Hamonaaesanit vHiBepcuTeT «IloaraBeska momrexnika iMmeHl Opig Koraparokay

(moBHE HaliMEeHYBaHHS BUIIIOTO HABYAIFHOTO 33Ky )

HaByaipHO-HAVKOBUI IHCTUTYT 1HGOPMAIIWHNUX TEXHOJIOTIH 1 POOOTOTEXHIKH

(1OBHE HailMEHyBaHHs IHCTUTYTY, Ha3Ba (haKyJbTeTy (BiJILICHHS))

Kadenpa aBToMaTHK, EJIEKTPOHIKH Ta TEJIEKOMYHIKALIN

(moBHa Ha3Ba Kadenpu (IpeJMeTHOI, IIMKIOBOT KOMiciT))

IlosaCHIOBaAJIbHA 3alHUCKa
710 KBauTiikaIiiHoi poooTH
Marictp
(cTyninb BULIOT OCBITH)

HaTeMy Po3po0JieHHs Ta T0CIIIKEHH CUCTEMHU YIIPABJIIHHS ONAJeHHAM
kopnyciB A Ta @ HamionaianHoro vHisepcutety «lloJaTaBchbKka moJiTeXHIKA
iMeni FOpig KouapaTtiokay

Bukonas: ctynenr 6 kypcy, rpynu  601ME
CHeniagbHOCTI 141 «EnekTpoeHepreTuka,

CJICKTPOTEXHIKA Ta EJICKTPOMEXaHIKa

(mmdp i Ha3Ba HANPSMY IiATOTOBKH, CIEIIIBHOCTI)

Apcekuit B.B.

(npi3BHILE Ta iHiIiaIN)

KepiBauk ["aymait B.M.

(mpi3BumIe Ta iHiriamm)

Perniensenr

(npi3BuILe Ta iHiianM)

[Tonrasa - 2022 pix



Hamionansnuii yHiBepcuret «llonraBcbka nomrexHika imeH1 FOpisa KonnpaTioka»
[nctutyr HaBuanbHO-HAYKOBUHM 1HCTUTYT IHPOPMALIMHUX TEXHOJOT1HA 1 POOOTOTEXHIKH
Kadenpa ABTOMAaTHUKH, €JIEKTPOHIKU Ta TEIEKOMYHIKaIIii

CryniHb BUIIOT OCBITH ~ Marictp

CrneuianbHicth_141 «EnekTpoeHepreTuka, eIeKTPOTEXHIKA Ta eIeKTPOMEXAHIKa

3ATBEP//KYIO

3aBigyBau kadenpu ABTOMATHKHU,
CJICKTPOHIKH Ta TEJICKOMYHIKaIIH

O.B. lledep
(19 2 202_ p.

3ABIAAHHEH

HA MATICTEPCBKY POBOTY CTYAEHTY

SApcbkomy Baaaucaasy BanepiiioBuuy

1. Tema mpoekty (pobotn)  Po3po0JieHHS Ta JOCTIIKEHHSI CHCTEMH YIPABJIiHHSA
onmajieHHsiM _kopnyciB_ A T1a @ HaunionaabHoro VHiBepcurtetry «IlojJraBcbka
noJjitexHika iMmeni FOpisa Konaparioka»

KepiBHUK npoekTy (podorn) I'anaii Bacuab MukoJ1aiiloBuY, K.T.H., JOUEHT
3aTBEpKEHA HAKa30M BHIIOTO HaBYAIBHOTO 3akiady Bix “ 12 08 2022 poky Ne 544 da

2. CTpok nogaHHs CTyJIeHTOM TpoekTty (podotu) 07.12.2022 p.

3. Buxigni gasi 10 npoekTy (poOOTH) OPUHIIMIIOBA CXEMa TEIJIOBOTO By3Jia BBOJY CUCTEMHU

onajgeHHs koprnyciB A ta @. YcepenHeHi JiaHi 32 OCTaHHI POKH IIPO BEJIWYWHU BUTPAT

TEIJIOTH HA TOTPEOU ONAJIEHHS HABYAJILHUX KOPIYCIB 1 TEMIIEPATYPY 30BHIIITHHOTO MTOBITPS

32 VMOBM 3a0e3neyeHHs KOMMOPTHUX mapaMeTrpiB  MIKPOKJIIMaTy. Po3poOUTH CHUCTEMY
YIIpaBJIiHHS.

4. 3MICT pPO3paxyHKOBO-MIOSCHIOBAJIBHOT 3amuCKW (MEpENiK MHUTaHb, SIKI TOTPIOHO
po3poOuTH) AHaJII3 BITOMOCTEH PO CUCTEMHU OTAJICHHS Ta iX aBToMartu3ailito. [locraHoBka
3a/1a4l Ta METO/I ii BupiieHHs. BuGip Kepyro4nx NpUcTPOiB Ta BUKOHYIOYUX MEXaH13MIB.
Po3poOnieHHs eneKTpuYHOi NPUHIIMIOBOI CXEMH aBTOMATH3allii CUCTEMH OMAJICHHS.
TexHiK0-eKOHOMIYHI MMOKA3HUKH MPOEKTY. BUCHOBKH 1O pOOOTi.

5. Tlepemnik rpadigHoro Matepiany (3 TOUHUM 3a3HAYEHHSIM O00OB'SI3KOBUX IJIAKATIB):
1) TIpuHIMIIOBI CXEMHU PEKOHCTPYKIIi TEIUIOBOTO By3ja BBOJY CHUCTEMH OIAJICHHS
kopnyciB A ta @



2) Butpatu Temmotm y KBT, KOTpi HEOOXimHI JJisi CTBOPEHHS IICBHHX I1apaMeTpiB
MIKPOKJIIMATy

3) TexHiKO-€KOHOMIYHI TOKa3HUKH ITPOCKTY

4) Cxema aBTOMAaTH3aIlil CHCTEMH OTNIAJICHHSI €JICKTPUYHA PUHIUIIOBA

6. Jlara Bumaui 3apganas 01.09.2022 p.

KAJIEHIAPHUM IIJIAH
ITop. : . . Tepmin BukoHanus | [Tpumitka
Ha3sa eramiB Marictepcbkoi poOoTu )
No eTariB poOOTH (utakatu)
1 AHati3 B1IOMOCTEH Mpo CHCTEMH OTANCHHS TA X | 50 19 55| 1 | 300
aBTOMAaTH3alIiI0
2 |IlocraHoBKa 3aa4i Ta METOM 1i BUPIIICHHS 10.10.22 45 9% | TIlm. 3-6
3 Bubip KePYIOIHX NPUCTPOIB Ta BUKOHYIOUNX 241022 | 11 | 60 %
MEXaHI3MIB
4 P03p06HeHH$I."eJ'IeKTpI/I‘—IH01 MPHHIMIOBOT CXEMH |11 11 5o 75 4 . 7
ABTOMATH3aIlli CUCTEMHU OIaJICHHS
5 |TexHiKO-€KOHOMIYHI NOKa3HUKHU MNPOEKTY 08.11.22 85 % I1n. 8
[TinroToBKa N1EMOHCTpAIIHHOTO MaTepialy,
6 |momoBiji, MOJAHHS POOOTH Ha PEIICH31I0 Ta 07.12.22 | 111 | 100 %
3aTBEPXKCHHS
MaricTpanr Apcekuii B.B
( miamuc ) (npi3Buue Ta iHiianm)
KepiBHuk poooru lanay B.M.

