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BCTYII

Ha cygacHoMy etari pO3BHUTKY €HEPreTHYHOTO KOMIUIEKCY YKpaiHu
BOKJIMBOIO TPOOJIEMOIO € 301IBIICHHS TOTYXHOCTI €HEPropecypciB Ta
CHEpPro30epekeHHsT B YCIX Trajy3sX IPOMHUCIOBOCTI Ta ClIbCHKOTO
rocrionapctBa.  IlIBuakuit  pO3BUTOK  MNTaxiBHUYOI  Traimy3l B
arponpoOMHUCIOBOMY KOMIUIEKCI YKpaiHu, KK CIIOCTEPIraeTbCsi OCTAHHIM
yacoM, TMOB'S3aHUI 3 BaXKJIMBOIO MPOOJIIEMOI0 BJIOCKOHAJIEHHS CHUCTEM
NIATPUMaHHS MIKPOKJIIMATy B MTaxiBHUYMX NMpuMilleHHsAX. e 3yMmoBieHo
HEOOXITHICTIO MIJBUIICHHS TPOJYKTUBHOCTI Ta 3HIKEHHS COOIBApTOCTI
MPOAYKIli NTaXiBHUUMUX KOMILIEKCIB. 3a3HaueHi MpoOJeMH HEPO3PUBHO
MOB’s13aH1 13 3aCTOCYBAHHSIM CyYaCHUX METOIB €HEepPro3ade3neueHHs X
00’€KTIB 1 BHUKOPUCTaHHSIM HOBITHIX 3ac00iB €HEpromnocTtayaHHs Ta
aNbTEPHATUBHUX JUKEpel eHeprii. ToMy akTyalTbHUM € po3pO0ICHHS HOBUX
MIIXO0/IB Ta BJOCKOHAJIEHHS CICKTPOTESXHIYHUX KOMIUICKCIB JJISI ICHYIOUHX
CHCTEM €HEPromnoCcTa4aHHs MTaxodepm.

Po3BUTOK HOBMX TEXHOJIOTIH B €HEPreTUYHIN Tramysi, mepexis Ha
HOBUH piBEHb eHepro3zade3nedyeHHs 00’ €KTIB, Y TOMY YHCI1 BEHTHIISIIIIHHUX
CHUCTEM TNTaXiBHUYMX KOMIUICKCIB, XapaKTEPHU3YEThCS MPHIIBHUAMICHHIM
TEMITIB 3POCTaHHS BCIX KITBKICHUX Ta SKICHUX TOKa3HUKIB BUXOIY
MPOJYKIIii, & TAKOXK YTOCKOHAJICHHSIM BCI€l CTPYKTYPH NTaXOBUPOOHUIITBA.

[linBuIlleHHS  OPOAYKTUBHOCTI  nTaxodaOpuk  NOB’si3aHe 3
HEOOXITHICTIO CTBOPEHHS OINTHUMAJIBLHOTO MIKPOKJIIMATy B MPHUMIIICHHSIX
nTamHuKiB. [Ipy 11bOMY BaXKIIMBOIO 3a7a4€H0 CTA€ MOIIYK HOBUX IMIIXO/IB 1
OPUHIMIIB JJIsI BUPILIEHHS MTPOOJeMH OXOJOMKEHHS Ta HarpiBaHHs
MPUIUTMBHOTO TIOBITPS NTaxXiBHUYMX NPHUMINICHh Y JITHIM 1 3WMOBHM

nepion. Lls mpobrema € 0COOMMBO BAXKIUBOIO Yy 3B’SI3KY 31 3HUXKEHHSIM



OPOAYKTUBHOCTI poOOTH mTaxodepM, IO 3yMOBICHO HEIOCKOHAIICTIO
ICHYIOUMX CHCTEM MIKpOKJIIMATy B JITHIA TIepioja 3a HAasSBHOCTI BUCOKOI
TEMIEpAaTypyu Ta BOJOTOCTI 30BHIMIHHOTO TOBITpsA. Ciia 3a3HAUMTH, IO
ICHYI0Yl CHCTEMH EHEProloCTa4aHHs MTAIHUKIB MOTPEOYIOTh BEIHMKHUX
BUTPAT EHEPropecypciB Ta KOIITIB JJIsi 3a0e3MeueHHs] MIKpOKJIIMaTy B
NTaxiBHUYUX  NPUMIMICHHAX. ToMy  HEOOXiZHOIO  MeperyMOBOIO
320114 I)KEHHSI PECYpCIB Y Il raigy3i cTae MpOBEACHHS HOBHUX JOCIIIKEHb
3 YAOCKOHAJIEHHS CUCTEM MIKPOKIIIMATy Ha nTaxodepMax.

[IuTaHHA MiIBUILIEHHS €HEProe(EeKTUBHOCTI NTAITHUKIB PO3TIISAAIN
taki BueHi, sk I1. M. bBormotHos, 1. A. Mumpusn, /. banues, . Xanzebor,
I.JI. Hencon, /. Kamnben Tta immi asropu. He3Baxkarouum Ha i€, HU3Ka
NUTaHb TaK 1 3aJIMIIMIACA HE IO KIHIISI BUBUEHOIO, a caMe: J1I04l CUCTEMHU
OXOJIOJKEHHSI ~NTAIIHUKIB € EHEepro3aTpaTHUMH Ta HEJOCTaTHbO
epektuBHUMU. KpiM TOro, BOHM He 3a0€3MeuyloTb HEOOXITHOTO pPIBHS
TEMIIepaTyp Ta BOJIOTICHUN PEKUM y MTAIIHUKAX B JIITHIM MEPIOa POKY.
Came 1e ¥ 3yMOBIIIOE aKTYaJbHICTh IIMPOKOI TMOCTAaHOBKH pOOIT,
CIPSIMOBAaHUX HA BUBYEHHS MPOIECIB y EIEKTPOTEXHIYHOMY KOMILIEKCI,
3ac00iB TMIJBUIINEHHS EHEPreTUYHOT eQEKTUBHOCTI Ta MiATPUMAaHHS

MIKPOKJIIMATY B NITAUTHUKY.



IHHEPEJIIK YMOBHHUX CKOPOYEHD, IIO3HAYEHD TA
CHUMBOJIIB

d — miamerp, Mm;

f — xoedimieHT rigpaBIIYHOTO OMODPY;
F — muioma, M2

f — pynkmis;

G — MacoBa BHUTpaTa TEIIOHOCIS, KI/C;

h(y) — dyHkiis BucoTH nokpisii B nepepisi Oy, M;
L — noBxuHa, M;

Nu — unciio HyccenbTa;

Pr —aucino Ilpannrns;

(| — I'yCTHHA TEIJIOBOrO MOTOKY, BT/M?;

Q — KUIBKICTH TEILIOTH, BT;

S — KPOKH, M;

t — Temneparypa, °C;

U, V, W, — BEKTOpHE T0JIe IITBUJIKOCTEH, M/C;

V — noBiTpooOMiH, M3/c;

W — BojoroBuaiaeHHs, I/C;

W — IIBUJIKICTh. M/C;

A — Koe(iLieHT TemIonpoBigHOCTI cepenosuia, Br/m « KY;
I — IMHAMIYHA B'S3KICTh cepefoBuia, [lasc;

p — T'yCTHHA CepeIOBUIIA, KI/M3;

T —9ac, C;

¢ — KyT, BIJIHOCHOT BOJIOTOCTI TIOBITpSI, %0;

a — BIJIHOCHUH MOB3/IOBXHIH KPOK;

E — terorinpaBniyHa eeKTUBHICTS;



K — kamiTonoBKIaieHHs, TPH;

M — mmpuHa, m;

H — BucoTa nramxuka, Mm;

p — THCK, lla;

C — MUTOMA TEIIOEMHICTB cepenopuna, Jx/kr « K°;

T — Temmeparypa B geskii Toumi, KO

L[] — mina, TpH.

Ingexcy HMKHI

B — BHYTPIIIHIH;

1 — nonepeynuii;

2 — MOB3I0BXKHIIH;

d — miaerp;

BHX — BHUXIJHE;

BX — BXIJHEE;

€J1.eH. — eJIEKTpUYHA EHEepris;
3 — 30BHIIIHIN;

3ar — 3aPONOHOBaHUI;
1 — ITUH TTOPSAIOK;

J.C. — JINCTOBA CTallb
Max — MaKCUMaJIbHHI

CT — CTIHKa;

0T — OTHUIIS;
P — PIBHSIHHS;
Z — 30ypeHHs;
II0C — IIOCIIi/;
Tp — TpyOa
t — TypOyneHTHe YucIo;
d — Bosmorosmicr;
V — BEHTWISLIHE OBITPS;
BUII — BUITAPOBYBAHHS;
OK — OKYTIHICTb;
IIH — IMUPKYJALIHHUN HAcoC;

— yCepeHeHe 3HaYCHHI

W — HaBKOJIMIIIHE CEPECIOBUIIIEC.

T — TpaguuiiHuii; I'T — rpyHTOBMII TEIIIOOOMIHHUK

TA — TeruiooOMiHHUH anapart;

Cxopo4yeHHs

b — Onu3KicTh;

BO — BeHTUIIAIINHE 00J1aTHAHHS;
3T — 30BHIIIHS TOBIIWHA;

K — kpuBu3Ha;



[1I1 — mraBHMI TIEpexi;

CBO — cuctema BUIIApPHOTO OXOJIOJKEHHS;
TA — TennmooOMiHHMI amapar;

TI" — Teroreneparop;

TOY — tunoBuii 00’ €KT ynpaBiIiHHS;

TCY — tupuctopHa cTaHIlis yIIpaBIiHHS,
[1DK — mpuIinBHI sKaliro3i;

[IK — mepcoHaIbHUI KOMIT'FOTED;

[TKK — NpuIIMBHI KJIallaHu;

YII — yacTOTHUI ITIEpETBOPIOBAY.



PO3JILI 1.

OCHOBHI ITPUHIMIIN CTBOPEHHSA EJEKTPOTEXHIYHUX
KOMIUIEKCIB Ui 3ABE3ITIEYEHHSA MIKPOKJIIMATY B
INTAIIHUKAX I CTAH ITPOBJIEMUA

1.1.  OcHoBHi npuHUMNH  (GOPMYBAHHS  TEXHOJIOTIYHHX
napaMeTpiB MiKpOKJIIMATY PU YTPUMAaHHI NTHLI

[IpiopuTeTHOIO Tamy3310 ciibchbkoro rocrnogapcta AIIK Ha nanomy
eTam € NTaXiBHULITBO, BajJIMBUM  acClEKTOM  SIKOTO  BUCTYIIA€
€HEepro30epeKeHHs BCIX €JIIEKTPOTEXHIYHUX MPUCTPOIB PO3MILICHUX Y
nTamHukax. OJHUM 3 OCHOBHUX (DaKTOpiB, KWW BIUIMBA€ HAa PO3BUTOK
OTUIl Ta TWPOAYKTUBHICTh MTAIIHUKIB € HOPMOBAHUM MIKPOKIIMAT
NTAIIHUKIB, SKAW  XapaKTepU3YEThCS TaKUMHU  TapaMeTpamu, sK
TeMIlepaTypa Ta BOJIOTICTb THOBITPsSl, BMICT B TMOBITPl 1H(EKUIHHUX
MIKpOOPTaHi3MiB Ta KOHIIEHTpAIlisl MIKIAJIMBUX Ta3iB (BYIJIEKUCIIOTO Ta3y,
aMiaky, CIpKOBOJHIO, Tol0). Hanpukias, mijBuilieHa BOJIOTICTh B MOBITP1
HEraTUBHO  BIUIMBAa€E Ha MPOAYKTUBHI MOKa3HMKM nTumi. Ilpu
HEHOPMOBAHIM TeMneparypi MOBITPS y NTAUTHUKY BIIOYBA€ThCSI HEMOBHE
3aCBOEHHSI KOpPMIB, HHM3bKHI pIBEHb HECYYOCTi, a TaKOX HEIOCTaTHE
30UIBIIICHHST J)KMBOI MacH — BCE II€ CBIIYUTH MPO HEONTUMAJIbHI YMOBH
yYTPUMAaHHS NTUI Ta HESIKICHUIA MIKPOKJIIMAT Ha nTaxogepmax.

[TlinTpmMKka HEOOXiMHMX MapaMeTpiB MIKPOKIIMATy B MTaX1BHUYUX
OPUMIMICHHSX €  HaA3BUYalHO  BaXJIWMBHM  (akTopoM. Bmcoka
KOHLIEHTpAlisi KUIBKOCTI NTHUI[l B OOMEXKEHOMY 00’eMi MpUMILIECHHS,
3MCHIIICHHS IUIONI Ta OO0’€MIB IPUMIIICHh HAa OJHMHHINO >KHBOI Macu
MPU3BOIUTH A0 30UIbIICHHS KOHIEHTPALli MIKIJJIMBUX Ta3iB y NTAIIHUKY.

Hapeneni Buiie (akTopu BUKIUKAIOTH HEOOXITHICTH Y CTBOPEHHI



e(peKTUBHUX CHCTEM BEHTWIALII, Kl PEryirol0Th HEOOXIJHI MapameTpu
MIKpPOKJIIMAaTy Ta  OOYMOBIIOIOTh  MIJBUIIEHHS  IPOJYKTHUBHOCTI
NTaxiBHUYUX KOMIUIEKCIB. EJNEKTpOTeXHIUHMII KOMIUIEKC CHCTEMHU
BEHTWISALII B MTAalIHUKY TIOBUHHEH 3a0e3mnedyBaTd  MIATPUMaHHS
ONTUMAJIBLHOTO PIBHA BOJOTOCTI, TEMIEpaTypd Ta PIiBHS KOHIICHTparlii
IIKIJTMBUX Ta3iB (BYTJIEKHUCIIOTO rasdy, aMmiaKy, TOIIO), sIKi 00YMOBIIOIOTh
HEOOX1JIHI yMOBM YTPUMaHHS MNTHII JJIs 3a0e3Me4YeHHsT BUCOKOL
IPOAYKTUBHOCTI BHPOOHMIITBA Ta OJHOYACHO BECh KOMIUIEKC TMOBHHEH
M1JBUIIYBAaTH €HEPreTUYHY €(PEKTUBHICTh MTAITHUKA.

Busnauanvui gpaxmopu mixpoxnimamy:

®i3uyH1 (pakTOpH, IO BKIKOYAIOTH B ce0Oe, TeMmepaTypy U, BIIHOCHY
BOJIOTICTh (g, IIBUJKICTH MOBITPSL Vg, HAMPSAM TMOBITPSHUX MOTOKIB II0JI0
po3TaltyBaHHs NTHUIll, KOHIIEHTPAI[IIO MUy Ta MIKIAJIUBUX ra3iB B MOBITPI
XapaKTEPU3yIOTh SKICTh MOBITPSHOTO CEpPEeloBUINA y NOTAHHUKY. Kpim
BUIIIE TMPUBENCHUX (PAKTOPIB ICHYIOTh TaKOX O10JOTIYHI YMHHUKH, SKI
HETaTMBHO BIUIMBAIOTh Ha YTPUMaHHS MTHUIIl Ha mraxodepmax, a came,
MiJBUINCHA KOHIICHTpAIlisl IIKIJUIMBUX MIKPOOPraHi3aMiB B  IOBITPI
MPUMIIIICHHS.

BmivB Temmeparypu Tijla OTHI HA iX PO3BUTOK JOCIHIKYBAaJIH
AreeB B.H., Acpusa M.A., IIpororonoB A.Il., Censucbkuii B.M. Ta iHmi,
SKi BU3HAYWJIM, 10 ONTHMAJIbHI 3HAYEHHS TEMIIEpPaTypH 3HAXOIUTHCS B
mexxax 40 — 43 °C [1, 100, 106, 111], mpuuoMy BepXHS KpUTHUYHA
TeMIiepaTypa cTaHoBUTh 45 — 45,5 °C [2, 82], a umxHs ckiagae 20 — 25 °C
[2, 106, 108, 114]. [TinTpuMaHHS TEMIIEpaTypH Tijia MTULl HA TIOCTIHHOMY
piBHI MOXJHMBE 32 YMOBHU PIBHOBAarm MIDK BHUIUICHOIO O10JOTIYHOIO
TEIJIOTOI0 MTHII Ta BIAJAYCI0 HAJUIAIIKIB TEMJIOTH B  30BHIIIHE

CEpEIOBHIIIE.
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Puc. 1.1. BmiuB TeMmmepaTypd BHYTPIIIHBOTO TIOBITPS Ha

MPOYKTUBHICTh KypKU-HecyukH (1) 1 criouBaHHS KopMy (2)

Ha puc. 1.1. mokazaHo BIUIMB TeMIEpaTypud BHYTPIIIHbOIO MOBITPA
NTAllHUKAa HAa TPOJYKTUBHICTh KYPKHU-HECYUYKH 1 CIIOKHBAHHS KOPMY Ha
100y [23]. Sk BUAHO 3 pUCYHKA BHUCOKI TEMIEPATypH MOBITPSI HETATUBHO
BIUTMBAIOTh HA YTPUMAaHHS MNTHUIll y nTamHukax. [Ipu BiacyTHOCTI y mTHIl
MOTOBHUX 3aJI03 3aXUCT OPraHi3My BiJ MEPErpiBy 3AIMCHIOETHCS ILISIXOM
pi3koro  30LIBIIEHHS  YacTOTH  JHUXaHHSA, WLI0  CYNPOBOMKYETHCS
MIJBUIIEHOK  BIJJIa4€l0 TEIJIOTM TPU  BUIMAPOBYBAaHHI BOJIOTH 3
NOBITPOHOCHUX MIIIKIB. Bka3aHi siBuma Oynu pocnikeHi bpondmaitHom
JLI., OneroBum A.Il., XpabycroBcbkuMm [.®. 1 Uepnux B.l. ta iHmmmun
aBropamu [23, 91]. Hanpuxnan, npu migBUIIECHHI 3HAYEHb TEMIIEPATYypH
noBiTps t; Big 23 10 32 °C npupicT Baru 3HUXKYEThCs Ha 26% abo 2,9% Ha
KoXeH rpaayc [53]. 3rigHo 3 IHIMMMU JaHWUMH TIPU MMiABUIICHHI 3HAYCHD
temrepatyp t; 3 24 10 29 — 30 °C npoAyKTUBHICTb MPUPOCTY Bard MTHII
3HUKYETbcs Ha 16 — 45% [2, 19]. HocnigHukamMu BCTaHOBJIEHO, IO

JIOTyCTHMA TeMIIiepaTypa MOBITPsl B MTAITHUKY 3HAXOAUTHCS B Mexax 10 —

33°C[2, 4, 80, 105, 118, 124, 128, 158].
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Bionocna 6onocicmv nosimps. Bonora HamxoauTh y TOBITpSA
NTallHUKAa 3a paxyHOK BUAUIGHb MiJ Yac JWUXaHHSA MTULI, [pH
BUIIAPOBYBaHHI BOJIOTW 3 TOCHiAy, moijok i T.a4. Hampukman, Bim 1000
Kyper BUAUIIEThCA 228 1 BoJIOTH Ha A00y, 3 SKUX BIJI AuXaHHA — 54
1/mo0y, 3 mocmixy — 174 n1/mo0y (6ym3pko 80% Bin Bciel Bomorn) [14].
OnTuManbHl 3HAYEHHS BITHOCHOI BOJIOTOCTI TOBITPS Yy MNTalTHUKAX @
BuBYaiu borganos M.H., Menbauk B.I., CnaBun P.M., Cntocap I1.M. Ta
i apropu [16, 82, 90, 111, 113], axi moka3aiau, 0 BiTHOCHA BOJIOTiCTh
He TTOBWHHA TiepeBuntyBaTt 75 — 80% 1 Oytu Hmx4doro 40 — 50% [4, 80, 90,
105, 118].

Oco0muBo HeOe3neyHUMHU (akTopamMu sl Kypeil € IO€IHaHHS
BHCOKOI TeMIIepaTypu 1 IMiABUINEHOI BigHOCHOI Bosorocti. Lli ¢akTopu
CIOBUIHHIOIOTh HEOOX1IHY TEIUIOBII/Iady 3 MOBEPXHI TiJIa MTHUIll 1 MOXKYTh
MPU3BECTH J0 TEIJIOBOTO yaapy. [Ipu Takux ymMoBax CIOKHBAHHS TOBITPSI
nTaxoM 3poctae B 8 — 10 pasiB, mpo mo cBigyath gaHi Mumpuna [LA. ta
bannesa /1. [87, 125]. Hu3bki 3HaueHHs Temreparyp s 1 BACOKI BETUYHHU
BOJIOTOCTI () TPU3BOAATH IO TEPEOXOJIOKEHHS MTHIN, IO MOXE
CIPUYMHUTH MPOCTYJIHI 3aXxBoproBaHHA. [Ipo 1ie cBiguarh aaHi, OTpUMaHi
Cmocapem I1.M., Manoneem C.K. Ta Mikecom M. [113, 147, 148]. TIpu
HU3BKUX 3HAYEHHSX BOJOTOCTI MOBITPs ¢y Big 60 — 70% mo 30 — 40%
30UTBbIIY€ETHCS 3aMWICHICTh MOBITPS B MPUMIIICHHI NMTAUIHUKA, BHACIIAOK
4oro Ha 5 — 8% 3HWKYEThCS POAYKTUBHICTB TiTHii [19].

Jlo BaxnuBUX (Pi3MUHUX (PaKTOPIB, IO BIUIMBAIOTH HA CTaH NTHII,
BIIHOCATHCA WIBUAKICTb TMOBITPS B MPUMIIIEHHI NOTalIHUKA Vs [lpu
HAsIBHOCTI MMp SHOTO TOKPOBY Ha Tl TTHUIll IMiBUINCHHS IIIBUIAKOCTI
MOBITPS V MPU3BOUTH 10 0X0J0Kyro4doro edekry [23]. Tomy B ymoBax
MIJBUILIEHUX TEMIIEPaTyp 30BHIMIHHOTO MOBITPS 30LIBIIEHHS IIBUAKOCTI

noBiTps g0 2,0 — 2,5 M/c crnpuse MmOTNImeHHo (i3i0JI0TiYHOTO CTaHy
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nTuill. PekoMeH10BaH1 3HAYCHHS MIBUIKOCTI TOBITPS B TMPUMIIICHHSX IS
yTpUMaHHsS MTaxXxiB B XOJOAHUW 1 TEIUIMH TEepioguM POKY OTpUMaHi
baxtuaum JI.I., Motecom €., Ckys M.A., Yaycom B.IL. Ta iHmmMu
nocmigaukamu [13, 85, 90, 110, 120, 147].

XapakTepHO, M0 IIJBHUIICHUN pPIBEHb KOHIIGHTpAIlll IIKIIIUBO
Jiounx Ta3iB BIUIMBae Ha (izionoriydi mpomecu mnrwmi. [ligBumieHa
koHneHTparis NHs, Hanpuknan, Ha piBHi 0,1 MI/1, 3HWKYE AUXAIBHY
byakmiro HA 7 — 24% [23, 105, 159]. TpuBama mis migBUIIECHOT
koHueHTpauii CO, (6unbiie 1%) BUKIMKae XpOHiIUHE OTpyeHHs nTuul [14,
23, 76]. IlinBumena konneHtpamnii H,S Bim 0,01 mo 0,03 mr/m Takox
npu3BoauTh a0 1 otpyeras [107, 113]. ['panmyno pomyctumi
KOHIICHTpAIlli JIeIKUX ras3iB Ta iX CIBBIIHOIICHHS HaBEACHI B Ipalsx
AnekceeBa @.D., Mensnuka B.1., IIpokonenko A.A. ta CenssHcbkoro B.M.
[4, 82, 90, 99, 107].

B moBiTpi NOTAamHUKIB 3aBXIW NPUCYTHI THJI 1 MIKpOOpPTaHi3MH.
KoxHa Kypka - Hecyuka npoTsaroMm 100u BupoOisie 54 mr nuiy, Opoitep
Buaiisge 70 — 80 mr [105, 113, 141]. B nramHukax TpaHAYHO JOMyCTHMA
KOHLIEHTPALisl HETOKCUYHOTO MMy CKIanae 5 Mr/mM®, a npu HasBHOCTI B ii
cknazni kpemuesemy Big 10 1o 70% — 2 mr/m® [2]. Tpanuuso momycTumy
KOHIICHTpAIli0 My B MTalHUKax aociipkyBanu Ceetnosa JILJI., Carocap
I1.M. i Kanrpo A. [105, 113, 141].

[Ix1MBUI BIUIMB KOHLUEHTpALi MUYy B TOBITP1 HA OPraHi3M MTHII
3aleKUTh Bim po3MmipiB mopommuok [2, 14, 107, 130]. Haiibinbm
HeOe3neyHuM Jisi opraHismy € apiOHuid nui. Ilopommuaku po3mipom 10
MKM, TMOTPAIUISIIOYN B JAUXabHI MUISIXU, BUKUJAAIOTHCS HAa30BHI. YacTUHKH
NIy PO3MIpOM 5 MKM TPOHUKAIOTH BCEpEIWHYy JiereHb. [lopommHKH
po3Mipom 0,3 MKM y BEJIHMKHX KUIBKOCTSX 3aTPUMYIOTHCS B JTUXAIBHHUX

nuisgxax [2, 82, 107]. Yactunku nwty giamerpom Ounbie 10 MM 3a3BuYait
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OCITaf0Th y TOPOKHWHI HOCOTJIOTKH, a miametpoMm 1,5 — 0,8 MM — B
OCHOBHOMY B OpoOHXIi0Jax 1 ajbBeoiax, MEHIIe 1 MKM — TIOBHICTIO
OCIJJalOTh B JIETEHAX 1 MOXYTh NPOHHKATH B KpoB. KpiMm Toro, mui €
PO3HOIIMKOM IIKIJJIMBOI Mikpodopu. B mnramHukax HaWOIbII YacTo
3YCTPIYalOThCS MPEACTaBHUKH MIKpOMIOpH, SIKI CKJIAJal0ThCs 3 OakTepii
TPyHH KUIIKOBOI MAJIMYKH, CTA(IIOKOKIB 1 CTPENTOKOKIB. BIJIMB BKazaHuX
(dakTOpiB Ha PO3BUTOK MNTHIIl JOCHKYyBalIuch beccapaboBum b.O.,
Areesum B.H., MenbaukoMm B.1. Ta inmmmu aBropamu [14, 105].

TakuM 4YHMHOM, OCHOBHI NPUHLUNHA (OPMYBAHHS TEXHOJOTIYHUX
napamMeTpiB  MIKpOKJIIMATy TMpU YTPUMaHHI NTHUIl TOJATalOTh Y
MiATPEMAHHI CTaOLIBbHOI TemmepaTypu ska 6 mama Oyt 16-18 °C Ta
BiJIHOCHa BoJjorictb Mae csratu 60-80 %. I'paHuuHo [omycTHMAa
KOHIIEHTpAIlisi MIKpOOPTraHi3MiB y MTAIIHUKaX (B TUCSAYaX OakTepialbHUX
kIiTHH Ha 1 M°) MOBMHHA CKIajaTd Ui gopocioi mrumi — 250, ams
MoutofHsIKa tuil y Bimi 1 — 4 tkHiB — 30, y Bitl 5 — 9 TiwkHIB — 50, y Bimi
10 — 14 tuxuiB — 100, y Bimi 15 — 22 TwxHIB — 150 6akTepianbHUX KIITHH.
Hapeneni Buie 3HA4YeHHS MONMYCTHMHMX KOHIIGHTpAIli MIKPOOPTaHi3MiB
HaBeJieHi B Hopmatusax [90].

PosrisayTi B po3aim 1.1. muTaHHS BUBYEH1 JOCUTH MOBHO. Tomy
BOHU TMPUUHATI SK OCHOBA I MOJANBIINX JOCHIHKEHb TPH po3poOiri
1H)KEHEPHHUX pIIIEHb, CTBOPEHHS HOBOTO EJIEKTPOTEXHIYHOTO KOMIUIEKCY

JUTSl TIATPUMAHHS ONTUMAJIBHOTO MIKPOKJIIMATY B MNTAIIHUKAX.
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1.2 CucreMu KOHAMUIOHYBAHHS MOBITPS

HeoOxigHuii MoBITPOOOMIH B TITAIIHUKY BHU3HAYAETHCS 3 YMOBH
CTBOpPEHHS 33JaHMX TMapaMeTpiB BHYTPIIIHBOTO TOBITPS 1 BUAAJICHHS
IIK1JIMBUX PEYOBHH 3 MTAIIHUKA JIJISI XOJIOJHOTO 1 TETIOTO MEPiojIiB POKY.

[ToBiTpOOOMIH NTaXIBHUYUX MPHUMIIICHb B XOJIOAHUU IEPIOJ POKY
MOBHHEH pPO3PaxOBYBATHCSA 3a JOMYCTHMINl KOHIIGHTPAII€I0 BOJOTU 3
MEepeBIPKOIO0 KOHIIEHTpaIlii 0 ByTJeKUcIoMy razy. B Terumii 1 nepexinHuii
Mepioar POKY PO3PaxyHOK IOBITPOOOMIHY 3HIHMCHIOETBCS MO TEIUIOBUM
HaJUIMILIKaX 3 MEPEBIPKOIO Ha BIAHOCHY BOJIOTICThH HOBITPSL.

[Ipn yTpumaHHI NTUII B MNTAIIHUKY, SK OlOJOTIYHOrO 00'€KTa,
HEOOXITHO BpPaxOBYBATH, IO HA NPOAYKTUBHICTh BIUIMBAIOTh HACTYIIHI
dakTopu: TemriepaTypa MoBITPs, BOJIOTICTh MOBITPS, KOHIIEHTpAIIis aMiaKy,
CBITJIOBUH PEKUM, IITyM 1 BiOpallii, IBUAKICTh PyXY MOBITPS B MPUMIIIEHHI
nramrHuka [38, 40].

CtBopeHHsT  HEOOXIHOTO  MIKpPOKJIIMATy B  NTaXIBHUYHUX
NPUMILIEHHSAX 3aJIEKUTh BiJ 0ararbOX yMOB — pIBHS MOBITPOOOMIHY,
KOHCTPYKIii Oy/AiBIi, OCBITIIEHOCTI, €(PEKTUBHOCTI BEHTHIISILIITHUX CUCTEM,
THUITY TOAYBaHHSI, IIUILHOCTI PO3MIIIICHHS NTUIlI Ta iHImKX (akropis [112].

Jns 3a0e3nedeHHs ONTUMAlIbHOTO MIKPOKIIMATY B NTalIHUKAX
BUKOPUCTOBYIOTHCS CYYacCHI €JIEKTPOTEXHOJOTIYHI YCTaHOBKH CHUCTEMH
BeHTWIsAIL. B JiTHIN mepiog poky, KOIW Temmeparypa 30BHINTHBOTO
noBiTpa mocsrac +40 °C i, kpiM TOro, NONOBHMAJILHUMH [KEPEIAMH
TEIJIOTH € TOTOJIIB A MTHIIS, SIK HACIIOK TEMIIepaTypa MOBITPsI B CepeanHi
OPUMILIEHHS! CYTTEBO MIABULIYETbCS. TakuM 4YMHOM JJIsi 3a0e3nedyeHHs

HEOOX1THOTO TIOBITPOOOMIHY HEOOX1THO CTBOPIOBATH CIHEIlialbHI CUCTEMU
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OXOJIO/DKCHHS Ta 30UTBIIYBaTH TOTYXHICTh CHCTEMH BEHTHILSINT JIs
BU/JIAJICHHS HAJIUIIKOBOI TEIJIOTH.

[Ipu po3paxyHKy BEIMYMHU TMOBITPOOOMIHY 3a KOHIICHTPAIIIEIO
pI3HUX  IIKIIJIMBUX  PEUOBMH  NIPUHAMAETbCS  HAWOLIbINA,  MPOTE
PO3pPaxyHKOBHM IMOBITPOOOMIH HE TMOBHHEH OYTH MEHIIUM MIHIMaJIbHO
JOIYCTHMOT0, IPHUHATOTO 32 HOpMaMH TeXHIYHOro mpoekryBaHHs [90].
MiHimManibHa BUTpaTa 30BHINIHBOTO IOBITPS BHMAarae J0JaTKOBOTO
yTouHeHHs1 (Tabsu. 1.1). Pi3Hl mdiTepaTypHi JKepenaa MNONAIOTh PI3HY
1H(pOopMaIliIo IpO NOBITPOOOMIH B XOJOJHUN Ta TEIJIUH MEPIOAN POKY, 1110
nokasaHo B Tabun. 1.1.

AHani3 naHux HaBeleHUX B Tabn. 1.1 mokasye, mo y mparsx sk
BITUM3HSAHUX, TaK 1 1HO3EMHHMX IOCIITHUKIB HEMa€ OJHO3HAYHOI IYMKHU
BIJIHOCHO  ONTHUMAJbHOI  BEJMYMHUA  HEOOXITHOTO  PO3PaXyHKOBOTO
NUTOMOTO  TOBITPOOOMIHY Il NTaXiBHUYUX MpPUMIIEHb. Tomy
aKTyaJIbHUM € MUTaHHS YTOYHEHHS WX JTaHUX IS KOKHOTO KIIIMAaTHYHOTO
pErioHy KpaiHu.

[ITaxiBHUY1 MPUMIIIEHHS, SIK MPABHIIO, OOJATHYIOTHCS MPHUTLITUBHO-
BUTSDKHUMH CUCTEMaMH BEHTHJIALII. B TUMOBUX MTaIIHUKAX IMOBITPOOOMIH
B XOJIOJAHWHM TMepiof, POKY 3AIMCHIOETBCS 3a JOMOMOTOK MEXaHIYHOi
CUCTEMHU BEHTWIAII, a B TEIUIMA TepioJg PpOKy — 3a PaxyHOK
KOMOIHOBaHOT  (ME€XaHIYHOI 1 TpaBITAllIMHOI) CHUCTEMHM BEHTUJIALII.
CxeMa HMpKYJSALIi MOBITPS 3aJ€XKUTh Bl BHYTPIIIHBOTO IUIAHYBAHHS
MPUMIIICHb, BUY YTPUMaHHS NTaxiB (KIITKOBE, MiAJIOTOBE), HEOOX1THOT
MPOJAYKTUBHOCTI, TE€OMETPil PO3MIIICHHS Ta B3a€MOJ1i BEHTHJISAIIHHUX
npucTpoiB. [HQopmMmallis mpo TUMM BEHTWISAIIAHUX CHUCTEM HaBeJeHA B
npaisx bpoudwmana JLI., Jlanumosa A K., Kokopina O.5., MacinoBcbkoro

H.A., ®enoposa H.M. Ta inmmx aBtopis [23, 39, 63, 81, 117, 134, 144].

15



Tabnuys 1.1

MiHiMaJibHA KUIbKICTh 30BHIIIHBOTO MOBITPS, 110 MOJAAETHCHA B

NTANHUKH, M>/TOJ HA 1 KI :KMBOI MacH Kypei

[oBiTpoo6Mmin, M*/ron
Jlxeperno siteparypu : :
XO0I0JHUHN [IEP10J] POKY Tennuit nepion poky
[14] 1,5..2,0 9,0
[82] 1,5..1,8 4,5..5,0
[28] 1,5..2,5 4,0..5,0
[2] Menme 0,7 He menmre 4,0
[110] 0,75 5,2
[118] 1,5..25 3,0...6,0
[4] 1,9 5,5
[90] 0,7 4,0
[17] 1,4..1,8 48
[115] 1,0 1,0..1,5

Jlns  BUpOIIyBaHHS TIOTOJIB’Sl NTHII B TMTAIIHUKY HEOOX1THI
napameTpH MoBiTps 3a0e3neuye BeHTUIISLINHA CUCTEMA, 10 CKIaJA€ThCs 13
B3a€MOTIOB'SI3HOTO KOMIUIEKCY €NEKTPOTEXHIYHUX MPHUCTPOIB, KA CIIYKUTh
JUTSL TIOKPAIICHHsS] 30BHINIHIX yYMOB TIPW BUPOIIyBaHHI IOTOJIB'S TTHII,
TOMYy 3a0e3leyeHHs MIATPUMaHHSA €()EKTUBHOTO MIKPOKIIMATY €
BOXJIMBUM. [CHY€ 1Ba OCHOBHHMX THIM BEHTUJIAIIIT: MPUPOIHA 1 MEXaHIYHA.

Jns  mTamHWKIB 3 OPUPOJHOID  BEHTUIISIIEID  CHUCTEMa
MOBITPOOOMIHY OpraHi3oBaHa TaKUM YHHOM, II[0 HABKOJUIIHE TOBITPS
MOCTYIAa€ 4Yepe3 BXIJTHI JKalto3l, sIKI PETyNIOI0THCS CEPBOABUTYHAMH, 1
BUXOJMUTh Yepe3 BIKHA, PO3TAIIOBaHI y BEPXHIM YaCTHHI MNTAIIHUKA.
[lpuponmHa BeHTWNALIS, SK CHUCTEMa, HE JO03BOJsE  €(PEKTHUBHO
KOHTPOJIIOBAaTH HEOOXITHI TapaMeTpu TMOBITPSHOTO CEpeOBUINA B

NTAlIHUKY, BOHA €(EeKTUBHA TUIbKU TOA1, KOJIM TEMIIEpATypHI Ta BOJIOTICHI
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napamMeTpu HaBKOJMIIHBOTO CEPEAOBHINA OJU3bKI 70 ONTUMAaJIbHUX
mapaMeTpiB, sIKi MOTPIOHO MIATPUMYBAaTH y NTamHUKy. Hampukmnan, y
KapKy TMOTOY MPHUPOJHA BEHTHJIAIIS HE MOXKE 3a0€3MeUnTd HEOOXiTHMIMA
MOBITPOOOMIH Ta TEMIIEPATYpPy MOBITPS B MITaXIBHUYOMY MPUMIIIICHHI.

Bucokumu BUpOOHUYMMH NMOKA3HUKAMH 1 €KOHOMIYHOIO BUT1JIHICTIO
XapaKTEPU3yEThCSl MEXaHIYHA BEHTWIAISA. 3a TPHUHIMIIAMH OpTraHi3arfii
MOBITPSHUX TIOTOKIB Ta TEOMETPii PO3MIIICHHS BEHTHISIIIHHOTO
oOJlalHaHHs, BEHTWISIiS NTAIIHUKIB TMOJIISETHCS HA BEPTUKAJIBHY,
MIOTIEPEYHY, TTO3/IOBXKHIO 1 TYHEIIbHY.

[Ipn BepTUKaNbHIN BEHTWIALII IMOBITPOOOMIH 3IIACHIOETHCS 3a
JIOTIOMOTOI0 BEHTWJISIIMHUX OallT, YCTAaHOBJIICHUX Ha Jaxy. BeHTumsiis
MOBITPS MPOXOAUTH Yepe3 pEryiboBaHl MNPUIUIMBHI KJamaHW, SKi
po3TaIioBaHi 3 BOX CTOPiH OyAiBJI1l NTAIIHUKA.

KpiM BepTuKambHOI BUKOPHCTOBYETHCS TaKOX IIONIEpPEYHA Ta
MO3/IOBXHS BEHTHJISIIIS, sIKI TOOY0BaH1 3a MOAIOHUMU npuHIUIaMu. J1is
BEHTWJIAALIT TaKOTO TUIYy BUKOPUCTOBYIOTh BEHTHJISITOPH, SIKI PO3TAIIOBaHI
Ha OIyHIA TIOBEpXHI CTIH TMTAllHAKAa 1 4Yepe3 fAKI BUAAIAETHCS
BiJlIIpaIiboBane MoBiTps. L{I BEHTUISATOPU pO3TalIOBaH1 3 OJHIET CTOPOHH
OyZaiBil, a CBDKE MOBITPS HAAXOAUTH 3 MPOTHIIEKHOI CTOPIHU 4epes
KJIallaHW, SKl1 PeryjabOoBaHl CEpBOJBUTYHAMH. B 3ajeXHOCTI BiJ yMOB
pO3TallyBaHHS MTANTHUKA, BEHTIISITOPH MOXKYTh PO3MIIIIYBAaTHUCS TPyTHaMHu
ab0 pO3MOAUIATUCS PIBHOMIPHO B3JOBX BCIX CTOpiH OyauHky. Jlins
pPETyJIOBaHHS  TOJayl  TOBITPS  PEKOMEHAYETHCS  BCTAHOBIIIOBATH
CJICKTPOTEXHIYHI MPUCTPOI JJISI TIEPIOAUYHOTO BKIIOUCHHS BEHTUJIATOPIB
abo It 3MIHM IIBHIKOCTI ix obOepranHs. [Ipu momepeuHidt BeHTHISAIIIT
BEHTUJIITOPU PO3MIIITYIOTHCS MO TOBXKUHI MIPUMIIIICHHS, @ TIPH TO30BXKHIN
BEHTWISALIT — 1O mupuHi Oyaismi. [1o310BXHS BeHTHIIALIS eEeKTUBHA TIPU

IIUPUHI TITAlTHUKA A0 12 MeTpiB, MPUYOMY BEHTHIISITOPU PO3MIIIYIOTHCS
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HAa  (QpOHTaNpHIA CTiHI, a pEryjJbOBaHI NPUIIUBHI  KJalaHu
BCTAHOBIIIOIOTHCS HA O1UHUX CTIHAX.

TynenbHa BeHTWIIAIIA (pUC. 1.2) 32 CBOEI0 KOHCTPYKIIE TOI0HA
70 TO3J0BXKHBOI BEHTHWJISALII, PI3HUI MK HUMH TIOJIATa€ B TOMY, IO
NPUILJIUB  TIOBITPS  3AIMCHIOETBCA 4epe3 TMPHUIUIMBHI  JKak031,  SKI
pO3TaIllOBaHl Ha MPOTWJICKHINA BiJ BEHTUJISATOPIB CTOpOHI OyauHKy. Lle
CTBOPIOE TAaK 3BaHUM «TyHEJNbHHUH €PeKT», Y Pe3ysbTaTi sIKOrO IMIBUIKICTb
MOTOKY TOBITPSA BCEPEAMHI MPUMIIICHHS 30UIblyeThes 10 2 M/c. Takuii
MOBITPSIHUHN MOTIK 3a0e3neuye goctaTHe (10 +6 — +7 © C) 0XO0JOIKEHHS
MOBITPS TPH BHUCOKIM TeMmmepaTypi 30BHINIHBOTO cepenoBuia. Jls
HOPMAJIBHOTO (DYHKIIIOHYBAaHHSI €JIEKTPOTEXHIYHOIO KOMIUIEKCY B CHCTEMI
MOBITPOOOMIHY, NMPU BKIFOYEHHI TYHEIBHOT BEHTHJIALII, BCl 1HIIN BXIiJHI

OTBOPH NOBUHHI OYTH 3aKPHTI.

Puc. 1.2. Cxema TyHenbHOI BEHTHIIAIIIT

B 3anexHOCT! BiJ 3arajibHOT KUTBKOCTI NTHII Ta 00’ €My MTAIIHHKA,
OKpIM  TIEpepaxOBaHUX  OCHOBHMX BHJIB  BEHTWJAIINA, MOXKYTh
3aCTOCOBYBAaTUCh TAaKOXX KOMOIHOBaHI €JIEKTPOTEXHOJIOTIUHI YCTaHOBKH
CUCTEMU TOBITPOOOMiHY. B 3a5eHOCTI Bi MOPH POKY PO3PI3HAIOTH (azu

MIHIMAJIbHY, EPEXIHY 1 TYHEJIbHY BEHTHIALIIIO.
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MiHimManbHa BEHTUJISIIS MPAIIOe€ B 3MMOBHI Mepioj Ta MpU3HaYeHa
JUIS BUJIQJICHHS WIKIAJIMBUX CHOJYK (aMiaky, BYTJIEKHUCIIOTO rasy, Muiy Ta
BOJIOTH) 1 3a0€3MEUEHHS M0/1a4i CBI)KOTO MOBITPS, IKE HACHYCHE KHCHEM.

Y  BECHSHO-OCIHHIM mepiojl TMpalre TNepexiHa BEeHTHIALIS.
BenTunsatopu 3MiHIOIOTH 3a0pyaHEHE MOBITPS Ha CBIXKE MO BChOMY 00’ €My
NTAIlHWKA BUKOPHUCTOBYIOUM MIHIMAJIbHUNA PEXHUM  TOBITPOOOMIHY,
MOCTYIOBO TOKPAIIYIOYH SKICHI MapaMeTpH MOBITPS MO BCIM JOBXKHHI
nTanHuka. Taka cuctema BEHTWIALIL BpaXOBY€E TEMIEPATYPy Ta BIK MTHIII,
a TaKOXX 0OMEXY€ MIBUIKICTh MOBITPSHUX MOTOKIB.

B niTHi# nepioa poKy BUKOPUCTOBYETHCS TyHEJIbHA BEHTUJIALISA TIPU
TeMIiepaTypi 30BHIIIHbOrO moBITps Buiie 26°C. Ilpu Takux ymoBax
BHHUKA€ HEOOX1AHICTh 3a0e3MeuyBaTH BUAAJIECHHS HAAJIUIIKOBOIO TEIUIa Ta
HIKIJJIMBUX PEYOBUH, SIKI CTBOPIOE MNTHULA. 3a PAXYHOK «TYHEJIBHOTO
e(eKTy» BIIUYTHO 3HUKYEThCS TEMIIEpaTypa MOBITPS — BOHA IMaJla€ HA 6 —
7°C.

[Topsim 3 TYHETBHOI BEHTHIAIIEID YacTO BUKOPHUCTOBYIOTH
OXOJIO/KYBaJIbHI CHUCTeMHU. BuuepnHy iHbopMmarlito mpo BiJIoOMi CHUCTEMH
BEHTHUJIALIT 3Hax0auMo B [42].

