATypH HOBITPS Ta IHTCHCHUB-
HOCTI COHAYHOI paniamii 3a paxyHOK BpaxyBaHHs LIUX
napaMeTpiB MPH PO3PaXyHKY KIILKOCTI TEIJIOBOT €HEprii,
IO HAaIXOIUTh B TEIUIMIIO 330BHI. [IpM BHKOpHCTaHHS
ITOPUTMY ONTHUMI3allii NPHPOCTY POCIUH KIJIBbKICTh
MPUPOJTHOTO Ta3y TaK0X 3MEHIIYEThCS, 10 HOSCHIOETHCS
BUKOPHCTaHHSIM OTPUMAHOTO B pPe3yJbTaTi aKTHBHOTO



eKCIIEPUMEHTY DPIBHAHHS 3aJIe)KHOCTI NMPHUPOCTY BiA ma-
paMeTpiB MiKpOKITIMaTy.
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Pucynok 1 -. 3anexxHicTh BUTpAT NPUPOTHOTO ra3y Bif
30BHIIIHBOT TEMIIEPATYPH MOBITPS

Ha puc.2 nokasaHi KpuBi KpHUTepiiB epeKTHBHOCTI
JUISL CHCTEM KepyBaHHs TPbOX THHIB (CHcTeMa cTadifi3a-
ii mapaMeTpiB MIKpOKIIiMaTy, CHCTeMa 3 OJIOKOM HeUpo-
MEpEe)KEBOTO MPOTHO3YBAaHHS 1 cucTeMa 3 OJIOKaMu IIpo-
THO3YBaHHA 30ypeHb Ta ONTHMi3allii IPUPOCTY OBOUYEBOI
mpoxaykuii). Tak, 6e3po3MipHuil KpUTepid e(peKTHBHOCTI
BIIMOBITHO OIMBIIOTO 3HAYEHHA MOKa3ye €(eKTHBHICTH
BUKOPHUCTaHHA HPUPOJHOTO Ta3y, TOOTO UM €(PEeKTHBHO
BUKOPUCTAHO EHEPreTUYHUU pecypc Ha onayeHHs. [Ipu
PO3paxyHKy KpPHUTEpit0 ¢PEKTHMBHOCTI BHUKOPUCTAHO Ma-
TEMaTHYHy MOJENb, MOOy/I0BaHY Ha OCHOBI CTATHCTHY-
HUX JJaHWX, a TaKOX IMiTaliiHy MOJENb 3alpOIIOHOBAHOI
CHCTeMH KepyBaHHs. SIK BUJHO 3 PUCYHKY Ha#Kparii 3Ha-
YEeHHsSI KpUTepid e(eKTHBHOCTI Ma€ Ul CHCTEMH Kepy-
BaHHS, sIKa MICTUTH SIK OJIOK TPOTHO3YBaHHSA, TaK i OJIOK
OIITUMI3aIlil IPHPOCTY.

Fperepdf ederTHERO CTL, V.0

o posp iy HEY KPHTePIEo 53 all op TN

Pucynok 2 - Kpurepiii eekTuBHOCTI cucTeMu KepyBaHHS
(1- cuctema crabimizamii mapameTpis, 2 - cucrema 3 mpo-
THO3YBaHHSM 30BHIIIHIX 30ypeHb, 3 — cucTeMa KepyBaH-

Hs 3 OJIOKOM HeHpOoMepeKeBOTO MMPOTHO3YBAHHS 1 OJI0KOM

onTHUMi3altii)

Jns omiHKYM MOUiIBHOCTI BIPOBaPKEHHS pO3podIe-
HOi CHCTEeMH KepyBaHHsS HEOOXiTHOI YMOBOIO € TEXHIKO-
E€KOHOMIYHE OOTPYHTYBaHHS, SIKE€ IMOBHHHO OIIHIOBATHCS
3 piI3HUX TOYOK 30DYy.

Bu3HaHuMmu B CBITOBIM NpPakTHI[i OCHOBHUMH MOKa3-
HUKaMH, 110 aKyMYJIIOIOTb BHI'OAM BiJ| YIPOBaPKCHHS
HayKOBO-TEXHIYHHX PO3POOOK Ta BUKOPUCTOBYIOTBCS IS
OIIIHKH EKOHOMIYHOT e(DeKTUBHOCTI IMPOCKTIB, €:

YHCTUI TUCKOHTOBAHUH OXia (IpHOYTOK);

iHAEeKC HOXiTHOCTI (IPUOYTKOBOCTI);

Mepiol OKYIMHOCTI IHBECTHUIIIM y peati3aiifo MpoeK-
TiB.