( migrmuc ) (upisBuue Ta iHimiamm



PO3LT 1. 3ATAJIBHI BIIOMOCTI ITPO CUCTEMU OITAJIEHHS TA 1X

ABTOMATHSBALIIHO ...ttt sttt nnn e 7
1.1 CHCTEMU OTIATIEHHST ....vvveeuteeeeuteeeeauteeeaasteeesasteeesstseeaastseeaasbeeeaasteeeeasbeaeanseeeeannneeesnreeeeannns 10
1.2 KitacHMIKAIIST CHCTEM OTIATICHHST 1vvvveevvreessreeesssseessssreesssssesssssessssssesssnssssssssssssssesssnsenes 12
1.3 TemIOHOCIT B CHUCTEMAX OTTAITCHHST «..cuvvveesutreeessteeesasseeassusseesssseessasseessssneessseessnsneesannees 14
1.4 OCHOBHI BUIHA CHUCTEM OTTATIEHHS «.vvvuseerersessseeesssnsesssssnsssssssnnssesssssnssesesssnseeesessnnseesessns 17
1.5 ABTOMAaTH3AIIS BOAIHUX CHCTEM OITATIECHHS 1ovvuneerirsenseeeessenssesesssnssessessnsssssssnseesessnseees 19
1.6 ExoHoMiuHa €()EKTUBHICTh aBTOMATU3AIT TEIIOBUX ITYHKTIB ...vveruvvrerreeerreerireesnneesnnes 27
BUCHOBKH JIO TIEPITIOTO POBITIITY - ..veeuvveaureeastreesureessseessseessseeesssessssessssessssessssssssssessssessnsessnsenss 33
PO3JT 2. TIOCTAHOBKA 3AJJAUI TA METOJIU 1l BUPIILLIEHHS ...........cococvneee. 34
0 B B LT s 12 (030 V2 Vi L o 34
2.2 METOIN BUPIIICHHS 3AITAUI +e.uvvveessvreeessiseessuseeesssesssssseesssseessasssesssssesssnssesssnssesssnssessssees 34
1337 (05 (03:3:97 801 (039110 WO eI 010 ke 31 4 1 VAPPSR 40

PO3/11J1 3. BUBIP KEPYIOUMX ITPUCTPOIB TA BUKOHYIOUNX MEXAHI3MIB.
PO3POBJIEHHS EJIEKTPUYHOI [TIPUHIUIIOBOI CXEMW ABTOMATU3ALIII

CUCTEMU OITAJIEHHS .......ooiiiiiiiiieee ettt 41
R 37 (010 0] £ 4 010 ) (5] o P SRR U PP PP 41
3.2 PETyJSATOP BUTPAT TEIIIIOTH ...vveesureeessreeesnresesssnessssssesssnsssssassesesasssssssnessssssssssnnesesanneeens 55
3.3 LIUPKYIIAITITHT HACOCH ... veeiuvveeiveesteiesiteessteeateeasteesstsaessseesssesssbesssseessbeeebeesabeeessneessseesnnes 59

3.4 EJTCKTPHUHII KOTEIL ..veeeeiiuurreteesiussereesassseeeessssssseesasssssessassseseesasssssesssnsssesessansssesessannes 63



BUCHOBKH JJO TPETBOTO POBIILILY . ..veuveeasreeassreesireessseessresssseesssseessnessssesssnesssssssssseessnesssessnnenas 66
PO31JI 4. TEXHIKO-EKOHOMIYHI IIOKA3HUKU ITPOEKTY ....covviiiiiiiiiiici 67
BUCHOBKU JJO YETBEPTOTO POBIILILY . ..vvenreeessreessreessneesssesssseeassneessneessnessnessssessnsseesneesnsessnnenss 69
BUICHOBK ...ttt 70
CIIMCOK BUKOPUCTAHUX JIKEPEJIL.......c.coiiiiiiiiiiiicec s 71
JIOIMATOK A .o 74
B Q) s (o) < > Y EEUUR 97
JIOIATOK B ..o 98
B Qi s (o) << PR 99

B 03624 o) 0 I PP SRPO 103



INEPEJIIK YMOBHHUX CKOPOYEHb

EOM — enexTpoHHO-00UYMCIIOBAIbHA MAILIMHA.
[AP — inauBiAyanbHEe aBTOMaTUYHE PETYJIIOBAHHS.
KK/l — koediieHT KOpUCHOI Aii.

CKII — cucrema KOHIUIIIOHYBAHHS MTOBITPSI.

TEH — TpyOuacTuii eieKTpoHarpiBHUK.

TELl — TennoenexkTpoueHTpaib.

ITII — ueHTpaJIbHUM TETIOBUM ITYHKT.



BCTYII

[Tomonanus Kpu3u B eHEPreTHUHIN cepi Ta 30epe’KeHHs )KUTIO0BO-KOMYHAITBHOTO
boHIY € OTHUM 3 HAWBKIIMBIIMINUX MTUTaHb Cy4aCHOT MOJIITUKU YKpaiHu.

Jns miaBumieHHs e(EeKTUBHOCTI TEXHIYHOI eKCIuTyaTallii OyaiBeab HEOOX1JTHO
IpoIieci MPOEKTYBaHHS Oy 1iBeIb, PO3POOKH MPOEKTIB eKCIUTyaTarlii Oy iBelb, eKCIuTyaTarlii
BCHOTO KOMIUIEKCY iH)KEHEPHOTO OOJaJHAHHS 3a JOMOMOIOK €IMHOI JUCTIETUYEPCHKOL
CHUCTEMH, IIMPOKO BUKOPUCTOBYBAaTH AaBTOMATHU30BaHI 3aco0M OOJIKYy, PO3MOIITY Ta
pEeryJioBaHHS CIHOKMBAHHS €Heprii Ta BOAM 3 BUKOPUCTAHHSM BHCOKOIPOJYKTHUBHHUX
MaIllMH 1 MEXaHI3MIB.

[Tpotsrom 1970-1980-x pokiB Benocsi iHTEHCUBHE OYIIBHHUIITBO KHUTJIOBOTO (HOHY.
CucreMu LIEHTPAJIbHOTO OMAJICHHA LIJIKOM 3a0e3levuyBajiu NOoTpeOu CHOKMBAviB y TEILIl.
Bapricts TennoBoi eHeprii Oyja HeBUCOKa, TOMY 3a0yJOBHUKH €KOHOMMIIN Ha Oy AiBEIbHUX
KOHCTPYKIIisiX Oy/iBesb (TOHKI CTIHH, HESIKICHI CKJIOMAKETH 1 TN).

CporoHi B YKpaiHi Bi10yBa€eTbCA T€, 1110 BUTPATH HA ONAJICHHS Oy IMHKIB CTAHOBJISThH
3HayHy YacCTHHY 3arajbHOi BapTOCTi iX yTpuMaHHSA. ToMy HEOOXiJHICTh BHUKOPHUCTAHHS
eHepro30epiraroymx TEXHOJIOT1M OYeBH IHA.

BiIbIIICTh ICHYIOUHMX CHUCTEM IIEHTPAJIBHOTO OIMAJICHHS, 110 Ji0Th, HE MOXYThb
peanizyBaTh PpI3HOMAHITHI eHepro30epirarodi 3axoAu: TMO-TiepIe, I TOB’S3aH0 3
KOHCTPYKTUBHUMH XapaKTEPUCTUKH CaMOi CHCTEMH OMaJeHHS Ta il TEMJIOBHM ITyHKTOM
BBEJICHHSI, M10-IpyTre, KOHCTPYKIIIT OyAiBeslb HE MAlOTh HEOOXITHOTO PIBHA TEIUIO3aXUCTY.

Jloteniep €AMHUM CHOCOOOM JIOCSTTH €HEpro30epekeHHs Oylia MoepHi3allis
CUCTEMH OTNIAJICHHS, KA 03BOJIMJIA O 3MEHIITUTH CIIOKUBAHHS Teria OyAiBICIO HE JTUIIIE 3a
paxyHOK CTPYKTYpHUX 3MIiH y camiii cuctemi omajeHHs OymiBii, a ¥ 3a paxyHOK
TEII0130JA111  OyIiBeNbHUX KOHCTPYKIiH. lle 3aBmaHHS MOXKHAa BUPIIIUTU JIUIIE

KOMIIJICKCHO.
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TexHONOTIYHUN TIpOIEC PEKOHCTPYKINii (MOJEpHi3allii) moyisrae B 3a0e3medueHHi
e(eKTUBHOCTI, JOBTOBIYHOCTI Ta EHEProe(EeKTUBHOCTI 1 MOXe OyTH pO3AUICHHA Ha

HACTYIIHI €TaIu:

o JIarHOCTHUKA CUCTEMHU OMAJICHHS Ta BU3HAYEHHS MOKIIMBOCTI 11 pEKOHCTPYKIIIT;
o peasnizanis NpoeKTy PEKOHCTPYKIIIi;
o PEKOHCTPYKIIiSl CUCTEMU OMaJICHHSI.