XapakTepHa 0COOIMBICTh TYHEJIbHOI BEHTUJISILII MOJISITA€ B TOMY, 1O
BOHA CTBOPIOE KOM(MOPTHI YMOBHU JUIsl PO3BUTKY MTHII B TEIUIUH TEPiof
POKY BHUKOPUCTOBYIOUM €(QEKT OXOJIO/DKEHHS NTHIl 3a pPaxyHOK
BHUCOKOLIBUJKICHOTO  TMOBITPSIHOTO  MOTOKY. TyHenbHa  BEHTHJIALIS
BCTAHOBJIIOETHCSA SIK JUIsl BHUJAJCHHS HA/UIMIIKOBOTO TeIJja, Tak 1 JJis
3a0€3MeUYeHHs] ONTUMAJIbHUX MapaMeTpiB TMOBITPS 1O BOJOrOCTI Ta
KOHIEHTpalli IMIKIUIMBUX Ta3iB y mnramHuky. Came TOMy LeH BHI
BEHTWIAIIT pO3MIISINAEThCA  sIK  0a30BMd TMpPW  TPOBEACHHI HAYKOBHUX

JOCIIKEHB B IMCEpTaliiiHiid poOOTI.
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Cucrtema TyHENbHOI BEHTWIALII CTBOPIOE €(EeKT MOBITPSHOTO
OXOJIO/DKCHHS, MPOKAYyIoud MOBITPS MO JOBXKHHI NTAIIHUKA MOJ10HO
TOMY, K II¢ BiIOyBaeTbcsi B aepoauHaMiuyHiil TpyOi. s HOCSATHEHHA
e(eKTy OXOJIOJUKEHHS HEOOXiTHO CTBOPUTH TOBITPSHUM TIOTIK 3
HIBUJKICTIO, sika He nepeBuiye 2,54 m/cex (puc. 1.3). CTBoproroun Takuit
BHUCOKOIIBUJIKICHUM TIOTIK TIOBITPS, BEHTWIAIIHHA CHCTEMa MOXKE

3HW)KYBATH TEMIIEPATypy Ha MOBEPXHI MMOBHICTIO OMIPEHOI NTHII Ha 5,5 — 7

°C [42].

Puc. 1.3. Cxema TyHENbHOI BEHTWIIALI] B ITAITHAKY

[IpoBeneHuii aHami3 ICHYIOUMX CHUCTEM BEHTWIAIII MOKa3zye, MO0
TyHEJIbHa BEHTWIALI Ma€ TepeBard MOPIBHSHO 3 IHIIUMH CHUCTEMaMHU 1
Moke OyTu BuOpaHa sik 0azoBa TpH PO3pOOIll HOBOTO BIOCKOHAJIEHOTO
€JIEKTPOTEXHIYHOTO KOMILUIEKCY, SIKUH € HEOOX1THOK CKJIaJOBOIO CHUCTEMU

MIATPUMaHHS ONITUMAIBHOTO MIKPOKJIIMATY y MTAIlTHAKAX.

1.3. EjekrporexHiuHe o00JaJHAHHA A8  NiATPUMAHHS

HOPMOBAHOTI'0 MIKPOKJIIMATY B ITAIIHUKAX

OpHi€ro 3 BU3HAYAIBHUX YMOB 3HUKEHHSI €HEPTeTUYHUX BUTPAT B
NTaXIBHUYUX MPUMIILIEHHSIX Ta YCHIIIHOT BUPOOHUYOT JISTIHOCTI B LIJIOMY

€ pallioHaJIbHE BUKOPWCTAHHS E€HEPropecypciB. 3amopyKo0 IIiIBUIICHHS
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eHeproe()eKTUBHOCTI MTaXIBHUYUX KOMIUIEKCIB € BUKOPUCTAHHSA CY4acHOT
aBTOMATUKU Ta €JIEKTPOTEXHIYHUX MPUCTPOIB, IO € HEOOXITHOK YMOBOIO
JUIsL peamizaiii mporpam eHeprozoepexeHHs. J[as i1CTOTHOTO 3HUKEHHS
CHEePrOEMHOCTI TMPOAYKII B MNTAIIHUKaX HEOOXIJIHO MOJIepHI3yBaTU
icHyro4l a00 Po3poOJISATH HOBI CUCTEMHM IMIATPUMAHHS MIKPOKJIIMATY, SKi
0a3yl0ThCs Ha BUKOPUCTAHHI MOHOBIIOBAILHUX JKEPEN EHEePrii.

3 pO3BUTKOM MTAaXOBUPOOHUIITBA BEJIMKE PO3MOBCIOKEHHSI HA0YJIO
OYyZIBHULITBO BEJIMKOTraOapUTHUX MPUMIIIEHb i1 YTpuMaHHs ntuii. [Tpu
IbOMY TEXHOJOTIYHUN MpOIeC TMOBHHEH 3a0e3nedyBaTH y MNTANTHUKAX
ONTUMAJIbHUM MIKPOKJIIMAT 1 JIJIsl HOTO MIATPUMAHHS, HE3aJICKHO Bl BUILY
nTUIl 1 i1 BiKy, HE0OX1JHO BUKOpUCTOBYBaTH BiJ 50% 10 75% 3aranbHOro
piuHoro  eHeprocnoxkwBanHs [9]. Ha  mimirpiB  NPUILIUBHOTO
BEHTWISALIMHOTO TOBITps nipunagae 45%, a Ha CTBOPEHHS ONTUMAaIbHOI
cucTteMu BeHTW IS Omm3bko 30% piyHOro eHeprocnokMBaHHs. Perira
MpuIaza€e  Ha TMOIHHSA, TOMIBIIO Ta OCBITIICHHSA. Piuni BuUTpaTu
€JIEKTPOEHEPTii  3ajexaTb BIJ  CHOCOOIB  pEryJjlOBaHHS  TEIJIOBOI
MOTY>KHOCTI Ta PEKUMIB CCTeMU BeHTHIIsMI [38, 43].

[MpoananizoBano [3] cTpykTypy Ta aganTHBHI aJrOPUTMH POOOTH
VIOPABIIHHS MEPETBOPIOBAYEM YACTOTH EJIEKTPOLEHTPOOIKHOrO Hacoca
CHUCTEMH BOJIOTIOCTaYaHHs, MOOY0BAaHOT HA OCHOBI HEUITKUX HEHPOMEPEIK.

Maptunenko [.I. Ta bonotHoB II.M. mponoHytOTh BEHTUISLINHO-
onamoBaibHe obnagHaHHs cepli «Kimary, ske 3abe3nedye HEOOXiTHMIMA
TEMIIEpAaTypHUNA PEKUM 1 MOBITpooOMiH. B komruiekt oOnagHaHHS
«Kmimar-2», «Knimar-3» 1 «Knmimar-4» BXOJATh BEHTUJISATOPH Ta CTaHIIi
aBTOMATUYHOTO YIPABIIIHHS, BOHU aBTOMAaTUYHO PETYJIOIOTh MIKPOKIIIMAT
B IIPUMIIIIEHHAX PI3HOTO MpHU3HAYCHHS 1 KoHpiryparii [1, 18, 21].

PerymioBaHHsT MIBUAKOCTI OOEpPTIB JABUTYHAa BEHTWISATOPIB Ta

VOPABIIHHS E€JIEKTPOTEXHIYHUM KOMILJIEKCOM TMTAITHUKA 3/IIHCHIOETHCS
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TUPUCTOpPHUM peryastopoMm Hanpyru Tuny MK-BAVY3 «Kiimatuka-1»,
TCVY-2-KJI V3, abo TCVY-5 (nus. puc. 1.4.-1.5). OCHOBHUMH eJIeMEHTaMH
CUCTEMH aBTOMATHYHOTO KEPyBaHHS € THUPUCTOPHUN CHIIOBUH OJOK 3

IPYIOBUM OXOJIO/DKEHHSIM, OJIOK yIpaBIliHHS Ta OJIOK NEPEeMHUKaHHS.

a ¢ " Tr
\ 4

mK [ TCY-5 " BO

nKn [¢ "

nk [ * CcBO

Puc. 1.4. CrpykTypHa cxema CHCTEMU aBTOMATUYHOI'O KEpPyBaHHS
TCY-5 B nraxiBamuomy mpuminieHHi: TCY-5 — tupucropHa crasiis
kepyBanHs; /| — gatuuku; DK — npumnuszi xkamto3i; [TKn — npuniusHi
iananu; TT' — Temnoreneparop; IIK — nepconanbumii komn'torep; BO —
BeHTWIsIIMHE oOnaaHanHst; CBO — cuctema BumapHoro oxojiomkeHHs; I1

— MOLJIKH.

CraHuiss kepyBaHHA Ha TupuctopHiii ocHoBi TCVY-5 3gaTHa
KEpyBaTH SIK EJIIEKTPOTEXHIYHUM KOMIUIEKCOM CHUCTEMH MIKpOKJIIMaTy B
[IJIOMYy, TaK 1 OKPEMHUMH MOro ejeMeHTamMu. B 3anexHOCTi BiJ 3MIHH
30BHIIIHBOI TEMIMepaTypu TMOBITPS 3a JONOMOIOI CEPBOJBUTYHIB Ta
BeHTWIsAIMHOTO oOnaaHaHHs (BO) BinOyBaeThcs peryiroBaHHsS Mojadi

NPUIUIUBHOTO TOBITPS mnpuiuimBHUMU kianaHamu (ITKk) ta sxanro3samu
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(IDK). B Temnmit mepios poKy MpH BUCOKHX 30BHIMIHIX TeMIepaTypax
BUKOPHUCTOBYEThCS cUcTeMa BumapHoro oxonomkeHHs (CBO). V 3umoBwii
nepioJy poOKy TMpU HU3BKUX TEMIepaTrypax oOIirpiB  3A1MCHIOETbCS
TEIUIOTeHEepaTOpaMHu (TT). Cucrema KepyBaHHS CKJIQTHUM
B3a€MOIIOB'I3HUM KOMILIEKCOM CJIEKTPOTEXHITHIX IPUCTPOIB
BiIOYBaEeThCS 3a Jomomoror mnepcoHampHoro komm'torepa (IIK), a
OTpUMaHI1 JaHl BUBOAATHCS Ha MOHITOP.

Ha puc. 1.5 nokazano ¢yHkiionansny cxemy npuctpor TCVYS.
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Puc. 1.5. ®ynkuionansHa cxema npuctporo TCYS moxkaszye: bP —
osiok perynstopa, BII — 6ok nepemukaua, TII — TepmonepeTBoproBaui,
BC — 6mox cunoswmii, BY — 6mok kepyBanns, UI1 — mxepeno KuBIEHHS,
CPC - cucrema perymoBaHHa Ta cur”atizamii, CUDY — cucrema

IMITyJTbCHO-(Da30BOTO KepyBaHHs, YW — mijcuiIroBay iMIyJbCiB.

[cHytOTh pi3HI ciocoOu OOpOOKM MOBITPS B NTAIIHUKAX. 3allieB

AM., CxanaBu A.H. 1 Cenapc A.B. [53, 109, 159] cTBepmxkytoTh, 1O B
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NTaxiBHUYUX MPUMIIICHHSIX MOBITPSHE ONAJICHHS HEOOX1IHO MOETHYBATH 3
BeHTWIAIE0. Ha aymMKy 1HIIMX aBTOpIB, TUIBKU B TPUMIMICHHIX 3
MOJIOJHSIKOM TITHIIl JOIMYCKAIOThCSA JTOMATKOBI TEIUIOBI JiKepena (MicIeBi
ONMaJIIOBaIbHI ~ TpWiagd  mapoBoro  ab0  BOASHOTO  OMAaJICHHS,
€JIEKTPOOOIrpiBaNIbHI MiJIOTH, JAMITH 1H(PPauepBOHOTO BUIIPOMIHIOBaHHS 1
T.1.) (muB. €ruazapos A.I'., Ilydanos A.T". [45, 119]).

[loBiTpsiHE  omayieHHs  OUTbIl  epeKTHMBHE B  OE3BIKOHHUX
OPUMILIEHHSAX, TaK AK MpU MIATPUMAHHI HEOOXIIHOTO MIKPOKIIMaTy
CYTTEBO 3MEHUIYEThCA BIUIMB I1HQUIbTpaLii 1 COHAYHOI pamiamii. Y
OyIiBIsIX 3 BIKHAMH B TPHUMIMICHHSIX BEIUKOro 00'€eMy 3HA4HO Ba)kye
NIATPUMYBATH ONTUMAJIbHI MapaMeTpu MikpokimimMary. Haite 1pu
BUKOPUCTAHHI CHCTEM aBTOMAaTUYHOTO PETYJIIOBaHHS  MOBITPSHOTO
OTMAJICHHS B TaKUX MPUMIMIEHHSAX KOJMBAHHS TEMIEPATypH B HUX JOCSTAE
5 %C. Tomy Ha npakTuii Bce OiNBII IOMIMPEHMM € 3aCTOCYBAHHS
0€3BIKOHHMX NTAIIHMKIB, PO IO CBiAYaTh gociimpkeHHs [lybanosa A.T.
ta ['ampita T.JI. [119, 136].

JIOLIIbHO 3aCTOCOBYBATH IOBITPSIHE OMAaJ€HHS 3 BUKOPUCTAHHSIM
KaJlopudepiB, SKe CyMiIeHEe 3 BEHTHJIALIEID y BHIJISAII ONATIOBAIBHO-
BEHTWIAIIMHUX arperariB. [1{o0 3a1HCHUTH OMaJieHHS 1 BEHTWISIIIIO
NTaXIBHUYUX MPUMIIIEHh B 3UMOBUN TMEpiOj] MOXHA BUKOPHUCTOBYBATH
onamoBanbHO-BeHTWIALINHI arperatu KIIC, KIII', arperatu enekTpuyHoOi
nii (OKB-3084, CDO Ta iH.), a TAKOX TEIJIOT€HEPATOPU. Y MPUMILLIEHHSX,
oONaHAHUX BEHTWIAIIEI0 3 TMPUPOJHUM OOMIHOM TIOBITPS, MOKHA
3aCTOCOBYBaTH BOJSIHY CHCTEMY OTAaJIeHHS, a TaKOX MEHTpalbHEe abo
MICIICBE TIapOBE OmajJeHHsA. Taki peKoMeHjarii HaBeJeHI B poOoTax
€ruazapoa A.I'., OneroBa A.Il., XpabycroBchkoro [.®. ta Yepuux B.I.
[45, 91]. Temsnoreneparopu, IO BUKOPUCTOBYIOTHCS JUIS IOBITPSHOTO

OTaJICHHs 1 BEeHTUJIALIT OyBalOTh PI3HUX THUIIIB, a came: P43, P80 Ta iH.
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Jlst mokanmbeHOTO 00irpiBY TOBITps AnmkaeB B.A., Ckanasi A.H. ta
Maxk/lonann P. [5, 109, 145] npornonyoTh BUKOPHUCTOBYBATH iH(pauepBOHI
namnu tuny 3C-3, a mpy HAsIBHOCTI Ta3y — ra30Bi MaJbHUKH.

Jns KpyraopiyHOro YTpUMaHHS NTHUIl B MPUMIIICHHSX NTAITHUKIB
HEO0OX1THO 3aCTOCOBYBATH BEHTHJIAIIMHO-0XOJIO/HKYBAIBHI MPHUCTPOi abo
YCTaHOBKH KOH/IUI10HYBaHHS MOBITPS [12]. Kouctpyxiis
OXO0JIOJKYBaJIbHOI CHCTEMH TPOIOHYEThCS B poborax bapkanoBa b.B.,
Kapriuca €.€. ta Hectepenko A.B. [88], Bkasyrwoum mnpu I1poMy, IO
HABAaHTAKCHHA KOHKPETHOI YCTAHOBKM KOHJIHWIIOHYBAaHHS  TIOBITPS
HEOOXIJTHO 3HAXOJIUTU 3 PIBHSHHA TEIUIOBOTO OallaHCy MPUMIIICHHS IS
JITHBOTO MEPIOY POKY.

B kpaiHax Ta perioHax 3 pO3paxyHKOBOIO TeMIIEpaTyporo
30BHIIIHEOrO0 moBitps 26 °C i Buie a8 TemIoro mnepiogy PpoOKy
babaxanosum FHO.M., bo6oeBum C.M., Kokopiamm O.4. [10, 15, 64, 65,
67] pekoMmeHAyeThCcs BHUIApHE ajiabdaTHE OXOJOJIKCHHS 1 3BOJIOKCHHS
noBiTps. [lpu eHtanbmii moBiTps, piBHIM 67 KJK/Kr 1 BUIIE HEOOXITHO
nepeadayaT KOHaUIionyBanHs osiTps [10].

3rinHo 3 pexomenpamismMu  Kokopina O.f., Jlebens A.A.,
Hecrepenko A.B., Mimepa f.K. Ta inmmx pocmigaukis [65, 76, 88, 135,
140, 149] 3 meTor 3MIMCHEHHS TEIJIOBOJIOTICHOI OOPOOKHM TOBITPS MPHU
aniabaTHOMy Tpolieci HEoOX1JHO 3acTOCOBYBaTH (DOPCYHKOBI Kamepu
3pOLICHHS 13 3pOIIYBaJIbHUMH IIApaMH Ta 1HILI IPUCTPOI.

Ha cyuyacHOoMy eTami y NTaxiBHHULTBI 3HAHMILIM 3aCTOCYBaHHS TPH
METOJI CHCTEM OXOJIOKEHHS:

» PO3NWITIOBAIBHI — (POPCYHKOBHH 1 TUCKOBUI METOM;
» BUIIApHI — Yepe3 KaCeTH MPUMYCOBOTO OXOJIOKCHHSI.
MeTon po3nNWIIOBAaHHS NUIIXOM  (POPCYHKOBOTO  OXOJIOKEHHS

HOBITPSA, 3aBASKH SIKOMY BiIOyBAa€TbCS 3BOJIOKEHHS MPHUMIIICHHS
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NTAlTHUKA, a caMme: B KaMepax i3 3pOIIyBaJIbHUM IIIapOM 3allOBHIOBaYa
3pOIICHHS MOBITPSI BOJOIO B1I0YBA€THCS MPU BUKOPUCTAHHI SIK KOHTAKTHOI
MOBEPXHI 3pOIIYBAaHOTO IIApy TaK 1 MOBEPXHI 3alIOBHEHOI TIPOCKOMIYHUM
MaTtepiaioM (JIEpEeBHOIO0 CTPYKKOIO, BOJOKHAMH IIIAraTy, CreliaibHUM
nanepoM, IMHOMOJIYpETaHOM Ta 1H.). 3a KOPJIOHOM  HaWOLIbII
MEPCIEKTUBHAUMH CHCTEMaMH OXOJIO/DKCHHS TTAIIHUKIB BBAXAIOTHCS
CKpaHHO-BEHTWISIIIHI Ta TYMaHOCTBOPIOBAJIbHI CHUCTEMH, WIPO IO
cBiguyaTh nani Hemcona I'.JI. [151].

B Vkpaina Ta 3a pyOexxeMm Uisl 3HM)KEHHSI TEMIIEpAaTypHu MOBITPS B
NTAlIHUKAX 3HAWIUIM I[IAPOKE 3aCTOCYBAHHS HAWIPOCTIIII MPUCTPOI
BUIIAPHOTO 0XO0JOpKeHHA. OHuM 3 aBTOpiB [19] mMponoHyeThCs KOMIUIEKT
oonagHanHss KWMO-13 3 BumapHUM OXOJIO/PKCHHSM, MPU3HAYCHUM IS
SKICHOTO KOHAMIIIOHYBAaHHS TOBITPS B NTaxiBHUYMX IPUMIIICHHAX. BiH
3abe3neuye 3HMKEHHS TemIiepatypu nositps Ha 13 °C, 3Bonoxye ioro 3 30
— 40 % mo 60 — 70%, mpuU4YOMY CTYITIHb OYHUIIICHHS IMOBITPS CTA€ OJIU3BKUM
10 98%. Taka KOHCTpYKIIII BUMarae BUTPATU BOAU 15 1/Toj 1 CTBOPIOETHCS
aeporuHamMiyHui omip koHawuiionepa mo 30 Ila mpu momaui mosiTps 14
trc. M>/rox (nus. nani I1.M.bonoTnosa [19]).

DopCyHKHU JT03BOJISIIOTh OTPUMYBATH Cripeid abo aepo30Jib 1 OyBarOTh
JIBOX THUIIIB: HU3BKOTO 1 BUCOKOTO THCKY BOIH.

B ocHOBI 000X cuCTEM JICKUTh MPUHIIMI a1a0aTHOTO OXOJIOI>KEHHS
[26], komm Boja MEepexoauTh 13 PIIKOTO CTAaHy B ra30MOMIOHHHA MUISXOM
BUTHHOTO BUITAPOBYBAHHS.

BuByatoun npuHIMn  poOOTH  QOPCYHKOBUX  3BOJIOKYBAUiB,
3HAWJIEHO, MO0 (OPCYHKH BHCOKOTO THUCKY MPAIIOIOTh Tipu 28 — 42 Oap 1
reHepyloTh Kkpamii 3 po3mipamu  10-15 wmxm. lle npuszBoauth 110
HAJIJTUIITKOBOI BOJIOTICTI HaBKOJUIIHBOTO moBiTpsa. Ha puc. 1.6. ta 1.7.

MOKa3aHO MIPUHIIAIT POOOTH 1 CIIOCIO PO3IMITIOBAHHS.
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Puc. 1.6. [Tpuniun po6otu GOpCyHOK 3BOJOKEHHS

Puc. 1.7. ®opcyHKa BUCOKOTO THCKY

DopcyHKM HU3BKOIO THUCKY pO3paxoBaHi Ha THCK 8 — 14 6ap. Ix
MOXHa JIETKO 3MOHTYBaTM B HAsBHOMY [MTaIlllHUKY, pO3TallyBaBIIN
o0JIM3Y TOBITPSHONPHUIUTMBHUX MIAXT JJII MTPUCKOPEHHSI BUIAPOBYBAHHS
BOAM 3 po3paxyHKy 1 ¢opcynka Ha 500 romiB. Taki cucteMu IpaIiOlOTh
npu BuTparti Boau 10-15 n/rox 1 mocTaTHRO €(PEeKTUBHI B YMOBaX BHUCOKHUX
30BHIIHIX Temmneparyp (1o 37°C) 3a ymMOBH, 11O BIAHOCHA BOJIOTICTH HE

nepesutiye 70% (puc. 1.8).
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Puc. 1.8. Cucrema hopcyHOK HU3BKOTO THCKY

Pazom 3 TUM (OopCyHKOBHIA METO] OXOJOKEHHS MOBITPS Ma€ LLTY
HU3KY HeraTuBHUX (akTopiB. Bci BuIuM QOpCyHOK ayke BUMOTIIMBI J0
SKOCT1 BOJIM, 110 BUKOPUCTOBYIOTHCSI, OCKIJIBKA BHMCOKHM BMICT cCOJei
IIBUIKO BUBOAUTH iX 13 JIamy. Ixmst EKCILTyaTalis mepeadayac HasBHICTh
CHeIiaIbHOT CUCTEMH BOJIOMIITOTOBKM — OYHMIICHHS, (DITbTpyBaHHA 1 T.II.,
Ha 110 WJIe JIUIITHS BUTPATa EJIEKTPOCHEPT1i.

Jlo BKazaHUX HENOJIKIB TaKOX CJiJI BIJHECTH HEOIHOPIAHICTh
pO3Mipy YTBOPEHHX Kpareiib Ta KOpPO31l0 BEHTWISIIHHOTO YCTaTKyBaHHS
IIPY HASIBHOCTI y BO/JII MiHEPAJIbHUX JTOMIIIOK. DOPCYHKOBE PO3MUIIOBAHHS
BOJIM TMPU3BOJUTH 0 30UIBIIECHHS BOJIOTOCTI B TOBITPI MNTAIIHUKA, IO
MOX€ BHUKIUKATH 3aXBOPIOBAaHHS TMTHUI, OCOOJMBO TMpPU BUCOKIH
TeMIepaTypl MOBITPS 1 OJJTHOYACHO TIJIBUIIICHIN BOJIOTOCTI — 32 TAKUX YMOB
OTULS MOXXE€ OTpPUMATH TEIUIOBUM ynap, Mpo IO BKA3ye€TbCs Yy Mparlsax
Mumpuna [.A. 1 banmuesa JI. [87, 125]. fxmo Temmnepartypa TOBITpS HE
Jy’)K€ BHCOKa, (POPCYHKOBA BOJIOTICTh NPU3BOAUTH JI0 MPOCTYIHUX
3aXBOPIOBaHb, Npo 1110 cBiquath podotn Cmrocapa [1.M., Manones C.K. Ta

Mikeca M. [113, 146, 148].
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JlpyruM pO3MITIOBATFHIM METOJIOM € AUCKOBUN MeToa. [lpuHIun
poOOTH IIHOTO METOAY IIOJIATa€ B PO3MWICHHI BOJAM Y BUIIISII TyMaHY
HUIIXOM OOepTaHHA JAucKa MpH Beaukux oOepTax. [IpuHimun poGotu
JMCKOBOTO MeToAy BuKIazeHO B pobOti fAna Xamszeboma [138]. Taki
PO3IUIIIOBAaYl BCTAHOBIIIOIOTh Y 3aKPUTY CHCTEMY IMPHUILITMBHOI BEHTHIIAIIT
ab0 Oe3rocepeHpO Tepe MPUTIMBHUMHU IIaXTaMH BCEPEIHUHI MTAITHUKA.
JluckoBi (BIAIIEHTPOBI) 3BOJIOKYBayi Moka3zaHo Ha puc. 1.9. CroxxuBaHHS

BOJM B TAKWX 3BOJIOKyBadax ckmamae 15 — 30 w/ron.

Puc. 1.9. JIuckoBuii (BiIIEHTPOBUIA) 3BOJIOKYBaY

Henoniku nuckoBoro MeToay MOJSATalOTh B TOMY, IO JUCKOBE
pO30pU3KYBaHHS BOJW MOXE OYTHM HE TUIbKHA Y BUIJISAI TyMaHy, aie i
MOPOJKYyE NpiOHI Kparuii, 10 CTBOPIOE JOMIOBUN AUCKOMGOPT, SKHUM B
MOEAHAHHI 3 BHCOKOIO BOJIOTICTIO BHUKJIMKA€ HaMOKaHHA Kypeu 1
MIJCTHIIKH, a 11e PU3BOJIUTH IO 3aXBOPIOBAHHS MTHUIIL.

Tpetiit BUA OXOJOHKEHHS MOBITPSI B NTAIIHUKY — KaceTHWil. Ha
CydacHOMY eTalll BIH BBaXa€TbCd HaWOUIbIl edekTuBHUM. [IpuHumn

poboTH Takoro Metoxy onucanuii Henconom I.JI. [151].
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B ocHOBY po0OTH KaceTHOro BUY MOKJIAJEHO MPUHIMII €KPaHHO-
BEHTWIAIIMHOI cuctemMu. [Ipu 1IbOMy BHUKOPHUCTOBYETHCS CIICIiaIbHUN
eKpaH 3 JEPEBHOTO BOJIOKHA, SIKWA BCTAHOBIIOETHCS B3OBXK OMHIET 13
CTIHOK NTallHWKa y BUIJISAL CYIIJIbHOTO Oap'epy BHCOTOHO 75 — 90 cMm.
[TpuHIMn 11i KaCETHOrO METOAY MOJSTa€ B TOMY, IO Tapsiye 30BHIIIHE
MOBITPS TPOXOJIUTh dYepe3 KaceTy, SKa CKIaJaeTbes 3 TOo(pOBaHUX
IEJTIF0JIO3HO-TIANEPOBHUX JIUCTIB MPHU PI3HOMY KYyTi po3TallyBaHHS TodpiB.
[Ipu poMy ekpaH Oe3MepepBHO 3MOUYYETHCSA BOJAOIO, KA HAJAXOIUTH IO
o000y 1 cTikae BHU3. YacTuHa BOJM BUMAPOBYETHCS, a 3aiiBa BOJA,
CTIKaIOYM 3  HHXKHBOTO Kpaw  eKpaHy, 30uUpaeTbcs 1  3HOBY
BUKOPUCTOBYETHCS B HUPKYJIALIIHINA CUCTEMI, TPUYOMY, YaCTUHA BOJH, 1110
3aJMIIUIACS, 3M1MCHIOE (DYHKITIF0O TPOMUBAHHS OXOJIOKYBaJIbHOT KACeTH 1
MOBEPTAEThCSI HA3aJ] Y HACOCHY CTAaHINIO Y€pe3 CHUCTEMY PEIUPKYJIALIi.
TakuM YUHOM, TTOBITPS, 110 BUXOAUTH 13 KACETH, OJTHOYACHO 3BOJIOKYETHCS
1 OXOJIOKYETHCS.

BeHTHIATOpH BETWKOI MOTY)XHOCTI TPAMIOIOTH TPU  BUCOKOMY
TUCKY, BTATYIOUM TOBITPS Yepe3 €KpaH B pe3yjbTaTli 4Oro TemIieparypa
MOBITPS B MIPUMIIIEHHI 3HIKYETHCS, @ BOJIOTA BUIIAPOBYETHCSA 3 €KpaHYy.
CucteMa mJii CTBOPEHHS TYMaHHOCTI 3/1ACHIOETHCSI HUISIXOM BBEICHHS
BOJIOTH B MPHUMIIICHHS 4Yepe3 PO3NMUWIIOBaIbHI coria. Bojga mogaerbes 1o
TpyOkax miamerpom (dy = 15 mMm mix Tuckom Gmusbko 2,8 — 3,5 kr/em? i
PO3MMITIOETHCA Ha JpiOHI YAaCTHHKH, IO INBHJIKO BHITApOBYIOThCs [151].

CymapHa KiTbKICTh TAKUX BEHTHISITOPIB € HAATO EHEPTOBUTPATHUMU.

30



Puc. 1.10. ITpunnun po6otu kacetn  Puc. 1.11. Kacetu BunapHoro

BHITAPHOT'O OXOJIOIKCHHA OXOJIOAKCHHA

Ha puc. 1.10. ta 1.11. nokazaHo 3arajibHUNA BUIJISJ Ta MPUHIUI
poOOTH KaceT BUIIAPHOTO OXOJIOJKEHHsS. TemomnorivHagbHa 30aTHICTb
MOBITPS 3QJIKUTH BiJ] HOro TeMrepaTypd 1 BIJHOCHOI BOJIOTOCTi, YWM
BUIIIA TEMIIEpaTypa — TUM CKJAJHIIIE JOCATHYTU €(EKTY OXOJIOIKECHHS
MOBITPSL.

KaceTtHa cucrema 3HalnuIa IIMPOKE 3AaCTOCYBAHHSA Y SE€YHOMY,
OpoiisiepHOMY 1 IJIEMIHHOMY NTaX1BHULTBI. BoHa Hemorano ¢yHKIIOHYE 3a
YMOBH TPaBUIBLHOTO MiAO0pY MPOAYKTHBHOCTI BUTSDKHUX BEHTHIIATOPIB,
IJIONII KAaceT 1 MaKCHUMalbHOI TepMETH3allli MTallHWKa, 110 BHUKJIOYAE
«M1ACMOKTYBaHHS» TOBITPS Yepe3 HIUIMHH 1 TPIIIMHYU B CTIHAX Ta MOKPIBII
nTamHuka. KaceTm MOXKyTh pO3TAlIOBYBaTHCS SK y TOPILEBIM YacTHHI
IITAllIHUKA, TaK 1 Ha Ooro O1YHUX CTIHAX.

Kacern Bumapuoro oxomnomkeHHs («cooling pady») 3aCTOCOBYIOTHCS
B YMOBaxX BHCOKHX 30BHIIIHIX TeMIIepaTyp, skl nepeuirytots 37°C, mpo
o cBimyath pobotu Kamnbena JI. [143], ane cmig 3ayBakuTH, 10 BUCOKI
TeMrepaTypyu MNPU3BOJATH O 3aXBOPIOBAHHS TITHI, SKi OCOOJHMBO

HeOe3MeYHOo MpU TMOEAHAHHI I[LOTO (PaKTOPYy 3 MIABHUIIEHOIO BOJOTICTIO.
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ToMy kaceTHUil METOJ X0Y 1 € KpalluM MOPIBHAHO 3 (HOPCYHKOBUM 1
JTMCKOBUM METOJIOM, ajie Ma€ siBHI HeJoiKuU. [Ipu BUKOpHUCTaHHI KACETHOTO
METOMYy TPUXOAUTHCS 3HIKYBATH TEMIIEpaTypy TMOBITPS 3a PaxyHOK
TEIUIOMAacOOOMIHHMX TPOIIECIB Ha TIOBEPXHI BOJSHOI TIUTIBKH. B
MOJAJIBIIOMY OXOJIOJKEHUH TOTIK TOBITPS TMOCTyNa€e B NTAIIHUK MPH
BUKOPUCTAHHS CHUCTEMH 3 TYHEIBHOI BEHTWIIIIO, IO B KIHIIEBOMY
M1JICYMKY MPU3BOJIUTH JI0 BIJIBOY TEIUJIOTH 3 Tijla MTHII.

HenoikoM KaceTHOro METOJly € BUCOKWW aepoJWHAMIYHHUNA Omip 1
BEJIMKA BAPTICTh YCTAHOBKU. 3HAYHUM HENIOJIIKOM BUCTYyMNAa€e TOM (PakT, 110
KAaceTH MOXYTh 3aCMIUyBaTUCS MHUJIOM, IPUUOMY Ha 3aCMIYEHIN MOBEPXHI
KaCeTH YTBOPIOETHCSA 1 TIOMIMPIOETHCS I[BiIIb, SKa BHUKHIAE Macy
aHTUOIOTUYHUX KOMIIOHEHTIB. B psal BumaakiB, NpU HEBYACHOMY
MPOYUIIIAHHI KaceT, Ha iX MOBEPXHI MOXKYTh BUPOCTAaTH BOojOpocTi. Bkasani
YUHHUKHA CIIOHYKAIOTh JI0 YacTOi 3aMiHM KaceT B)KE Ha MEpIIOMYy pOITli
eKCIUTyaTarlii, HaioBIINiA TepMiH poboTr KaceT 10 pokiB, sSIKUii 3aT€KUTh
Bl SIKOCTI BOAM, NPO(DUIAKTUYHHUX pOOIT Ta PEXKUMY EKCIUTyaTallii.
EdekTuBHICTh KAaceTHOTO OXOJIO/DKCHHS Y BEJIMKIM Mipl 3aJekHUTh BiJ
FePMETUYHOCTI TTAITHHWKA, a HAsIBHICTh I[BUII Ta BHCOKOI BOJOTICTI
COpUSIOTh  30yIKEHHIO  pI3HMX  XBopoO y  nmrumi. Cucremu
OXOJIO/KYBAJIbHUX KaceT MalOTh BUCOKY BapTICTh.

Bci po3rasiHyTi BUIIE CUCTEMHU OXOJIOJKEHHS NMTaxopepM 3HaAUIUIH
CBOE€ MiCIIe y TNTaxIBHUIITBI, MalOTh CBOi mepeBaru 1 Hemouiku. [lepenik
HEJIOJIIKIB Ta TMepeBar PO3TIISTHYTHUX BUIIE CHUCTEM OXOJIO/DKCHHS, a TaKOXK
NOPIBHSUIBHUH aHali3 iX poOOTH, XapaKTEPUCTUKH I[UX CUCTEM HABEJICHO B
tabmuii 1.2.

Y cucreMax OITaJIcHHS Ta BEHTWIIAIII CUIBCHKOTOCIIONAPCHKUX
BUPOOHUYUX OYJiBEJIh BIAMPAIIbOBAHE BEHTUJIALIIMHE MTOBITPS BUKUIAETHCS

B armocepy 3 Temmeparyporo 10 — 30 °C. V 3p'a3ky 3 uuMm He
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MNPOAYKTUBHO BUTPAYACTBCA 3HAYHA KIJIBKICTB TCIIOTHU, MPUYIOMY BTpATH

ckinanarTs 20 — 60%. YTumizaiis 1 MOBTOPHE BUKOPHCTaHHS TEIJIOBOI

eHeprii 3 BeHTHIALIMHUX BUKUAIB 103BoJIsie Ha 50 — 100%

Tabnuys 1.2

HOpiBHﬂHHﬂ pi3HI/IX CHCTEM OXOJIOIKCHHHA NTaXiBHHYHKX

IPUMIIICHD.
[TokazHuk JluckoBi ®DopCcyHKOBI Kacerni
Ob6unactb Hasnpotu V nramHuky,
3aCTOCYBAHHS | NPUIUIMBHHUX, no0nu3y Bij Ha Bxoxi npurimBHuX
PO3TIHHUX NPUTUTUBHUX OTBODIB
BEHTHJISITOPIB KJIaIaHiB
Meroxn Bkin. / Buki., Bki1. / Buki., BogsgHOro
Bk / Bukn
peryJiroBaHHs TuckoM Boau Hacoca
IlepeBaru MosxnuBa Oe3nepepBHa
lapue )
o eKCIuTyaTalisi, rapHe
He 3anexHi BiJi | BUIApOBYBaHHA IIPU
) BUIIAPOBYBaHHS, MOIIUPEHA
SIKOCT1 BOH BHCOKOMY THCKY
) . CHUCTEMA, HACOC HU3BKOTO
(mepioguuHa BOJIU, TPOCTI B
. TUCKY 3 BEJINKHM PECYPCOM,
YUCTKA JIUCKA), MOHTAQXI. ) .
. . HEBEIIMKI eKCIUTyaTaliiHi
IIpoCTa B [TpuitHATHI 115
. . . BUTPATH, HU3bKA
MOHTaX1 HOMIPHOTO 1 L
. HMOBIpHICTh HAMOKAHHS
JKapKoOTro KJIIMAaTy .
T ACTHIIKH
Henomniku Bumararots HacociB Kacetn MoxyTh
BHCOKOTO THCKY, 3aCMIYyBaTHUCh MUJIOM 1
Puzuk . ) o
HEMPUIHATHI A7 3pOCTaHHSIM LBLI,
HaMOKaHHS } .
) 6e3nepepBHOT BOJIOPOCTEH, BUMararoTh
T CTHIIKH, . .
. . eKCILTyaTalli, 3aMiHu yepe3 KoxHi 1-10
HEpiBHOMIpHE . . . . .
BUMOTJIMBI JI0 SIKOCTI | POKIB (3aJI€KHO BiJ] IKOCTI
3BOJIOKEHHS L
. BOJI, IMOBIPHICTh | BOJH, JOTJISITY Ta PEXKUMY
(pimxo |
3aCMI4YEHHS eKcIUTyaTaii),
3aCTOCOBYIOTHCS) ] ]
bopcyHOK e(EeKTHUBHICTb 3aJI€KHUTh BiJ|
TepMETUYHOCTI MTAIIHAKA
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CKOPOTHTH BUTPATU TEIUIOTH, KA BUKOPHUCTOBYETbCA NJsl 3a0e3meueHHs
HEOOX1ITHUX BETEPUHAPHO-TITIEHIYHUX YMOB IIPU yTPUMaHHI TMOTO]IB’s
nTaxiB. Bkasani ¢akropu po3risayTi B podorti [Ipurynosa F0.M. [101].

B TexHiuHIN Ta cnemianbHii JiTepaTypl MICTATHCS CylepeUInBI JIaHi
PO MOXIJIUBICTh 3aCTOCYBaHHS PELMPKYJSALIi IMOBITPS B NTalIHUKAX.
3acTocyBaHHS PEUUPKYIIALIT MOBITPSI B NTaXIBHUYUX MPUMIMIEHHSIX B Psii
poOIT He peKOMEHIYyeTbcs, 30Kpema B mpausgx baiinesnsaroBa A.b.,
OnbxoBuka JI.A., bpoudmana JI.b., 3akomupaina A.A., Koporkosa €.H.,
Manycosa €.1"., [lanikapa I.I. Ta iammx aBtopiB [11, 23, 54, 67, 79, 94,
104, 107, 93]. lle BukIMKaHO HACTyMHUMHU (HAKTOpPaMHU: BHCOKOIO
3aMMJICHICTIO TMOBITPS B MPUMILIEHHSAX I[PU CYXOMY TOJYyBaHHI, SKa
JOXOMUTh 10 3 /M3 pEUMpKyIAlis MOBITPS CHpHSC Hepe3apakeHHIO
3I0POBHUX TNTaxiB BiJi XBOPHX; 3aCTOCOBaHI O10MUIBTPU U1l OUYHUIICHHS
PELUPKYJIALIIHOTO MOBITPSI MalOTh BUCOKY BapTICTh, MPU LOMY BOHHU
IIIBUJIKO 3aCMIYYIOTBCS 1 MaJIO HAJIHHI B €KCIUTyaTallii.

HeraTuBHi HacmiKd NHIOBOT  3a0pyAHEHOCTI  MIATBEPAKEHI
IPAKTUKOIO, ajleé B HOPMax TEXHOJOTIYHOIO NMPOEKTYBAHHS MTaxXiBHUYUX
MIJMPUEMCTB HE Ma€ 0OMEKEHb Ta PEKOMEH 1Al Mo 60pOoTHOI 3 MTUIIOBUM
3a0pyaHeHHsM [90].

B nTaxiBHUITBI CHCTEMH OITAJICHHS Ta BEHTHJIALIl 3 €JICKTPUYHUM
HIJITPIBOM MPU PELUPKYJIIALIT MOBITPS O1IbII €KOHOMIYHO BUTI/IHI, ajie IpH
iX 3aCTOCYBaHHI BHUHHUKAa€ HEOOXIAHICTh MPOBOAMTH  CHELaTIbHI
JOCTIPKEHHST 3 METOI0 TMOUIYKIB MNUISXIB OaKTeploJOridyHOi OYHCTKU
peLMPKYJAIHHOTO TOBITPsA. B 3B’S3Kky 3 1UM  psiAg  JOCIIIHHKIB
HNIATPUMYIOTh 3aCTOCYBaHHS PEIUPKYJAIII TOBITPS B NTammHUKy. [lpu
bOMY PEKOMEHIY€EThCS TPOBOJUTH OYHUCTKY TMOBITPSI BHUTSIKKOIO,
0cOONMBO B Tid ii YacTWHI, siIKa HAe Ha peunupkyislito. Take pilieHHs

HpO6HeMI/I 3aIINJICHHA HC TUIBKHU ITIO3UTHUBHO IIO3HA4Ya€ThCA Ha
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MIKpOKJIIMATI B IPUMIIIEHH] NTAITHUKA, aJ€ 1 1a€ 3MOTYy MOKPAIIUTH CTaH
MOBITPSIHOTO Oaceiiny Ha nTaxodadpuKkax, IMpo M0 BKa3y€e y CBOIX poOoTax
Limein 1.B. [58].

HopmatuBu CHIill [46, 93] mo yTpumaHHIO TBapuH Ta NOTUIL (B
MEXax OJHOTO NPHUMIIIEHHS) AOMYCKAIOTh PEHUPKYJSLII0 TMOBITPS Y
oyaiBimsix ¢gepm. 3rinno 3 HopmatuBamu OHTII [90] B xomomuuit mepion
POKY JOIYCKAEThCSI YaCTKOBA PEIUPKYJIIALisl BHYTPIIHbOTO moBiTps. [Ipu
3HM)KEHHI HOPMATHBHOi KUIBKOCTI 30BHIIIHBOIO TOBITPSI OOOB'SI3KOBE
OUMIIEHHS Ta JAe3lH(eKuis peHupKysaUifHOro moBITps. Y  BCIX
PO3MJISIHYTUX ~ BUIAJKaX B  MPUMIIMIEHHAX 3 MTUICK  TOBUHHI
BUTPUMYBATUCS HOPMATUBHI MapaMeTpu MiKpokimimMary. Jlomyckaerbes
MPOCKTYBaHHS TMPUIUIMBHUX BEHTWIAIIWHUX CHUCTEM 3 MOKIIMBICTIO
pobOTH B peXHUMI TOBHOI PEUUPKYJAIIi 3 MiAITPIBOM TOBITPS B
Kasopudepax.

st BomomocTayaHHsl NMTaXiBHUYUX KOMILJIEKCIB BUKOPUCTOBYIOTH
BOJIOHAIIpPHI OammTy, sKi 3a0e3NneuyroTh OUIbIl PIBHOMIpHY poOOTY
HAaCOCHMX CTaHIIIH, IMABUIIYIOTh HATIHHICT CHCTEMH BOJIONIOCTAYaHHS Ta
3MEHIIUTH JlaMeTp Ta BapTICTh BOAOBOAIB 1 MaricTpalied po3moauibyuoi
Mepexi.

VY ClIBCBKIA MICHEBOCTI IIMPOKO 3aCTOCOBYIOTHCS CTajeBl OamTu
A.A. PoxnHoBcbkoro [59]. OO6'eM BojoHamipHOT OaIlITH 3aJICKHUTh BiJ
MaKCHMaJbHOTO JOOOBOTO CIIOKUBAHHS BOJAM Ta PEKUMY pOOOTH HACOCHOT
cTaHlii. MOXJIMBI Takl peXUMHU pOOOTHU: 1IJIOI000BUH, 2* -3MiHHUH, B 1
3MIHYy Ta TOBTOPHO-KOPOTKOYACHWM (aBTOMAaTWYHE BMHUKAHHSA Ta
BUMHKAHHS HACOCIB Mo Mipi HeoOXimHocTi). Haifuacrimie 3acTOCOBY€EThCS

aBTOMaTHU4Ha poOOTa HACOCHUX CTaHIIIH.
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Kommexktauii npuctpiit «Kackamgy mpuzHaueHUNd AHS KEpyBaHHS 1
3aXMCTy BIAIEHTPOBUX CBEPJIOBUHHUX HACOCIB BOJIOMIAMOMY 1 JApEHAKY
13 3aHYpPIOBAIBUMMHU EJIEKTPOABUTYHAMH TMOTYXHICTIO Big 1 mo 65 kBt
[68].

Jo kommuiekTHOro mpucTporo «Kackam» BXOIUTH 3aHYpIOBaIbHUMN
eJIeKTpOHacocC, AmuK kepyBans tuny SIHH 1 maTumku, sxi 3a6e3neuyroTh
aBTOMaTUYHHUIN peKuM poOOTH MpHUCTporo. BeepenuHi simmka 3MOHTOBaHA
IyCKOBa 1 3axMCHa amaparypa (cwioBa 1 JjoriyHa vactuHa). Jloriyna
YacTHHA CXEMHU KEpyBaHHS BUKOHAHA Yy BUIJISII OJOKa KEpyBaHHS THUITY
BOH 9200.

