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BCTYII

HeoOximHiCTh CTBOpEHHS Ta peaii3aiii MpoekTiB OyAiBHHUIITBA HOBUX YU
PEKOHCTPYKIIi  JiI0YMX OO0 €KTIB  €JIEKTPOCHEPreTHKH, CIPSMOBAaHUX Ha
MiABUIICHHA HAAIMHOCTI 1 €(QEeKTUBHOCTI EHEPreTMYHOTO CEKTOpY JIep KaBH,
3yMOBJIEHa IMpolecaMud (i3MYHOrO Ta MOPAJIBHOTO CTapiHHSA oOiagHaHHA. 3a
JIOTIOMOT'0I0 TaKUX CUCTEM 1HKEHEPHOT'O YCTaTKyBaHHS, SIK OCBITJICHHS, OMAJICHHS,
BEHTWISIII 1 KOHAWLIOHYBAHHS CTBOPIOETHCS HEOOXITHUN MIKPOKIIMAT Yy
npuMimieHHl. KokHa 13 IMX CHCTEM CTBOPIOE HEOOXIJHI PiBHI BIIMOBITHUX
napameTpiB MiKpokiimMaTy. i1 BEIMKOi KUIBKOCTI CHOpPYZ BUPOOHUYOrO Ta
TPOMAJICBKOTO TPHU3HAYEHHS CHCTEMaM{ OCBITJICHHS, OMAJeHHS Ta BEHTHIIALI]
3a0e3MeuyI0ThCsl HEOOXI1/IHI CaHITapHO-TITIEHIYHI YMOBH, AKI MalOTh MO3UTHUBHUN
BIUIMB Ha PIBEHb MPOAYKTHBHOCTI Mpall Ta CaMOIOYYTTS MpaliBHUKIB. Tomy
aKTyaJbHUM € HampsM, T[OB'I3aHUM 13 MPOEKTYBAaHHSM OCBITJIIOBAJIBHUX,
OTaTIOBAIbHUX Ta CHCTEM KOHAMIIIOHYBAHHS B MPUMIIIICHHSX.

AKTyallbHICTh pOOOTH TOB'I3aHa 3 BUOOPOM HAMONTUMAJIBHIIINX IIISAXIB
M1JIBUIICHHS €HEPTreTUYHOI ePEKTUBHOCTI OyAIBAi, y TOMY YHUCIl 3 PO3POOKOIO
HOBUX TMPUHLHUIIB Ta CHUCTEM KHUTT€3a0E€3MEUEHHS Ta iX BIPOBAKEHHSIM
(CTBOpEHHS Ta MIATPUMKU MIKPOKJIIMATY).

HaykoBa HOBu3HA pPOOOTH TMOJdSATaE y PO3PAXYHKY ONTUMAIBHUX
MOKa3HUKIB E€HEProCHOKUBaHHS Ta EHEProeeKTHUBHOCTI, BUOOpI HANOLIbII
NIIXOJAIIMX ~ €HEepro30epiralouMx  1HKEHEPHUX  CHCTEM  MIKPOKIIMAaTy
KUTJIOBOrO OyAMHKY JUJISl 3aJaHOl TEpUTOpii, OOIPYHTYBaHHS ONTUMAIbHUX
TEXHOJIOTTYHUX PIIICHb, IO O3BOJISIOTH peajizyBaTh eHepro3oepirarodi 3aX0au
I1]] 4ac MPOEKTYBaHHS 1H)KECHEPHUX CUCTEM MIKPOKIIIMATY

MerToro naHoi poOOTH € MPOEKTYBaHHS Ta PO3PAXYHOK CHUCTEM OCBITJIICHHS,
OMAJICHHA Ta KOHJMIIIOHYBAaHHA MPUMIIIEHb XOpOJbCbKOI TiMHA31i, IO
3HAXOAHUTHCS B M. Xopou 1o Bys. HebecHoi coti, 33.

Jnst nocsrHeHHST MeTH B poOOTI OyJiM TOCTaBJICHI 1 BUPIIIEHI HACTYIHI
3aBJaHHS: MOJEJIOBAHHS Ta CBITJIOTEXHIYHHHA PO3PAaXyHOK CHCTEM OCBITICHHSA

NPUMIILIEHb; BU3HAYEHHS TEIUIONPOAYKTUBHOCTI Ta MOTYKHOCTI MPHIAIIB 7S
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KOHJMIIIOHYBaHHS 3 METOI0 CTBOPEHHS HEOOXITHUX MapaMeTpiB MIKpOKIIMaTy
NPUMIIIEHB; €NEKTPOTEXHIUHUN PO3PAXYHOK MEPEX KUBJICHHS MPUIAAIB CUCTEM
OCBITJICHHS], ONIAJICHHS Ta KOHINUI[IOHYBAHHS.

OOG’€exT MOCHIDKEHHA: TPOIECH TEPETBOPEHHS EIEKTPUYHOI eHeprii B
TEIUIOBY Ta BUIIPOMIHIOBaHHS BUAMMOTO /1aM1a30HY .

[TpenMeT AOCHIIKEHHS: MPWIAgU Ta CUCTEMM OCBITJICHHS, OIAJEHHSA Ta
KOH/IMIIIOHYBaHHS.

[TpakTHYHA LIHHICTH: PO3POOJEHO Ta 3aIPONOHOBAHO CHUCTEMHM OCBITJIICHHS
OMaJieHHSI Ta KOHAMWI[IOHYBaHHS, SKI 3/1aTHI 3a0e3MeUYuTH HEOOXITHI YMOBHU

MIKPOKJIIMATY IPUMIIIECHb.
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1 AHaJIi3 Cy4YacHMX eHepro30epiraloumx axepeJ cBiTia

[IkinpHI KJacM BUMAaraloTh IHTEHCHMBHOTO OCBITJICHHS, 1 BHTpaTH
CJIEKTPOEHEPT1i JOCUTHh BUCOKI B MOAIOHUX yCTaHOBAX.

BigmoBimro mo JICanlliH, 5.5.2.008-01 «Jlep>xaBHi caniTapHi TpaBujia i
HOpPMH BJAIITYBAaHHS, YTPUMaHHS 3arajlbHOOCBITHIX HaBYAJIBHUX 3aKjajiB Ta
oprasizaiiii HaBYaJbHO-BUXOBHOI'O MpOIIECY» y IIKOJaXx Mae OyTH 3abe3reycHe
HaJIe)KHE MPUPOJHE 1 MTy4dHe OcBiTIeHHI. Came 1e € HeoOXiAHOI YMOBOIO
30epeKeHHS 3arajibHOi Ta 30pOBOi MPaIe3]aTHOCTI, MOMEPEKEHHS PO3JIaiB 30py
[1].

Oco06MBO CTUMYJITIOE pOOOTY MO3KY JIEHHE CBITJIO. | SIKIIO HOTO JTOCTAaTHBO,
JIOJIATKOBE OCBITJICHHSI HE BMHKaeThca. COHSYHE CBITJIO TOHI3YE 1 3MIIHIOE
OpraHi3M, MIABUIIY€E 3arajibHy OIIIPHICTh 3aXBOPIOBAHHSAM, CTBOPIOE YMOBH,
HEOOX1H1 JJI1 HOPMAJIBHOTO POCTY 1 PO3BUTKY AITEH 1 MTITKIB.

B VkpaiHi 3 BepecHs 10 TpaBHS HEOOX1AHO MiJABUIIYBaTH PIBEHb OCBITICHHS
HaBYAJIbHUX MPUMIIIEHB 32 JIOTIOMOT'0I0 IITYYHOT'O OCBITICHHS.

['irieniuHe HOpMYyBaHHS OCBITJICHHS Tiepen0adae CTBOPEHHS ONTUMAaIbHUX
yMOB 17151 poboTH oueil. HemocTaTHs 1 HenpaBUiibHA OCBITJICHICTh MPU3BOIUTH 10
MIPOTPECYIOUOro TOTIPIISHHS 3/I0POB'sS, 3HWKCHHS Ipale3gaTHOCTI, IiIBHIICHHS
HEPBOBO-TICUXOJIOTIYHOT HAITPYTH, CTOMJIIOBAHOCTI [2].

VY Hamniil kpaiHi y KOXKHOrO JPYroro KUTeNs € siKi-HeOyAb MOPYILIEHHS 30Dy,
MPUYOMY MPOOJIEMH 3HUKEHHS 30pY MOJIOJIIIOTH PIK BiJl pOKY. SIKIO B TOYATKOBIM
IIKOJII TOPYIIEHHS 30py crocTepiraiTbes y 4% aiTei, To 10 3aKIHYEHHS IIKOJIU
OKYJISIPY YM JIIH3U HOCATH NMpuOin3Ho 40% y4HIB.

Kpamum metonomM npodilakTHKK 3HUKEHHS TOCTPOTH 30py Cepejl MIKOJSPIB
BBAXKAETHCS MPABUIIbHA OpraHi3alis poooyoro Micus B KOMIUIEKCI 3 MPaBUILHUM
TPEHYBaHHSM 1 BIANOYMHKOM. Poboye Miciie yuHs — 11e Horo mapTa B IIKOJI, BAOMA
— CT1J1, 32 IKUMH BIH HABUA€ETHCS, pOOUTH IOMAIIIHE 3aBAaHHs, MA10paHi BIATIOBITHO
JI0 OT0 3pOCTY, 1110 3a0€3MeUnTh NMPaBUIIbHE TIOJIOKEHHS T1JIa Ta BIJICTaHb B Oue
70 3ommuTa abo migpydyHuka. Poboue Mmicie mikonspa mMae OyTH 100pe OCBITICHHM.

I[J'ISI AOCTATHBOT'O IIPHUPOAHOIO OCBITJICHHS MAalOTh 6YTI/I BCIIMKMMHU Ta
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HE3aTEeMHEHUMH BIKHA, a IITy4YHE OCBITIEHHsS B Kiacax craHoBuTH 400 JIOKC Ha
po0oumx cTojax i maprax, a Ha cepeauHi 1ok — S00nk. B kiracax mpu po3camkeHHi
YVYHIB TIPUPOJIHE CBITJIO Ma€ MajaTd B OdYl 3J11Ba, a JJISI MITYYHOTO OCBITJICHHS B
TEMHUH TMepioJl pOKy 3 TIT€HIYHOI Ta EKOHOMIYHOI TOYKM 30py HaWKpaiie
BUKOPHUCTOBYBATH JIFOMIHECIIeHTH1 Jiamniu Tuny JIH puponanoro, JIb 6imoro, JIXb
xonogHoro Oimoro, JITIIL[ Termo-6i70ro KOALOPIB Ta CBITJIOMIONHI JIAMITH Y
CBITHJIBHHKAX PO3CISTHOTO CBiTia [3].

Ocob6nmBy yBary ciiji TPUIUIATA IMITYYHOTO OCBITJICHHS B KaOlHeTax
iHQopMaThKKM Ta OOYMCITIOBAJIBLHOI TEXHIKM (KOMI'IOTEpHHX Kjacax). [lpu
JIOMIHECIIEHTHOMY OCBITJICHHI, OCBITJIEHICTh Ha pOOOYMX CTONAaX MOBMHHA OYyTH
nopsaaky 400nk, a Ha ekpaHi guciuies — 2007K; CBITUJIBHMKHA HEOOX1JTHO
pO3TAlIOBYBaTH TaKWM YHWHOM, MO0 MpU TEPUMETPATHLHOM ab0 JIBOPSTHOMY
PO3MillIEHHI pOOOYUX MICIIb CBITJIO HA HUX Ma/IaB 333y MPaIOI0YUX YYHIB, MICIIEBE
OCBITJICHHSI IPU POOOTI HA KOMI'FOTEPaX HE 3aCTOCOBYETHCSI.

Ha piBeHb OCBITJICHOCTI MNPUMILNIEHb BEIUKHM BIUIMB MAalTh KOJIp 1
TOHAJIBHICTh 3a0apBJICHHS TOBEPXOHb CTIH, MJUIOTH 1 cTeni. Benuki moBepxHi
nogapOoOBaHi B TEMHI KOJIbOPU CIPHUSIOTh 1HTEHCUBHOMY IOTVIMHAHHIO KBaHTIB
CBITJIa Ta 3HIKEHHS PIBHS OCBITJICHOCTI, Ty>K€ CBITJI1, Ol 1 3epKaJibHI MMOBEPXHI
Bi/IOMBaIOTh Maixke Bech CBITJIOBHM MOTIK (10 80-90%), anie MOXYyTh CTBOPUTHU
YMOBH ITiJIBUIIICHOT 3aC/IIIUTFOBAHOCTI B TpUMiIeHHi [4].

Sk 6auMMo, MUTAaHHS OCBITJICHHS B MIKUIBHOMY 3aKJjajil Ta YMOB 30€pEKECHHS
30py AiTeH i Yac HaBYAJILHOTO MPOIIECY JOCUTh aKTyalIbH1 Ha ChOTO/HIIIHIN JCHb.
Lle cympoBOIKYEThCS MTOSBOIO HOBHX JIKEPENT CBITIA, 30KpeMa, Mepexi/l HaCeIeHHs
31 3BHYAWHUX JaMI poKapeHHs Ha cydacHi LED-mammu Ta CBITHIBHUKH.
3acTOCYBaBIIIM CY4YacH1 TEXHOJIOTII B MIKIJILHOMY 3aKjaji, 3MOXKEMO 3HU3UTHU
MOKa3HUKW BUKOPUCTAHO1 EJIEKTPOCHEPTI, 110 JOMOMOKE 3a01aP)KyBaTH KOIIITH.

OTxe, TOTPUMYIOUKCH PSITy TIEBHUX BUMOT MOXKHA 3a0€3MeUnTH HeOOX1THUI
pIBEHBb OCBITJICHOCTI B HABUAJIbHUX KJlacaxX Ta MIKIJILHOMY 3aKJajl B iJIOMY. AJKe
came MM 3MOXEMO 30€perTH Ta MOKPAIIUTH 3/I0POB’S JII0IeH, 0COOJIMBO MITEH Ta

SHU3WUTH IMOKA3HHUKHU ITOPYIICHHSA 30PY.
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1.1 Crtucia xapakTepucTHKA 00’ €KTY Ta aHAJII3 30pOBHX 3a1a4

B HOpMaTHMBHMX JOKyMEHTaX CTaBUTHCS METa CTBOPEHHS B OCBITIIIOBAJILHOMY
MPUMIIICHH] CBITJIOBOTO CEPEOBUIIA, sike O 3a0e3medyBano 30poBy €(pEeKTHBHICTh
OCBITJIIOBAJIbHUX YCTAHOBOK 3 BpaxyBaHHSAM BHUMOT (Pi310J10T1i 30py, Tiri€HH TIpari,
Oe3MeKy mparli Mpyu MiHIMaJIbHUX BUTpaTax €JIeKTPOCHEPrii Ta IHIINX MaTeplaibHUX
pecypciB, a TAaKOXX TPYJOBUX BUTPAT HA MOHTAX Ta EKCILTyaTaIlil0 OCBITIIOBAIBHIX
ycTaHoBOK. JlaHa poOoTa po3risiiae PEeKOHCTPYKIIO MPOEKTY EJIEKTPUYHOIO
OCBITJIEHHS XOpOJbCbKOI TiMHA31l, MEPUIOr0 1 IOKOJBHOTO TOBEPXiB, IO
3HaXOAUTHCS B M. XopoJ o ByJ. HebecHoi cotHi, 33. 3arajibHa miolia loKojIbHOTO
Ta 1-r0 IOBEPXiB HABYAILHOTO 3aKJIaly CTAHOBUTH 3158M2,

Ha noxonbHOMY MOBepci 3HAXOAUTHCS TPEHAKEPHUH 3aJl, CIIOPT 1HBEHTApHA,
KOMOpa, CKJIaJChKe MPUMIIICHHS, TEXHIYHA KIMHATa, IITUTOBA, CXIJI, AYIIOBI Ta
po3asraibHi, caHBy3au. Ha nepiomy mosepci XopoJibChbKOi FMHA31i pO3TallioBaHO
HaBYAJIbHI KaO1HETH 1 MpenapaTopchKi, MAMCTEPHI MO AEPEBY 1 METay, CKIIAJIChKe
MPUMIIICHHS ¥ apXiB, My3€il, Malluii CHOPTUBHUIM 3aJ1, TIMHACTUYHUMN 3aJ1, KAOTHETH
Jikapsi, Joromneja, rneaarora-opraHizatopa, ka0iHeT oOpa30TBOPYOTO MUCTEIITBA,
inaapHs, paloBY30J1, PO3ASTANIbHS, CAHBY3JIU 1 TYIIOBA, KOPUAOPH Ta CXiIIl.

3rirzno JIBH B.X.5-2.8-2006 mnpumimieHHss 3a BHJAOM 30pOBHUX pOOIT
NOAUIAIOTECS HA TPYNHM B 3aJEKHOCTI BIJ KOHTpacTy oO'ekTa 3 (OHOM Ta
xapaktepucTuku ¢ony: 11 (BUCOKOT TOYHOCTI) — BITHOCATHCS MaliCTEPHI1 MO ACPEBY
1 MeTainy, My3ed, MaJiuil CHOPTUBHUN 1 TIMHACTUYHHUI 3aiu, KaOlHETH JiKaps,
kaOiHeT 00pa30TBOPYOrO0 MHCTENTBA, imanbHs; [V (cepeaHboi TOYHOCTI) —
HaBUYaJbHI KaOlHETH, TpemapaTopchbki, KaOiHETH Joromena 1 Tmegarora-
opraHizaTopa, paaioBy3o0i; V (Manaoi TOYHOCTI) — CKJIQJChKI MPUMIILICHHS, apXiB,
pO3AsTalIbHI, CAHBY3JIM 1 JYIIOBI, TEXHIYHA KIMHATa, KOMOpa, KOMOpa, IIUTOBA,
cnopt iHBeHTapHa; VIII (3aranbHe crnocTepekeHHS 3a XOAOM TEXHOJIOTTYHOTrO
Ipoliecy) — CXiami Ta Kopuaopu [5].

KoedimieHT BitOUTTS MOBEPXHI MPHUMIIIIEHb CTaHOBUTH P=0,7; pcr=0,5; pn=0,3,

a i1s1 cauBy31iB — pe=0,7; pe;=0,5; p,=0,5 [6].
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1.2 Bu6ip HopMoBaHoOI OCBIT/IEHOCTI Ta KoediieHTa 3anacy

Bubip piBHS HOPMOBaHOI OCBITJIEHOCTI 3HAXOAUTHCA B TICHOMY 3B'SI3KY 3
MPUIHATOIO0 CUCTEMOIO OCBITJICHHS], @ TAKOX 3 TEXHOJIOT1€I0 BUPOOHUYOTO MPOLIECY
Ta 0COOIUBOCTSIMH 30POBOi POOOTH.

Haiibinpm  BaXKMMH TUTAHHSIMH, III0 BUHUKAIOTh MPU BHUOOpI pIBHSA
OCBITJICHOCTI € BU3HAYEHHS KOHTpAcTy 00'ekTa 3 POHOM, a TaKOXK po3Mipy 00'ekTa
PO3pI3HEHHH.

[Ipu npoekTyBaHHI OCBITIIOBAJILHOI YCTAaHOBKM B PO3pPaxyHOK BBOJUTHLCS
Koe(DILIEHT 3anacy, AKUi BpaxOBYe 3HUKEHHS CBITJIIOBOIO IMOTOKY JIPKEpera CBITIA,
BHACJIIOK MOro CTapiHHS, a TaKOX 3HUXKEHHS KOPUCHOI [ii CBITWJIbHUKA B
pe3ynbTaTi 3a0pyIHEHHS JIaMIl, OCBITJIEHOT apMaTypu Ta OrOPOPKEHUX ITOBEPXOHb
OCBITJIIOBAJILHOTO MPUMIIIICHHS [7].

1.3 Bubip mkepeJ cBitia

Po3pobOka Mae Ha METI MOKPALIUTHU CBITJIOTEXHIUHI TOKa3HUKHA B HABYAJIbHOMY
3akiazi. Tomy i 3arajJbHOTO PIBHOMIPHOTO OCBITJICHHSI HaBUaJbHUX KaOIHETIB;
MalcTepeHb; My3elo; KaOlHeTiB Jikaps, Joromena, Iejarora-opratizaropa,
00pa30TBOPUOTO MHUCTELTBA; IAAJIbHI; PAJIOBY371y OOUpaEMO CBITJIOAIO/HI
YCTaHOBKH, B IKMX BJK€ BMOHTOBaHI CBITJIOIO0/IH.

CBITJIOII0/THE OCBITJICHHS MTEPEBEPIITYE 3a OaraThMa mapaMeTpaMu TpaauIliiHe
OCBITJICHHSI, @ B HAaHOJIM>KYOMY MallOyTHbOMY, BiIOyAeThCS MOBHUM nepexia. bim
CBITJIOZIOAM JUIATH Ha TpH Kateropii: Temno-6imoro (3000K), HerTpanbHO-01710T0
(4000-5500K) i xonoauo-6i10ro (monazg 5500K) caitia.

3a HopMamu YKpaiHu B IIKOJIaX, IHCTUTYTax 1 OCBITHIX yCTaHOBAaX JOMYCTUMO
BUKOPHCTOBYBaTH HEWTpasibHO-O1oro cBitina. Ha aymKky ekcrepTiB, IiTH, 3 iX
Hec(hOpMOBAHUM 30pOM, 1 TaK SIK BOHHM BIJHOCSTBHCS O TPYNH 30POBOT0O PHU3HUKY,
HEOOX1THO 3MEHIIINTH HAIJTUIITKOBUI CHHIA CIICKTP.

VY Bullle nepeniyeHrux NPUMILIEHHSIX JKEePEIoM CBITIa BUCTYNa0Th 20 cymep
J10/11B TOBEPXHEBOr0 MOHTaxXy Thiy SMD2835, siki BUITPOMIHIOIOTh HEUTpabHUN
O1mii cBiT. CBITJIONIOAM PO3TAIIOBaHI MO IEPUMETPY CBITUIILHUKA, IO 3a0e31medye

pIBHOMIpHE OCBITJICHHs 0€3 TiHeH 1 TeMHMX TUisiM. KyT po3citoBaHHS CBIT/Ia CKJIa1ae
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120 rpamyciB, a koedimieHT mepenadi koabopy — Oinbine 80%. Ilporo mimkom
JOCTATHBO AJIS TOTO, 100 MPEAMETH B KIMHATI 1 KOJIP MIKiPH BUTIISAIAIHA TIPUPOTHO.
[ToTy>XHICTh O/IHIET YCTAHOBKH CKJ1ajae 4BT.

CBiTyIOAiONM TIEPEBEPIIYIOTH 1HIN THMH JHKEPEN CBITJIA MO MIIHOCTI, BOHU
Mai’ke He YyTJMBI 0 yAapiB 1 BiOpalliif, Ha BIAMIHY BiJl JaMIIM pO3KapECHHS, 1€
HaliMeHIIa BiOparllisi MOKe MOMIKOJAUTH HUTKY PO3KapIOBaHHS, 110 MEPETBOPIOE 11 B
HEMOTPiOHY CKIITHY KOJIOY, AIKii psiMa Topora Ha cMITHUK. CBITJIOAI0IA HE MICTSITh
pTyTi a6o dochopy, a TaKoXK IHIIMX HEOE3NMEUHHMX JJI1 MPUPOAU Ta 3J0POB'S
JIOVHH pedoBuH [8].

Jliis mpemapaTopchKuX BHOpaId TaKOK CBITJIOAIONHI YCTAaHOBKH, aji€ 3 JICIIO0
IHITUMU TEXHIYHUMHU XapakTepucTHKaMu. J[kepemom CBiTia B HUX CIyXaTh 15
ceitiomioniB tuny SMD2835, BUNpPOMIHIOOTh HEWUTpadbHUNA O1TUH CBIT 31
cBiTI0BUM NOTOKOM 85-90 1m/BT. Po3TamoBani BoHM 110 IEPUMETPY CBITHIIHHHKA,
o 3a0e3rnedyye pIBHOMIPHE OCBITIICHHS 0€3 TeMHHUX IUIsIM 1 30H. lloTykHicTh
ckinagae 3BT, po3paxoBaHuil BIH Il poOOTH B MeEpexXl 3MIHHOIO CTPYyMYy 3
HOMIHaNbHOIO Hampyroto 220B. Kyt poscitoBanns cBiTia — 120 rpanycis.
CBiTiIOA10IM HE MICTATHh PTYTh 1 CBUHELb, SIKI 3TyOHO BIUIMBAIOTH Ha 3JI0POB'S
JIOAVMHM 1 HABKOJMINHE cepepoBuile. Takok BOHM HE BUIPOMIHIOIOTH
yinbTpadiosieT, Mo B CBOI YEpry 3HIDKY€E BUIIBITAHHS pi3HUX MatepianiB. LED
MalTh BUCOKHUW KOE(IIEHT CBITIOBIJAAul: MPU HEBEIUKINA CHOXKHBAHOI HUMHU
MOTY>KHOCT1, BOHM JJAIOTh MOTY>KHUI CBITJIOBUM TMOTIK - BIH MOXE MEPEBUIILYBATU
CBITJIOBUH MOTIK AHAJIOT1YHO1 MO CITOKMBAHOT MOTY>KHOCTI JIaMIIU PO3’KapIOBAHHS B
necsaThb pasziB. KpiM Toro, cBITJION1011 IEPEBEPILYIOTh 1HII THIIU JIKEPEIT CBITIIA 11O
MIITHOCTI, BOHM Maike He 4yTJIMBi 10 yaapiB i Biopartii [9].

'MHacTHuHMIT 3am Mae BHUCOTY cTelal 9 MeTpiB, TOMYy HEOOXIJTHO
BukopuctoByBatd LED mnpoxekropu. Bin wmictute 36 CBITIOMIOAIB, SIKI
BUIIPOMIHIOIOTh PIBHUM XOJIOAHMM O1IMil CBIT 31 CBITJIOBUM MOTOKOM 750mM.

[MotyxHicTh ycTanoBku ctanoBuTh 20 BT [10].
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VY cknajchbKOMy MPHUMIIIEHH] Ta apXiBi, CAHBY3JIaX 1 AYIIOBIH, Ta PO3AsraibHi
JOIIJTPHO BUKOPUCTATH KOMITAKTHY JIFOMiHECIeHTHY Jamiy S-55-4200-27 (55W
4200K E27). Bona mae Taky XapaKTepHUCTHUKY:

Knac eneprocnoxxuBanss: A

[TotyxHicTh: 55BT

Hanpyra: 220-240B

Tepmin cayx6u: 10 000roz.

Temnepatypa: 4200K

CaiTnosuii notik: 33001m

Temmneparypuuii pexxum: -40+50 C° [11].

)

Ly

Pucynok 1.1 — KommakTHa nromiHecueHTHa namma S-55-4200-27 (55W

4200K E27)

B sikocTi mxepena cBiT/a il OCBITJIFOBAHOTO MpUJIaaAy B Malluii CHOPTUBHUMN
3a11 0yJ10 0OpaHo JomiHecteHTHY Jamny Electrum T8 36 W/54 G13 [12].

XapaKkTepUCTUKMU:

Loxons: G13

[TotyxHicTb: 36BT

AHanor noTy»HOCTI JJaMIui po3:xaproBanHs: 180BT

Hanpyra: 220-230B

Biariaok (kxomip) cBiTiHHSA: Xonoauui 6immii (6500K)

Tepwmin cinyx6u: 10 000 ronun

CaitnoBuii noTik : 25501m

®dopwma: Jlinilina
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Pucynok 1.2 — JlrominecuentHa namna Electrum T8 36W/54 G13

Jlnis TpeHakepHOTo 3aiy B3siau JroMiHecueHTHY Jamiy General Electric T8
Standard OT F58W/T8/33/GE/SL/1-25 DS. /13/

XapaKTEPUCTUKHU:

®opma namnu: JliHiitHA

Tun noxosnsi(natpona): G13

[TotyxHicTb: S8BT

CaitioBuii notik: 40001m

Konip xosi6u 6is1a

Komnipua temneparypa: 4000K (aeiiTpanbHuit 611mit)

Tepmin cityx6u (3asBieHuit BupooHukom): 9000 rox

¥

Hamnpyra mepexi: 220B

Pucynok 1.3 — Jlrominecuentna samma General Electric T8
Standard OT F58W/T8/33/GE/SL/1-25 DS

OnTuManbHUM PIIIEHHSM JUJISL CX1AIIB Ta KOPUJOPIB € JIIOMIHECLIEHTHA JIaMIia
LF 18W/29 Brille. CBiTi0 JIOMIHECHIEHTHHX JIaMII MEHII SICKpaBHI, HIK CBITIIO
3BUYAMHMX JIAMIT PO3KAPIOBAHHS, ajie OUTbINA IJIONIAa BUIIPOMIHIOIOUYOI MOBEPXHI
KOMIIEHCY€E X CBITIOCKIY. CBITJIO JIOMIHECHEHTHUX JIaMI CXOXXKUM Ha JCHHIN 1

JI03BOJISIE TaK caMO A00pe po3pi3HATH Konbopu. [Ipu poboTi Temmeparypa Takux
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JaMn He MIABUILYETHhCS. Takoxk Oe3lepedHOl0 IepeBarold € IIMPOKUN BHUOIp
BIJTIHKIB JIAMITH, SIKi 3aJieKaTh BiJ JIIOMIHO(OpIB, SKi OyJM B Hi BUKOPHUCTaHI.
BiaTiHKy KOJIMBAIOTHCSA Bl XOJIOIHUX OJTaKUTHO-OLIUX 10 KOBTHX. JIFOMIHECIIEHTHI
JaMIH JO3BOJISIIOTh EKOHOMUTH €JIEKTPOCHEPT1I0, aJKe TIOPIBHSAHO 3 aHAJIOTTYHUMU
JaMITaMH pO3KaprOBaHHS BOHU CIIOXKHBAIOTH ii B 4-5 pa3iB MeHIe. TepMiH ciiyx0u
JTIHIAHUX JTFOMIHECIICHTHHX JIaMIT CTaHOBUTH 10 18 000 rogun [14].