JliarHocTKa BKJIIOYae B cebe psa omepamii Jjisi BU3HAYEHHS JOIUIBHOCTI
nepeOy0BH BIAMOBIAHO O BCTAHOBJIEHUX KPUTEPIiB, BKIIOYAIOUU OLIHKY CTPYKTYPHHX
XapaKTepPUCTUK CUCTEMH, THUIY OIMATIOBAIBHUX YCTAHOBOK, OOJIaHAHHS Ta, TOJIOBHUM
YIHOM, MOKJIMBOCTI 3HMKEHHSI CTIOKHBAHHS TETIa.

[cHyrO4i OyIMHKY B HAIIMX MICTaxX 4acTo OoOJaJHAaHI CUCTEeMaMH LIEHTPaTi30BaHOTO
rapsigoro BOAOIMOCTayaHHSI — OJHOTPYOHUMU. [Ipy HAsBHOCTI TaKMX CHCTEM TeMIlepaTypa
BHYTPIIIHBOI'O MOBITPSI MOKE 3MIHIOBATUCA B PI3HUX YacTHUHAX OyZiBJl Yepe3 HECMOAIBaH1
3MIHU TeMIEpaTypH 1 BUTPATH BOAM 1] 4ac eKCILTyaTallii.

TpamuiiitHi cucremu onaneHHs OyJIWHKY, 10 BUKOPHCTOBYIOTHCS B JaHW 4ac, HE
JAI0Th MOXJIMBOCTI BHOOPY 3a OaraThbMa TEXHIKO-€KOHOMIYHUMH MMOKa3HUKaMu. BapTicTh
OTAJIIOBATILHOTO 00JIaTHAHHS CTAHOBUTb, SIK MPaBuiio, 50% KOIMITOPUCHOT BAPTOCTI CUCTEMU
OTIaJICHHS.

Tomy BuOIp eHepro3depirarouoi CUCTEMHU OMAJICHHS BH3HAYAETHCSA B IMEPIIY Yepry
TUTIOM OMAJIOBAILHUX MpuiaafiB. J{OCHiPKEeHHS TEXHIYHOTO PIiBHS OMNaIioBaIbHUX
IPUCTPOIB MOKA3YIOTh, 110 BAKOPUCTAHHS MPUCTPOIO 3 MaTEpialiB 31 CTajl, aIFOMIHIIO, M1,
jacTMacH Ta iX KOMOIHAIIM 3HAYHO MIABUINYE TEXHIKO-€KOHOMIYHI TIOKAa3HUKH B
MOPIBHSAHHI 3 TPaAULIMHAMU. 3TiTHO 3 JTaHWMH, BCTAHOBJICHHS HOBOTO, Cy4aCHOTO THUITY

MPUCTPOIO JO3BOJIUTH 3HU3UTH BapTICTh HA 35% Ta 3HU3UTH TPYAOMICTKICTh MOHTaXy Ha

40%.
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B ocrtaHHl poku Ha pHUHKY YKpaiHU HPOIOHYETHCS WIMPOKUN CHEKTP CYyYaCHHX
OTATIOBATBHUX TPHWIAIB BITYM3HAHOTO Ta 3aKOPJOHHOTO BUPOOHMIITBA, BUKOPHUCTAHHS
SAKUX 3a0e31evy€e BUCOKI TEXHIYHI Ta €KCIUTyaTalliiiHl XapaKTepUCTUKU CUCTEM OIaJIeHHS.

Takum 9MHOM, PEKOHCTPYKITiSl CHCTEMH OTTAJICHHS 3 YPaxXyBaHHSIM BUIIEBUKIIAICHOTO
€ OJHMM 13 METOIIB MojepHi3amii OyniBmi. ExoHOMIuHEe OOIpyHTYBaHHS METOJIB
PEKOHCTPYKIII Mae OyTH BUKOHAHE NUIAXOM HOPIBHSAHHS BapTOCTI PEKOHCTPYKIII 13
BapTICTIO MOBHOI 3aMIHU CUCTEMU OMAJICHHS. AHalli3 TIOKAa3ye, 10 BApPTICTh BIIHOBIEHHS
CHUCTEMU CTAaHOBUTH OJIHY TPETUHY BApPTOCTI MMOBHOI 3aMiHM CHCTEMH OTaJICHHSI.

Kpim Toro, ciij 3a3HauuTH, 1110 OJHUM 13 (PAKTOPIB €KOHOMIi Teria B OyJIHUHKAX €
3a0€3IMeUeHHS MOXKJIMBOCTI T1APABIIYHOTO PETYIFOBaHHS.

AKTYaJbHICTh JaHOI TeMHM TIOJSIrac B HEOOXITHOCTI €HEpro30epeKeHHs Ta
3a0€3MeUYeHHS] PaIllOHATBHOTO BHUKOPUCTAHHS EHEPTrOpecypCiB IMUIIXOM O0JIaTHaHHS
TEIJIOBUX BY3JIIB Oy/iBEIb CUCTEMaMH aBTOMATHYHOI'O PETYJIIOBaHHS Ta OOJIKY TEIUIOBOi
€HEeprii 13 3aCTOCYBAHHSIM CYy4aCHOTO €eHeproe(eKTUBHOTO 00IaHAHHS.

Mera paHoi po0OTM PEKOHCTPYKIS — 3a0€3MeUnuTh TMOCTIHHY IUPKYISIIO
TEIJIOHOCIS B KOXKHIM CHCTEMI ONAJICHHS HaBYAJIBHOT'O KOPIYCY IO 3aMKHYTOMY KOHTYPY
BIJl BJACHOTO HACOCY 3 PO3JAUIECHHSIM KOHTYpPY TEIUIOBUX MEpPEX 1 CHUCTEM ONaJeHHS 3
YaCTKOBUM HarpiBaHHSAM BOJMW B TaKiil 3aMKHYTIH CHCTEMI 3a JIOTIOMOT'OK0 aBTOHOMHOTO
eIIEKTPUIHOTO KOTJa, a00 32 YMOBH YaCTKOBOTO OTPUMaHHS HE3HAYHOI KiITBKOCTI TETUIOTH
3 TEIUIOBUX MEpek. Takoi KUIBKOCTI TEIUIOTH 1 MOCTIMHOI MHUPKYJAIIi MOBUHHO OYyTH
JIOCTATHIM JIJIs1 yOE3MEeUeHHS BiJl 3aMep3aHHs BOJU B CUCTEMI.

O0’exkToM nociizKeHHs1 KBaii(ikaliiiHOT poOOTH € mpouec po3poOJIeHHS Ta
JOCITI/DKCHHST CHCTEMHM YIIPABIIIHHS OTIAJICHHSIM.

IIpeamerom po3po0km kBanidikaiiitHoi poOOTH € cucTeMa yIpaBIiHHS OMAJICHHSM.
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PO3/LI 1. 3ATAJIBHI BIJOMOCTI ITIPO CUCTEMM OHNAJIEHHS TA iX
ABTOMATHU3AIIIO

1.1 CucreMu onajieHHA

B 3anexHocTi Bijg crocoOy Terionepeaadl OomajieHHs MPUMIIIEHHS MOXe OyTu
KOHBEKTHBHUM Ta JIy4ducTuM [1].