3anmexHO Bifg Tumy smmKa kepyBaHHS «Kackam» BUKOHYe Taki
byHKIIIT:

- ABTOMATMYHUN TMyCK 1 3YNHUHKY €JIEKTpOHAacoca B PEXKUMI
BOJIOMIAAOMY 1 JApEeHaXy 3aJeXHO BiJ piBHA BOJAM BIJANOBIIHO B
CBEp/JIOBMHI 200 B BOJIOHAMIPHIN OamTi ()11 MPUCTPOIO 3 aBTOMATHYHHUM
KEpYBaHHSM 3a PIBHEM);

- aBTOMATUYHHUM IIyCK €JIEKTpOHAcOCa B PEXKHUMI BOOIMIIHOMY
3aJIe’KHO BiJl TUCKY BOJM B BOJIOHAMIPHIN OaITi 1 aBTOMATHYHY 3YIHUHKY
Hacoca uepe3 MeBHUM yac (BUOMPAEThCA OmepaTopoM), aje He Ouibiine 90
XB (171 IPUCTPOIO 3 ABTOMATUYHUM KEPYBaHHSM 32 TUCKOM);

- MICLIEBUH MYCK 1 3yIIUHKY €JIEKTPOHACOCa;

- JUCTAHLIMHUN MYCK 1 3yIMHKY €JIeKTPOHACOCa;

- CEJEKTMBHUWA  aBTOMAaTMYHHMM  3allyCK  €JEeKTpoHacoca 3
peryJiboBaHOI0 BUTPUMKOIO B 4acl. CelIeKTUBHICTh 3a0€3MeuyeThCs B
peXrMax MICIIEBOTO 1 aBTOMAaTHYHOTO KEPYBAaHHS 32 PiBHEM;

- BUMHKAHHS €JIEKTpOHAcOoca TMpU 3HIKCHHI PIBHI BOAU B

CBEP/JIOBMHI HUYKYE KOHTPOJIBOBAHOTO 3HAYEHHS, TOOTO "cyXxoro xoay";
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- BUKIIIOUYEHHS TOBTOPHOTO AaBTOMATHYHOTO IYCKy €JIEKTpOHacoca
MICTIsl CIIPALIOBAHHS OYyIb-SIKOTO THITY 3aXUCTY;

- CBITJIOBY CHTHAI3aIlil0 3 pO3MU(pyBaHHIM MPUIHHH aBAPiHOTO
BUMMKAHHS €JIEKTPOHACOCA;

- KOHTpPOJIb HABAHTAXKEHHS €JIEKTPOIBUTYHA 32 CTPYMOM B OZHIH 13
(bas;

- MOXJIMBICTh Tepeadl aBapifHOTO0 CHUTHAIY 3a MEXI IMPHUCTporo 0e3
po3mM(ppyBaHHS NPUUUHM aBapii. JlaTunkamMu B MPUCTPOSIX € €IEKTPOIHI
JATYMKU PIBHIB 1 €JIEKTPOKOHTAaKTHI MaHOMETpHU. EJeKTponHI AaT4UKU
IPALIOKOTh 33 IPUHLIUIIOM €JIEKTPOIIPOBITHOCTI BOM.

VY oMy MiPO3/1I1 PO3TISIHYTO €IEKTPOTEXHIYHUN KOMIUIEKC SIKUI
CKJIQa€ThCsl 13  B3a€EMOIIOB'SI3HOTO  KOMIUJIEKCY — €JIEKTPOTEXHIYHHUX
IOPUCTPOIB Ta EJIEKTPOTEXHOJIOTIYHUX YCTAHOBOK, SK HOro OKpeMHUX
€JIEMEHTIB ISl 3a0€3MeYEHHsI ONTUMAIBHOTO MIKPOKJIIMATy NTaXiBHUYOIO
npuMimeHas. OgHak B ICHYHOYHMX KOMIUIEKCaX € psia HEHOJIKIB sIKi
HEOOXIJTHO YCYHYTH 3 METOIO MOKPAIIEHHS SKOCTI MPOAYKI1i, MABULIIECHHS
eHepreTuyHoi e(EeKTUBHOCTI Ta BIPOBAHKCHHS EHEPro3oepirarouux
TEXHOJIOT1#, 30KpeMa JJisi CUCTEM OXOJIOJPKCHHSI Ta HarpiBaHHs TOBITPS B
NPUMIIIECHH] NTAlIHUKA.

AHani3 ICHyIOYMX CUCTEM MIATPUMAHHSI MIKPOKIIIMATY Y TITAlTHUKAX
nependayae BUKOPUCTaHHS TaKUX JPKEpPEN eHeprii, Ik NpUpOJHU ra3 ado
€JIEKTPUYHY EHEprito JJid MIAIrpIBYy NPUIUIMBHOTO MOBITPS B 3MMOBHMA
nepion dacy. Y JITHIA Tepiof I 3HWKEHHS TEeMIIepaTypu TOBITPS
HEOOX1JJTHO BUKOPUCTOBYBIM CHUCTEMH (POPCYHOUHOrOo ab0 KaceTHOIo
OXOJIOJKEHHSI, 110 MOTpe0ye 3HAYHUX BHUTpPAT BOAU Ta EJIEKTPUYHOI
eHeprii, MABUIIYIOUM TPU IIbOMY KOHIICHTPAIIF0 BOJOTH B TMOBITPi, IO
HETaTUBHO  TIO3HAYAEThCS HA  MPOAYKTUBHOCTI  NMTaXOKOMILJIEKCIB.

Buxonsun 3 BHINE3a3HAYEGHOIO IIOCTAE 3ajJada PO3POOKHM  HOBHX
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EHEpro30epirarounx eIEeKTPOTEXHIYHUX KOMIUIEKCIB I BEHTHIISIIHUX
CUCTEM NTAIIHUKIB, SKI 0a3ylOThCsl HAa BUKOPUCTaHHI MOHOBIIIOBATBHUX
JDKepen eHeprii Ta BJOCKOHAJCHHS METOMAIB OOpOOKH MPHUILIMBHOTO

HOBiTp}I 3 MCTOIO ITIOKpAIICHHA HOTO XApaKTCPHUCTHK.

1.4. Tenso- Ta MaconepeHoC 4Yepe3 30BHILIHI OrOpoOMKYyBaJbHI

KOHCTPYKUil NTANIHUKIB

30BHIIIHI OTOPOJKYBaJIbHI KOHCTPYKIlI MPUMIIIEHb MTAITHUKIB
pU3HayYeH1 i 3a0e3MeUeHHs] ONTUMAIBLHOTO MIKPOKJIIMaTy B HhOMY Ta
3HIDKEHHS TEIUIOBHX BTpPAaT B HABKOJUIIHE cepefoBHIle. B mTamHuky
HIATPUMYETHCS HEOOX1THUM TeMMepaTypHU PEeXUM NUISXOM MiIrpiBy (B
3UMOBUN MEPioJl poKy) ab0 OXOJIOMKEeHHs (B JITHIA mepioa poky). Ilpu
bOMY y MNTaxiBHUUOMY NPHUMILIEHHI € TEIUIOBl JKepena (kaiopudepn)
a00 0X0JI0/KYI0U1 MPUCTPOi (popcyHkH, KaceTH, To1io). Kpim Toro nrwus,
B MPOLEC] YTPUMAaHHS, BUALUISE 010JI0TIUHY TerioTy. OCHOBHI BUMOTH JI0
30BHIIIHIX OTOPOIKYBAIIBHIUX KOHCTPYKITIH MTANTHUKIB MOJISATAIOTh Y TOMY,
10 BOHU MOBHMHHI 3a0€3Me4yBaTH HEOOXITHUN MUTOMHUMA TEMIOBHM MOTIK
JUI.  PO3CIIOBAaHHS  HAJUIMIIKIB  TEIJIOTH, 3a0e3MeYUTH  MIHIMaJbHI
TEIJIOBTPATU y 3UMOBHUN TMeEpioJ] pPOKYy Ta CTBOPUTH HEOOXIIHY
TEIJIOI30JISIII0 B JITHIA MEpioJ POKY JUIsl MIATPUMAHHS ONTUMAIbHUX
napameTpiB MOBITPSI B CTIHJIOBUX MPUMIIICHHSX.

Pesyneratn  mocmimkenp Jlimg A. [7/7], 1O CTOCYIOThCS
OTOPOKYBAJIbHUX KOHCTPYKIIiH, /i€ MOKa3aHO BEJIWYMHY MOBITPOOOMIHY B
NTAITHUKY JJIs PI3HUX TEMIEpaTyp 30BHINIHBOTO TOBITPSI MPU PIZHOMY
CTYIIE€HI yTEIUIEHHs CTiH nTamHuka. 3 rpadika (auB. puc. 1.12) BuaHo, 110
B TMTAIIHWKy O€3 YTEIJICHHS CTIHOBMX TIOBEPXOHb IPH 3HAYCHHSX

30BHINHBOI Temmeparypu t; He HWwKYnX -4 °C mis miaTpuMaHHS
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HEOOXITHOT TeMIEpaTypH MOBITPS B MPUMIIICHH]I JTOCTATHHO O010J0TIYHOL
TEIUTOTH, SKa BHUJUICHA MTHUICIO NP HOPMATUBHUX TapaMeTpax poOoTH
BEHTWIILIMHOT cucTemu. [Ipu OiIbIl HU3BKUX 3HAYEHHSIX TEMIEpaTypu
30BHIITHBOTO TOBITPs t; OIS MATPUMKA B MNTANTHUKaX TEMIEpaTypu
noBiTps Ha piBHI 16 °C HEOOXi1AHMM MIIITPIB MPUILIMBHOIO BEHTUIIALIIMHE

noBiTps [77].

L, m®rog Ha 1 xr
’KMBOT MacHy HTHUILI

3r Temnora
I [oripmene
OKDallleHe YTCIIJICHHA
- Bonsna
2F P )
Ao
A
/
1F 3arajibHl HOpMHU < HO Pp=75%
—\ 1,=16°C Hwxns
Mexa
NH
s
i | 1 L 1 1 1 ul 1 1 1 ! 1 1 L 1
-20 -10 0 +10 ts,

Puc. 1.12. B3aeM03B'130k Mi>K TEMIEPATYPOIO 30BHIMIHBOTO TOBITPS

Ta MOBITPOOOMIHOM B HEOMAIIOBAHOMY MTAIIHUKY

B po6oti Bonkosa I'.K. [30] 3nHalineHo, 1mo B ymMOBax KOJHBaHb
TeMIEepaTyp BHYTPIIIHHOTO 1 30BHIIIHBOTO MOBITPSI MPU BUCOKi BOJOTOCTI
B NTaxiBHUYUX MPUMIMIEHHAX PI3KO MOTIPIIYIOTHCS TEIUIO3aXHMCHI SIKOCTI
OTOPODKYBAJILHUX  KOHCTpPYKIiM.  JloTaTkoBe  3BOJIOKCHHS  CTiH
BIIOYBAEThCS TAKOX B PE3yibTaTl KaMISIPHOTO IMIJICOCY PIAWUHU, IO

CKYMUYy€ThCS Ha MIA031.
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[Tpy BUHMKHEHHI BUCOKOi BOJIOTICTI MOBITPS B MPUMILIEHHSIX K Ha
BHYTPIIIHIM MOBEPXHI, TaK MO TOBIIMHI OTOPOJIKYBaJIbHUX KOHCTPYKIIIH
BUIIAJIa€ PSICHUM KoHmeHcaT. KpiM Toro y mepiofgu pi3KuMX IMOXOJIOJAaHb
KOHJICHCAT 3'BISIETHCS HA BHYTPIIIHIM TOBEPXHI OTOPOKEHb, SKHUM
abcopOyeThecss MaTepiagoM oropoxi. Ilicims HacuYeHHs Oropo’i BOJIOTOIO,
KOH/ICHCAT TPUBAJIMI Yac Moke 30epiraTucs Ha oro BHYTPILIHIN MOBEPXHI
(muB. pobotu Bamoa B.M., OneroBa A.Il. XpaOGyctoBchkoro [.®d. i
Yepuux B.I. [25, 91]). Kpim mBHIKOTO pyliHYBaHHS BOJIOTHX KOHCTPYKIIIN
CTIH, Ha HUX aKTUBHO PO3BUBAIOTHCS IH(EKLIHI TpUOH, K1 CIIPUUUHSIOTh
1HpexiHoT XxBopoOu mnTulll [57]. PO3BUTOK MIKpPOOpPraHi3MiB Ha BIOTHUX
MOBEPXHAX MPU3BOJUTH JI0 TOTO, IO HA OBEPXHI OyAiBEIbHUX MaTEpialliB
3'ABIAIOTHCS  IUIAMHM, @ TaKOoX HaJIbOTH IOPOLIKOMOAIOHOrO abo
HMOBCTSHOTO BHMIJIsAy. 3rigHo 3 mocmimkeHHsmu Illtokmana €.A. [123]
MeXaHI4Ha MIIHICTh OyaiBEIbHUX MaTepialliB 3HUKYETHCS, BlIOYBAE€THCA
iX pO3M'SIKILIEHHS 1 pyITHYBaHHS.

[ITaxiBHHUY1 MPUMIIIECHHS 3 IIPUPOTHOIO BEHTUJISLIIEIO

MaJIOTIONIUPEH] Ta 3yCTPIUA€ETHCA JIUIIE B MTAITHUKAX CTAporo TUMY (puc.

1.13).

Puc 1.13. Bapiantu cucteM BeHTWISLII MNTAIIHUKIB CTapoi
KOHCTPYKIIi 3 TPUPOJHOIO BEHTUJIAIIEIO TIOBITPS TIPH TI0/1a41 B BEPXHIO (a,

0), HUKHIO (B) 1 BUJAIICHHS MOBITPS 3 BEPXHBOT 30HU TPUMIIIICHHS
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1.5. OunieHHs1 NOBITPA Bix MWLy i MiKpoOprauizmis

AHani3yloud CyYacHHH CTaH ICHYIOUHX €JIEKTPOTEXHIYHUX
CUCTeM 3a0e3NledyeHHsT ONTHMAJIbHOIO  MIKPOKIIMATy MNTaXiBHUYHUX
KOMILJIEKCIB, MOKHA 3pOOMTH BHCHOBOK, II[0 BEJIMKA yBara MpUAUISETHCS
BUCOKOC(DEKTUBHUM Ta €HEProOOMAIHUM CHCTEMaM OXOJIOJKCHHS Ta
BEHTHWJIAIT, OCOOJIMBO €JIEKTPOTEXHIYHMM CHCTEMaM, Ji¢ IependaueHe
OYHIIICHHS TTHITY, III0 BUHUKAE B IPUMIIICHHSX MITAITHUKIB.

[lun, Mo yTBOPIOETHCS B MTAIIHUKAaX, B MEPEBAXHIA OLIBIIOCTI
Mae posmipu 0,1 — 100 MxM. I3 3aranbHOi KiTbKOCTI Ty 9,7% cKiamgaroTh
yactuHku Oubie 100 mkm, 90,3% — menme 100 mxMm, B Tomy uncii 80% 3
Hux MeHme 50 mxm. Ilpo e cBimyath nocmikenHs bonornosa I[1.M.,
Mensauka B.1., IlaBaoBcekuoro JI.3., Censacekoro B.M. Ta 1HImHUX
aropis [19, 77, 82]. B mOBITpSHOMY CEpEIOBHIN NTAXiBHUYHX
OpUMIIIECHb HAlOIbIIIe MICTUTBCS MLy po3mipoM Big 0,5 no 1,5 mxm. Lleit
OpiOHMM MU TOCTIMHO UMPKYJIIOE B TMPHUMIMICHHSIX HE3AJIEKHO BIJ
CUCTEMU TOBITPOOOMIHY 1 TeXHOJIOT1T yrpuManHs ntuili. [l mictuts 92%
CYyXHUX PE4OBHH, 3 AkuX 99,8% cknangaroTh opraHiydi pedoBuHU. OCKUIbKU
N B MTAIIHAKaX TEPEBAXHO OPTaHIYHOTO IIOXO/KEHHS, TO BIiH €
010JIOTIYHO arpeCMBHUM 1 HETAaTUBHO BIUIMBAE Ha 3J0pPOB’S MTHII.
[{inpHicTs Uy KomuBaeThes Big 1200 mo 1740 xr/m® [94, 98].

Ha nwioBMX uYacTMHKax, IO 3aBUCAIOTh B TMOBITPI Ta B
KparenabKkax BOJM, IO 3HAXOMSTHCS B MPHUMIIICHHI, 3aBXKIU THI3AATHCS
MIKpOOPTaHi3MH PI3HUX BHUIB. TOMy NI € COPUSITIMBUM CEPEIOBUIIEM
JUTsl TIOMMPEHHS 1H(EKIiH, Mo BimMivaeThess B poborax baiigernstoBa
A.B., OnsxoBuka JI.A., beccapaboBa b.®., [Ipokonenko A.A. Ta 1HIIUX

nocaiaaukis [2, 11, 14, 19, 91, 98].
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EneMentam muiy, siki MaloTh po3Mip OUTbIIE 5 MKM 1 IIUIBHY
KOHCHCTEHIIII0, IPU CePeHIN TeMrepaTypl 1 BOJIOTOCTI MOBITPS, BIACTUBO
ocijaT To0JIM3y Micllb iX yTBOpeHHs. PeanpHy HeOe3neKky MOmMpeHHs B
MOBITP1 MIKPOOPTaHi3MiB MPEJCTABIISIE iX TPAHCIOPTYBAHHS 3 YaCTHHKaAMU
nuty abo aepozomsmu. Omke, sk Bigmivae baiinesnstoB A.b. [11],
npobiemMa 60poTHOH 3 MIKPOOpPTaHi3MaMH 3BOJIUTHCS 0 PO3POOKH CHUCTEM,
ki 3a0e3neumsii O 3aTPUMKY 4YacTOYOK, [0 MAaioTh 3JaTHICTh
MIEPCHOCUTHCS HA 3HAYHY BiJICTaHb MOBITPIHUMHU TOTOKAMHU

JIns 1i€i MeTH BUKOPUCTOBYIOTH MeXaHi4Hl (QuabTpu. PuibTpu
YMOBHO MOKHa PO3JUIMTA HA TPU OCHOBHI TUMH: TpyOl (PuIbTpH, 110
3aTPUMYIOTh YAaCTUHKH PO3MIPOM 5 MKM 1 OuIblI€; BHCOKOE(EKTHBHI
GbimeTpy, 1O 3aTPUMYIOTh ~ YAaCTUHKM  pPO3MIpOM 2 MKM, 1
YJIBTPABUCOKOC(PEKTHUBHI (PUIBTPHU, 110 3aTPUMYIOTh YaCTUHKU PO3MIPOM
0,01 mxM. JdocmimxeHHs: 10 (UIbTpaLii 3alUJIEHOTO MOBITPS TPOBOIUIH
baiinesnsaroB A.b., OnsxoBuk JI.A., beccapa6os, Bonkos I'.K. 1 Cunenoxk
JL®. [11, 14, 28]. ®inpTparmiero i mMiad0poM HAWKpammx MaTepialiB s
binpTpiB 3aiimanuck AdanacbeB A.®., Ilnotniko JI.B., Kapnuc JI.E.,
Mortuna I'.JI., TeasnoB A.Il. ta immi gocmigamku [8, 55, 81, 90, 116].
[IponoHy€eThCsT 3aCTOCOBYBATH B SIKOCTI MHWJIOBJIOBJIIOIOUMX MaTepiajiB
pi3HI 0aBOBHSHI, JUKYTOBI Ta CHHTETHYHI TKAaHWHH, CKIIOBOJIOKHO, a30ecT,
MIHOMOJIIYpETaH Ta 1HII1 MaTepiaii.

OkpiM  TKaHMHHMX  QUIBTpIB  Oynu  po3polOsieHi  Ta
BUKOPUCTOBYIOTHCS B EKCIUTyaTallli yHi(IKOBaHI €JeKTpU4Hl (UIBTPH.
Enexrpodinberpu (ED) matorh edekTuBHICT oHAT 99%. BoHU ounIarTh
noBitps 3 BMicToM mminy 10 200 r/m3. ®@inerpu Tvny ED® 3paTtHi ounimaru
MOBITPS BiJl yCIX 3BaXKEHUX YACTHHOK, IO MAIOTh JiaMeTp 70 1 MKM, a
TAKOX JpIOHIMIMX YACTUHOK (SKIIO BOHU J00pe KOaryJomTcsi B

enekTpuaHoMy mouti). [IpuHiun poOOTH Ta KOHCTPYKINIO Takux (PuUIbTPIB
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HaBeneHi B poborax Kamenepa I1.H., KopotkoBa €.H., bapkanosa b.B.,
[TaBioBa H.H. ta inmmx aBropis [11, 14, 28, 54].

beccapabor b.®. [14] 3BepTae Hamty yBary Ha TO (HakT, 110 JJIs
OYMCTKHM TOBITPS B MNTaxXIBHUYUX MPUMIIIEHHSAX MOXHA 3aCTOCOBYBATU
10HI3aIiiHl  (UIBTPU, IO 3aTPUMYIOTh dYacTMHKA a0 20 MKM Ipu
HIBHJIKOCTI PYXy TMOBITpSs, sika He mepesuirye 2 M/c. A 3aiines A.M. [53]
BKa3ye, IO JUIS MATPUMKH KOHIIEHTpAIlli JIETKHUX 10HIB 1 JIJII 4aCTKOBOI'O
3HM)KEHHSI BMICTY MWJIY 1 MIKpOOPraHi3MiB y HOBITPl MPUMIIIEHb MOXXHA
BUKOPUCTOBYBATH YCTAHOBKH 3 IITYYHOIO 10H13aLI1I0 TOBITPSL.

Oco0OnuBOi  yBarm BUMara€ TOHKE OUHWIIEHHS  MOBITPS,
3akomupnain A.A. [54] pexomennye edpextuBHuil QuibTp JIAUK mapku
CII-6/15 3 ¢dinprpyrouoro TkanuHow DIIII-15-3,0 aGo ananoriyHi Homy
binmeTpu Mapok [-16 1 J[-33. Jlnsg rpy0oi OYHMCTKH TMOBITpS BiJ MHITY
BUKOPUCTOBYIOTBCS MACIsiHI (PIIbTPU, SIKI PEKOMEHJI0OBaHI B poOOTax
bpomnes M.®., lllernosa B.I1., Kokopina O.4. Ta beccapabosa b.®. [14,
23, 65]. Macnsani ¢ineTpu KJI mpononyroTeess B mpaisix baiigeBnsroBa
A.B., lopomko I.H., Orumenko B.I. Ta iHIMX 10CTITHUKIB B KOMIUIEKCI 3
JIAUK mapku CII 6/1. 3rinHO maHUM 1IUX aBTOPIB Taki (PUIBTPU MaIOTh
e(eKTUBHICTh OUMCTKU TOBITPps 99,97% [11, 28, 92].

KpiMm ¢ineTpiB pO3MNISIHYTUX BHINE PO3POOJICHI TaKOX CyXi
NOBITPSHI (DUIBTPHU 3 00'€MHUM HETKAaHUM MaTepianoM, Kl MpU3HaYEH1 JIsl
¢GinpTpallii Ta OYMILEHHS MOBITPS BII MUYy B yMOBaxX CEpeIHbOPIYHOI
sammiieHocti 1o 1 mr/mM® i kopoTkowacHoi 3amunenocti g0 10 mr/me,
Po3pobka Takux ¢ineTpiB mnpoBoamiack BopobGiioBoro B.A. [30]. Pizni
aBTOPU BIIMIYAIOTH, 1110 JJISI OYUIICHHS MPUILTUBHOTO MOBITPS BiJ MUY 1
MIKPOOPTaHi3MiB MOXYTh 3aCTOCOBYBAaTUCH OCEPEAKOBI (PLIHTPU HA OCHOBI
NOPUCTOTO (IUIBTPYBAJIILHOTO MaTepialy, HAaNpUKIaJ, MIHOMNOJlypeTaHy

toBimHOIO 20 — 25 wmwm. lleit marepian juisi OTpUMaHHS HEOOX1THOI
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MOPUCTOI CTPYKTYypU Tiepel] BHUKOPUCTaHHSIM B (iIbTpax MiANal0Th
crietiayibHiit 00poO11i. EGeKTUBHICTS OUHUIIIEHHS TTOBITPS BiJl MUY B TaAKUX
¢inpTpax cranoBuTh 70 — 80%, mpuyoMy B HUX 3aTPUMYIOTHCSI YaCTUHKHU
posmipom 1o 10 wmxm. [14, 76]. CrynmiHb OYHMIIEHHS TOBITPS BiA
MIKpOOpraHi3miB (pilbTpamMu 3 MIHOMOJIypEeTaHy B CEPEIHROMY CTAaHOBUTH
68,6% [94], a pereHepariisi (iTbTpa 3AIMCHIOETHCS ILIAXOM IPOMHBKHU
Bo1010 [86].

[loBHE oOuMIIEHHS TOBITPS BIA MNWIYy 1 MIKpPOOpPraHi3MiB
(cTepumizaiisi) JOCSITaeThCs 3a JOMOMOTOI0 BUCOKOE(EKTUBHUX (PUIBTPIB 3
TOHKOBOJIOKHUCTHX (PUIBTPYIOUUX MaTepiaiiB. Y Hallii KpaiHi /Uil [[bOTO
BUKOPUCTOBYIOTh (DUTBTPHU 3 YIBTPATOHKUX MOJIMEPHHUX BOJIOKOH [8, 54].

EdexTuBHUM METOAOM 3HE3apa)K€HHS IMOBITPSI IPU HE3HAYHOMY
BILJIMB1 HA MTHUIIIO, SIKUI JJa€ 3MOTY 3HMIIYBATU BEIUKY KUIbKICTh OaKTEpiid
€ 3acToCyBaHHs  yibTpadiosneroBux  mnpomeHiB. Kpim  ¢dyHkmii
3HE3apKEHHS yNIbTpadioieToBe ONPOMIHEHHS BUKOPUCTOBYETHCS B
NTAlIHUKAX JJI 3HMKEHHS 3alUJIEHOCTI Ta OakTepiadbHOro OOCIMEHIHHS
MOBITpS TpuMimieHb. JIJIsS 1HUX IiJeld 4YacTo BHUKOPHUCTOBYIOTHCS
OaKTepUITUIHI JaMIIu KOPOTKOXBUIILOBOTO yIbTpadioneToBOro
BunpomiHtoBanHss Mapku bYB-15, bBYB-30, bYB-60. Bkazani nutanHs
BuBYanuch beccapaboBum bB.®. 1 3akomupminum  A.A. [14, 54].
bakTepunaHi JaMOu B MPUMILLIEHHSAX BKJIIOYAIOTh YEpe3 MEBHI MPOMIXKKH
yacy (4 — 6 roa.) mpoTAroM Tprox ceaHciB mo 1,5 — 2 rox. JocnimkeHHs
NoKa3ajaM, 10 OaKTepUIUAHI JaMIu 3a0e3MeuyrOTh 3HMKEHHS KUIbKOCTI
MIKpOOPTraHi3MiB B MOBITp1 npuminieHb Ha 87 — 95%, B pe3yabTaTi 4oro
nmajik MTULl 3MEHIIYEThCS B 3 — 4 pa3u, a NPUPOCT Barm Kypdyar
30ibIyeThes Ha 15 — 20% [14].

OinbTpU A7 3HEMUIIIOBAHHS MOBITPS MOBUHHI TAKOX OAHOYACHO

OUHWIIATH TOBITPSA 1 BiA MIKpoOpraHi3miB. [l mwx 1ined HalOiIbII
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3aCTOCOBHI  ry0yari  ¢uIbTpM  HAa  OCHOBI  BIAKPUTOMOPHCTOTO
niHonosiyperany. OpaHak eQeKTHBHICTh poOOTH 1 eKCIUTyaTaliiHi
XapaKTePUCTHKHU TaKuX (UIBTPIB MPU OJTHOUYACHOMY OUMIIECHHI MOBITPS BiJ

MUY 1 MIKpOOPTaHi3MiB ITOBHICTIO HE BUBYEHUM JI0 TEMEPIIITHBOIO Yacy.

Ha ocHoBi anamizy HasBHOI HayKOBOi, TE€XHIYHOi Ta JOBIIKOBOI
JITEpaTypH, MPOBEACHO OIJIAJ ICHYIOUHMX EJIEKTPOTEXHIYHHUX KOMILIEKCIB
JUTS TIATPUMAHHS ONITUMAIBHOTO MIKPOKJIIMATY B MTAITHUKAX T4 BUBUEHO
CTaH mpoOyieMu. AHaII3 pe3yJabTaTiB JOCIIIKEHb B OMyOJIIKOBAHUX TMpalsix
OPU3BOJUTH /10 HEOOXITHOCTI MPOBEACHHS MOAAJIBIIMX JOCHIKEHb Ta
pPO3pOOKM HOBHUX E€JEKTPOTEXHIYHMX KOMIUIEKCIB Ta €Hepro3oepiraroumx
CUCTEM MIATPUMAHHS MIKPOKJIIMATY.

1. HaBeneHi OCHOBHI CHOCOOM 1 €JIEKTPOTEXHIUHI MPUCTPOI IS
NIATPUMaHHS HEOOXIAHUX TEXHOJOTIYHUX MapaMeTpiB MIKPOKIIMATY IS
NTAaXIBHUYUX TPUMIIIEHb, PO3TISHYTO BH3HA4YalbHI (AKTOPH, IO
BIJIMBAIOTh HA MIKPOKJIIMAT.

2. PosrasnyTo pi3HOMaHITHI crnocoObu OOpoOKM TIOBITPS B
NTAIllHUKAaX, HasBHI CHCTEMHM aBTOMAaTW3allli Ta METOAU KEepyBaHHs
BEHTWISIIIHO-OMAIOBaJIbHIM ~ OOJIafHaHHS B mNTalmHUKax. HaBemeHo
OPUKJIAOM  CHCTEM  BEHTWIALIMHO-OXOJIOMKYBAIbHUX  MPUCTPOIB  —
(GOpCYHKOBHX, JTUCKOBUX Ta  KaceTHHUX METOMIB  OXOJIOKEHHS
MPUILTUBHOTO TOBITPsI, BA3HAYEHO 1X MEpeBaru Ta HeOIKH.

3. IlpoanamnizoBaHO: AOUIIBHICTh 3aCTOCYBAaHHS €JIEKTPOTEXHIYHUX
CUCTEM PELMPKYJSALII MOBITPS B MNTAIIHUKY 3 TOYKU 30pY I1JIBUILEHHS
e(eKTHUBHOCTI  €HEproz0epiraroynMx TEXHOJIOTIH Ta  BETEPUHAPHO-
TiTIEHIYHUX BUMOT, NUISIXH TOKPAIICHHS TEIJI03aXMCHUX BJIACTHUBOCTEH
KOHCTPYKIIA 30BHIIIHIX OTOPOJKEHb, $AKI Jal0Th 3MOTYy 3MEHIIUTH

TEIJIOBTPATH B TPUMINICHHSIX. BHUBYEHO mpollecH NEpPeHOCy Mach Ta
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TEIUIOTH B MNTAIIHUKAX TP BUKOPUCTAHHI ICHYIOUMX BEHTHIALIWHUX
CUCTEM Ta ICHYIOYl KOHCTPYKIi TEIIOOOMIHHOTO OOJIaJIHaHHS, SKe
BUKOPHCTOBYETbCA y BEHTWISAILIWHUX CHUCTEMaX, a caMe, KOHCTPYKIU1
TEIUIOOOMIHHUX arapaTiB Ta MUISXHU 1X BIOCKOHAJICHHS.

4. TlpoBemeHO OIS ICHYIOUMX CHCTEM BEHTHWIIAII, BHBYEHO
OPUHLUN POOOTH PI3HUX THIMIB BEHTWIALIMHUX CHUCTEM Ta BHOpaHO
HaWOLIBII ONTHMAJIBHY CXEMYy OpraHi3ailii BEeHTWISIIHHUX IOTOKIB Y
NPUMILIEHH] NTAIHUKA, SIKa MOXe OyTH 0a30BOIO MpHU po3poOLl HOBHUX

CUCTEM MIATPUMAHHS MIKPOKIIMATY Y NTAIIHUKY.

46



PO3JILI 2.

PO3POBKA EHEPTOE®EKTUBHOI'O EJJEKTPOTEXHIYHOI'O
KOMILIEKCY JJISI MIATPUMAHHS MIKPOKJIMATY B
NTAXIBHUUMX MMPUMILEHHSAX 3 BAKOPUCTAHHSIM
HU3bKONMOTEHLIAJLHOI EHEPI'Ti BOJIM NIIBEMHUX

CBEPJIJIOBUH

2.1. Po3po0ka HOBOI eHeproe()eKTUBHOI CHCTEMH IMiATPUMAHHS
MIKPOKJIMATy y NTAIIHMKAX 3 BHUKOPHUCTAHHAM BOIM MiJ3eMHHX
CBEPIJIOBHH Ta TEIIOOOMIHHHMKIB-pPeKyNepaToOpiB AJsl OXO0JIOKEHHS

NPUIJIMBHOIO MOBITPA

[Tomykn e(QeKTUBHUX EIEKTPOTEXHIYHUX KOMIUIEKCIB CHUCTEMU
BEHTWIAIII 3 METO €EKOHOMIlI €HEpPropecypciB B rajiy3i arpapHo-
IMPOMHUCIIOBOTO KOMILJIEKCY, 30Kpe€Ma Yy MNTaxXiBHUUTBI, BHUKJIHKAIOTh
HaWOUIBIINI 1HTEpEC y HAYKOBI[IB Ta MPAKTUKIB NMTaxiBHUYOI ramysi. Ha
O0COOJIMBY YyBary 3aciyrOBYIOTh MHUTaHHS HAYKOBOTO OOIPYHTYBaHHS 1
BJIOCKOHAJICHHS €JIEKTPOTEXHIYHUX CHCTEM JJIsi OXOJIOJKEHHS TMOBITPS y
NTAaXIBHUYUX TMPUMIMICHHSIX TMPU iX PEKOHCTPYKINT Ta BIPOBAHKEHHI
eHepro30epiralounx 1HHOBAUIMHUX METOJIB CY4YaCHHUX IHXKEHEpPHUX
po3poOok. Takuii WiAXiA CYTTEBO MIJABUIIUTH EHEProeeKTUBHICTh
NTAaXOKOMIUIEKCY TIPM eKCIUTyaTallli TakuX CHCTEM Ta ITOKPaIIUTh
NPOJAYKTUBHICTh iX poO0TH. BaxnuBuMm € Toil (hakT, M0 MPOIYKTUBHICTb
ntaxopepm  Oe3MOCepeIHbO  3aJCKUTHh  BiJl  MIKPOKJIIMATy,  SKHUM
MIITPUMYETHCS B MTaXiBHUYUX MPUMINIEHHSIX, ONTUMAJIbHI PEKUMH SIKOTO
MOXHA JIOCATHYTH BHKOPHCTOBYIOUM HOBITHI CHCTEMH BEHTWJIAIII Ta

OXOJIO/PKEHHSI MPUILITUBHOTO MOBITPSI.
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[li pexumu GOpMYIOTBCS 3a PaxyHOK BHKOPUCTAHHS CHUCTEM
OMaJICHHS Ta BEHTHJIALII B 3aJICKHOCT1 B1JI METEOPOJIOTIYHUX IMapaMeTpiB
30BHIIIHBOTO TOBITPA 1 TEIUIOTEXHIYHUX XapaKTEpPUCTUK OyIiBeIbHUX
KOHCTpYKIii. Ilpy mpoBeleHHI TEOPETUYHUX IOCHIKEHb, MOB'SI3aHUX 3
pPEeryJIIOBaHHSAM TEIUIOOOMIHHHUX TIPOIECIB B TNTaIlTHUKaX, HEOOX1THO
IIPOBECTU PO3pPaxXyHKH, SIKI JalOTh MOXJIMBICTH TMPOBECTH MPABUIbHUN
BUOIp CUCTEM BEHTWJIALT NITAITHUKIB.

Sk OyJio 3a3Ha4€HO paHillie, B TEIUIMK NEPI0Jl POKY MPU TEMIIEpaTypi
HaBKOJIMIIIHBOTO cepeaoBuina mnoHaa 26 °C B mepeBaxHId OUIBIIOCTI
BUKOPUCTOBYETHCSI TYHEJIbHA BEHTWJIAIIA NTaXiBHUYMX TMPUMIIIEHb, IO
1a€ MOJKJIMBICTH 3a0€3MEeUYuTH BUOAJIECHHSA HAIUIIKOBOro Tteruia. Chia
3ayBaXKUTH, 1110 NPU BUCOKUX TEMIIEpaTypax HaBKOJMIIHBOTO CEpeOBUIIA
1 BUCOKIM BOJIOTOCTI MOBITps, HEOOXIHA CHeIlialibHA CHUCTEMa MPHUCTPOIB
JUIsL MOTO OXOJIOMKEHHS 1 CTBOPEHHS ONTUMAJIBHOTO MIKPOKIIMATy B
NTATHUKY. Y BEHTWIAIIWHUX CHUCTEMax [JIsl 3HUKEHHS TEeMIepaTypu
NPUIUIMBHOTO TOBITPS B JITHIA MEpIOA 4Yacy 4YacTO BUKOPHUCTOBYIOTh
OXOJIO/KYIOUl CHCTEMHU PI3HOTO THUITY, B MEPEBAXKHINA OUIBIIOCTI IUIIXOM
PO3MUIICHHS BOJIH.

OcChOBI BEHTWJISITOPM Ta TMPUILUIMBHI KJIallaHW KOHTPOJIIOIOTHCS Ta
perymioroThesi  cranimiero  kepyBaHHs TCVYS. Cranmiss  kepyBaHHS
MmikpokiaiMatoM TCYS nmoOGynoBaHa Ha OCHOBI TUPUCTOPIB Ta MpU3HAUYCHA
JUIsL  TUIABHOTO  PEryJlOBaHHS  IIBUAKOCTI  oOepTaHHS  TpudazHUX
ACUHXPOHHUX CJICKTPOJBUTYHIB BUTSKHUX BEHTWISATOPIB 3 METOIO
aBTOMATUYHOI TMIATPUMKHA TEMIIEpaTypyd TIOBITPS Yy TBapUHHUIIBKHUX,
CUTBCHKOTOCTIONAPCHKUX Ta IHIIUX MPUMINICHHIX, 30KpEeMa Yy NTAITHUKAX.

TCVY-5 Mae HaCTyIH1 MOXJIMBOCTI:

- ycranoBka pexumy LHTUKIJI;
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- KepyBaHHSI NMPUILTUBHUMH KJIallaHAMH Ta JKATI035IMU B PYYHOMY i
aBTOMaTUYHOMY PEKUMAX;

- aBTOMATUYHUHN 1 py9HUN PEKUMU POOOTH;

- ycTaHOBKa pexumy «Kanennap»;

- yCTaHOBKA pexumMy « TyHellbHa BEHTHIIALIIS

- MIKIIOYEHHST 3-X JaT4YHKiB TeMmmeparypu (OIWH 30BHIIMIHINA abo
JaTYUK BOJIOTOCTI);

- KUIbKA THUITIB BUMIPY TEMIIEPATypH;

- KUTbKA THUIIIB 1HUKAIlT TapaMeTpiB;

- KEpYBaHHS 1’SIThbMa IPyNaMH JTOJAATKOBUX BEHTHISATOPIB y PyYHOMY
11 aBTOMaTUYHOMY peXUMaXx;

- MAKIIOYCHHS 30BHINTHLOT aBapiMHOI CHTHAJII3allIi;

- BKJIFOUEHHS TEIUIOr€HepaTopa;

- KepyBaHHS CHCTEMOIO OXOJIO/IKEHHS;

- cuaxposnizariis 3 [1K;

VYerarkyBanns TCYS 3a0e3nedye 4OTUPU PEKUMH  POOOTH:

pYYHUHN, TPOrpaMyBaHHs, aBTOMaTUYHUN Ta «OOBOI.

Jlana cuctema OXOJIO/DKEHHS, SIKa BUKOPHUCTOBYETHCS B CyYacCHHX
NTallHUKAaX HEe € e(EeKTHBHOIO, TaK SIK 1AYTh 3HA4YHI BUTPATH BOJU SKI
CYIPOBODKYIOTBCS ~ HEAOCTaTHIM  OXOJIOJUKEHHSIM Ta  MiJABUIICHHSAM
BIJIHOCHOI BOJIOTM B MPUMIIIEHH] NTalIHUKA (AUB. po3. 1). Takum ynHOM
NPOTMOHYEThCSI HOBa €Hepros0epiraroya CHUCTEMa OXOJOMKEHHA Ta
HarpiBaHHS TMPUILTUBHOTO TIOBITPS B TNTAIIHUKY SKa 0a3yeThCsd Ha
BCTAHOBJICHHI Yy BXIJIHI BEHTWISILINHI KaHaJld TEIJIOOOMIHHHUKIB-
pekynepatopiB  (TEIJIOHOCHT —  MOBITPA-BOJA), SKI  3/IHCHIOIOTH
O€3KOHTAaKTHE OXOJIOJKCHHSI TIOBITPS 32 JIOMIOMOTOI0 BOJH 13 CBEP/JIOBHH
IpY BUKOPUCTAHHI B TEIUIMH 1 3MMOBHI MEPiod POKY CUCTEMU TYHEIbHOI

BEHTIJIAL].
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AHami3yloun PI3HOBUJHOCTI CHCTEM OXOJIOJDKCHHS TIOBITPS B
NTalIHUKax Ta Oepydyu J0 yBaru BCl MO3UTUBHI M HETaTWBHI CTOPOHU LIUX
cucteM (muB. po3. 1), TPOMOHYETHCS HOBUU CMOCIO OXOJIOKCHHS
MPUTLJIMBHOTO 30BHIIIHBOTO TOBITPS, SAKUM 0a3yeThCs HAa BHKOPHUCTaHHI
BOJM 3 IMI3EMHHUX CBEPJJIOBHH Ta TEIJIOOOMIHHUKIB-PEKYIIEPATOPIB IJIs
OXOJIOJKEHHS MPUIUIMBHOTO MOBITps. Bkazanuii cnoci® gae MOXKIUBICTH
3HIKYBAaTU TEMIIEpaTypy 3O0BHIIIHBOTO MOBITPSI HE IMIiJIBUILYIOYH HOTO
BIJIHOCHY BOJIOTICTh, Ha BIJIMIHY, HAIIPUKJIAJ, BiJ] CUCTEM OXOJIOJKEHHS 3
pPO3MHUJICHHSM BOAM. 3a paxyHOK BHKOPHUCTaHHS KOXYXOTPYOHHX
TEIJIOOOMIHHUX amapariB, 10 MalOTh BIJIMOBIIHY TEIUIOBY MOTYXKHICTB,
MOXHa 3a0€3Me4YUTH TaKhil TeMIlepaTypHUH Ta BOJIOTICHUNA PEXKUM
NTAlHUKA, SIKUA TIOBHICTIO BIJINOBIAA€ HOPMaM TEXHIYHHUX BUMOT JIJIs
NTaxXiBHUYKX MignpuemMcts [89].

3anpornoHoBaHa e€Hepros0epiraroya CcucTeMa JUisl  MIITPUMaHHS
ONTUMAJIBHOTO MIKPOKJIIMATy B MTAITHUKY MOXE€ BUKOPUCTOBYBATHUCS IS
BUPOIIYBaHHS MTUII-OpoilnepiB 3 migioroBuM yrpumanasm (10 Tuc.
roniB). [ltamHUK CcTaHAApPTHOTO THITYy BKJIIOYaE€ B cebe Taki OCHOBHI
XapaKTEPUCTHUKU:

e [abaputu mpumimenss - 90 x 20 x 5 m.
e 30BHINIHI Oropoki BUKOHAHI 3 KE€PaM3UT OETOHY TOBIIMHOIO
0,2 M.
e Temneparypa 30BHiIIHBEOro mositps B mitHid +40 °C, i B
3UMOBHIA TIepioiu PoKy Bixnosiguo -6,5 °C.
e O0'em npumimenns 7200 m°,
e Tewmmeparypa BHyTpimHboro nosirps +17 °C [89].
[IpoBeneHo po3paxyHOK CUCTEMHU BEHTHJIAIIT Ta OMaJeHHs B JIITHIN 1

3UMOBHI TIEpIOM POKY 3a BimoMuMu Mertomukamu [56]. Ha puc. 2.1
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300pakeHO Tpadik 3aJeKHOCTI KUIBKOCTI TOBITPS IS BUIAICHHS
HAJUIMIIKOBOI TEIUVIOTH 3 TMPUMINIEHHS MNTalllHUKA BiJ 30BHIIIHBOI
Temneparypu nositps. HeoOxiaHuil moBITpOOOMIH B JITHIN NEPiOd POKY Y
nramHuky npu temnepatypi +40 °C cramoButs 168200 M%/ron, B3uMKY
31680 m%/rox. MiHiManbHKI TIOBITPOOOMIH CTaHOBUTH 36 THC. M3/ron npH
30BHIINHIA Temmeparypi mnopitps +23 °C, BupaneHHs CcymapHHX
BOJIOTOBU/IJIEHb, BYTJIEKHCJIOTH Ta amiaky 3HaXOJMUThCS B MeXax, SKi

BKa3yBaJIMCh BUIIIC.
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Butpara nositps, M3/F0Il

3HaiineHa QyHKIisA
—— 5% BiaXuiaeHHs

40x10° A

20x108

o T T T T T T T T T
22 24 26 28 30 32 34 36 38 40 42

TemmnepaTtypa 30BHIIIHBOr0 NOBITPH, Oc
Puc. 2.1. 3anexHicTh MOBITPOOOMIHY B MTAITHUKY Bijl 30BHIIIHBOI

TEeMIIepaTypu MOBITPS B JITHIN NEpioJ pOKy

3HailneHo anpokcumaiiitny ¢pysnkuito (2.1), ska onucye HeoOX1AHUI
MOBITPOOOMIH ISl BUJAJEHHS HAJIMIIKOBOI TEIUIOTUM B JITHIH Tepion
POKY 3 MTaITHUKA JI0 TeMIIEpaTypy 30BHINTHLOTO TOBITPs (uB. puc. 2.1), 3

MOXHOKOIO anpokcumartii 5%:
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f(x)=—1769042,7415 +156074,939 - x — 4284,633 - x* + 39,856 - x° (2.1)
ne, x=2324..40 — TeMneparypa 30BHiIIHLOro 1nosiTps, °C.