Benmuuny Y/II1 npu mocriiiHiil HopMi quckoHTy (E)
BHU3HAYAIOTh 32 (OPMYIIOIO:

1
Y = Z(R— TV

Jie R, — pe3ynbTaTH, siKi JOCATaloThCS Ha Kpomi #; 3,
— BUTpATH, AKi 3IHCHIOIOTECS Ha Kpoti ¢ (6e3 KammiTanb-
HHX BKJIaJIeHb); T — TPUBAJICTh PO3PaXyHKOBOTO IEPioy;
E — mocriiiHa HOpMa IHUCKOHTY; K — KalliTanbHI BKJIAJICH-
HL.

PesynbraTth, ski mocsraroTees y Oynp SIKHE mepion
R,, BU3HAYAIOTBCS BAPTICTIO MPHPOTHOTO Tazy Ry, 1m0
OyB 36KOHOMJICHHUH.

KanitanbHi BKJIaJIeHHS y JaHOMY BUIAIKy OyIyTh
TIIBKY Ha TIEPIIOMY eTalll eKCILTyaTalii:

K =B,

Ie Bcx — BapTicTh CECTEMH KepyBaHHS MIKpOKIIiMa-
TOM y TEIUTHII.

Hopma nuckoHTY npHiiMaeThes TMOCTIHHOIO 1 PIBHOIO
E=0,18.

[Hnexc mpuOYTKOBOCTI, KW € BiTHOIICHHSAM CYyMH
NpUBENEHUX e(pEeKTIB 10 BEIMYMHU KaliTaIbHUX BKJIa-
JICHb, PO3PAaXOBYEThCA 3a (HOPMYJIOO:

1 < 1
H=—> (R -3)—
K ;;( =3 (1+E)

Ianexc mpubytkoBoCTi TicHO mOB’sBammidi 3 YT,
skmio YJTT mosutuBHUEA, To 11 GinbInil 3a OJUHMINO i
HaBnaky. Sxmo IT1 Gimbmiwii 3a OJUHMITIO, IPOEKT edeK-
TUBHUH, Ak10 11 MeHIIMit 32 OMHUIIO — Hee(hEeKTHBHUN.

Buytpimnasa HopMma npubyTtkoBocTi E gy (BHII) € HO-
PMOIO TUICKOHTY, IPH SIKif BENIMYMHA MPUBEACHUX e(ek-
TIiB JIOPIBHIOE TIPHBEJCHUM KaIliTAJbHUM BKJIAJICHHSM.
E gy BU3HAUAETHCS IPU PO3B’SI3aHHI PIBHSIHHS:

;(1+EBH) ;(1+EBH)

Komu BHII mopiBHtoe abo Oinpime moTpiOHOI iHBeC-
TOpYy HOpMH TPHOYTKY Ha KalliTall, iHBeCTUII] y JaHUi
IHBECTHLIIHHIHA TPOEKT BUIpaBAaHi. B iHmomy pasi BoHH
HEIOLIBHI.

TepMiH OKYITHOCTI — MiHIMaJTbHUI 9aCOBHHA 1HTEPBAJ
(Bin mouaTKy 3MiHCHEHHS NPOEKTY), 32 MEXaMH SKOTO
IHTerpaibHUN e(peKT cTae i B MOAANBIIOMY 3aJHINAETHCS
HEBI €MHUM.



Jna BripoBaKeHHS PO3pOOIIEHOT CHCTEMH Kepy-
BaHHS BUXI1JHI JaHI CTAHOBIIATE:

3araybHi KamiTaiabHi BkiaaaeHHs 500,0 Tuc. rpH. y
TOMY YHCIIi B TIEPIIOMY poili peatizaiii mpoekty 300,4
THC. TPH.

Joxin 3a Bech nepiox 16,0 muH. rpH.

CraBka auckontyBanHs 0,18.

TepmiH peanizauii iHHOBaLiI{HO- IHBECTHLIIHOTO
TIPOEKTY 5 POKIB.

Hina oguawnti npoxykuii 30 rpH.

[ocriftHi BUTpaTH Ha BUPOOHUIITBO MPOAYKIIT 8
TPH.

3MiHHI BUTpaTH Ha BUPOOHHUIITBO OAMHUII HMPOTYKIIi1
15 rpH.

VY KOXXHOMY HACTYITHOMY POIIi 30UIBIIY€EThCS CTYIIIHB
nuckonTyBanHs. O6uucnenus YJ1/] y upomy pasi npuso-
JTh 10 JAaHWX KOXKHOTO POKY peaiisamii mpoekty. [lin-
CYMYBaBIIIM BH3Ha4eHi 1aHi, onepxumo Y5 = 227 Tuc.
TpH.