XapaKTEepUCTHKMU:

— Iokoub: G13

— Ilotyxnicts: 18BT

— AHaJOr NOTY>KHOCTI JIaMIH po3xaproBanHs: 90BT

— Hanpyra: 220B

— CsiTnoBuii notik : 12001m

— Tepwmin cioyx6u: 10 000 rogux

— ®opwma: JliniitHa T8

b
\

o
3-” ' A V'.\
: A

Pucynok 1.4 — JlrominecuientHa jgammna LF 18W/29 Brille

JIJist naHuX TUIIB MPUMILIEHb OyJI0 0OpaHOo JIFOMIHECLUEHTHI JIAMIIHM TOMY, 1110
BOHU HE MOTPEOYIOTh BUCOKOI TOYHOCTI MpPHU BUKOHAHHI 30pOBUX POOIT, aje mpu
bOMY MalOTh TapH1 CBITJIOTEXHIYHI Ta €KCIUTyaTaliiH1 TOKa3HUKH.

KonkpeTrHuii BUO1p pKkepesna CBITIa 3aHECEHO JI0 CBITJIO-TEXHIYHOI BIJOMOCTI,

BIJIMOBITHO /10 KOYKHOT'O IMPUMIIICHHS.
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1.4 Buo6ip ocBiT/IIOBAJILHUX NPHJIAAIB

CydacHe HIKIJTbHE OCBITU Ja€ BEJIMKE HABAHTAXXCHHS Ha 31p 1 Ha OpraHiMm
TUTUHU. TOMy OCBITJIIEHHS BIJIIFPA€ BAXKIUBY POJIb, TaK K MPABWIBHUHI JXKEPENo
CBITJIa 3MEHILIUTH BTOMY OY€Hl 1 MiIBULIUTH MPOTYKTUBHICTb.

Mu pexkoMeHIyeMO BUKOPUCTOBYBAaTHM IS  IIKUIBHOTO  OCBITJIEHHSA
CBITHJIBHUKH 31 CBITJIOZIIOAaMH, 1 000B’SI3KOBO 31 CBITJIOpO3CitoBaYaMu. MaToBUH 1
MPU3MAaTUYHUN pO3CifoBad — HaiineanpHinI. KoperoBana komipHa TeMmiiepaTypa,
OlNbIe MUTAHHS 3PYYHOCTI, HIK MUTaHHSA Oe3MeKku. AJie y IITeH 4yTIUBICThH JI0
CHHBOTO BUIIPOMIHIOBAHHSI € BHUIIOI0, HIXK Y TOPOCJIOTO.

ChorogHi, BeJIMYE3HY TMOMYJSIPHICTh HAOUPAIOTh CBITIOAIOAHI CHUCTEMU
OCBITJICHHs. BOHM MaroTh He3amepedyHuil psii mepeBar mnepen TpaaulliiHUMU
pILIEHHSMU 3 JJaMIIaMH PO3KAPIOBAHHS i eHepro30epiralouuMu JIFOMIHECHEHTHUMU
namramu. LED ememeHnTH MaroTh HaWBHIIMKA KoedIIIEHT KOPHCHOI il cepen
OCBITJIIOBAJIbHUX TpuiaAiB. BoHM He BUIUIAIOTH BEJIMKOI KUIBKOCTI TeIJia, a
3HAYNTh, MOXKYTh BUKOPHUCTOBYBATUCSA B caMHX pi3HHX Miciix. LED ocBiTieHHs
CIIO)KMBA€ Ha TIOPSAJOK MEHINE eJNEKTPOCHEprii, HDK TPaJHIiiHI JamMIu
po3kaproBaHHs. CBITJIONIOAM MPEACTABICHI B IMAPOKIiH KoJipHiH rami [15].

VYneTpa ToHKHU# cBiTIOAIOAHMI cBITHIRHUK LED-37/4W 20pcs NW SMD2835
oOupaeMo sl YCTAHOBKH B CTEIIO 200 CTIHY, JJIS TOTO, 00 OCBITUTH HaBYAJIbHI
KaOlHeTH; My3eil; MaiicTepHi; KaOlHETI JIoromne/a, neaarora-opradizaTopa, JiKaps;
PaaioBY30J1; iabHIO.

Kopnyc cBiTUIBHMKAa BUTOTOBJICHHI 3 aJIOMIHIIO, HOKPUTOIO MOPOUIKOBOIO
dbapboro Oimoro KoJgbopy. Po3ciroBau CBiTJIa BUTOTOBJICHHH 13 IUIACTHKY,
PIBHOMIPHO PO3CitO€ CBITJIO. BiH HE MOKOBTIE 3 4acoOM.

Bukonanwii BiH y ctuii hi-tech: npaBunsHa kBaapatHa dopma, 3 BiJICYTHICTIO
OyIb-SIKMX JIEKOPATUBHUX €JIEMEHTIB. BiH JOCHTH €proHOMIYHUN, HE BHUMAarae
0COOJIMBOTO AOTJISIAY, ajde MPUHOCUTh MaKCUMyM KOMQOPTY 1 3aJOBOJIEHHS Bij
SKICHOTO CBITJIA.

Jl>xepenom cBiTiia BUCTyMnaloTh 20 cymep A10/1B TOBEPXHEBOIO MOHTAXKY THUITY

SMD2835, ski BUIOPOMIHIOIOTH HEWUTpaldbHUU OuUmMi cBiT. CBITIOAI0AM
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pO3TaIIoOBaHi MO MEPUMETPY CBITHIIBHHKA, IO 3a0e3medye piBHOMIPHE OCBITICHHS
0e3 TiHed 1 temHux misM. Kyt poscitoBanHsi cBiTia ckiagae 120 rpamycis, a
KoedilieHT nepeaadi Koapopy — oubine 80%. [{poro mijikoM J0CTaTHLO JJISl TOTO,
mo0 mpeaMeTd B KIMHATI 1 KOJNIp WIKIpM BUTISAAINA NpUpoAHO. CBITUIBHHUK

pO3paxoBaHuii 111 poOOTH B MEPEXKi 3MIHHOTO CTPYMY 3 HOMIHAJIBLHOIO HAMPYTOIO

220 B [16].

)

(
Pucynok 1.5 — Csimnomiognuii cBitunbauk LED-37/4W 20pcs NW
SMD2835

XapaKTEPUCTUKHU:

Tun ToBapy: CTenb0oBUI CBITHIIBHUK
MonTtax: BOynoByeThcs
[ToTyxHicTb: 4BT

Hanpyra: 220B

Biarinok (xomip) cBitinus: 4500K (Heittpansuuii)
Tun ceiTnomionis: SMD 2835
Kinbkicte cBiTnomionis: 20
CaiTnoBuii notik: 3301Mm

[anexc nepenayi koiapopy: Ra >80
Kyt poscitoBanns: 120°

Tepwmin ciyx6u 35 000 roaux
Crymninb 3axucty 06o10uku: [P20
Marepian: Ilnactuk, Meran

Bucora: 20mm

Hiametp Bpizuuii: 90x90Mm
[Iupuna: 110Mm

Hopxuna: 110Mm
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Tun BuxopuctoByBanoi sammnu: Boynosani LED

CeiTnomionuuii ToukoBuii cBiTHIbHHK LED-36/3W 15pcs NW SMD2835
3aCTOCOBYEMO B SIKOCTI OCHOBHOIO OCBITJIEHHS Yy mpemnapatopcbkux. lLlei
CBITWJIBHUK € aJIbTEPHATHUBOIO KIIACHYHUM CIIOCO0aM OCBITJIEHHS, A0 HOTO mepeBar
HaJIEXKUTh €CTETUYHICTh CUCTEMHU OCBITIICHHS, @ TAKOX ii JJOBIOBIUHICTb 1 POCTOTA
MOHTaXY.

Jl>xepenom cBiTaa ciyxartb 15 cBitinonaioaiB tTuny SMD2835, BUITPOMIHIOIOTH
HEUTpaJbHUM O1TUH CBIT 31 CBITJIOBUM IMOTOKOM 85-9051Mm/BT. Po3ramoBani BoHU 110
NEPUMETPY CBITUIIBHUKA, 1110 3a0€31euy€e PIBHOMIPHE OCBITIIEHHA 0€3 TEMHUX ILJISIM
130H. [lotyxHicTh ckinagae 3BT, po3paxoBaHuii BiH 711 pOOOTH B MEPEK1 3MIHHOTO
CTpyMy 3 HOMiHabHOO Hanpyroto 220B. Kyt po3citoBanns cBitia — 120 rpaaycis.

CBITJIOIOAHHI KPYTJIMi BOYIOBaHUI CBITHIIBHHK BUKOHAHMA B ¢y hi-tech:
KJacuyHa Kpyria ¢opma, BIJICYTHICTh OyIb-SKMX JE€KOPAaTUBHUX EJIEMEHTIB.
BuroToBieHuii BiH 3 aJIFOMIHIIO, TOKPUTOTO 01100 MOPOUIKOBOIO (hapO0r0, HUKHS
IJIACTUKOBA YaCTHUHA CIIY>)KUTh PO3CIFOBAYEM CBITJIA, SIKUWA HE IMOXKOBTIE 3 YAaCOM.
Jlanku-TpuMadi CBITHJIbHMKA BUTOTOBJICHI 3 HIKENIO, BOHU JOCUTH 3pYy4HI 1 HE
JamMaroTbes. B KOMIUIEKT BXOAUTH OJIOK >KHMBJICHHS, IHCTAJSALIAHI MPY>KUHH,

iHcTpyKist [17].

»-. -
" - o o - w
T }‘ ‘

Pucynoxk 1.6 — CeiTiioniogauii ToukoBuii cBiTuiabank LED-36/3W 15pcs

NW SMD2835

XapakTepUCTUKMU:
Tun ToBapy: CTenboBUIA CBITUIBHUK

Momntax: BOynoByeThes
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[TotyxHicth: 3BT

Hanpyra: 220B

Binrinok (komip) cBitiaas: 4500K (Hewtpanbhmit)

Tun ciTnomionis: SMD 2835

Kinekicts cBiTnOmiOmIB: 15

CBiTi0BUH MOTIK: 26571M

[aexc nepenayi koapopy: Ra >80

Kyt po3scitoBanns: 120°

Tepwmin ciyx6u: 35 000 ronun

Cryninb 3axucty o0onoHku: P20

Marepian: [Inactuk, Meran

Bucora: 20mm

Hiametp: 85mMm

JHiameTp Bpi3HUi: 65MM

Tun BukopucToByBaHoi Jamnu: Boygosani LED

HopMmoBaHi moka3HUKH OCBITJICHHS B HaBYAJIIBHUX KJlacaX Ha CEPEIMHI JOIIKH
(1,5 Big mimmoru) craHoBuTh S500nk. Ile MokHA HOCSATHYTH 3a JOMOMOTOIO
JIOJATKOBUX CBITHIBbHUKIB. [l mporo BukopucroByemo LED-503/1.2 W 18pcs
WW SMD3020. Lle cBiTioaionHe miacBIYyBaHHs, IKe MOKe OyTH BUKOPUCTAHE B
SKOCT1 CAMOCTIMHOTO JIEKOPATUBHOTO €IEMEHTA, a TAKOXK ISl OCBITIICHHSI OKPEMHX
nerajei 1HTep'epy, HampuKIad, MKUIbHOT JOmKH. [[0TyKHICTh JaHOTO CBITUJILHUKA
ckianae 1,2BT, 110 € aHanoriero 3BUYaifHOl rajIoreHHOT JJaMIId, MOTYX HICTIO 12BT.
VY cBitTiibHUK BcTaHoBIeHO 18 nioaiB SMD3020, siki BATPOMIHIOIOTh TEIUIUH OLTHNA
CBIT 31 CBITJIOBUM mNOTOKOM 681M. CepenHiii TepMiH CIIyKOHW CBITHJIBHHKA
ctaHoBUTh 50000 romun, mo B 50 pasiB OuIbIIEe Y MOPIBHSHHI 3 TaJOT€HHOIO
nammnoro. Kopryc cBitunsauka LED-503/1.2 W 18pcs WW SMD3020 Bukonanuii
3 XpOMOBAHOT'0 METajy, 10 JI03BOJISIE BUKOPUCTOBYBATH HMOT0 B HAWCMUIMBIIINUX
nu3aiiHepchkuXx inesx. s poOoTH CBITUIBHMKA HEOOXIIHA Mepeka KUBJICHHS 3

Hanpyroro 220B [18].
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Pucynok 1.7 — Ceitnonionna miacsitka LED-503/1.2 W 18pcs WW SMD3020

XapakTepUCTUKHU:

Mownrax: Haknanauit

[TotyxHnicts: 1,2BT

Hanpyra: 220B

Tun ceitnomonu: SMD 3020

Kinbkicte cBiTinomionis: 18

CBITI0BUH NOTIK: 6871M

Tepmin cioyx6u: 50 000 rogun

Cryninb 3axucty o6ononku: [P20

Marepian: Meran

Bucota: 170Mm

[Hupuna: 350mMm

Tun BukopuctoByBaHoi Jamnu: Boygosani LED

CrnoptuBHHUH 3a71 — IIe MICIIe HAWOUIBII aKTHBHOTO JKHUTTS BCiel mkoiau. B
HbOMY HE MPOCTO JO3BOJISIIOTH MOOIraTH, NOCTpUOATH, 3pOOUTH TMHACTHKY. TyT
MIPOBOJIATHCS CIIOPTHUBHI irpy Ta 3MaranHs Aiteil. yTdom, Bonaei0o Ta 1HII irpH 3
M's’Y€M CTBOPIOIOTH TME€BHY HEOE3MeKy [l BCTAaHOBJIICHUX OCBITIIOBAIBHHUX
npuiaAiB. [Ipu nomaganHi mM'sua B HE3aXUINEHUH CBITWIBHUK TU1ad)OH MOXKe OyTH
pPO3OUTHI 1 OCKOJIKM PO3CUILIIOTHCS MO BCHOMY 3ally. Y IIbOMY BHUIAIKY ICHYE
HeOe3neka TpaBMyBaHHs fiTtedl. KpiM 1poro, 1HOAI pemITKy OASTarOTh
Oe3mocepelHbO0 HAa CaM CBITHJIBHHK, TPsIMO Ha #oro kopryc. Takuii 3axucT
CBITWJILHUKIB Yy CIIOPT3aJIl HE 3a0€3MeUUTh UTICHICTh IPHITay. Y Aap M'T94eM TaKoK

BIUIMBAE 1 HA caMy JIaMITy, sIka TaKoXX OyJie MOCTIHHO BUXOJIUTH 3 Jany. HamiiHui
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3aXUCT MAIOTh CBITHJIBHUKH I CLIOPT3aIly, K1 BcepeArHi 00acTi pelIiTKy, ajie He
CTHKaIOThCs 3 Hero. Cama perrTka MOBMHHA OYyTH KOPCTKOK KOHCTPYKINEIO 1
BUTPUMYBATH JOCUTH BUCOKI (D13WYH1 HABAaHTAKEHHS.

Buxosuu 3 BHIIle BKa3aHOTO, AJIsl MAJIOTO CIIOPTUBHOTO 3Ty Ta TPEHAKEPHOTO
3a;my obupaemo HakjagHui cBituiabHUK OPL/S 236 Tta OPL/S 258 13 3axucHoIO
pemritkoro 2x36/2x58 SPORT BiamnoBiiHO.

XapaKTEepUCTHKMU:

Bun montaxy: Hakmaguuit

Marepian kopiycy: JluctoBa cranb

Konip xopniycy: binunit RAL9003

PosciroBau: Onanosuii [IMMA

Kpimnenns poscitoBaua: [IpuxoBaHuMuU npyXuHaMu

Posnosin ciTia: npsamuii

Marepian koprycy: JlucrtoBa cranb

[Ino — Bosoroszaxuct: 1P20

Kirac enekrpobesmneku: I

Tun [TPA: enekTpoHHe

Tun nammu: JliniitHa mromidectieHTHa Jamma T8 mokonb G13

oxomnp mammu: G13

KinepkicTs mamm: 2mit.

[ToTtyxHicTb: 36 (58) BT

HominansHa Hanpyra: 220B

YMmoBu ekcmtyararii: YXJI4 — ekcrutyaTtalis B 3aKpUTHX HPUMILICHHSIX 3
OMAaJICHHSM 1 31 IITYYHOIO BEHTWIALIEIO (PErylIOBaHHS TEMIEPaTypHUX YMOB,

HEMa€e HU3bKUX TeMIIepaTyp, HU3bKa KOHIIeHTpallis mwty) [19].
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Pucynox 1.8 — Haknagnuii cBituiasHuk OPL/S 236 i3 3axucHoro

penritkoro 2x36 SPORT

[Tepen Bamu MOTYKHE JXKEPEJIO CBITIA, 3/JATHE OCBITIUTU BEJIUKY IUIONLY, K
riMHACTUYHUI 3a11 (225M?) 3 BUCOTOIO CTeli 9 METpiB — CBITJIONIOAHMI IPOKEKTOP
HL-21/20W LED SMD CW IP65 Bix TM BRILLE. Ileit ocBiTnroBanbHMi IpuiIaa
3a0€3MeunTh CTab1IbHY POOOTY MPOTATOM TpuBasioro vacy (01au3eko 50 000 ronun),
a TaKkoX BUCOKOI SIKOCTI OCBITJICHHSI 1 €KOHOMIIO eyiekTpoeHeprii. CBITHIBHUK
Mpalroe 3a JI0MoMOrow 36 CBITIOAIO/IB, SIKI BUMPOMIHIOIOTh PIBHUN XOJIOAHUMN
Olmnii CBIT 31 CBITIOBUM MOTOKOM 7501mM. [TOTYXHICTh CBITUJIBHUKA CTAHOBUTH
20BT, po3paxoBaHuil BiH 11 POOOTH B MEPEXI 3MIHHOTO CTPYMY 3 HOMIHAJIHHOIO
Hanpyroto 220BT. [IpoxkekTop Mae mupokuii KyT poscitoBanss — 120 rpaaycis. Bin
oOnaHaHUI MOHTAXHOI CKOOOIO, fKa JO3BOJISIE KPIMUTH CBITHJIBHUK $IK
TOPU30HTAJIBHO, TaK 1 BEPTUKAIBHO. J[0 TOTO X € MOXJIMBICTh PETYIIOBATH KYT
HaxwWily OCBITJIIOBAJIbHOIO TMpuiaay, a, BIAMOBIAHO, 1 IUIOULYy OCBITJIEHHS.
CBITJION10THUN TTPOKEKTOP BUTOTOBJICHUI 3 METATY 1 3arapTOBAHOTO CKJIA, CTYIIHb
3aXHUCTy Horo o6osioHku P65, a 11e 3HaunuTh, 110 BIH 3aXUIICHUN BiJl MEXaHIYHUX
MOIIKO/KEHb 1 TOTPAIUITHHS BOJU BCEPEIMHY KOPITYCY, CTOPOHHIX TBEPIUX
npeameTiB.  J[omatkoBo TpoXKEKTOp O0OiiagHaHWUN  BOYIOBAaHMM JApaiiBepoM
crabumzanii Hanpyru (CCD). Otxe, nepe0oi B €JIEKTpOMEpPEki HE MOpYyIIATh

poboTy ocBiTiOBaiIbHOTO npuiaay [20].
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Pucynox 1.9 — CBiTJI(;,ZLiO,Z[HPIﬁ nposkekrop HL-21/20W LED SMD CW IP65

Ceitunbauk AL-15 E27 WHITE wnakmagauii, Kpyrimil € BIAIIOBIIHUM
BapiaHTOM JJISI OCBITJEHHS CKJIAJCHKOTO TMPUMIIICHHS, apXiBY, pO3sArajibHi,
CaHBY3JIIB Ta AyIIOBOi. BOHM MOHTYIOThCS Ha CTiHY a00 cremto. CBITHIBHUK Mae
CTYIIHb 3aXUCTy 00070HKU [P44, 1110 03HaYae 3aXuCT Bijg OPU30K, IO MAJAI0Th B
OyIp-IKOMy HampsiIMKy. B sKOCTI kepeia CBITIAa TYT BUKOPUCTOBYETHCS
KOMITaKTHa JIFOMIHECUEHTHA Jamna. be3nepeyHoro mepeBaror0 JIFOMIHECUEHTHOT
JIAMIT TaKOX € HU3bKa poOoya Temreparypa koaou (10 +40 rpamaycis) [21].

XapaKTEepUCTHKMU:

Tun ToBapy: HacTiHHO-CTEIbOBUIA CBITHIIBHUK

Hoxons: E27

[TotyxHicTh: 60BT

Hanpyra: 220B

KinekicTs mamm: 1

Cryninb 3axucty o0ononku: P44

Knac 3axucry: II

Hiametp: 200Mm

[upuna: 90Mm

Tun BukopucToByBaHoi Jammnu: KomnakTHa JrOMIHECIIEHTHA




26

Pucynok 1.10 — CeitunbsHuK Bosiorozaxunienuit AL-15 E27 WHITE

Haknamnuit 1oractuxkoBuil cBiTwiibHUK BS-12/2x18W 1P64 PS electronic
po3paxoBaHUii Ha JBi JiHilHI TFOMiHECIIEHTHI TaMmH. Floro KopIyc BUTOTOBIICHHIT
3 IUTACTHKY CIPOTO KOJIbOPY, a 3aXMCHUN €KpaH 3 HaIiBIPO30pPOro MiIacTUuky. Taki
CBITHJIBHUKH OYZIeMO BUKOPHUCTOBYBATH JIJIsl OCBITJICHHS KOPUIOPIB Ta cxiAmiB. Lleit
CBITHJIBHHK OOJIagHaHui enekTponuuM ITPA [22].

XapaKTEepUCTHKMU:

Tun toBapy: JliHiiHMI CBITUIBLHUK

Momntax: Haknagauit

Loxkons: G13

[ToTyxHicTh: 18BT

Hanpyra: 220B

KinekicTe namm: 2

Cryninb 3axucty o0osnoHku: [P64

Marepian: [Inactux

Bucora: 55mMm

[Mupuna: 105mm

JloBxkuHa: 655MMm

Tun BukopucToByBaHoi Jammu: JlroMiHeCIIEeHTHA

Pucynok 1.11 — CBiTWJIBHUK JIOMIHECHCHTHUN HakjgagHuii BS-

12/2x18W IP64 PS electronic

1.5 Buoip cucreMu OCBiTJIEHHSI TA BU/IiB OCBITJICEHHS
3arasibHa piBHOMIpHaA Ta KOMOIHOBaHa CUCTEMa OCBITJIEHHs Oysia oOpaHa JJs

HIKUIbHOTO 3akjany. CucrteMa KOMOIHOBAHOTO OCBITIIGHHS BKJIIOUae B ce0e
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CBITHJIBHUKH, PO3MIILIEHH] Oe3mocepeHbo 0111 poOoUyoro Micis 1 mpu3HaueH] IS
OCBITJICHHSI JIUIIIE p0O0YOi TOBEPXHI, @ TAKOXK CBITHJIBHUKH 3aTJIBHOTO OCBITICHHS
, 1[0 BUPIBHIOIOTH PO3MOJAUI SCKPABOCTI B IOJI 30py 1 CTBOPIOIOTH HEOOXiTHY
OCBITJICHICTh MO MPOXOJaM MPUMIIICHb.

[Topsin 3 poOOYMM OCBITJIICHHSIM IIPOCKTYEMO aBapiiHE OCBITJICHHS IS
Oe3neyHoi eBakyallli B pa3i HeoOxigHocTi. BoHO mependadaeTbest B Kopuaopax 1
Ipoxojax riMHa3li, a TAaKOXX B MPHUMIIICHHSAX, /e epedyBae Oinbiie 100 "4omoBik
oaHo4acHo [23].

3rinHo 3 BuMoramu IIVE (mpaBuna ynamTyBaHHS €JIEKTPOYCTAHOBOK)
CBITWJIbHUKHM aBapIMHOIO OCBITJIIEHHS JJISl MPOAOBXKEHHS pPOOOTH MOBHHHI OyTH
MIPUEIHAHI JI0 HE3AJIEKHOTO JPKepesia sKUBJICHHS, TOOTO /10 JuKepelia AKUBJICHHS, Ha
AKOMY 30€pIraeThCsi Hampyra IpH 3HMKHEHHI MOro Ha I1HIIMX JKeperaax JaHOTO
o0'ekTa. ABapiiiHi CBITHJIBHUKHU TIEpe10adaroThCs 3 psAay poOOUHX, aie KUBUTUCS
OyayTh OKpeMHM IIpoBoIOM [24].

[neanbHe OCBITJICHHS [JIsl MIKUJIBHUX 3aKJIa/iB — JUHAMIYHE, 3 MMOBTOPEHHSIM
MPUPOIAHOIO CBITJIOBHM JWHAMIKM 1 TO KOJHOPOBOCTI 1 I1HTEHCHUBHOCTI. Jlmst
IIKOJISIPIB, MITEH BaXKJIMBa MOBHOTA CBITJIOBOTO CIEKTPY, SIKMM HAOIMXKEHUU 10
pUPOAHOTO cBiTIA. BedipHboi mopu HeGaxaH1 X0JIOAHE CBITIIO 1 HAIMIPHUM PIBEHb
OCBITJICHOCTI.

B cnekTpi OUI0r0 CBITJIOAIOJHOTO CBITIA NPHUCYTHIA BUPAKEHUW BY3bKUUI
CUHIN MiK. 3aJIe)KHO BiJl 3arajibHOi YaCTKU MOTOKY BUIIPOMIHIOBAHHSI y BCHOMY
Jiana3oHi CHHBO-0JIAKUTHOTO CIIEKTPY BU3HAYAETHCS BILTUB Ha cucTeMy. Lleli BrinB
BU3HAYAETHCSI 3 YpaxyBaHHSIM BIJHOCHOI CIHEKTPaIbHOI €(EKTUBHOCTI 1
IPUAYIICHHSM CEeKpellli MeJTaTOHIHY.

Yum BHIlLle KOJNIpHA TeMIEparypa JHKepena CBITJIa, TUM BHILE O10J0TIYHE IO
cBiTaa. JIoCHiTHUKKM BUSBWIH, IO MPU OJHAKOBIM KOJIHOPOBIA TeMMEpaTypH IS
pI3HUX JKEpen CBiTJIa OyJIb TO HATPi€Bl, JIOMIHECLEHTHI, CBITJIOIOIHI JIAMIIH,
010JIOT1YHY J11F0 OJTHAKOBO.

CeiTnonionHa npoAyKuiss He Oinbine HeOe3meyHa, HDK Oyap-fKa 1HIIA

OCBITJIIOBaJbHA MPOJYKIS 3 THMH X KOJIpHUMH TeMmiieparypamu. bimuii cBIT
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CBITWJIBHUKIB, SIKI BUKOPHUCTOBYIOTH JUIS 3arajbHOTO OCBITJIEHHS MPUMIILIEHb, HE
HECE PU3UKY HEOE3MEeKH CUHBOTO CBITIA.

B nepiry uepry sickpaBOCTI JKepesia CBITJIa BIUIUBAE HA O10JI0T1YHUN BILIUB. Y
JIpyry 4epry BIUIMBAaE 3arajbHUil 1HAEKC mepedadl Koiabopy. BiH Bu3Hadae
ncuxoi3uyHu KOMQOPT CBITIIOBOrO cepenoBuina. [10614HO XapaKTepu3yrdu
CTYMiHb OJIM3BKOCTI CHEKTPa IMITYYHOTO CBITJIA J0 CHEKTPY ACHHOTO CBITIA. Ynm
BUIIIE IIEH 1HIEKC, TUM OJIMKYE TaKUi CIIEKTP 10 MPUPOTHOTO. TOMY IITYIHE CBITIIO
HE ripiie i He Hebe3neunirre npupoanoro [15].

Mu pexkoMeHayeMO Ui IIKUTBHUX YCTAaHOB 3aCTOCOBYBATH JIaMIU 31
3HAUEHHSAM 3arajJlbHOro IHJEKCY Iepedadl koiabopy Ra = 90, MiHIManbHO
npuitHaTHUN Ra = 80 Ta TUHAMIYHO PETyNIIOBaTH PiBEHb OCBITICHHS B XOPOJIbChKI
riMHa31i, 3MIHIOIOUH 3aJIKHO BiJ] 4acy Ta MPUPOJHOTO OCBITIICHHS.

1.6 CBITJIOTeXHIYHUIT PO3PAXYHOK

Po3paxyHok 3a MetogoMm koedillieHTa BUKOPUCTAHHS TOJSATa€ B BU3HAUYCHHI
Koe(dillieHTa 1), 10 JOPIBHIOE BIJHOIIEHHIO CBITJIOBOIO IMOTOKY, IO Majae Ha
PO3paxyHKOBY MOBEPXHIO, IO IIOBHOTO MOTOKY CBITJIOBOTO MPHUIIANY.

Ha mpaktumi 3HayeHHS KOEQIIEHTIB BUKOPHUCTAHHS 3HAXOIATHCS IIO
TaONMISIX, W0 TOB’SI3YIOTh TE€OMETPHYHI TMapaMeTpu MpuMimieHb (1HIEKC
NPUMIIIEHB) 3 TX ONTHYHUMH XapaKTEPUCTUKAMH (e, Pers Pr)-

Ha npuxknagi mpoBeneMoO — CBITJIOTEXHIYHMM — PO3pPaxyHOK — KaOIHETY
00pa3oTBOPUOTO MHUCTEIITBA:

— po3Mipu 6 X 6M; BUCOTa CTeNl 3M;

— ocBiTIOBaNbHUMN mipwitay st Buopanoi LED-37/4W 20pcs;

— Jkepeno cBitia — 20 cimnogioniB tury SMD2835, @, = 330um;
— 3a maammu JIBH B.X.5-2.8-2006: E = 50051k, k, = 1,4.