Jlis BUJaneHHs HaAJIUIIKOBOI TEIUIOTH 3 MPUMILICHHS MTAIlIHUKa
(nuB. puc. 2.1.) npu TeMnepaTypi 30BHimHBOro nosirps +40 °C 3axiro0Th
7 nonaTkoBHX BeHTWIsTOpiB Tuly BO-12,5 cymapHOI0 MOTYXKHICTIO
enekrpoaBuryniB 7,7 kBt. Ilpu pobOOTI 3ampomoHOBaHOI CHTEMHU
OXOJIOJKEHHS ~ TeMIepaTypa 3HIWKyBatuMerbess g0  +20 °C, mo
CYIIPOBOJDKYE 3MEHIIEHHS KIUIBKOCTI BEHTHIATOPIB A0 3, a 1€ Jae
EKOHOMIIO eJIeKTpoeHeprii y 2,3 pasa. 3anpornoHOBaHa CUCTEMa J03BOJISIE
palioHaIbHO BUKOPHCTOBYBATH EHEPTreTUYHI PECYpCH Ta MiHIMI3yBaTu
BUTpPATU  EJIEKTPOEHEPrii y TMpoleci NTaXOBUPOOHUIITBA, WO €
aKTyaJJbHUMU Ha CbOTOJIHI /1151 eHEpro30epeKeHHS.

3anpornoHoBaHa  €Heprosz0epiraroya  CUCTeMa  MIJITPUMAHHS
HEOOXITHOTO  MIKPOKJIIMATy B  NTaxiBHUYMX  MPUMIMIEHHAX 3
BUKOPUCTAHHSAM TEIUIOOOMIHHHKIB, Yy SKHX B SKOCTI OXOJOJ/KyBada
BUKOPHUCTOBYETHCA BOJA MiJ3€MHHUX CBEPAJIOBHH, JO3BOJSE HaM TaKOX
YaCTKOBO MIJITpiBaTH TMPUILIMBHE TIOBITPSI B 3UMOBHUH TMEPIOJl POKY.
Terooominni amapatu (TA) HOBOI KOHCTPYKIi MOXYTh MiIrpiBaTH

IpUILIUBHE TOBiTps Bix -20 mo +7 °C.
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Puc. 2.2. 3anexHICTh TEMJIOBOI MOTYKHOCTI CHUCTEMH ONAJCHHS Yy

3MMOBHI MEep10] POKY BiJ] 30BHIIIHBOT TEMIIEPATYPH MOBITPS

Po3paxyHOK crcTemMu OnajieHHs B 3MMOBHIA MEPi0j] IPU TeMIepaTypi
-20 °C mokazaB, mo HeoOXimHO 61aM3bko 395 KBT TemnoBoi eHeprii amis
00irpiBy mpuMilleHHs nTamHuka. B octanHi poku — 3 2012 no 2015 3umu
CTaJIM 3HAYHO TEIUTIIIMMH 1 Cepe/IHi mokasu Temmeparyp [96] craHOBIATH —
-6,5 °C. Tomy Ha omaneHHs NTamHWKa HeoOximHo 210 kBT Temmosoi
eHeprii (puc. 2.2).

3HaiiieHo anpokcumailiiiny ¢yHkiio (2.2), sika onucye HeoOXiTHY
TEIJIOBY TOTYXKHICTh CHCTEMH OTAJICHHS B 3UMOBHH TEpiof POKY ¥y
NTaITHUKA 10 TeMIepaTypH 30BHIIIIHBOTO MOBITPs (IUB. puc. 2.2):

f(x)=121,468-13,656 - x (2.2)

ae, x=2324...40 — TemMneparypa 30BHIiIIHLOro 1oBiTps, °C.

Jlns  wHarpiBaHHS TOBITPS B MNTAIUHUKY I 3a0e3MedYeHHs
JIOCTaTHHOTO OOITPiBYy MPUMIMICHHS TPU TEMIIepaTypi 30BHIIIHHOTO
noBiTpa -20 °C 3 TemnooOMiHHMMHK amapaTaMu IO CTajlOi TEMIEPaTypH
HeoOx1HO TpH razoBux TeruioreHeparopu Kroll P-43 (muB. Tabm. 2.1), a
0€3 BUKOPUCTaHHS TEIUIOOOMIHHOTO OO0JIaIHAHHS, MOTPIOHO M'ATh Ta30BUX

tersorenepaTopiB Kroll P-80, TexHiuHI XapaKTepUCTUKU SIKUX HaBEACHI B
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tabmumi 2.1. TakuM 4YHMHOM BUKOPHWICTAHHS 3allPOMIOHOBAHOI CHUCTEMU
HiATpUMaHHS MIKPOKJIIMATY JJa€ MOXKJIMBICTh 3MEHIITUTH BUTPATH Ta3y MpU
-20 °C B 3,17 pasu, a Ipu 1BOMY 3MEHIIEHHS BUTPAT €IEKTPMYHOI eHeprii
Big 1,7 no 2,9 pasu (B kB1/rox), a mpu -6,5 °C y 2 pasu. Cuix 3ayBaxuru,
0 Cco0IBapTICTh BUKOPHUCTAHHS MaJIMBHO-CHEPIETUUYHUX  PECypcCiB
MOPIBHSHO 3 BaPTICTIO €IEKTPOCHEPTIi € 3HAYHO JCIIEBIIOIO JIJIST OTIAJICHHS

NTax1BHUYMX MMPUMIIICHb, HABITh IPU HUHIIIHBOMY 3POCTaHHI I[iH Ha ras.

Tabnuys 2.1
Texuiuni xapakrepucTuku Tenjoreneparopis Kroll P-43 ta P-80.
S T N [
3 25 | 5 s %2 3
g = Burparu 5 g= =N © N S
- Koo m T A4 -~ ] X
= o H ra3 m H = Q = H f I o
= = .9 Y o= E O 2.2 ] 8 =
= 5 E IMpomaH, =2 2o g E = s | M
= ¥ RG] 2 o ¥ v s | &
2 K2/200 5 2 S 5o 2
S SOaN - g =
P43 | 266-43 | 21343 |Rp3/4" | 860 009 | 0320 | 13 | 100
P80 | 425823 | 3,95648 | Rp3/4” | 2450 | 0,156 | 0,5-1,5 | 24 | 100

HoBa cucrtema miATpUMaHHA  MIKPOKIIMATY Yy  NOTAIIHUKY
mpecTaBiieHa Ha puc. 2.3.
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Puc. 2.3 3aragpHa cxemMa HOBOI CHCTEMH IMATPUMAHHS

Xonoawxe
nosiTpsa

Moinka
s

ONTHUMAJIBHOIO  MIKPOKJIIMATYy B  MNTaxiBHUYMUX  MPUMINIEHHAX 3
BUKOPUCTAHHSIM BOJM IIJ3€MHHUX CBEPUJIOBUH Ta TEIJIOOOMIHHHUKIB-

peKymnepaTopis

B HoBili eHepro3oepirarodiii CUCTEM1 MiATPUMAHHS ONTUMAIBLHOTO
MIKPOKJIIMATY MNTAaXIBHUYOIO MPUMIIIEHHS OYyJ0 3aMiHEHO CHUCTEMY
OXOJIOJKEHHSI B JIITHIM Ta YaCTKOBOTO HAarpiBaHHS y 3MMOBHUH TEpioau
poky. 3aMmiHa ICHYHOYMX CHCTEM OXOJOJ/KCHHS, 0 0a3yloThCs Ha
BUKOPUCTAaHHI ~ TaHeJled  oxoyo/pkeHHs  («cooling  pad»)  Ha
TEMJI00OMIHHUKHU-PEKYIIEpaTOpU 3 BHUKOPUCTAHHSIM BOAHM  TiA3EMHUX
CBEPVIOBHH, JIa€ MOXKIIMBICTh OXOJIOAUTH MPHUILIUBHE MOBITPS B NTAITHAKY
0e3 MiABUINEHHS BITHOCHOI BOJOTOCTI B mpumimieHHi. CTpyKTypHa Ta

3arajlbHa CX€MH HOBOI'O CJ'IGKTpOTCXHi‘-IHOFO KOMIIJICKCY CHUCTCMHU
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HiATPUMAHHS ONTUMAJIBLHOTO MIKPOKIIMATY Y NTaXiBHUYMX MPUMILICHHIX
MoKa3aHi Ha puc. 2.4.

Ha ctpykTypHiit cxemi (auB. puc. 2.4) mokazaHo o0'€JTHaHHS CHCTEM
apromatuku TCY-5 Ha TUPUCTOPHINA OCHOBI Ta KOMIUIEKTHOTO MPHUCTPOIO
«Kackan», mnpuzHayeHOro JHS KepyBaHHS 1 3axXUCTy BIJLUEHTPOBUX
CBEPJIOBUHHUX HACOCIB BOJOMIIAOMY 1 JpEHaxy 13 3aHYpIOBAIBUUMU
CICKTPOABUTYHAMH, SKI 3’€IHAHI MK COOOI0 SK EJEeKTPUYHOK TakK 1
rigpaBmyHuMu cxemamu. Cuctema «Kackam» Takox MOKe IpAIlOBATH 1y
3BUYAMHOMY pEXHMI HE3aJeXKHO BiJ TIAPABIIYHOI CXEMH CHUCTEMHU

MIKpOKJIIMATY.

MK < TCcy-5* BO

A
Y

MKn UH | TA > T

Kackap— CH [ BP [~

A |

Puc. 2.4. CTpykTypHa cxema HOBOT'O €JIEKTPOTEXHIYHOTO KOMIUIEKCY

A

MK

CUCTEMHU aBTOMATHYHOTO KEPYBaHHS MIKPOKIIMATOM B MTaXiBHUUYOMY
npumitienHi: TCY-5 — Tupucropna craniis kepyBaHHs; J[ — maruukw;
IDK — npumnuBai okamo3i; [IKn — npunnmsai knmamanum; T —
terorenepatopu; [IK — nepconansuuii kommn'torep; BO — BenTusIiiine
obnamnanns; [IH — nupkynsuiitauii Hacoc; TA — TemiooOMiHHI anapaTy;
I'T — rpynToBHil TemnooOMiHHUK; Kackay — KOMIJIEKTHUIA TPUCTPINA ITHS
KepyBaHHS 1 3aXHCTy BIJIIIEHTPOBUX CBepoBMHHUX HacociB; CH —

cBepyIoBUHHUM Hacoc; bP — 6ammra PoxxnoBebkoro; I1 — moinkwu.
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[Tpu po3poOiii HOBOI eHeproz0epiraroyoi CUCTEMH MiATPUMAHHS
MIKpPOKJIIMATy y TTaxiBHUYMX MPHUMIIIEHHS 3 BHUKOPUCTAHHSIM BOJHU
MiA3€MHUX CBEPAJIOBHH Ta TEIUIOOOMIHHUKIB-PEKYIIEpaTOPiB BAKIUBY
poib  BIJIrpae MaTeMaTHYHE MOJICNIIOBAHHS MPOLECIB  Tero- 1
MaconepeHocy B OymiBISX MNTAIIHUKIB. Pe3ynbTaT  4YUCEIBHOTO
MOJICTIIOBaHHSI Jal0Th MOXJIMBICTh MpOAHAII3yBaTH aepOAMHAMIYHY 1
TEIJIOBY KapTUHY JIOKAJIBHOTO PO3MOJUTY IMIBUAKOCTEM Ta TeMIiepatyp,
BU3HAQUUTU HAABHICTH, 3aCTIMHHUX 30H Ta oOJacTed 3 IMIJABUIIECHUM
3HAYEHHAM TeMmIiepaTyp. BukopuctoByroun 110 1H(pOpMaLiI0 MOXHA
BU3HAYUTH ONTUMAIbHY TE€OMETPII0 PO3MIIIEHHS TEMIOOOMIHHUKIB IS
OXOJIOJDKCHHS Ta HarpiBaHHA MPUIUIMBHOTO TOBITPS, Micle JJis
PO3MIIIIEHHS BEHTWJIATOPIB Ta 1HIIOTO 00JIAJHAHHS 3 METOIO MiATPUMaHHS
ONTUMAJIbHUX TApaMeTpPiB MIKPOKJIIMATy B YCIX TOYKax Mo 00’emy
NITAITHUKA.

Takum uyMHOM B JaHii  poOOTI  TPOMOHYETHCS  HOBUH
CHEPro30epiraroumii eJICKTPOTEXHIYHIN KOMITJIEKC CUCTEMHU ONTHUMATBHOTO
MIKpOKJIIMATYy B NTaxiBHUYUX TMPUMINICHHAX 3a JOMOMOTOI BOJAH
MIJ3EMHUX CBEPJJIOBUH 3 BHKOPUCTAHHSM TEIJIOOOMIHHUX arapariB.
BukopucTaHHS Takoro €JIEKTPOTEXHIYHOTO KOMILIEKCY Ja€ MOMIIUBICTH
CKOPOTUTH KUJTBKICTh BEHTWJIATOPIB 3 7 710 3 MIT., 110 3HUXKYE CIIOKUBAHHS
SJIEKTPOCHEPTii B 2,3 pasu, a B3UMKY 3MCHIIUTH BUTPATH MIPUPOTHOTO Ta3y

Bix 2 no 3,1 pas, a enexrpoeneprii Bix 1,7 mo 2,9 pas.
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2.2. YncesibHe MO/eJIIOBAHHA NMPOLECIB TeIUIO- i MacomepeHocy

NPHU BEHTWISALII NPUMillleHb NTAIIHUKIB Yy JITHIHM nepioa yacy

Ha puc 2.6 cxemaTH4HO MOKa3aHO BWIJISA 3BEpXy, a Ha puc. 2.7
BUTJIAJ 300Ky CTIMJIOBOrO MPUMIIICHHS MNTAlIHUKA 13 PO3TAlIOBaHUM B
HbOMY BEHTWIIIIMHUM oOnagHaHHAM. Ha mumx pucyHKax mpejicTaBicHa
cXxeMa pyXxy TMOBITpS B MTalIHUKY, Ha SKIA 300paK€HO CTiilioBe
npumimieHas 1 (puc. 2.6.), BEHTWISIIHI BiKHA 2 Ta BUTSKHI BEHTHIATOPH
3 (@1, @2 ... ¢7). Kpim Toro Ha puc. 2.7. mokaszaHi TEIUIOOOMIHHUKH-
pekynepatop (Si, Sz ... Si0) 4, SKi BCTAHOBJIEHI y BEHTHJIALINHI BIKHA,
gyepe3 sIKi TPOXOIUTh TEIUIC TOBITPS, CBEPJIOBHHA 5, CBEPIJIOBHHHUI
Hacoc 6 IS mojadi BOJU, TPyOONpoBi 7 Ta BUXITHUN MaTpyOoK 8 (IuB.

3ar. cxemy puc. 2.3).

g4 44

Puc. 2.6. Cxema pyxy NOBITps B ITAIIHUKY (BUJ 3BEPXY)
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Puc. 2.7. Cxema pyxXy MOBITpS B NTAlIHUKYy Ta pPO3TallyBaHHS

oOnagaHaHHs (BUA 300KY)

KoHCTpyKTMBHO cXxeMa BEHTWIALII MoOyJoBaHa Tak, IO JUIs
HOpMaJTi3alli TeMIIepaTypHUX MapaMmeTpiB y NTAIIHUKAX B TEIUIMHA Mepiof
POKY BEHTWISAIIMHO-0XOJOIKYBAIbHY CUCTEMY BCTAaHOBJIEHO B 30BHIIIIHI
CTIHM. Y HHMX BMOHTOBAaHO TEIUIOOOMIHHUKH-PEKYIEpaToOpu, UIO0
3a0€3Meuy0Th OXOJIOJKEHHSI MPUIUIMBHOTO TMOBITpsT 0€3 301IbIICHHS
BIJIHOCHOI BOJIOTOCTI. BUKOpHCTaHHS JaHOTO CrocoOy M03BOJISIE 3HU3UTH
TEeMIEpaTypy MPHUILIMBHOTO TMOBITPsI B MpuMilieHH] nrammuka 10 +20°C.
Bapro BigMITUTH, 1110 HOBUI CIIOCIO OXOJIOKEHHS MPUILUIMBHOTO MOBITPS B
NTAITHUKY BHUKOPUCTOBYE TYHEIbHY BEHTWIAIIO, TaK SIK Y BXIiJHI
BEHTWISILIMHI BIKHA BCTAHOBIIOIOTBCS KOXYXOTPYOHI Terio0OMiHHI
arapaTt, SIKI OXOJIO/UKYIOTh IMPUIUIMBHE IOBITPS B MNTAUIHUKY IUIIXOM
3HIDKEHHSI HOTO TeMITepaTypy MK TPyOaMu 3 XOJIOJHOO BOJIOIO.

JI1st onTUMaNbHOTO PO3MILIEHHS! BEHTHIISILIITHUX Ta TEMJI000OMIHHUX
IOPUCTPOIB, WIO BXOAATh Yy 3alpONOHOBaHY CHCTEMY, IPOBEJIEHO
MaTeMaTUYHE MOJICTIOBAHHS TIPOIECIB TEIJIO- 1 MacolepeHocy B

nramnuky [34, 35, 36].
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Pyx B’sa3Kk0i pimuHuM abo ra3y (MOBITPs]) OIHUCYETHCS CHUCTEMOIO
PIBHSIHB, SIKa BKJIIOYA€E PIBHSIHHS HEPO3PUBHOCTI W PIBHSIHHS 30€peKEHHS
KUTBKOCTI pyXy B MHPOEKIIAX Ha OCl KOOpAHMHAT. SKIIO pyX cepeloBHINA
CYNPOBO/IKYETHCSL  TEIUIONEPEHOCOM, JI0 CHUCTEMH Ha3BaHUX PIBHSAHD
00aBISETHCS PIBHSAHHS 30epeKeHHs eHeprii (pIBHIHHS TETUIONIEPEHOCY).

B ocHoBI MaremaTu4HOi Mozeni Jnexarb piBHsSHHS Has'e-Crokca
[121] i piBHAHHS TIepeHOCY e€Heprili il KOHBEKTUBHUX Tedil. VY
pO3paxyHKax 3acTOCOBaHa MOAeENb TypOyneHTHocTi Crmanmapra-AsuiMapaca
[126, 156, 157]. Po3paxyHku TpoBeieHI 3 BUKOPUCTaHHAM 1 0e3
BUKOPHUCTAHHS  OXOJOJDKYIOUOTO  PEKYIEpaTUBHOIO  TEMJIO0OMIHHOIO
anapaty. Huk4de HaBe/leH1 BUX1HI PIBHSIHHS.

PiBusaaa Has'e-Ctokca:

Ao "ax oy a) T e Ty T )
N v v v op ov 0°v o%v (2.3)
Pl —HU—FV—+W— |=pg, "+ —+—+— |, :
ot ox oy oz oy oX~ oy oz
oW OW OW oW op o*w  o'w  o°w
pl —+U—+V—+W— |=pg, ——+ ) > - |
ot OX 0z 0z ox® oy° oz

Jie p — TyCTUHA CEPEJIOBHIINA, KI/M3; L — TUHAMIYHA B'SI3KICTh CEPEIOBHIIIA,
[Taec; p — Tuck, I1a; u, v, w, — BEKTOpHE M0JI€ MBUAKOCTEN; t — Hac, C.

PiBHSIHHSI HEPO3PUBHOCTI:

9p , 9up)  olvp)  owp) _, (2.4)
or X oy oz ' '

PiBHsiHHS 30epeKeHHS €HEePTii:

or or ar oT o(,0ry of(,0l} of,0l
ﬁp(5+u&+va+wEJ_&(l&)+5[ﬂg]+a(ﬂaj+q%x,y,Z)- (2.5)

ne T — Temneparypa B geskiit Touni, K% A — xoedinieHr remionposigHocTi

cepenoBuiia, Br/ m e K°; C, — muTOMa TEIUIOEMHICTB cepeaoBuIa, Jx / kr

. KO,
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3amaemMo rpaHWYHI yMoBH (muB. puc. 2.8) Ha  BXITHUX
BEHTWISILIMHUX OTBOPAX MEePeIHbOT TOPIEBOI CTIHKHU:
YL <Y<yl zl<z<70:i=12..6;S,(y=2M/2,x,2)
w=w_;T=T, (2.6)
Ha BX1JIHUX BEHTHIALIHHUX OTBOpax OOKOBMX CTIHOK (AuB. puc. 2.9):
Xy SX<XU; 2k <2<20:i=78..10;S,(y=+M/2,%,2),
w=w_;T=T, (2.7)
Ha BUXIJHUX BEHTWIALIMHUX OTBOpax, /€ PO3TAIIOBaHI BEHTWIATOPH Ha
3aJHI# TopIeBiH cTiHI (auB. puc. 2.10):
ya(2)<y<yi(z) z(y)<z<zi(y)i=12.7 ¢(x=L,y,z)

w=w_: T —o (2.8)

6ux’ ax L
YMOBH IPWINIIAHHS HOBITPSIHOTO TEIJIOHOCIS HA EPEIHIN TOPUEBINA CTIHII

(muB. puc. 2.8):
~M/2<y<M/2;0<z<H+h(y)0<h(y)<h,.,;

yeS,(x=0,y,2)i=12...6W=0;T =T,,. (2.9)

YMOBH NPWIATIAHHS Ha 3a/IHIH TOpIeBil cTiHI (quB. puc. 2.10):

~M/2<y<M/2;0<z<H+h(y)0<h(y)<h.,,;
yeo(x=Ly,2)i=12.7W=0,T=T,. (2.10)

YMOBH NPWIAIIAHHSA Ha OOKOBUX CTIHKAX Ta MEPEKPUTTI (AuB. puc. 2.9):

y=+M/2;0<x<L;0<z<H+h(y) yeS,(y=+M/2,x,2),
2¢S,(y=tM/2,%,2),i=78.10,W =0;T =T, (2.11)
ne, S;(x<0,y,z) — QyHKIS KA OMKHCY€E TPAHUIN BXITHUX BEHTUJISLIMHUX
oTBOpiB, ¢(x=L,y,z) — (QYHKIiA sKa ONKCYe TPaHMI[i BHXIJHUX
BEHTWISIIMHUX OTBOpPIB, L — JOBkMHA OOKOBUX CTIHOK MTaITHUKa, M; M —

HIMPHUHA MEPEHBOT Ta 3aIHbOI TOPLIEBOI CTIHKU, M; H — BuCOTa nraiiHuka,
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M; h(y) — dbyHskuist Bucotu mokpisii B niepepisi 0y, m; Ter — Temmeparypa
crinku, °C; T, — 3oBHimHs Temmneparypa, °C; Wy, — BXijHa IMIBUJIKICTH

MOBITPS B MTALTHUK, M/C; Wpyx — BUX1JHA IIBUAKICTh MOBITPS 3 NTAIIHUKA,

Mm/c.
=
ZI
Si
T S s2 s3 S4 s5 s6
i
ZSi
LA
Zz
M
0 y
Puc. 2.8. Ilepenns TopiieBa CTiHKA NTAITHAKA
ZI
Si
T s7| | s8| | so
Zh’
Si
xl’ X.’.’
Si Si
r4
L
0 X

Puc. 2.9. bokoBa CcTiHKA ITAITHUKA
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Nolololololole

0 y

Puc. 2.10. 3agus TopiieBa CTiHKA MTAITHUKA

Mopneni TypOyJI€HTHOCTI 3 OJHUM pPIBHSHHSIM JIalOTh  OTIHC
TypOyJIEHTHOCTI 3a JOMOMOTOI0 OJIHI€] 3MIHHOI BEJIMYMHM, MJIA SIKOi
Oynyerbest nudepeHiianbHe PpIBHSHHA IepeHocy. [Him TypOyJeHTHI
XapaKTePUCTHKU 3B'A3YIOTHCA 3 HEI0 3a JIOTIOMOTOI0 aireOpaidyHux du
IHIIUX CHIBBIAHOIIEHB. Jl0 MaHOrO KJacy BIIHOCUThCA Mojenb CrnanapTta-
Annmapaca.

Jlana mMoJzienb BIJHOCHUTBCS 10 KJacy HU3bKOpEHOIabAcoBUX. [Ipu ii
po3pobmi  Momenb Oyia pO3BUHEHA [JIi OTPUMAaHHS JOCTOBIPHHX
PO3pPaxXyHKOBHUX OIIIHOK IS JBOBUMIPDHHMX 3MIMIAHUX Tedid, CIImIB 1
MEXOBOT'0 IIapy Ha IJIOCKIN Mi1acTuHi. BunpoOyBaHHs OKa3aiu repeBaru
i€l MozieNl B IOPIBHAHHI 3 K-¢ 1 k- MojensimMu npu po3paxyHKy MOTOKIB
13 3HAUHUMHM TPaJIEHTAMH THUCKY.

Mopuenb TypOynentHocTi Spalarta-Allmarasa:

O/~ O [ ~ 1| 0 ~
E(PV) a_x,( ui)_Gv+; ox (e + pV)

'

N
ox.

~\2
+Cb2p(%J —YV+S\7(2,12)

ne Gy — YyTBOpeHHS TYpPOVYJIEHTHOI B'SI3KOCTIL; Yy — 3HHUIIEHHSA TYPOYJIEHTHOT
; y

B'SI3KOCTI, 110 BiIOYBA€THCSA B MPHUCTIHOYHIN 00sacTi depe3 OJIIOKyBaHHS
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T1APOAMHAMIYHOTO TIOTOKY CTIHKOIO 1 TMPOIIECIB B'I3KOTO 3aTyXaHHS; Oy 1
Cp2 — KOHCTaHTH; V — MOJICKYJISIpHA KiIHEMaTHYHA B'S3KICTb.
Y mogaeni koHcTauTh Cpi, Cpa, 65, Cy1, Cw1, Cwz, Cus 1 k [156] MaroTh

Takl 3HAUCHHA

N

C,, =0.1355C,, =0.622;0, ==C,, = 7.1;k = 0.4187;

w

C 1+C
wl=k_21+(6—~b2);cw2 20'3;Cw3=2' (213)

C

HocBin BukopuctanHs moneni Spalarta-Allmarasa mokasas, mo ii
peanbHl MOXJIMBOCTI 3HAYHO IIHMpUIl, HDK mepegdadanocss mp il
CTBOpEHHI. binbil TOro, miciis BBEJCHHS B HEl MOMPaBOK HAa KPUBU3HY
JIHIA TOKYy 1 0OepTaHHsA, MEXI 3aCTOCYBAHHS MOJENl IOMITHO
posummpuinca. Mojenb € 3aJ0BUIBHOI0 TIPU  PO3paxyHKy Oararbox
CKJIQJHUX T1APOJUHAMIYHUX MTOTOKIB.

Pestomyroum, cinijg 3a3HauydTH, W00 KJIAc MoOJElIed 3 OJHHUM
nudepeHIliaTbHUM  PIBHSHHAM € SIKICHUMU MOJEINSMHU, SKI MOXKYTh
BUKOPHCTOBYBATUCH ISl OMUCY TYpPOYJICHTHUX TeUild 3 ypaxyBaHHSIM

CTUCJIMBOCTI1, KPUBU3HU JIIHIN CTPYMY 1 BIAPUBY MOTOKY.

2.3. PesyabTaTH A0CHiIKEHb MATEMATHYHOTO MOAETIOBAHHS
npoueciB riIpoaAMHAMIKH | TemI000MiHY NPH BEeHTWIALII MOBITPS

NTAXiBHUYMX NPUMillleHb

Y npoMy TiApoO3Aidl  HaBEACHI pe3yJbTaTH  KOMIT FOTEPHOTO
MaTEMAaTUYHOIO MOJEIIOBAaHHSA MNTamHuka B 3D sika ga€e MOMKIHMBICTD
MOPIBHATH JIBA BUAM BEHTWIALII TNTallHUKA - 0€3 BUKOPUCTAHHS
TeII000MIHHUKA-PEKyIIepaTopa Ta 3 BUKOPUCTAHHSIM bOTO

TENJI000MIHHHKA. I{J’IH IIPOBCACHHA YU CCIIBbHOT'O MOACIIOBAHHA,
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MOTIEPEIHRO  3MIMCHIOIOTh TOOyA0BY citku 3D  MeTomoMm  KiHIIEBUX
eemenTiB B ANSYS Meshing (auB. nomatok B).

Bci po3paxyHKH BUKOHAHI MPH MacoBil BUTpaTi MoOBITpsA 55,2 Kr/c.
TeMnepaTypa 30BHIIIHEOTO IIOBITpA IpuiiMaeThes piBHOIO +40 °C Ta
BBOJISITH MapaMeTpH TEIUIOBOro BHMpoMiHIOBaHHA. CTiHM 1 Tijjora
BUKOHaH1 3 KepamM3uT-0eTOHY TOBIIMHOIO BiAMOBIAHO 200 MM. Po3paxyHok
BUKOHAHUM 13 ypaxyBaHHSM TEIUIOOOMIHHOTO arapara 1 6e3 Hboro. B
SAKOCTI TEIJIOHOCIIB B TEIJIOOOMIHHUKY-PEKyIepaTopi BUOpPAaHO 30BHIIIHE
nositps 3 Temmeparyporo Ha Bxogi +40 °C. Ilpu npomy TemmepaTypa
MOBITPS HAa BHUXOJi IIOBMHHA CTaHOBMTH Ommspko +20 °C. V
TEIUIOOOMIHHMK BOJAa MOTpaIuisie 3 MIJ3€MHUX CBEPMJOBUH IPHU
temnepatypi +7 — +10 °C. ¥V nTaxiBHMYMX NPUMINIEHHSAX NOTHLSA [PH
M1JJIOTOBOMY YTPUMAaHHI € JIXKEPEJIOM TETUIOTH.

Pe3ynpTaTi po3paxyHKIB AJis NTaXIBHUYOTO MPUMINICHHS HABEJIEHO
Ha puc. 2.11 — 2.15 6e3 BUKOpPUCTAHHS TEIIOOOMIHHOTO amapary. Ha puc.
2.11 — 2.13 HaBemeHO PO3MOMAUT TEMIEPAaTypu B OOCITyroBYIOUil 30HI 3
BXiIHOIO TeMIepaTyporo 30BHimHL0ro nositpsa +40 °C, Ge3 BuKopHuCTaHHS
TEIJI000MIHHUKA-peKyIiepaTopa. AHaI3yI0OUd PUCYHOK, 30HU 3 HAWBHUIIOIO
TEMIIEPaTypPOIO 3HAXOAATHCS B MICLAX PO3MIIIEHHS NTaxiB.

KoHTypHi moJisi NIBUAKOCTI Ta TMepenaay THUCKY 300pakeHl Ha puc.
2.14 — 2.15. lna AaBOX PI3HUX MOJENeH cepedaHsl WIBUAKICTh MOBITPS
nocsirae 1,95 wm/c, 1o TOBHICTIO BIANOBIIa€ HOPMaM TEXHIYHOIO

NPOCKTYBaHHS MTaXxiBHUUUX mianpueMcts [89].
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Puc. 2.11. TemnepaTypHe moyie CTiH HPUMIIICHHS Ta TMOBITPS B
po3pi3i 1o cepenHii miHii npuMiiieHHs mo oci Oy B iHTepBaii Bix 26,5 1o

41,0°C

<
0 4500 9.000 (m) ,_1
| I ]

2.250 6.750

Puc. 2.12. TemmneparypHe mojie B NPUMINIEHHI TMTalllHUKA B

nornepeyHomy nepepisi Oyaisii o oci Oy Ha Bigcrtani 30 M Bix Bxoxy, °C
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Puc. 2.13. TemmeparypHe T1oje B TPHUMINICHHI NTalTHUKAa B

nonepevyHoMy nepepisi 6yaisii o oci 0Z va Bucoti 1,5 m Bix mimmoru, °C

s
0 3.000 (m) [ X
I 4940

1.500

Puc. 2.14. KonTtypHe moje MBUIKOCTEH B MO30BXKHROMY TEpepisi
OyIiBIl TO cepeaHid JIHIT Ha BiJICTaHl 6 M BiJ CTIHKA OUIS BXOJy B

iHTepBati Big 0 10 2 m/c
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Puc. 2.15. KonTtypHe moje MIBUAKOCTEH B MOMEPEYHOMY Tepepisi

oyxismi o oci Oy Ha BifcTani 30 M Bix Bxoay B iHTepBati Big 0 g0 4,0 m/c

Ha pwuc. 2.16 — 2.18 mHaBeneHO pO3MOIIT TEeMIEpaTypu B
oO0CIyroByroUii 30HI [pPU BUKOPUCTAHHI  TEIUIOOOMIHHUKIB  JJIs

OXOJIOPKCHHSA IIPUTIIIIMBHOT'O l'IOBiTp}I BOAOIO

[ ]
0 20.000 40.00 (m) x,_L
— )

I
10.000 30.000

Puc. 2.16. 3mina TemneparypHUX MOJIIB B MO3J0BXKHBLOMY Hepepisi

OymiBii o cepeHii iHiT Ha oci OX Ha BifcTaHl 6 M BiJ] CTIHKA
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Puc. 2.17. TemmepaTypHi TMoJisi B MPUMIIIEHHI NTAIIHUKA B

norepevHomy rnepepisi Oyaisimi o oci 0y Ha BiacTani 30 M BiJl BXOTY

3 TIA3eMHUX CBEpJIOBUH. SIK TOKasye aHali3 OTpPUMaHUX IIOJIB
TEeMITepaTyp BUKOPHUCTAHHS TEIJIOOOMIHHUKIB JJII OXOJIODKEHHS TOBITPS
BOJOI0 TIJI3EMHHUX CBEPAJIOBUH JA€ MOXIUBICTh CYTTEBO 3HU3ZHUTH
NPUILTUBHOTO TOBITpsl. TemmepaTypa TOBITpS HAa BXO/AlI B NTAIIHHK TPH
Temrieparypi 30BHimHbOro cepeposuma +40 °C ckmagae 6mussko +20 °C
0e3 MiABUIIEHHS HOro BOJIOTOCTI, a TeMIeparypa IMOBITPS HA BUXOMI 3
NTamHuKa CcTaHoBUTh Omu3bko 27 °C, mo o06yMOBIEHO NPOIpiBOM
CTIHOBUX KOHCTPYKIIIH Ta TEIJIOBHAUICHHS Big nTUIl. [lpu 1mpomMy
MIBUKICTHh TIOBITPS (quB. puc. 2.19) nexuTh B MEKax HOPMHU 1 CKIIATAE 10

2,0 m/c.
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Puc. 2.18. TemmneparypHe Ioje B NPUMIIICHHI MTallHUKAa B

TmonepevHoMy nepepisi 6yaisii mo oci 0z ma Bucori 1,5 M Bix mimorn, °C

3a pe3yibTaTOM YHUCEIBHOIO KOMII IOTEPHOIO  MOJEJIIOBAHHS
MPOIIECIB TEIIO- 1 MACONMEPEHOCY BEHTHIIALIMHOTO MOBITPS OTPUMAaHO Ta
MPOBENICHO aHaji3 pO3MOAUTIB TEMIepaTyp, THUCKY 1 IIBHUAKOCTEH
IOPUILTUBHOTO TMOBITPS B NTAIIHUKY JJII CUCTEMHU TYHEIbHOI BEHTUJIALIT B
JITHIN mepion yacy. 3 METOI0 HOpMaJi3allli TeMnepaTypHUX MapameTpiB B
ONTAalllHUKaX B 1€l MepioJl pOKy 3ampONOHOBAHO BHUKOPHUCTOBYBATU
TEIUIOOOMIHHUKH-PEKYTIepaTOpu,  SIKI ~ BMOHTOBaHI Yy  TPHUTSDKHI
BCHTWIALIMHI BiKHA, $KI 3a0€3MEUyIOTh OXOJIOHKCHHS MPHUILUTHBHOTO
MOBITPS 32 PaXyHOK BOJH 13 CBEP/IJIOBUHHU.

JlomaTkoBi pe3ysibTaTH YHCEIBHOTO MOJETIOBAaHHS HABEACHO B

nonatky [
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Puc. 2.19. KonTtypHe moje MBHAKOCTEH B MO3I0BXHHROMY TEpepisi
OyIiBIl MO cepeiHiil JiHIT Ha BiJCTaHi 6 M BiJ CTIHKH OUIS BXOAY B

iHTepBati Big 0 1o 2, m/c

Puc. 2.20. KoHnTypHe moJie TUCKiB B MO3/I0OBXHBOMY TIepepi3i OyaiBii
10 CEPEeJIHIM JIiHIT Ha BiJicTaHi 6 M BiJ CTIHKHM OIS BXoay B iHTepBai Bif

no 8, I1a
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Puc. 2.21. Jlinii TOKy B ITallTHUKY

0.750

2.250

Puc. 2.22. 3mina TemnepatypHUX TOJIIB B MO3JOBKHBOMY TEepepisi

OyxiBii 1o cepenHii miHil Ha oci OX
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Puc. 2.23. Tlone mBUAKOCTI Ta JdiHII TOKY HOBITPS B MO3I0BXKHBOMY
nepepisi Oy/iBIIl MO cepeaHii diHii Ha oci 0X

Ha puc. 2.22-2.23 noka3zaHo pe3yJabTaTH YUCEILHOIO MOJICIFOBAHHS
IPOLECIB TEIUIO- 1 MAaCOOOMIHY B MPUMIIIEHHI NTalIHUKa. byno mposeneHo
MOJICJIIOBAHHS 3 PO3TAIlyBaHHSIM BEHTWJISATOpIB Ha Bucoti 1,1, 1,5 ta 1,85
M BiJ MIIJIOTH A0 IEHTpa Ooci BEHTHIATOPIB. IlokazaHo, 1m0 HaWOIIBII
ONTHMAJIBLHUM PO3TAIllyBaHHAM € PO3MILIEHHS BEHTUISLINHE 00J1aHAHHS,
AK€ 3HaxXoauThcsi Ha BucOTi 1,85 M. Sk BuaHO 3 pucyHkiB 2.22—-2.23
3aCTiiiHI 30HU YTBOPIOIOTHCS Y BEpPXHIM Ta HIDKHIA TOYKax HaJ Ta Tij
BEHTWIILIMHUM obOnagHaHHsIM. CepeqHsl IIBHUIKICTh MOBITPS MO BHUCOTI
MPUMIILICHHS CTaHOBUTH 1,95 M/c (1uB. puc. 2.23). 3a paXyHOK 3BY>KEHHSI y
BEHTWIAIMHUX MIAaXTaX MIBHIKICTH MOBITPs nocsirae 8 m/c. Temmeparypa
NOBiTps Ha BHXOJi 3 mpumimenns cknagae 27 °C (puc. 2.16-2.18, 2.22).
3rilHO0 TPOBEACHUMH YHCEIbHUMH PO3PAXYHKAMH BCTAHOBJIEHO, IO

TEII000MIHHI anapaTty HeoOX1IHO pOo3MIITyBaTH Ha BUCOTI 1,85 M.
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ba3zytounce Ha pe3ynbTaTax €KCIepUMEHTAIBHOTO TOCITIIKEHHS Ta
BUpoOHNYOi mepeBipku [103] sKICHUX TOKAa3HUKIB  MOBITPSHOTO
Cepe/oBHIlla B NTAIIHUKY OYJI0 MPOBEAECHO YHCEIbHE MaTeMaTHYHE
MOJICTTIOBaHHSI I OIIIHKK  CTYNEHs JOCTOBIPHOCTI  OTpUMaHUX
pesynbratiB. ExcriepuMeHTanbHI JOCTiKEHHS MPOBOMIINCH B MTAITHUKY
CTaHJAPTHOI KOHCTPYKIii 12X76 M uis BUpOIIyBaHHS Kypdar-OpoiiiepiB
(10 Tuc. ronis). IloBiTpooOMmiH cTaHoBHMB 1 M3/rog Ha 1 Kr *uBOi Macu

ITHIL IPY TEMIIEPATYPi 30BHIMHEBLOTO MOBiTPps +4 °C B mepexiguuii mepion

POKY.
32
32
[ ] by o
CEEET TR 3 4
LR % — 30 ¢
4 R O / \ A
o ;o L ]
w / i\\ . ‘ 29 B3 e N - ; 29 g
/ \‘\ N E; A \ .. R E
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—a4— Excniepument —&— Excniepument
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76 66,5 57 415 38 28,5 19 9,5 0 76 66,5 57 47,5 38 28,5 19 9,5 0

JloBKMHA NPHMILIEHHS, M JIoBAKHHA NPAMILIEHHS, M
a 0

Puc. 2.24. 3anexHicTb TeMIiepaTypyd TOBITPS BiJ JTOBXKUHU
MPUMIIICHHS NTalmHuKa: a — 2,4 M. Ta 6 — 4,8 M. Big OOKOBOI CTIHKH
NITAITHUKA.

Ha puc. 2.25 noka3zaHo pe3yJbTaTH YUCEIbHOTO MOJEIIFOBAHHS IS
NTalIHUKA 3a3Ha4yeHo0i KOHCTpYKIii. [lokazaHo, 0 po3moais TeMnepaTyp B
NpUMIILEHH] NTAIIHUKA 3HAXOAUThca B Mexkax Bijg +24 no +31 °C. 3 puc.
2.25 BUIIIUBAE, 10 OUIBIN BHCOKA TEMIIEpaTypa CIIOCTEPIraeThes Yy MEHTPI
npUMILIEHHS nTaimHuka. ['padiku Ha puc. 2.24 xapakTepu3yloTh PO3MOILIT

TCMIICPATYP B HpI/IMiHleHHH INTamHuKa Ta 4YUCCJIIbHOI'O MOJCIIOBAHHSA Ha
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BizmcrTaHi 2,4 M. (muB. puc. 2.24 a) ta 4,8 M (quB. puc. 2.24 6). BigxuneHus

pe3yabTariB He nepeBuinye 10%.

M\
Temperature Z"\\\JJ\{SYS
Contour 1
. 30.8

30.3

29.8

29.3
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Puc. 2.25. TemneparypHe 1mosie B MPUMIIICHHS NTAITHUKA B MEXKax

Bim24 no 31°C

TakuM 9MHOM 3a pe3yIbTaTOM UYHCEIHHOTO MOJICTIOBAHHS MPOIIECIB
TEIJIO- 1 MAacONepeHoCcy B TPHUMIIICHHI TMTallHUKa OyJo 3HalIeHO
palioHalbHE PO3MILICHHS KAIIO31MHUX OTBOPIB Ta BEHTUJISITOPIB, 110 AAJI0
3MEHIIMTH 3aCTiiHI 30HUTA, OTPUMATU PIBHOMIPHUN PO3MOILT TEMIIEPATYP
OPUIUIMBHOTO  TOBITPs.  [IpoBeneHO  CHiBCTaBlEHHS  Pe3yJbTaTiB
YHCEbHOTO MOJICTIOBAHHS 3 €KCIIEPUMEHTATILHUMHU JaHUMH T4 OTPUMAHO

3aJ0BUIBHHUHA 1X 30Ir.

2.4. BubGip Ta po3ramyBaHHsI €JEeKTPOOOJATHAHHS IJIs1 HOBOI
eHepro30epirarvoi CUHCTeMH MiKPOKJIIMATY i iX aJITOPUTMHU KePYBaHHA
Cucrema miATpUMAaHHS  MIKPOKJIIMATy, CXeMa  PO3MIIICHHS
BEHTWIAIIMHOTO Ta TEIJIOOOMIHHOTO OOJIafHAHHS 110 TPOIMOHYETHCS
IpejcTaBlieHa Ha puc. 2.26. 3anporoHoBaHa eHepros0epirarda cucTeMa

BEHTWJIALIIT MPAIIO€ HACTYITHUM YWHOM: 13 CBEP/JIOBUHU 5 CBEPAJIOBUHHUM
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HacocoM 6 MOAAEThCS BOAA TPYOOIIPOBOIOM 7 y BoJoHAMpHY Oamty 14. V
BXITHUX BEHTHJIAIIMHUX BIKHAX 2 BCTAHOBJIEHI TEIUIOOOMIHHHKHU 4, i
OXOJIOJIKCHHS Ta HarpiBaHHsS MPUILTUBHOTO TOBITPS B JIITHINA Ta 3UMOBUMN
Nepioau POKy, B SIKl IOCTYMAa€e BojAA 3 BoJoHaIipHoi Oartu 14. [{ns Bigmayi
TeIJla BCTAHOBJICHO I'PYHTOBHM TEMIOOOMIHHUK 13, B SIKOMY LHPKYIIO€
BOJIa 3a JIONIOMOTOIO MUPKYJISIIHHOTO Hacoca 15. YactuHa HarpiToi BOAM
Mics TEI00OMIHHUKIB 4 depe3 TpyOorpoBia 8 ije Ha moinHsa ntum 11.
[Ipu BTpaTi TUCKY B CUCTEMI LHPKYJSALIi, 32 JOIMOMOIOI0 €JIEKTPOHHOIO
KOHTpOJIEpA TUCKY 3AIMCHIOETHCA TIJKa4YKa BOAM 13 BOJOHAMIPHOI OAllITH
14. TToBiTpoOOMIH Ta 0OIrpiB MpuMilIeHHS 1 3a0e3MeuyeThCsi BUTSKHUMU
BEHTWJISATOpaMH 3 Ta TerioreHepatopaMu 10 siki peryirolThCsi CHCTEMOIO
aBTOMAaTH3allli BIAMOBIIHO /IO TIOKAa31B JATYMKIB TEMIIEpATypH, BOJOTOCTI 1
KOHIICHTpaIlis mkiymBuX BUKUAIB 12. Ilomada rasy BimOyBaeThes uepes
ra3zonposiz 9.