Jlo KOHBEKTMBHOTO BITHOCSTH OMAJICHHS MPU SIKOMY TeMIleparypa BHYTPIIIHbOTO
MOBITPsA t, MIATPUMYETHCS Ha OUIBII BHCOKOMY piBHI, UMM pajialliifHa Temreparypa
npumitnenus Iz (t, > tg), pO3YMIilOYH Tia pagiallifiHOI yCepeAHEHY TEeMIEPaTypy
MOBEPXOHbB, IOBEPHYTUX B MPUMIIICHHS, BUPaXyBaHy BIIHOCHO JIFOJIMHH, SIKa 3HAXOUTHCS
B CEpeIUHI IIbOT0 TpUMimIeHHs [1].

JlyuyncTuM Ha3UBaIOTh OMAJIEHHS, NIPU AKOMY pajialiiiHa TeMIepaTypa MpuMIlIeHHs
HepeBuInye Temneparypy moBitps (tg > t,). Jlydrcre oOmajcHHA NpU HE 3HAYHOMY
MOHIKEHH] TEMIIepaTypy TMOBITPs (B MOPIBHSHHI 3 KOHBEKTHUBHUM) OUIBII CHPUSITINBO
BJIMBA€E HA CAMOTIOYYTTS JIFOJMHU B TIpuMitIeHHi [1].

KoHBEKTHBHE YM Jy4HWCTE OMAJICHHS MPUMINIECHb 3TIACHIOETHCS 3a JIOMOMOTOIO
CreIiagbHOT TEXHIYHOI YCTAHOBKH sIKa HA3WBAETHCS cMcTeMa omnaneHHs. CucremMa onaaeHHs
— 1Ie CYKYITHICTh KOHCTPYKTUBHHX €JIEMEHTIB 31 3B’SI3KaMU MK HUMH, NMPU3HAYCHUX IS
OTpUMaHHS, IEPSHECCHHS 1 TIepeiadi Teria B MPUMIIICHHS, 1[0 OMaIIOEThes [2].

OCHOBHUMU KOHCTPYKTUBHHUMHU €JIEMEHTAMU CUCTEMU onayieHHs (puc. 1.1) €:

o JOKepeno  Teria  (TeIyIoreHepaTop TMpU  MICIIEBOMY  omajeHHi  abo
TEMJI000MIHHUK MPU HEHTPAII30BAHOMY ONAJICHH1) — €JIEMEHT J1JIs1 OTPUMAHHS TEIIa;

o TEIJIONPOBIZ] — €JIeMEHT Il TIEPEHECEHHS TEIUIOTH BiI JpKepena 0
OTATIOBAIBHUX TPUJIA/IIB;

o OITAJTIOBANTBHI MPUJIAAN — €JIEMEHT JIJIS TIepeIadi TeIIOTH B MIPUMIIIICHHS.

[TepenecenHs Teria 1Mo TEIIOMPOBOAAM MOXE 3IIMCHIOBATHCS 32 JIOMTOMOTO0 PIIKOTO

YU ra3omnoai0Ho1 pobouoi cepeau. Kunka (Boga abo criemiajibHI He3aMep3arodl piIuHA —



11

anTudpu3) ado razomomiOHI (map, MOBITPS, MPOMYKTH 3TOPSHHSA TaJWBa) CEpena, IIo

HEPEMIIIYETHCS B CHCTEMI ONAJICHHS] HA3MBAETHCS TEIUIOHOCIEM [2].

Tennobmpamu

ITennunuBuqu

=~

1 -

Pucynok 1.1 — Cxema cuctemu onajneHHs: 1 — TersiorenepaTop ado Terni000MiHHUK;
2 — mojavya manvBa abo MiABEACHHS IEPBUHHOTO TETUIOHOCIS; 3 — MOTAF0UHI TeTIOTPOBIT;

4 — onaoBaJIbHUM TIPUIIAJ; 5 — 3BOPOTHIN TETTOMPOBIT

Cucrema omajieHHS JUIsl BUKOHAHHS TMOKJAQJCHUX HA HEi 3aJad MOBMHHA MaTu
BU3HAUEHY TEIUIOBY TMOTYXKHICTh. PoO3paxyHKOBa TEIUIOBa TIOTY)XHICTb CHCTEMH
BUSBIISIETHCS] B PE3YJIbTATI CKJIaJaHHS TEIJIOBOrO OAIaHCy B ONMATIOBAIBHOMY MPUMILLIEHHI
IpU TEMITEpaTypi 30BHIIHLOTO MOBITPs [2].

[ToTouHi TEMIOBTPATH Ha OMAJCHHS MAIOTh MICIe Ha TPOTI3i BCHOTO OMAIOBAIEHOTO
CE30HY TOMY TEIUIONEPEHECEHHS 0 ONalIOBAIbHHUX MPUIAAIB TTOBUHHO 3MIHIOBATUCS B
MIUPOKUX Mekax. [[boro Mo’kHa NMOCSATHYTH NIJISSXOM 3MIHM TEMIEpaTypu Ta KiJIbKOCTI

TEIUIOHOCIS, IO IEPEMIIIY€EThCS CUCTEMOIO ONaJIeHHs [2].



12

1.2 Knacudgikanisa cucrem onajieHHsI

Cuctemu oOmnajeHHs 3a PO3TAllyBaHHSIM OCHOBHHMX €JIEMEHTIB MOAUISIIOTHCS Ha
MICIICBI Ta IICHTPAJIbHI.

B MicueBux cuctemax omajeHHs, K MpaBHIIO, OJHOTO MPUMIIIEHHS BC1 TPU OCHOBI
€JIEMEHTH KOHCTPYKTMBHO OO’€JIHAHHI B OJHY YCTaHOBKY, O€3MOcepeaHbO B SKId
BiJI0YBAETHCSI OTPUMAHHSI, IEPEHECEHHS 1 TepeaBaHHs TeIlia B IpuMillleHHs. Terionecyye
poboue cepelloBUINE HArpiBa€ThbCsl TapsSdyol BOJIOIO, TApPOM, EJIEKTPUKor abo mpu
CHIAJTFOBAaHHI SIKOTOCH IajuBa [2].

[TpuknagoM MicIIeBOI CUCTEMH OIAJICHHS € Ta30MOBITPIHUM ONATIOBAILHUN MPUIa,
IO 3aCTOCOBYETHCS NIJIsl OMAaJeHHS MPUMIIIEHb BeIHKOro 00’eMy. OTpumaHa TerioBa
SHEpris BiJ CMATIOBaHHS Ta30MoAIOHOTO MaJMBa B MAJTBHUKY MEPEAAETHCS MOBEPXHEBUM
TEIJI00OMIHHUMKAM TEIUIOHOCIS — TMOBITPIO, IO HArHITA€TECs BEHTWIATOpPOM. [ apsue
HOBITPS 110 TEIUIONPOBOJAM MMOTPAIUISIE B IPUMIIIEHHS Micis OYUCTKH B GuUIbTpl. [IpoaykTu
3rOPSIHHSI MAJIMBa BUAAISIOTHCS Yepe3 TUMoXia B atmocdepy [1].

B wMicreBux cucTeMax ONAJCHHS 3 BHKOPHUCTAHHSM CIICKTPUYHOI CHEprii
TeIIonepeaya MOXe 3IIWCHIOBATUCA 3a JIOMIOMOTOIO0 PIAKOTO abo ra3onomioHoro
TETJIOHOCIA a00 0e3 HhOro 0e3mocepeIHBO Bl pO3IrPITOrO TBEPIOTO EIEMEHTA.