1) 3HAX0IMMO PO3PaXyHKOBY BUCOTY h,

h, =H — hyy, — hy, (1.1)

ne H — BucoTa npuMiIieHHs, M;

h,, — BECOTa poO0Y0i MOBEPXHI, 110 CTAHOBUTH 0,8M;

p
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h,. — BUCOTa 3BICY CBITUJIbHHKA.

hy=3-08—0=22(m)

2) 3HaX0IMMO 1HJIEKC MPUMIIIEHHS {
; __axb
L= hy(a+b)’ (1.2)
7€ a — AOBKWHA TPUMIIIICHHSI, M;
b — mupuHa NPUMIIIICHHS, M;
h, — po3paxyHKOBa BUCOTa, M.
( —6*6 1,36
l = = )
2,2(6+6)
3) 3a TabnuuHuMu JaHuMu /6, ¢.189/, koedirieHTOM BiIOUTTS MOBEPXHI

npuMilieHHsT p=0,7; p=0,5; pr=0,3 Ta po3paxoBaHUM I1HJACKCOM MNPUMIIICHHS
BU3HAYa€MO BEJIMUMHY KOe(]illieHTa BUKOPHUCTAHHS
n =058
4) Buznauaemo HeoOXiIHY KUIBKICTh CBITUJIBHUKIB N, sika 3a0€3Me4YUTh

OCBITJICHICTH, BUOpany no JIbH B.X.5-2.8-2006

Exky*zxS

N =
nxdxn '

(1.3)

ne E — ocBiTICHICTS, JIK;

k., — xoedirienT 3amacy;

Z — Koe(irieHT HepIBHOMIPHOCTI OCBITJIeHHS, Z = 1,1;
S — IIoIIa IPUMILIEHHS, M?;

1] — Koeili€EHT BUKOPUCTAHHS,

@ — CBITJIOBHUH MOTIK JaMIIH, JIM;

N — KUIBKICTh JJaMI B OJTHOMY OCBITJIFOBaJIbHOMY MPHUJIAJII, IIT.

_500+14+11+36 27720
= 058-330x20 3828 o)

5) Jly1g 1aHoi OCBITIIIOBAJIBHOT YCTAHOBKHM PO3pPaxoOBYEMO MOTYKHICTh 32

dbopmyIioro
Poy =P, *n* N(1+ 0,25), (1.4)

ne P, — moTyxHicTh ofHi€l ammu, KBT;
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N — KUJIBKICTB JaMII B CBITUJILHUKY, IIIT;

N — KiTbKICTh CBITUJIBHUKIB 32 PO3PAXYHKOM, IIIT;

(1 4+ 0,25) — BrpaTtu notyxHocTi B [TPA.

Poy = 0,004 % 20 * 8(1 + 0,25) = 1,2(xBT)

BianoBinHO NpoBOAMMO CBITJIOTEXHIYHUNA PO3PAXYHOK JI0 1HIIMX MPUMIIIECHb
3a HaBEJICHUM 3Pa3KOM.

1.7 MoenroBaHHS OCBIT/II0BAJILHOI YCTAHOBKH

DIALuUX — noTty»xHa KoMI'toTepHa Iporpama po3paxyHKy il 6e3mocepeiHLOro
TU3aifHy INTYYHOTO OCBIiTIeHHSA. Jlanwii codT pospobnserscs 3 1994 poky
komraniero DIAL (Deutsche Institut fur Angewandte Lichttechnik). Ils xomnanis
IpeCTaBICHa HIMEI[bKUM 1HCTUTYTOM IPUKIAIHOI CBITIOTeXHIKH. [Iporpama nms
PO3PaxyHKY OCBITJICHHSI TIOIIUPIOETHCS a0COTIOTHO OE3KOIITOBHO 1 B CBOIO Yepry
MOKE 3aCTOCOBYBAaTH OY/b-sKi JIaHI OCBITIIOBAJIBHOIO TEXHIYHOTO OOJIaHAHHS
PI3HUX BUPOOHUKIB, Y SIKHX ICHYIOTh €JIEKTPOHHI 0a3u, BUTOTOBICHUX CBITUIILHUKIB
y BU3HAUCHOMY (popMari, o MiATpUMYyeThbes cuctemoro DIALux.

Jlana mporpama TIOBHICTIO BpaxoOBy€ BCl HHMHI ICHYIOYl BHUMOTH IIO
KpPEaTUBHOMY Au3aiiHy 1 0€3MOoCepeIHhOr0 PO3PaxyHKYy IITYYHOT'O OCBITJICHHS.
[Iporpama DIALux Takox MOBHICTIO MIATPUMYE BCl HAIlIOHAJIBbHI 1 MIXXHAPOJIHI
CTaHJAPTHU €BPOIICHCHKUX KpaiH 1 Aepkas [25].

JIisi mpuKITamy HIDKYE HABEIEHO MOJICTh OCBITJICHHS KaOIHETy, OTpHUMaHy

nporpamoro DIALux EVO 7.

Pucynox 1.12 — Mojenb OCBITICHHS KaOiHETY
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3a nonomoroto nporpamu DIALux MoxHa TOYHO pO3paxyBaT y BIAIOBIAHOCTI

3 JIIOYMMHA HOPMaMH OCBITJICHOCTI €JIEKTPUYHE OCBITIICHHS SK 30BHINIHIX, TaK 1
BHYTPIIIHIX CIEH, pi3HE BYJMYHE OCBITJICHHS, 30BHIIIHE OCBITJIICHHS, a TaKOX

oTpuMatH rpadiuHy Bizyarizaiiro MaiOyTHHOTO POeKTy [25].

Pucynox 1.13 — Kpusi po3noiiiny oCBITIECHOCTI Ha poOOYHX MOBEPXHSIX KaOIHETY

1.8 Po3mileHHs1 OCBIT/IIOBAJILHUX NMPUJIATIB

Bubip po3stanryBaHHsS CBITWIBHHKIB 3arajlbHOrO OCBITJIECHHS € OJHUM 3
OCHOBHMX IUTaHb, Kl HEOOX1THO pO3B’A3aTH MPHU MPOEKTYBAHHI OCBITIIOBAIBHHUX
YCTaHOBOK, MO BIUIMBAIOTh HA E€KOHOMIYHICTh OCTaHHIX, SKICTh OCBITJICHHS W
3pYYHICTh eKcIuTyaTaii. [[7Is KOXXHOi THIIOBOI KPUBOi CHUIM CBITJIA (TUILY
CBITWJIbHHMKA) 1CHY€ HaWBWTiAHIIIA BIJHOCHA BIJCTaHb MK CBITUJIBHUKAMU, NPHU
AK1i 3a0e3neuyeTbcs HalOUIbIa piIBHOMIPHICTh PO3MOJILITY OCBITIEHOCTI, a TAaKOX
HaWBUTIAHIIIA BIJTHOCHA BIJCTaHb MK CBITHJIBHUKAMU NpH sKiA 3a0€3MeuyeThest
MaKCUMallbHa eHEepreTHYHa eKOHOMIYHICTD [25].

Posmimennst LED CBITUIIBHUKIB Y HABUAJIBHUX KJIacax 1 ayJUTOPIsAX 3aJeKUTh
BiI XapakTepy MNPUPOJHOTO OCBITIEHHA (K TMPaBUIO, OJHOCTOPOHHE abo
NBOCTOpOHHE OiyHe). CBITUIBHUKMA PO3TAlIOBYIOTHCS MapajeslibHO CTIHH 3

BIKOHHUMH MpOpi3aMu Ha BijcTaHi 1,2M Bij Hel 1 1,5M BiJ BHYTPIIIHBOI.
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{00 3abe3meunTy XOpOIly BUIUMICTh TEKCTY 1 rpadiku 3 OyJIb-KOi TOUKU
OPUMIIIEHHS, HaBYaJbHI JIOIIKK TMIACBIYYIOTBCA  CIPSMOBAaHUM  CBITJIOM
CBITHJIBHUKIB, SIK1 BUKJIIOUAIOTh 3aCIIIIJICHHS MPAIFOI0YNX OIS TONIKH BUKJIaa4iB
1 yuHiB. CBITWJIBHUKH PO3TAIOBYIOTHCA TEpes JAOIIKOI0, MapajielbHO i, BHUIIE
BepXHBOro Kparo Ha 0,3M i 0,6M B cTOpoHy mapT abo crouiiB [26].

CBITWIBHUKN 13 TpyO4YacCTHMHM, TOOTO B OCHOBHOMY JIFOMIHECIIEHTHHUMH
JaMIIaMU, TIEPEBAKHO PO3MIIIYIOTHCS PsIIaMu, OayKaHO MapajeabHO CTiHI 3 BIKHAMUA
a00 JTOBTiM CTOPOHI BY3bKOTO NMpHUMIIIEHHS. PO3MIIIEHHS CBITHJIBHHUKIB 32 TaKOIO
CXEMOIO 1HO/JIl OCKaPKY€EThCS apXITEKTOPAMU 3 ECTETUYHUX MIPKYBaHb SIK TaKe, 1110
MICUXOJIOTIYHO MIJAKPECTIOE TOJIOBXKEHICTh MPUMIIIECHHS. AJie y MNPUMIIIEHHSX,
MpU3HAYEHUX JUIsl poO0TH, Tpeda, K MPABUIIO, HAIOJISITATA HA TAKOMY PO3MIIICHHI:
HAIMpsMOK CBITJIa B I[bOMY BHUIAAKy HAOMMXKAETHCSA A0 HAMPSAMKY MPHUPOIHOTO
CBITJIA, TOJIETIIYETHCS MOXJIMBICTh BKJIIOYEHHS B CYTIHKH TIJIbKH OCBITJICHHS B
rIMOVHI IPUMIIIEHHS, IPY 3BUYaliHIi Ople€HTALli poOOYUX MICIb TaK, 10 IPUPOJIHE
CBITJIO TaJa€ HAa HUX JIBOPYY, 3MEHIIYEThCSA MpsAMa Ta BiaOUTa OJIUCKICTH 1,
HapEIIITi, BUIBJISIETHCS MEHIIIA JOBKUHA IPYMoBoi Mepexi [7].

Buxoasuu 3 1b0oro, npyu BUKOPUCTaHHI 3arajJbHOr0 piIBHOMIPHOI'O OCBITJIEHHS,
pPO3MIIIEHHSI CBITUJIBLHUKIB OyJ€MO TPOBOJUTH PIBHOMIPHO IO BCI MOBEpPXHI
NPUMIIICHHS, IS CTBOPEHHS JIOJATKOBOT'O OCBITJIEGHHS Ha POOOYMX MICIIIX

MPOEKTYEMO B MPUMILIEHHSX PO3ETOUHY JIIHIIO.
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2 AHAJII3 CYYACHUX EHEPT'O3BEPITAIOUYUX THZIKEHEPHHUX
CUCTEM MIKPOKJIIMATY BYJAIBEJIb

2.1 HopmaTuBHa 0a3a 11010 MiIBUIIEHHS eHePreTHYHOI epeKTUBHOCTI Ta
eHepro3oepiraloumx 3axoaiB

Opuiero 3 1Ied ILOTO 3aKOHY CTajlo CTBOPEHHS OpraHi3alliiHuX,
eKOHOMIYHMX Ta TMPaBOBUX 3acaj [Uisl TOTO, 00 MiJBUIIUTH EHEPreTUUHY
e(dEeKTUBHICTh Ta MPOCTUMYIIIOBATU MiABUIICHHS eHeprozoepexeHHs [3]. byno
BCTAHOBJICHO TEPETiK KOHKPETHUX BUMOT, IO MPEISBISIOTHCS M0 1HXXKEHEPHHUX
CUCTEM Ta KOHCTPYKI[IH, SIKI MIOBHHHI BpaxOBYBaTHUCh (PaxiBUSAMHU MPHU PO3POOII
IIPOCKTIB.

VY 3aBaaHH1 Ha pO3pOOKY MPOEKTY MOJEPHi3allii HEOOX1THO BKa3yBaTH KJiac
eHeproe(ekTUBHOCTI «B», a TakoX BIACOTOK 3HMXKEHHSI MUTOMOI'O HOPMOBAHOTO
BUTPATU €Heprii Ha LIl ONaJeHHs Ta BEHTHJIALII 1O BIJHOIIEHHIO 10 0a30BOroO
piBHSL.

Po3paxyHok eHepreTnuHoi e(EeKTUBHOCTI BapiaHTIB €HEpro30epiraroumnx
3aX0/11B y OyJIMHKAaX MOK€ 31MCHIOBATUCS Ha CTAlIi IEPEIPOCKTHUX ONPALFOBAHb,
Ha CTajii MPOEKTy TMpPHU BCTAHOBJICHHI PIBHSA TEIJIO3aXMCHUX TTOKA3HHKIB
OTOPOJKYIOUHNX KOHCTPYKIIIN OyaiBii 1 po3po01ii eHepro30epiralounx 3axo/iB s
1HKEHEPHUX CHUCTEM, SIKI 0OCITYyTrOBYIOThH OYI1BIIIO.

Po3paxyHok eHepreTnyHoi epeKTUBHOCTI HEOOX1THO MPOBOUTH BiATIOBITHO
o HACTY [9]. Ilpu npoMy TakoX CIiJI BpaxOBYBaTH BHUTPATH TEIJIOBOI Ta
CJICKTPUYHO1 €Heprii Ta BOJH, siKa MOTPiOHA 11 3a0e3MeUeHHSs KUTTEAISITbHOCTI
OyaiBIl CcUCTEMaMHu OMaJeHHsS, BEHTWIAIII Ta KOHIUI[IIOBAaHHS TIOBITps, Ha
€JIEKTPOOCBITIICHHS, pOOOTY €JIEKTPONOOYTOBUX MPHIIA/IIB Ta OPrTeXHIKU. MoXHa
Opati 110 yBarm BCIX TEXHOJIOTIYHHMX CIOXKHMBA4diB €HEPTii B SIKOCTI JIKEpel
TEIUIOHAAXO/KEHb  J0 OyIiBIIL. PesynbraTn  po3paxyHKy  MOXKYThb
BUKOPUCTOBYBATUCH JJIsI BUOOPY HaWOLIbII JOIUIBHOTO BapiaHTa MPOEKTHOTO

pIIIICHHS 32 HOTO TEXHIKO-€KOHOMIYHOMY OOIPYHTYBAHHI.
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[lepenbavaeThcsi, MO0 yMOBH B BHYTPINIHIX MNPHUMIIMIEHHSAX BIJIOBIIAIOThH
yMOBaM KOM(DOPTHOCTI 3a TaKMMH TOKa3HUKaMH, SIK: TeMIepaTypa, BiJHOCHA
BOJIOTICTh, CKJIaJl TIOBITPS, SKICTb OCBITJICHHS, aKyCTHYHI MapameTpH, abo
3a0e3MevyloTh 3aXHCT BiJ] 3aMep3aHHs TPYOONpPOBIAHMX KOMYHIKaLid 1 IIO
30epiraroThCs y NpuMillieHH1 MatepiaiiB. EHeproedeKTHBHICTh MOYKHA OI[IHUTH 3a
JIOTIOMOTOI0 KOHTPOJIbHMX TIOKa3HUKIB POOOTH HACTYMHUX CHUCTeM OyIiBIi:
OMAaJICHHsS, OXOJIO/KEHHS, OCBITJCHHS, aBTOHOMHE Ta  LEHTpai30BaHE
TEIJIONOCTAYaHHs, Tapsye BOJOMOCTAYaHHS, BEHTWIAIIS Ta KOHIUIIIOBAHHS
HOBITPSL.

Sk OCHOBHE 3aBIaHHS IS pealli3allii IPUHIUIIB TEIJI03aXUCTy OYiBeb
HEOOXITHO TependayaTd JIOCSATHEHHS HEOOXIIHMX TEIUIOBUX IapaMeTpiB
cepe/ioBUIIA Y MPUMIIIECHHAX, HEOOX1HI IepeOyBaHHs JtoJei. Buxoasuu 3 uporo
perymoroua GyHKIS OyaiBil BU3HAYaTHUCA SK 3a0e3MeUeHHS PI3HMIN  MIXK
CYKYNHICTIO HEOOXIIHMX YMOB YCEpEeAuHl MPUMIIIEHb MIKpOKIIMaT abo
MIKPOKJIIMAT MPUMIILIEHb), 1 30BHIMIHIMUA KJIIMAaTUYHUMUA yMOBaMH JUIsl 3aJ1aHOi
MictieBocTi. @opMyBaHHS TETIOBOTO CEPeIOBUIIA MPUMIIIIEHHS! B OCHOBHOMY Ma€
cnupatucss Ha OOJIIK TEMIIEpaTypHO-BOJIOTICHUX XapaKTEPUCTHK, TAaKUX SK
TeMIlepaTypa TOBITpPs, BOJOTICTb, BUIIPOMIHIOBaHHS MOBEPXOHb, HAMPSIMOK Ta
MIBUAKICTh pPyXy TOBITps. Takoxk iX MOXHaA Y3roJUTH 3 HEOOXITHICTIO
NIATPUMYBATH JIFOJAMHOIO CTAIICTh TEMIIEpATypU CBOTO Tijla HE3QJIEKHO BIJl
TEMIIEpaTypyd HABKOJMIIHBOTO cepenoBuia OIIHIOIOYN peakilii JIOAUHU Ha
TEeMIIepaTypy Ta 1HII1 MapaMeTpu OepyThCs J10 yBaru Ti, K1 MOB'A3aH1 3 (1310JI0TI€IO,

a TaKOX 3 EMOLIIHIUM CTaHOM (PaKTOpH Ta 30€peKEHHSAM Mpare3JaTHOCTI.
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2.2 Enepro3oepiraroui pimenHs B cucremMax 3a0e3neveHHs
MiKpoKJIiMaTy OyaiBesb

barato 3apy0iKHUX Ta YKpaiHCHKHUX BUCHHMX 3aiiMaiucsl BUBYEHHSAM PI3HHX
3aXO0JliB, CHOPSIMOBAHMX Ha MIJBUIICHHS EHEPro30epekeHHS  KUTJIOBUX,
IPOMAJICBKUX, TPOMHUCIOBUX Ta I1HIIMX OyjaiBenb. I[luTaHHSIM TMIJIBUINCHHS
eHeproe()eKTUBHOCTI Ta PO3BUTKY €HEPro30EepeKeHHs, a TaKok PO3pOOKOI0 Ta
CTBOPCHHSIM €HEproe(peKTUBHUX Oy 1iBEJIb MPUCBSIICHO poOoTH [15-29] Ta iHmTi.

B pamkax Buie3ragaHoi nporpamMu Oy MPOBEJICH] Taki poOOTH:

- 3aMIHA BIKOH;

- IOJJaTKOBE YTEIUICHHS CTiH;

- MOJIEpHi3allisl 1IHKEHEPHUX CUCTEM.

3 OaraThOX MPUYKMH (BUKOPUCTAHHS HAICIIEBIINX BaplaHTIB PEKOHCTPYKIIIi
Y1 MOXJIMBOCTI JTOKOPIHHO MOKPAIIUTH CUCTEMY OIaJIeHHA B OyJIWHKaX, CTapux
cepiii, HEeMa€e MOKJIMBOCTI BCTAHOBJIEHHSI CUCTEMHU OOJIKY, BIICYTHS MOXJIHUBICTh
OpraHizyBaTh CHUCTEMY BEHTWIALIi) €(QeKT BiJ BHIIEBKa3aHUX poOIT OyB myxke
HE3HAYHUM — BJAJIOCS JIUIIIE 3HU3UTH MMUTOMI BUTPATH HA OMAJICHHS TPOXH OUIbIIIE,
HDK 10 —15%. Taxoro edexTy Bij peainiszalii 3aXo/1iB siBHO Oyso 3amano. [ToaioHi
pE3yNbTaTH 3HAYHO BIIPI3HAIOTHCS Bl pe3yJIbTATIB CaHaIlli aHAJIOTIYHUX OY/1BEIb
B IHIITUX KpaiHax 13 MOAI0OHUMH KIIIMAaTHYHUMH yMOBaMU (Hampukiaa, Himeuunna).
Mo>kHa, MO>KJIMBO 3p0OUTH BUCHOBKH, 110 IIBU/IIIE 32 BCE PI3HUILIS B €)EKTUBHOCTI
MOXKJIMBO TIOB's13aHa 3 O1IBIIT KOMITJIEKCHUM IT1IXOJ0M €BPOICHCHKUX MApTHEPIB 10
BUPILIEHHS NPOOJIEMH Ta y TOMY YHMCII OUIbII MPOJYMAaHUMHU PIIICHHSAMH IIOJ0
PEKOHCTPYKIIIi cTapuX OyiBENb.

Eneproz6epirarodi 3axoau B cucTeMax 3a0e3MeueHHs MIKPOKJIIMaTy MaroTh
Ha MeTI TpH MiHIMaJIbHIA BUTpaTi eHeprii 3a0e3neunTH 3amaHi (HEOOXiTHI)
3HAUCHHA CHEPreTHYHMX TOKAa3HHWKIB  MIKpPOKJIIMaTy mnpuMimeHHs. [lpu
MPOCKTYBaHHI CHCTEM KJIIMaTu3allii CJij T[epeayciM BijjaBaTH IepeBary
pallioOHAJIbBHUM BHUJAaM CHCTEM, IOTIM IepeadadaTd KOMILUIEKC 3axOJiB IIOJ0

SHMKCHHA HABAHTAKCHHA Ha CUCTCMH Tad 3HUKCHHA CHCPIOCIIOKNBAHHA Y npoueci
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excruryatarii. OctaHHe Mo)ke OyTH JOCATHYTO B pe3yslbTaTi 3aCTOCYBaHHS
e(pEeKTUBHUX METO/IB PETryIIOBaHHS.

Benukuil BIJIMB Ha €HEProCHOKMBAHHS MAaIOTh apXITEKTYpPHO-TUIAHYBaJIbHI
pIIICHHS Ta MapaMeTPH TEIJI03aXUCTY, SKI BU3HAYAIOTh TEIUIOBE HABAaHTAXCHHS Ha
CUCTEMHU OTAJICHHS, BEHTWIALIT Ta KOHIUIIFOBAaHHS.

Kpim Temmozaxucty OyaiBiIl MIABUIIUTH EHEPreTUYHY €(PEKTHUBHICTH
3a0e3MeYeHHs] MIKPOKIIMaTy MOXXE€ €KOHOMIYHA ONTHUMI3allisl KOHCTPYKTHBHHX
eleMeHTIB OymiBii. Terao HaaXxoJPKeHHS B COHSYHOI pajiaili 3ajaexaTb BIJ
CTYNEHsI CKJIIHHS (pacajiB, HASBHOCTI COHIIE3aXMCHUX MPHUCTPOIB, a TaKOXK
CHIBBIIHOLIEHHSI CTOpiH OyAiBil Ta opieHTaumii ¢acaaiB OyxaiBii. Jlo 3pocTaHHS
BUTPATH TEIUIOTH HA OTAJICHHS-0XOJIO/KEHHS OY/I1BIII MPU3BOJIUTD JI0 301TIBIIICHHS
CTYTEHS CKJITHHS.

Ha eneprocnoxuBanHs BiuiMBae gopma OyniBenb. s OyiBens, 110 MatOTh
BUTATHYTY (POpMY, MOXKHA BUOpPATH TaKy OpPIEHTALIO, IPH SIKiil BUTpaATa TEIIOTH Ha
onajieHHa Oyzae HailMeHIIowo. Bix CHiBBIIHOIIEHHS BHUCOTH OY[IBIII Ta CTOPIH
Oy/iBIIl 3aJIEKUTH TUIOIIA 30BHINIHIX OTOPOXK 1, OT)KE, BETMYMHA TETUIOBTPAT.

EdextnBHM 3ac000M 3HW)KEHHS TEIUIOBUX HABAaHTAXEHb HA CHCTEMU
KJIIMaTU3aIli CITY>KUTh TTOETHAHHS (DYHKIIIM OTOPOHKEHB Ta CUCTEM. T€, HAITPUKJIIA],
BEHTUJIbOBAHI BIKHA, B SKUX Y XOJIOJHY TOPY YTUII3YETHCA TEIJIO BHUTSKHOTO
MOBITPSA, @ B TEIULY MOPY BUAAISETHCS MOTIMHEHE Y BIKHI TEIJIO BIJ] COHSYHOI
pamiartii.

[CTOTHO 3HU3WTH TEIUIOBE HABAHTAXEHHS HA CUCTEMH BEHTHIIALIL Ta
KOHJUIIIOBaHHS B TEIUIUW MEpIoJ POKY MOKE HIYHE MPOBITPIOBAHHS, MPU SIKOMY
MOBITPOOOMIH MOKe OyTH 3HIDKCHMI Maibke y 2 pa3u. J[ogaTkoBO MOBITPOOOMIH
MOKe OyTH 3MEHILEHUN MPU BUKOPUCTAHHI JJI HIYHOTO MPOBITPIOBAHHS KaHAJIB
MDKITOBEPXOBUX TIEPEKPHUTTIB.

OmuuM 3 HAMOUIBII ~ BUKOPUCTOBYBAHUX  METOMIB  MiJBUILCHHS
eHeproeeKTUBHOCTI €  yTWIi3alid TEIIOTH  BUKUAHOTO  TOBITpS. Y

TGHJ’IOO6MiHHI/IKy TCIIIIOTAa HOBiTpr, o BHAAIACTBCA BUTSXXHHMH CHCTCMaMU,
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NEPENAEThCSl  MPUIUIMBHUM — TOBITPSAM, 1[I0  3HIDKYE  TEIUIOCHO>KMBAaHHS
MOBITPOHArPIBaYiB CUCTEM BEHTHJIALI] Ta KOHIUIIIFOBAHHS.

Jlig Toro, mo0 HiABUILKTH MOTEHLIAa] BTOPUHHUX IOHOBIIOBAHUX JIXKEPEI
eHeprii HEoOXiIHO BHUKOPHCTOBYBaTH TEIUIOBI HACOCH, fAKI € 3BEPHEHOIO
XOJOJWIBHOIO MAIIMHOI0, 32 JOMOMOIOK $IKOi MOYKHA BHUTATTH TEIIO 13
CEpEJOBUILA 3 HU3bKOIO TEMIIEPATYPOIO, TOOTO HU3BKOIIOTEHIIIMHE TEIIO.

OmHuM 13 HEBHUYEPIHHUX JUKeped TeIla € COHAYHA CEHepris, sKa
BUKOPHUCTOBYETHCS y TeN10yCTAHOBKAX.

3MEHIINTH E€HEProCHOKUBAHHS CHUCTEMAaMH 3a0€3MEYEeHHS] MIKPOKIIMATY
MOXXYTb €HEpProe()eKTHUBHI PEKUMU pOOOTH Ta MepiogudyHa podoTa CUCTEM
OTaJICHHS, NIPH SIKOMY B NEP10J], KOJU MPUMILICHHS HE €KCIUTyaTyeTbCs, Y HbOMY
HiATPUMYETHCS HUKYA TEMIIEpaTypa, MepioAnIHe BEHTHIIOBAHH.

TakuM YMHOM $SICHO, IO 3arajloM 3HM3UTH €HEProClOXMBAaHHS CUCTEMaMU
3a0€3MeUeHHs] MIKPOKJIIMAaTy MOKHA, 00'€IHABIIM B KOMIUJIEKCI BCl IMPHUCTPOI Ta
TEXHOJIOT1i 3HMKEHHS €HEProCIOXUBAaHHA 10 PIBHA, NPHU SIKOMY 30€piraroTbCs
HEOOXIHI MapaMeTpy MIKPOKIIMATY y MPHUMIIIEHHI. TO MOXJIMBO 3a HasBHOCTI
CHUCTEMH aBTOMAaTH30BAHOTO KEPYBaHHS.

Takox Oyno BHBYEHO poOOTH (IOCHIKEHHS), sIKi Oyau MpoBeAcHI
kanmidopHifickkumu BueHUMU. KanmidopHiiickki BUSHI MpoaHaTi3yBall pe3ybTaTu
JOCIIJKEHHS, sKl Oynu mnpodiHaHcoBaHl B pamkax [poManacbkoi mnporpamu
eHepreTuyHux nociipkensb Kamidopiiickkoi enepretuunoi kowicii (CHIA) Ta
oxonuiu 215 moxynie OBiK y 75 pizaux Oyaunkax [27]. AHai3 IOCTIIKEHb
MOKa3as, 110 MpodyieMa, sika Oyna 3rajaHa B poOOTIi, a came MepeBUTpaTa eHeprii,
BUHHKAE Yepe3 CIa0Ky CUCTEeMHY 1HTErpallito i1 9ac mpoekTyBaHHs. [[ponmonoBana
CTpAaTeris 1HTErPOBAHOIO MPOEKTYBAHHS IPYHTYETHCA TAKOX HA TOMY (DaKTI, IO
CUCTEMH ONAJICHHS, BEHTWIALI] Ta KOHAMLIIOBAaHHS HE MOXYTh (YHKIIOHYBaTH
HE3aJIe)KHO OJIMH BiJl OJIHOTO, a € YaCTMHOK B3a€EMOJIIOYOI0 KOMILJIEKCY, TOOTO
OymaiBii, 1HXXEHEpPHOro OOJlaJHAHHSA OYJIBII, a TaK0X BHYTPILMIHIX CaHITaApHO-

TEXHIYHUX CUCTEM.
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Crpareris 3MEHIIIEHHS TEIJIOBOTO HABAHTAXKEHHS 32 PaXYHOK BUKOPHUCTAHHSI
CKOHOMIYHOI'O OCBITJICHHS, IIOCHJICHOT TEILIOBOI 130JISI11i1, BUCOKOSIKICHOT'O CKIIIHHS
JaxiB 3 TOBEPXHEIO, 10 BIJOMBAE, 1 T.II. € TOJOBHUMHM €JIEMEHTH CTpaTertii.
3axoau, sIKi BYKMBAIOTHCS 1€ HA CTajii po3pOOKH MPOEKTY, OKYHalOThCs 3a
PaxyHOK TOT0, III0 3MEHIIYETHCS HE0OX1{HA MOTYKHICTb 1, BOAHOYAC, 3MEHIITYEThCS
BapTicTh oOaagHanHs OBiK, a Takox BIAMOBIIHUX PO3IMOIIILHUX CUCTEM.
[TopiBHsHHA TOrO e(EeKTy, 10 JOCATAEThCS BiJg  BIPOBAHKCHHS
eHepro30epirarouux 3axojiB Ta Ha MiJACTaBl OTpUMaHMX JaHux [27] Oymo
BUT'OTOBJICHO ISl TPhOX Kami(OpHINCHKUX MICT. JliarpaMa 3HUKEHHS MOTYKHOCTI

cucrem OBiK npencrasnena puc. 2.1.