Tabnuys 2.2

HeoOxigHe 00/1aqHAHHSA 1151 HIATPUMAHHSA MIKPOKJIIMATY B

NTAIIHUKY.
. KinpkicTsb,
HalimenyBanHs Tun

T (M).
CraHuist KepyBaHHS MIKpPOKJIIMaTOM TCVY-5 1
Craniiist KepyBaHHSI BOJOIIOCTAYaHHSIM Kackag 1
BeHTunsTopu ocHOBHI BO-7,1 18
BeHTHUIsTOpYU TIOAATKOBI BO-12,5 3
3MinryBagbHI BEHTUISATOPH BOKc-12,5 8
Tennoreneparopu Kroll P43 3
[TpuniwBHI KJIaTaHA CL 1200 20
[TpunimBHI KaJko3i - 6
TemmooOMiHHI amapatu peKyreparop 6
[ pyHTOBHIT TEMI0OOMIHHHUK Tpyo6a I13 d40 (2800)
[upkynauiHui Hacoc Z580-65-160 15.0 1
bamra PoxHOBCBKOTO 1
CBepIIOBUHHUN HACOC 2311B10-63-65 1

76



Buxonsgum 13  3ampomoHOBaHOi  €HEProe(eKTUBHOI  CHCTEMHU
HiATPUMAHHS ONTUMAJIBHOTO MIKPOKIIMATy B NTAIIHUKY, MPOBEACHHUX
YHCENIbHUX PO3PAXYHKIB Ta ONTUMAIBHOTO PO3TAllyBaHHS BEHTUJISAIIHHOTO

Ta 1HIIOTO 06J'IaI[HaHHSI, BI/I6I/Ipa€MO HaAaCTYITHC YCTAaTKYBAaHHA 1 3aHOCHMO B

Tabn. 2.2.

13

Puc. 2.26. Po3MimieHHs  oOmagHaHHA Ui TiATPUMAaHHS

ONTUMAJIBHOTO MIKPOKJIIMATy MTAIIHUKA: 1 - IpUMIIIEHHs NTallHUKa, 2 -

BEHTHWIAIINHI BIKHA, 3 - BUTSKHI BEHTUIATOpH, 4 —
TEMJI000OMIHHUN amapar, 5 - CBEp/JIOBHHA, 6 -
CBEp/UVIOBUHHUN HAcoc, 7 - BXiAHUN TpyOompoBia, 8 - BUXIIHHM
TpyOOTIPOBi, 9 - razompogiz, 10 - Teroreneparopu, 11 -

NONKY, 12 - TaTYuKy TeMrnepaTypu, BOJIOTOCTI 1 KOHUEHTpAIisl IIKIITUBUX
BUKU/IB, 13 - TIPYHTOBUI TEMIO0OMIHHUK, 14 - BogoHarmipHa

Oamra, 15 - nupKyasSUIAHANA Hacoc.
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Y nonatky 1 HaBeneHi TaKOXX MPUCTPOT AJIs MOTHHS Ta TOIBII NTHII
y OTalIHUKAX.

[IpoBeneni  MOCHIDKEHHS 1O  PO3pOOIN  €IEKTPOTEXHIYHOTO
KOMILJIEKCY B MTAIIHUKY Jal0Th MOJKJIMBICTh MOOYJOBU aJTOPUTMIB
KepyBaHHs 3a JOIOMOI00 rpadidHKX 3aexHocTel (auB. puc. 2.27-2.28).
BuxopuctoBytoun BOIy MiJ36MHUX CBEPJIOBUH IS  OXOJIOKCHHS
MPUIJIMBHOTO TIOBITPS Y NTaxiBHUYOMY IIPUMIIICHHI 3a JOIMOMOTOIO
TEIJIOOOMIHHUKIB-PEKYNEPATOPiB B JITHIM 1 3UMOBHUI MEpPIOAN POKY
noOyaoBaHO rpadiku BUTPATH BOJMU, SIKa LUPKYJIIOE B CUCTEMI 3a
JIOTIOMOTOI0 IIUPKYJIAIIHHOIO Hacoca, B 3aJleKHOCTI B 30BHIIIHBOL
TeMIIepaTypu MOBITPs (AuB. puc. 2.27—2.28). 3anexHo BiJ BUTpaT BOAH, 32
JIOTIOMOT'OI0 MAarHiTHUX KJIaraHiB, OyIyTh BBOJAUTHUCH B 10 TEIIOOOMIHHI
amapaTd B aBTOHOMHOMY pexxumi. IIpu temneparypi +23 °C HeoOximgHO
BUKOPHUCTOBYBATHU 3 TEMJIOOOMIHHI anapaTy 3 BUTPATOIO BOJU 2,5 m3/rox., a
Bin +35 °C 1o +40 °C — 6 Termo0OMiHHHKIB 3 BUTPATOIO BOAU Bif 57 J0

108 m3/rox (puc. 2.27).

120

100 4 —@— HeoOxinHa BUTpaTa BOJH
3HaiineHa QyHKIis

59/ BIIXUJIEHHS
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Temneparypa 30BHillIHLOT0 MOBIiTPS, 0C
Puc. 2.27. Burtpara Boau, sKa HEOOXigHA JUIsI OXOJIOJKECHHS
MPUTUTMBHOTO TIOBITPSI B MITAITHUKY Yy JIITHIN TEPioj] POKY B 3aJI€KHOCTI Bij

30BHIIIHBOI TEMIIEPATYpPH MOBITPS
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3HaliIcHO anmpoKCUMaIliifHy 3anexHicte (2.14), ska omucye
HEOOXIJTHY BUTpPATy BOJU JUIsl OXOJIOJKEHHS TPUILUIMBHOTO TMOBITPS B
JITHIM mepioa poKy OO0 TEeMIIepaTypHu 30BHIIIHBOTO TOBITPS (IMB. pHC.
2.27), 3 noxubkoro anpokcumariii 5%:

f(x)=—-424,4918+ 40,5809 x —1,3338 - x* +0,01613- x>  (2.14)
ne, x=23,24..40 — TeMIiepaTypa 30BHIIIHbOTO MOBITPA, oC.

VY 3uMoBH#l mepio poKy TEIJI00OMIHHI anmapaTd B KiIJIbKOCTI 4 IIT. 3
BUTPATOIO MoBiTpst 31680 M3/rox 31aTHI 4aCTKOBO IiAIrPiBaTH MPUILIMBHE
TOBITPsA B MIKOBi 3Ha4YeHHs TemmepaTyp, Bix -20 mo +7 °C. Ilpu cepenniii
TEeMIIepaTypl 30BHIINIHBOTO MOBITPS B3UMKY 3a 2012-2015 p.p. B iHTEepBai
Bix -6,5 1o -20 °C, HeoOXimHa KiNbKiCTh BOAM, SIKa LUPKYJIIOE B CHCTEMI

cknanae Bizg 13,8 1o 72 m/rox (puc. 2.28).
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3oBHiIIHS Temnepatypa nosirpsi, C

Puc. 2.28. Butpara BoamM, sKa HeOOXiAHA JJi1 HarpiBaHHS
IPUILTUBHOTO MOBITPSI B NMTAIIHUKY Y 3UMOBUHN MEPIOJ POKY B 3aJIEKHOCTI

BiJl 30BHIIIIHBOI TEMIIEPATypH MOBITPS
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3HaiiieHo anpokcuManliiny GyHkiiro (2.15), ska onucye HeoOXiTHY
BUTpATy BOJMW JJIsl HarpiBaHHS MPHUIUTMBHOTO TIOBITPS B 3UMOBHUH MEpion
POKY 110 TeMIIepaTypH 30BHIIIHBOTO MOBITPs (AUB. puc. 2.28), 3 HOXUOKOIO

arpokcumariii 5%:
f (X) = 10,3901 6,96454 - x —0,656146 - x* —0,0259361- x>  (2.15)

1e, X =-5-6...— 20 — TeMIepaTypa 30BHIIIHEOro nosirps, °C.

2.5. MaremaTnyHe MOJeJI0BAHHA CHCTEMH MiKpOKJIiMaTy B
NTAIIHUKAX Yy JITHIH Ta 3MMOBHI 1epioJ POKyY 3a J0MOMOI0I0 CHCTEMU

MATLAB Simulink

[TinTpumaHHs CaHITapHO-TIT1€EHIYHUX HOPM MOBITPSIHOTO
CepeZIOBHILA B NTaXIBHUYUX MPUMILICHHIX HEMOXKJIMBE 0€3 ONaItoBajIbHO-
BEHTWIAIINAHOI cucTemMu. [Ipu cTBOpEHHI MaTeMaTUYHOI MOJIEJ1 BEHTUIIAIII]
Ha (epMi  ckiameMo MarepiaJbHUN OaNaHC MIKIIJIUBUX PEUYOBUH Y
npuminieHH1 ¢pepmMu. BaxnuBuM YMHHUKOM IBOTO € BUTPATH MOBITPS, SKI
MOCTYINAaTh B MpuMilleHHs ¢epmu ana BeHTwAil. Lleit mapamerp
BUKOPHCTOBYETbCA HE TUIBKM M0 KaHANy PEryJIlOBaHHs TEMIIEpaTypH, a u
N0 KaHaly pPEryJioBaHHS YUCTOTH MOBITPS B MpUMILIEHHI. | TyT BiH €
napaMeTpoM KepyBaHHs. BuUTpaTtu moBiTpsi po3paxoBYIOTHCS B 3aJIEKHOCTI
BiJl 0aratbox WIKIIJIMBUX (DAKTOpPIB, AKI MOCTYMAIOTh Y MOBITPS: BOJIOTH,
BYTJICKUCIIOTO Ta3y, METaHy Ta iH., ajie JJIsl peryIIoBaHHS BUOMPAIOTh TOU
YUHHUK, SKUW Ja€ HalO1IbIlle 3HAYeHHsI TIOBITPOOOMIHY. 3a TpaauIitHUMU
METOJAMKAMU PO3PAXYHKY, Y 3HMOBHUI MepioJ pOKYy, HaHOUIbIIUMHU
HEOOX1THUM TTOBITPOOOMIHOM € 10 BOJIOTOCTI, ITI0 1 Opasioch 3a OCHOBY.

bananc BOJIOTOBUAIIEHD B ITAIIHUKY'

an +W6un +WHOC _W - O (2'16)
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ne, W — cymapHi BOJIOTO BHAUICHHS B MTamHuKy, 2/c; W,,, — BoJjora, 1o
BUAUIAETbCS NTUIIME (2/c); W, — BOJIOTa, 110 BHUIIAPOBYETHCS 3 MOKPHX
MIOBEPXOHb MpHUMIIIeHHs (Imiiora, moinka) (e/c): W,,. — Maca BOJIOTH, sKa

BUAUIAETBCA 3 TTOCHiay (e/c).

W“T \ W

WBI/IH

/'

Whoe
Puc. 2.29. Cxema MOTOKIB BOJIOTH B IMOBITPI HAa TBAPUHHUIIbKIN

bepmi

B nunamiuHOMy pexkumi, Ko Oyle 3MIHIOBATHCS BOJIOTOBMICT y
npumimeHHi Oy B 3aJ€KHOCTI Bi 30ypeHb, HANPHUKIAJ 30BHIIIHBOTO
YMHHHAKA, BOJIOTOBMICTY HABKOJMIIHLOTO CEpeaoBHINA O, B MPUMIIIEHHI
Oyae 3MIHIOBAaTUCh KUIbKICTh BosioroBuauieHb W, 1 piBHsSHHS (2.16)

NEPETBOPUTHCS B PIBHSIHHS AUHAMIKU MPOLIECY:
Wp :an +W3un +Wnoc _W (217)

TBapunauipka ¢epma 3a 1HGOPMAIINHOK EMHICTIO 00’ €KTYy
BIJHOCHUTBCSA 10 cepenHix TumoBux 00’ekTiB ympasiinusa (TOVY). Cepen
napameTpiB PeryJIOBaHHS B HhOMY HaWOLIbII BAXJIMBUMU € TeMIIEpaTrypa
B MPUMIIIEHH] 1 KUIBKICTh UIKIJJIMBUX PEYOBUH 1 BOJIOTHM Yy MOBITPI.
KibKicTh MIKIJUTMBUX PEYOBHH B MOBITPI BUSHAYAETHCS 00’ €MOM TOBITPS,
KU MOCTYNAa€ y MPUMIIIEHHS 1 KUIBKOCTI TBApUH B HhOMY. Temmeparypa
y MPUMIIIEHHI BU3HAYAETHCSI BTPATaMU TEIIa B HABKOJIUIITHE CEPEIOBUIIIC
1 3aTpaTaMu Ha MiIITPIBaHHS MOBITPS 10 Temmeparypu npumitieHHs. Crin

3ayBaXKUTHU, IO KUTTEAISUIBHICTH OlonoriyHoro o0’exkty TOY, TBapuh,
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IPUBOJUTH J0 BUAUICHHS TEIUIOTH, SKY CIiJ] BpaXOBYBaTH IMpH MOOYI0BI
MOJIeN1 TEII000MIHY B MpUMIIEHHI PepMH 1 10 BUAIJICHHS BOJOTH, 1 SKY
CIIiJl BpaxOBYBaTW MpU OOYMCICHHI BUTpAT MOBITPS Ha 3arajJbHOOOMIHHY
BEHTWIALIIIO, HAMpaBieHy Ha BHJIAJICHHS BOJIOTH 1 BYTJIEKUCIIOTO rasy 3
MPUMIILICHHS.

Po3po6iieHHs MaTeMaTW4YHOI MOEINl TEMI00OMIHY B MpPUMIILIEHHI
nrtaxodepMu y 3UMOBHUM Ta JITHIA mepioan poky. B cTaTuuyHOMY pexuMi
KUIBKICTh TEIUIa, $KE IIOCTyNa€e B MPUMIIIEHHA 3 TBapuHamMu Q; 1
JTOAATKOBUM HarpiBaHHAM  Qral JTOPIBHIOE KIUJIBKOCTI Teruia, 10
BTpAvyaeThCsl Ha HarpiBaHHs BEHTUISALIMHOTO MOBITpst Qy 1 BTpaTu Termiia B
HaBKOJNMIIHE cepeaoBuiie Qu, a TaKoX BPaxXxOBYEThCS HYACTKOBE
HarpiBaHHS MPUILTUBHOTO MOBITPSI B 3MMKY Ta IMOBHE B1IOMpaHHS TAILIOTH
Qra B JITHIM Tepiodg PpOKYy BiJ NPHUIUIMBHOI BeHTWJAii. JlomatkoBe
HarpiBaHHS Qra] B MOJZETl BUPAKAETHCS AMPOKCUMAIIIHHOI (DYHKITIEIO
(2.2). Burpara Boau Gyoyy JUIS TEIUIOOOMIHHHKIB BHKOPHCTOBYETHCSA Y
MOJIEJII Ta BUPaKeHa alpOKCUMAaLIHO0 (QyHKUIE Uit JITHROTO (2.14) Ta
3uMoBOro (2.15) mepioaiB poky.

Po3pobnenHs maTeMaTH4HOI MOJIEl TEMI000MIHY B MPHUMIIICHHI
nTaxo(epMu y 3MMKY:

QTAl +Qt _Qv _QW +QTA =0 (2.18)

Po3pobnenHs maTeMaTH4HOI MOJIEl TEMI000OMIHY B MPHUMINICHHI
nraxo(epmu y JIITHIN nepiof poKy:

Qru+Q—-Q-Q,—Qy =0 (2.19)

B nunamiyHOMYy pexkumi, KOJau Oyne 3MIHIOBATHCS TeMIleparypa y

OPUMILIEHH] tp B 3aJE€KHOCTI BiA 30ypeHb, HAIPHUKIAT 30BHILIHBOTO

YUHHUKA, TEMIIEpaTypy HABKOJIHUIIIHHOTO CEpeloBHUINA t;, B MPUMIIICHHI
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Oyze 3MiIHIOBAaTUCh KUTBKICTh Teria Qp 1 piBHSIHHS (2.27) mepeTBOPUTHCS B

PIBHSIHHSI TMHAMIKH TIPOIIECY:

Q,=Q; +Q —-Q,—-Q, +Qy,. (2.20)

st crBopennst moneni B cuctemi MATLAB Simulink mpuBememo
PIBHSIHHS JIMHAMIKH TIpoliecy TeriooOminy o Buay Komrl 1 3amuiiemo

fioro y gopmi:

L _ P
dr T, (KF,+K,)-T, T, (2.21)

Qa1 — Qv
QTA . @
_ \

Qt w

dtp _ tz + Qd +Qt t

Puc. 2.30. Cxema TerioBUX MOTOKIB HA MTaxodepmi

[locTiiiHa wacy 3MiHM BOJIOTM B TOBITp1 npumimieHHs T  Oyne
JIOPIBHIOBAaTH 4Yacy HEOOXITHOMY JUIsl BCTAHOBJIEHHS 3aJaHOTO 3HAYEHHS
BOJIOTOBMICTY B  MNPUMIIIEHH], KOJM UIBUAKICTH 3MIHU  BOJIOTH
JopiBHIOBaTUME modvartkoBid. Ileil mapamerp Oyae 3aiexaTu BIJ
akymymorodoi 3natnocti TOY, 00’emy npumitneHus: ¢epmu. [loznaunmo
nocTiitHy yacy HarpiBanns TOYVY, c:

T= Voo
(KFp +vapCp)

(2.22)

ne: Vp — 06’ em npumitenns Gpepmu, M3, F, — muioma nmosepxwi crin i creni

depmu, M?, p, — IycTMHA HOBITPs, KI/M3;, ¢, — TEIIOEMHICTH MOBITpS,

83



Jx/(xr Tpan); K — cepenne 3nadeHHs KoedirieHTa Teruionepeaadi CTiH 1

. . 2 . . . .
cTeni mpuMiieHHs depmu, BT/(M rpan); N — KIIBKICTh TBapUH Ha depMi,
MT.;  — CepeaHE TeIIOBUAUICHHS TBapuuu, Jk, V, - MBHIKICTH
T0/IaBaHHs BEHTHIALIIHOrO MOBITps, M/c.

CxiazieMo mapamMeTpuyHy CXeMy MaTeMaTH4YHOi MOoJeni (IUB. pHC.

2.39).

t; l l d; 30ypeHHs
Qra <+
Ve —»
Fo —>

K — Iaxo- —> b

b —>» depma

Bxoan P Buxoau
p —>
Qt —> — T
Wi ——
n —ypl
dpo —»
Qw T Jii xepyBaHHs

Puc. 2.31. [lapameTpuuHa cxeMa MaTeMaTHYHOI MOJENI CHCTEMH

BEHTWJIALIT Ta OMAJICHHS Ha nTaxodepmi

Bu3HauuTH MOTYXHICTh OMNAJIIOBaJIbHOIO MPUCTPOIO, HEOOX1ITHOTO
JUTSL IITPUMAHHS 337]aHO0i TeMIlepaTypy B MPUMILIEHHI, a TAKOX MOCTIHHY
yacy HarpiBa"Hs naHoro TOY, peanbHuil yac JTOCATHEHHS TEMIIEpaTypH B
NPUMIILICHH], a TaKO0X, HACKUIbKUA 301JIbIIAThCS TEIJIOBI BUTpPATH Ha
HarpiBaHHs MPUMIILLIEHHS, SIKII0 TEMIEpaTypa Ha BYJUIl 3MEHIIUTHCSA Ha 5

rpaayciB.
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Po3pobneno marematwdHy MOJEIh IMATPUMAHHS BOJIOTICTHOTO

peXUMY B NTAIIHUKAX Y JITHIM Ta 3MMOBUH MEPIOJIU POKY 3a JOMOMOTOIO

cucremu MATLAB Simulink.

1] Rempear

™

@

wilnga

Puc. 2.32. Cxema imiTariiHoi MoJeJl TEIIOOOMIHY 1 BEHTHIISIIIT

TOY «nranHrka» B 3MMOBUH miepiof poky B O6mokax Simulink MATLAB

JocnimkeHHs: o MOJei MoKa3aiu, 0 MOCTIHA Yacy HarpiBaHHS

TOY cxmage T = 344, 8 ¢ (puc. 2.32). IIpoayKTUBHICTH CHUCTEMHU

BEHTWJIALIT gopiBHIOE 8,8 M%/c, a BUTpaTd TeIUla Ha HarpiBaHHS
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BEHTWISILIIMHOTO TOBITps 1opiBHIOOTH 383,5 kBT. 3arampHi BUTpatu
TeIia, K1 MOTPiOH1 aJia HarpiBaHHs npuMimieHHs 3 -20 go +17 °C (puc.
2.2) nopiBHIOIOTE 395 kBT. PeanpHo cucTteMa cTabuTi3yeThCs 3a Mepion
4500 — 5000 cexynna. Ilpu moHMXKEHHI 30BHINIHBOI TeMIIEpaTypH MOBITPS
Ha 5 rpanyciB 3 -20 g0 -25 °C HeoOXiaHO 301IbIUTH BUTpaTH 3 395 KBT 10

463 kBT TeroBoi eneprii.

@

S ==
Productd - e
x k]
[]
Li]

emper

=]

1
1]
H
TS
E

0

1154

™

Puc. 2.33. Cxema iMITaIIMHOT MOJI€/1 BEHTHIIALIT ITAIHUKA B JIITHIN

nepion poky B 6sokax Simulink MATLAB
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[Ipu 3MiH1 BOJIIOTOBMICTY 30BHIIIHBOTO MOBITPs 3 0,9 /KT 10 2 T/KT
notpibHO 36inbImMTH BUTpaTH TOBiTPE 3 8,8 MYc  mo 9,2 M.
MojenoBaHHs MOKa3aio,

cranoBuTh 70% (puc. 2.34).

0 BIIHOCHA BOJIOTICTh B MPHUMIIICHHI

JlocnikeHHsT o0 MOJIeNl MoKa3ajiu, [0 MOCTiiHAa yacy HarpiBaHHS
TOY cxmane T = 1184 c (puc. 2.33). IIpoAyKTHUBHICTH CHUCTEMH
BeHTW AL Vy BUpaKEeHA anpoKCUMaliifHO QyHKI€e (2.1) 1 CTAHOBUTH
Bix 36 tuc. 1o 170 tuc. m¥ron. PeansHo cucreMa imiTaniiiHoi mojeni y
JITHIN TIepioA poKy cTabimizyeThes mo Temmepatypi 10 2000 cexyHn, a 1mo

BoJsiorocti 3a nepioa 4500 — 5000 cexyna. BigHOoCHA BOJIOTICTH CTAHOBUTH

60% (puc. 2.35).

i
e

)

gl
i

Time offset. O

1000

2EPLH AEE O A& &

4000 B000

r- dpl

=@ = N

Time offset: O

1000

SBE PP ARRB B2AF

4000 R000

a

0

Puc. 2.34. Po3rinHa KpuBa 3MiHH TemIepaTypH (a) i BOJIOTOBMICTY
(0) B mpuMillieHH] NTAlIHWKA B 3UMOBUH MEPIOJl POKY, sIKa OTPHMaHa IO

nmaaux moaeimi MATLAB Simulink
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) =8 % [ = | B [
SGH[PLL HAEE P A ~

1000 1000

a 0
Puc. 2.35. Po3riHHa KpuBa 3MiHM TeMIlepaTypu (a) 1 BOJIOTOBMICTY
(0) B mpuMillleHHI NTalTHUKA B JITHIA TEpioJ] pOKy, sIKa OTPMMaHa IO

nmaaux moueiai MATLAB Simulink

3anpornoHoBaHa ~ eHeprosdepiraroya  BEHTWIALIHA  cucTema
nependayae  BUKOPHUCTAHHS  TEIUIOOOMIHHMKIB-PEKYIEpAaTOpIB IS
OXOJIOJIKEHHS MPUIUIMBHOIO TOBITPS BOJOIO MiJ3€MHHUX CBEpPJIOBUH. B
po0OOTI IPOIOHYETHCS HOBA KOHCTPYKITIS TAKOTO TEIUIOOOMIHHHKA, SIKa MA€
CYTT€EBI  MepeBard  MOPIBHSHO 3  ICHYIOUMMHM  KOHCTPYKUISAMH
TEMJI00OMIHHUKIB. TOMYy BaXJIMBUM € TIPOBEICHHS KOMII IOTEPHOTO
MOJICTIOBaHHSI MPOLECIB  TIIPOJAMHAMIKM 1 TEIJIO MEPEHOCY B KaHaiax
UpOoro TerooOMiHHMKa. lle macTh 3Mory BHOpaTH ONTUMAJbHY

KOHCTPYKIIIIO IIPU BUTOTOBJICHH] TaKUX TEIJIOOOMIHHHUKIB.

B pe3ynbTaTi BUKOHaHUX AOCTIHKEHb MOKHA 3pOOUTH HACTYITHI
BHCHOBKH:

1. 3anponoHOBaHO HOBUU eHepro3oepirarouuii
CJICKTPOTEXHIYHUM  KOMIUIEKC Il  MATPUMAHHA  ONTHMAJIBHOTO
MIKPOKJIIMATy Ta pO3pO0JICHO HOBUM CIOCIO OXOJIOKEHHS MPUILIMBHOTO

MOBITPS MTaXiBHUYUX MPHUMIIIEHb B JITHIN MEPioa POKY — BUKOPUCTAHHS
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BOAM IIJI3EMHUX CBEPJUIOBHH 3 BHUKOPHUCTAHHSAM TEIMJIOOOMIHHUKIB-
peKyrepaTopiB il OXOJOJUKEHHS 30BHIIIHbOro moBiTpsa. Lle nae
MOJKJIMBICTh 3HM)KYBAaTH TeMIIEpaTypy MOBITpsA B NTAIHUKY 10 +16 — +20
OC me miBHIYI0UHM HOTO BiTHOCHY BOJIOTICTb.

2. Jlns cucremMu aBTOMATH3allli YIPaBIIHHSA MIKPOKIIMATOM
NTaxiBHUYOTO TMpUMIIIEHHS o00paHo craHiio kepyBanHs TCYS5 Ta
BOJIOHAMIPHOT CBEPIOBUHU. OOIPYHTOBAHO MOXJIMBOCTI KEpyBaHHSA Ta
TEXHIYHI XapaKTEPUCTHKH, OIMUCAHO (PYHKIIOHAIbHY CXEMy Ta CXEMH
CUCTEM PETyJIIOBaHHA, KEPYBaHHA 1 CUTHAI3allli.

3. Po3pobiena MaremaTuyHa MOJENIb MPOIECIB  TEIIo- 1
MacoONEpPeHOCY BEHTWIALIMHOIO TMOBITPS B MNTAXIBHUUOMY HPHUMIIICHHI
BUKOpHUCTOBYIOUM piBHAHHS HaB'e-CToKCa, piBHSHHS €HEprii Ta BiANOBIAHI
IpaHUYHI YMOBH.

4, [IpoBeneHO uMcelbHE MaTeMaTUYHE MOJICTIOBAHHS IPOIIECIB
TEIJIO- 1 MAacOMepPeHOCY BEHTUJISILIMHOTO TIOBITPS B  NTaxXIBHUYUX
OPUMILIEHHSX 3 BUKOPHUCTaHHSAM 1 0€3 BUKOPUCTAaHHS HOBOI CHCTEMH
OXOJIO/DKCHHSI TPUILTMBHOTO TMOBITPSA. BHUKOPUCTOBYIOYM TMpOrpamHe
3abe3reueHHs CAIIP ANSYS Fluent orpumanHo ™oyl IIBHIKOCTEH,
TEMIIepaTyp 1 TUCKIB B MPUMILIEHH] NTAIIHUKA. B pe3ynbTari yncenbHuX
JOCITIKEHb BHOpaHI ONTHMAJIbHI PEKUMU BEHTHJIAIII B NTaxX1BHUYHX
NPUMILICHHSX.

5. [IpoBeneHo iMmiTalliiiHe MaTeMaTUYHE MOJEIIOBAHHS CUCTEMHU
MIKpOKJIIMATy B NTAIlHUKAX Yy JITHI Ta 3UMOBMH MeEpioJ POKy 3a
nonoMororo cucremu MATLAB Simulink. 3Halineno, mo HeoOXI1IHUH
MOBITPOOOMIH Ta OMAaJCHHS CUCTEMHU B 3MMOBHM 4ac CTaOUTI3YeThCS 3a
nepion Big 2000 mo 5000 cexkynn. BigHocHa BOJOTICTE TPHU IOMY
ctaHoBUTH 60 %. B nmiTHIN mepioa cuctema cTabUTI3YEThCS 3a MEpioj A0

1000 cexyna. BigHocHa BOJIOTICTh MPU IIbOMY CTaHOBUTH 70 %.
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PO3JILI 3

EKCHHEPUMEHTAJIBHE JOCJIIKEHHSA
EHEPITOE®EKTUBHOI CUCTEMM HNIITPUMAHHSI
MIKPOKJIIMATY B ITAIIIHUKAX 3 BUKOPUCTAHHAM
BO/JU INIIBEMHUX CBEPJIOBUH

B VkpaiHi Ta 3a KOpAOHOM HaOy/lIHM aKTyaJbHOCTI PO3pOOKAa HOBHUX
BJIOCKOHAJICHHX CHCTEM €HEepro30epeKeHHs Ta CTBOPEHHS ONTHMAaTbHOTO
MIKPOKJIIMATY y (pepMEepChKUX MPUMIIIEHHAX 1, 30KpeMa, 3 BUKOPUCTAHHS
PI3HHUX HOCIIB TEIJIOBOI €HEPrii, ajie K CI0C10 0XOJIOIKEHHS MPUILITMBHOTO
HOBITPS 13  3aCTOCYBaHHSAM  BOAM  MIJ36€MHHUX  CBEPIJIOBMH  Ta
TEIUIOOOMIHHUX  amapaTiB ISl OXOJIO/)KEHHS TOBITpss He  OyIo
3anmponoHoBaHo. lleld HampsMOK € MEepCHeKTMBHUM B raiysi
arporpoMHCIIOBOIO KOMIUIEKCY, SIKHUW J1a€ MOXKJIMBICTh OXOJIOJKYBAaTH
NOBITPS. B JITHIM Mepiof] poKy Ta MIATPUMYBATH HEOOXITHI MapameTpu
ONTUMAJIBHOTO MIKPOKJIIMATy MNTAaXIBHUYOrOo NpuMinieHHs. B nanomy
pPO3IiJI  TPOBEACHE  CKCIIEpUMEHTaJIbHE  JIOCTIDKEHHS  ITPOIICCIB

OXOJIOJIPKEHHS TIOBITPS BOJIOIO IMiI3€MHHUX CBEP/IJIOBUH.

3.1. ExkcnepuMeHTajlbHa YyCTAaHOBKA JIJIsl  OXOJIOJ:KEHHS

NPUILIMBHOTO MOBITPSI NTAIIHUKA

3araJibHUM BUIJIS]] €KCIEPUMEHTAbHOI YCTAHOBKM Ta 1l cXema
npexacrasiedi Ha puc. 3.1 1 3.2. B skocTi pobouoro cepenoBuiia
BUKOPUCTOBYBAJIOCh HAarpite TMOBITPS, SIK€ OXOJOKYBAJIOCh BOJOKO.

ExcnepuMeHTanabHa yCTaHOBKA MPAIlO€ HACTYMHUM 4YMHOM. [1oBiTps, sike
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3HAXOAUTHCS B JabopaTopii, HAAXOAWTh B YCTAHOBKY 3a JOTIOMOTOO
BiiieHTpoBoro BeHTwiIATOpa 1 BO06-300Ne3,15. KiunbkicTh 00epTiB
enekTpoaBuryna AUP63A2Y?2 BeHTHIIATOpA PEryIr0BaIOCh 3a JOIIOMOTOFO
yactoTHoro neperBoproBava 11 tuny 3GJX-A4075-TF. B TermiooOMiHHUM
anapat 3, nepes sikuM BctaHoBieHo TEHwU 2, mo HarpiBaioTh MoBiTps 10

3a3HAYEHOI TeMIIepaTypu.

Puc. 3.1. 3aranbHuii BUTJIS] MOJIEPHI30BAHOTO €JIEKTPOTEXHIYHOTO

KOMIUJICKCY JJIsA HiI[TpI/IMaHHﬂ HOPMOBAHOI'O MiI(pOKJ'IiMaTy IITalrHUKa
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Puc. 3.2. Tenno-rigpaBiiyHa cxemMa €KCIIEPUMEHTAIBLHOI YCTaHOBKHU

MOJIEPHI30BAaHOTO  €JIEKTPOTEXHIYHOIO KOMIUIEKCY: 1 — BEHTWIATOp,
2 — TEHu, 3 - TtemiooOMiHHUK-peKynepatop, 4 — BEHTUIIb,
S5 — mUpKyIAUidHMM Hacoc, 6 — HakdaaHI JaTYUKU TEMIIEpaTypH,
7 — wmaHomerp, 8 — TpyOka Ilito-Ilpanatna, 9 — BuTparomip,
10 - mepconanmpHuii kKoMmm'ioTep, 1l — dacToTHUN TEpeTBOpIOBaY,

12 — BukoHaBYMi MexaHi3M, 13 — anemometp, 14 — nudpoBuii TEpMOMETP.

[Toryxnicte TEHiB cranoBute 9 kBt. IloBitps HagxoawTh B
MDKTPYOHUI MPOCTIp My4YKa, /1€ BiIOYBAETHCS TEIUIOOOMIH 3 BOJIOIO, SIKA €
oxoyiopkyBaueM. Ha Bxomi Ta BHXOAI 3 TEIJIOOOMIHHOTO arapary
BcraHoBleHl TpyOku Ilito-Ilpannrns 8 3 mikpomanomerpamu MMH-
2400(5)-(1) m1s BU3HAYCHHS CTATUYHOIO Ta JUHAMIYHOIO THCKIB, a TAKOXK
anemomeTp 13 tumy JT-816 st BU3HAUEHHS MIBHIKOCTI MOTOKY TOBITPSL.
B cBoro depry, B TEmIOOOMIHHMI amapaT IMOCTyIae XOJIoAHA BojAa 13
CHUCTEMHM, Ha BXOJ1 Ta Ha BUXOJI SKOI CTOSTh BEHTWI 4 Ta MaHOMETpH 7.

301IbIIEHHS MacOBOi KIJIBKOCTI BOJAM 3a0€3Ie4yBajoCh LUPKYJIALIHHUM
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HacocoMm 5 mapku SPRUT 25-8S. IIpoxoasun dyepe3 KOJEKTOPU Ta CEKIIii
TpYOHOIO Iy4Ka BOJIa IOCTYIIOBO HATPIBAETHCA 1 IOCTYNA€E y BUTpATOMIp 9
Ta MOJAETHCA Ha3ald y cucteMy. Jlatunku temnepatypu 6 mapku DS18B20
YCTAHOBJICHI TakK $K IOKa3aHo Ha puc. 3.3 Ta puc. 3.4. Iloka3HukH
TEMIEpaTyp 3 AATYUKIB 3HIMAJIOCh 3a Jomnomorow 14 nudposoro USB
tepmomerpa MP707. PerymoBanuss Harpisy TEHiB BigOyBajoch 3a
JIOTIOMOT'OI0  JTOJIATKOBOTO 2-X KAHAJbHOTO BHMKOHABYOIO MpPHUCTporo 12

(tepmoctaTta) MP2211.

o | nEEmIEmaEm |
S BEG T e

Puc. 3.3. CxemaTuuHe poO3TalllyBaHHS JaTYUKIB TEMIIEpaTypu B

TpyOHOMY IMYyYKYy Ta Ha 30BHILIHIN CTIHI TEMJIOOOMIHHOTO anapara

Jatuuku Temmeparypu 3 HyMmepamiero Big 1 g0 13 3HaXoasThbCs
BCEpEANHI TEIIOOOMIHHOIO amapara 1 po3ramoBaHi Ha BucoTi 100 mm.
Hatunku  14-16  posramioBaHi Ha  30BHINIHIA ~ CTOPOHI  CTIHKHU
TEIUIOOOMIHHUKA JJIsi BU3HAUCHHS BTpatu TemioTu. Jlatuumku 17 Tta 18
PO3TaIlIOBaHI Ha BXOJ1 Ta BUXOJI TEIJIOOOMIHHOTO amapara BiAMOBiTHO.
Hatuuku 19 1 22 noka3yioTh TeMIepaTypy BOJAU Ha BXOJl Ta Buxoxi 3 TA.
HNatunkum Temmnepatypu 20 1 21 posramoBaHl Bcepeauni TA, ne
BiJI0YBAETHCS 3MIIITYBaHHS BOJIH, IO HAJIXOJIUTh 3 CEKIliil TPyOHOTO TyuKa,

MDXK NEPIIUM Ta JPYTUM, a TAKOXK JPYTUM 1 TPETIM KOJIEKTOPOM.
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Puc. 3.4. CxemaTuyHe po3TalllyBaHHS JAaTYMKIB TEMIIEpAaTypu B

MIONIePEYHOMY PO3pi3i TEIJIO0OMIHHOTO arapary

[IpyHLMIIOBA €JIEKTPUYHA CXEMa EKCIEPHUMEHTAJIbHOI YCTAHOBKHU
Ipe/cTaBlieHa Ha puc. 3.9.

JKuBneHHst UIsi €NMEKTPOJBUTYHA BEHTWIsSITOpa M2 HAAXOAWTH 13
Mepexi 380 B uyepes aBromatmunuii Bumukad QF1 Ta wacroTHui
neperBoproBad  (UII) skuii mpu3HAYEHUH IS PEryJIrOBaHHS YaCTOTH
o0epTiB Bana enekrpojaBuryHa. L{upkynsiiiitauii Hacoc M1 xuBuThCS 13
Mepexi 220 B, sikuit BktouaeTbesi aBTomaTuaHUM BuMukadeM QF2. TEHu

Rren migkmrouaroteest uepes QF3-5 Ta karymku pene Rell-3, sxi B cBoro
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Yepry BKJIIOYAKOTHCS 3a JOMOMOIOK BUKOHABYOIO MPUCTPOIO (TEPMOCTATA)
MP2211 BigHOCHO IMOKa3iB AaTdyuka Temieparypu DS1 skuil 3HaxoauThCs
Ha BXO/Il, [0 TIOTOKY, B ycTaHOBKY. [lokasu TemnepaTtypu 3 natunkis DS1-
22 3HiMaroThes 3a gonomororo nudposoro USB tepmomerpa MP707. Bei
pe3yabTaTH BUMIPIB BUBOJATHCS HA MOHITOP MEPCOHAIBLHOTO KOMIT'IOTEpa
1K B rpadiunoMy 1 TabnuyHOMY BUTIISAI. JKUBIEHHS HAAXOAUTH 3 MEPEXKi
220 B gepe3 QF6, nonmxyrouunii Tpancopmarop Trl ta unpsmissu UZ.
Ha puc. 3.5 cxemMatnuHoO 300pak€HU 3arajibHUNA BUTJISA, @ HA PUC.
3.6 TonepevHniA po3pi3 3aMPONOHOBAHOTO TEIIOOOMIHHOTO anapary, sSIKAi

BHKOPHUCTAHO B GKCHepI/IMGHTaJIBHiﬁ YCTaHOBIIi.

??? N ABC
aF1
\ aFe
o3 | | | ons LN
| \QFS Trt
QF2 ™
N RTe”[HH =
I &

Uz
= MP 707 [> I
& M) | B m @
b HEN
MP2211

||

123 4 56

\ — | pst
5 | .——|ps22

Puc 3.5. IlpunHnumnoBa ejeKTpUYHA CXeMa EKCIePUMEHTAIbHOT

YCTaHOBKU
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Ha puc. 3.6 mpexncraBieHa ojHa 13 MOXIUBUX KOHQIryparlii
TpyOHOTrO My4Ka, y SIKOTO TPYOKH B My4Ky | JOTHKaIOThCS MiXK COOOIO0 Ta
3MIIIEH] MO0 OCl OpJMHAT Ha BIJACTaHb MOJOBHUHY JiaMeTpa, YTBOPIOIOTH
KPUBOJIIHINHUN KaHall. TerutooOMiHHUM amapaT CKJIaJaeThCcsl 3 OOKOBUX 5
Ta BEPXHIX CTIHOK 4 13 3aKpIIUICHUMH B HhOMY TPYOHUMH JOIITKaMu 2 (puc.
3.6), € TpyOKH 13 30BHIMHIM IiameTpoM 10 MM, TOBIIMHA CTIHOK 1 MM, B
KiIbKOCTi 150 1T, 1m0 cKiIagaroTh TpH TpyOHUX myuku 1 (mamB. puc. 3.6).
Bucora tpy6ok 200 MmM. KosxeH psa TpyOOK B mydKky 1 Ma€e TEXHOIOTTUHHIMA
3a30p (puc. 3.6, puc. 3.4), U0 OIIUTH PAI HAa TPU YACTHHH, TaK SK
TEIJIOOOMIHHUN amnapaT TPhOXKOHTYPHHUH MO OXOJOKYBAJIbHIN piauHI 1
Ma€ TEePeropoAky 3 y BEPXHbOMY Ta HW)KHBOMY Koiiektopi (puc. 3.6),
Bucora skoi 50 mM. IligBemeHHs Ta BIABEICHHS OXOJIOMHKYHOYOI PiauHU
3M1MCHIOETRCS uepe3 Quianenb 7 Ta Tpyoky 6 (puc. 3.6). Kopnyc sBusie

co00I0 CYIUIbHY KOPCTKY KOHCTPYKI[IIO Ta 3 TOPIIB 3aKPUTHI KyTHUKAMU

8T1ao.

g
|

)

oococoolofo

00 00O0O0OO0O0

Puc. 3.6. 3aranpHuil BUTIIAA KOKYXOTPYOHOTO TETNIOOOMIHHHUKA
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A-A

7

Puc. 3.7. Po3pi3 Ko)KyXOTpyOHOTO TEIIIO0OMIHHUKA B mepepisi A-A

3.2. TlopiBHSHHS Ppe3yJbTaTiB PO3PAXyHKIB MATEeMAaTHYHOIO

MOACJITIOBAHHA Ta CKCIEPUMEHTAJTbHUX JaHUX

BukopucTOBYIOUM  €KCIIEPUMEHTAIIBHY  YCTAaHOBKY  IPOBEJICHI
EKCIIEPUMEHTAJIbHI JTOCIIIKEHHS MPOIIECIB OXOJIOKEHHS MOBITPs Ha 0asi
CJIEKTPOTEXHIYHOTO KOMIUIEKCY B MNTaxiBHHUOMY mpuMinieHHi [32] 3
BUKOPHUCTAHHSIM TETUI000OMIHHUKA-PEKyTIepaTopa [33], KU
BCTAHOBIIIOETHCA B CHUCTEMI TYHEJIbHOI BEHTHJIALII Ta MPU3HAYCHHUM IS
NIATPUMAaHHS ONTHUMAJIBHOTO MIKPOKIIIMATY Y MTAIIHUKY.

[Ipn mpoBeneHHI EKCIEPUMEHTAIbHUX JOCTIIKEHb TMOBITPS, SIKE
HAJXOJUTh B YCTAHOBKY MijirpiBasocs 3a gonomoroto TEHiB, enexkrpruuHa
MOTYXHICTh SIKUX MIHsJIach B giama3oHi Big 1 mo 9 xBt, temmeparypa
MPUIUTMBHOTO TIOBITPS HA BXOJ1 BIAMOBIMHO piBHa +27, +32 Ta +41 °C,
BXIJIHA IIBUJIKICTh MOBITPSl MiHsJIACh B Aiana3oHi BignoBigHo 9,25, 11,1 ta
12,85 wm/c. OnmHOYacHO, B TEIJIOOOMIHHUM amapaTr IS OXOJOIKCHHS

MPUIUIMBHOTO TOBITPSI, HAIXOAUJIA BOJA 3 TEMIIEPATypOr0 B Mexax Bij +12
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no +13 °C i3 Burparoro Bigmosimao 40, 45 ta 50 1/xB. Bci pesynbraTn
MIPOBEJICHUX EKCIIEPUMEHTIB HaBeIeH1 B Tao. 3.1,

Butpara Boau Ta MIBUAKICTH MOBITPSI HAa BXOA1 B TEIUIOOOMIHHUK Ta
ix temmneparypu € cramumu (momatok JK). IIpu 3MiHI 9acTOTH CTpymy
eJieKTpoBUryHa BeHtuisitopa Bi S0 g0 40 I'p 3MiHIOETBCS MIBUIKICTD
MOBITPS Ha BXOJ1 B TeriooOMiHHUK Big 9 mo 13 m/c. [ani temmneparypu
MOBITPS 3aHECEHI B TMOPIBHSIBHI Tpadiku 3 TEMIIEpaTyporo IMOBITPsS Ha
Bx0oi Omm3bko +41 °C, Butpatu Boam 53 1/XB., TeMriepaTypi Boau +12 °C
Ta 3MIHHIA MIBHJIKOCTI MOBITPS Ha BXOJl, sIKa IMpUAMaja BIiJIMOBIIHO
sHauennsg 9,25, 11,1 ta 12, 85 m/c.

Hns  Bepudikamii pe3yabTaTiB  MaTeMaTUYHOTO MOJCITIOBAHHS
TETII000MIHHOTO anapary [37] 6yJ10 mpoBeCHO CITIBCTABICHHS OTPUMAaHUX
YUCEJIbHUX PE3YJIbTaTIB 3 PE3YJIbTATAMH €KCIIEPUMEHTAIBHUX JOCI1KEHb,
K1 BUIUICHI 1HIIMM KoJbopoM. Lle crmiBcTaBieHHs1 HaBeneHO Ha puc. 3.8 —
3.12, a Takox mpeacTaBieHi B Tabmum 3.1.