[{eHTpaIbBHUMH HA3WBAIOTHCS CHUCTEMH, NPHW3HAYCHHI JUISI OIMATIOBAHHS TPYII
OpPUMIIICHh 13 €IMHOTO TEIJIOBOTO IIeHTpa. B  TermioBoMy 1EHTpl 3HaXOJAThCA
TeryioreHepartopu (kotiv) abo TemiooOMIHHMKKA. BoOHM MOXYyTh pO3MilllyBaTHUCS
oe3nmocepeIHb0 B OYAIBIII, IO OMATIOETHCS (KOTEIBbHI a00 MICIIEBOMY TEIJIOBOMY ITyHKTI)
abo 3a ii Mexxamu — B leHTpaibHOMY TerioBomy myHKTi (L[TII), Ha TeroBiil craHIi
(oxpemiii OyaiBmi Bix Ti€l, mo onamoerbest) un TELL [1].

TerutonpoBoiM MEHTPATBLHUX CHUCTEM OMNAJCHHS TMOAUISIOTHCS HA MaricTpani
(mo1aro4i, Mo SIKUM MOJIA€ThCS TEIJIOHOCIHM Ta 3BOPOTHI, MO SIKMUM BiJIBOJIUTHCS TEIIJIOHOCIH,

10 OXOJIOHYB), CTOSIKM (BEpTUKaIbHI TPyOU a00 KaHaIM) 1 FUIKK (TOPU30OHTAJIBHI TPYOH 200
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KaHallM), MOB’S3yloul MaricTpajgl 3 NIABEJEHHSM [0 ONAJTIOBAIBHUX MpuiaaiB (3
BIJIraJTy’>KeHHSM JIO PUMIIIIEHb PH BUKOPUCTAHI B IKOCTI TEIJIOHOCIS TOBIiTPs) [2].

[TpuknaaoM LEHTPadbHOI CHUCTEMU OINAJEHHS € CHUCTeMa OMNaJIeHHs OyMIIBIl 13
BJIACHMM TEIUIOBUM ITyHKTOM Y KOTEJIHHOIO.

[lenTpasibHa cucTeMa OMNajeHHs Ha3WBAE€THCS PANHOHHOIO, KOJIM Ipyrna OyiBeb
OMAITIOETHCS 13 OKPEMO PO3TAIIOBAHOI IIEHTPAJIBHOI TEIIOBOI cTaHuii. Temnoreneparopu,
TEMJIOOOMIHHUKHM 1 ONANIOBaIbHI TPUOOPH CHCTEMH TaKOX PO3JAUICHI: TEeIMJIOHOCIH
HarpiBae€TbCs Ha TEIIOBIM CTaHIN, MEPEMIIIY€EThCs IO 30BHIIIHIM (3 TeMIepaTyporo t,) i
BHYTpIIIHIM (B OyAiBial 3 Temneparyporwo t, < t, TEIUIONPOBOJIaM B OKpPEMI MPUMIIIECHHS
KOKHO1 OY/IIBJII IO ONATIOBAIBHUX MPUJIAJIIB 1, OXOJIOUBIIKCH, IOBEPTAETHCSA HA TEILIOBY

cranmiro (puc 1.2) [1].

CucmeMu onanexHs

—_
=3
—

%
|

lennoba
CImanLa

YA YT

e

R oy

3obBHiwHI mennonpobodu

T

Pucynox 1.2 — Cxema palioHHOT CUCTEMH OTMAJIEHHS: | — KEPEeIo TeIIoHO s ; 2 —
MICIIEBHH TETUIOBUM MYHKT; 3 1 5 — BHYTPIIIHI TOIAI0YHM 1 3BOPOTHIN TEIJIONPOBOAN; 4 —
ONAJIIOBANIbHI NpUiafu; 6 1 7 — 30BHIIIHI MOJAI0YUH 1 3BOPOTHIN TEIIONPOBOAM; 8 —

LHUPKYJISIIAHUN HAacoC
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B cyuacHux cucremax Termonocradanas Big TELL abo moTyXKHUX TEIJIOBUX CTaHITIH
BUKOPUCTOBYETHCSI JIBa TEIUIOHOCISA. I[lepBUHHMII BHCOKOTEMMEPATypPHUIN TEMJIOHOCIH
nepemimryerbes Big TEL abo TemmoBoi cTaHii Mo MiCbKUM po3noAuibuuM Mepexam K L[ TIT
abo Oes3rocepeHbO JI0 MICIIEBUX TEIJIOBUX ITYHKTIB OyaiBeIb Ta Hazan. BTopuHHUI
TEIJTIOHOCIM HArpiBa€eThCs B TEINIOOOMIHHHMKAX (200 3MINITY€ETHCS 3 IEPBUHHUM) HAAXOIUTh
10 30BHIIIHIM 1 BHYTPIIIHIM TEIUIONPOBOIaM J0 OMATIOBATBHUX MPHUIIAIIB, IO O0ITPiBAIOThH
NpHUMIIIEHHS OyiBeNb, a moTiM oBepraeThest 10 LTI un MicuieBmii TeruioBuii myHKT [1].

B siKOCT1 MEpBUHHOIO TEIUIOHOCIS HailyacTille BUKOPUCTOBYETHCS BOJIA, PIILIE Map

a00 razomnoai0Hi IPOAYKTH CHATIOBaHHS maauBa [1].

1.3 TemjioHOCIii B cucTEMAax ONMAJICHHSA

PymriitHe cepenoBuiile B CHCTEMI OMAJIEHHS — TETUIOHOCIH, AKiH aKyMyJIIO€ TEIUIOTY,
a MOTIM Tepeiac ii MOMIIIEHHSI, 0 ONAOETHCS. TEMIOHOCIEM IS CUCTEM ONAJICHHS MOXKE
OyTH pyxome, piJIKe UM ra3oroji0He Cepe/IOBUIIE SIKE BIAMOBIAAE BUMOTAM Tpe IBICHUM
710 cucTeMu onaneHHs [3].

Ha panmii wac juis omaneHHs OyjiBeslb HaldacTilleé BHKOPUCTOBYIOTH BOJIY UM
aTMoc(epHe MOBITPS, piAlIe BOASHY Hapy abo Harpiti rasu [2].

["a3u, yTBOPIOIOTHCS TIPW CIHATIOBAaHHI TBEPAOro, piAKoro abo ras3omnojioHOro
OpraHiuyHOTO MaJINBa, Ma€ MOPIBHAHO BHCOKY TEMIIEPATyPy Ta BUKOPUCTOBYETHCS TOA1 KOJIH
BJIAETHCS OOMEXUTH TEMIIEpaTypy TEIUIONEPEIalouuX TMOBEPXOHb Y BIAMOBIAHOCTI 3
CaHITapHO-TITIEHIYHUMH HOpMamu. [lpu TpaHCHOpTyBaHHI TOpPIOYMX Ta3iB BHUHUKAIOTH
3HAYHI TOITyTHI TeIIOBTpaTH [2].

BucokoremrnepaTypHi OpOAYKTH 3TOpSIHHS MOXKYTh BUITYCKaTHCS O€3MOocepeHbo B
OPUMILICHHS ajl€ NpU LbOr0 MOTIPUIYETHCA CTAaH MOBITPSA, IO B OUIBIIOCTI BHUMAJKIB
HEJOMyCTUMO. BumaneHHs NpPOAYKTIB 3TOpSHHS 30BHI MO KaHajgaM YCKIIAIHIOE

koHCcTpykIito Ta  moripmye KKJI. Ilpu 1boMy BUHUKAaE HEOOXIJHICTh BHPIIICHHS



15

€KOJIOTTYHUX Ipo0JieM, OB’ SI3aHUX 3 MOKJIMBUM 3a0pYyJIHEHHAM aTMOC(HEpPHOro MOBITPS
HPOJYyKTaMH 3ropaHHs mo0amu3y 00’ €KTa, 110 OMaTeThes [2].

OO6nacTh 3acTOCyBaHHSI Trapsyux Ta3iB OOMEXKEHa ONATIOBAJLHUMHU T€YaMU,
razoBUMHU KajopudepaMd Ta IHIIUMH TOJIOHUMHU MICIIEBUMH  ONATIOBAILHUMU
ycraHoBkamu [1].