100 +—
' m—Sacramento
e D3Im Springs
~Oakland
80 +——\I=
\
—T—
® 60
40—
A < X0 > 4 o
Q,“& --.\‘b& e \'e Qg’ +\?‘ 'Q;(\\ 2 ?"b C& «Qﬁ &
RN P02 o Lo S S LS RO
R S & & & S RIS s
W LR S
N TS TN
® V& o U P XS0
@F F o ¥ B L g
QQ ; ‘\o ¢QI _,Qo .<b
© s S .
& SN
R K0 O
& §
< R
&
Pucynox 2.1 — 3umwxkeHHs mnoryxHocti cucteM OBiK BHacnigox

BIIPOBAHKCHHS €HEPro30epirarounx 3axo/IiB

PesynpTaTn mokazamnu, 10 TEIUI0130JIA111s JaxXy Jla€ HauOUTbuit epexT cepen
eHeprosoepirarounx 3axomiB (0am3bko 25%). Xoya Tmpu 1bOMY 3arajibHy
noTyxHicth cucteM OBiK Bmanocs 3nusutu jume Ha 35...45 % 3ayie)xHO BiA

reorpadiuHOro po3TamryBaHHs 00'€KTa.
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Takox Oyno po3risHyTO qocmimkenHs mpodecopa Kapma I'eprica [30].

Kapn T'epric posrismae Ha mpukiani HiMedunHH MOXIHMBICTH Pi3KOTO
3HW)KEHHSI eHeprii OymiBii, sika HEOOXigHa JUIsS OMAJICHHS, SKa JOCITaeThCcs 3a
paxyHOK TIOKpaIleHHS TeIIoi3osmii OyfiBiai, a TaKoX BHUKOPHUCTAHHS
eHeproeeKTUBHUX OMAaTIOBAIILHUX CUCTEM.

ToMmy MOXHa cKaszaTH, 10 LIUISX MEpPEeXoay Bif OyAiBenb CTapoi CHopylau
(rpyma 1), 3 maromoro BUTparoro eHeprii Ha omanenns 300-400 kBrerom/m?, no
OyZiBeNb 3 HU3BKUM EHEProCloXUBaHHAM (Tpyna 2), sike BUKOPUCTOBYETHCS Ha
onayneHasa Bix 40 mo 80 xkBr-ron/m?, 4iTKO MO3HAYEHHH, TOOTO AJS TOTO, MO0
3HM3UTHU €HEPTrOCIOKUBAHHS BCi€l Oy1BI1 M Oy/IBENIb IOCTATHBO BPaxyBaTH TakKl
€JIEMEHTH, K1 B TIOPSJIKY iX 3HAYUMOCTI:

1) Temoizositist Oy 1iBENb 13 BUCOKOI €()EKTUBHICTIO;

2) cyyacH1 CUCTEMH ONAJICHHS 3 PETYJIIOBAHHSIM, SIK1 BIITIOB1/1al0Th BUCOKOMY
piBHIO Temoizomsauii 3 Bucokum KK/I;

3) BenMKl CKJISHI TMOBEpXHI (BIKHA), SKI NPU3HAYEH! I MacUBHOTO
BUKOPUCTAHHS COHSYHOI €Heprii, 1 sfKi BCTAHOBIIOIOTHCSA 3 MIBJEHHOTO OOKY
OyiBIi;

4) pexymnepallis Teria y CucCTeMaxX BEHTHJIAIIII.

EdexkTuBHICTE KOKHOTO OKpPEMO B3ATOTO €JIEMEHTa MOXKHA M00auyuTH
Oe3rmocepeIHbo 13 TerIoBoro Oamancy OymiBmi. Tak, Ha puc. 2.2 TpeacTaBICHO
NpUKIaA TerjgoBoro OamaHcy OymiBmi rpynu 1 (OymiBis crapoi CHOpy/au)
NOPIBHSAHHSA 3 TEIJIOBUM OanaHcoMm Oyaiemi rpynd 2 (OynmiBiast 3 HU3bKUM
€HEProcroKUBaHHAM). Y JIB1M KOJOHLI puc.2.2 NpeAcTaBieH] TeIIOBl BTPATH, a Y
npasiii — TerioHaaxopkeHHsa. Koxkna okpema ckimagosa 6anancy (V, T, S, I, R, H)

rpadiyHO CKJIaZieHa 3 PEITOIO.
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BVaiBnA S HESBEIM

Bbvniena crapoi ovaeni eHEDrOSOEDIraHHMN
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T — TerutoBTpaTH Yepe3 30BHIIIHI 3aXUCHI KOHCTPYKIIil; V — TEIUIOBTPATH 32 PaXyHOK
BeHTWIALI1; H — BUTpaTu eneprii Ha onaneHHs; S — TeIUIOHAIXOKEHHS 13 COHSYHOIO pajialli€eo;

I — noGyToBi TerIoHaAXOKEHHS; R — yTHii3aiis Teria BEeHTUIISIIHHOTO MOBITPSL.

Pucynox 2.2 — Piunawmii TeruoBuii 6aanc Oy/1iBelb

3 puc. 2.2 MOkHa 3pOOHUTH TaKi BUCHOBKH:

1) exoHOMIsI BEJTMKO1 KIJIBKOCTI €HEPTii MOKHA TOCSATTH HUISIXOM 30UTbIIECHHS
e¢(eKTUBHOCTI TETUIOBUN 130JIAIli 30BHIMIHIX OTOPOHKYBAIILHUX KOHCTPYKITIH
OymiBII1, 1 3aBASKU IbOMY MOKIIMBO CYTTEBO 3HU3UTH Koe(DilieHT Terutonepeaayi T;

2) npu BEHTWISLIT V NPAaKTUYHO HE 3MIHIOIOTHCSI BTPATH TEIJIOBOI €HEprii,
TOMY 1110 Oy1BJI1 HEOOXiTHA SIKICHA BEHTHJISAIIS 1 HE TUTBKH B TIT1€EHIYHUX IUISAX, ajle
1 06 3anmo6irTu mpobsieMaMm 3 KOHJACHCAIlll BOJOTH 1 3amo0IrTH PO3BUTKY LIBLII.
Mo>kHa, MOXJIMBO BHUKOPHCTOBYBATH YacTUHY eHeprii R y pas3i BcraHOBIEHHS
CY4YacHOI CUCTEMH peKyreparii Ternia;

3) KUIBKICTh TETJIOBOI €HEPrii, ika BUXOJIUTh 32 paXyHOK COHSYHOT eHeprii S,
3aJMIIUTHCS MPUOJIM3HO HA TOMY K PiBHI B Oya1BIi rpymnu 2 OyaiBii cTapoi OyiBi;

4) B 000X rpymnax Oy/iBelsib BeJIMYMHA €HEPrii MOOYTOBUX TEIIOHAIXO0IKEHb

| 3aMUIIUTHCS MPaKTUYHO O€3 3MiH.
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[Tiq moxa3HWKOM eHeproeeKTUBHOCTI y HOPMATUBHHUX JOkyMeHTax €C
MIPUITHATO «BITHOIICHHS €HEPTOCIIOKHBAHHS 10 KOHIMITIOHOBAHO1 (OMaTIOBAILHO1)
mwiomi Oyxiemiy. Tewaeniis 30mmwkeHHs Bumor €C Tta CHJI momo oOIiHKH
eHepro30epiralounx 3axo/iB y HaIpsIMKy €IUHOI €BPONEHChKOT METOAUKH
PO3paxyHKy TaKOXK JUKTYE MPUUHATTS HACTYIMHOTO BU3HAYEHHS. 3arajibHa MUTOMA
CIIO’KUBAaHHS €HEprii, 0 e Ha OmNajJeHHs, BEHTWISII0, KOHIUIIIIOBaHHS, rapsye
BOJIOTIOCTAYaHHS, OCBITJICHHS Ta EKCIUTyaTallilo 1HXEHEPHOi 1HPPaCTPYyKTypH 3a
MEBHUH MPOMDKOK Yacy € TOKa3HUKOM eHeproedekTuBHOCTI OyaiBii BuzHaueHHs
€(EeKTUBHOCTI BUKOHYETHCA JJI1 OYJIIBIII 3arajioM, 1 HaBITh OKPEMHUX MOTO CUCTEM.
Hampuknan, y @iuasgHAll OpIEHTYBaHHA B1IOYBa€TbCAd HA  MOKa3HUKHU
eHeproeeKTUBHOCT1 OyiBeNb, Kl AUdEepeHIIHoBaH1 3a MPUHIIMIIOM OOMEXEHHS
eHeproutpat. HopmatnBHi BenuunHu BKa3aHi y Tabmuii Ne2.1.
Tabmuus 2.1 — Tunu OyxAiBenb Ta CHOXKHUBAHHS EHEPrii IJis MACUBHUX

OyJMHKIB, HI3bKOCHEPIrOBUTPATHUX OYJMHKIB, 3BUYAaHUX OY1BEIb.

Butpatu eneprii Ha omanenHs, KBr-u/roq

Tun 3Buuaiina Gy 1B Husbko eHeprosutparHa 3
[TacuBHUM OyAMHOK
OymiBii (cydama) Oy iBLs
Ha 1 M? Ha 1 M3 Ha 1 M? Ha 1 M3 walwm? malwm®
Kutnosuit
100 32 50 16 20 7
CEKTOp
Oticre 90 29 45 14 15 5

MPUMIIICHHS
3aranpHi BUTpaTH eHeprii, KBT-u/rox

3BUYAliHA 6y21iBJ'I5I Huzbko CHCProBUTpATHA

Tun [TacuBHU# OyAMHOK
(cyuana) OymiBns
OymiBii
Ha 1 M? ma 1 M3 Ha 1 m? Ha 1 M3 Ha 1 M? Ha 1 M3
JKutnosui
200 64 140 45 80 26
CEKTOp
Odicne 140 45 85 27 45 15

MPUMIIIIEHHS
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Crpo6a BUPIIIUTH OKpPEMi 3aBJaHHS OKPEMO OJWH BiJ OJHOTO, SIK TIPABHIIO,

HE JAI0Th HaNeXHUH eekT. Tak, HaNmpuKIaa, Ha TEPMOBOJIOTUN PEXUM OYIiBIl
CYTT€BO BIUIMBAE MIABUIICHHS TEPMIYHOTO OMOPY OrOPOIKYBATBHUX KOHCTPYKITIH
OyniBenb Ta BHMAara€ 3MIHM CHCTEMH ONAJCHHS Ta BEHTWILAMil. | skmo He
M1JBUIIYBaTH TEPMIUYHUM OMIp BIKOHHUX OJIOKIB, CTA€ HEMOJKJIMBHUM IT1IBUIIICHHS
TEIJIOBOT'O OMOPY CTIHOBHX OTOPOXK 1 11€ HE MTPU3BOAUTH JI0 HEOOX1THUX PE3yJIbTaTIB
Ta iHe. Jlocmimkenns, ski OyIu MpoBeeHl y HAC 1 B pAl 3apyOiKHUX PO3BUHEHUX
KpaiH, JI03BOJISIIOTh CTBEPXKYBATH, 1110 €PEKTUBHA MOJIITUKA EHEPro30epeKeHHS Y
OyJIIBHUIITBI MOKJIMUBA TUIBKH Y Pa3i KOMIUIEKCHOTO MiAXOY: a e JOCITaEThCS 1T
4yac po3risAy XKUTJIOBOro OyAIBIl SIK CHUCTEMH, IO 3a0e3ledye y MPUMIIIEHHSIX
HEOOX1THUN KOMGOpPT Ta SAKICHUH MIKPOKIIMAT [JIsl TMPOKUBAHHS JIIOJIUHU.
[IpyyoMy Takuii TiAXiA HEOOXITHO peanizyBaTh K 1 I JKUTIA, IO 3HOBY
Oyay€eTbes, Tak 1 JJIsl ICHYIOYOTO0, a 11€ MOXKJIMBO 3pOOUTH TIJIbKU 32 KapJAUHAIBHOI
3MIHM CHCTEMM IPOEKTYBaHHA, fKa 3aCHOBaHA Ha IHTErpaiii BCIX 1HXKEHEPHHUX

CUCTEM OYZ1BIIl Ta KOHCTPYKTUBHUX €JIEMEHTIB.

2.3 Enepro3oepiraioue 00,1aJHaHHS iH)KEeHEPHUX CHCTEM MiKpOKJIiMaTy
OyaiBesb

2.3.1. IIpunJuBHO-BUTSKHA CHCTEMAa BEeHTHJISIIIIL 3 peKkynepaiiero

Pekyneparieto Teria (3BOPOTHE OJEp)KaHHS TEMJa) HA3UBAETHCS IMPOILIEC
TEMJI000MIHY, i Yac SKOTO TEIJIo 3a0UpaEThCsl BiA MOBITPS, IO BUAAISETHCS 1
nepeaeTbcsl  CBDKOMY  BXIIHOMY  TOBITpro. Pekymepauis  MoxiuBa 13
3aCTOCYBAaHHSAM MPUILTMBHO-BUTSDKHUX YCTAHOBOK Ta LEHTPAIBHUX KOHIUIIOHEPIB
3 HasIBHICTIO B HUX peKymnepaliiiHoro terooominauka. [Iporec BimOyBaeThCs Tak,
110 B pe3yJAbTaTI MOBITPSI, IO BUKUIAETHCS, 1 CBIXKE MOBITPS BIJJOKPEMIICHI OJIMH BiJl
OJIHOT0, TaK 1100 He BiI0YBaNIOCS iXHE 3MIIIyBaHHS. B 0X0JI0)KEHUX MPUMIIIIEHH X
BUKOPUCTOBYIOThCS PEKyIepaliiiHi TErIOOOMIHHUKUA 31 3BOPOTHHUM CIIOCOOOM,
TOOTO NJIs1 peKymeparlii Xojaomy. 3a paxyHOK peKyIepallii Teruia MOKHa JOCSTTH

yuMajioi eKOHOMIT eHeprii, sika Hjae Ha o0IrpiB a0 Ha OXOJIOMKEHHS BXOJUTH J10
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OyaiBisl TOBITPs,, HAMpHKIaA, MPU BUKOPHUCTAHHI peKymeparii anas oO0irpiy
OyauHKy miomero 200 M2 . y HaliXonogHImMKI nepiof 10cTaTHbo 4,5 KBT Temna.

Huxye HaBeeHO BUMOTU JI0 €HEPrOCHOXKMBAHHS CUCTEM BEHTWJISLIL IS
€BPONEHCHKUX IEPIKAB.

Ha eHeprocnokMBaHHs CyTTEBO BIUIMBAIOTh JI€SIKI KOHCTPYKTHBHI
OCOOJIMBOCTI  BEHTWIALIMHUX CHCTEM: TEPMETHYHICTh Ta  TEIUIOI30JIAIIISA
MOBITPOBO/IIB, HAABHICTh peKymepalii TemaoBoi eHeprii, i T. m. Haifvacrime
BCTAHOBJIIOIOTHCSA MIHIMaJIbHI BHMOTH JO peEKyIepalii TeIIoBOi eHeprii, IIo
3a0€3MeuyI0ThCs JEKIIbKOMa CII0CO0aMM, HAIIPUKJIIA, BUXOASYH 3 TPOTYKTUBHOCTI
3a PO3paxyHKOBHUX YMOB UM CE30HHOTO €HEPTOCTIOKHBAHHS.

EdexTuBHIiCcTh pekynepallii TerIoBoi eHeprii B O1IbIIOCTI KPaiH IPYHTYETHCS
Ha TeMmrepaTypi Ta CTaHOBUTH B 65—75 % (y Cnosenii) 10 90 % (y Hinepnanam).
Tak y OinisiHAIT BUMOTH IPYHTYIOThCS Ha CHUIBHIN pIYHIN pekymeparii Tera 3
BEHTWISILIMHOTO TMOBITPS BCi€i OyniBm (HeoOXigHO 3abupatu MiHIMyM 45%
TeroBoi eHeprii). [loTyXHICTh CHUCTEeMH BEHTWJISLII TaKOXK PEryJIIOEThCA 3a
MUTOMOIO TIOTYXHICTIO BEHTHJISITOPIB, sIKa BKJIIOYAE KOHCTPYKIIIIO MOBITPOBO/IIB
(mamiHHA THCKY) Ta e(EKTHBHICTh BEHTUIATOPA B KBT Ha M°/c BUTparH moBiTps.
J171s1 eNeKTPOABUTYHIB BEHTUJISITOPIB TAKOK BCTAHOBIIIOIOTHCS BUMOTH. Y 0aratbox
KpaiHax, HalpuKIaJ, BCTAHOBIIOETHCS BHMOTH JI0 TOBITPOBOMIB Y 4YaCTHHI
TePMETUYHOCTI Ta TEII0130JI1I1].

InacTunyacrti pekyneparopu. [IpuruBHe 1 TOBITPS, 10 BUIATSETHCH,
IPOXOJATh 3 000X OOKiB psny tiactuH (puc. 2.3). TakuM YMHOM MPAKTUYHO
BUKITIOUAETHCSI KOHTAKT MPHUILTUBHOTO Ta MOBITPS, 10 BUIAISETHCS.

Pucynox 2.3 — IIpunnun poOOTH TUIACTUHYATOTO PEeKymepaTopa
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[TnacTuHYacTi pexkynepaTopy OCHAIIYIOThCS BiJIBEJCHHSIMH KOHICHCATY,
TOMY 1110 € HMOBIPHICTh TOTO, III0 MOYKE€ YTBOPIOBATHUCS Ha IJIaCTUHAX. Bunaganus
KOHJIEHCATy MpPU3BOJUTH JO YTBOPEHHA JbOAY, 3 IbOTO BHUIUIMBAE, IO €
HEOOX1THICTh Y CUCTEMY PO3MOPOKYBaHHSI.

Pekynepailis Ternia TakoK MOXE PEryJoBaTUCA JOTOMOIOI0 MEPEMyCKHOTO
KJIanaHa, KUl KOHTPOJIIOE€ BUTPATY MOBITPS, KU MPOXOIUTH Yepe3 MOBITPSIHUN
pekyniepatop. [nactuHuacTuii pekynepaTop He Ma€ pyXJIMBUX €JIEMEHTIB.

PoTopHi pekyneparopu. Y poTOpHUX peKynepaTopax BiI0yBaeTbcsi OOMiH
TEMIEpaTyp IBOX MOTOKIB moBiTps (puc. 2.4). TemnooOMiH BinOyBaeThCs 3a
paxyHOK TOro, IO pOTOp Oe3mepepBHO 0OEpPTAETHCA MK BUIAICHUM 1
INPUIUIMBHUMU KaHajdamMu. POTOpHI pekynepaTopu MaroTh ICTOTHHIM HEJOJIIK, a caMe
€ WMOBIPHICTb, IO 3aMaxyd Ta 3a0pyIHIOBaYl, IO BHIUISIOTHCS JIOJbMHU,
OyaiBEIbHUMH MarteplajamMu, MeOJsIMH, MOXYTh IMEpPEMINIATUCS 3 BHJIAJIEHOTO
NOBITPS y NPUIIMBHUMN. Lleil He01IK MOKHA BUPIIIUTHU 32 PaXYHOK IPaBUIBLHOTO
po3ranryBaHHsi BeHTWIsTOpiB. IIIBUAKICTE OOepTaHHS poOTOpa pEryiioe piBEHb

pekyrnepanii Teria Y Takux peKkyneparopax € pyXoMHUX YaCTHH.

Tloeitpa Binpaeme Teruro

Harpite
[IPUILHEHE
[TOE{TDA

Xomnogue
MIPUILHBHE
TIOBITPA

Terute moeiTpa Bil BUTHKKN
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$ EVIHIL E MpHMIISHHEI

Pucynox 2.4 — Ilpuniun poboTH pOTOPHOTO peKymnepaTopa

Kamepni pexyneparopu. KamepHuil pekynepatop NOpeICTaBICHUNA Ha
puc.2.5, Ha SKOMYy BHJIHO, IO 3aclliHKa pO3AiIsie Kamepy Ha ABi yactuHH. OmHA
YacTUHA KaMepH HarpiBa€eThCs MOBITPSM, 10 BUAAIAETHCS, Jall 3aCIiHKA 3MIHIOE
HampsiM TOBITPSHOTO TOTOKY TaKUM YHHOM, IO MPUILUIMBHE TMOBITPS BXKE
HarpiBa€ThCs BiJ HArpiTUX CTIH KaMepu. TakoX y KaMEpHUX PEKYNepaTopiB ICHYE
HEJIOJIK, KU TOJsrac B TOMY, IO 3a0pyJHEHHS Ta 3amaxu, SKi MICTATHCS B

MOBITPI, 110 BUIAISIETHCS, MOXKYTh IEPEaBATUCS B MPUTLITUBHUIA.

<= CBUKE IOBITPA

<= Butanenus

S| ||| =—> T IpHILTHBHHH

JL

>|||| == BianpanpoBaHuii

Pucynok 2.5 — Ilpuniumn po6oTH KaMepHOTO peKyreparopa

Pexkynepatopu i3 mnpomixkHMM TeruioHocieM. Taki pekynepaTtopu
3a3BHYail BUKOPUCTOBYIOTHCS] B CUCTEMAX, /1€ HEMPUILYCTUME 3MIIIAHHS MOTOKIB
NOBITPS,, a TaKOX Yy THUX BHUIAJKaX, KOJM ICHYE BEJIMKA BIICTaHb MIXK

yCTaHOBKaMHM (MPUIUIMBHUNA Ta BHUTSKHUIN). 3a JTOMOMOTO TETUIOOOMIHHHKA,
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SIKAA BCTAHOBJICHUM Yy BUTSKHOI YaCTUHU YCTAaHOBKHU, TEIJIOHOCIM OTpUMYE
TEIUIO BiJl BUJAJICHOTO TOBITPS 1 MOTIM Nepeae Moro moBiTps, M0 MOJAETHCS 3a
JIOTIOMOTOI0 TEIUIOOOMIHHMKA, SIKHH BCTAHOBJICHMM Y MPHUIUIMBHIM YacTUHI
YCTAaHOBKU Ta BUKOHYE (DYHKIIIIO MOYATKOBOIO Harpipaya (puc. 6). 3aiexHo Bij
KJIIMAaTy B SAKOCTI MPOMIKHOTO TEIUIOHOCIS MOXE BUKOPUCTOBYBATHUCS
He3zamep3atoua pinuHa (Opeon) abo Boaa.

Terno o OMIHHIK EHTAKKI Teru100OMIHHIK IPHTOKY

JLLLLE

5
B

Pucynox 2.6 — IIpunnun po6oTu pexyneparopa 3 IpOMIXKHUM TEIJIOHOCIEM
TensoBi Tpyou TeruioBi TpyOu CKIIAAAIOTHCA 13 3aKPUTOI CUCTEMHU TPYOOK,
SIK1 3allOBHEH1 ()PEOHOM, IO BUMAPOBYETHCS 32 PAXYHOK TEIUIa, IO BiAJA€THCA
BUTSDKHUM — TOBITpsIM ~ (puc.2.7). ®dpeoH HAAXOAUTh Y  TEIUIOOOMIHHHUK
(koHaEHCcaTOp), SIKUM 3HAXOAUTHCA B MPUIUIMBHIA YacTHHI YCTAaHOBKM Ta

KOHJICHCY€TbHCSI, [TUM B1JIJIal0YM TEIJIO MPUILTUBHOMY MOBITPI.

IPHIUTHE
DpHIUES HATpITHIT
———————} Y————————————— |
BHTAKEA EHTAXEA
OXOMOTXeHA

rasoea (paza

TunoBa cxeMa TSIIoBO! TPYOH

Pucynok 2.7 — Ilpuniun poboTH pexynepaTopa 3 TEIIOBUMHU TpyOaMu
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2.3.2. AlbTepHATHBHI CHCTeMH BUKOPHUCTAHHS COHSYHOI eHeprii

BakyyMmHuii Kos1eKTOp 3 TEPpMOTPYOKaMH . B 1aHuii yac akTUBHO BEAYThCA
poOOTH 3 PO3pOOKK (POTOCTEKTPUUHUX CHUCTEM, SIKI TPEIACTABISIOTH COOOI0
CUCTEMHU, IO MEPETBOPIOIOTh COHAYHY pajliallil0 Oe3MOCePEeHbO B EICKTPUUHY.
Konekrop noriunae cBitiioBy eHeprito CoHIl, sSIKy MOTIM NEPETBOPIOE HA TEILIO,
SIKE MePeIaeThCs Al TeIUIOHOCIO (Pp1AMHU a00 MOBITPI) 1 MOTIM BUKOPUCTOBYETHCS
JUIsS. HarpiBaHHS BOJU, OOIrpiBy Oy/iBeNb, BUPOOHHUIITBA €ICKTpUKHU. Haitoinbi
ePEeKTUBHUMHU  KOJICKTOpPAMH,  SIKI ~ BUKOPUCTOBYIOTbCS B  IUIOPIYHMX

BOI[OHaniBaJ'IBHI/IX YCTaHOBKAax, € BadKyyMHHUMMH COHAYHUMHU KOJICKTOPpAMHU

TTorounmit TermmoobMIHEEKK

Pucynox 2.8 — BakyyMHUI KOJIEKTOP C TEPMOTPYyOKaMu

TepmoTpyOka € 3aKpUTOI MITHOIO TPyOOI0 3 HEBEIUKUM BMICTOM
JIETKOKUIUISYOi piauHU. PivHa BUMApOBYETHCS MiJI BIUIMBOM TeIUla Ta 3a0upae
TEIJI0 BaKyyMHOI TpyOku. [lapu migHIMAIOTCS y BEPXHIO YaCTUHY — TOJIOBKY, 1€
KOHJICHCYIOThCSL Ta MEpeAaroTh TEIUIO HEe3aMep3alouoi PIAMHU OMajIioBajJIbHOTO
KOHTYpY a00 TEIUIOHOCiSI OCHOBHOTO KOHTYPY BOJOCHOKMBaHHs. Jlani KoHAeHcaT
CTIKa€ JIOHU3Y, 1 BCE MOBTOPIOETHCS crovatky. lIpuiiMay COHSAYHOTO KOJEKTOpa

(MITHUH 3 TIOJyPETaHOBOKO 130JIAII€10), 3aKPUBAETHCS HEPKABIIOUHUM JIMCTOM.
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[lepenaua Ternna BinOyBaeThcs uepes MiAHY "TiIb3y", sika BCTAHOBJIEHA Y MIpHiiMaui.
3aBASKM I1IbOMY OTAJIOBAJbHUI KOHTYp BIOKpeMiIeHHH Bix TpyoOok. Ilpu
HOILIKO/)KEHHI OJIHIET TPYOKH KOJIEKTOp MOke mpautoBaTu. [Ipouenypa 3aminu
TpyOOK Iy’ke MpocTa 1 MpU I[bOMY HEMa€e HEOOXiTHOCTI 3UBAaTH HE3aMep3arouy
CYMIIII 13 KOHTYPY TEIJI000OMIHHHUKA.

[HIIOI0 Ba)KJIMBOIO MEPEBArol0 KOJIEKTOPIB 3 TEIUIOBUMM TPYOKaMU € iXHs
3JIaTHICTH MPAIfOBaTH MpHU TemiiepaTtypax 10 —35°C (MOBHICTIO CKJISTHI KOJIEKTOPH 3
TEIUIOBUMH TpyOKaMu ) a60 HaBiTh 70 -50 © C (KOJEKTOpHU 3 METATICBUMHM TEILJIOBUMHU
TpyOKamm).

3a3Buuail BUMApOBYBAaHHSA MOYMHAETHCSA IMPU TeMIepaTypi TpyOku Ouiblie
30°C, TakuM YMHOM IIPU HU3bKHUX TEMIIEpaTypax TpyOKa ik OM «3aKpUBA€ETHCS» 1 HE
BiIOYBa€ThCSl BTpAT TeIia d4epe3 KOJIEKTOp (HalmpHKiIad, BHOYI YU TMOXMYPY
noroay). [lpu 1pbOMYy KOJEKTOp MICTUTBCS 30BHI TNPHUMIIIEHHS, a BCE I1HIIE

oOJialHaHHS - ycepeauHl OyAUHKY. TO BCE CIPHUsE MiHIMI3allii TETJIOBTpAT.

2.3.3 AjanTUBHi cHCTeMH BeHTHJISAMII 31 3SMiHHOI0 BUTPATOI0 MOBITPA

Takumu cucTeMamMu € CHCTEMH, $IKl 3a0€3MeuyroTh MIATPUMKY 3aJaHHX
napamMeTpiB TOBITpS B 30HAX OOCIYyroBYBaHHS 3 PpI3HUMU BHMOTaMHU O
MIKpOKJIIMaTy. Taki cHCTEMH MOPIBHSIHO HU3bKOI BAPTOCTI 1 JOCUTh €EKOHOMIYHOTO
€HEepProCIOKUBAHHS.

EHneproedeKTUBHICTh AOCATAETHCA 32 PaXyHOK HPUHIUIY POOOTH TaKoi
CHUCTEMHM, BEHTWJIALIIS MPAIFOE TaM 1 JIe Ta KOJIM 11e HEOOX11HO. 3aJIeKHO B MOTpeOHr
KOXXHOTO TPUMIIICHHS, a TaK0X B KUIBKOCTI JIIOJ€H Ta BUIY MiSUTBHOCTI
MPALIOIOTh €IEMEHTH CUCTEMU BEHTHJIALII. [CHy€e Tpr OCHOBHHX THITIB aJallTHBHUX
CHCTEM:

1) perynboBaHi Bpy4HY;

2) 13 JaTYUKaAMH PyXY;

3) 3 paruyukamu, SKi (PIKCYIOTh 3MIHM BOJIOTOCTI Ta KOHIEHTPALiO

BYTJICKHCJIOI'O Ira3y
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ATaNTHUBHI CHCTEMH, 10 PeryJIOIThCS BPYYHY.