Ha puc. 3.8 moxkazano 3anexHicte uncia Hyccenbra Bing uwmcia
Peitnonpnca. Sk Bumno 3 puc. 3.8, 3HaueHHs yucia Hyccenpra 3pocTtae
npu 30UTbIIeHHI uuciaa PeitHonbaca, TakKMM YHMHOM B JIOCIIIKYBaHUX
KaHaJIaXx JOCATAE€ThCs 30IbIIEHHS KoedilieHTa TemmoBigaaydi (puc. 3.9) Ha

MOBEpXHi my4ka Tpyo 10 33 %.

Puc. 3.8. 3anexuicts unciaa Hyccenbra Ha moBepxHi TpyOHOTO

nmy4ka Bijg uncia PeitHonbaca
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330
320

310
300

290

280
270

260
250

240
230

220

KoediuieHT Tennosignayi, Br/m2+C

Yucno PeiHonbAaca

12000 13000 14000 15000 16000 17000 18000 19000

—e— EKCIMNEPUMEHT
—s— MOJOENOBAHHA

Puc. 3.9. 3anexnicte KoedillieHTa TEIUIOBIAa4l Ha TMOBEPXHI

TpyOHOTO IyuKa BiJ] uncia PeliHonbaca

Ha puc. 3.10 naBeaeHo rpadiku siKi MOKa3ylOTh 3MiHY KUIBKOCTI

TEIUIOTH TMepefaHoi BiA TOBITpS A0 Boau. CymapHa Temiora, ska

MEePEAETHCS BiJI TapsSdoro TEIIOHOCIS O XOJOJHOTO B 3aJIEKHOCTI Bijl

MacOBOT'0 PO3XOJy MOBITPS HA BXO1 B TEIJIOOOMIHHUK.

KinbkicTb Tennotu nepepaHoi Big noBiTpA
Ao Boau, Br

5500

5300
P

5100

4700

4500 g —e— EKCMEPVMEHT
P —=— MOJE/TIOBAHHS

4300 — <

4100 ——

3900 +—F

)z
3700
3500 ; ; ;
0,17 0,19 0,21 0,23 0,25

MacoBa BuTpaTa Ha Bxofi B TeNNOOO6MiHHUK,

Kric

Puc. 3.10. 3anexHicTh KUIBKOCTI MEpeAaHoi TEIUIOTH BiJ MacoOBOi

BHUTPATH HA BXO/JIl B TETIIOOOMIHHHUK
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[Tepeman THCKIB Ha BXOJIi Ta BHXOJII 3 TeriooOMiHHUKa (puc. 3.11)
30UTBIIY€EThCST 10 2-X pa3. [Ipy nboMy 301IbIIIEHHS TUCKY CTAHOBHUTH JIUIIIC

Ha 3,5 kl]a.

7500

7000 j
6500 /
6000

5500 /T/ —e— EKCMEPUMEHT
5000 —s— MO[ENIOBAHHS]
4500 /
4000 /

3500 /

3000 T T T
0,17 0,19 0,21 0,23 0,25

MacoBa BuTpaTa Ha Bxofji B TeNfOO6MiHHUK,
Kric

Mepenap TuckiB Ha BxoAi Ta BUXoAi
TennoobMmiHHUKa, Ma

Puc. 3.11. 3anexHicTh MaJiHHS TUCKY BiJl MACOBOI BUTPATH HA BXOJI1

B TEILTOOOMIHHHK

be3po3mipHi 3HAaUCHHS TeMIepaTypy Ha BXOJIl Ta BUXO/Il 3 KaHAIY 3
PI3HOI0 MacOBOIO BHUTPATOIO MOBITPsS HaBeAeHi Ha puc. 3.12. Sk BuTikae 3
pUCYHKa, TP KOMM'IOTEPHOMY MaTeMaTHYHOMY MOJIENIOBaHHI OTpHUMaHa
rpadivHa 3aneXHICTh OJU3bKa 70 JIHINHOI, ajie eKCIIepuMEHTalbHa KpUBa

Ju1st 0€3pO3MIPHOI TEMIIEpaTypy Ma€e HEMHIMHUI XapakTep.
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2,12

2,1

2,08

2,06

2,04

2,02

Temnepatypa TBx/TBux, C

1,98

—

0,17

0,19

MacoBa BuTpaTa Ha BxoAi B TeNSI006MiHHUK,

0,21

Kric

0,23

—e— EKCMNEPUMEHT
—a— MOJENOBAHHA

0,25

Puc. 3.12. 3amexHicTh 0€3p03MipHOI TeMmIepaTypu TOBITPS Ha

BHUXO/I1 B/l MAaCOBO1 BUTPATH HA BXOJ1 B TEIJIOOOMIHHUK

Tabnuus 3.1

IMopiBHsJIbHA Ta0AMUA Pe3yJIbTATIB YUCEJIbHOI0 MOACIHOBAHHS

Ta EKCIICPUMCHTAJIbHUX IlOCJIiIDKeHb.

m 2 g =t g "
g | S| ¢ = |22 5| .| 9E 4
So| ER| EEI_E | =3 = £ Ll 8 K
A9 B Ee|Eg | By 2| 2| £|E

s g =g 5 2|2 & s E S g m| = 8

TE|OEE A | E Loz = S 2 5

[Tapamerpu S E| 8k s < |53 | '§E S > E=1 - -

=.E = .E el = A~ an £ sl E 3

S22 §2| EE|atdEg = = | 8 B 552

a'e a'e =318y E & B, 3 | BHZl s o9

o 9 o 9 H |8 s == g g 2ml e g9

2 9 2 9 Q28X 4 EE o o 29|35 & ¢

55| 85| §3|58958¢8 & | A |255%5

=2 FEE| BEIEBE D m < N S =
c 41,30 | 20,43 | 2,0215 | 5168 | 800 | 18150 | 111,3 | 307 | 6933
Kcnoegfi‘M;g;g’He 41,50 | 20,43 | 2,0313 | 4507 | 680 | 15450 | 94,00 | 260 | 5340
Ao 4046 | 19,38 | 2,0877 | 3758 | 565 | 12880 | 83,70 | 231 | 3467
u 40,00 | 20,10 | 1,9901 | 5000 | 800 | 18150 | 110,8 | 306 | 7042
o 2;21;:;;[ 40,00 | 19,70 | 2,0305 | 4343 | 680 | 15450 | 93,10 | 257 | 5421
A 40,00 | 19,32 | 2,0704 | 3687 | 565 | 12880 | 82,60 | 228 | 3539
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3.3. Po3podka HelipoindopmanmiiHOi cHCTeMH KepyBaHHA

eJIeKTpOTeXHi‘IHI/IM KOMIIJVICKCOM IITAallTHUKA

3a jgonomoror BukopucraHHs anroputmy Cyreno [139, 150]
JIO3BOJIIE HAM CTBOPUTHU HeupoiHdopmaliiny cucremy. IloOynoBa
cuctemu MipkyBanb (puc. 3.13) BimOyBaeThcsi Ha OCHOBI aJTOPUTMY

HEYITKOTO JIOTIYHOTO BUCHOBKY.

[ ]
[ ]
Daza 3HAHL '
Daza Daza ' BHXI
[ ]
tITox JaHHE IpAEHT BIIoK :
thazmdizanii Zedazndiranii]

1 [

DIIOK [IpHEHATTA
pIMIEHE

L L L T T L L

Puc. 3.13. Heiipoindonmariitna cucrema

Cucrema  HEYITKMX  MIPKyBaHb  CKJIAJalOThCcs 3 I'STH
¢byHKkIioHaTEHUX OJ10KIB [69]:

< 00k (azudikariii, 1110 MEPETBOPIOE YNCENBbHI BXIHI 3HAYCHHS B
CTYIICHI BIATOBIIHOCTI JTIHTBICTUYHUM 3MIHHUM,;

< 0a3a mpaBwi, sKa MICTUTh HAOIp HEUITKUX MPaBWIJI THITY SKIIO-
TO;

< 0a3a JaHux, B sAKiii BU3HAYCHO (YHKI[IT IPUHAJICKHOCTI HEUITKAX
MHO>XHH BUKOPUCTOBYIOTHCS B HEUITKHX TPaBUIIAX;

< OJIOK TpUHHSATTS PINICHb, 3TIACHIOE oOIepallii BUBEICHHS Ha
I1JICTaBl HASBHUX MPABUII;

< Onok gedaszsidikamii TEpeTBOpOE pe3yabTaTH BUBOAY B

4UCEJIbHI 3HAUEHHS.
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Peanizamito cuctemu HeuiTkoro BuBogy CyreHo y BUITISAIL
I’ AITUIIAPOBOT HEHPOHHOI MEpeXKi MPSIMOTO MOIIUPEHHS CUTHANY (pHC.
3.14) BukopucroByemo ANFIS.

[Ipu3HayeHHs MIapiB HACTYIIHE:
HepIINA MIap-TePMHU BXiIHUX 3MIHHUX;
JpYTUH map - aHTeleIeHTH (TIOCUIIKH) HEUITKUX TIPaBUJT,

TPETIH map - HopMasi3allis CTYIeHIB BUKOHAHHSI MPaBUII;

A A A A

YETBEPTUM LIAp - YKIAJACHHS [IPABUIL,
< m'sTuil map - arperyBaHHs pe3yJbTaTy, OTPUMAHOTO 33 Pi3HUMHU

IIpaBUJIaMH.

Puc. 3.14. ANFIS mepexa

ANFIS-mepexa hyHKITIOHYE HACTYITHUM YHHOM.

baza npaBun siBisie co00r0 O€37114 HEUITKUX MPaBUI RX k=1...N

Buy [139]:

R : IF(x, it AX AND x, it AX ... AND x, then AX) Then
(3.1)
(y, it Bf AND vy, it B ... AND vy,, it B¥),

ne: N — KiIbKICTh HEUITKUX ITPaBuUI,

AIJ-(, Blj(- HEYITKI MHOYKUHH.
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[Tpu ckansapHomMy BUrisiai popmyna (3.1) nmpuiimMe BUTIIA:

R¥ : 1F(x, it AX AND x, it AX ... AND x, it AX) Then

(y it BY).

Takum YHNHOM, 0aza IMpaBHuJI CHUCTCMHU HEYITKOTO BHCHOBKY

(3.2)

MPEACTABISIETBCS Y BUTISAAI CYKYITHOCTI HEUITKMX TPEIUKATHUX TPaBHUI
BUTTY:

11;: sxmio X e A, Tomi Y ue By,

11 axmo X e Ay, Tomi Y 1ie Bo,

11, sxmno X e An, Tomi Y 1ie B,

brox npuitHATTSA pimeHHs. s BuU3HAuYeHHA (DYHKIIT HAJIEAKHOCTI

. . k
HEYITKO1 MHOKHHH B™ ckopucTtaemocs Gpopmyioro:

110 =5y, O] i1y ()i (X} (33)

brok ¢asudikarii. 3actocyemo omnepaiiito Tuimy CUHTJIETOH:
1, x=X,

0, X#X (34)

A'(x):{

cynpeMyM B 3.3 I0CATacThCsa IpH 4, (X) =1, npu 0boMy BHpa3 4.3 mpuiimae

BUTJIS;

TROENE) § PR (35)

st 6moky nmedassidikariii 3aCTOCOBYETBCS METOJ| ILIEHTPY Baru

(CoGS, Centre of Gravity for Singletons):

104



, (3.6)

ne: Vk- HEHTP HEYITKOI MHOXHHH BX, To6To Touka B sKiii byHKIIii

. . . k
IMPUHAJIC’)KHOCT1 HCUITKO1 MHOKNHHA B A0CATa€ MaKCUMYMY.

[lincrapnstoun Bupaz 3.5 B piBHAHHA 3.6 1 BpaxoBYyIOUH, IO

MaKCHUMaJIbHE 3HaYCHHSI B TOYIII y" =1, oTpumMyemo:

n

> (T’ ()

y="5— : (3.7)
(I VER)

i=1l =l

3aBepiianbHU eTar - 11e BU3HaYeHHsT PopMU 1 mapameTpiB QyHKIIIH
HaJIEXKHOCTI HEYITKUX MHOXMH A. Hampukman ne moxe Oyt QyHKIIA
I'ayca

_(Xi—iik)2

H (X)) =¢e a (48)

. 7. K .
ne: X; — L€ LIEHTD;
— k . .
0; — mupuHa ['aycoBCKOI KPHUBOI.

O06'ennaeMo Bci npeacTaBieHi eneMeHTH. CKOPUCTAEMOCS BUpa3aMHu

3.3, 34, 3.6 1 3.8 Ta orpumyemMo oamH i3 crmocobOiB peamizartii ANFIS

MEpEexi:
N n (_(Xi*ﬁk)z)
2V (TeC 7 o»
G _ i=1 i=1
y - N ] (_(Xi _Xikk)z) ' (39)
ST )
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Bukopuctanns rpadidHoro intepdeiicy TriOpuIHUX HEUPOHHUX
Mepexx y makeri npuxiaaux nporpam ANFIS Editor (Fuzzy Logic
Toolbox) cucremn MatLAB [122] ctBoproemo  ANFIS-monemni
3a0e3nmeueHHss HeoOxiaHOiI BUTpath Boau B TA nisa 3abe3rneueHHs
HEOOXITHOTO OXOJOJKEHHS TMPUIUIMBHOTO TMOBITPA Yy MNTaxXIBHUYUX
MPUMIIICHHSX.

Ha ocHOBI mnpoBeaeHUX EKCHEPUMEHTAIBHUX JOCHIIKEHb Ta
OTPUMAHOI MaTE€MaTU4YHOI MOJEJ, 1€ KOHTPOJIbHI, TEpEeBIPAJIbHI Ta
HaBuasbHi ndaHi ([Jomatox J[I), BUKOpUCTaeMO Tpu OJOKM AaHUX MJIs

MOACIIFOBAHHA.

<} |Anfis Editor: Untitled E@@

File Edt  View

Training Data (oog) — ANFISInfo.
100

# of inputs: 4

# of outputs: 1
# of input mfs:
3333

# of train data
pairs: 300

a0

Cutput

Structure
&0 100 150 200 250 3op | CeerPial |

data set index
Load data -] Generate FIS Train FIS [ TestFI=
Type: From: Oyptim. Methad:
© T () Load from file hykarid VT
O Testi (=) file () Load from worksp. Error Tolerance: () Training dsta
esting
() Checking () warksp O @it gifie o (3 Testing data

Epochs:
Sub. clustering Checking data
23

50
0

Clear Data | Generate FIS ... | Train Mow: | Test Mow |

train data loaded || [ Help ] [ Close ] |

Puc. 3.15. HanamryBanus ANFIS penaktopa Ha HaBuaiabHy BUOIPKY

EKCIEPUMEHTAIbHUX JAHUX
[Towatox po3podku wmoxaemi ANFIS 3anexHOCTI 30BHINIHBOT

TEeMIIepaTypy TOBITPSI Bl BUTPAT MOBITPS HEOOXIAHOTO JyIs 3a0€3MeYeHHS

HEO0OX1THOTO MIKPOKJIIMATy NTAalTHWKa Ta BUTPAT BOJU JIJIsI OXOJIOMKEHHS
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IPUILTUBHOTO MOBITPSI PO3MOYHEMO 3 3aBaHTAXKCHHS JaHUX EKCIEPUMEHTY

B penakTop Mojeni. BukopucroByemo nani Traning data (puc. 3.15).

—IMPUT

EEX

Mumber of MFs:

3333

To assign a different
number of MFs to each
input, use spaces to
separate these numbers.

MF Type:

trimt
trapmf
ghelmf
gauszmf
gauss2mf

— OUTPUT

lF Type:

constant

linear

CK

Cancel

Puc. 3.16. BikHo Bu3HaueHHs (YHKIIINA HATEKHOCTI

CtpykTypy po3po0sieHOT HEHPOHHOT Mepeski 300pakeHa Ha puC.

3.17.

<) Anfis Model Structure

input

inputrmt

=13

utmt output

Logical Operstions

and

] or

not

Click on each node to see detailed information ‘ ‘ [ Update ] [ Help ] [ Close ] ‘

Puc. 3.17. CtpykTtypa po3pobJieHoi Ti0puIHOT MepexKi
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['enepyeMo cTpykTypy HelpoHHOI Moxeni Tumy input gsigmf Ta
output constant (puc. 3.16) He 3MiHIOIOYM HajamTyBaHHS. B rpymi omiii
ANFIS 3a ymoBuanHsM akThBOBaHa omilis grid partition. KijapKicTh HUKITIB
3MIHUMO Ha 25.

Hapuannss Mepexi NpUNUHWIOCH michs 25 nukny (puc. 3.18) 3
cepenHbOKBaApaTHIHOIO ToXnOKor0 0,0077664.

B=1E3

<) Anfis Editor: Untitled

File Edit  Wiew
Training Error — ANFIS Info.
0.06
+* # of inputs: 4
+* #* of output=: 1
oo4d b # of input mfs:
= 3333
=] *
0 *
- +
0.02r- #+
s
Fhdr et d Structure
o : ; ' ; ; Clear Plat
0 5 10 15 20 25 ==
Epochs
[ Load data - ] Generate FIS — [ TranFIS 1 TestFIS ]
Type: Frotm: Optim . Method:
Load from file i in=t:
@ Training C’ Fykaricl W Plot against:
O Testi file: O Load from wiorksg. Etror Tolerance: @ Training data
exting
Gid partition a Testing data
() Cheeking () worksp. © " Epochs: Q .
Sub. clusterin Checking data
() Demo o 4 25 O 4
Load Data... | Clear Data | Generate FIS ... TestMow |
Epoch 25:error= 0.007 7664 [ Help ] [ Close ]

Puc. 3.18. Pe3ynbratit HAaB4aHHS MEPExKi

BBenenns B penaktop KOHTpodsHOT BuOipku — Testing data (puc.
3.19) e B pesynbrarti

6,5753.

HAaCTYITHUM KPOKOM. MH OoTpuMain

CepeIHBOKBAAPATUIHE  BIAXUIICHHS 3amaBm  BXiIHUMU
KOHTposibHY BuHOIpky naHux — Cheking data ominumo sikictb poGoTu
riopuaHoi HelpoHHOi Mepexi. HaBuanna HeiiponHoi Mepexi ANFIS

3aBepIlEHO, CepeIHbOKBaApaTHYHa moxnoka cranosmia 4,8331 (puc. 3.20).
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 Anfis Editor; Untitled

File Edit  wiew
Testing data: . FIZ output : ™ — ANFIS Info
150
# of inputs: 4
# of outputs: 1
+ 3 .i.-ﬁ- :
ﬁ; ‘ -I- i}%ﬂ- ﬁ ﬁ ’#q, # of inpLt mis
= 4 "‘ i‘ 3333
Er &1 ahg" } # of test deta
3 %‘* * ’H' 4* pairs; 300
Structure
-0 Clear Plot
0 50 1DD 150 QDD 250 3DD
Inde
Load data | Generate FIS Train FIS [ TestFIS
. — Optim. Methoc:
O Trainirg (O Load from file hybric | | | Plot against
© Testi (%) file () Load from warksp Error Tolerance: () Training data
esting
Grid partt 0 Teating dat
() Checking () warksp O G Epachs: O =D
Ob () Sub. clustering 25 () Cheeking data
B0
Load Data.. ‘ Clear Data | Generats FIS .. ‘ Train Mow |
Average testing error: 65753 || [ Help ] l Close ] |

Puc. 3.19. CamonanamryBanus ANFIS Ha KOHTposibHY BHOIPKY

CKCIICPUMCHTAJIbHUX JaHUX

i Anfis Editor: Untitled

File Edit  View
Checking data: + FIS output : * — ANFISInfa.
100 ¥ aF
Lotk i * * ﬁ + _
4 # :tf“\‘- 'H;';\"% #++ ﬁ; i—EE_ * # of inputs: 4
* i '% # **¥ # of outputs: 1
* o # of input mfs:
= 3333
=
B ’Hef * # of check data
= ]
=] -, f% pairs: 300
By
Structure
50 \ \ \ \ \ |
0 50 100 150 200 250 i | T
Indesx
Load data - ] Genetate FIS Train FIS [ TestFIs
Type From: optim. wiethod:
Load fi il g
() Training O Load from fie hyhric | | | Piot against:
O Test (%) file: (" Laad fram worksp. Error Tolerance: () Training data
esting
Gridd parition 0 Testing data
() Checking () warksp @ P Epochs: © .
Sub. clustering Checking data
() Dema O 9 25 @ d
Load Data | Clear Data | Generate FIS | Train how |
Average testing error: 4.8331 ‘ | [ Help ] [ Cloze ] |

Puc. 3.20. Pesynpratn camo HanmamtyBanas ANFIS Ha nepeBipsuibHi

J1aHl

[IpoananizyBaBmM  OTpUMaHy TIOpUAHY  MEPEXKY  MOXKEMO
CHpaBeyIMBO KOHCTATyBaTH 11 alleKBaTHICTh. [oBepxXHIO BIATYKY Mepexi
300paxkye puc. 3.20 mpu KOJIMBAHHSIX TEMIEPAaTypHu 30BHIIIHBOTO MOBITPS

B Mexax Bix 23 g0 40 °C Ta BUTpaT BOAM HEOOXITHOT TSI OXOJIOMKECHHS
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NPUILUIMBHOTO IOBITPS B NTAmHUKY Bix 2 mo 108 m3/rox, Bizyamizamis
B3a€EMOJIIi BCiX TapaMmeTpiB TokazaHo Ha puc. 3.21. HaBuena ANFIS

3a0e3nevyye HEOOXiHY TOYHICTh BU3HAYCHHs Koe(illieHTa BUTPAT BOJIU Ta

MOIKC

BHUKOPHUCTOBYBATHCH

TUTS

KEepyBaHHS

GJICKTpOTeXHiLIHI/IM

KOMIIJICKCOM CHUCTCMH BGHTI/IJ'I?IHi.l. Ta MiKpOKJIiMaTOM IITalllHUKA.

} Surface Viewer: Untitled
File Edt View Options

8= e

) |Surface Viewer: Untitled

File Edit View Options

input2 input1

X (nput: nputt | ¥ (nput: inputz | Z (output) e J X (nput) putt | ¥ tnputy put2 | Zroupuy: it E
X orids 15 ¥ grids: 15 X orids 15 ¥ grils 15
Fef. Input [Nkl N3l 8,996 102.5] HP‘M pairts: g | ‘ Help Close ‘ [Fet s [Mah Na 8,995 102.5) HP“" points: g ‘ ‘ Help Close ‘
‘ Ready ‘ Ready

) Rule Viewer: Untitled g@@

File Edit ‘iew Options

input! = 316 input2 =17 input3 = 9 inputd = 102 output = 196

[

s osaas s -
REED R NUD N R W= D0 @O L

[ r—
[ r—
2
3
b
2
35
%
77 e -
28 (=== — -
29 [==—r—
30 — — 1
INput: | 121 55 16,96 5.995 102.5) HP'U‘ poirts: |y Move:  jeft | right | down | up ‘
Opened systsm Urttied, 51 s | | Help Close ‘

Puc. 3.21. Hapuena HeiiponHa wmepexka ANFIS: a — rpadiuna
3aJIeKHICTh 30BHINTHLOT TEMIIEpaTypH TOBITPSI Bl TEMIIEPATYPH MOBITPS B
npumimenni, °C, Ta BUTpaT BOAM AKy HEOOXITHO I OXOJOKEHHS
IPUILIMBHOTO MOBITPS B IPUMIIIEHHS IITANIHUKA, M>/T0; O — BIKHO IIPaBHII

FIS penakropa cepenoBuiiia MatLAB.
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3.4. AnapaTHa peaJi3auis pe:KUMiB aBTOMATHYHOI'0 KePyBaHHA
MO/JICPHI30BAHMM €JIEKTPOTEXHIYHMM KOMILIEKCOM MNTAIIHMKA i3

BUKOPUCTAHHAM HeYiTKHX HeﬁpOHHHX MEpPEK

BaxxnusicTsb CTBOPEHHS eHeproeeKTUBHOI CUCTEM 3
BUKOPUCTAHHSAM HEUITKUX JIOTITYHUX KOHTPOJIEPIB, aJITOPUTMHU pOOOTU SAKUX
HAaOIDKEHI JI0 PO3YMOBOI AISUTBHOCTI JIIOJMHMA Ta auanTamis iX It
BUKOPHUCTAHHS B KEPYIOUUX KOMII'FOTEPHHMX CHCTEMaXx, MIAKPECIIOEThCS Y
Martepianax I[HCTUTYTy 1HXEHEPIB 3 ENEKTPOTEXHIKHM Ta EJIEKTPOHIKH
(IEEE) i Mixnapoanoi enexkrpotexHiuHoi komicii (IEC).

Jlist miaBuUIeHHST €)EKTUBHOCTI YIPABIIIHHS Ta SIKOCT1 PETYIIOBAaHHS
1 cralumi3amii B IIMPOKOMY [l1alla30HI HAMpYrd €JIEKTPOTEXHIYHOTO
KOMIUIEKCY MTalTHHKa MaTEeMaTHYHUHN amapar HE4YiTKOl JIOTIKA € OJHHUM 3
HaWOLIbII  JOMINBHUX IUIAXIB, TaK SK JIO3BOJSIE 1ICHTU(DIKYBATH
eHeproe(eKTUBHOI CUCTEMHU 3acobam (opmainizaiii NPUPOJHUX MOBHHUX
BUpa3iB (MpEeAUKaTiB) 1 JIOTIYHUX BHUCHOBKIB 3 CHHTE30M HEYITKOTO
JIOTIYHOTO KOHTpPOJIEpa, L0 Ma€ HENIHINHY NepelaTHy XapaKTEPUCTHUKY.
HeuiTka cuctema ynpaBiaiHHS OKpIM 3/aTHOCTI CIHOCTEPEKEHHS 3a
BXITHUMHU TlapaMeTpaMH TMepeTBOpIOBadYa Ta iX aHaII30M CIPOMOXKHA
YCTaHOBJIIOBATH BIJHOIICHHS MK TMapaMeTpamMu CIIOCTEPeXKEHHS Ta
BUKOHYBATH OIIHKY CTEIEHs B3a€MO3B'SI3KY MK HUMU Ha OCHOBI TIPaBUII
0a3u 3HaHb 1 MPUUMATH PINICHHS IIOJI0 YIPABIIHHSI BUKOHABYUM OPTaHOM
Ha OCHOBI1 BIJITBOPEHHS ONTHUMAJBbHHUX BIJHOIIEHb, IO 3a0€3MEeUnTh
MOKpaleHHs] €(QEeKTUBHOCTI Ta MIABUINCHHS SKOCTI PEryJIlOBaHHS 1
cTabuTi3alli HalpyTy 31 3MEHILIEHHSAM 4acy BUXOJly Ha 3aJJaHui PEXUM MpU
3MEHIIICHHI BEJIMYMHU TTEPEPEryTIOBaHHS.

PeanizyeMo0  aBTOMAaTMYHOrO  YIpPaBIIHHA  MOJEPHI30BaHOTO

€JIEKTPOTEXHIYHOTO KOMIUIEKCY 3a Jornomorow Mega 2560 (puc. 3.22), 110
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€ MIKpOKOHTpoJiepHa IiaTa ocHoBaHa Ha ATmega2560. Bona mae 54
nupoBux BXOMIB / BHUXOJIB (KOHTAaKTH 3 SKUX 14 MOXyTb OyTH
Bukopuctani sk Buxoau IIIM), 16 ananmoroBux BxomaiB, 4 UARTSs
(amapaTHi mocaioBHI noptu), 16 MI'T kBapioBHil reHeparop, 3'€THaHHS
USB, po3’em xuBneHHs, 3arojioBok ICSP, 1 kHomky ckumanHs. BoHna
MICTUTh BCE€ HEOOXiIHE Ui MATPUMKH MIKPOKOHTPOJIEpa; IIPOCTO
HIJKIIOYUTA Moro A0 Komm'iorepa 3a Jonomororo kabemo USB abo
BKJIIOYMTHU KMOTO 3 aJanTepoM 3MIHHOTO CTPYMY B MOCTIMHUN cTpyMm abo
Oatapei, mo0 modatu poOoTy. Mega cymicHHUI 3 OUIBIIICTIO €KpaHiB,

npusHayeHux s Arduino Duemilanove a6o Diecimila.

Puc. 3.22. 3oBHimmHi# BUTIIST MiKpoKOHTposiepa ATmega2560

B skocti omnepauiiinoi cucremu Bukopuctaemo Linux Ubuntu,
aganToBaHy mia apxitekTypy ARM. BukoHnaemo 1HCTamsiI0 cepeloBUIIIA
MatLab Simulink ays UNIX nogi6aux cucrem.

Jani Temneparypu Ta BUTpatd Boau, BuTparoMipa FS300A,
3UUTyeEMO 3 TIpUCTpoiB 1-Wier wMepexi 1 TmepemaroThCs JaHl Ha
MikpokoHTpoJiep ATmega2560. B paHuii MIKpOKOHTpOJIEp MPOIIUTI
PEXKUMH KEpYBaHHS MOJICPHI30BAHOTO €JIEKTPOTEXHIYHOTO KOMILIEKCY, SIKi
CTBOPEHI 3a JONOMOTOI HEUITKOI HeHpomepeki. 3a JOIMOMOroro
enekTpoMarHiTHUX kinanaHiB 2W-025-08 peryintoeTbesi BKIIIOUEHHS B 11O

KUTbKiCTh TA 1711 CTBOPEHHS HOPMOBAHOTO MIKPOKJIIMATy B MTalTHUKY.
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PerymnroBanHs 3MiHU HaNpyTH Ha €JIEKTPOABUTYHI HUPKYJALIKHOTO HAcOCa
3MIACHIOETBCS 3a JIOMIOMOTOI0 TMPOIIUTHX JAaHUX HMOro MeXaHIYHOl

XapaKTEPUCTUKH.

3.5. TexHIK0-eKOHOMIYHWH aHaJII3 BeHTHJIALT Ta
TEIUIONOCTAYAHHSA MNTAXiBHUYOr0 NPHUMIlIEHHS 3 BHKOPUCTAHHAM

HOBOI CHCTEMH IiATPUMAHHSA MIKPOKJIIiMaTy

Jns miATpUMaHHS ONTHUMAJIbHOTO MIKPOKJIIMATy TMTAalllHUKA 13
3acTocyBaHHAM TA Ta BUKOPHCTaHHS CBEpJJIOBHH MoTpeOye micth TA 1
ONHY CBEpUIOBUHY 3 IpoxaykTusHicTiIo 49 M/rox. O6upaemo
cBepIOBWIbHUN Hacoc Mapku 2311B10-63-65. [ns nupkynsmii B
IPYHTOBOMY  TeIJIOOOMIHHMKY Ta TA  HEOOXiJHO  yCTaHOBUTHU
mUpKyysiiauil - Hacoc  wmapku  ZS80-65-160 15.0, enextpomBuryn
ANP160S2 notyxHicTio 15 kBrt. [Ilima enextpoeneprii s
CUIBCHKOTOCTIOAAPCHKUX CIOKUBaviB-BUpoOHMKIB Il kmacy (mo 27,5 kB)
ctanoBuTh 180,24 kom./kBT-rox ctanom Ha 30.08.2015p.

TepMiH OKYIMHOCTI BHM3HAYa€TbCsl OOEPHEHUM CIIBBIIHOIIECHHSIM
3aTpart 1 piuHOTO e(eKTYy:

Tox= 3sar/Epiu, (3.10)
ne: 3 — 3arajbHl 3aTpaTd Ha peali3aliio 3aXxo[y MpPOTATOM YChOTro
nepiogy ioro aii, rpH.; Epiy — BeIMYMHA YUCTOrO PIYHOIO €KOHOMIYHOTO
edeKTy, IrpH./piK.

KanitanoBkiiaieHHs: Ha BUTOTOBJICHHS TEIIOOOMIHHUX araparis,
TpH.:

KTA = (me .Hmp +PJ1.C. Llrzc) r]TA 'Ueue (311)
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K,, = (198037 +3-1433) -6 2 = 930700 TpH.

ne, L., - noBxuHa TpyO HEoOXiAHA JJii BUTOTOBJIEHHS TEIUIOOOMIHHUX
anapatiB; P,. - mioma JucTOBOI CcTayi HEOOXIMHOI JJII BUTOTOBJICHHS
TemI000MiHHMX anmapatis, M% 11, - 1iHa 32 OJMH TIOTOHHUH METp TPyOH,
rpu/M; L. - IiHA 32 OJJMH KBaJApaTHUIA METp JIMCTOBOI CTali, IpH/M%; Nra -
KUIBKICTh ~ TEIJIOOOMIHHUKIB ~ SKHX HEOOXIAHO Ui TiATPUMaHHS
ONTUMAJIBHOTO MIKPOKJIIMATY NTaNTHUKa, T, [y, - miHa, TpH.

KamnitanoBkiiaieHHs Ha BUTOTOBJICHHS Ta BCTAaHOBJIEHHS IPYHTOBOTO
TEII00OMIHHUKA, TPH.:

K =L,,-4,,-1,, (3.12)
K,, =2800-29-2=162400 IpH.

ne, L.y - ToBXUHA TpyOU I'PYHTOBOrO TEII00OMiHHUKA; Ly, - 111HA 32 OUH
MTOTOHHHUI METp TUIACTUKOBOI TPYOH, TPH/M.

BuroroBieHHs Temio0oOMIHHOrO oOOJagHAaHHS Ta BCTAHOBJIEHHS
I'PYHTOBOTO TEII000MiHHUKA cTaHOBUTH 100% 3aTpart Ha MeTa.

3aTpaTd CHOXKMBAaHHS Tra3zy Uil MIATPUMAHHA MIKPOKJIIMaTy
NTANTHUKA TPH./PIK :

3=0Q-24-213-[]

(3.13)
ne Q - cymapHa BUTpaTa rasy 3 TeruioreHeparopiB (quB. Tadid. 2.3), Kr/roj;
[;as - miHa Ha ra3 ctanoM Ha 30.08.2015p., rpH/Kr.

OnantoBaneHuii nepioa Tpusae 3 1 sxoBTHs 10 30 KBiTHS, TOOTO 213
KaJICHIApPHUX JTHI.

3atpatu Ha cnoxuBaHHS 75% ra3zy TpaaMIiiiHOI CcHCTEMH
MIKPOKJIIMATY BiJl HOMIHAJIbHOI CTAHOBUTb:

3 . =24,375.24.213.12,4 =1545102 TpH./piK.
3aTpaTu Ha CHoXuBaHHSA 75% Ta3y 3amponoOHOBAaHOI CHCTEMH

MIKPOKJIIMATY BiJl HOMiHAJIbHOI CTAHOBHTb:
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3,75 = 7,68-24-213-12,4 = 486824 TPH./piK.

3aTpaTy Ha CTIOKMBAHHS €JICKTPOCHEPTil Ha MUPKYJISAIIHHIN HACOC:

3,,=Q,,-24-365-1,,, (3.14)
3, =15-24-365-1,8024 = 236835 I'pH./pIK.
Piynnii ekoHOMIYHUN e(eKT BUSHAYAETHCS SIK:
E,, =3,-3,,—3, TPH./pIK. (3.15)

Piunuit ekoHOMIYHUI epeKT MpU CroKKUBaHHI razy 75%:

E,s,, =1545102 — 486824 — 236835 = 821443 IpH./pik.

3arajibH1 3aTpaTH Ha peaji3alliio 3aXoy IMPOTATOM yChOTO IMEPioay
Horo 1ii, TpH.:
3,.=Kp+ K +Ky, (3.16)
3., =930700 +162400 + 5000 =1143100

TepmiH OKYIMHOCTI MPH CHOKKUBaHHI razy 75% CTaHOBUTH:

1143100 _
o5 821443

[TpuBenenuit BUIlle TEXHIKO-€KOHOMIYHUM PO3PaXyHOK MOKa3aB, IO
BapiaHT BUKOPHUCTAaHHS [UIsl  ONAJIOBAJIbHO-BEHTUJISALINHOI  CHUCTEMHU
3aMpPONOHOBAHMM CHOCIO MIATPUMAHHS ONTUMAJIBHOTO MIKPOKIIMATY B
NTAallHUKAX 3  BUKOPUCTAHHSM  TEIUIOOOMIHHUKIB-PEKYNEepaTopiB,
IPYHTOBUX TEIJIOOOMIHHUKIB Ta CBEPAJIOBUH € €KOHOMIYHO BUTIAHHUM, TaK

AK TIPU LbOMY CIIOKMBaHHS razy 3MeEHINyeTbcs B 3,17 pa3u, a naHe

oOnaHaHHS OKYIAOTh ceOe MOBHICTIO, Yepe3 1,4 pokwu.

115



B nanomy po3zini B pe3yabTaTi NPOBEACHUX JOCHTIKEHb MOXKHA

3pOOUTH HACTYITHI BUCHOBKHU:

1. Po3po6ieHo Ta BUTOTOBIEHO €KCIIEPUMEHTANbHY YCTAHOBKY IS
OXOJIO[KCHHSI TMPUIUIMBHOTO TOBITPS Ha 0a3l  eJIeKTPOTEXHIYHOTO
KOMITJIEKCY B MTAaXiBHUUOMY MPUMIIICHHI, 0 06a3ye€Thcs HAa 3aCTOCYBaHHI
TEII00OMIHHUKIB-PEKYIepaTopiB HOBOI KOHCTPYKINi, y SKHX B SKOCTI
OXOJIOJKYIOUOTO TEIUIOHOCISI BUKOPHUCTOBYETHCS BOJA 3 MMiJI3EMHHUX
cBepioBUH. OnucaHo cxemMy poOOTH YCTAaHOBKH 1 TEIIOOOOMIHHOTO
amapary Ta HaBeJIeH1 XapaKTepUCTUKU BUMIPIOBAILHOTO 00JIaTHAHHS.

2. BuOpaHo BuMIpIOBaJIbHE TEPMOOOJIAJHAHHS [JIs1 IPOBEICHHS
EKCIIEPUMEHTAJIbHUX JOCTIKeHb. HaBeeHo eNeKTpUuHy Ta MPUHIIUIIOBY
CXEMH, KOHCTPYKIII0O Ta MOXJIUBICTh MIIKIIOYEHHS JaTYUKIB 10
JBOXKaHAJIbHOTO BUKOHABUOro mpuctporo MP 2211. [/Ins BuMiproBaHHS
TeMmriepaTypu BuOpanHo uudpoBuit Tepmomerp MP 707 Ta paTdyuku
temneparyp DS18B20.

3. IlpoBeaeHO MOPIBHSHHS peE3YyJIbTaTIB PO3PaXyHKY YHCEIBHOTO
MaTEeMaTHYHOTO MOJCIIOBAaHHS Ta EKCIEPUMEHTaJbHUX JaHUX 10
TEIJIOBIAAaul TPyOHOro Iydyka Ha OCHOBI CTaTUCTHUYHOIO AaHAJI3Y.
OtpumaHa MoXuOKa pe3yJIbTaTiB YHCEIBHOT'O MOJICITIOBAHHS HE MEPEBUIILYE
5 %.

4. Poszpobnena wmonens ANFIS wneipoindopmariiiina mMepexa,
3aJIEKHOCTI 30BHINIHKOI TEMIIEpaTypyd TIOBITPSI BiJA BHUTpPAT TOBITPA
HEOOX1THOTO JJIs 3a0e3neYeHHs HEOOX1THOTO MIKPOKJIIMATY MTAIIHUKA Ta
BUTpPAT BOAM IS OXOJOJKEHHS TMPUIUIMBHOTO TMOBITPS, MOKa3aIM il
aJICKBaTHICTh, CEPEAHBOKBAIpATHUHA TOXMOKA HANAINTYBAaHHA CHCTEMHU
ctaHoBWIa 6,5753 mpu oOpo6mi Testing data ta 4,8331 mpu oOpoOITi
Cheking data.
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5. TexHIKO-€KOHOMIYHUN PO3PAXyHOK IOKa3aB, IO BUKOPUCTAHHS
IS OTaTIOBAIbHO-BEHTHIIALIIHHOT CHUCTEMHU 3alPONOHOBAHOTO
eHepro30epirarouoro cnocody MiATPUMAHHS ONTUMATBHOTO MIKPOKIIMATY
B NTAIIHAKAX 3 BUKOPUCTAHHSAM TEIUIOOOMiHHHKIB-pEKyIepaToOpiB Ta BOAU
HiJI36MHUX CBEPAJIOBUH € EKOHOMIYHO BHTIJHHM, TaK SK IMPH LbOMY
CIIO’KMBAHHS Ta3y 3MEHIIYEThcs B 3,17 pa3u, a HeoOXigHe OO0IaTHAHHS

OKYTaloTh ceOe MOBHICTIO yepe3 1,4 poku.
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BUCHOBKHA

Y po0OoTi BUPIMIEHO BAXIUBY HAyKOBO-TEXHIUHY 3ajady, sKa
MoJIATa€ B PO3POOJICHHI PEXKHUMIB Ta METOIIB €HEProeeKTHBHOTO
KEpYBaHHsSI  €JEKTPOTEXHIUHUM KOMIUIEKCOM, SIKMA 0a3yeTbcs Ha
BUKOPHUCTAaHHI HU3bKOIMOTEHIIATbHOI €HEeprii BOJU MiI36MHUX CBEPJIOBUH
JUIS MIATPUMAHHSA MIKPOKJIIMAaTy B NTAlIHUKAaX, U0 JAl0 3MOTY CYTTEBO
CKOPOTHUTH BUTPATH EHEPrOPECYPCIB.

3a pe3ynbTaTaMu TEOPETUUYHHUX Ta EKCIEPUMEHTANBHUX JOCIIHKEHb
MO’KHa 3pOOUTH TaKl BACHOBKHU:

1. AHami3 eJNEeKTPOTEXHIYHHUX KOMIUIEKCIB I  MIATPUMAaHHS

MIKpPOKJIIMATY,
0 TPaJAMLINHO BHUKOPUCTOBYIOTBCS B NTaXiBHUUUX NPUMIIIEHHSX,
CBIIYMTh NP0 I1X HENOMKM —  (YHKIIOHYBaHHS  KOMIUJIEKCIB
CYIPOBOKYETbCSI 3HAUHUMU EHEPreTUUYHUMHU BUTpPAaTaMU €JEKTPUYHOT
eHeprii Ta mpupoaHOro razy. BomgHodac, TexHIYHI 3aco0U 1 CHUCTEMH,
PEXUMU 1X KepyBaHHsI, 1[0 BUKOPUCTOBYIOThCS, HE 3a0€3MeUyI0Th BUMOTH
TEXHOJIOTIB IOJI0 IMapaMeTPiB MIKPOKIIMATY B MTAIIHUKAX (TeMIlepaTypa,
BIJIHOCHA BOJIOTICTh, KOHIICHTpAIisl MIKIJJIMBUX ra3iB). 3a3HaAUCHE 3HUKYE
MPOAYKTUBHICTh MorodiB's ntuili Ha 10—15 % Ta eKOHOMIYHI MOKa3HUKH
MIMPUEMCTBA B IILJIOMY.

2. 3a  pesynabTaTaMM  TEOPETUYHUX  JOCJIPKEHb  IPOIECIB
TIpOJMHAMIKA 1 TEIIoMacOoOOMiHY 3allpOIIOHOBAaHO BHECTHU 3MIHM B
CTPYKTYpPY €JEKTPOTEXHIYHOTO KOMIUIEKCY Ta pO3TalllyBaHHS HOTO
CKJIQJIOBUX B MTAIIHUKAX 13 BUKOPUCTAHHIM HU3bKOIMOTEHIIATbHOI €HepTii

BOAM TIA3€MHUX CBEPIJIOBUH, IO A€ 3MOTYy CKOPOTUTH KUIBKICTh
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BEHTWISILIIMHOTO 00JIalHaHHA Yy MTallHUKax Ha 57 %, 3a0e3nedyodyn npu
IIbOMY HEO0OX1/TH1 mapaMeTpu MIKpPOKJIiMaTy.

3.Po3pobneHo  ekcrepuMEHTaJ bHY YCTAaHOBKY Ta IPOBEICHO
EKCIIEPUMEHTAJIbHI  JIOCHIDKEHHSI €JIEKTPOTEXHIYHOTO KOMIUIEKCY IS
MIATPUMAHHS HOPMOBAHOTO  MIKPOKJIIMATy TPH  OXOJOJKCHHI Ta
HarpiBaHHl MPHUIUIMBHOTO TOBITPSA 13 3aCTOCYBaHHSIM TETIOOOMIHHUKIB-
peKyIepaTopiB, /e K OXOJIO/DKYBau BHKOPHUCTOBYETHCS BOJA MiA3EMHHX
cBepIOBUH. OTpuMaHl pe3yibTaTH Jalld 3MOTY PO3POOUTH PEKUMHU
KEpYBaHHs €JIEKTPOTEXHIYHMM KOMIUIEKCOM TMTAIlHUKAa Ta CKOPOTHTHU
€HEeproBUTpaTH B 2,3 pa3a, BAKOPUCTOBYIOUM HEUITKI HEUPOMEPEXKI.

4. TexHIKO-€KOHOMIYHUN pO3paxyHOK CBIIYUTb, WO BapiaHT
BUKOPHCTAHHSA eHeproe(heKTUBHOTO KEpYBaHHS peKuMaMu
€JIEKTPOTEXHIYHOTO KOMIUIEKCY 3 BHUKOPHUCTAHHSM TEIIOOOMIHHUKIB-
peKyInepaTopiB Ta BOAW IMIJ3€MHUX CBEPIJIOBUH IS MIATPUMAHHS
HOPMOBAHOTO MIKPOKJIIMaTy B TMTalIHUKaX € EKOHOMIYHO BHUTIJTHUM,
OCKUIbKM TIpU I[bOMY CHOXXMBaHHsS Ta3y 3MeHIIyeTbcss B 3,17 pasza, a
3aMpoONOHOBAaHE 00JIaIHAHHS MA€ CTPOK OKYIMHOCTI 1,4 pokwu.