Iamexc poximHocTi  (peHTabenmpHOCTI), €  CIIiB-
BiTHOIICHHS YHCTOTO JWCKOHTOBAHOTO JOXOAY Ta OIHO-
Pa30BHX 1 KamiTalbHUX BHUTPAT Ha BUKOPUCTAHHSA HOBOI
TEXHOJIOTIi, 0 BH3HAYa€ TUCKOHTOBAHY HOPMY MPHOYT-
Ky [5]. Hpu cymi Y5, piBHiit 227 TUC. TPH., aKIioHEp-
HoMy Kamitaii B 500,0 Tuc. TpH. iHAEKC OXiTHOCTI cTa-
HOBUTHME:

5
I = Z% _ 270 0,454, 4u45,4%
~ K 500.0

t

To6T0 penTabenbHICTh cTaHOBUTHME 45,4 %, a BIIpO-
Ba/KEHHS CUCTEMH CJIiJ BU3HATH MPUOYTKOBUM.

[lepiog OKymHOCTI iHBECTHIIH IUIS BIPOBAKCHHS
po3pobieHol cUCTeMU KepyBaHHS — Tepiof, HeoOXiaHui
JUTsl IOBEpHEHHS X MEpBICHOT CyMH 3a PaXxyHOK HaKOITH-
YeHWX YHCTHX IOTOKIB pEaNbHUX TpOIIed B pe3ynbTaTi
(yHKIIOHYBaHHS 3a3HAa4eHOI CHCTEMH KepyBaHHsI. Bu-
Tpatu OyIyTh OKYIUICHUMH MIPHOIHU3HO 32 TPHU POKU:

7= 500,0
227,0

=2,2 pokis

Touka 30MTKOBOCTI MPOEKTY BH3HAYAETHCS SIK Bill-
HOIICHHSI MOCTIHHUX MOTOYHHUX BUTPAT HA BUPOOHHIITBO
MPOAYKIIi JO PI3HUII MiX I[IHOIO Ta 3MiHHUMH BHTpAaTa-
MU Ha OJIMHUIIIO IPOAYKIT [5].

VY 1bOMy BUNAJKY 1I€ CIiBBiJHOILCHHS Ma€ BUTIISI

8
30-15

=0,53=53%

T;

Touka 0e330MTKOBOCTI 3HaXOIUTHCS B Mexax 53%
HOMIHAJIBHOTO 00CsATY BUPOOHMITBA, L0 MiATBEPKYE
HaJi{HICTh IPOEKTY.

BucnHoBokx

1. JocmimkeHo poOoTy po3pobIeHOi CUCTeMHU Kepy-
BaHHS MIKPOKJIIMATOM Y TEIUTHIIi, BCTAHOBJIEHO TEXHOJIO-
TiYHy 1 eKOHOMIUHY e()eKTHBHICTh 3aIpPOIIOHOBAHOI CHC-
TEeMH KepyBaHHS.

2. BropoBamkeHHS po3po0JIeHOi CHCTEMU KepyBaHHS
3a0e3medye Ha TUTONIi 4 Ta YHCTUI TUCKOHTOBHHA MpPUOY-
TOK 227 THC. TpH. TepMiH OKynHOCTI ckianae 2,2 poky, a
iH/IeKCc TpUOYTKOBOCTI y Mepiui pik ekcrutyarauii 53%
110 MiATBEPKYE BUCOKY €(DEKTHBHICTH PO3POOKH.
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AHHOTAIIMA

SKOHOMMNYECKAS 1 TEXHOJTOI'MYECKAS
3®PEKTUBHOCTHU UHTEJEKTYAJBHOM
CHUCTEMBI YIIPABJIEHUSI MUKPOKJIIMMATOM
B TEIIVIMIE

JIpicenko B. @., Aynnuk A. A, lllrena B. H.

Ocy1mecTBiIeH CpaBHUTEIbHBIN aHamN3 3((GEKTHBHO-
CTH OT BHEIPEHHUS pa3pabOTaHHOH CHUCTEMBI YIpPaBICHHS
C CyILIECTBYIOIIMMH aHanoramu. [loka3aHo yMeHbIIEHHE
pacxoza IpUPOJHOTO ra3a Ha OTOIUICHUE B 3UMHHN MEpH-
oll.

Abstract

ECONOMIC AND TECHNOLOGICAL
EFFICIENCY OF INTELLECTUAL
CLIMATECONTROL SYSTEM IN THE
GREENHOUSE

V. Lysenko, A. Dudnik, V. Shtepa

The comparative effectiveness analysis of the
developed control system implementation with existing
analogues was made. The reduction of natural gas
consumption for heating in the winter was shown.