L1i cuctemMn eKOHOMIYHO BHT1/IHI, aJie¢ BOHU BKpail HE3py4Hi y BUKOPUCTAHHI,
a TAKOK HEMIPaKTUYHI 1 BUMAraroTh MOCTIHHOI MPUCYTHOCTI JIFOJAUHHU, Ta J0 TOTO XK
IpU PyYHOMY YTIPaBIiHHI MOXYTh BUHUKATH MOMIJIKH B YIIPaBIIiHHI, K1 MOB'A3aHI
3 MOACHKUM (PaKTOPOM.

AaNTHUBHI CHUCTEMH 3 JATYMKAMHU, 0 (PIKCYIOTH 3MiHY BOJIOTOCTI Ta
KOHLIIEHTPALil0 BYIJIEKUCJI0ro razy. CUCTeMH BEHTWISIIT 3 TaTYMKAaMH BOJIOTOCTI
€ OLTBII IMPUHHATHUMU JIJIS J)KUTIOBHX MpUMIilieHb (puc. 2.9). BojoricTs Takox €
BIJIHOCHUM MTOKa3HUKOM CTaHy 3a0pyJAHEHHs NpUMIIIEHHs. B OCHOBI TakuX cucteM
BEHTWISLIA 3 KOMIIOHEHTaMH, Kl pearyroThb Ha MIABUUIEHHS a00 3HUKEHHS
BOJIOTOCTI, JISKUTh 3/IaTHICTD ACSKUX MaTepialliB PO3IIMPIOBATUCH MPH M1ABUIIICHH1

BOJIOTOCTI MOBITPS T4 CTUCKATUCS MPU 3HUKEHHI BOJIOTOCTI MOBITPSL.

Pucynox 2.9 — 3aranbauii BUI JaTYMKA TEMIIEPATYPH 1 BOJIOTOCTI

3aJie’)KHO BiJ BOJIOTOCTI BCEpPEWHI TPUMIMICHHS HAJIAIITOBYETHCS IOTIK
NOBITPS,, UMM BOJIOTICTh BUIA, THUM ULIUpIIE BIAKPUBAIOTHCS 3aCIIHKH, SK1
PETYIIOIOTh KIJTBKICTh TOBITPSA, SKE HAAXOAWTH N0 NpuUMIlIeHHs. JlaTumku
BOJIOTOCTI TIOBHICTIO 130JIbOBaHI BiJ] MPUIUIMBHOTO TOBITPs. JlaTunku (iKCYHOTh
JIUIIE 3MIHM BHYTPIIIHBOI BOJIOTOCTI. TE€XHOJOTIS YyTJIMBOCTI A0 BOJIOTOCTI TAKOX

BUKOPHUCTOBYETHCA y BUTSUKHHUX IpaTax y KiMHATaX, MPUIUIMBHUX MPUCTPOSX, €
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CTaH BOJIOTOCTI BioOpaxkae piBE€Hb BHYTPIIHBOI 3abpynHeHocti. [lpu
BUKOPHCTAHHS QIaITUBHUX CHCTEM BEHTUJIAIIIT )KUTIIOBI MPUMIIIEHHS 3 BETUKUMHU
noTpedaMu 0JIepKYyIOTh OUIBIINN MOTIK MOBITPS, HIK MOPOKHI MPUMIIIICHHS.
Cucremu BeHTWJIsINil i3 naTymkamm pyxy. Taki cuctemMu HaifyacTiiie
BUKOPUCTOBYIOTBCS Y TPOMAJCHKUX MNpUMIIIEHHAX. HalOuIbll eKOHOMIYHO
JlomiibHUM ~ crIOCOOOM  MIJABUIICHHS €HEProeEeKTUBHOCTI € 3aCTOCYBaHHS
HACTYITHOTO KOMIUIEKCY 3aXOMiB: MIJBUIICHHS TEIJI03aXHCTy OTOPOKYBaJIbHHUX
KOHCTPYKI[IH, CydacHHMX €Heprosz0epirarounx MeETOJIB Ta  TEXHOJIOTIH,

BITPOBAKCHHSI 1IH)KEHEPHUX Ta KOHCTPYKTUBHHUX 3aXO/iB.

2.3.4 Oropo:KyBajibHi KOHCTPYKILii, 10 BEHTHWJIIIOTHCA

BenTuiabnoBaHi BikHa. BUKoprcTaHHS BEHTHIHOBAHUX BIKOH i3 KJIAITAHOM €
e OJAHUM e(pEeKTUBHUM CIOCOOOM Juisi 30epeeHHs eHeprii Ha oOirpiB Ta
OXO0JIO/KeHHST mpuMimeHb (puc.2.10). Ha BimMiHy Bif TpaguIliiHUX BIKOH, SIKI
MalOTh 3aMKHYTHW MOBITPSIHUM MPOMIAPOK MK CKJIOM, BEHTHJIbOBaHI BIKHA MAOTh
Bropi IIIJTUHY (KJIamnaH), yepes Kl pPyXaeThes (BEHTUIIIOETHCS) BHYTPIIIHE MOBITPSI.
Takox, BEHTWJIbOBaHI BIKHA MOXKYTh 3a0e3ledyyBaTd UyJOBE TEIUIO Ta
IIYMOI30JIsI1I110. 32 paxyHOK JIKBIAAIil XOJOJHUX CIAJal0uuX MOTOKIB MPOCTIP

MOPSIJT 3 BIKHAMH BUKOPHUCTOBYETHCS 01T €)EKTUBHO.

Pucynok 2.10 — IInmacTukoBe BIKHO 13 IPUILIUBHUM KJIaITAaHOM
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BenTuaboBaHi criHu. BeHTunpoBaHI CTIHM € OUIBII  €KOJIOTIYHUMHU
CHUCTEMOIO 3a paxyHOK TOTO, IO KOHCTPYKIII OyauHKY (TIEperopojku, CTiHH,
NEPEKPUTTS) BUCTYMAIOTh Y POJi TeruoakymynstopiB (puc.2.11). Ycepenuni
KOHCTPYKIIi{i € OTBOPH JJISI MPOXOHKEHHS TETUIOTO MOBITPS 3 IOMY, IO TMepeae iM
Tersio. TakuMm YMHOM, BIANAJa€ HEOOXIJAHICTH Yy JOPOTHX MACHUBHHX

TEIJI0AKYMYJISITOPAX.

Pucynoxk 2.11 — BeHTHib0BaHi CTIHU Ta MEPEKPUTTS

2.3.5 ABTOoMaTu30BaHi  eHepro3depirawui iH:xKeHepHi cucTeMH
MiKpoKJIiMaTy OyaiBesb

B eneproedexTuBHii OyiBiIi BUKOPUCTOBYETHCS MOBHUI HAOIp MPUIIAIIB,
3aco0iB Ta cucrteM aBTomatm3anii neHTpanbHux cucrem OBK (omanenss,
BEHTWJIAILIT Ta KOHJAUI1IOBaHHS MOBITps). CrerianbHl OKpeMi CUCTEMH MPU3HAYEHI
JUIS 1HAUBIAYaIbHOTO KIMHATHOTO PETYNIOBAHHS TEMIIEpaTypHu B PEXUMI 00IrpiBY
a00 OXOJIOJKEHHS, 1HAMBIIYadbHOIO KIMHATHOTO TMOBITPOOOMIHY, a TaKOX JJIsi

OCBITJICHHS Ta 3aTIHCHHS MPUMIIIICHHS 3a IOTIOMOTI'0X0 *altto3i (puc.2.12).
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IHOMBITVANEES KIMHATHE PErVIIIOEAHHA

_ LieHTpaneHa CTAHNIA ARCIETISPHSANIT
ER 1 iHTerpanit

Cucremu OBK:

- ONANSHHA

- BeHTHIALLA

. -KOHAWNIOHYEBAHHA

TToxiMHaTHE PEryMOBaHHA:
- TeMIIEPATY PHEI PRI
- MOBITPOOOMIH

- OCBITNIEHEA

- Kamos

HerTpansri cucremu OBK

Pucynox 2.12 — Cuctemu aBTomaTH3aniii Oy miBmi

LlenTpanpHa cTaHLis NpU3HA4YeHa I JAUCIETYEpU3alli Ta MpeJCTaBIIse
co0010 IHTETPOBAaHY CUCTEMY YIPaBIiHHS OyAMHKOM I MATPUMKHA MIKPOKIIIMATy
Ta eHepro3depekeHHA. BoHa TakoXX IHTErpye CHUCTEMH TIOXKEXKHOI Oe3MeKH,
KOHTPOJIb HECAHKIIIOHOBAHOT'O MPOHUKHEHHS Y MPUMIIIEHHS, KOHTPOJIb JOCTYILY,
BiJICOCTIOCTEPEIKEHHS Ta OIMOBIIICHHS 3a HEMTATHUX cuTyarliii. CremianpHi BeO-
JOJATKN JO3BOJIAIOTH 3/1MCHIOBATH YIPaBIIHHS 3 BiJJAJICHOTO KOMIT'IOTEpa, a

MOO1TBHI IPOTpaMK — 3a JJOMOMOT0k0 cMapTdoHa abo mianmera (puc. 2.13).

MoGinsHmi

s ((g| *- 5

= I——] BeS-gonarox ma
EiIJaNeHOr0 KepyEAHHA

Pucynoxk 2.13 — Cuctema aucnerdepusaiii OyaiBii
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BianosimHo no eBpomeiickkoi HOpmu EN 15232 cucremm aBroMartwmzariii
OyaiBenb Ta METOAM YMPABIIHHS 1HXECHEPHUMH CUCTEMaMH YMOBHO IOJUICHO Ha
JOTHPH Ki1acu eHeproedektuBHocTi: A, B, C ta D (puc.2.14).

Knac D Bkimrouae HeeHeproe(eKTUBHI CHCTEMH aBTOMAaTH3allii Oy/iBenb Ta
METOJIM YIPABIIHHSA 1H)XCHEPHUMH CUCTEMaMH, SIKi HE MOBUHHI 3aKIagaTHCA Y
MIPOCKTHI PIILICHHS.

Knac C Ha3zuBaeThcsi cTaHIapTHUM, a00 OPIBHAJIBHIUM €HEPrOCIOKUBAHHS B
1H)KEHEPHHUX CHCTeMaX, aBTOMAaTH30BaHUX Ta KepoBaHMX 3a kiacoM C, yMOBHO

MPUHUMAETHCS 32 OJJUHULIIO JISl TOPIBHSHHS.

Knac A:
- encoxi mo CAB (1 VIC)

Hnac B
B - migermreni mo CAB (i VIC)

Knac C:

C - CTaHAapTHI
{EMKOPHCTOEYIOTECA 1A
TIOPIEHAHHA)

) Knac D:
- Heed eKTHEHL

CAB - Cucremu AsroMarrsanii byaisens/VIC - Vnpasnisaa Imxereprma CHcTeMaMu

Pucynok 2.14 -Knacu eHepreTHUHUX XapaKTEPUCTHUK CUCTEM aBTOMATH3aIl1

o ximacy B HanexaTh CHCTEMH 3 MiJBUIIECHOI €HEProeeKTUBHICTIO, a 10
Ki1acy A — 3 BuUCOKOIO. SIKmo, Hampukiaa, B oOQicHI OyaiBil CUCTEMHU
aBTOMATHU3allli Ta METOAM YIIPABIIHHS 1H)KCHEPHUMH CUCTEMaMH, BIATOBIAHI KJ1acy
C, MoziepHI3yBaTH Ta JOBECTH JI0 KJacy A, TO MOXKHA Moyath eKOHOMHUTH 110 30%
TerI0Boi eHeprii Ta 10 13% enexkTpuyHOi eHeprii.

MeTton BU3HAUEHHS MOTEHLIATy €KOHOMIi I'PYHTYEThCS Ha Koe(ilieHTax.
BigmiHHICT cHCTEM aBTOMAaTH3allii PI3HUX KJIAaciB Ha MPAKTHUI ITOKa3aHO 3

NpUKJIaJy aBTOMATH3allii CHCTeMH omnajieHHs OyauHKy (Tadi. 2.1).
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Tabmung 2.1 -Cuctemu aBTOMaTH3al1ll] ONAJICHHS PI3HUX KIIACiB

D CBA

ABTOMAaTH3aIlisl CACTEMH OTIAJICHHS
KompopTHi yMOBH B IPUMIIIEHHAX
[TinTpuMKa TeMrepatypu B IPUMIIICHH1

0 AsrtomaruuHe peryiatoBaHHs Temieparypu B L[TII
1 AptomaTtuuHe peryitoBanHs Temnepatypu [TII
2 Ilo kiMHaTHE peryJaloBaHHS TeMIepatypu (paaiaTOpHUMHU

BCHTHWIATOpaMH, TCPMOCTAaTaMH iTI[.)

3 [lo ximMHaTHe  peryaioBaHHA 3  KOMYHIKALI€l0 MK
KOHTpOJIEpaMH 1 IICHTPATLHOIO CTAHIII€I0

4 Tlo xiMHaTHE PETYJIIOBAaHHS 3 KOMYHIKAIIIEI0 1 BPaxOBYIOYH
noTpedy B MPUCYTHOCTI JIIOAUHU

SIKII0 aBTOMATHYHE PETYIIOBAHHS TEMIIEpPATypH OMAJCHHS OOMEXKYyeThCs
IITII (ueHTpaIbHUM TEIUIOBUM IMYHKTOM), TO CUCTEMA BIANOBIIA€ HEEPEKTUBHOMY
kjacy D, OCKUJIbKY TEMJIOHOCIH OJTHIET TEMIIEPaTypH TTOIA€THCS B P13HI MIPUMIIIIEHHS
OyaiBil 3 pI3HUMHU TEIUIOBUMHU XapaKTEpPUCTHKAMU Ta PI3HOI MOTPeOO0 B
OTaJIeHHI. SIKII10 aBTOMaTUYHE PEryJIlOBaHHS TEMIIEPATypH ONajJIeHHs OOMEXYEThCS
ITII (inauBiyalbHUM TEIJIOBUM MYHKTOM), TO CHCTEMa TeX BiAMOBiAae kiacy D,
OCKUJIbKH TEIJIOHOCIH MO/Ia€ OJTHAKOBY TEMIIEPATypy B pi3HI IpUMIIIEHHS OyAiBial 3
Pi3HOIO MOTPeOOoIO B omnajieHHi. Jjist Toro, moo BiAMOBIAATH X04a O CTaHAAPTHOMY
kiacy C HeoOxiaHO 3a0e3MeunTH MOKIMHATHE PEryJIIOBaHHS TeMIlepaTypu xoda O
OJIHAM 13 TIEpepaxOBaHUX CIIOCOOIB: paJlaTOPHUMU BEHTUJISIMU, TEPMOCTAaTaMH,
KIMHATHUMHU KOHTpoJsiepamu Tomio. [[ns kimacy B HeoOximHO opraHizoByBaTu
KIMHATHE PETyJIIOBaHHS TEMIIEpaTypu 3 KOMYHIKAI[IE0 MDK KOHTpOJEpaMH Ta
HEHTPaJbHOW cTaHli€. KomyHikalisi y BUTJISAAI 3BOPOTHOTO 3B'SI3KY JTO3BOJISIE
OTpUMAaTH JOJATKOBHI MOTEHIIIa] €KOHOMII y cUCcTeMi onaneHHs. [, Hapemri, 11100
BIJIMOBIJIATH KJacy A, HEO0OXiIHO 3a0e3Me4YuTH TMOKIMHATHE peryJtoBaHHS

TEMIEPATYPHU 3 KOMYHIKAIIEIO MK KOHTPOJIEpAMU Ta HEHTPAIbHOIO CTAHIIIEIO TUTIOC
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KOHTPOJIb MPUCYTHOCTI JIIOJUHU B IpUMilIeHH]. TakuM 4MHOM, YUM BUIIHI PIBEHb
aBTOMAaTH3alll{, TUM OUIbIIIE MOXKIIUBOCTEH JIJIsl OTPUMAHHSI MOTEHIIIaTy eKOHOMIT B

iH}KCHCpHI/IX CHUCTCMax.

2.4 Bubip eHepro3oepirarouux 3axogiB Ta IH)KEHEPHUX CHCTEM
MIKPOKJIIMATY NPH iX ONTUMAJIBHOMY MOETHAHHI

2.4.1 CucreMu onmajicHHS

OmnaneHHs BUPIIIEHO B 1HHOBAITHUHI crioci0. BojsiHa cuctema onajieHHs 3
OPUMYCOBOIO  LHUPKYJAIIE€I0, 3  HIDKHIM  PO3BENEHHSM Ta  3aKpUTUM
po3umproBaIbHUM OakoM. OnatoBasbHI MPUIaan 3'€AHaH] JBOTPYOHOIO CHCTEMOIO
TpyOonpoBoziB. Cucrtema po3paxoBaHa Ha TeMIlEpaTypy, LIO MOJAETHCA
TpybonpoBogom 90°C, 3BoporHoro - 70 °C. Excmiyararisi BigOyBaeTbcs 0e3
IPOIYCKiB, ajle 31 3HWKEHHSAM TeMIlepaTypd B HIYHUH dYac 3a JOMNOMOTOIO
KOHTpOJIepa KEPYBaHHS KOTJIOM, SIKHI OTPUMY€E CUTHAIIM BiJ] 30BHIIIHBOTO TaTYMKa
TEMIEPATYPH.

[nest Takoro pilieHHs CIIUPAETHCS HA TaKl MOJIOKEHHS:

— BIJCYTHICTh HArpiBaJlbHUX MPUJIAAIB Ta YCYHEHHS €(eKTy MiCIIeBOro
HarpiBaHHS CTIH;

- [oninmenHs TemioBoro KoM(MopTy, CTBOPEHHS 3J0POBOT0 MIKPOKJIIMATY B
MPUMIIIICHHSX;

— €KOHOMIS €Heprii 3aBASKH BUCOKIN YacTIll MPOMEHUCTOTO TEMIOOOMIHY;

— ONTHUMAaJIbHE PIIICHHS JUIsl KOHJACHCAIIMHOTO KOTJA, 3aBISKW 3HMKEHIN
Temriepatypi xuBieHHs (45-55°C);

- MOXXITUBICTh BUKOPUCTAHHS CUCTEMH ISl OXOJIOPKCHHS BIITKY.

BiamoBimHuM urHOM TiAiOpaHi 3a MOTYXKHICTIO Ta rabapuTamMHu HarpiBaroui
MOAay’i, 3'€AHaHl 3a cucTemoro TuxenpMaHa, Hacammepen Oylu pO3MIlIEHI B

MPOCTIHKAX MK BIKHAMH, a PEIlITa iX — Ha BHYTPIIIHIX CTIHU.
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3aBiaHHs PETyJIOBaHHSA TEMIIEpaTypH BUPIIICHE IIJISXOM BCTAHOBJICHHS B
porpaMmaTopa, Kepyruoro Mmo30HHHUMH PETYyJIsSTOpaMU HarpiBajJibHUX KOHTYPIB Y

CTIHaxX JaHOTO MPUMIIIICHHS.

2.4.2 CucreMH BeHTHJIAIIT

HaykoBi gociipkeHHST Ta pPO3paxyHKH TOBITPSHOTO PEXHUMY OymiBiIl
JI03BOJIMJIM BUSIBUTH 3arajibH1 TEHICHINT 3MIHM CKJIAJOBUX MOBITPSIHOTO OanaHCy
MIPU 3MIiHU TTOTOJTHUX YMOB JIJISI P13HUX OYIBEIIb.

3pocTaHHsl IMIBHJKOCTI BITPY HE I[I0O3HAYA€ThCA HA BUTpaTi MOBITPA,
3aBITPSAHOTO (pacary, 0 BUAAISETHCS 3 MPUMIIIEHHS, POTE MIPU MOTAHUX BX1THUX

MicClie BCTAaHOBJICHHS KJIalaHa

JBEPSIX 10, * Tbest yepes BiKHA 1 301IbIIYETHCS Yepe3 BX1AH1 ABepi.

VY 3B'S13Ky 3 BCTAHOBJICHHSIM Yy OYJIBII IIIJIbHUX BIKOH MPUCTPINA JIUIIE BUTSKHUN
CUCTEMU BUSBISETHCS Hee(EKTUBHUM. TOMy IJs MOAAYl NMPUTOKY 0 OYIUHKY
3aCTOCOBaHI BEHTWJIbOBAHI BiKHA 3 KJIAlaHOM, IO MAalOTh JOCHTHb BEITUKUH
aepoJMHAMIYHUM ONip 1 HE MPOMYCKAIOTh IIyM 3 BYJIMI{, Ta MPUILUIMBHI KJIalaH! y
30BHIIHIX CTIHAX, a TaKOX TependadeHa MeXaHIYHA peKylnepaTuBHA BEHTHIISIIS

YMOBHE pO3MIIIEHHSI BEHTWISIIAHUX KJIamaHIB y BIKHAX 1 CTIHAX MOKa3aHO Ha

puc.2.17).
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a) MECTO YCTAHOBKM KNanaxa
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Pucynok 2.17 — YMoBHE po3MillieHHs] BEHTHIALIMHUX KJIalaHiB y BiKHaX (a)

Ta cTiHax (0) )KUTIOBOTO OYJIUHKY

[T01111 BIKOH Ta X MOBITPONPOHUKHICTH y OY/I1BIII BIMOBIAI0Th HOPMaM TaK
camo fK 1 MOBITPONPOHUKHICTh JBEpel (MOBITPOMPOHUKHICTH BIKOH 1-ro moBepxy
nopiBHIOBana 6 kr/rog-m?, a asepeil 1,5 kr/rox-m?). MaricTpanbHi KaHauu
nepeadadeHi OJTHOTO JiaMeTpa 3a BUCOTOI, BUKOHAH1 y MeTaii. Jliamerpu O19HMX
BIIralTy’)KE€Hb TaKOXX BUKOHAH1 OJHAKOBUMH. [[71s1 O1YHUX BiArasy:KeHb MiaiOpaHi
JpOCeNb — KIIallaH!, 0 BUPIBHIOIOTh BUTPATH BUTSHKHOTO TIOBITPS MO TTOBEPXaM.
Po3paxyHkoM BU3HAYaJIUCS BUTPATH MOBITPS, 110 CTAHOBIISATH MOBITPSIHUIN OajaHC
KOXXHOTO PUMIIIEHHS )KUTJIOBOTO OYJMHKY TP PI3HUX 30BHILIHIX TEMIIEpaTypax,
IIBUIKOCTI BITPY Ta MPH BIJKPUTUX Ta 3aKPUTUX KBATUPKAX.

Kpim perynbpoBaHoi mpUpOIHOT CUCTEMH BEHTHJIALIT, 3aCTOCOBAaHA MEXaHIuHA
peKyrepanis TemIoTH BUTSXKHOTO MOBITPsE Kpanku mpuToKy CBIXKOTO MIAITPITOrO
MOBITPS 3HAXONATHCS B TMPUMINICHHSIX TpUBajioro mnepedyBanHs. Judyszopu
pPO3MIILIEHI B CTEJIbOBUX KOHCTPYKUIsX. CHipandbHUl pekynepaTop pa3oM 3

BCHTHUJIATOPAMH, KOJICKTOPOM Ta CUCTCMOIO PCTYJIIOIOYHX 3acjiHKa 3MOHTOBaHa Ha
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ropuii. [IpunivBHa maxra mpoXoauTh B OJHIN 13 TOPLEBUX CTiH, a K BUTSDKHA
[IaXTa BUKOPUCTAHWN BUIBHUM BEPTHKAIbHUN BEHTHIALIWHUN KaHal. 3 METOIO
3a0€3IeUeHHs] 3arajlbHOr0 IOBITPOOOMIHY MK MPUMIIICHHAMU OyIiBIII MIXK
MOJIOTHOM JIBEpEeH Ta MiIOTO0 3aIUIICHI MUTHHN 3aBBUIITKA 7 MM.

BiamnoBiiHO 10 NpU3HAYEHHS Ta MapaMeTpiB BEHTUISIIHHO-PEKYTepaTUBHOI
cuctemu OyI0 miaibpaHo Taki ii eJIeMEeHTH:

— peKymeparop 13 CHipaJbHUM TEIJIOOOMIHHUKOM MpoayKTuBHICTIO 1000
m3/ron, 3 edexTuBHICTIO 85-92%);

— OJIMH TIPUIUTMBHUHN Ta OJIUH BUTSHKHUN BEHTHISATOD;

— PETYJSATOP YKCIIa 00EPTIB €IEKTPOIBUTYHIB BEHTUISTOPIB;

- THYYKI 130J1b0BaH1 TOBITPOBO/IY;

- IOBOPOTHO-BIIXUJISIFOU1 3aCTIHKH 32 KIJTBKICTIO MPUIUIUBHUX KaHAIB,;

— nudy30py MPUTUTUBHI Ta BUTSKHI.

VYropaBiaiHHS ~ BEHTWISALIMHO-PEKYNEpAaTUBHOI ~ CUCTEMHU  Iepeadadae
oOJasHaHHS CHUCTEMHM BHUKOPUCTAHHS BTOPHHHOI TEIUIOTH BHUTSDKHOTO TIOBITPS
MITATHUM PETYJISATOPOM YHUCIa 00OPOTIB, KEPYIOUUM MPOIYKTUBHICTIO BUTSYKHOTO
Ta TMPUIUIMBHOTO BeHTWIATOpiB. [lepenbaueHo mporpamMoBaHMil PETYIATOP
TEMIEpATypu 3 METOI JI0OJAaTKOBOI ONTUMIi3alii MpoLecy BEHTUJIIOBAHHS

JKUTIIOBOTO OYIUHKY.

2.4.3 Cucremu I'BI1

VYrpaBiiHHS BCIED CHUCTEMOIO TEIUIONOCTAYaHHS NPUMIMICHHS IIKOJIH
PO3pO0JIEHO BUXOMSIUU 13 MPOCTOTH MOT0 eKCrulyaTalii. Ik e1eMeHTH yrpaBIiHHSA
3aCTOCOBaHI IMUPOKO JIOCTYIMHI MIKPOMPOILIECOPHI PETYJISATOPH TeMIlepaTypu Ta
pPOrpaMoBaHi 3a 9aCOM KOHTPOJIEPH.

VYpaBiiHHA CUCTEMOIO BUPOOJIEHHS Ta aKyMYJISIIT TEIJIOTH CIIMPAaEThCs Ha
MITaTHY CHCTEMY aBTOMAaTHKH KOTJA, SKa PETYNIOE TEMIEparypy TEIUIOHOCIS Ta
kepye migirpiBom Boau s I'BII. 3 1i€t0 TOJOBHOI CHCTEMOKO YCIIIIIIHO

B3a€MOJIIIOTH MIKPOIIPOLIECOPHI PETYISATOPU TEMIEpaTypH.
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ABTOMaTHKa CHUCTEMH O KMBJICHHS KOHTYpPIB  TEIUIOCIOXHBAHHSI €
kom6OiHoBaHoi. [linirpiB Boau y BogonarpiBaui ['BII kepyeTbcsi BCTAHOBICHUM Ha
HBOMY TEPMOCTAaTOM Ta HPOrpaMOBaHUM KOHTposiepoM. KoOHTyp mupKymsmii
rapsayoi BoAM  OONAJHAHUN TIOPOTOBUM  PETYJISTOPOM  TEMIIEpaTypu Ta
IpOrpaMoBaHUM KOHTpoJiepoM. KOHTyp omajieHHs 3 HarpiBaJlbHUMH NpuiiajaMu
OTpUMY€ TEIJIOHOCIH Oe3rmocepeHb0 3 aKyMyJsIiTopa TEIUIOTH 1 KEpYeEThCs
IPOrpaMOBaHUM KOHTPOJIEPOM.

Po3nonin  TemiaoTM MK~ OKPEMHUMH TMPUMILIEHHSIMH  PETYJIIOE€THCSA
BCTAaHOBJICHWMHU Ha MPHUJIaZaX BEHTUIISIMU 13 TEPMOCTaTUIHUMH rosioBkamu. KoHTyp
CTIHOBOT'O ONAJICHHS], 3 ypPaXyBaHHSIM TEXHOJIOTTYHOTO 0OMEXKEHHS TEMIIEPATYPH 10
55°C, obmnamHaHI HACOCHOIO TPYIMOK 3 BY3JIOM MIiAMINIYBaHHS, SIKUM Kepye

PEryJIATOP TEMIIEPATYPH.

BucHoBku

1.3a ocraHHI HAECATWIITTA BIAOYJIMCS 3MIHM y HOPMATHBHUX BUMOTAaX [0
eHeproe()eKTUBHOCTI Ta eHeprozoepekeHHs OymniBenb. [IpuitHITO HUBKY
HOPMATUBHUX JOKYMEHTIB MOB'SI3aHUX 13 30UIBIICHHSIM €HEPreTHYHOI
e(eKTUBHOCTI HE TUIBKM HOBO3BEICHUX OydiBedb 1 CHOpYyHd, a W
eKCIUTyaTOBaHMX, a TaKOX 1 3 pO3pOOKOI Ta 3 BIPOBAIKEHHSM HOBHUX
MPUHIUIIB Ta CUCTEM JKUTTE3a0€31I€YeHHS], TOOTO CTBOPEHHS Ta MiATPUMAHHS
MIKpOKJIIMATY.