5. Orpumani B po0OOTI HAyKOBI pe3yJdbTaTH MOXYTb OyTH
BUKOPHUCTaHI MPHU pO3pOOJIEHHI HOBUX E€JIEKTPOTEXHIYHUX KOMIUIEKCIB IS
HIATPUMaHHS HOPMOBAHOTO MIKPOKJIIMATy B MTaxXIBHUYUX MPUMIIMICHHSX,
110 JIa€ 3MOry eKOHOMUTH 110 250 kBT roa TemnoBoi eHeprii Ta 3MEHIITUTH
B 2,3 pa3za cnokMBaHHsSI elieKTpoeHeprii. Po3poOneHa cucrema 3Haiiiina
3actocyBanHs Ha BupoOHunTBi BAT «AK IliBmentpanceHnepro», 1o

Hi,Z[TBep,Z[)KyCTBCH AKTaMHU BIIPOBAKCHHS.
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JlopaTok A

Bu0ip TexH0JIOriYHOr0 00/ 1aJHAHHA JJIS MiJIOT0BOr0 YTPMMAHHA
OpoiiepiB

Ta KYPOK-HeCY40K
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«Kos10HH 2+» 3 BIIKHAHMM Ope3eHTOM i HEHTPAJIbHOI0
nep¢opoBaHOIO JiHi€I0 Alile 300py AJ ONTUMAJIBHOI AKOCTI
iHKyOamiiHUX | TOBAPHMX sIEUb PH YTPUMAHHI POAWIBHOIO CTaJaa

OpoiijiepiB i KYpOK-HeCY4oK

«Komonu 2+» — HaliHOBIIa po3poOKa aBTOMATUYHOTO THi3Ja
rpynoBoro tuny ¢ipmu Big Dutchman. Bona BiAMIHHO MiIXOAWTH MJIs
yTpUMaHHsS POJWJIBHOTO cTaja OpoiiepiB 1 Kypok Hecydok. JloOporo
OCOOJIMBICTIO JAHOTO THI3/IA SABJISETHCS LIEHTpaldbHa nep(opoBaHa JIiHIS
giflie 300py 1 BIAKUIIHOTO Ope3eHTy, IO CKIAAAalThCAd 3 JBOX YACTHUH.
[lepm HIK THI3I0 3aKpUBAETHCS HA Hi4Y, BCl WISl CKOYYIOTHCS Ha JIHIKO
siiiie 300py. TakuM YMHOM SIHLIS HE 3QJIMINIAIOTHCS B THI3/, KYPKU-HECYUYKHU
HE HOYYIOTh B THI3/ll, TUM CAMHUM HE 3a0pyIHIOIOTH SIMIIS 1 HE MPOOYIOTH 1X
BUCHKYBaTU. KpiM TOro, mopox Jerko BUYMIIAETHCS 3 Ope3eHTy — qo0pa
ririeHa raisua.

B 3amexHOCTI Bl KOHKPETHMX YMOB MTallHUKA, MOKHAa BUOpaTH
«Kononu 2+» B pi3HUX KOHCTPYKIIISIX: HACTIHHE a00 JBiifHE THI3/10, OJTHO
a00 JIBOXITOBEPXOBI KOHCTPYKIIi.

['HI3MO CKJIamaeThCsi 3 TOKPUTUX TUIIBKOIO BOJOHEHPOHUKHUX
JIepeB’STHUX TUIACTUH, OIMHKOBAaHUX METANIYHUX MNpodiaiB 1 BIACIKIB,
BUT'OTOBJICHI 13 HEPYKABI1FOYOI CTajll — JIy>KE TTIE€HIYHO 1 CTEPUIIBHO.

IlepeBaru:
e OOsagHaHHA IS 3aKpUTTS THi3Aa B (OpMi BIAKUIHOTO Ope3eHTY,

110 € BOXKJIMBOIO TIEPEBAror0 JIJIsl PO3MHOKEHHS NITHIII;

e KOpOTKi HIISXH 71T CKOYCHHS SIETh, 10 3a0e3mevye SKICTh S€lb Ta

ix 30epiranHs;

e [loMipHMI1 HAXWJI MIJJIOTH B 3aJIHIM YaCTUHI THI3/1A, AKUI 3a0e3meuye

CKOUYYBaHHsI SIEIb HA JIHIIO slLe 300pY;
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o Sliing, sKi, MOJMIJIHMBO, 3aJIMIIAIOTBCA B THI3MI, AaBTOMATHYHO
CKOYYIOThCS Ha JIHIIO siilie 300Dy, 3aBASKH KOHCTPYKIIIT BIIKMAHOTO
Ope3eHTy;

e 3anoOiraHHs pO3KILOBYBaHHS KYypMHU sI€llb Ha JiHII, TaK SIK MTHUII
PO3MIIIYIOTECS B THI3/I1 BUIIIE 1 TOJI0BA 3HAXOUTHCSI HA30BHI;

e ['HI3J0 JUIIAETHCS Ay)KE YUCTUM BECh 9ac, TAKUM YHHOM BiJIKWTHHMA
Ope3eHT Ha HIY 3aKpHWBAa€ THI3J0, a HAKOMHWYEHE 3a JCHb CMITTS
BUCHIIAETHLCA 3 THI3IA — SIAIE OLJIBII YUCTIIIIE;

[IporymaHa KOHCTPYKIIiS THI3/1a 103BOJIsA€ €(heKTUBHO OOpPOTHCS 3

KITIIIAMH, TaK K BIJICYTHI BAXKKOJOCTYIHI KyTH Ta IIITHHH.

I'pynose rHi3ao0 "Konxonn 2+" - Bennka IITHOHHA THi3ga 3a0e3nedye
BETHKY IIITbHICTh ITHITI

CTabiTpHa BIIKHIHA KPHIIKA ; g it -
: 1 gt ; P! IIpoTHBOMOCAOKA CreniansHa BCTaBKa (MACTHIKA)
3abe3nedye BITHHHI OIVIAT Y

gPmgs S / 13 CeHTETHYHOIO MaTepiany B
BCEpeJHH] THI31a 1 JIEHTH giuedopy. / P 3
: % / THI311 SK2 J0o0pe CIpHAMAETBCS
HAZaE MOXKTHBICTD JIETKOTO 3

:  TTHOAMH, BUICYTHI IPOTATH,
KOHTPOJIIO 33 CTRHOM ITHII Ta A€Ib

Micie 18 DOCTiAy 3 IWIACT-
MACOBHMH PeITKaMH
"iHTerpa", 3amoodirae MOMKO-|
IKEHHIO MIOAVIIETOK Hil,
/ TIOCILA JIETKO IPOXOIHTE
/' Kpi3b CITKY, 3abe3nedye
I00pY OYHCTKY

JIBOXIIapOBHH Aax
THI31a COpHAE
KPaIIii DHpKYIAmi
MOBITPS BCEPeIHH1
rH131a (ocOaHBO
BaXTHBO B 30HaX
ropA490ro KIMaTy)

MeTam4Hi HTH -
crieniansHOI HopMH
3aXHINAKTH BiJ MHTY
BHYTPIIIHIO CTIHKY
THI31a, JIEHTA FH1e-
360pY He 3aMHIIETECT

N
Tleperopoaku

| \ MOXKYTh OyTH ")

/ | BHTOTOBITEHi

Tlepgopiposana 1eHTa ' Byiny rmisno o61adHane mramKow0 : \ 3 MeTaly 1

Ang 360py A€Ub, AKA CremiaTeHOI QIOpPMH, AKa 067IATaE I'Imnopu BHIO-  repepa

TPOXOIHTE 110 UEHTPATS-  gyix ITHNH y THI3NO i MepelKoTkae oo Hob-

FOMy Ranary, COpRAe DO3MHOKEHHIO KIIiB i3-32 BiACyT- oo 10t €Ta-

IIBHAKOMY OXOTOZKEHHI  yocri TAKKOZOCTYIHEX KyTiB i1 206pe miA-

A€UB Ja0THCA THCTII

Puc. A.1. I'pynioBe rHi3m0 «Komonu 2+»
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Puc. A.2. 3oBHImHIA BUIISAA JBUTYHAa ISl 3aKpUBaHHS 1
BIJIKpMBaHHS THI3/1a
Cucmema noiuns.
3a0e3MeueHHs] YUCTOI MUTHOI BOAW IS IMIJABHUINEHHS IOTCHINATY
IMPOJYKTUBHOCTI NTULI TyK€ BaxJuBO. IIpu 1ipomy Boja moBUHHA OyTH
3aBXU B JOCTATHIA KIIBKOCT1, YUCTUM 1 CBIKUN Ta JOCTYITHOO JJIsI TITHIIL.
Po3poOneHHs pi3HUX CHCTEM MMOIHHSA K JUI M SCHUX TakK 1 JIs

KYpPOK HECYYOK, BKJIIOYAIOYM POAMIIBHE CTaZ0 1 MOJOJIHSK, a TaKoX

1HIMKIB.
Piznosuou cucmemu noinns.
° HinenbH1 NOINKHK 3 Yallor — Karjie BJIOB/IIOBaYa 1 0e3 Hel.
° CucreMu HINEIHLHOTO ITOTHHS JJIS 1HIHKIB.
o Kpyrai yaiieun noinku.

Bubip miaxomamioi cUCTEMH TIOTHHS 3aleXUTh BII NTHIN, il
MPU3HAYEHHS, 0COOJIMBOCTEN MPUMILIEHHS Ta BJaCHUX 0a)kaHb 3aMOBHHKA.
Hinenvni noinku.

HinenbHa cuctema MOiHHS 3apeKOMEHyBaja cede B CydacHOMY
NTax1BHUIITBI SIK HaJliiHA Ta TIrl€HIYHA yCTaHOBKA. BoHa ckiamaeTbes 13

HACTYIHUX €JIEMEHTIB:
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biok perynroBaHHS THCKY 3 YCTaHOBKOIO IpoMuBKHU (1), mpuctaBka
0 TpyOM 3 OJHOI CTOpoHH abo 3 Apyroi uu mocepeauHi (2), B
3aJIEKHOCTI B1J] IOBXKUHU JIiHIT TOTHHS.

Perynarop tucky asns aiHii noinus (3) 3 nepemnaaom no BucoTi Big 10
10 15 cm.

Bigkuaauit neaeparop (4) abo aBToMaTHUHMIA IeaepaTop (5, omis) 3
MTOKa3HUKOM PIiBHS BOJIH.

Hacanka neaeparopa 3 BeHTmwieMm (6) B poOouOMy peKrMMi BEHTHUIIb
BIJIKDUTHUH 1 TOBITPSI MOKE BUXOJAUTH.

AmominieBuit mpodisib (7) abo kpyria Tpyda 3 TpocoM (8).
Hinenbna TpyOa 3 HINmenssMA pi3HOTO TUIy — Tom Hinedab (9),

opamxeBuit Ton Hinens (10) 1 mimens CaniCrap (11).

Cucrema miaBicku (12).

Puc. A.3. 3oBHiHIi Bu HineapHOI ok FOMBO-b
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Tabnuys A.1.

TexHiuHi xXapakTepucTUKH HineJabHOI noikn FOMBO-b.

Bara MiH. Makc. | OnTumanbHe
306epexeHHs
Hiametp, | Bucora, oe3 poboumii | pobounit | TOJIOKEHHS
3arpyKeHOr0
MM MM rpy3y, THUCK, THCK, BOJIU B
Oouka, 1 )
K2 oap oap KOII001, MM
400 640 1,75 7 0,2 0,5 10-20

Menukatop — TouHe J03yBaHHS MEIUKAMEHTIB Yepe3 MUTHY BOIY
MenukaTop BpIi3a€TbCS B CHUCTEMY BOJOMOCTAYaHHS 1 IIOMAarae
JI03yBaTH BIJIMOBIJIHI BITAMIHU 1 MEJMKAMEHTH B MUTHY BOAy. BaxiuBum
JUTSL TO3YBAaHHS KUTBKOCTI METMKAMEHTIB BCTAHOBITIOETHCS TyKE€ TOYHO, TaK
K Tpernapatu N00aBISIOTHCS B CUCTEMY MOIHHS MPONOPLINHO (pakTUUHIN
noTpe6i Boau. Cymimn BOAM 3 MOTPIOHMM MpenapaToM 3I1HCHIOETHCS
TUIBKM HAa BUXOJ1 3 €MKOCTI 3MilllyBada. 3aBASKH IIbOMY MOTOP HE Mae
KOHTaKTy 3 JTOOABJISTHHS PEUYOBUH — BIJICYTHICTh 3aKJIMHIOBAHHS HIMENIB,
JIOBIHM CTPOK CITYXKOH.
[Ipenapar sKuii pPO3YMHHUBCA y BOJAI BTATYETHCA TMPAMO 13
OpHUTIHAIBHOI YIIAKOBKH.
[TopomikononiOHi a60 B’SI3KI PEUOBUHM TOJAIOTHCS B €MKICTh JJISI
3MIITYBaHHS 3 JOMIOMOTOIO IIUPKYJISIIIHHOTO HACOCY.
IlepeBaru:
o [IpakTuyHe nOITYBaHHS MpU JTOOOMY 00’ €MI MPOTOKY BOJIH.
e [llupoxuii Aiana3zoH A03yBaHHS 1 OUTbLIT 00’ €MU IPOTOKY BOJIH.
e JloBroTpuBaMii CTPOK CIYyKOM 1 BUCOKO (PYHKIIIOHAJIbHA HAIHHICTh
Ha OCHOBI BHMCOKOSIKICHOTO MaTepially, TMpH YMOBI peryiasipHOi

OYUCTKH.
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e BiamoBigHuii makeT 3amdacTUH  JUIS  CBOEYACHOI  3aMIHH

IIBUJIKO3HOITYBaJIBHUX JCTaJICH.

a 0

Puc. A.4. 30BHIMHIA BUTIAI a — MEIUKa Topa, 0 — E€MKICTh IS

3MINTYBaHHS MEIUKaMEHTIB, 6011
Cucmema 2o0ysanns Repromatic

Big Dutchman po3po6mia cuctemy Repromatic zka ocoOIuBUM
CTAaHOM BIJMOBIA€ CHEIllaIbHUM BUMOTaM 10 YTPUMaHHS POJIUIBHOTO
cTaga OpoilnepiB Ta Kypok-Hecydok. [lig yac BUpoIIyBaHHS, MEpII 3a BCE
BKJIMBO OJHOPIAHUN (DI3UYHUM CTaTEeBUN PO3BUTOK MOTOJIIB’ 4. BHACTIIOK
mpoiiecy BUpOOHHUYOI a3l BaXKIMBHM CTAa€ MPOJIOBKEHHS 1 CTablibHA
¢bynkuiss BupoOHUUTBA. [Ipy 1IbOMYy HEMUHYYHMM SBISETHCS OOMEKEHHS
KOPMUTIHHSI KypOYOK.

Cuctema Repromatic HalkpallliM YHUHOM JOTOMAara€ JOCSITHYTH
HAMIYEHOT METH, OCKITbKM I KOMOIHAIllA TIepeBa)ka€ JIAHIJIOTOBE 1
YaIIKOBE TOyBaHHS.

Jns mojmayl  KOpMY 3aCTOCOBYETHCS MillHA BHCOKOBHPOOHHYA

kopmopo3natkoBa ycranoBka UYEJIEHJDKEP. lNomyBanus  mTuin
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BiIOYBAaEThCS 1 3 HOBOIO CIEIIaJbHO PO3POOJCHOI  YaIllKOBOIO
KOPMYIIIKOIO Ha 16 KOpMOMICIIb.
Baowcnusi ocnosni uacmunu cucmemu Kopmo po3oaui.

1.  3BaxyBaHHsS KopMmy. TOYHE 3BaXKyBaHHS KOPMY SIBJISIETHCS
BKJIMBOIO MEPEyMOBOIO UIsi OOMEKEHOIro roAyBaHHs NTUll. s 1mboro
MPOMOHYEThCSI  3BAXYBAaHHA KOpMy 1 OakaHO Ha Basi «ABTOIIMITY.
MakcumanbHa KOpUCHA 3arpy3Ka
1,5 T, HeoOXilHa KUIBKICTh KOPMY MEXaHIYHO 3BAXKYETbCS B OYHKepI.

O06’em nanoro 6ynkepy mosxe Oytu 1250 1 abo 1850 1.

Puc. A.5. 30oBHIIIHIN BUTJIS YCTAHOBKHA «ABTOIMIT

2. Jlsuryn. Tak sk JBUTYH KOPMOBOTO JIAHIIFOTA IMPHUHITAIIOBO
BIIJIVICHWM BiJT KOPMOBOI KOJIOHKH, CHCTEMa KOPMO poO3jJadi Moke OyTu
JIETKO MPUCTOCOBAHA J10 JIF00O0i CUTYyaIlli B ITAUTHUKY.

¢ Bucoka mBUAKICTE pyXy KOPMOPO3AATKOBOTO JIAHITIOTa 36 M/XB.

e [loTyXHICTh JBUTYHA B 3aJIEKHOCTI BiJl IOBXKUHHU, ckiangae 1.1, 1.5,

ab6o 2.2 xBr.
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Puc. A.6. 30BHIIHIN BUTIISA IBUTYHA
3.  KopmoposznaTkoBuii kaHai 3 JiaHioroM. KopmoposnaTtkoBuii
nanuror YEJIEHDKEP moske 3 BHCOKOIO MIBUAKICTIO TMEepeaBaTH OibIle
00’eMy KOpMY.
e [loTyXHIiCTh TpaHCIOPTYBaHHS 2 T/TO/I.
¢ Bucoka MiIHICTb.
e [[maBHMI X1 JIAHITIOra B KaHAJII.
e Biakpura cucrema — mpocTUid JOTIS.
4.  90° — kyTHUK. SIKICTb — TapaHTOBaHa O€3MEYHICTh POOOTH.
CreniaibHO po3p00JIeHNN KYTHUK BIAPI3HAETHCS BUCOKOIO HAIIMHICTIO.

e 3arapTOBaHUI MPUCTPIH IS HANPABICHHS JAHITIOTA.

Puc. A.7. 3oBHimHii Bursia 90° — KyTHUKa
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e He morpebye 3masyBaHHs, MIIIIMIOHUK 13 IJJaCTMacu  —
JIOBI'OBIYHICTb.

e OcobnuBocti kopmymiku FluxxBreeder ya crazii oTpumaHHs KypoK-
HECYUOK:

e MexaHi3M HAlOBHEHHSI KOPMYIIIKA Ha TOBHUHN KyT 360° rapantye
BHUCOKHUI PIBEHb i1 HAIIOBHCHHS.

e [Ipocta 1 HajmiliHa yCTaHOBKA KOpPMY, 3a paxyHOK & Jomactei
30BHIITHBOTO MUIIHAPA KOPMYIIKH MOTEPEKYIOTh BTPATH KOPMY.

e [[10cKa yama KOPMYIIKK 3 pO3ILIILHUM peOpaMu — piBHOMIPHE poO3
MPUILICHHS 1 BIZICYTHICTDh BTPATH KOPMY.

e 4 OTBOpPHU JIJIs1 OUMCTKU HA JTHI KOPMOBOI Yallll — BOJIa MPOCTO CTIKa€e
yepe3 HuX.

e [IpocTuii MexaHI13M BIIKPUTTS Yallli KOPMYILIKH JI03BOJISIE CTAPAHHO

OYHCTUTHU BCIO KOPMYLIKY MICHS KOKHOTO T'OTyBaHHS.

Puc. A.8. 30BHIIIHIN BUTIISLT KOPMYILIKH
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Oxkpeme 200y8aHHs KO2YMIS.

[IpaBunbHEe TOAYBaHHS KOTYTIB BHM3HA4a€ BUCOKY CTEMiHb
OIJIONOTBOPEHHs. Pi3HE TOJyBaHHS OJHO3HAYHO TapaHTye OTPUMAaHHS
KOT'yTaMH TOYHO BCTAHOBIICHOTO i HEOOXimHOro iM 06’eMy kopmy. Moro
pelenTypa BiIMiHHA Bl KOPMY JIJIs1 KYPOUOK.

B cucremi xopMo po3naui BHKOPUCTOBYETHCS TpyOa 3 IIHEKOM.
Jy>ke BaXKJIMBO MIHATH JIHIIO TOMIBHHUII HAa TaKy BHCOTY, IIOO KypH HE
MOTJIM JOTATHYTUCSA 70 HEl.

Kopmymka MALE PAN npiamerpoM 330 MM Ma€ BaXXWJIbHY PELIITKY
«'pwiby, po3paxoBaHy Ha roayBaHHsS 7 — 9 romiB. MimHe 1 HaxgiiiHe
KpIIJIEHHSI KOPMYIIKK J0Jd. TpyOu TMO3BOJIsiE BUTPUMYBATH CEPHO3HE
HABAHTAXKEHHA TiJ dYac TOJMyBaHHA KOTYTIB. JSIKIIO MOCTa4aeThes
kopmymika MALE PAN To maxta no3yBaHHs KOpMY BCEpEIUH1 UIIIHIpA
KOPMYIIIKM TapaHTy€e HIBUJKE, PIBHOMIPHE 1 OJJHOYACHE HAMOBHEHHS BCIX

KOPMYUIOK.

L e L LR

e

60 m

—— e = -

Puc. A.9. 3aranbHe ru1aHyBaHHS KOpMOpO3/1aBadya
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Tabnuys A.2.

TexHi4YHI XapaKTepHUCTHKH ABUT'YHa KopMopo3aaBaya MII® m/xs.

[otyxHicTh nBUTYHA, KBmM Makc. [IoBxkuHa JIaHLora, m

1,1 300
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Jlonarok b
Bukopucranus MeToay KiHIIEBUX €JIeMEHTIB I MO0OYA0BH

citku 3D B ANSYS Meshing
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JUis  4YucenbHOTO  PO3PaxyHKY  3a4ad  TLAPOJAMHAMIKH 1
TEIUIONEPEHOCY BUKOPHUCTOBYEThCS MeToJ KiHIeBUX eneMeHTiB (MKE). B
aHTJIOMOBHIH JliTeparypi Horo HazuBaroTh Finite Elements Method (FEM).
CyTb MeToay TIOJIsIirae B HAOIMKEHOMY BHpIIIEHHI BapiaiiiHoi 3aaayi. s
(bopMyITIOBaHHS 1ILOTO 3aBJAaHHS BUKOPHUCTOBYEMO MOHATTS (QYHKIIOHAITY.
Omnepatop I[f(x)] Ha3zuBaeThcst (QyHKIIOHATIOM, SKUH 3aJaHU Ha JCAKIH
MHOXHWHI (QYyHKIIN, SKO0 [ KoxkHoi (yHkiii f(x) craBuTbes y
BIIMOBIAHICT TeBHE unciioBe 3HaudeHHs I[f(x)] [44]. [Hmumu crnoBamu,
(dyHKLI0HAT € K 0u «pyHKII€0 Bl GyHKIID». YacTo QyHKIIOHATN MAIOTh
BUTJISAJ 1HTerpaiiB. BapialmiiiHa 3amaya mojsrae y 3HAXOJDKEHHI TakKoi
¢bynkuii f(x), sika O BiMOB11aja MIHIMAJIbHOMY 3Ha4eHHIO (yHKIioHamy I[f
(x)]. Burnsg uporo ¢GyHKIIOHANY € pI3HUM I pI3HUX 3aBJaHb Ta
MiI0UPAETHCS CICIliaIbHUM BUOOPOM.

B nanuii vac MKE 3HaillioB mMpoke 3aCTOCYBaHHS MIPU BUPILIECHHI
3aJlay TeIJIOMPOBITHOCTI B TBEPAMX TUIAX 1 MPU PO3PAXyHKAX HA MIIHICTb.
Kpim TOro 1eit MeTo1 3aCTOCOBYETHCS IIPU PO3PAXYHKY TEU1d PIAUH 1 ra3iB
[27]. Bimomi TakoX METOAH, SKi MOEIHYIOTH y COOI €JIEMEHTH METOIY
KIHIIeBHX 00'eMIB 1 MeTOy KiHIIeBUX elleMeHTiB [95, 132]. [Toeqnanus mux
METO/I1B JI03BOJISI€E BUKOPUCTOBYBATH OUIBII IIMPOKUN PSIT pO3PAXYHKOBUX
CITOK (TETparoHaJbHI CITKH, MipaMiJalibHi, MPU3MATHYHI, MOJIreApabHi),
10 HEOOXIHO MpU BUPINICHHI 3aBJaHb 31 CKJIagHOIO Treometpiero. Llew
niaxin BukopuctoBytoth CFD makern Ansys CFX, Ansys Fluent, Star-CD,
Star-CCM +, Comsol Ta iH.

[Taker ANSYS mMae Oe3miu 3acTOCyBaHb MPaKTUYHO JMJiA BCIX
rajgys3eil cydacHOi HayKH 1 TEXHIKH, B TOMY YHUCII1 B CUIbCHKOTOCIIOAAPCHKIN
ramy3i. [Ipy 1poMy ciiag BpaxoByBaTH, IO pi3HI (I3UYHI 3aBIaHHS
BUMAralTh PI3HUX MIJXOMIB HpPU  MOJENIOBAaHHI ¥  CTBOpPEHHI

PO3PaxyHKOBOI CITKH. Po3riistHeMO Jiesiki 0COOIMBOCTI TOOYOBH CITKU ISt
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3aJa4 TiApO- Ta30AMHAMIKH, TEIJIO- MacOMEepPEeHOCY — CTBOpPEHHS ii B
ANSYS Meshing, 3okpema 2D. ANSYS Meshing no6pe agantoBana s
crBopenHs citku st CFD nmomatkiB ANSYS - CFX a6o FLUENT, mpote
CIiJi BpPaxOBYBaTH, IO 3arajibHy JOTIKy TOOYJAOBH CITKH MOXHa
MEePEHOCUTH 1 JUIS IHIIMX MporpaMm, B TOMY YHCII JUIsS MpOrpam, siKi He
BUKOpPUCTOBYIOThCA B ANSYS.

[ToGynoBa citku mpoBoauiacs B citkoreHepatopi ANSYS Meshing
Ha 6a3i iardgopmu Workbench. B ANSYS Meshing Application icHyroTb
HACTYMHI METOu po30uBKuU it 3D reomerpii:

- ABromaruunuii (Automatic);
- Metonu noOymoBu TeTpareapainbhoi citku (Tetrahedrons):
* Ha OCHOBI oBepxHeBoi citku (Patch Conforming);
* He3aJIeKHO Bij moBepxoHsb (Patch Independent);
* CFX-Mesh;
- MeTonu moOym0BH TeKcarepanbHO1 CITKH:
* IPOTSDKKOIO (Sweep);
* MPOTSDKKOIO Jy1st 00070HKOBHX TiJT (Thin sweep);
* baraTozonansuuit (Multi Zone);
* OaraTo3oHasbHU (Ha ocHOBI1 0104HO1 ciTku ICEM CFD);
* 3 mepeBakaHHAM rekcaenpis (Hex Dominant).

[IporpamHi mnakeTh BHUKOPUCTOBYIOTH [E€KIJIbKa OCHOBHHMX BH/IIB
citrku gns 3D: TerparempanbHy, JEKapTOBY 1 TeKcareApalibHy.
TerparenpanbHa ciTKa JJO3BOJIIE CTBOPIOBATH OCEPEAKH, OJIM3BKI 3a
dbopMOIO [0 TpaHUIL PO3PAXYHKOBOI 007acTi 1 JI0 30H 3 BEIMKUMU
rpaieHTaMy IBUIKOCTEH 1 TeMIeparyp, IO J03BOJSIE  MOJEITIOBATH
MEXOBI mapu. Y TOW K€ 4ac, CTBOPEHHS TEeTpareJpaibHOI CITKH € IyXKe
TPYAOMICTKMM. 3a  JOMOMOTOK  JIEKapTOBOi  CITKH  JIO3BOJISIETHCS

CTBOPIOBATH TIJIbKUA TPSMOKYTHI OCEpPEIKH, IO MOXKE NPU3BECTU 0
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MOTIPIIEHHSI PO3B’SI3KIB PIBHAHb NMPUTPAHUYHOTO IIApy, MPOTE JEKapTOBa
CiTKa € OUIBII TPOCTO MpH ii CTBOpPEHHI. ICHye psx cmocoOiB, 10
JI03BOJISIIOTh BHPINIYBATH PIBHSHHS TEPEHOCY B 00JacTi MPUTPAaHHUYHUX
1apiB 3a HASBHOCT1 BUCOKHUX IPaJi€HTIB MapaMeTpPiB MOTOKY.

['excarenpanbHa CiTKa, J/JIS BHUPIIMIEHHS 3aBAaHHS 3 TIEO XK
TOYHICTIO, MICTUTHME OLIbIII HIXK B 2 pa3d MEHILE BY3/IiB, B MOPIBHSAHHI 3
TeTpareJpajibHOI CITKO0. Tomy mpH 1i 3acTOCyBaHHI HEOOXigHAa MEHIIA
KUIBKICTB €JI€MEHTIB UIsl BUpilleHHs 3aBaanHs CFD.

AHI30TPONIHI €JIEMEHTH MOXXYTh OyTH CYMIIIEHI 3 aHI30TPOIHOIO
reoMeTpiero (MeXOoBI Iapu, 00JacTi 3 BEJIHUKOK KPHUBH3HOK 1 JOBIHUMU
KIHIIEBUMU elleMeHTamu). JIJisi JOBUIbHUX KOH(QIrypalii rekcareapaibHa
CiTKa BUMarae Oarato HiArOTOBYMX OIEpalliif, oAHAK 1€ MPU3BOIUTH 10
OUIBII SKICHOTO pe3yJsbTary. s 6ararbox OUIBII MPOCTUX KOHDIrypairii
3a JIOMOMOTOI0 MPOTSKKH, CITKM MOKHA CTBOPIOBATH OUIBII MPOCTILIE 1
IIBH/IIIIC BUKOPUCTOBYIOYH PO3ropTKH (Sweep) i mynbruzoHanbHoi (Multi
Zone) noOyaoBH.

B Tabmumi b.1 naBeneno mapamerpu Hactpoiiku ciTku B ANSYS
Meshing mist momasibmiol mepemadi po3paxyHKY TEIUIO- MAacOOOMIHY Ta
rigpoauHamiku B Ansys Fluent.

['eomeTpis moOy0BaHa B peabHUX po3Mipax. KiTbKiCTh €I€MEHTIB
Ta rpaHeil AocTtatHbo Benuka (Tabn. b.1). BpaxoByroouu Benuki po3Mipu
NPUMILIEHHS, PO3MIp €JeMeHTa Ta rpaHi 30UIblIEHO He Ha OaraTo 13-3a

0OMEKEHHS MPOAYKTUBHOI Ta PO3PaXyHKOBOI MOTYKHOCTI KOMIT FOTEpA.
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Tabnuys B.1.

ITapameTpu no0Oya10BH CITKH JJIsl NTAXIBHUYOTO NMPUMillIEHHS.

[TapameTpu HacTpOKH [Tramnank
[Tokaxxuuk sikocTi citku (orthogonal quality) 0,45
IMokaxxuuk sikocTi citku (Skewness) 0,71
KinpKicTh €JIeMEHTIB, IIT 1628712
KinbkicTh By31iB, T 9303422
Kpususna kyra, rpan 45
Meron TPUKYTHA
MakcumanbHUR PO3Mip eIeMEHTa, M 2,3
MaxkcumanbHHUA po3Mip rpaHi, M 4,6
MHimansHHIA pO3Mip rpaHi, M 2,3-102

Ha puc. b.1 1 b.2 300paxeHo moOyqoBaHy CITKY NTaxiBHUYOTO

npUMIIIEHHS 3 (PpOHTANIBHOI Ta OOKOBOI CTOPOHH, OTBOPH MPUILIUBHOIO

NOBITPs Ta BXiAHUX BopiT. CiTKa JENIo 3MEHIIIeHa BITHOCHO PEITH IO

cTiHkd. JlaHi 3axonM 3acTOCOBaHI Uil TOKPAIIEHOTO PO3PAXyHKY

rigpoauHamiku. B po3pisi (puc. B.3) 4iTko BUAHO BHUCTymar4y CiTKY,

3aBJSIKM YOMY MO’KHA Kpalle OLIHUTH SIKICThb Ta HEJOJIKH CaMOl CITKH.

Takox MM TOMIYAEMO 3TYIIEHHS CITKM TOOJM3y MIAJIOTH Y 3B'SI3KY 3

pPO3TallyBaHHSIM Ha HIM MTHII.
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Puc. b.1. Citka nramnuka 3 GpoHTAIBHOT CTOPOHU
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Puc. b.2. Citka ntanHuka 3 619HOT CTOPOHH
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Puc. b.3. Citka nTamHuka B po3pisi

BuxopuctoBytoun MeTo[ ~ KIHIIEBUX €JEMEHTIB  MOOYJOBaHO
po3paxyHkoBy citky 3D B mporpamaomy komiuiekci ANSYS Meshing ms
pPO3B'SI3KY 3ajay TiAPOAWHAMIKA 1 TEIJIONEPEHOCY B MNTAXIBHUYOMY
npuminieHHi. B pesynprari mobynoBu pizHomaHiTHHX citok st CFD
Mojeneld, BUOpaHO HAMOUIBII ONTUMAaNIbHI Ta SIKICHI, IO Ja0Th 3MOTY
OTPUMATH AOCTOBIPHI Ta TOYHI PE3YJNbTATH PO3PAXYHKY BEHTHIISILIIAHUX

MOTOKIB y NTALTHUKY.
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Honaroxk B
Pe3yabTaTu 10CaigKeHb MATEMATHYHOT0 MO/IEJTIOBAHHSA NPOLIECIB
TiApOAMHAMIKM i TeI1000MiHy IPY BEHTHJIALII MOBITPA NTaXiBHUYMX

NpUMillleHb
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Puc. B.1. KontypHe nose temmneparyp B MO3A0BXKHBOMY Iepepisi

OymiBi Ha BijcTaHi 6 M Bij cTiHKM Gins Bxody B iHTepBai Bix 26 1o 41, °C
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2.000

Puc. B.2. KontypHe mosie temmneparyp B MO3J0BXKHBOMY Iepepisi

OyniBi Ha BijcTaHi 6 M Bij cTiHKM Gins B0y B iHTepsani Big 37 no 41, °C
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Puc. B.3. KonTtypHe mone TeMmriepaTyp B IOMNEpEYHOMY Tepepisi

oymxisni o oci Oy Ha BifcTani 30 M Big Bxoay B iHTepBati Big 30 1o 41, °C
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Puc. B.4. KontypHe mojne Temmeparyp B TMOIEpPEUHOMY Iepepisi

oynismi o oci Oy Ha BifcTani 30 M Big BXoay B iHTepBati Big 37 mo 41, °C

163



0 4.500 9.000 (m) o L
— ]

I
2.250 6.750

Puc. B.5. Temmeparypui mons B TMpHUMIIICHHI MTallHUKa B

nonepevyHoMy nepepisi 6yaismi o oci Oy Ha Bigcrtani 2 M Biz Bxoxy, °C
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3.000

Puc. B.6. KontypHe nose THCKIB B MO3/I0BXHBOMY Iepepi3i OyaiBii
M0 CepeJIH1M JIiHIT Ha BIJICTaHl 6 M Bij CTIHKM OIS BXOAy B iHTepBa Bij 0

1o 200,0 ITa
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Puc. B.7. KouTypHe mojie TUCKIB B MONEPEUYHOMY Tiepepi3i OymaiBii

o oci Oy Ha Bizmcrani 30 M Bix Bxoxay B inTepBaii Bix 0 mo 200,0 I1a

¢
0 4500 9.000 (m) Y4_1
— {

I
2250 6.750

Puc. B.8. TemmeparypHe 1osie B TPHUMIIICHHI MNTAllHUKA B

nonepevHoMy nepepisi Oyaisii mo oci Oy Ha Bigcrani 2 M Big Bxoxy, °C
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Puc. B.9. TemmeparypHe 1ojie B TNPUMIIICHHI MTAlllHUKa B

monepevHoMy nepepisi 6yaisii mo oci Oy Ha Bigcrani 60 M Big Bxomy, °C
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Puc. B.10. TemmepaTypHe Ioje B MPUMIINIEHHI MTaITHAKA B

nonepeyHomy nepepisi 6yaisii o oci Oy Ha Bincrani 88 m Bix Bxoxy, °C
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Puc. B.11. TemneparypHe mnojie B MPUMIIICHHI MTallHUKa B

nornepeyHoMy nepepisi Oyaisii o oci 0z va Bucori 2,5 M Bix mimnoru, °C
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Puc. B.12. KontypHe mosie TemnepaTyp B MO3/I0BXKHBOMY Iepepisi
OyaiBil To cepemHiil JiHIi Ha BIACTaHI 6 M BiJ CTIHKA OUIS BUXOAY B

inTepsani Big 20 mo 41, °C
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Hoparok I

Jani 1y HaBYaHHA HelipoiHdopMauniiiHol Mepexi
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Training data

. ¢ -
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Z, 2 E°3 = 2 E B s e S %
% 3 2 a5 S S o = A 5 =
= = = CI:D m
1 29,783 16,7616 8,97616 136,73 28,63678
2 31,037 16,9024 8,99024 143,109 36,30717
3 29,441 16,7232 8,97232 134,784 26,77295
4 35,654 17,4208 9,04208 159,579 69,70003
5 34,4 17,28 9,028 155,923 60,3522
6 38,39 17,728 9,0728 166,133 89,63947
7 24,995 16,224 8,9224 96,015 15,88587
8 34,742 17,3184 9,03184 156,968 62,90114
9 28,358 16,6016 8,96016 127,91 21,72131
10 25,736 16,3072 8,93072 104,935 16,25805
11 35,882 17,4464 9,04464 160,194 71,39316
12 35,141 17,3632 9,03632 158,141 65,87853
13 39,131 17,8112 9,08112 167,642 94,84753
14 35,255 17,376 9,0376 158,467 66,72818
15 30,125 16,8 8,98 138,582 30,60868
16 29,327 16,7104 8,97104 134,113 26,17761
17 28,643 16,6336 8,96336 129,833 22,9117
18 33,659 17,1968 9,01968 153,519 54,84846
19 33,203 17,1456 9,01456 151,936 51,48978
20 37,079 17,5808 9,05808 163,205 80,20574
21 32,747 17,0944 9,00944 150,267 48,1686
22 31,892 16,9984 8,99984 146,881 42,09362
23 38,789 17,7728 9,07728 166,958 92,45706
24 29,726 16,7552 8,97552 136,412 28,31793
25 25,964 16,3328 8,93328 107,413 16,37818
26 30,923 16,8896 8,98896 142,573 35,564
27 24,368 16,1536 8,91536 87,233 14,76138
28 31,322 16,9344 8,99344 144,413 38,19574
29 26,591 16,4032 8,94032 113,677 16,97639
30 33,146 17,1392 9,01392 151,732 51,07187
31 24,539 16,1728 8,91728 89,756 15,2264
32 40,1 17,92 9,092 169,474 101,4973
33 39,416 17,8432 9,08432 168,196 96,82021
34 34,514 17,2928 9,02928 156,276 61,20244
35 38,675 17,76 9,076 166,725 91,65407
36 29,27 16,704 8,9704 133,773 25,88494
37 37,706 17,6512 9,06512 164,649 84,7491
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38 29,897 16,7744 8,97744 137,357 29,28221
39 25,166 16,2432 8,92432 98,202 16,00516
40 34,571 17,2992 9,02992 156,45 61,62557
41 39,53 17,856 9,0856 168,414 97,6055
42 33,602 17,1904 9,01904 153,325 54,4257
43 31,151 16,9152 8,99152 143,636 37,05655
44 28,073 16,5696 8,95696 125,896 20,64103
45 23,684 16,0768 8,90768 76,018 10,47426
46 34,058 17,2416 9,02416 154,838 57,80687
47 29,555 16,736 8,9736 135,443 27,38096
48 31,208 16,9216 8,99216 143,897 37,43462
49 31,493 16,9536 8,99536 145,172 39,34868
50 27,731 16,5312 8,95312 123,35 19,49872
51 26,648 16,4096 8,94096 114,21 17,05589
52 23,627 16,0704 8,90704 74,993 9,851467
53 37,478 17,6256 9,06256 164,134 83,10462
54 33,83 17,216 9,0216 154,091 56,11331
55 39,929 17,9008 9,09008 169,162 100,3391
56 27,674 16,5248 8,95248 122,911 19,32518
57 24,938 16,2176 8,92176 95,268 15,83522
58 36,965 17,568 9,0568 162,933 79,37327
59 32,519 17,0688 9,00688 149,399 46,52814
60 27,845 16,544 8,9544 124,215 19,8603
61 21,275 16,48 8,948 119,716 18,25038
62 39,188 17,8176 9,08176 167,754 95,24369
63 37,022 17,5744 9,05744 163,069 79,78859
64 34,97 17,344 9,0344 157,644 64,60184
65 35,996 17,4592 9,04592 160,496 72,23765
66 28,985 16,672 8,9672 132,029 24,47602
67 33,317 17,1584 9,01584 152,34 52,32738
68 24,767 16,1984 8,91984 92,967 15,6375
69 31,436 16,9472 8,99472 144,921 38,96297
70 27,617 16,5184 8,95184 122,468 19,15669
71 24,083 16,1216 8,91216 82,791 13,55365
72 28,928 16,6656 8,96656 131,671 24,20542
73 29,384 16,7168 8,97168 134,45 26,47365
74 38,846 17,7792 9,07792 167,073 92,8555
75 31,721 16,9792 8,99792 146,159 40,90847
76 27,446 16,4992 8,94992 121,113 18,68115
77 26,933 16,4416 8,94416 116,791 17,52469
78 27,503 16,5056 8,95056 121,569 18,83463
79 35,312 17,3824 9,03824 158,629 67,15402
80 39,872 17,8944 9,08944 169,056 99,94799
81 31,949 17,0048 9,00048 147,118 42,4909
82 36,053 17,4656 9,04656 160,646 72,66032
83 27,047 16,4544 8,94544 117,786 17,74651
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84 27,104 16,4608 8,94608 118,276 17,86495
85 27,332 16,4864 8,94864 120,186 18,38883
86 25,508 16,2816 8,92816 102,339 16,16258
87 26,021 16,3392 8,93392 108,015 16,41449
88 27,902 16,5504 8,95504 124,641 20,04822
89 31,664 16,9728 8,99728 145,915 40,51642
90 34,343 17,2736 9,02736 155,745 59,92761
91 33,887 17,2224 9,02224 154,28 56,53731
92 30,239 16,8128 8,98128 139,179 31,28724
93 39,302 17,8304 9,08304 167,976 96,0329
94 23,171 16,0192 8,90192 66,203 2,43062
95 25,394 16,2688 8,92688 100,993 16,11609
96 28,871 16,6592 8,96592 131,31 23,9388
97 36,11 17,472 9,0472 160,795 73,08229
98 30,98 16,896 8,9896 142,842 35,93459
99 34,115 17,248 9,0248 155,021 58,22903
100 36,509 17,5168 9,05168 161,815 76,02817
101 33,089 17,1328 9,01328 151,527 50,6553
102 32,918 17,1136 9,01136 150,904 49,41001
103 32,804 17,1008 9,01008 150,481 48,58208
104 33,773 17,2096 9,02096 153,901 55,69011
105 36,851 17,5552 9,05552 162,658 78,53908
106 24,311 16,1472 8,91472 86,369 14,56818
107 31,607 16,9664 8,99664 145,669 40,12547
108 26,534 16,3968 8,93968 113,138 16,90146
109 28,757 16,6464 8,96464 130,578 23,41713
110 35,084 17,3568 9,03568 157,976 65,45219
111 28,13 16,576 8,9576 126,306 20,84777
112 31,094 16,9088 8,99088 143,373 36,68024
113 24,425 16,16 8,916 88,086 14,93447
114 33,716 17,2032 9,02032 153,711 55,26996
115 36,338 17,4976 9,04976 161,383 74,76826
116 36,224 17,4848 9,04848 161,09 73,92399
117 24,824 16,2048 8,92048 93,744 15,71203
118 36,395 17,504 9,0504 161,527 75,18622
119 33,431 17,1712 9,01712 152,738 53,16559
120 23,228 16,0256 8,90256 67,363 3,644082
121 35,939 17,4528 9,04528 160,345 71,81432
122 30,182 16,8064 8,98064 138,882 30,947
123 29,954 16,7808 8,97808 137,667 29,60963
124 31,55 16,96 8,996 145,422 39,73724
125 23,969 16,1088 8,91088 80,925 12,87014
126 37,364 17,6128 9,06128 163,872 82,2783
127 32,576 17,0752 9,00752 149,618 46,93652
128 23,342 16,0384 8,90384 69,627 5,796075
129 25,28 16,256 8,9256 99,615 16,06521
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130 24,197 16,1344 8,91344 84,605 14,11345
131 26,363 16,3776 8,93776 111,487 16,70341
132 32,291 17,0432 9,00432 148,505 44,89915
133 34,685 17,312 9,0312 156,797 62,47742
134 38,504 17,7408 9,07408 166,372 90,44838
135 32,861 17,1072 9,01072 150,693 48,99525
136 35,027 17,3504 9,03504 157,811 65,02833
137 28,814 16,6528 8,96528 130,946 23,67625
138 34,001 17,2352 9,02352 154,653 57,38301
139 37,136 17,5872 9,05872 163,34 80,62164
140 37,592 17,6384 9,06384 164,393 83,92829
141 25,223 16,2496 8,92496 98,912 16,03661
142 32,975 17,12 9,012 151,113 49,82431
143 26,306 16,3712 8,93712 110,924 16,6458
144 30,011 16,7872 8,97872 137,975 29,94045
145 40,043 17,9136 9,09136 169,37 101,11
146 39,017 17,7984 9,07984 167,416 94,0522
147 30,524 16,8448 8,98448 140,632 33,02934
148 26,249 16,3648 8,93648 110,355 16,59221
149 23,57 16,064 8,9064 73,952 9,171615
150 30,866 16,8832 8,98832 142,302 35,19548
151 38,276 17,7152 9,07152 165,892 88,82981
152 34,856 17,3312 9,03312 157,308 63,75139
153 30,695 16,864 8,9864 141,477 34,10305
154 29,612 16,7424 8,97424 135,769 27,69042
155 32,234 17,0368 9,00368 148,278 44,49518
156 25,109 16,2368 8,92368 97,482 15,97003
157 37,82 17,664 9,0664 164,903 85,57008
158 28,586 16,6272 8,96272 129,455 22,66489
159 28,244 16,5888 8,95888 127,116 21,2758
160 30,467 16,8384 8,98384 140,346 32,67613
161 30,809 16,8768 8,98768 142,029 34,8291
162 29,213 16,6976 8,96976 133,43 25,59572
163 38,732 17,7664 9,07664 166,842 92,05657
164 24,254 16,1408 8,91408 85,493 14,35284
165 28,472 16,6144 8,96144 128,69 22,18476
166 27,56 16,512 8,9512 122,021 18,99328
167 30,581 16,8512 8,98512 140,916 33,38516
168 39,986 17,9072 9,09072 169,266 100,7239
169 35,825 17,44 9,044 160,041 70,96862
170 26,705 16,416 8,9416 114,737 17,14001
171 31,265 16,928 8,9928 144,156 37,81438
172 23,513 16,0576 8,90576 72,896 8,431354
173 28,529 16,6208 8,96208 129,074 22,42255
174 25,337 16,2624 8,92624 100,308 16,09147
175 29,498 16,7296 8,97296 135,115 27,07542