Ha BigMiHy Bij rapsiuux ras3iB Boja, HOBITPS Ta Map BUKOPUCTOBYIOTHCS OaraTopa3oBo
B PSKUMI ITUPKYJIIAIIT Ta 0€3 3a0pyIHEHHS HABKOJHUIITHBOTO cepenoBuima [1].

Bona npencrapisie co6or0 piake cepeioBHINE, IO MPAKTUYHO HE CTHUCKAEThCA 13
3HAYHOIO MIIJIBHICTIO 1 TEIJIOMICTKICTIO. Boma 3MiHIO€ HIIMBHICTB, 00°€M 1 B’S3KICTh B
3aJIEKHOCT1 Bl TeMIlepaTypH, a TeMmIeparypa KHUIIHHS 3aJieKUTh BIJ THUCKY, 3/1aTHa
copOyBaTH a00 BUALIATH PO3YUHI B Hill Ta3u NIPU 3MiHI TeMIlepaTypH i TUCKy [3].

[lap SIBASETHCS JIETKOPYXOMHUM CEPEIOBUIIEM 3 TMOPIBHSHO MAJIOI0 MIUIHHICTIO.
TeMmmeparypa 1 HIUJIBHICTh Tapa 3alieKUTh BiJ TUCKY. [lap 3HauyHO 3MiHIOE 00’€M 1
CHTAJIBITIIO TIpH (pa3oBOMY mepeTBopeHi [2].

[ToBiTpsT TakoX SBJISE COOOIO JIETKOPYXOME CEpPEJOBHUIINE 3 IMOPIBHIHO MAaJOI0
B’SI3KICTIO, IIUJIBHICTIO 1 TEIUIOEMHICTIO, IIIJIBHICTH Ta 00’ €M 3MIHIOIOTHCS B 3aJI€IKHOCTI
temreparypu [1].

[Tpu BUKOpUCTAaHHI HATPITOTO MOBITPS — TEIUIOHOCIS 3 HU3BKOIO TEIJIOTHEPIIMHICTIO
MOXKJIMBO TOCTIHHO MATPUMYBAaTH PIBHOMIpHY TeMIIEpaTypy KOXKHOTO OKPEMOTO
MPUMIIICHHS, IBUIKO 3MIHIOBATH TEMIIEPATypPy TOBITPSI, IO MOJAETHCS, TOOTO MPOBOIUTH
perymoBanHs. [Ipy 11bOMy OJHOYACHO 3 OIMAJEHHSM MOXHa 3a0€3MCUNUTH 1 BEHTUJIALIIIO
npuMinieHHs [1].

BuxopucranHs B cucTemMax OMalieHHS Tapsa40i BOJU TaKOX JI03BOJISIE MiATPUMYBATH
PIBHOMIpHY TeMIIepaTypy MpPHUMIIICHb, IO JOCATAETHCA 3a PaXyHOK PETYITIOBaHHS
TEeMIIepaTypy BOJH, IO TOJAETHCA B OMAMOBANBHI mpunaau. [Ipu Takomy perysroBaHHI
TeMIlepaTypa MPUMIIIEHb BCE K MOXE BIAXUIATUCA Bif 3amanoi (Ha 1 — 2 °C ) BHACTIOK

TETUIOBOI 1HEpIii Mac Boau, TpyO Ta mpuianis [1].
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[Tpu BUKOpHUCTaHHI apy TeMIlepaTypa NpUMILIEHb HepiBHOMIpHA. HepiBHOMIpHICTH
TEeMIIepaTypyd BUHHUKA€E 4Yepe3 HEBIAMOBIAHICTH TEIUIONEpeaadl NMpHUIaaiB MpU HE3MIHHIN
TeMIlepaTypl napy 3MIHIOIOYMM TEIUIOBTpaTaM MPUMIILIEHHS Ha MPOTA31 ONaJOBaIbHOIO
ce30Hy. B 3B’S3Ky 3 UM JOBOJMUTHCS 3MEHIIYBaTH KUIBKICTh Hapy, IO MOJAETHCS B
OTIATIOBAJIPHI TPWJIAAX 1 HABITh MEPIOJUYHO BUMHMKATH ii 100 3amoOIirTH MeperpiBy
NPUMIIICHHS TIpY 3MEHIIEH] 1X TerioBTpar [1].

B yMoBax koiaM € IMOBIPHICTh 3aMep3aHHS TEIUIOHOCIS PEKOMEHIYIOTh
BUKOPHCTOBYBaTH B CHCTEMax OTAJICHHS CIeUiaJbHUI He3aMep3alouuil TerIoHOCIH —
anTu(pu3. AHTUPPU3U BOJHI PO3UYMHU ETUIICHTIIIKOMIS, MIPOMEICHIIIIKONS Ta IHIIUX
IJIAKOJIEH, a TakoXX PO3UYMHMU JESKUX HEOPraHiuHUX coyied. byab-skuil anTtudpus €
JIOCTATHHO TOKCHYHOIO PEYOBHHOIO, KA MOTPeOYI0 00epexHOCTI IpH po6oTi 3 HuM. Horo
BUKOPHUCTAHHS B CUCTEMaX OMAaJIEHHS MOKE IMPU3BECTH JI0 JEAKHX HEraTHBHUX HACIIKIB
(TpUIIBUAIICH] KOPO31MHI MPOIECH, IMOHWKEHHS TeIUI00OMiHy, 3MIHHA TiIpaBIIdyHUX
XapaKTEPHUCTHK, 3allOBITPIOBaHHA 1 T. 1.). B 3B'I3Ky 3 mMM 3acTocyBaHHS aHTU(pHU3Y B
SKOCTl TEIJIOHOCISI B KOXXHOMY KOHKPETHOMY BHUMAAKy MOBHHHO OyTH JIOCTaTHBO
obrpyHTtoBaHuM [1].

[lepepaxyeMO OCHOBHI TIepeBard Ta HEJOJIKM OCHOBHMX TEIJIOHOCIIB, IO
BUKOPHCTOBYIOTHCSI B CHCTEMAX OMAJICHHS.

[Ipu BuKOpHCTaHHI BOAM 3a0€3MEYYy€EThCS JOCTATHRO PIBHOMIpHA TeMIepaTypa
OPUMILIEHHS, MOXKIMBO OOMEXHUTH TEMIIEpaTypy MOBEPXOHb OMNAIIOBAJIbHUX MPUIIA/IB,
CKOPOYYETHCS B MOPIBHSHI 3 1HIIMMHU TETUIOHOCISIMU TUIOIIA TOTIEPEYHOTO Tiepepi3y Tpyo,
0e31IyMHICTh ITPU pyci TerioMepexaMu. HeomnikamMu 3acTOCyBaHHS BOJIM € 3HAUH1 BUTPATH
MeTajly Ta BEJUKE TiIPOCTAaTUYHUN THCK B cMcTeMaX. TerioBa iHepIlis BOAU CIOBLILHIOE
peryJItOBaHHs TEIUIoNepeadi OnalfoBaAIbHUX Mpuiatis [2].

[Ipu BUKOpHCTAaHHI Tapy MOPIBHSHO CKOPOYYETHCS BHUTPATH METalTy 3a PaxyHOK
3MEHIIECHHS TUIOIII MPUIaIiB Ta MOMEPEYHOT0 NEpepi3y KOHIEHCATOMPOBO/IIB, JOCIATAETHCS
HIBUKE MPOTrpiBaHHS MPUIAAIB Ta NPUMILIEHb, U0 ONATIOKTHCA. ['1IpOCTaTUYHUN TUCK

napy B BEPTHKaJIbHUX TPyOax MOPIBHSAHO 3 BOJOIO MiHIMaibHe. Temneparypa napy BUCOKa
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Ta MOCTIMHA MpPU HE 3MIHHOMY THCKY, IO YCKJIAQJHIOE PEryJIIOBaHHS Terulonepenayl
NpUIaiB, pyX HOro mo Tpydax CynpoBOIKY€EThCS myMoMm [2].