2.3 aHaii3y CBITOBOTO Ta BITYM3HSHOTO JIOCBiAy BHUIUIMBAE, IO B JaHUW Yac
BIJIOYBA€ETHCSI aKTUBHUI PO3BUTOK €HEPro30epiralouux 1HXKEHEPHUX CUCTEM
MIKpOKJIIMaTy Oy/iBeb. 3aKIaJaloThCs Y MPOESKTH eHepro30epirarodi 3aXoau
y cucTeMax 3a0e3nedeHHs MIKpOKIIIMAaTy, 110 3a0e3MeuyoTh 3a/1aHl 3HAaUCHHS
CHEPreTUYHUX TMMOKA3HUKIB MIKPOKIIMATY TPHUMIIICHHS TPH MIiHIMaJbHUX
BUTpaTax eHeprii. OgHaK 11010 BIPOBAIKEHHS €HEpro30epiralounx pilieHb,
eHepro30epirarouux MPUCTPOiB Ta OOJagHAHHS 1HXKEHEPHUX CHUCTEM
OyniBHAIITBO Oy/iBeNnb Ta CHOPYA Halla KpaiHa BIACTa€ Bia 3apyOiKHUX

MOKA3HUKIB.
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3.3 BUKIAQJCHOTO BHIUIMBAE AKTyaJbHICTh MUTAHHS, IO 3arajioM 3HHU3UTH
CHEproCMOKUBAHHA CHUCTEeMaMH 3a0€3MEUYeHHS MIKPOKIIMATy MOXKHA,
00'€THABIIIM B KOMITJIEKC1 BC1 1H)KEHEPHI IIPUCTPOI Ta TEXHOJIOTIT 31 3HWKECHHS
CHEeproCIOKUBAHHS JI0 PIBHS, IPH SIKOMY 30€epiraloThCsi HEOOXiH1 mMapaMeTpu
MIKpPOKJIIMATy y TMPUMIIIEHHI. TO MOXJMBO IIPU OIHIII EHEPreTUYHO1
e(hEeKTUBHOCTI CHCTEM 3a0e3IMeUeHHs] MIKPOKJIIMAaTy Ta HAsSBHOCTI CHUCTEMH
aBTOMATH30BAHOTO KEPYBaHHS.

4. BukoHaHO BHOIp 1HKEHEPHUX CHUCTEM MIKPOKIIMATy Ta €Hepro3oepiraroumx
3aXO/IB MpPU ONTHUMAIBHOMY iX NO€JHAHHI. Y poOOOTI NPUUHATO TaKi
TEXHOJIOT1YHI PIIICHHS:

— CTIHOBE OMNAaJeHHSA Ta TeIUla ITiora, sKa, KpiM €KOHOMIi eHeprii,
CTBOPIOIOTH 3/I0POBHI MIKPOKJIIMAT Y MPUMIIIEHHAX Ta KOM(POPTHE BITUYTTA
IPOMEHUCTOrO TEIUIA;

— BHUKOPHUCTAHHS CHUCTEMH CTIHOBOTO OMAaJeHHS Ta TEIJIOi MiAJOTH IS
OXOJIO/IKEHHS PUMIIIEHB Y TETUTy TOPY POKY;

- 3aCTOCYBaHHS B KOXHOMY >KHTJIOBOMY MPHUMIIICHH] 1HAMBIAYaTbHUX
PEryJIsATOPIB TEMIEPATYPH HArPIBaJbHUX KOHTYPIB;

- 3aCTOCYBaHHS MTPOTrPaAMOBAHUX KOHTPOJIEPIB, 1110 MiJBUIIYE EKOHOMIYHICTh
CUCTEMM 3aBJISKHM MOXIIMBOCTI pPEryjllOBaHHS Yacy poOOTH CHUCTEM
(mepemycTkamm);

— IS Tojavl MPUPOJHOTO TPHUTOKY TMOBITPS 10 OyiBJII 3aCTOCOBAHO
BEHTWJIbOBAHI BIKHA 3 KJIaIaHOM Ta MPUIUIMBHI KJalaHu Y 30BHILIHIX CTIHAX;
— migirpiB Boau y BogoHarpiaui ['BII kepyeTbcsi BCTAaHOBJIEHUM Ha HHOMY
TEPMOCTATOM Ta MPOTPAMOBAHUM KOHTPOJIEPOM;

— KOHTYp IUPKYJIALIL Tapsiuoi BOAU 00JIaIHAHUI MMOPOTOBUM PETYJISITOPOM

TEMIIEPATYPHU Ta MPOTPAMOBAHUM KOHTPOJIEPOM.
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3. OuiHka eHepreTM4Hoi e(EeKTHUBHOCTI cucTeM 3ale3NevYeHHs
MIKpOKJIiMaTy

3.1 Bubip napaMeTpiB BHYTPilIHBOI0 Ta 30BHIIIIHBLOI0 KJIIMATY

[TapameTpu BHYTpPIIIHBOIO MIKPOKJIIMATy B OyaiBIl NpUMMaIOTh 3a
HassBHUMM CaHITApHO-TITEHIYHUMHA HOPMaMHM 3aJIe’KHO BIJl KaTeropii OCHOBHHX
(GYHKI[IOHATPHUX TpPUMINIEHs a00 iX Tpyn Ta BUMOT 3aMOBHHMKAa JO SKOCTI
3a0€3IeueHHs] MIKPOKJIIMaTy TP BUKOHAHHI YMOB CaHITapHO-TITE€HIYHOT OE3MEeKH.
[Ipu o1iHI Bk€ yXBaJI€HOTO0 MPOEKTHOrO PIIIEHHS JaHl HapaMeTpHu NPUUMAIOThCS
3a poOOYMM MTPOEKTOM, IIPU PO3PAXYHKY €HEProePEeKTUBHOCTI HA CTa/ll MPOEKTY Ta
(a00) mpu momepenHiX OaraToBaplaHTHUX PO3PaXyHKaX JIOMYCKAEThCS BUOUpATH
€IMHI 3HAYE€HHS 33 XapaKTePHOTO (IIPEACTaBHUIBKOTO) mpuMilieHHs. O0'eKToM 15t
pPO3paxyHKy € XOpoJbChbKa MMHa31s.

VY onanmoBanbHUI NEPi0j] BCTAHOBIIOIOTH TaKl NapaMeTpu:

t; — po3paxyHKOBa TeMIiepaTypa BHYTPIIIHbOIO MOBITPst B pobounii yac, °C
(ITpuitmaemo piBuoto 21°C);

tyupas — MIHIMAIBHO-JOMYCTMMA TEMIIEPATypa BHYTPIIIHLOIO TOBITPS B
HepoOouwii yac, °C (nmpuiimaemo 20 °C);

(s — BIJIHOCHa BOJIOTICTh BHYTPIIIHHOTO TMOBITPS B poboumit yac, %
(ITpuiimaemo piBHOIO 45%).

VY 0X010KyBaJIbHHUM 1EP10J] BCTAHOBIIIOIOTH TaKl MapaMeTpu:

tsoxn — PO3PAXYHKOBA TEMIIEpAaTypa BHYTPIIIHBOIO MOBITPS B poOOYM yac,
°C (ITpuiimaemo pisaoto 21 ° C);

Qp.oxn — BIIHOCHA BOJIOTICTH BHYTPIIIHBOTO TMOBITPS B pobouuit wac, %
(ITpuiitmaemo piBHOIO 45%).

Po3paxyHKOBI mapamMeTpu 30BHIIIHBOTO KIIMATy NPUHMAIOTh MO 3aJIEKHOCTI
Bl pailioHy OyAIBHMIITBA Ta BHUMOI 3aMOBHHKAa JIO SKOCTI 3a0e3MeyeHHs

MIKpOKJIIMATY.
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VY omnantoBangbHUI MEPi0]l BUKOPUCTOBYIOTh TaKi apaMeTpH:

(¢]

t,n — PpPO3paxyHKOBa TeMIlepaTypa 30BHIIIHBOTO MOBITPA, C, s
MPOEKTYBaHHS  30BHINIHIX OTOpPOX, CHUCTEM ONAJCHHS, BEHTWIAIIT Ta
KOHJUITIFOBAaHHS TOBITPS (mmpuiiMaeMo piBHOIO — 37 © C);

¢, — BIJHOCHA BOJIOTICTH 30BHIIIHBOTO MOBITPs, % (MpHIIMaEMO PiBHOIO
75%);

ton — CEpeaHs TeMIepaTypa 30BHIIIHBOIO MOBITPS 32 ONATIOBAILHUN MEPio],
°C (Ilpuiimaemo piBHOIO -6,7 ° C);

Z o — TPUBAIICTH OMATIOBAJILHOTO Tiepioay, 100y (mpuitMaeMo piBHOIO 233
110).

VY 0X050KyBaJIbHUN MIEP10/] BAKOPUCTOBYIOTh TaKl apaMeTpPH:

tsoxn — PO3PAxXyHKOBa TeMIlepaTypa 30BHIIIHbOro moBiTps, ° C, s
MIPOEKTYBaHHS CUCTEM KOHIUIIFOBaHHS NOBITPs (mpuiiMaemo piBHoto 27 © C);

L oxn — PO3pAaxXyHKOBA EHTAJbBIIS 30BHINIHBOTO TMOBITPsA, KJDK/KT, 11s

MPOEKTYBAHHS CUCTEM KOHIMIIIIOBAHHS MOBITPS (pHUitMaemMo piBHOO 56,8 KJ[K/KT).

3.2 BuzHayeHHsI PiYHOT0 TEIJIOCHOKUBAHHS CHCTEMAMHU ONAJIEHHS

[Tpu monepennix 6araToBapiaHTHUX PO3PAaXyHKaX PiYHE TEIJIOCIIOXKUBAHHSA,
MBT-4/T, OLIHIOIOTH 32 (POPMYJIOIO:

Qon = PME(n; - AiIR) - 107° + 0,33MV; Kpuposk - 107> — Qriocr

(3.1)

ne — B xoedilieHT 3anacy Ha JIOAATKOBI BTPATH TEIUIOTU Ta OKPYTJICHHS

MOBEPXHI OMATIOBAIILHUX MPUIAJiB, PEKOMEHAYIOThCS TpuiiMaTu B mMexax 1,1 -
1,13;

M = 0,024 - T'COII - xapakTepuCTHKa OMAIIOBAIBHOTO Tmepiony, THC. K -
y(°C-4), ne I'COII — (t; — t,) * Zon — TPAmyco-100y OMaIOBAILHOTO IMEPIOaY,
K -4(°C- 106).

VY OyauHkax, o€ TIATPUMYIOTH 3HIDKEHY TeMmIeparypy B HepobOoue uac,
3aMicTh t, mpu po3paxyHky M mis dopmynu (3.1) cmig mpuitmMaTd yMOBHY

BHYTPIIIHIO TEMIIEPATYPY 32 POPMYIIOLO:
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tB.YMOB = |tB(168 - qup)kHaT + tB.Hpa6Z'{ep|/168! (32)
ne 168 - KIJIbKICTh TOAWH Ha THKHI,

Zyep — TPUBAICTD QDYHKI[IOHYBAHHS CUCTEMH OTIAJIEHHS B YEPTOBOMY PEKMMI,
TOJIMH Ha THXJICHbD;

Ky ar > 1 — xoedimieHT HaToOIly, IO BPAaXOBYE IMIJABUIIEHY TEIUIOBIIIATY
OTMAITIOBAIFHUX TPUJIAIB i Yac HATOMY;

n; — Koe(irmieHT, o MpUHMAETHCS B 3aJICKHOCTI BiJT TTOJIOKEHHS 30BHIITHBOT
MOBEPXHI OTrOpOPKYBaJbHUX KOHCTPYKIIM MO BIAHOUICHHIO IO 30BHIIIHBOTO
noBITps Tabui 1;

A;iR; — mmoma, M? i omip Temnonepenaui, MZ-K/BT, BiamosigHO
OTOPO/DKYBAJILHUX KOHCTPYKIIM O0OOJOHKK OyAiBil: 30BHINIHIX CTIH, BIKOH,
OQJIKOHHUX JIBEpEHl, MEPEKPUTTS HaJ HEOMaJIOBAHUM IiJIBAJIOM a00 TEXHIYHUM
HNIAOUUISAM, MUIOTH MO TIPYHTY, TOPHUIIHOIO IMEPEKPUTTS ab0 TMOKPHUTTS Ta IH.
3HaueHHA A; 1 R; mpuiiMaroTh 3a npoekToM 3 ypaxyBanHsaMm Bumor CII 50.13330.

V., — omamoBaabHUil 00'eM OyaiBmi, M>;

Kpupos — cepenrss 32 OyIiBJI€H  KPaTHICTb — MOBITPOOOMIHY — JJist
HEOpPraHi30BaHOTO MNpUILIMBY, rof .. Ilpu po3paxyHKy 3a yKpyIHEHUMH
MOKAa3HUKAMH JIOMYCKAETHCS TPUUMATH BEIMYHMHY [JIS KUTJIOBUX OymiBenab Ta
JOIIKIJIBHAX YCTAaHOB 3a TaOJHUIICIO 2, a JIJIs HeXKUTIOBUX OY/IIBENbh — Y JIiana3oHi
0,2-0,5.

k — xoedirieHT 00JIiKY 3yCTPIYHOTO TEIIOBOTO MOTOKY MPH HPUPOTHOMY
MOBITPOOOMIH OyIiBIi; IpuitMaeThes piBHUM 0,7 7151 CTUKIB ITaHENIeH CTIH Ta BIKOH
3 MOTPIMHUMU TIaITypKamu, 0,8 — 1J1s1 BIKOH Ta OAJIKOHHUX ABEpeH 3 pO3AUIbHUMU
nanxitypkamu i 1,0 — 1u1st OTMHAPHUX BIKOH, BIKOH Ta OATKOHHUX JBEPEH CriapeHuMHU
TJICTIHHSAMU Ta BIIKPUTUX OTBOPIB;

Qfocr» MBT 49/ — TenmoHaixoKeHHs 10 Oy TiBIII 32 OMATIOBAILHUAN MEPioj,

BPaxXOBYIOThCSl TUIBKM TIPU BCTAHOBJICHHI aBTOMATHUYHUX TEPMOPETYISATOPIB Y

ONMAIIOBAIBHUX TMPHUJIaAIB a00 IHIIMX PIMIEHHSX 3 aBTOMATHYHOI'O PEryJIOBaHHS
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HiATPUMKH 33JaHOI TeMIIepaTypH MPUMIILCHHS 3aJIe)KHO BIIXUJICHHS BEJIMYMHU L,
BiJl IPUHAHSATOTO PiBHA.
Bemnuuny Q. MBT 9/T, 004ncmtoeMo 3a Takoro GpopMyIioro:
Qrocr = (Q4 + Q¢ + Ezon/365) * kyocrs (3.3)
ne Qf i Qf — TeruIoHaaX0HKSHHS BiJT JIFOICH Ta COHSIIHOI pajialii BiAMOBITHO

MPOTATOM OINANIOBAIBHOIO nepioay, MBT-u/r, 110 BU3HauaroThes 3a GopMyaaMu

Q‘I-I‘ = q‘{.ﬂn‘lZZ‘{(ZOH/7) ) 10_6 (34)
90-60-168-233-107°
g = 7 = 30 MBT - 4/,
Qf = X(TuixikniniAi - 1;/3600) (3.5)
8-0,65-0,85-225-4336 6-0,65-0,85-2,25-200
Qi = 3600 + 3600 = 12,4 MBT - 4y/T.

Jle gy, — TMUTOMI HAJXOJKEHHSI SBHOI TEIUIOTH Bij Jroaeu, Bt/gen., mio
NPUIMAIOTHCS 3aJIEKHO Bl TapaMeTPiB BHYTPIIIHBOTO MIKPOKJIIMATy B OyAiBIl Ta
piBHs (DI3UYHOTO HABAHTAXKEHHS;, TIPU PO3PAXYHKY 332 YKPYIMHEHUMH MOKa3HUKAMU
JOTMYCKAEThCS MPUHAMATH TUTOMI HAIXOHKCHHS SIBHOT TEIJIOTH BiJl JIFOJEH, IO
nopisHioe 90 B1/4oi.;

Ny — CepeIHs KIIbKICTh Jt0JIel y OYIBJI1 IPOTITrOoM poOOUYOTO Yacy,

Y,y — CepeaHs TPUBAIICTh IepeOyBaHHs JIOAeH y OymiBii, TOJWH Ha
TUKIEHD; AK TPABUIO, Y2y = ¥ Zpos, M€ Y.Zp0s — TPHUBAIICTH POOOYOro vacy B
OyIiBii, TOAWH HAa TIXKACHb. Y JKUTIOBUX 1 MOAIOHMX 10 HHUX Oe3mepepBHO
byHKIIOHYIOUMX OyaiBeNb CepeHsl TPUBAIICTh MepeOyBaHHS JOACH y OyAHHKY
nopiBHIOE 168 TOIMH HA TUXK/ICHb;

7 — 9UCIIO THIB Y THKJ/ICHD;

Thixi — KOC(DIIIEHT 3aTIHEHHS 1-TO CBITJIOBOTO OTBOPY BIKOH HEMPO30PUMHU
eJIEMEHTaMH TIPUHHSITOTO HAIIOBHCHHSI,

kyini — KoedillieHT BiHOCHOTrO NPOHMKHEHHS COHAYHOI pajiauii A i-ro
3aIIOBHEHHSI CBITJIO OTBOPIB,

A; — Ilnoma i-ro cBITIONPO30POro OropPOIKEHHS,M?;



65
[; — IHTEHCUBHICTh COHSIYHOI pajiallii 3a omajdtoBaJbHUN Tepioa depe3 1—e
cBiTIONpo30pa oropoxka, MJ[x/M? , 3 ypaxyBaHHAM ii opieHTauii Ha Bci GOKH
TOPU30HTY Ta CEPEeAHIX yMOB XMapHocTi. JIyisi 00Ky XMapHOCTI 3HAYCHHS Ta
BIJIMOBIIHI O€3XMapHOMY HeOy, MOTPIOHO OpaTH 3 MOHIKYBAIBHUM KOEPIIIIEHTOM
0,6;
E — piuHEe eNneKTpOCIOXMBAHHS CHUCTEM €JEKTPONocTayaHHs OyliBIi,
MBT-4/r, 110 BU3Ha4aeThes 3a popmyoro 3.9;
Kk ocr — KOCOIIIEHT O0TIKY TETIOHAIXO/KECHB, TIOB'I3aHHM 13 UMOBIPHICTIO X
MIEPEBUILIEHHS HA/l TEIUIOBTPATaAMU Ta HEMOJIMBICTIO BHACIIOK IIHOTO iX ITOBHOTO
BukopuctanHsa. [lomyckaetscs mpuitmatu ko, = 0,8 — 0,85. Tlpu opienTOBHHX

pO3paxyHKax JOMYCKAE€ThCS BEMUUUHY Qfocr, MBT 4/r, BU3Hauatu 3a GopMyInoro

(3.6)
QEOCT = qHOCTAOTZZpO6(ZOH/7) -107° (36)

1€ (rocr — MMTOMI TEIIIOHAAXOKEHHS, BT/M%, Ha 1 M? onanroBanbHOI 1101
A,r, TPUAHSATI B 32JICKHOCTI BiJ] KaTeropii OCHOBHUX (DYHKIIIOHATLHUX MPUMIIICHb
a00 1X TPyII Ta BUMOT 3aMOBHHKA II10JI0 SIKOCTI 3a0€3MeYeHHS MIKPOKJIIMAT METOJIOM
€KCIEPTHOI OLIIHKH.
E=0,719-60 = 43,14 MBT - 4/r,
43,14 - 233
365

1-1311+1-157,5+1-466
3,66 0,7 5,43

-0,67-0,8-1073 — 59,5 = 394 MBT - u/r

Q;OCT = (30 + 12;4‘ + ) * 0,85 = 59,5 MBT - ‘-I/l",

Qon = 1,13-155- ( ) +107% 4+ 0,33-155-7925,4

3.3 BuzHauyeHHsI PiYHOr0 TENMJIOCHOKUBAHHS CHCTeMaMM BeHTHJISIIII Ta
(a00) KOHAMIiIOBAHHSA MOBITPSI
[Tpu nonepenHix 6araToBapiaHTHUX PO3PaxyHKaX piyHE TEIJIOCIOXKUBAHHSA,

MBT-4/r, OLIHIOIOTH 32 (POPMYIIOIO:

an = 0r33MVonKpMex(1 - ke¢)(2Zpo6.BeHT/168) ) 10_3; (37)
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JI€ Y. 7po6.sent — TPUBATICTH POOOTU MEXAHIYHOT CUCTEMH MPUILIMBHOT BEHTUIALII Ta

(a060) KOHIUITIFOBAHHS MTOBITPsI, TOAWH Ha THXKCHB; SIK IIPABUIIO,

ZZpO6.BeHT = ZZpo6.;

0,33 = pc/3600 = 1,2-1005/3600 — xoedimieHT (p — UIUIBHICTh, C —
MUTOMA TETUIOEMHICTD MOBITPS);

Kpuyex — cepenns 3a OyaiBiiel0 KpaTHICTh IMOBITPOOOMIHY MNPHUILUIUBHOI
MEXaHIYHOi BEHTHJIALIT Ta (a00) IEHTPATLHOrO KOHMIIIOBAHHS NOBiTps, 4~ 1. [Ipn
pO3paxyHKy 3a YKPYIMHEHUMH IOKa3HHKaMHU 3a MOMNEpe/IHIX OararoBapiaHTHUX
pO3paxyHKax JAOIMYCKAEThCS NMpUiMaTH BelnUUHY Kp,.ex 32 Tabmumero 2.1;

kep — xoedimieHT TemrepaTtypHOi €()EKTHBHOCTI TMPUCTPOIB yTUII3allil
TEIJIOTU Ta (a00) pEeUUPKYJIALIl 32 HASBHOCTI MEXaHIYHOT BEHTUJIALIT, TPUHHATHN
piBHEM 0 y pa3i BIACYTHOCTI PEHMPKYJISIII Ta YTHII3alii TEIIOTH BHUTSKHOTO
NOBITPs. 3a HAIBHOCTI yTHJI13a1[li KOe(DILIEHT MPUIAMAIOTh 3a IPOEKTHUMHU JTAHUMH,
a 3a ix BLACYTHOCTI — y po3Mipl 0,4 — 0,5 mpu BHKOpHUCTaHHA YTWJII3ATOPIB 13
npoMikKHUM Teruionociem; 0,5 — 0,55 npu BUKOPUCTAHHS PEKYyNEepaTUBHUX
yruiizatopis; 0,6 — 0,85 mig yac BUKOpUCTaHHS OOEPTOBUX PEreHEpPaTOpiB; MpHU
BUKOpHUCTaHHI TeruioHacocHux ycranoBok (THY) — mo 1. Tlpu BuxopucranHi
PELMPKyYIALIT  Keq BBOKAECTECS PIBHUM YaCTIl PELMPKYNALIHHOTO TOBITPS Y
CYMIllli, IPU CIJIbHOMY BUKOPHUCTaHH] PEUMPKYJIISIIT Ta yTUIT3a1l] Keq BU3HAYAKOTH
3a PO3paxyHKOM;

M iV, — te came, mo y hopmymi 3.1 must QF,, , mpoTe TyT nmapamerp M mis

Oynb-aKuX OyliBedb, y TOMY 4YHCII 1 TaMm, A€ TPOBOMSITh 3HMKCHHS

TeMIepaTypy B HEpOOOUHii yac, po3paxoBYIOTh 3 BUKOPUCTAHHSIM BEJIMUUHH .

168
Qo) = 033 - 15579254 0,67 - (1 — 0) - (Tes) .1073 = 272MBr - u/r.
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3.4 BusHaueHHsI  PiYHOr0  €JEKTPOCNOKUBAHHA  CHCTEeMaMH
eJICEKTPOIOCTaYaHHs Oy aiBJIi
Beranosnena notyxuicte Ny, kBT, 1 piune eneprocnoxupanns £, MBt-/r,
CHUCTEM EJIEKTPONOCTa4aHHA OyAiBal, y TOMY 4YHCII JJii OCBITJICHHS,
CJIEKTPONOOYTOBUX MPHUJIAIIB Ta OPITEXHIKM, a TAKOX JUIS 1HKEHEPHUX MPHUBO/IIB
cucteM OyaiBmi, 10 BHU3HAYAIOTh 3a JaHUMU mpoekTy. [lpu  ominHmi
eHeproe()eKTUBHOCTI TpU TOMEpeAHIX OaraTOBapiaHTHUX pO3paxyHKax Jis
TEXHIKO-€KOHOMIYHOTO OOTIPYHTYBaHHs 3HaueHHS FE Moxke OyTH OOYHCIEHO 3a
bopmyni:

E = Z(NBikHOiZZpi) +52-1073 (3.8)
ne Np; — MakcuMalibHa BCTAHOBJIEHA MOTY>KHICTh BIANOBIJHOTO CIIOXHBayda, KBT,
110 IPUMMAETHCS 32 MIPOEKTHUMHU JaHUMHU a0o0, 3a iX BIJCYTHOCTI, 32 YKPYITHEHUMHU
BUMIPHHUKaMU;

kioi < 1—KoedillleHT TOMUTY €IEKTPOCHEPTIIO;

X.Zpi — TPUBAILCTH POOOTH i-TO CMOKKMBAYA, TOIMH HA THKJICHD;

52 — KUIBKICTh TIJKHIB Ha PIK. 7 €NeKTpOnmpHBOMIB CUCTEM OMAJICHHS
3aMicTh 52 moTpiOHO npuiimatu Z, /7.

VY KUTIOBHUX OyJAMHKAX BETWYNHY £ MOXKHA BU3HAYUTH 32 TUTOMUM PIYHUM

€HEProCIOKMBAHHSA Ha OIHY 0C00Y E|

E =0,719-60 = 43,14 MBT - u/r.

3.5 Po3paxyHok NMOKA3HUKIB €HEeProcnoKUuBaHHA Ta
eHeproedeKTUBHOCTI OyaiBJIi Ta BUOIP BApPiaHTA NMPOEKTHOIO PillleHHA

[Ticns BU3HAYEHHSI PIYHOTO €HEPTOCHOKUBAHHS 1HXCHEPHUMH CHCTEMaMU
OyaiBIIi OGUKMCIIFOIOTH CyMapHe MUTOME PiYHE CHEProCHOKMBaHHA OyaiBm Ha 1 M3

onaoBanbHoro 06'emy V.. , kBt rog/(m3 1) 3a popmyioro:

qal?ar = (Q(I;H + Q]ZeHT(KB) + E) ) 103/V0n (39)

p _(394+272+818+4314)-10° _ ,
anF - 7925’4 - ) KbBT q/(M F)'
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Jlam 00UnCITIOITh KOS(IIIEHT KOPUCHOTO BUKOPUCTAHHS €HEPrii OyaiBICtO
3a (hopmyoro:
Nag = [an + Qll;oc + QBEHT(KB)/(]' - ke(l)) + 55/At + E]/Qnep’
(3.10)

Ac Qnep (Qon + QBeHT(KB))/nTEHJI + 77_ —BMTpaTa eHeprii OyaiBIero 3a pik

y MepepaxyHKy Ha nmepBUHHE nanuBo, MBT - 4/T.

(394 +272) N 43,14
Qnep = 0,9 0,9

€ Nremn i Ney — KOCOILIEHTH KOPUCHOT il JPKEpen BIAMOBIIHO TEIUIOBOI Ta

= 788 MBT - 4/T.

CJIEKTPUYHOI €Heprii, 10 OOCIyroBylOTh OYIIBIIO, MPUHUHATUX CIIOCOOAX
BUPOOHMIITBA [MX BUJIB eHeprii. [lpu migkimroueHHI 10 JpKepenaMm, [0 He
BUKOPHUCTOBYIOTH MIEPBUHHE OpraHIuyHE NMajauBoO (T1po- Ta aTOMHI €JIEKTPOCTaHIII],
COHSIYHI, BITPOBI Ta 1HIII YCTAaHOBKH) BIJMOBIJHUN OJAAHOK y JYy>KKaX (OpMyiH
(3.10) irHOpYIOTS.

Ns,= [394 +59,5 +272 / (1-0) + 55/55 +43,14] / 879 = 0,88

Pesynprati OOYMCIEHHA PIYHOTO EHEPrOCIOXHBAHHS  JOMYCKAETHCS
3aCTOCOBYBATH MPU TEXHIKO-€KOHOMIYHOMY TMOPIBHSHHI BapiaHTIB MPOEKTHOTO
pilIeHHs Ta BUOOP1 ONTUMAIBHOTO BapiaHTy.

Jlnst Bu3HAueHHsS (PAKTHUHOTO EHEProCHOXKUBaHHS OyaiBil Ta MHEPEeBIPKU
BUKOHAHHS TMPOEKTHUX TMOKA3HUKIB uepe3 | — 2 poKW TMicisi BBEJAEHHS HOTO Y
eKCIUTyaTallil0 MPOBOIUTHCS OTJISA 32 IMOKAa3aHHAMM JIYWIBHUKIB TEIJIOBOI Ta
eJIEKTPUYHOI €Heprii Ha BBeIeHHAX y OyniBmto. [Toka3HUKM TYMIBHUKA TEIMIOBOT
eneprii Q ', MBTw/r, nopiBHIOIOTE i3 CyMOI0 Qpy + Qpepr(xs) AIA OCTATOUHOTO
BapiaHTa TIPOEKTy, HABEACHOTO 10 (HaKTHUYHOTO 3HAYEHHS TEMIIEpaTypu

30BHIIITHBOTO MOBITPsI IEPEPAXYHKOM 3a (POPMYIIOI0:

(an + QBeHT(KB)) = (ch;n + QBeHT(KB)) ) (w) (311)

ts—ton
ne t, , — (hakTU4IHA CepeIHs TeMIIepaTypa 30BHILITHBOTO MOBITPS 3a ONATFOBAILHUI

nepiof, mo posrasaaerses, °C, mpuitHATa 32 JaHUMU METEOPOJIOTIYHOI CTaHIli. Y
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OynuHKax, J1e MATPUMYEThCS 3HIDKEHA TeMIleparypa B HepoOOUHii yac, 3aMicTh t,
CJIIJL MPUAMATH YMOBHY BHYTPILIHIO TEMIIEPATYPY Ly ymop -

[TokazaHHs MIYMUIBHUKA €NEKTPUYHOI eHepTii £’ MOPIBHIOIOTH 3 BEIMYHUHOIO

E, MBT14/r 1151 octaro4HOro BapiaHTy. Y pasi NepeBHUILEeHHS (PaKTHUHUX 3HAYEHD

Q' Ta E' Hag NOPOSKTHUMH PO3POOJISIOTH PEKOMEHJAllli 00 J0JaTKOBOIO

SHUKCHHA CHCPrOCIIOKMBAHHA.