172



176 31,778 16,9856 8,99856 146,401 41,30151
177 31,379 16,9408 8,99408 144,668 38,57863
178 26,819 16,4288 8,94288 115,775 17,32266
179 24,881 16,2112 8,92112 94,511 15,77759
180 25,451 16,2752 8,92752 101,67 16,13962
181 23,285 16,032 8,9032 68,504 4,763595
182 38,105 17,696 9,0696 165,526 87,61173
183 25,052 16,2304 8,92304 96,753 15,93053
184 27,161 16,4672 8,94672 118,761 17,98842
185 33,545 17,184 9,0184 153,131 54,00608
186 37,421 17,6192 9,06192 164,003 82,6906
187 29,042 16,6784 8,96784 132,384 24,75051
188 23,912 16,1024 8,91024 79,972 12,47556
189 38,162 17,7024 9,07024 165,649 88,01954
190 35,768 17,4336 9,04336 159,888 70,54628
191 26,135 16,352 8,9352 109,198 16,49641
192 37,25 17,6 9,06 163,607 81,44954
193 36,281 17,4912 9,04912 161,237 74,34653
194 32,006 17,0112 9,00112 147,353 42,88889
195 26,42 16,384 8,9384 112,043 16,76508
196 32,69 17,088 9,0088 150,052 47,75681
197 36,68 17,536 9,0536 162,24 77,28536
198 39,074 17,8048 9,08048 167,529 94,44919
199 25,907 16,3264 8,93264 106,804 16,34465
200 30,353 16,8256 8,98256 139,767 31,9766
201 39,245 17,824 9,0824 167,865 95,63764
202 38,618 17,7536 9,07536 166,608 91,253
203 26,078 16,3456 8,93456 108,61 16,45383
204 33,944 17,2288 9,02288 154,467 56,95982
205 37,991 17,6832 9,06832 165,279 86,79751
206 28,301 16,5952 8,95952 127,515 21,49641
207 39,758 17,8816 9,08816 168,844 99,16951
208 33,374 17,1648 9,01648 152,539 52,74486
209 27,959 16,5568 8,95568 125,064 20,24141
210 25,679 16,3008 8,93008 104,298 16,2328
211 33,488 17,1776 9,01776 152,935 53,58531
212 37,877 17,6704 9,06704 165,029 85,97979
213 32,348 17,0496 9,00496 148,731 45,30521
214 38,219 17,7088 9,07088 165,771 88,42558
215 35,426 17,3952 9,03952 158,949 68,00228
216 38,333 17,7216 9,07216 166,013 89,23556
217 35,369 17,3888 9,03888 158,789 67,57697
218 30,752 16,8704 8,98704 141,754 34,46493
219 26,99 16,448 8,9448 117,291 17,6331
220 26,876 16,4352 8,94352 116,285 17,42109
221 25,622 16,2944 8,92944 103,652 16,2087

173



222 25,565 16,288 8,9288 102,999 16,18544
223 24,653 16,1856 8,91856 91,383 15,4571
224 32,063 17,0176 9,00176 147,587 43,28924
225 39,473 17,8496 9,08496 168,306 97,21582
226 38,048 17,6896 9,06896 165,403 87,20548
227 35,483 17,4016 9,04016 159,108 68,42728
228 28,415 16,608 8,9608 128,302 21,95098
229 23,456 16,0512 8,90512 71,823 7,625004
230 34,172 17,2544 9,02544 155,204 58,65408
231 34,286 17,2672 9,02672 155,566 59,50342
232 36,737 17,5424 9,05424 162,38 77,70335
233 23,057 16,0064 8,90064 63,828 -0,30134
234 25,793 16,3136 8,93136 105,566 16,28493
235 32,405 17,056 9,0056 148,955 45,71149
236 35,198 17,3696 9,03696 158,304 66,30214
237 23,741 16,0832 8,90832 77,029 11,04496
238 39,359 17,8368 9,08368 168,086 96,42591
239 28,016 16,5632 8,95632 125,482 20,43888
240 30,068 16,7936 8,97936 138,279 30,2724
241 28,187 16,5824 8,95824 126,713 21,05955
242 35,54 17,408 9,0408 159,266 68,85193
243 29,669 16,7488 8,97488 136,092 28,00278
244 32,177 17,0304 9,00304 148,049 44,09158
245 39,701 17,8752 9,08752 168,738 98,7821
246 24,482 16,1664 8,91664 88,926 15,08876
247 36,623 17,5296 9,05296 162,099 76,86631
248 39,815 17,888 9,0888 168,951 99,56181
249 26,477 16,3904 8,93904 112,594 16,83114
250 34,229 17,2608 9,02608 155,385 59,07733
251 37,934 17,6768 9,06768 165,154 86,38785
252 31,835 16,992 8,9992 146,642 41,69712
253 34,913 17,3376 9,03376 157,477 64,17788
254 33,26 17,152 9,0152 152,138 51,90692
255 36,452 17,5104 9,05104 161,671 75,60619
256 27,389 16,4928 8,94928 120,652 18,53253
257 34,799 17,3248 9,03248 157,139 63,32747
258 37,307 17,6064 9,06064 163,74 81,86461
259 26,192 16,3584 8,93584 109,78 16,5425
260 27,218 16,4736 8,94736 119,241 18,1169
261 30,638 16,8576 8,98576 141,198 33,74352
262 25,85 16,32 8,932 106,189 16,3137
263 32,12 17,024 9,0024 147,819 43,69016
264 34,628 17,3056 9,03056 156,624 62,05139
265 26,762 16,4224 8,94224 115,259 17,22897
266 38,903 17,7856 9,07856 167,188 93,25534
267 29,156 16,6912 8,96912 133,084 25,31005

174



268 37,649 17,6448 9,06448 164,522 84,34107
269 39,644 17,8688 9,08688 168,631 98,39228
270 30,41 16,832 8,9832 140,058 32,32559
271 36,566 17,5232 9,05232 161,957 76,44626
272 33,032 17,1264 9,01264 151,321 50,2401
273 24,14 16,128 8,9128 83,704 13,84768
274 38,447 17,7344 9,07344 166,253 90,04487
275 37,535 17,632 9,0632 164,264 83,5172
276 23,114 16,0128 8,90128 65,025 1,118028
277 24,026 16,1152 8,91152 81,865 13,22875
278 23,399 16,0448 8,90448 70,734 6,748742
279 32,462 17,0624 9,00624 149,178 46,11977
280 24,596 16,1792 8,91792 90,575 15,34871
281 36,167 17,4784 9,04784 160,943 73,50352
282 23,798 16,0896 8,90896 78,024 11,56601
283 24,71 16,192 8,9192 92,18 15,55291
284 29,84 16,768 8,9768 137,045 28,95824
285 37,193 17,5936 9,05936 163,474 81,03625
286 36,794 17,5488 9,05488 162,519 78,12026
287 27,788 16,5376 8,95376 123,785 19,67725
288 29,099 16,6848 8,96848 132,736 25,02883
289 36,908 17,5616 9,05616 162,796 78,95676
290 39,587 17,8624 9,08624 168,523 98,00007
291 38,96 17,792 9,0792 167,302 93,65308
292 23,855 16,096 8,9096 79,005 12,04183
293 30,296 16,8192 8,98192 139,475 31,63164
294 28,7 16,64 8,964 130,207 23,16226
295 35,711 17,4272 9,04272 159,734 70,1234
296 32,633 17,0816 9,00816 149,836 47,34672
297 37,763 17,6576 9,06576 164,777 85,162
298 35,597 17,4144 9,04144 159,422 69,27348
299 34,457 17,2864 9,02864 156,1 60,77715
300 38,561 17,7472 9,07472 166,49 90,84996
Testing data
&0 = 80 =t A
REE | &8 | “gE| ®°F g

1 31,664 16,9728 8,99728 140,951 35,25486

2 32,006 17,0112 9,00112 142,613 36,86226

3 39,929 17,9008 9,09008 167,238 96,18486

4 26,591 16,4032 8,94032 102,378 14,76613

5 31,721 16,9792 8,99792 141,234 35,51943
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6 32,234 17,0368 9,00368 143,68 37,96156

7 23,627 16,0704 8,90704 52,509 2,484476

8 38,39 17,728 9,0728 163,882 80,28236

9 33,431 17,1712 9,01712 148,794 44,14504
10 37,478 17,6256 9,06256 161,656 72,05233
11 24,71 16,192 8,9192 75,176 7,227076
12 31,55 16,96 8,996 140,38 34,72957
13 27,56 16,512 8,9512 112,61 18,4793
14 29,156 16,6912 8,96912 125,905 24,6358
15 30,41 16,832 8,9832 134,132 29,72873
16 37,82 17,664 9,0664 162,514 75,04112
17 34,685 17,312 9,0312 153,409 51,49847
18 33,602 17,1904 9,01904 149,464 45,09095
19 39,758 17,8816 9,08816 166,888 94,2844
20 30,068 16,7936 8,97936 132,045 28,30482
21 33,944 17,2288 9,02288 150,764 47,0345
22 30,353 16,8256 8,98256 133,791 29,48928
23 30,581 16,8512 8,98512 135,136 30,45253
24 31,778 16,9856 8,99856 141,514 35,78531
25 36,566 17,5232 9,05232 159,222 64,62037
26 24,767 16,1984 8,91984 76,194 7,466638
27 34,115 17,248 9,0248 151,395 48,03312
28 34,97 17,344 9,0344 154,368 53,31399
29 30,923 16,8896 8,98896 137,07 31,92623
30 39,872 17,8944 9,08944 167,122 95,54751
31 27,674 16,5248 8,95248 113,691 18,91442
32 33,203 17,1456 9,01456 147,878 42,90959
33 25,679 16,3008 8,93008 90,662 11,19223
34 35,654 17,4208 9,04208 156,55 57,91307
35 34,286 17,2672 9,02672 152,013 49,05028
36 39,302 17,8304 9,08304 165,927 89,38389
37 34,571 17,2992 9,02992 153,016 50,78806
38 24,482 16,1664 8,91664 70,949 6,259674
39 37,649 17,6448 9,06448 162,088 73,53245
40 32,12 17,024 9,0024 143,151 37,40905
41 34,4 17,28 9,028 152,418 49,73892
42 34,913 17,3376 9,03376 154,178 52,9463
43 37,079 17,5808 9,05808 160,618 68,70697
44 33,26 17,152 9,0152 148,109 43,21575
45 36,281 17,4912 9,04912 158,414 62,44994
46 37,877 17,6704 9,06704 162,654 75,55044
47 29,84 16,768 8,9768 130,592 27,37153
48 31,151 16,9152 8,99152 138,307 32,92958
49 36,794 17,5488 9,05488 159,851 66,40755
50 30,695 16,864 8,9864 135,791 30,93977
51 23,399 16,0448 8,90448 46,759 1,433218
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52 35,198 17,3696 9,03696 155,113 54,80823
53 30,239 16,8128 8,98128 133,102 29,01299
54 35,882 17,4464 9,04464 157,242 59,52597
55 36,11 17,472 9,0472 157,918 61,18072
56 28,073 16,5696 8,95696 117,301 20,43937
57 35,54 17,408 9,0408 156,197 57,12195
58 25,736 16,3072 8,93072 91,466 11,41929
59 23,684 16,0768 8,90768 53,885 2,744152
60 27,104 16,4608 8,94608 108,039 16,73734
61 31,322 16,9344 8,99344 139,21 33,69388
62 26,99 16,448 8,9448 106,831 16,30077
63 36,737 17,5424 9,05424 159,695 65,95645
64 32,747 17,0944 9,00944 145,967 40,52264
65 27,902 16,5504 8,95504 115,786 19,78521
66 27,161 16,4672 8,94672 108,633 16,9554
67 35,939 17,4528 9,04528 157,412 59,93569
68 32,918 17,1136 9,01136 146,696 41,40503
69 30,125 16,8 8,98 132,4 28,54006
70 37,136 17,5872 9,05872 160,769 69,17576
71 31,037 16,9024 8,99024 137,694 32,42572
72 29,042 16,6784 8,96784 125,072 24,18769
73 24,881 16,2112 8,92112 78,185 7,943143
74 35,426 17,3952 9,03952 155,84 56,34087
75 33,83 17,216 9,0216 150,337 46,37881
76 23,114 16,0128 8,90128 38,969 0,089547
77 24,083 16,1216 8,91216 62,898 4,528726
78 24,197 16,1344 8,91344 65,289 5,028486
79 33,659 17,1968 9,01968 149,684 45,41002
80 29,783 16,7616 8,97616 130,22 27,14004
81 26,477 16,3904 8,93904 101,037 14,32518
82 25,622 16,2944 8,92944 89,847 10,96459
83 29,897 16,7744 8,97744 130,96 27,60373
84 36,908 17,5616 9,05616 160,161 67,31849
85 33,317 17,1584 9,01584 148,339 43,5237
86 23,855 16,096 8,9096 57,876 3,51593
87 30,524 16,8448 8,98448 134,804 30,21034
88 28,529 16,6208 8,96208 121,121 22,19214
89 26,42 16,384 8,9384 100,354 14,1042
90 29,327 16,7104 8,97104 127,126 25,31176
91 39,701 17,8752 9,08752 166,77 93,6586
92 35,369 17,3888 9,03888 155,66 55,95405
93 23,456 16,0512 8,90512 48,235 1,697952
94 26,648 16,4096 8,94096 103,037 14,98614
95 29,384 16,7168 8,97168 127,525 25,53817
96 26,078 16,3456 8,93456 96,077 12,77015
97 30,752 16,8704 8,98704 136,115 31,18487
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98 38,789 17,7728 9,07728 164,798 84,15272

99 36,851 17,5552 9,05552 160,006 66,86156
100 28,985 16,672 8,9672 124,65 23,96434
101 24,026 16,1152 8,91152 61,673 4,277213
102 25,337 16,2624 8,92624 85,607 9,816856
103 32,633 17,0816 9,00816 145,471 39,94257
104 38,276 17,7152 9,07152 163,615 79,20745
105 37,763 17,6576 9,06576 162,373 74,53503
106 39,359 17,8368 9,08368 166,049 89,98334
107 38,846 17,7792 9,07792 164,926 84,7196
108 25,793 16,3136 8,93136 92,259 11,64576
109 35,768 17,4336 9,04336 156,898 58,71436
110 27,959 16,5568 8,95568 116,297 20,00313
111 24,311 16,1472 8,91472 67,606 5,524011
112 23,513 16,0576 8,90576 49,685 1,961394
113 29,612 16,7424 8,97424 129,086 26,44969
114 38,105 17,696 9,0696 163,207 77,62031
115 37,535 17,632 9,0632 161,801 72,54256
116 34,628 17,3056 9,03056 153,213 51,14215
117 39,815 17,888 9,0888 167,005 94,91403
118 34,514 17,2928 9,02928 152,818 50,43617
119 37,25 17,6 9,06 161,068 70,12238
120 24,368 16,1536 8,91536 68,738 5,770231
121 25,508 16,2816 8,92816 88,185 10,50745
122 28,244 16,5888 8,95888 118,77 21,09496
123 24,938 16,2176 8,92176 79,16 8,180121
124 27,845 16,544 8,9544 115,271 19,5674
125 31,949 17,0048 9,00048 142,341 36,59097
126 32,063 17,0176 9,00176 142,883 37,13495
127 32,462 17,0624 9,00624 144,715 39,08436
128 39,473 17,8496 9,08496 166,292 91,1934
129 26,819 16,4288 8,94288 104,967 15,64451
130 35,825 17,44 9,044 157,07 59,11887
131 29,954 16,7808 8,97808 131,325 27,83667
132 26,762 16,4224 8,94224 104,331 15,42531
133 36,338 17,4976 9,04976 158,577 62,87847
134 37,307 17,6064 9,06064 161,216 70,60026
135 34,742 17,3184 9,03184 153,603 51,85702
136 24,995 16,224 8,9224 80,12 8,416274
137 27,617 16,5184 8,95184 113,153 18,69685
138 25,109 16,2368 8,92368 82,001 8,886174
139 32,576 17,0752 9,00752 145,221 39,65493
140 34,343 17,2736 9,02736 152,216 49,39353
141 37,364 17,6128 9,06128 161,364 71,08119
142 37,592 17,6384 9,06384 161,945 73,03593
143 25,85 16,32 8,932 93,043 11,87168
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144 39,188 17,8176 9,08176 165,68 88,19603
145 35,597 17,4144 9,04144 156,374 57,51625
146 25,907 16,3264 8,93264 93,816 12,09706
147 30,296 16,8192 8,98192 133,448 29,2507
148 28,586 16,6272 8,96272 121,577 22,41241
149 32,861 17,1072 9,01072 146,455 41,10924
150 25,565 16,288 8,9288 89,022 10,73634
151 34,856 17,3312 9,03312 153,988 52,58092
152 23,285 16,032 8,9032 43,728 0,899803
153 39,074 17,8048 9,08048 165,432 87,02279
154 39,986 17,9072 9,09072 167,354 96,82611
155 38,333 17,7216 9,07216 163,749 79,74321
156 26,933 16,4416 8,94416 106,217 16,08222
157 26,306 16,3712 8,93712 98,964 13,66115
158 32,804 17,1008 9,01008 146,212 40,81512
159 28,928 16,6656 8,96656 124,224 23,74144
160 34,799 17,3248 9,03248 153,796 52,21783
161 23,171 16,0192 8,90192 40,585 0,361007
162 28,187 16,5824 8,95824 118,285 20,87624
163 28,814 16,6528 8,96528 123,359 23,2969
164 21,275 16,48 8,948 109,801 17,39117
165 28,301 16,5952 8,95952 119,25 21,3139
166 30,467 16,8384 8,98384 134,469 29,96908
167 33,716 17,2032 9,02032 149,903 45,73101
168 30,98 16,896 8,9896 137,383 32,17543
169 39,644 17,8688 9,08688 166,651 93,03662
170 26,363 16,3776 8,93776 99,663 13,88287
171 25,052 16,2304 8,92304 81,067 8,651619
172 23,912 16,1024 8,91024 59,163 3,770833
173 27,218 16,4736 8,94736 109,22 17,17334
174 31,607 16,9664 8,99664 140,667 34,99158
175 24,425 16,16 8,916 69,852 6,015446
176 25,166 16,2432 8,92432 82,921 9,119957
177 27,047 16,4544 8,94544 107,439 16,51914
178 36,452 17,5104 9,05104 158,901 63,74383
179 33,374 17,1648 9,01648 148,567 43,83346
180 33,887 17,2224 9,02224 150,551 46,70566
181 40,1 17,92 9,092 167,583 98,12032
182 33,146 17,1392 9,01392 147,645 42,6052
183 26,021 16,3392 8,93392 95,333 12,54628
184 23,741 16,0832 8,90832 55,238 3,002607
185 30,011 16,7872 8,97872 131,686 28,07036
186 38,048 17,6896 9,06896 163,07 77,09791
187 25,394 16,2688 8,92688 86,478 10,04773
188 25,451 16,2752 8,92752 87,338 10,27792
189 25,28 16,256 8,9256 84,724 9,585281

179



190 36,167 17,4784 9,04784 158,084 61,60108
191 36,623 17,5296 9,05296 159,381 65,06287
192 29,555 16,736 8,9736 128,701 26,22089
193 31,436 16,9472 8,99472 139,799 34,20929
194 27,503 16,5056 8,95056 112,06 18,26174
195 32,291 17,0432 9,00432 143,941 38,24001
196 30,638 16,8576 8,98576 135,465 30,69567
197 31,892 16,9984 8,99984 142,068 36,32107
198 37,421 17,6192 9,06192 161,51 71,56521
199 23,57 16,064 8,9064 51,109 2,223563
200 31,379 16,9408 8,99408 139,506 33,95098
201 28,871 16,6592 8,96592 123,793 23,51896
202 27,731 16,5312 8,95312 114,223 19,13202
203 37,193 17,5936 9,05936 160,919 69,64756
204 29,498 16,7296 8,97296 128,313 25,99271
205 24,539 16,1728 8,91728 72,03 6,502933
206 30,809 16,8768 8,98768 136,436 31,43096
207 35,255 17,376 9,0376 155,297 55,18774
208 31,265 16,928 8,9928 138,911 33,43795
209 36,965 17,568 9,0568 160,314 67,77835
210 38,561 17,7472 9,07472 164,279 81,9203
211 39,017 17,7984 9,07984 165,306 86,44161
212 25,964 16,3328 8,93328 94,579 12,32192
213 26,534 16,3968 8,93968 101,712 14,54582
214 28,7 16,64 8,964 122,477 22,85394
215 28,643 16,6336 8,96336 122,029 22,63301
216 37,991 17,6832 9,06832 162,932 76,57882
217 39,245 17,824 9,0824 165,804 88,78812
218 31,835 16,992 8,9992 141,792 36,05252
219 33,545 17,184 9,0184 149,242 4477377
220 28,472 16,6144 8,96144 120,66 21,97217
221 26,876 16,4352 8,94352 105,596 15,86347
222 28,016 16,5632 8,95632 116,801 20,22118
223 40,043 17,9136 9,09136 167,469 97,47125
224 37,706 17,6512 9,06512 162,231 74,03215
225 36,224 17,4848 9,04848 158,249 62,02415
226 23,057 16,0064 8,90064 37,323 -0,18331
227 38,903 17,7856 9,07856 165,053 85,29003
228 23,969 16,1088 8,91088 60,428 4,024588
229 38,96 17,792 9,0792 165,18 85,86403
230 38,504 17,7408 9,07408 164,147 81,37089
231 34,229 17,2608 9,02608 151,808 48,70913
232 34,001 17,2352 9,02352 150,976 47,36534
233 26,705 16,416 8,9416 103,688 15,20586
234 28,757 16,6464 8,96464 122,92 23,07524
235 34,172 17,2544 9,02544 151,602 48,37009
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236 24,254 16,1408 8,91408 66,457 5,276769
237 38,675 17,76 9,076 164,54 83,02952
238 33,773 17,2096 9,02096 150,121 46,05394
239 36,395 17,504 9,0504 158,74 63,30976
240 35,084 17,3568 9,03568 154,743 54,05638
241 24,596 16,1792 8,91792 73,094 6,745241
242 33,089 17,1328 9,01328 147,41 42,30257
243 24,14 16,128 8,9128 64,103 4,779144
244 23,798 16,0896 8,90896 56,568 3,259861
245 29,099 16,6848 8,96848 125,491 24,4115
246 36,053 17,4656 9,04656 157,75 60,76305
247 32,177 17,0304 9,00304 143,416 37,68458
248 25,223 16,2496 8,92496 83,829 9,352987
249 23,342 16,0384 8,90384 45,257 1,167174
250 29,213 16,6976 8,96976 126,316 24,86059
251 38,447 17,7344 9,07344 164,015 80,82491
252 35,141 17,3632 9,03632 154,929 54,43111
253 28,415 16,608 8,9608 120,195 21,75248
254 32,405 17,056 9,0056 144,459 38,80139
255 38,219 17,7088 9,07088 163,48 78,67506
256 31,208 16,9216 8,99216 138,611 33,18319
257 28,13 16,576 8,9576 117,796 20,65771
258 24,653 16,1856 8,91856 74,143 6,986616
259 27,332 16,4864 8,94864 110,375 17,6089
260 32,348 17,0496 9,00496 144,201 38,51995
261 27,389 16,4928 8,94928 110,943 17,82656
262 35,027 17,3504 9,03504 154,556 53,68401
263 32,519 17,0688 9,00688 144,969 39,36886
264 39,416 17,8432 9,08432 166,171 90,58651
265 30,866 16,8832 8,98832 136,754 31,67807
266 33,488 17,1776 9,01776 149,019 44,45848
267 30,182 16,8064 8,98064 132,752 28,77611
268 34,457 17,2864 9,02864 152,619 50,08646
269 39,587 17,8624 9,08624 166,532 92,41844
270 39,53 17,856 9,0856 166,412 91,80404
271 31,094 16,9088 8,99088 138,002 32,67709
272 37,934 17,6768 9,06768 162,793 76,063
273 33,032 17,1264 9,01264 147,174 42,00168
274 38,732 17,7664 9,07664 164,669 83,58936
275 29,441 16,7232 8,97232 127,921 25,76514
276 24,824 16,2048 8,92048 77,197 7,705321
277 26,192 16,3584 8,93584 97,538 13,21651
278 35,312 17,3824 9,03824 155,479 55,56968
279 27,446 16,4992 8,94992 111,504 18,04417
280 38,162 17,7024 9,07024 163,344 78,14602
281 32,975 17,12 9,012 146,936 41,7025
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282 35,483 17,4016 9,04016 156,019 56,73017
283 36,509 17,5168 9,05168 159,062 64,18069
284 38,618 17,7536 9,07536 164,41 82,47317
285 36,68 17,536 9,0536 159,538 65,50823
286 23,228 16,0256 8,90256 42,171 0,631087
287 29,669 16,7488 8,97488 129,467 26,67914
288 35,711 17,4272 9,04272 156,724 58,31243
289 35,996 17,4592 9,04592 157,582 60,34804
290 34,058 17,2416 9,02416 151,186 47,69821
291 29,27 16,704 8,9704 126,723 25,08591
292 32,69 17,088 9,0088 145,72 40,2318
293 28,358 16,6016 8,96016 119,724 21,53306
294 26,135 16,352 8,9352 96,812 12,99356
295 31,493 16,9536 8,99536 140,091 34,46881
296 27,788 16,5376 8,95376 114,75 19,34967
297 26,249 16,3648 8,93648 98,255 13,43904
298 29,726 16,7552 8,97552 129,846 26,90925
299 37,022 17,5744 9,05744 160,467 68,24117
300 39,131 17,8112 9,08112 165,556 87,60759
Checking data
« B0 = 80 ER=38 . =
2 | E23 S 25 =2 S B3 5T

Sge | @agg | EBEE | ®F s

= = : m
1 31,493 16,9536 8,99536 134,15 34,33722
2 32,291 17,0432 9,00432 138,639 39,30909
3 25,223 16,2496 8,92496 64,375 6,962109
4 37,991 17,6832 9,06832 160,278 71,82971
5 28,016 16,5632 8,95632 106,247 14,30737
6 32,576 17,0752 9,00752 140,123 41,07659
7 34,913 17,3376 9,03376 150,404 55,12455
8 39,644 17,8688 9,08688 164,421 79,85753
9 33,602 17,1904 9,01904 145,016 47,35978
10 38,903 17,7856 9,07856 162,645 76,33952
11 38,96 17,792 9,0792 162,786 76,61459
12 28,415 16,608 8,9608 110,395 16,25898
13 27,332 16,4864 8,94864 98,31 11,3747
14 25,907 16,3264 8,93264 77,365 7,545755
15 37,193 17,5936 9,05936 158,022 67,7178
16 28,187 16,5824 8,95824 108,064 15,12449
17 35,54 17,408 9,0408 152,696 58,70911
18 25,337 16,2624 8,92624 66,708 7,010961
19 37,763 17,6576 9,06576 159,652 70,67066
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20 37,535 17,632 9,0632 159,011 69,49827
21 29,612 16,7424 8,97424 121,13 22,85404
22 28,472 16,6144 8,96144 110,962 16,55003
23 32,006 17,0112 9,00112 137,094 37,53513
24 32,747 17,0944 9,00944 140,985 42,13231
25 35,939 17,4528 9,04528 154,072 60,94444
26 31,037 16,9024 8,99024 131,339 31,50026
27 27,959 16,5568 8,95568 105,627 14,04161
28 27,218 16,4736 8,94736 96,873 10,94587
29 23,057 16,0064 8,90064 31,5 5,525319
30 25,052 16,2304 8,92304 60,734 6,914092
31 24,14 16,128 8,9128 37,89 6,398279
32 34,172 17,2544 9,02544 147,466 50,77758
33 39,245 17,824 9,0824 163,48 77,97907
34 30,353 16,8256 8,98256 126,732 27,28773
35 34,286 17,2672 9,02672 147,935 51,45313
36 39,587 17,8624 9,08624 164,289 79,59205
37 38,504 17,7408 9,07408 161,635 74,3904
38 33,317 17,1584 9,01584 143,722 45,62879
39 24,368 16,1536 8,91536 44,215 6,698914
40 30,809 16,8768 8,98768 129,858 30,08801
41 36,224 17,4848 9,04848 155,017 62,51639
42 33,773 17,2096 9,02096 145,769 48,39052
43 26,306 16,3712 8,93712 83,954 8,259774
44 24,482 16,1664 8,91664 47,21 6,777464
45 34,343 17,2736 9,02736 148,168 51,79132
46 31,265 16,928 8,9928 132,769 32,91753
47 30,239 16,8128 8,98128 125,915 26,59526
48 32,918 17,1136 9,01136 141,828 43,18567
49 29,384 16,7168 8,97168 119,259 21,53191
50 38,618 17,7536 9,07536 161,927 74,9501
o1 31,835 16,992 8,9992 136,137 36,46962
52 36,11 17,472 9,0472 154,643 61,89066
53 37,307 17,6064 9,06064 158,356 68,31525
54 34,514 17,2928 9,02928 148,855 52,79846
55 30,695 16,864 8,9864 129,098 29,38488
56 32,861 17,1072 9,01072 141,55 42,836
57 30,068 16,7936 8,97936 124,659 25,56177
58 32,177 17,0304 9,00304 138,028 38,59954
59 23,342 16,0384 8,90384 31,5 6,8992
60 38,162 17,7024 9,07024 160,738 72,69032
61 28,871 16,6592 8,96592 114,763 18,66007
62 39,701 17,8752 9,08752 164,553 80,12366
63 33,716 17,2032 9,02032 145,52 48,04775
64 35,996 17,4592 9,04592 154,263 61,25973
65 29,042 16,6784 8,96784 116,308 19,59959
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66 35,027 17,3504 9,03504 150,833 55,78244
67 32,348 17,0496 9,00496 138,94 39,66252
68 34,685 17,312 9,0312 149,528 53,79964
69 217,56 16,512 8,9512 101,082 12,28692
70 39,359 17,8368 9,08368 163,752 78,51868
71 23,969 16,1088 8,91088 32,83 5,978592
72 34,229 17,2608 9,02608 147,701 51,11521
73 25,508 16,2816 8,92816 70,075 7,116648
74 34,97 17,344 9,0344 150,62 55,45505
75 36,908 17,5616 9,05616 157,17 66,2114
76 37,877 17,6704 9,06704 159,966 71,25029
77 30,752 16,8704 8,98704 129,48 29,73648
78 35,768 17,4336 9,04336 153,49 59,99126
79 30,923 16,8896 8,98896 130,605 30,79334
80 39,929 17,9008 9,09008 165,072 81,17633
81 33,203 17,1456 9,01456 143,191 44,93307
82 33,659 17,1968 9,01968 145,269 47,70416
83 26,363 16,3776 8,93776 84,844 8,385597
84 39,074 17,8048 9,08048 163,066 77,16297
85 27,389 16,4928 8,94928 99,016 11,59622
86 39,188 17,8176 9,08176 163,343 77,70831
87 30,524 16,8448 8,98448 127,931 28,33327
88 38,048 17,6896 9,06896 160,432 72,11698
89 36,623 17,5296 9,05296 156,292 64,68536
90 35,711 17,4272 9,04272 153,293 59,67119
91 34,001 17,2352 9,02352 146,749 49,75811
92 26,762 16,4224 8,94224 90,749 9,428289
93 29,897 16,7744 8,97744 123,367 24,53731
94 31,094 16,9088 8,99088 131,701 31,85402
95 25,679 16,3008 8,93008 73,292 7,267284
96 23,684 16,0768 8,90768 31,5 10,69945
97 34,4 17,28 9,028 148,398 52,12684
98 31,436 16,9472 8,99472 133,809 33,98196
99 24,881 16,2112 8,92112 56,912 6,884681
100 24,311 16,1472 8,91472 42,676 6,644515
101 26,591 16,4032 8,94032 88,286 8,947351
102 38,732 17,7664 9,07664 162,217 75,50903
103 23,285 16,032 8,9032 31,5 12,98681
104 33,488 17,1776 9,01776 144,504 46,66881
105 39,53 17,856 9,0856 164,156 79,32521
106 35,141 17,3632 9,03632 151,257 56,43853
107 26,135 16,352 8,9352 81,209 7,91794
108 33,146 17,1392 9,01392 142,923 44,58514
109 30,011 16,7872 8,97872 124,232 25,21889
110 35,198 17,3696 9,03696 151,467 56,76565
111 32,804 17,1008 9,01008 141,269 42,48486
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112 24,026 16,1152 8,91152 34,549 6,142215
113 39,986 17,9072 9,09072 165,201 81,43954
114 29,669 16,7488 8,97488 121,586 23,18799
115 28,244 16,5888 8,95888 108,657 15,40377
116 28,586 16,6272 8,96272 112,077 17,14005
117 38,447 17,7344 9,07344 161,488 74,1098
118 31,322 16,9344 8,99344 133,119 33,27256
119 23,171 16,0192 8,90192 31,5 21,35491
120 28,7 16,64 8,964 113,169 17,74097
121 27,161 16,4672 8,94672 96,141 10,73854
122 26,876 16,4352 8,94352 92,339 9,776518
123 37,82 17,664 9,0664 159,81 70,96188
124 34,628 17,3056 9,03056 149,305 53,46629
125 26,021 16,3392 8,93392 79,314 7,719914
126 35,483 17,4016 9,04016 152,495 58,38786
127 36,167 17,4784 9,04784 154,831 62,20461
128 39,758 17,8816 9,08816 164,684 80,38842
129 36,566 17,5232 9,05232 156,114 64,37921
130 23,456 16,0512 8,90512 31,5 30,221
131 35,654 17,4208 9,04208 153,096 59,35241
132 34,742 17,3184 9,03184 149,749 54,13156
133 25,565 16,288 8,9288 71,164 7,161616
134 28,757 16,6464 8,96464 113,706 18,04499
135 40,1 17,92 9,092 165,455 81,95961
136 25,964 16,3328 8,93328 78,346 7,629831
137 37,592 17,6384 9,06384 159,173 69,79319
138 38,276 17,7152 9,07152 161,04 73,25946
139 29,213 16,6976 8,96976 117,806 20,5575
140 31,55 16,96 8,996 134,488 34,69243
141 23,798 16,0896 8,90896 31,5 42,15087
142 27,902 16,5504 8,95504 105 13,77947
143 31,379 16,9408 8,99408 133,465 33,62671
144 33,032 17,1264 9,01264 142,38 43,88672
145 23,228 16,0256 8,90256 31,5 47,33807
146 28,643 16,6336 8,96336 112,626 17,43928
147 32,462 17,0624 9,00624 139,536 40,36993
148 31,208 16,9216 8,99216 132,416 32,56272
149 25,622 16,2944 8,92944 72,236 7,211764
150 37,364 17,6128 9,06128 158,521 68,61184
151 32,12 17,024 9,0024 137,72 38,24585
152 38,675 17,76 9,076 162,073 75,23111
153 26,819 16,4288 8,94288 91,549 9,599677
154 30,182 16,8064 8,98064 125,5 26,24964
155 34,856 17,3312 9,03312 150,187 54,79405
156 37,136 17,5872 9,05872 157,854 67,41876
157 37,706 17,6512 9,06512 159,493 70,37849
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158 30,296 16,8192 8,98192 126,325 26,94076
159 29,099 16,6848 8,96848 116,813 19,91729
160 27,047 16,4544 8,94544 94,649 10,3385
161 38,219 17,7088 9,07088 160,889 72,97448
162 23,399 16,0448 8,90448 31,5 75,09051
163 36,281 17,4912 9,04912 155,203 62,82935
164 31,664 16,9728 8,99728 135,156 35,40347
165 36,794 17,5488 9,05488 156,822 65,60336
166 31,151 16,9152 8,99152 132,06 32,20819
167 39,815 17,888 9,0888 164,814 80,65178
168 25,109 16,2368 8,92368 61,967 6,927307
169 30,467 16,8384 8,98384 127,535 27,98407
170 29,726 16,7552 8,97552 122,038 23,52362
171 36,965 17,568 9,0568 157,343 66,51523
172 24,083 16,1216 8,91216 36,235 6,281116
173 34,457 17,2864 9,02864 148,627 52,46256
174 31,721 16,9792 8,99792 135,486 35,75919
175 27,617 16,5184 8,95184 101,754 12,52558
176 32,519 17,0688 9,00688 139,83 40,72263
177 39,416 17,8432 9,08432 163,888 78,78951
178 28,529 16,6208 8,96208 111,523 16,84395
179 30,41 16,832 8,9832 127,136 27,63611
180 28,985 16,672 8,9672 115,799 19,2847
181 26,933 16,4416 8,94416 93,119 9,95869
182 35,597 17,4144 9,04144 152,897 59,03171
183 32,975 17,12 9,012 142,105 43,53635
184 32,063 17,0176 9,00176 137,408 37,89026
185 24,938 16,2176 8,92176 58,207 6,893395
186 23,912 16,1024 8,91024 31,5 132,539
187 24,596 16,1792 8,91792 50,102 6,826316
188 33,431 17,1712 9,01712 144,245 46,32231
189 33,83 17,216 9,0216 146,017 48,7338
190 37,649 17,6448 9,06448 159,333 70,08539
191 24,539 16,1728 8,91728 48,669 6,804891
192 24,425 16,16 8,916 45,726 6,742661
193 35,084 17,3568 9,03568 151,046 56,1113
194 38,561 17,7472 9,07472 161,782 74,67178
195 28,928 16,6656 8,96656 115,284 18,97147
196 26,534 16,3968 8,93968 87,442 8,798116
197 25,166 16,2432 8,92432 63,181 6,943162
198 30,866 16,8832 8,98832 130,233 30,44032
199 25,28 16,256 8,9256 65,551 6,984593
200 29,498 16,7296 8,97296 120,204 22,19008
201 26,249 16,3648 8,93648 83,051 8,139787
202 23,114 16,0128 8,90128 31,5 184,8116
203 29,441 16,7232 8,97232 119,734 21,86031
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204 24,995 16,224 8,9224 59,481 6,902984
205 23,627 16,0704 8,90704 31,5 195,9978
206 27,674 16,5248 8,95248 102,419 12,76868
207 36,68 17,536 9,0536 156,47 64,99259
208 29,84 16,768 8,9768 122,928 24,198
209 35,369 17,3888 9,03888 152,088 57,74145
210 24,767 16,1984 8,91984 54,257 6,866931
211 35,825 17,44 9,044 153,685 60,30936
212 30,638 16,8576 8,98576 128,712 29,0333
213 38,846 17,7792 9,07792 162,503 76,06324
214 26,192 16,3584 8,93584 82,137 8,025952
215 29,27 16,704 8,9704 118,295 20,8804
216 23,513 16,0576 8,90576 31,5 241,0206
217 28,13 16,576 8,9576 107,465 14,84874
218 33,944 17,2288 9,02288 146,507 49,41763
219 39,473 17,8496 9,08496 164,022 79,05703
220 27,731 16,5312 8,95312 103,075 13,01536
221 33,26 17,152 9,0152 143,458 45,28184
222 23,57 16,064 8,9064 31,5 268,3494
223 30,581 16,8512 8,98512 128,324 28,68364
224 38,39 17,728 9,0728 161,339 73,82619
225 25,793 16,3136 8,93136 75,358 7,395026
226 34,058 17,2416 9,02416 146,99 50,09899
227 24,824 16,2048 8,92048 55,596 6,876128
228 37,478 17,6256 9,06256 158,849 69,20427
229 31,949 17,0048 9,00048 136,778 37,18051
230 25,736 16,3072 8,93072 74,333 7,328358
231 35,882 17,4464 9,04464 153,879 60,62709
232 27,275 16,48 8,948 97,596 11,15797
233 24,254 16,1408 8,91408 41,11 6,577681
234 36,509 17,5168 9,05168 155,934 64,07074
235 34,115 17,248 9,0248 147,229 50,43882
236 27,446 16,4992 8,94992 99,713 11,8221
237 26,705 16,416 8,9416 89,939 9,262464
238 36,737 17,5424 9,05424 156,647 65,29917
239 35,426 17,3952 9,03952 152,292 58,06476
240 39,302 17,8304 9,08304 163,617 78,25052
241 34,799 17,3248 9,03248 149,969 54,46355
242 39,872 17,8944 9,08944 164,943 80,91375
243 24,197 16,1344 8,91344 39,515 6,496345
244 29,156 16,6912 8,96912 117,312 20,23643
245 27,503 16,5056 8,95056 100,401 12,05215
246 25,85 16,32 8,932 76,369 7,467495
247 29,954 16,7808 8,97808 123,802 24,8779
248 40,043 17,9136 9,09136 165,328 81,69927
249 39,017 17,7984 9,07984 162,926 76,88842
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250 30,98 16,896 8,9896 130,974 31,147
251 36,851 17,5552 9,05552 156,997 65,9086
252 24,71 16,192 8,9192 52,896 6,856228
253 37,25 17,6 9,06 158,189 68,01604
254 29,783 16,7616 8,97616 122,485 23,86008
255 26,99 16,448 8,9448 93,889 10,14606
256 28,814 16,6528 8,96528 114,237 18,35121
257 29,555 16,736 8,9736 120,669 22,52112
258 23,741 16,0832 8,90832 31,5 477,9915
259 27,788 16,5376 8,95376 103,724 13,2662
260 27,104 16,4608 8,94608 95,399 10,53586
261 25,394 16,2688 8,92688 67,848 7,041585
262 31,778 16,9856 8,99856 135,813 36,1146
263 37,421 17,6192 9,06192 158,685 68,90758
264 32,405 17,056 9,0056 139,239 40,01615
265 38,333 17,7216 9,07216 161,19 73,54337
266 36,452 17,5104 9,05104 155,753 63,76166
267 28,358 16,6016 8,96016 109,822 15,97092
268 32,633 17,0816 9,00816 140,412 41,42814
269 36,395 17,504 9,0504 155,571 63,45201
270 37,079 17,5808 9,05808 157,684 67,11717
271 34,571 17,2992 9,02992 149,081 53,13306
2172 37,934 17,6768 9,06768 160,123 71,54142
273 33,374 17,1648 9,01648 143,985 45,97651
274 32,69 17,088 9,0088 140,7 41,78088
275 38,789 17,7728 9,07728 162,36 75,78576
276 35,255 17,376 9,0376 151,675 57,09108
277 28,073 16,5696 8,95696 106,859 14,57617
278 33,887 17,2224 9,02224 146,263 49,07618
279 27,845 16,544 8,9544 104,366 13,52109
280 39,131 17,8112 9,08112 163,205 77,43627
281 37,022 17,5744 9,05744 157,514 66,81658
282 30,125 16,8 8,98 125,081 25,90484
283 32,234 17,0368 9,00368 138,335 38,95475
284 28,301 16,5952 8,95952 109,243 15,68596
285 33,545 17,184 9,0184 144,761 47,01465
286 23,855 16,096 8,9096 31,5 702,3649
287 24,653 16,1856 8,91856 51,511 6,843043
288 36,338 17,4976 9,04976 155,387 63,14011
289 33,089 17,1328 9,01328 142,652 44,23548
290 26,078 16,3456 8,93456 80,268 7,815921
291 26,42 16,384 8,9384 85,722 8,517318
292 25,451 16,2752 8,92752 68,97 7,076723
293 26,648 16,4096 8,94096 89,118 9,102112
294 38,105 17,696 9,0696 160,585 72,40323
295 31,607 16,9664 8,99664 134,824 35,04857
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296 26,477 16,3904 8,93904 86,588 8,654856
297 36,053 17,4656 9,04656 154,454 61,57625
298 35,312 17,3824 9,03824 151,882 57,41635
299 31,892 16,9984 8,99984 136,459 36,82531
300 29,327 16,7104 8,97104 118,78 21,20569
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Tabnuys /1 1.

13UYHUX [apameTpiB

b

YCTAaHOBKH I OXOJIOAKCHHA IMOBITPA

1 JaH1 CJICKTPUYIHUX Ta TCILIIO

ExcniepuMeHTaNIbH
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I'71 Energy efficient system maintenance microclimate in poultry premises:

[Monograph] / Gorobets V.G., Trokhaniak V.I.— Kyiv: «PC «Komprint», 2017. — 193 p.
ISBN 978-966-929-976-4

The monograph is devoted to the solution of the scientific and applied problem,
which consists in improving the electrotechnical complex to support the normalized
microclimate in a poultry houses using underground water and recuperative heat
exchangers for cooling and heating of supply air.

Different methods of air handling in poultry houses are considered, existing
automation systems and methods of control of ventilation and heating equipment to
support optimal air exchange in poultry houses.

Numerical modeling of heat and mass transfer processes of ventilation air in
poultry houses with and without the use of a new cooling air system is carried out.
Using the CAD software ANSYS Fluent, the fields of velocity, temperature and
pressure in the poultry house were obtained.

On the basis of theoretical and experimental researches, a new electrotechnical
microclimate system was developed which based on the use of underground water wells
with the use of recuperative heat exchangers for cooling and heating of supply air in the
summer and winter periods.
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