[Tpn BUKOpUCTaHHS MOBITPS MOKHA 3a0€3MEUYUTH IIBUJKY 3MiHY YM PIBHOMIPHICTb
TEMIEPaTypy MPUMIIICHHS, YHUKHYTH BCTAaHOBIICHHS ONATIOBAIBHUX MPHUIAIIB, TOETHATH
OTMaJICHHS 3 BEHTHJISINIEI0 TPHUMIIIEHHS, JOCATAEThCS OC3IIyMHICTh IPU HOTO pycl IO
NOBITPONPOBOJIaX Ta KaHaiax. Hemonikamu € Horo majia TEMIOAaKyMyJrodya 3/1aTHICTb,
3HAYHI TUIONII TOMEPEYHOTo Mepepidy 1 BUTpPATH MeETaly Ha TOBITPOIPOBOIU, 3HAYHE

TIOHM)KCHHS TEMIIEPATyPH B3JI0BXK 1X JOBXKHHH [2].

1.4 OcHOBHI BHIH CHCTEM OIAJECHHSHA

3apa3 HalOUIBIIOTO HIUPOKO BUKOPUCTOBYIOTHCS IIEHTPAIbHI CUCTEMH B OCHOBHOMY
BOJSTHOTO 1 3HAYHO P1/IlIEe NapOBOIr0 ONAJIEHHS, MICLIEB] 1 IEHTPaIbHI CUCTEMH MOBITPSIHOTO
omaneHHs [2].

[Ipy BomgHOMY oOmajeHl Tapsya BOJAA, WIO0 ULUPKYJIIOE OXOJOJKYETHCS B
ONaJIIOBAJIBHUX MPUIAAAX 1 TOBEPTAETHCS 10 TEIUIOAKEpena /Il HOBTOPHOTO HArpiBy.

CucreMu BOJSHOTO OMNAaJieHHS 3a CIOCOOOM CTBOPEHHSI IMPKYJSALIl BOJIU
NOJAUIAIOTHCS HA CUCTEMHU 3 MPUPOJHOI0 LUPKYJSALIEI0 (FpaBiTaliifiHi) Ta 3 MEXaHIYHUM
30y JHUKOM ITUPKYJISIIT BOAM 3a JOTIOMOTOI0 Hacoca. B rpasiramiitaux cucremax (puc. 1.3,
a) BUKOPHUCTOBYETHCS BJIACTUBICTH BOJM 3MIHIOBAaTH CBOIO IIUJIBHICTH MpPH 3MiHI
TeMmriepaTypu. B 3aMKHYTHX BEpTHKaJIbHUX CHCTEMax 3 HEPIBHOMIPHUM pO3MOALIOM
IIJTBHOCTI MMiJ] I€X0 TPaBITALIMHOTO MOJIs 3eMITi BUHUKAE IPUPOIHIN pyx Boau [3].

B cucremi omaneHHs 3 ME€XaHIYHUM 30Yy/DKEHHSIM LUPKYJAii Boau (puc. 1.3, 6)
BUKOPHUCTOBYETHCS HACOC 3 €JIEKTPUYHUM IPUBOJOM SIKUH CTBOPIOE PI3HHUIIO THUCKIB, IO
BUKJIMKAE ITUPKYJISIIIO 1 B CHCTEMI BUHMKA€E IPUMYCOBHUH pyx Bou [1].

3a TeMmIepaTypor TEIUJIOHOCIS PO3PI3HSIIOTh CUCTEMU HU3BKOTEMIIEPATYpHI 3

rpann4Horo Temieparypoto t. < 70 °C, cepennboremmnepatypi npu t,. Bix 70 °C 1o 100 °C
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Ta BUcOKoTemneparypHi npu t. > 100 °C. MakcumaiibHa 3HA4Y€HHsI TeMIlepaTypa BOAM

150 °C [2].

3 3
5 |
x S
2 * 2 ;
1 5 1 5

Pucynox 1.3 — Cxemu cucTeM BOJISHOTO OMAJICHHS: a — 3 PUPOTHOIO ITUPKYIISIIEIO; O — 3
IIUPKYJISIIEI0 32 IOMOMOTOI0 Hacoca; 1 — TemIo00MIHHUK; 2 — IMOJIAF0YHI TEIIONPOBI T, 3
— pO3LIKPIOBAIbHUN 0aK; 4 — ONaItOBAIbHUN MpUIaa; S — 3BOPOTHIN TEIIONPOBIL; 6 —

MUPKYJISIIAHUN HAcOC; 7 — MPUCTPIil 7Sl BUITYCKAHHS MOBITPS 13 CUCTEMHU

[To momokeHHsT TpyO, IO MOEAHYIOTH OMATIOBAIBHI TPHWIATXA O BEPTUKAIl YU

TOPHU30HTAJI CHCTEMHU MOAUIAIOTHCS Ha BEPTUKAJIbHI Ta TOPU30HTABHI [1].
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B 3anexxHOCTI BiJ CXeMU 3’€IHaHHA TPyO 3 ONATIOBAIBHUMU MPUIAJAMH CUCTEMU
OyBaroTh OAHOTPYOHI Ta ABOTPYOHI [1].

B KOKHOMY CTOSIKY 4M T'UIL1 OJHOTPYOHOI CUCTEMU ONAJIEHHS MPUJIAIN 3’ €JHYIOTHCS
OJIHI€I0 TPYOOIO 1 BOJIA MOCIOBHO MPOTIKAE yepe3 BCl Mpuiiaau. KO KOXHUM Mpuiiaj
YMOBHO PO3JUIMTH Ha JBl YaCTUHH («a» Ta «0») B IKUM BOJIa PYXAETHCS B MPOTUIICKHHUX
HaIpsIMKax 1 TEIUIOHOCIH MOCIIA0BHO IPOXOJM CIOYATKY Yepe3 BCl YaCTHUHA «a», a MOTIM
gepes3 BCi YaCTHHH «0», TO Taka OJHOTPYOHA CHCTeMa Ha3uBa€eThes OidisipHoro [1].

B nBoTpyOHUX cHcTeMaX KOKHUN ONMaltOBaIbHUM MPUIIAJl MPUETHYETHCS OKPEMO 0
JBOX TPYO — moAarouoi 1 3BOPOTHOI, 1 BOJIa MPOTIKAE Yepe3 KOKHUM MpHIIa/l HE3aJIEKHO BiJT

iHImMX npuiaamis [1].

1.5 ABTOMaTH3aLi BOAAHUX CHCTEM OINAJECHHSA

MogepHizailito TEMIOBUX IMYHKTIB 3A1MCHIOIOTH ISl BJOCKOHAJICHHS CHUCTEMHU
TeIJIoNoCTa4aHHs Oy/iBelb BIANMOBIIHO 10 cydacHMX BUMOr. (OCHOBHI 3aBAaHHS
MOJIEpHI3allli — opradizaimis OOJIKy TeIUI0 CHOXXHBaHHS a0OHEHTOM Ta CKOPOYCHHS
CIIOKMBAHHS TEIJIOBOI €Heprii mpu TMOJINIIeHHI PIBHA TEIWIOBOTO KOMQOpTy B
00CITyroByBaHUX NpHUMIMICHHSX. [ 1bOro sx MiHIMyM Ha aOOHEHTCHKOMY BBO/II
BCTAHOBJIIOIOTh TMpWIaa OOJIKY Ta AaBTOMATHYHHUHA PETYISATOP TEIUIOBOTO TIOTOKY,
KOPUT'YBaHHSI BIAMYCK TEIJIOTH 3a MOTOJHUMHU YMOBaMH. Take 3aCTOCYBaHHS 00JiaHAHHS
HA3MBaIOTh MICIICBUM a00 aOOHEHTCHKUM aBTOMAaTHYHUM PETYIIOBaHHIM. [Ipu oMy He
3MIMCHIOIOTHh 3MiH KOHCTPYKTHBHOTO XapaKTepy B CHCTEMI OIMaJieHHs, aje mependadaroTh
[0 MOXJIMBICTh Y MalOyTHROMY. OCOOIHMBO II€ CTOCYETHCA PIllIEHb MPO 3aCTOCYBAHHS
rigpoeneBaTopa 3 peryjabOoBaHUM COIUTOM. Ha mepmmii morisa, BiH BUPINIYE TTOCTABICHE
3aBIaHHS, ajie MPU TMOJAIBINN MOJEpPHI3aIlii CUCTEMHU OMAaJEHHS IIISXOM BCTAHOBIICHHS
TEPMOPETYJISATOPIB HA OMATIOBAILHUX MPUIaAax y BIAMOBIAHOCTI 3 nporpamoro Kabminy
Ykpainu, BiJi HbOro HeOOXiHO Oy/ie BigMoBHTHCS [4].