BucHoBku

1. BHachaigok po3paxyHKy OILIIHKA EHEPreTUYHOI €(PEKTUBHOCTI CHCTEM
3a0€3MeUeHHs] MIKPOKJIIMATy BU3HAUEHO: PIYHE TEIUIOCTIOKUBAHHS CHUCTEMaMU
OMaJICHHS; pIYHE TEIUIOCIIOKMBAHHSA CHCTEMaMM BEHTWIALII Ta  (abo)
KOHJIUIIIIOBaHHS TOBITPS; pluyHE TEIUIOCIIOKUBAHHS CHUCTEMaMU Tapsyoro
BOJIOTIOCTAYaHHS (I'BID); piuHe €JIEKTPOCIIOKUBAHHS cUCTEMaMU
€JIEKTPOIIOCTaYaHHs OyA1BIIl.

2. llpoBemeHo  po3paxyHOK  TOKAa3HUKIB  €HEPrOCIOXUBAaHHA 1
eHeproeeKTUBHOCTI BHACIIJIOK SIKOTO BUSBIICHO:

— CymMapHe NMTOME piuHE €HEepProcrnoXkKuBaHHA OynmiBmi  Ha  1m°
omamoBansHOro 06'eMy qr,. = 99,8, kBT - rox / (M® - T);

- KOe(iLIEHT KOPHMCHOTO BUKOPUCTaHHA eHEprii Oynisiuero 1;,= 0,88.

3. IlpencraBiieHi po3paxyHKA € OOTPYHTYBaHHSM OUIbIIE JOULIBHOTO 3

€HEepreTHYHOro TMOIJIAy BapilaHTa peati3alii eHepro30epiralouymx 3axojiB Ta

BUOOPY IXHHOTO ONTUMAJIBLHOTO IMOETHAHHSI.
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4 OPTAHIBAIIIMHO-EKOHOMIYHA YACTHUHA
4.1 CknagaHHsl KOIUTOPUCY BUTPAT HA 00JIaJHAHHS Ta MOHTAXK
OCBITJIIOBAJILHOI YCTAHOBKH

[Tepenik BUKOPUCTOBYBAHHMX €JIEKTPOKOHCTPYKIIiM Ta 00JIaIHAHHS CKIIATaEMO
BIJIMOBITHO JO TMPOEKTY OCBITIIOBAILHOI YCTAHOBKM 3a PO3JAUIAMHU: IIUTKH;
TpaHcopmaropu 1 amapaTd; BHUMHKaui, ITyCKaui, IITENCEIbHI 3’€JIHAHHS;
3aMmoOKHUKH, TMATPOHW; BHUMHKKAul, OCBITJIIOBAJbHI MpWIaaW; JpKepena CBITIA
(IpOKEKTOPHU, CBITUIILHUKH, JIAMITH, apMaTypa MPOMHUCIIOBOCTI).

[lepenik MarepiaiiB CKJIAJAEMO 3a TAKUMHU PO3AUIAMU: KaOenbHa MPOAYKIis;
MOHTaKHI KOHCTPYKIIIi Ta JE€Tajl; OCBITIIOBaJIbHI KOPOOKH, KPOHIITEHHH;, METall,
METaJIOBUPOOH.

Po3paxyHku eKOHOMIYHMX MMOKa3HUKIB BUKOHYEMO B1AMOBIAHO 110 /3/.

Y Tabmumi 4.1 BIAMOBIAHO 110 1HAWBIAYaJbHOT'O 3aBJaHHSI BHKOHYEMO
PO3paxyHKH BapTOCTI MaTepialibHUX 3aTpaT M;, rpH, 3a hopmyoro (4.1).

Mi = HM ) KBi;Lx ) ]—lM ) KTp (41)

ne H, — HopMa BUTpaT MaTepiary abo elIeKTPOKOHCTPYKITIA;

Kiioy—KO€(DILieHT, 10 BpaxoBye BiaxoAu. Jlas BHU3HAYEHHSI BIJIXO/IIB
BUKopucToByeMo nokasHuku JIbH J1.2.2-21-99 31 3MiHam# 1 TOMOBHEHHSIMHU.

[],,— BapTiCTh OJUHUII MaTepiary ab0 eIeKTPOKOHCTPYKIIi, TPH;

Ky — KOe(ilienT, mo BpaxoBye TpaHcHopTHi BUTpatH (K, = 1,15).

Po3paxyHku BUKOHYEMO 1 3aHOCUMO 10 Ta0mui 4.1.
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Bapricts, rpH

2 o 3arajibHOTO
'S = KinpkicTs =
HaiimenyBanHs MaTepialliB Ta = E* MaTepiaiiB i = %ﬁ i pOcsry 3aTpar 3
- = = KOHCTPYKIIH 3 | = .8 &
=1 = axXyBaHHIM
KOHCTPYKIIH = S yPaXyBaHHAM =} § ;) ypaxy
gg _§ HOpM Bimxonie | © £ £ |TPaHCIOPTHMX
BUTpAT

[uTox ocBiTimoBanbHUH 1A -

IIT. 6 6 1020 7038
601
Amnapart 3axucty S263-C IIT. 2 250 575
Amnapart 3axucty S263-B IIT. 2 2 250 575
Amnapar 3axucty S264-C IIT. 1 1 230 264,5
Amnapar 3axucty S192-B IIT. 12 12 210 2898
Amnapar 3axucty S192-C IIT. 9 9 210 2173,5
BuMukad o1HOIIOIIOCHUNA LLIT. 29 30 22,62 780,39
Bumukay qBONONIOCHUN LIT. 19 20 27,59 634,57
Bumukad TpbOX IMOTFOCHHIMA LIT. 5 6 35 241,5
Pozerku SRPB-1 IIT. 42 43 18,40 909,88
Caitubauku LED-37/4W 20pcs

IIT. 132 132 89 13510,2
NW SMD2835
Ceitunpauku LED-36/3W 15pcs

IIT. 12 12 59 814,2
NW SMD2835
CaitmipHUK-TIiCBITKA LED-

IIT. 10 10 399 4588,5
503/1.2 W 18pcs WW SMD3020
Haxnamauii ceitrmisauk OPL/S

IIT. 8 8 908,14 8354,89
236 (2x36)
Haxknagauii ceitmisauk OPL/S

IIT. 12 12 908,14 12532,33
258 (2x58)
3axucHa pemriTka ams

IIT. 8 8 767,52 7061,18

ceitTiiibHuKa OPL/S 236 SPORT
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[TponoBxenus Tadbnwii 4.1

Baprictb, rpH
o Kinekicth
& o 3arajJbHOTO
o = 5 Matepiais i -
HaiimenyBaHHs MaTepiaiB Ta = = . _ I pbcary satpar 3
) w = KOHCTPYKLIN 3 = 3 2
KOHCTPYKIIiit = - =R § ypaxyBaHHIM
= 2 ypaxyBaHHIM 5 2 =
= o ) ) o § ¢ |TpaHCOpTHUX
©) ani HOPM BiJXO/IiB
BUTpAT
3axucHa penriTka s
LIT. 12 12 767,52 10591,78
ceitunbauka OPL/S 258 SPORT
CeiTnomiogauit mpoxexrop HL-
IIT. 6 6 208,81 1440,79
21/20W LED SMD CW IP65
Ceitwisauk AL-15 E27 WHITE | . 73 73 228,79 19206,93
CBIiTWILHUK HakIagHuii BS-
) IIT. 89 89 209 21391,15
12/2x18W 1P64 PS electronic
Jlamma mrominecuentna LF
_ mr. | 178 182 19,89 4162,98
18W/29 Brille
Jlamma mrominecuentsa LF
[IT. 16 17 22,76 444,96
36W/840 (T8) YZ36 RR26, .
Jlamma aroMiHeclieHTHA
IIT. 24 25 20 575
F58W/T8/33/GE/SL/1-25DS, mir.
Jlamma KJIJT (S-55-4200-27), mt. | T, 73 75 173 14921,25
Ka6ens BPB-4 (1x150) M 100 102 835,05 97951,37
[Tposin BPT-4 (1x70) M 25 26 148 44252
[Tposin BPT-4 (1x35) M 2 3 308,04 1062,74
[TpoBix BPT-4 (1x25) M 20 21 224,01 5409,82
[Tposin BPT-4 (1x10) M 17 18 91,44 1892,81
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Bapricts, rpH

o KinpkicTb
& S 3arajibHOTO
o = s Marepiaiis i =
HaiimMenyBaHHs MaTepialiB Ta = = . .. > I bbecary 3aTpar 3
) w = KOHCTPYKIUIH 3 = 3 2
KOHCTPYKIIiit = < T ‘% £ ypaxyBaHHAM
z = ypaxyBaHHaM | £ 2 2
= o ) ) ° g $ |TpaHCHOPTHHX
o = HODPM BiIXO/iB
BUTpAT
[Tposin BPT-4 (1x6) M 25 26 55,56 1661,25
[Mpogixg ITP-3 (1x50) M 166 170 120 23460
[pogixg ITP-3 (1x25) M 233 238 57 15600,9
[pogixg ITP-3 (1x16) M 333 340 34 13294
[pogixg ITP-3 (1x10) M 306 313 28,10 10114,95
Mounraxna kopodka KU68L IT. 100 100 30 3450
Tpy6a mnactukoBa d 175mm 1532
M 100 101 75,69 8791,39
KA >xopcTka riagkocTiHHa
Tpy6a rodpoBana miacTukoBa
by op M 1127 1200 511 7051,8
[IBX 3 IpoTsKKOIO
O6otima st TpyO 1 kabenro D20-| 50
250 250 63 362,25
22 IT.
Bcroro — — - — 323163,16

[lomanbiil po3paxyHKH MPOBOAUMO Yy TaOiauuHiil popmi (quB. noaatok b) y

TakKl¥ MOCJIIIOBHOCTI:

—CKJIQJIAEMO TIEPETIK MOHTAXHUX POOIT;

—BHU3HAYAEMO TPYJAOMICTKICTh MOHT@XHUX POOIT BiAmoBigHO a0 BuMor JIbH

J1.2.2-21-99;

—PO3paxoBYEMO BapTiCTh MOHTaXHUX POOIT.

Bignosimno mo JBH J.1.1-1-2000

«IIpaBuia BU3HAYEHHSA BapPTOCTI

OyIIBHUIITBAY, IO 3AIMCHIOETHCSA 13 3aIyYEHHSM JEP’KaBHUX KOIITIB, PO3MIp

KOLITOPUCHOT 3ap0o0ITHOI TJIaTH y CKJIaAl BapTOCTI OYIBHUITBA PO3PAaXOBYETHCS

BUXOJSIYA 3 CEPETHHOTO PIBHS 3apOOITHOI TUIATH TPAIIBHUKIB, SKI 3alHATI y

OyAIBHUIITBI, YMOB Ta CTPOKIB BUKOHAHHS POOIT 3 ypaxyBaHHIM PEKOMEHI0BAHOTO



74
MiHperioHoM 3a MOroKEHHSIM 3 MiHEKOHOMPO3BUTKY PIBHSA CEPEeIHbOMICSYHOL
3apobiTHOi miatu. lle#t piBerp cranoButh 5100 rpuwBeHb, IO BiAMOBiIAE
CEepeAHBOMY PO3PSAIY CKIAIHOCTI poOIT y OyAiBHUIITBI 3,8 NMpu BUKOHAHHI POOIT y
3BUYAMHUX YMOBAaX, SKHUA PEKOMEHIYETHCS BpPAXOBYBaTH yciMa ydaCHUKaAMU
OyJIBHUIITBA TPH BU3HAYCHHI BapTOCTI OyAiBHMIITBA (BIAMOBIJIHI PO3’SICHEHHS
HajicinaHo auctoM Minperiony Bif 28 rpyans 2015 poky Ne 7/15-15193) (nus.
Ta0651.4.3).

Tabmuns 4.3 — YcepenHeHl MOKa3HUKU BapTOCTI OJHIET JIIOJMHO-TOAUHU 32

po3psizaMu poOiIT y Oya1BHUIITBI

Po3spsia poOir, Koedimient BapricTs ntoj./ro., TpH
110 BUKOHYIOThCS

1 1,00 23,63
2,0 1,08 25,52
3,0 1,19 28,12
3,8 1,30 30,72
4,0 1,34 31,66
5,0 1,54 36,39
6,0 1,80 42,53

Bu3zHadyaeMo 4uceNbHICTh MPaLiBHUKIB Y, uoi., 32 hopmysioro (4.2):

Tnn.sar

Y = (4.2)

F, ed.ma
ne Ty, sq-— 3arajibHa IJIaHOBa BUPOOHHUYA TPYAOMICTKICTD, JTFOJIMHO-TOJIHH;
Fepnn — ebextuBHHI ¢GoHI yacy poOOTH MpaliBHUKA 3a 3alIaHOBAHUMN

KaJICHIapHUM 1iepiof, roa. (y po3paxyHky 40 roauH Ha THXIEHb, 166 TOm. 3a
MICSIIB).
Buznauaemo cepemHbOMICSUHY 3apOO0iTHY IUIaTy MpamiBHUKIB 311, epH, 3a

dbopmyioro (12):
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3Mlgar

3, = —2
™ KMic Yy,

(4.3)

ne 3I1,. — po3Mmip HapaxoBaHOi 3apoOITHOI IJIaTH 3a 3araJbHUN oO0CAr
MOHTa)KHHUX POOIT;

Kiic — KUIBKICTB MICSIIIB, IPOTATOM SIKMX Oy1yTh BUKOHYBAaTHCSI pOOOTH;

Y,, — YMCENIbHICTh MPAallIBHUKIB, SKUX IUIAHYETHCS 3a7Ty4aTd O BUKOHAHHS
pOOIT.

BukoHy€eMO po3paxyHKH.

Y,.= 11 4onosik

311, = 4483,48 TpH.

CknagaeMo KOIITOPUC BUTpAT Ha OOJAJHAHHS Ta MOHTAaX OCBITIIOBAJILHOI
YCTaHOBKH 3a TonepeHiMu o0paxyHkaMu. Po3paxyHku BUKOHYeMO y Tabnuili 4.4,
nonaTtok B.

4.2 Bu3sHaveHHsI BUTPAT HA OCBITJICHHSI CIIPOEKTOBAHOL

OCBIiTJIIOBAJILHOI YCTAHOBKHU

ExcrutyarariiiiHi a00 mOTOYH1 BUTPATH — LI€ BUTPATH, 1110 TIOB’sI3aH1 3
eKCIUTyaTalfiero 00’ €kTa, HOro yrpuMaHHsAIM, BUKOHAHHSIM TEXHIYHOTO
oOcnyroByBaHHs. ExcrityaraiiiiiHi BUTpaTH pO3paxoOBYIOThCS IIOPIYHO 1 32 BECh
nepion ekcruryaTarii 00’ ekty. OCKITBKH TaHUW TIEP10]T € TPUBAIUM, TO BIJTOBIAHO
HIOPIYHI BUTPATH HA EKCIUTyaTallil0 MOKYTh 3MIHIOBATUCh. TeopeTuyHe
OOTpYHTYBaHHS BapTOCTI BUTPAT MPOBOANMO BUXOASYH 3 YMOBH, 110
eKCIUTyaTalliiiHi BUTpaTH € HE3MIHHUMU.
Excrutyarartiiiini BUTpaTH BKIIOYAIOTh TaKi CKIA0BI:

® BUTPATH 3a CITOKMBAHY CJICKTPOCHEPTIIO;

® BUTPATH Ha NPHIOAHHS JIaMII IS 3aMiHU;

® BUTPATH Ha OOCIIyTOBYBaHHS OCBITIIOBAJILHUX MPHIIAIIB.

Butpatu 3a crioxuBaHy €JIEKTPOCHEPTiIO 3a PiK B,,, epH, PO3PAXOBYEMO 3a
dbopmyioro (13):
Ben = Wen * Ten (4.4)

ne W,, — KUTBKICTh CIIOXKHUTOL eNIeKTpoeHeprii, kBm*200.,
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T,,— Tapud Ha eneKTpOoeHEeprito, 10 BIMOBIAAE IF0YOMY, TPH/KBT-TrO1.
KinbKicTh crioskuToi enexrpoeneprii K, kBm-200., BU3Ha4aeMO 3a (HOpMyII0r0
(4.5):

N,q;{( "Mk " Mpp - Tpiq " Aprp
1000 - Kyyep ’ (4.5)

Wen =

1e Ny, — TOTYXKHICTB OJTHOTO JiXKepesa cBitia (nammu), BT;
Noxe — KUTBKICTB JPKEPET CBITIA B OJTHOMY OCBITIIIOBAIBHOMY TIPHJIAII, IIIT.;
N,y — KUIBKICTh OCBITIFOBAJIbHUX MPUJIAAIB, IIT..;
T})iy — KIIBKICTh TOAMH POOOTH YCTAHOBKH 3a pIK, TO1.;
Clemp — KOS(DILIIEHT, 1110 BPaXOBY€E BTPATH €JIEKTPOCHEPTIi Y MYCKOPETYIIOI0UNX
arnaparax, Ogmp = 1,25;
Kvep — Koe®iUiEHT, WO BPaxOBYE BTPATU eHeprii B eNIeKTPUUYHUX Meperkax

(cknapatotb 5%, kuep = 0,95).

Po3paxyHku BukoHnyemo y tabmuiii 4.5

Tabnuis 4.5 — Po3paxyHOK BUTpAT 3a CIIOXKHBAHY €JIEKTPOEHEPTIIO

IToxasHuku Po3paxynku Pesynbrartn
PO3paxyHKiB

1 Kinvkicms Odicepen cimiua 8 00HOMY OC8IMAI08ANbHOMY NPULaodi/
nOmYysACHICMb 00H020 0dicepend, Noxe/ Nosc,
Jlamma drominecuentdHa LF 18W/29
Brille, miT. 2/18
Jlamna mominecuenTHa LF 36 W/840 2136
(T8) YZ36 RR26, mir.
Jlamnia TFOMiHECIIEHTHA
F58W/T8/33/GE/SL/1-25DS, mt /58
Jlamma KJIJT (S-55-4200-27), . 1/55
2 Kinvkicms 0c8imaeanbHux npunaois, Nyp, Wim. (3a OaHUMU iHOUBIOYATbHO20
3A60aHHs MA PO3PAXYHKAMU Maobi. 5)
Ceitunpauku LED-37/4W 20pcs
NW SMD2835, mit. 192




77

[Iponossxenns Tabmur 4.5

IToxa3sHuku Po3paxynku PeSYHBTaTT/I
PO3paxyHKIB
Ceitunpauku LED-36/3W 15pcs
NW SMD2835, mir. e
CaitunsHUK-IiACBITKa LED-
503/1.2 W 18pcs 10
WW SMD3020, .
Haxnananii ceitunsauk OPL/S
236 (2*36) °
Haxnagauii ceitmisauk OPL/S 1
258 (2x58)
Caitnogiogauii npoxekrop HL-
21/20W LED SMD CW IP65 °
Ceitmisauk AL-15 E27 WHITE 73
CBITUJIBHUK HakIagHUHM BS-
12/2x18W IP64 PS electronic %
2 KinpKiCTh TOUH poOOTH
YCTaHOBKH 32 PIK, 1piy, 200. 200
3 KoedilieHT tomp 1,25
4 KoedimieHT Kyep 0,95
5 Tapud Ha enexTpoeHeprito, 1o
BiJIMOBiAa€ Aito4oMy, 1o, TpH / 1,8874
kBT1-rox.
6 KinpkicTs Cl"If))KI/ITO'l' W, = (N * nfgo-on.m;;) * Tpiy * Xarp 26007895
enekTpoeHeprii, KBr-ro. Mep
7 BapTicTh CIOKUTOT
49087,301
eIIEKTPOEHEePTii, TpH

BusnauenHs BapTocTi 3amMiHu Jdami B;,y, TPH, HA IOTOYHUN PIK 3M1HCHIOEMO 32

dbopmyitoro (4.6)



T...

_ pid
B3aM - T
cn

ne Te; — HOMIHAIBHUN CTPOK JIii JTAMITH, TOJ.;
B — BapTICTh OJIHI€T TaMIH, TPH / IIT.

Yci po3paxyHKH BUKOHYEMO y Ta0miri 4.6.

Bmx "Myp * My
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(4.6)

Tabmuis 4.6 — Po3paxyHOK BUTpaT Ha 3aMiHY JIAMIT 1 OYHIICHHS OCBITIIOBATHHIX

TIPHITAIIB
IToxa3Huku Po3paxynku PegyanaTT/I
PO3paxyHKiB
1 Kinvkicmob oc8imnio8anbHux npuiaois (Mnp, wim.):
Haxmnamauii ceitwisauk OPL/S 236
(2*36) °
Haxnanauii ceitunsauk OPL/S 258 1
(2x58)
Ceitmisauk AL-15 E27 WHITE 73
CBiTWILHUK HakiIagHuil BS- 89
12/2x18W IP64 PS electronic
2 3azanvua Kinvkicms 0xcepen c8imaa (Noxc™ Nup, wm.):
Jlamna mominecuentHa LF 18W/29
Brille, . 178
Jlamna mominecuenTHa LF 36 W/840 16
(T8) YZ36 RR26, miT.
Jlammia JIFOMiHECIIEHTHA
F58W/T8/33/GE/SL/1-25DS 2
Jlamma KJIJT (S-55-4200-27), mT. 73
Hominanouuii cmpox 0ii, (Te, 200.):
Jlamma mominectienTHa LF 18W/29
Brille 15000
Jlamna mominecuentHa LF 36W/840
(T8) YZ36 RR26 15000
Jlamma JroMiHECIIEHTHA 15000

F58W/T8/33/GE/SL/1-25DS
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Jlamma KJIJT (S-55-4200-27), mT. 8000
3akiHueHHS TaOmwmIli 4.6
Pesynpratu
[loka3zHuku Po3paxyHku .
PO3pPaXyHKI1B
3 Kinvkicmo 200un pobomu ycmanosku 3a pik, Tpiy, 200. 2000
4 Bapmicmwb 00Ho20 Odcepena ceimaa (Boye, epu /wm.):
Jlamma mominectientHa LF 18W/29
. 19,89
Brille
Jlamma mrominecnentaa LF 36 W/840 23,76
(T8) YZ36 RR26 ’
Jlamma TroMiHECIICHTHA 20
F58W/T8/33/GE/SL/1-25DS
Jlamma KJIJT (S-55-4200-27), wmT. 173
5 ButpaTu Ha 3aMiHY JIaMIT T,
P Y By = —— 3741,851

(Bsav, rpH)

Excrumyarariiiini BUTpaTH OCBITIIOBATIBHOI YCTAHOBKH Beycny, TPH, BUBHAUAIOTHCS 32

dbopmyoro (16) HUIIXOM J0/1aBaHHS BUTPAT 3a CHOKUBAHY €JIEKTPOCHEPTIIO 1

BUTpAT Ha 3aMIHY:

BeKCl'IJI = Bef[ + B3aM
By = 49087,301 + 3741,851 = 52829,152 (rpH.)

OCHOBHI IOKA3HUKH OCBITJII0BAJILHOI YCTAHOBKH

1. 3arajgpHa KUIBKICTH CBITJIOTOYOK — 38511IT.

o 0k~ w D

Bcranosnena notyxHicts — 80,892xkBT

3aranpHa KOmTOpUCHA BapTicTh — 323163,16rpH.
Bapricte oaniei cBiTioTouku — 839,38rpH.
Bapricts BcTanoBneHoro kBt/roa — 10,38rpH.

Piuni BuTpaTu Ha enekrpoeneprio —49087,301rpH.

(4.7)
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BUCHOBKHA

3a ocraHHI ACCATHIITTSA BiIOYIUCS 3MIHM 0 HOPMAaTUBHUX BUMOTH [0
CHEepProeeKTUBHOCTI Ta  eHepro3oepexkeHHss  OyaiBenb. [lpuitHATo  psin
HOPMAaTUBHUX  JOKYMEHTIB TMOB'S3aHUX 13  MIJABHUIIEHHSM  €HEPreTUYHOI
e()EeKTUBHOCTI €KCIUTyaTOBAaHMX 1 3HOBY CHOPY/UKYBaHUX OyiBEIb Ta CIOPYI, a
TaKOXX 3 pO3pPOOKOI0 Ta BIPOBAKEHHAM HOBUX TMPHUHIMIIB Ta CHUCTEM
XKUTTe3a0e3MeueHHs, TOOTO. CTBOPEHHSI Ta MIATPUMKU MIKPOKJIIMATY.

3 aHaJi3y CBITOBOT'O Ta BITYM3HSIHOTO JOCBIAY BHUILUIMBAE, 0 B JAHUM Yac
BIIOYBA€EThCS AKTUBHUWA PO3BUTOK €HEPro30epiralouux I1HXKEHEPHUX CHUCTEM
MIKpOKJIiMaTy OyiBelib. 3aKIaJaloThCsl Y MPOEKTU €HEepro30epirardi 3axoau y
cucTeMax 3a0e3MeUeHHs] MIKPOKIIMATy, IO 3a0e3MeuyloTh 3aJaHl 3HAYCHHS
€HEPreTUYHUX MOKAa3HUKIB MIKPOKJIIMATy IPUMIIIEHHS PY MIHIMAJIbHUX BUTpaTax
eHeprii. OpgHak W00  BOPOBADKEHHS  eHeprosz0epiraroymx  pilicHb,
eHepro30epiraroyux NPUCTPOiB Ta OOJATHAHHS 1HXKEHEPHUX CUCTEM OYHIBHMUIITBO
OyZiBeJb Ta CHOPY/I Hallla KpaiHa B1JICTA€ BiJl 3apyOIKHUX MOKA3HUKIB.

3 BUKJIAQJICHOTO BUIUIMBAE aKTyaJdbHICTb MUTAHHS, IO 3arajoM 3HHU3UTHU
€HEProCcHOKUBaHHS CHCTEMaMH 3a0e3MeUeHHsI MIKpOKIIIMaTy MOXHa, 00'€1HaBIIH
B KOMIUIEKCI BCl 1HXKEHEpPHI TMPHUCTPOi Ta TEXHOJOTIi 31 3HUKCHHS
CHEPrOCIOKUBAHHS JO PIBHA, MPHU SKOMY 30€piraroThCs HEOOXIJIHI MapameTpu
MIKPOKJIIMATY Y IPUMIIIEHHI. TO MOKJIUBO MPHU OI[IHIII €HEPreTUYHOT €PEKTUBHOCTI
CUCTEM 3a0e3NeueHHs] MIKPOKIIMATy Ta HAasBHOCTI CHCTEMH aBTOMAaTH30BaHOTO
KEepyBaHHSI.

B pesynapTari po3paxyHKy OIIIHKHM €HEPreTUYHOi €(EeKTUBHOCTI CHUCTEM
3a0e3MeyeHHs] MIKpOKJIIMaTy BH3HAYEHO pIYHE TEIUIOCHOKMBAHHA CHCTEMaMU
OTaJICHHsI; PiYHE TEIJIOCIIOKUBAHHA CHUCTEMaMM BEHTHWIALII Ta KOHIWIIIFOBAHHS
MOBITPS; PIYHE TEIUIOCTIOKMBAHHS CUCTeMaMu Trapsiaoro BojonocradanHs (I'BIT);
pIYHE €JNEKTPOCIOKUBAHHS CUCTEMaMHU €JIEKTPONOCTayaHHs Oy /IiBIIL.

Bukonani po3paxyHku € OOIpYHTYBaHHSIM HaWlOLIbII JOLUIBHOTO 3
SHEPreTUYHOI TOYKM 30py BapilaHTH peajizaiii eHepro30epiraloumx 3axojiB Ta

BI/I60py 1X ONITUMAIBHOIO IHo€AHAaHH.
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CIIMCOK BUKOPUCTAHUX /IKEPEJI

JCanlliH VYxkpainu, 5.5.2.008-01 «/lep>kaBH1 caHiTapHi IpaBWia 1 HOPMHU
BJIAIITYBaHHS, YTPUMAaHHS 3arajbHOOCBITHIX HAaBYAJbHUX 3aKIadiB Ta
oprasizailii HaB4aJbHO-BUXOBHOI'O MPOIECY»
http://tvoemisto.tv/news/batkam_na_zamitku_yakymy mayut buty normy o
svitlennya_u_shkolah _80505.html#sthash.51THIbVR.dpuf

http://brovary-

school9.edukit.kiev.ua/vihovna robota/medichne obslugovuvannya/profilakti

ka porushenj zoru u shkolyariv/

http://medbib.in.ua/vozdeystvie-sveta-organizm-cheloveka.html
HepxaBni 6yaiBenbHi Hopmu JIBH B.X.5-2.8-2006

CnpaBounas kHura 1o cBerorexHuke Ilom pen. HO.B.AizenGepra. —
M.:Dneproaromusaar, 1995.

[''M.KHoppunr. CnpaBoyHasi KHUTa JIA MPOEKTUPOBAHUS 3JIEKTPUUYECKOTO
ocselleHud. — Jlenunrpan: Dueprus, 1976

http://www.brille.ua/svetilniki/led-37-4w-20-pcs-nw-smd2835-svetilnik-

svetodiodnyy-tochechnyy.html

http://www.brille.ua/svetilniki/led-36-3w-nw-svetilnik-svetodiodnyy-

tochechnyy.html

http://www.brille.ua/svetilniki/hl-21-20w-led-smd-cw-ip65-prozhektor-

svetodiodnyy.html

http://hotline.ua/dom-elektrolampy/evrosvet-lyuminescentnaya-lampa-s-55-
4200-27-55w-4200k-e27/
http://hotline.ua/dom-elektrolampy/electrum-lampa-lyumpoint-36-w54-tl-d-
913/

http://hotline.ua/dom-elektrolampy/general-electric-t8-standard-ot-
f58wt833gesl-125-ds-78119/
http://www.brille.ua/svetilniki/If-18w-29-brille-lampa-

lyuminestsentnaya.html



http://tvoemisto.tv/news/batkam_na_zamitku_yakymy_mayut_buty_normy_osvitlennya_u_shkolah_80505.html#sthash.51THIbVR.dpuf
http://tvoemisto.tv/news/batkam_na_zamitku_yakymy_mayut_buty_normy_osvitlennya_u_shkolah_80505.html#sthash.51THIbVR.dpuf
http://brovary-school9.edukit.kiev.ua/vihovna_robota/medichne_obslugovuvannya/profilaktika_porushenj_zoru_u_shkolyariv/
http://brovary-school9.edukit.kiev.ua/vihovna_robota/medichne_obslugovuvannya/profilaktika_porushenj_zoru_u_shkolyariv/
http://brovary-school9.edukit.kiev.ua/vihovna_robota/medichne_obslugovuvannya/profilaktika_porushenj_zoru_u_shkolyariv/
http://medbib.in.ua/vozdeystvie-sveta-organizm-cheloveka.html
http://www.brille.ua/svetilniki/led-37-4w-20-pcs-nw-smd2835-svetilnik-svetodiodnyy-tochechnyy.html
http://www.brille.ua/svetilniki/led-37-4w-20-pcs-nw-smd2835-svetilnik-svetodiodnyy-tochechnyy.html
http://www.brille.ua/svetilniki/led-36-3w-nw-svetilnik-svetodiodnyy-tochechnyy.html
http://www.brille.ua/svetilniki/led-36-3w-nw-svetilnik-svetodiodnyy-tochechnyy.html
http://www.brille.ua/svetilniki/hl-21-20w-led-smd-cw-ip65-prozhektor-svetodiodnyy.html
http://www.brille.ua/svetilniki/hl-21-20w-led-smd-cw-ip65-prozhektor-svetodiodnyy.html
http://hotline.ua/dom-elektrolampy/evrosvet-lyuminescentnaya-lampa-s-55-4200-27-55w-4200k-e27/
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Jonatok A

2 ANALYSIS OF MODERN ENERGY SAVING ENGINEERING
SYSTEMS OF BUILDING MICROCLIMATE

2.1 Regulatory framework for improving energy efficiency and energy
saving measures

One of the goals of this law was to create organizational, economic and legal
bases in order to increase energy efficiency and stimulate energy saving [3]. A list
of specific requirements for engineering systems and structures that must be taken
into account by specialists when developing projects was established.

In the task for the development of the modernization project it is necessary
to indicate the energy efficiency class "B", as well as the percentage of reduction
of the specific normalized energy consumption for heating and ventilation in
relation to the baseline.

The calculation of energy efficiency of energy saving measures in buildings
can be carried out at the stage of pre-design studies, at the project stage when
establishing the level of thermal protection of building envelopes and development
of energy saving measures for engineering systems that serve the building.

The calculation of energy efficiency must be carried out in accordance with
DSTU [9]. It should also take into account the costs of heat and electricity and
water required to ensure the viability of the building heating, ventilation and air
conditioning systems, electric lighting, household appliances and office equipment.
It is possible to take into account all technological consumers of energy as sources
of heat to the building. The results of the calculation can be used to select the most
appropriate design solution according to its feasibility study.

It is assumed that indoor conditions meet comfort conditions such as
temperature, relative humidity, air composition, lighting quality, acoustic
parameters, or provide protection against freezing of pipelines and materials stored
indoors. Energy efficiency can be assessed using the benchmarks of the following
building systems: heating, cooling, lighting, autonomous and district heating, hot

water, ventilation and air conditioning.
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As the main task for the implementation of the principles of thermal
protection of buildings it is necessary to provide for the achievement of the
necessary thermal parameters of the environment in the premises, the necessary
stay of people. Based on this, the regulatory function of the building is defined as
providing the difference between the set of necessary conditions indoors
(microclimate or microclimate of the premises), and external climatic conditions
for a given area. The formation of the thermal environment of the room should be
mainly based on temperature and humidity characteristics, such as air temperature,
humidity, surface radiation, direction and speed of air movement. They can also be
reconciled with the need to maintain a person's body temperature regardless of
ambient temperature. Assessing human reactions to temperature and other
parameters take into account those related to physiology, as well as emotional
factors and maintaining efficiency.

2.2 Energy saving solutions in building microclimate systems

Many foreign and Ukrainian scientists have studied various measures aimed
at improving the energy efficiency of residential, public, industrial and other
buildings. Works [15-29] and others are devoted to the issues of energy efficiency
improvement and energy saving development, as well as the development and
creation of energy efficient buildings.

The following works were carried out within the framework of the above-
mentioned program:

- replacement of windows;

- additional wall insulation;

- modernization of engineering systems.

For many reasons (use of the cheapest reconstruction options or the ability to
radically improve the heating system in houses, old series, no possibility to install
a metering system, no possibility to organize a ventilation system) the effect of the
above work was very small - than 10-15%. Such an effect from the implementation
of measures was clearly not enough. Similar results differ significantly from the

results of the rehabilitation of similar buildings in other countries with similar
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climatic conditions (for example, Germany). It can be concluded that the difference
in efficiency is most likely due to a more comprehensive approach of European
partners to solving the problem, including more sophisticated solutions for the
reconstruction of old buildings.

Energy-saving measures in microclimate systems are aimed at ensuring the
set (required) values of energy indicators of the microclimate of the room with
minimal energy consumption. When designing air conditioning systems should
first give preference to rational types of systems, then provide a set of measures to
reduce the load on the system and reduce energy consumption in the process
operation. The latter can be achieved through the use of effective regulatory
methods.

Architectural planning decisions and thermal protection parameters, which
determine the heat load on heating, ventilation and air conditioning systems, have a
great influence on energy consumption.

In addition to thermal protection of the building, economic optimization of
structural elements of the building can increase the energy efficiency of the
microclimate. Heat input from solar radiation depends on the degree of glazing of
facades, the presence of sun protection devices, as well as the ratio of the sides of
the building and the orientation of the facades of the building. The increase in heat
consumption for heating and cooling of the building leads to an increase in the
degree of glazing.

Energy consumption is affected by the shape of buildings. For buildings
with an elongated shape, you can choose an orientation in which the heat
consumption for heating will be the lowest. The area of external fences and,
consequently, the amount of heat loss depends on the ratio of the height of the
building and the sides of the building.

An effective means of reducing heat loads on air conditioning systems is a
combination of functions of fences and systems. that is, for example, ventilated
windows, in which the heat of the exhaust air is utilized in the cold season, and in

the warm season the heat absorbed in the window from solar radiation is removed.
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Night ventilation can significantly reduce the heat load on ventilation and air
conditioning systems during the warm period of the year, during which air
exchange can be reduced by almost 2 times. Additionally, the air exchange can be
reduced when used for night ventilation of the channels of the floor slabs.

One of the most widely used methods of improving energy efficiency is the
utilization of exhaust heat. In the heat exchanger, the heat of the air removed by the
exhaust systems is transferred by the supply air, which reduces the heat
consumption of the air heaters of the ventilation and air conditioning systems.

In order to increase the potential of secondary renewable energy sources, it
IS necessary to use heat pumps, which are inverted refrigeration machines, which
can be used to extract heat from low-temperature environments, ie low-potential
heat.

One of the inexhaustible sources of heat is solar energy, which is used in
solar installations.

Energy-efficient operating modes and periodic operation of heating systems
can reduce energy consumption by microclimate systems, in which the period
when the room is not in use, it maintains a lower temperature, periodic ventilation.

Thus, it is clear that in general to reduce energy consumption by
microclimate systems can be combined by combining all the devices and
technologies to reduce energy consumption to a level where the necessary
parameters of the microclimate in the room. it is possible in the presence of an
automated control system.

The work (research) conducted by California scientists was also studied.
California researchers analyzed the results of a study funded by the California
Energy Commission's Public Energy Research Program (USA) and covered 215
HVAC modules in 75 different homes [27]. Analysis of research has shown that
the problem mentioned in the paper, namely energy consumption, arises due to
weak system integration during design. The proposed integrated design strategy is

also based on the fact that heating, ventilation and air conditioning systems cannot
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operate independently of each other, but are part of the interacting complex, ie the
building, building engineering equipment and internal sanitary systems.

Strategy to reduce heat load through the use of economical lighting,
reinforced thermal insulation, high-quality glazing of roofs with a reflective
surface, etc. are the main elements of the strategy.

Measures taken at the project development stage are recouped by reducing
the required capacity and, at the same time, reducing the cost of HVAC equipment
and related distribution systems.

A comparison of the effect achieved from the implementation of energy
saving measures and on the basis of the obtained data [27] was made for three
California cities. The diagram of power reduction of HVAC systems is presented
in fig. 2.1.
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Figure 2.1 - Decrease in the capacity of HVAC systems due to the introduction

of energy saving measures
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The results showed that roof insulation has the greatest effect among energy

saving measures (about 25%). However, the total capacity of HVAC systems was

reduced by only 35... 45% depending on the geographical location of the facility.

The study of Professor Karl Gertis was also considered [30].

Karl Gertis considers the possibility of a sharp reduction in the energy of the
building, which is necessary for heating, which is achieved by improving the thermal
insulation of the building, as well as the use of energy-efficient heating systems.

Therefore, we can say that the transition from the buildings of the old building
(group 1), with a specific energy consumption for heating 300-400 kWh / m2, to
buildings with low energy consumption (group 2), which is used for heating from
40 to 80 kW - H / m2, clearly marked, ie in order to reduce the energy consumption
of the whole building or buildings, it is sufficient to take into account the following
elements, which are in order of importance:

1) thermal insulation of buildings with high efficiency;

2) modern heating systems with regulation, which correspond to a high level
of thermal insulation with high efficiency;

3) large glass surfaces (windows), which are designed for passive use of solar
energy, and which are installed on the south side of the building;

4) heat recovery in ventilation systems.

The efficiency of each individual element can be seen directly from the
thermal balance of the building. Thus, in Fig. 2.2 presents an example of the heat
balance of a Group 1 building (an old building) compared to the heat balance of a
Group 2 building (a low energy building). The left column of Fig.2.2 shows heat
loss, and the right - heat. Each individual component of the balance (V, T, S, I, R,

H) is graphically composed with the rest.
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Figure 2.2 - Annual heat balance of buildings

From fig. 2.2 the following conclusions can be drawn:

1) saving a lot of energy can be achieved by increasing the efficiency of
thermal insulation of external enclosing structures of the building, and thus it is
possible to significantly reduce the heat transfer coefficient T;

2) ventilation V does not change the loss of thermal energy, because the
building needs quality ventilation and not only for hygienic purposes, but also to
prevent problems with moisture condensation and prevent the development of mold.
It is possible, possibly to use part of the energy R in the case of installing a modern
heat recovery system;

3) the amount of thermal energy generated by solar energy S will remain at
approximately the same level in the building of group 2 of the old building;

4) in both groups of buildings, the amount of energy of domestic heat | will

remain virtually unchanged.
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Under the indicator of energy efficiency in the EU regulations adopted "the
ratio of energy consumption to air-conditioned (heated) area of the building." The
trend of convergence of EU and CIS requirements for the assessment of energy
saving measures in the direction of a single European calculation method also
dictates the adoption of the following definition. The total specific energy
consumption for heating, ventilation, air conditioning, hot water supply, lighting and
operation of engineering infrastructure for a certain period of time is an indicator of
energy efficiency of the building. For example, in Finland, the focus is on the energy
efficiency of buildings, which are differentiated according to the principle of
limiting energy consumption. Normative values are given in table Ne2.1.

Table 2.1 - Types of buildings and energy consumption for passive houses,

low-energy buildings, conventional buildings.

Energy consumption for heating kW * h /m
Ordinary building Low energy .
Jg’ﬁgigé (modern) consumption building Passive house
onlm? [onlm?® | on1m? | onlm® | on1lm? Or231
Housing 100 32 50 16 20 7
sector
Office 90 29 45 14 15 5
space
Total energy consumption KW * h /m
Ordinary building Low energy .
Type of (modern) consumption building Passive house
building on 1
onlm? [onlm3® | onlm? | onlm3® | onlm? e
Housing 200 64 140 45 80 26
sector
Office 140 45 85 27 45 15
space

Attempts to solve individual problems separately from each other, as a rule,
do not give the desired effect. For example, the thermal regime of a building is
significantly affected by increasing the thermal resistance of building envelopes and
requires changes in the heating and ventilation system. And if you do not increase
the thermal resistance of window units, it becomes impossible to increase the

thermal resistance of wall fences and it does not lead to the desired results and more.
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Studies conducted in our country and in a number of foreign developed countries
suggest that an effective energy saving policy in construction is possible only with
an integrated approach: this is achieved when considering a residential building as a
system that provides the necessary comfort and quality microclimate for human
habitation. Moreover, this approach must be implemented both for newly built
housing and for existing ones, and this can be done only with a radical change in the
design system, which is based on the integration of all engineering systems of the
building and structural elements.

2.3 Energy-saving equipment of engineering systems of microclimate of
buildings

2.3.1. Supply and exhaust ventilation system with recuperation

Heat recovery (heat recovery) is the process of heat exchange, during which
heat is removed from the air removed and transferred to fresh inlet air. Recuperation
is possible with the use of supply and exhaust units and central air conditioners with
the presence of a recuperative heat exchanger. The process takes place in such a way
that as a result the exhaust air and fresh air are separated from each other so that they
do not mix. In refrigerated rooms, recuperative heat exchangers are used with the
reverse method, ie for cold recovery. Due to heat recovery, significant energy
savings can be achieved, which goes to heating or cooling the air entering the
building, for example, when using recuperation to heat a house with an area of 200
m2. in the coldest period 4.5 kW of heat is enough.

The following are the requirements for energy consumption of ventilation
systems for European countries.

Energy consumption is significantly affected by some design features of
ventilation systems: tightness and thermal insulation of air ducts, the presence of
heat recovery, etc. Most often set minimum requirements for heat recovery, provided
in several ways, such as performance .

The efficiency of heat recovery in most countries is based on temperature and
ranges from 65-75% (in Slovenia) to 90% (in the Netherlands). Thus, in Finland, the

requirements are based on the total annual heat recovery from the ventilation air of
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the whole building (at least 45% of the thermal energy must be removed). The power
of the ventilation system is also regulated by the specific power of the fans, which
includes the design of air ducts (pressure drop) and fan efficiency in KW per m3 /s
air flow. Requirements are also set for electric fan motors. In many countries, for
example, the requirements for air ducts in terms of tightness and insulation.

Plate recuperators. The supply and exhaust air pass on both sides of a

number of plates (Fig. 2.3). This virtually eliminates the contact between supply and
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Figure 2.3 - The principle of operation of the plate recuperator

Plate recuperators are equipped with condensate drains, because there is a
possibility that it may form on the plates. Condensation leads to the formation of ice,
it follows that there is a need for a defrost system.

Heat recovery can also be regulated by a bypass valve that controls the flow
of air passing through the air recuperator. The plate recuperator has no moving parts.

Rotary recuperators. In rotary recuperators the temperature of two air
streams is exchanged (Fig. 2.4). Heat transfer is due to the fact that the rotor rotates
continuously between the removed and supply channels. Rotary recuperators have a
significant disadvantage, namely the possibility that odors and pollutants emitted by
people, building materials, furniture, can move from the removed air to the supply.
This disadvantage can be solved by the correct location of the fans. The rotor speed

regulates the level of heat recovery. Such recuperators have moving parts.
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Figure 2.4 - The principle of operation of the rotary recuperator

Chamber recuperators. The chamber recuperator is presented in Fig.2.5,
which shows that the damper divides the chamber into two parts. One part of the
chamber is heated by the exhaust air, then the damper changes the direction of air
flow so that the supply air is already heated by the heated walls of the chamber.
There is also a disadvantage of chamber recuperators, which is that the pollution

and odors contained in the removed air can be transmitted to the supply.
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Figure 2.5 - The principle of operation of the chamber recuperator

Recuperators with intermediate coolant. Such recuperators are usually
used in systems where mixing of air flows is not allowed, as well as in cases where
there is a large distance between the installations (supply and exhaust). Using a
heat exchanger installed in the exhaust part of the installation, the coolant receives

heat from the exhaust air and then transfers it to the air supplied by a heat
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exchanger installed in the supply part of the installation and serves as the initial
heater (Fig. 6). Depending on the climate, non-freezing liquid (Freon) or water can

be used as an intermediate heat carrier.

Hood heat exchanger

Inflow heat exchanger

Figure 2.6 - The principle of operation of the recuperator with intermediate

coolant

Heat pipes. Heat pipes consist of a closed system of tubes, which are filled
with freon, which evaporates due to the heat given off by the exhaust air (Fig. 2.7).
Freon enters the heat exchanger (condenser), which is located in the supply part of

the installation and condenses, thus giving heat to the supply air.
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Figure 2.7 - The principle of operation of the recuperator with heat pipes
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2.3.2. Alternative systems for the use of solar energy

Vacuum collector with thermotubes. Currently, work is underway to develop
photovoltaic systems, which are systems that convert solar radiation directly into
electricity. The collector absorbs light energy from the Sun, which is then
converted into heat, which is then transferred to the coolant (liquid or air) and then
used to heat water, heat buildings, produce electricity. The most efficient collectors

used in year-round water heaters are vacuum solar collectors (Fig. 2.8).

Solar radiation Current heat exchanger

"

Figure 2.8 - Vacuum collector with heat pipes

The heat pipe is a closed copper pipe with a low content of low-boiling
liquid. The liquid evaporates under the influence of heat and takes away the heat of
the vacuum tube. The vapors rise to the upper part - the head, where they condense
and transfer heat to the non-freezing liquid of the heating circuit or the heat carrier
of the main water consumption circuit. Then the condensate flows down, and
everything is repeated first. The receiver of a solar collector (copper with
polyurethane isolation), is closed by a corrosion-proof sheet. Heat transfer takes
place through a copper "sleeve”, which is installed in the receiver. Due to this, the
heating circuit is separated from the tubes. If one tube is damaged, the collector
may run. The procedure for replacing the tubes is very simple and there is no need

to drain the antifreeze mixture from the heat exchanger circuit.
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Another important advantage of collectors with heat pipes is their ability to
operate at temperatures down to -35 ° C (all-glass collectors with heat pipes) or
even down to -50 ° C (collectors with metal heat pipes).

Evaporation usually begins at a tube temperature of more than 30 ° C, so at
low temperatures the tube seems to “close” and there is no heat loss through the
collector (for example, at night or cloudy weather). The collector is located outside
the room, and all other equipment - inside the house. then everything helps to

minimize heat loss.

2.3.3 Adaptive ventilation systems with variable air flow

Such systems are systems that provide support for the specified air
parameters in service areas with different requirements for the microclimate. Such
systems are relatively low cost and quite economical energy consumption.

Energy efficiency is achieved through the principle of operation of such a
system, ventilation works where and where and when necessary. Depending on the
needs of each room, as well as the number of people and the type of activity, the
elements of the ventilation system work. There are three main types of adaptive
systems:

1) manually adjustable;

2) with motion sensors;

3) with sensors that detect changes in humidity and carbon dioxide
concentration

Manually adjustable adaptive systems.

These systems are cost-effective, but they are extremely inconvenient to use,
as well as impractical and require constant human presence, and in addition,
manual control can cause management errors that are related to the human factor.

Adaptive systems with sensors that detect changes in humidity and
carbon dioxide concentration. Ventilation systems with humidity sensors are

more acceptable for residential premises (Fig. 2.9). Humidity is also a relative
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indicator of the state of pollution of the room. At the heart of such ventilation
systems with components that respond to increasing or decreasing humidity is the
ability of some materials to expand with increasing humidity and compress with

decreasing humidity.

Figure 2.9 - General view of the temperature and humidity sensor

Depending on the humidity inside the room, the air flow is adjusted, the
higher the humidity, the wider the dampers open, which regulate the amount of air
entering the room. Humidity sensors are completely isolated from the supply air.
Sensors only detect changes in internal humidity. Humidity sensitivity technology
Is also used in exhaust grilles in rooms, supply devices, where the state of humidity
reflects the level of internal pollution. When using adaptive ventilation systems,
high-demand living spaces receive more airflow than empty ones.

Ventilation systems with motion sensors. Such systems are most often
used in public places. The most cost-effective way to improve energy efficiency is
to use the following set of measures: improving the thermal protection of enclosing
structures, modern energy-saving methods and technologies, implementation of

engineering and design measures.
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2.3.4 Ventilated enclosing structures

Ventilated windows. The use of ventilated windows with a valve is another
effective way to save energy for heating and cooling (Fig.2.10). Unlike traditional
windows, which have a closed air layer between the glass, ventilated windows
have slits (valves) at the top, through which the internal air moves (ventilates).
Also, ventilated windows can provide excellent heat and sound insulation. Due to
the elimination of cold falling flows, the space near the windows is used more

efficiently.

Figure 2.10 - Plastic window with supply valve

Ventilated walls. Ventilated walls are a more environmentally friendly
system due to the fact that the structures of the house (partitions, walls, ceilings)
act as heat accumulators (Fig. 2.11). Inside the structures there are openings for the
passage of warm air from the house, which transfers heat to them. Thus, there is no

need for expensive massive heat accumulators.



Figure 2.11 - Ventilated walls and floors

2.3.5 Automated energy-saving engineering systems of building
microclimate

The energy-efficient building uses a full range of devices, tools and
automation systems for central HVAC systems (heating, ventilation and air
conditioning). Special separate systems are designed for individual room

temperature control in the mode of heating or cooling, individual room air

exchange, as well as for lighting and shading the room with blinds (Fig.2.12).

Individual room regulation

—

Central Station and Dispatching
and Integration

Systems HVK:

- heating

- ventilation

- air conditioning

Room regulation:
-temperature regime
-air exchange
-lighting

-jalousie

Central systems HVK

Figure 2.12 - Building automation systems

100
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The central station is designed for dispatching and is an integrated building
management system to maintain the microclimate and energy saving. It also
integrates fire safety systems, intrusion control, access control, video surveillance
and emergency notification. Special web applications allow you to control from a
remote computer, and mobile applications - using a smartphone or tablet (Fig.
2.13).

Mobile
application

Web application for
remote control

Dispatching

Automation and security systems

Security ‘ Microclimate and energy saving

Figure 2.13 - Building scheduling system

According to the European standard EN 15232 building automation systems
and control methods of engineering systems are divided into four energy efficiency
classes: A, B, C and D (Fig.2.14).

Class D includes non-energy efficient building automation systems and
engineering systems management methods that should not be embedded in design
decisions.

Class C is called standard, or comparative energy consumption in
engineering systems, automated and controlled by class C, conventionally taken as

a unit for comparison.
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Class A:
- high on BAS(and MES)

Class B:

B - Increasing on BAS(and
MES)
Class C:

C - Standard (used for
comparison)

Class D:

0 - ineffective

BAS - Buildina Automation Svstems/ MES - Enaineerina Svstems Manaaement

Figure 2.14 -Classes of energy characteristics of automation systems

Class B includes systems with high energy efficiency, and class A - with
high. If, for example, in the office building automation systems and control
methods of engineering systems corresponding to class C, modernize and bring to
class A, you can start saving up to 30% of thermal energy and up to 13% of
electricity.

The method of determining the savings potential is based on coefficients.
The difference between automation systems of different classes in practice is
shown from the example of automation of home heating systems (Table 2.1).

Table 2.1 -Heating automation systems of different classes

Heating system automation
Comfortable indoor conditions
Indoor temperature maintenance
Automatic temperature control in CHP

Automatic temperature control IHP

By room temperature control (radiator fans, thermostats, etc.)

w|l N k| O

On room regulation with communication between controllers
and the central station

4 | By room regulation with communication and taking into account
the need for human presence
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If the automatic heating temperature control is limited to the central heating
point (central heating point), the system corresponds to inefficient class D, because
the heat carrier of the same temperature is supplied to different rooms with
different thermal characteristics and different heating needs. If the automatic
heating temperature control is limited to the ITP (individual heating point), the
system also corresponds to class D, as the coolant supplies the same temperature to
different rooms of the building with different heating needs. In order to meet at
least the standard class C, it is necessary to provide room temperature control in at
least one of the following ways: radiator valves, thermostats, room controllers, etc.
For class B it is necessary to organize room temperature control with
communication between the controllers and the central station. Communication in
the form of feedback allows you to get additional savings potential in the heating
system. Finally, in order to comply with class A, it is necessary to provide room
temperature control with communication between the controllers and the central
station plus control of the presence of a person in the room. Thus, the higher the
level of automation, the greater the potential for savings in engineering systems.

2.4 Selection of energy saving measures and engineering systems of the
microclimate with their optimal combination

2.4.1 Heating systems

Heating is solved in an innovative way. Water heating system with forced
circulation, with lower dilution and closed expansion tank. Heating devices are
connected by a two-pipe piping system. The system is designed for the temperature
supplied by the pipeline 90 ° C, the return - 70 ° C. Operation takes place without
gaps, but with a decrease in temperature at night with the help of the boiler control
controller, which receives signals from an external temperature sensor.

The idea of such a solution is based on the following provisions:

- lack of heating devices and elimination of the effect of local heating of the
walls;

- Improving thermal comfort, creating a healthy indoor climate;
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- energy savings due to the high share of radiant heat transfer;

- optimal solution for condensing boiler, due to low supply temperature (45-
55°C);

- Ability to use the system for cooling in summer.

Appropriately selected in terms of power and dimensions, heating modules
connected by the Tichelmann system were first placed in the spaces between the
windows, and the rest of them - on the inner walls.

The problem of temperature control is solved by installing in the
programmer, which controls the zone regulators of heating circuits in the walls of

the room.

2.4.2 Ventilation systems

Scientific research and calculations of the air regime of the building revealed
general trends in the components of the air balance when changing weather
conditions for different buildings.

The increase in wind speed does not affect the flow of air, ventilated facade,
which is removed from the room, but with poor front doors inflow decreases
through the windows and increases through the front door. Due to the installation
of dense windows in the building, the device only exhaust system is ineffective.
Therefore, ventilated windows with a valve that has a high aerodynamic resistance
and does not transmit noise from the street, and supply valves in the outer walls, as
well as mechanical recuperative ventilation. Conditional placement of ventilation

valves in windows and walls is shown in Fig. 2.17).
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a)  valve installation location

|==a e ———
| valve
frame D

]f : 1

ﬁ!W

\\

~ —

0)

supply valve in the outdoor system

l:@ﬂﬂ IllrIHHIII | [ ] II +I I_hm

Figure 2.17 - Conditional placement of ventilation valves in the windows (a)

and walls (b) of a residential building

The areas of windows and their air permeability in the building meet the
standards as well as the air permeability of doors (air permeability of windows on
the 1st floor was 6 kg / h - m2, and doors 1.5 kg / h - m2). The main channels are
of the same diameter in height, made of metal. The diameters of the side branches
are also made the same. For the side branches are selected throttle - valves that
equalize the flow of exhaust air on the floors. The calculation determined the air
consumption, which is the air balance of each room of a residential building at
different outdoor temperatures, wind speed and open and closed windows.

In addition to the regulated natural ventilation system, mechanical heat
recovery of exhaust air is used. The points of inflow of fresh heated air are located
in long-stay rooms. Diffusers are placed in ceiling structures. The spiral
recuperator together with the fans, the collector and the control system of the

damper is mounted in the attic. The supply shaft runs in one of the end walls, and a
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free vertical ventilation duct is used as the exhaust shaft. In order to ensure general
air exchange between the premises of the building between the door leaf and the
floor, gaps 7 mm high are left.

According to the purpose and parameters of the ventilation and recuperative
system, the following elements were selected:

- recuperator with a spiral heat exchanger with a capacity of 1000 m3/ h,
with an efficiency of 85-92%;

- one supply and one exhaust fan;

- regulator of speed of electric motors of fans;

- flexible insulated air ducts;

- rotary-deflecting valves by the number of supply channels;

- supply and exhaust diffusers.

The control of the ventilation and recuperative system involves the
equipment of the system of secondary heat of exhaust air by a regular speed
regulator, which controls the productivity of the exhaust and supply fans. The
programmable temperature regulator for the purpose of additional optimization of

process of ventilation of a house is provided.

2.4.3 GWP systems

Management of the entire heating system of the school premises is designed
based on the simplicity of its operation. Widely available microprocessor
temperature controllers and time-programmable controllers are used as controls.

The control of the heat generation and storage system is based on the
standard system of boiler automation, which regulates the temperature of the
coolant and controls the heating of water for hot water. Microprocessor
temperature controllers successfully interact with this main system.

The automation of the power supply circuit is combined. The water heating
in the hot water heater is controlled by a thermostat installed on it and a
programmable controller. The hot water circulation circuit is equipped with a

threshold temperature controller and a programmable controller. The heating



107
circuit with heating devices receives the coolant directly from the heat accumulator
and is controlled by a programmable controller.

Heat distribution between individual rooms is regulated by valves with
thermostatic heads installed on the devices. The circuit of wall heating, taking into
account the technological limitation of temperature up to 55 ° C, is equipped with a

pump group with a mixing unit, which is controlled by a temperature controller.

Conclusions

1. In recent decades, there have been changes in regulatory requirements for
energy efficiency and energy saving of buildings. A number of normative
documents related to increasing energy efficiency not only of newly constructed
buildings and structures, but also operated ones, as well as the development and
implementation of new principles and systems of life support, ie the creation and
maintenance of microclimate.

2. From the analysis of world and domestic experience it follows that
currently there is an active development of energy-saving engineering systems of
the microclimate of buildings. Energy-saving measures in microclimate support
systems are laid down in the projects, which provide the set values of energy
indicators of the room microclimate at minimum energy consumption. However,
our country lags behind foreign indicators in the implementation of energy-saving
solutions, energy-saving devices and equipment of engineering systems,
construction of buildings and structures.

3. The above implies the urgency of reducing the overall energy
consumption of microclimate systems by combining all engineering devices and
technologies to reduce energy consumption to a level where the necessary
parameters of the microclimate in the room. this is possible when assessing the
energy efficiency of microclimate systems and the availability of automated

control systems.
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4. The choice of engineering systems of microclimate and energy saving
measures at their optimum combination is executed. The following technological
decisions were made in the work:

- wall heating and underfloor heating, which, in addition to saving energy,
create a healthy indoor microclimate and a comfortable feeling of radiant heat;

- use of wall heating and underfloor heating to cool the premises in the warm
season;

- application of individual temperature controllers of heating circuits in each
living space;

- the use of programmable controllers, which increases the efficiency of the
system due to the possibility of regulating the operating time of systems (passes);

- ventilated windows with a valve and supply valves in the external walls are
used to supply natural air to the building;

- water heating in the hot water heater is controlled by a thermostat installed
on it and a programmable controller;

- hot water circulation circuit is equipped with a threshold temperature

controller and a programmable controller.
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