MopepHizarisi a0OHEHTCHKUX BBO/IIB JIO3BOJISIE:
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o ONTHUMI3yBaTH PO3MOJILI TEMIOBOIO HABAHTAKEHHS Y TEIUIOMEPEXKI;
o aJIeKBaTHO KEpyBaTH T1APaBIIYHUM Ta TEIUIOBUM pPEKHUMAMH BHYTPILIHBOT

CHUCTEMHM TEIUIOCIIOKUBAHHS Oy IiBIIL;

o 3HU3HUTH BUTPATH TEIJIOHOCIS y TETUIOMEPEKi;
o E€KOHOMUTHU €HEPrOpPECYPCH;
. 3MEHIIIUTH HeTaTUBHUM BIUIUB HA JOBKULIA [4].

[Tpu MonepHizallii TEIIOBOTO MYyHKTY PO3IJISIal0Th O€3I114 3a/1a4 — aBTOMATH3AITis

MPOIIECY YIPaBIIiHHS, KOHTPOJIb, OOJIK 1.71. 3a1a4i YIpaBJIiHHS:

®  pEryJIOBaHHS TeMIEpaTypH TEIUIOHOCIS, M0 TOJAETHCS B CUCTEMY OIaJCHHS,
3aJIe)KHO BiJ] TEMIIEPATyPH 30BHIIITHHOTO MOBITPS;

®  pEryjoBaHHS TEMIEpPaTypH TEIJIOHOCIS, IO MOBEPTAETHCS B TEIJIOMEPEKY,
BIJIITOBIJTHO 10 TEMIIEPATYPH 30BHILIIHBOT'O MOBITPS 0 33JAHOMY TEMIIEPATYPHOMY Ipadiky;

®  [PUCKOpPEHE MpOrpiBaHHs  OyIIBIlI MICIAS EHEPro30epiralouoro pexumMy
(3HM>KEHOT'O TEIJIOCIIOKUBAHHS );

®  KOpEKI[iSl PEeXKUMY TEIUIOCIIOKUBAHHA 3a TEMIEpaTypor0 TOBITPS B
IPUMILIEHHI;

e  OOMEXKCHHS TeMIlepaTypy TEIJIOHOCIS B MaJal0uoMy TPYyOOIPOBOJII CUCTEMHU
OTIAJICHHS,;

®  pEryJIOBaHHS TEIJIOBOTO HABAHTAXKEHHS B CUCTEMI raps/40ro BOIOTIOCTAYaHHS;

®  pEryJaioBaHHS TEIUIOBOTO HABAHTAKCHHS MPUIUIMBHUX  BEHTWISIIIIHHUX
YCTaHOBOK 13 3a0e3nedeHHsIM (yHKIIIT 3aXUCTY BiJl 3aMOPOKYBaHHS;

®  peryjioBaHHS BEJIMYMHM 3HW)KCHHS TETUIOCIIOKMBAHHS B 3aJlaHl MEpioau 3a
TEMIIEPATYPOIO 30BHIIIHBOTO MOBITPS;

®  pEryJIoBaHHS PEKUMY TEIUIOCIIOKHBAHHS 3 YpaxyBaHHSIM aKyMYITFOIOUHX
0coOIMBOCTEH OyiBI Ta 11 OpieHTallil 32 CTOpOHAMHU CBiTa [4].

B cucremax TemonocrayanHs OyiBelb OCHOBHUMH TEXHOJOTTYHUMU MPOILIECAMU €

MpOIIECH Bijjadi, TPAHCHOPTYBAHHS, PO3MOAUIY Ta CIOXUBAaHHS TemioBoi eHeprii. L1
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MPOIIECH BUKOHYIOTHCS BIIMOBITHUM OOJIaHAHHSM Ta arperaTaMyd B OCHOBHOMY JIaHKaMHU
CHCTEMHU Teruionocravyanus [5].

OCHOBHMMH 3a/1ayi, II0 BHPIIIYIOThCS CHCTEMaMU TEILIONOCTadyaHHs OyIiBemnb €:
OesnepepBHa Mojava CIOXHMBAa4YaM TEIUIOBOi €HEPrii BU3HAUEHOI SKOCTI Ta KUIBKOCTI,
3a0e3MeyeHHs] BUCOKOI HAMIMHOCTI Ta €KOHOMIYHOCTI TeIIonocTadyanus [5].

BupimenHs wnux 3amad  3a0e3nevyyerbesl LUIAXOM aBTOMATHYHOI 3MiHM  abo
NiATPUMaHHS B HEOOXIJHUX MekaxX TapaMeTpiB TEXHOJOTIYHUX TMPOIECIB CUCTEMU
Terionocradadus [5].

OCHOBHMMH TapaMeTpaMmH, M0 XapaKTepU3ylTh TMPOIECH B  CHUCTEMax

TeIJIoNoCTa4aHHs OyIiBeb €:

o Temneparypa (Mmoaar4doi Ta 3BOPOTHOI BOJAM, MOBITPS B ONAIIOBAJIBHUX
MPUMIILICHHSX);

o THUCK, [Iepenaj TUCKY B arperarax Ta yCTaHOBKaX CHCTEMH TEIJIONOCTaYaHHS;

° pPIBEHBb BOJI B EMHOCTSIX;

o BUTpAaTa 1 KIIBKICTh TETUIOHOCIS (BOJIN);

o BUTPATH 1 KUIBKICTh TEIUIOTH (KUJIBKICTh TEIJIOTH, 1110 OTPUMAJIHM CIOKHUBAyl)

[5].
3MmiHHa Ta crabumi3allis BKa3aHUX IMapaMeTpiB 3a0e3MeuyeThCcsl 3a JIOMOMOTOI0
npuiaaiB Ta 3aco0iB aBTOMAaTH3allii, 1110 JO3BOJSIOTh BUPIIIYBATH HACTYIIHI 3a/1a4i:
®  pEryJlOBaHHS TEXHOJOTIYHUX MPOIIECIB;
e  KepyBaHHS OOJIaIHAHHSM Ta arperaTaMu;
®  KOHTPOJIb Ta BUMIPIOBAHHS MapaMeTpiB;
®  3aXWCT TCIIOBUX MEPEXK Ta CIIOKMBAYIB;
e  OJIOKYBaHHS arperartiB Ta 00JIaJIHAHHS;
e  00JiK TEIUIOBOT €Heprii Ta TeroHocis [5].
PamionanpHe oOnagHaHHS TpHiIagaMu Ta 3acobamMu aBTOMaTH3allli 00JIaJlHaHHS Ta

arperaTiB CHCTEM TEIUIONOCTAaYaHHS 3a0e3leUnTh CEKOHOMIKO NMaJIMBO-CHCPIrCTUIHUX
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pecypciB 3aBASKMA MIATPUMAHHS OUTHII EKOHOMIYHHX pEXKUMIB pPoOOTH Ta OOJIIKYy
TEIJIOCTIOKUBAHHSA, a TAaKOX JO0 3HIDKEHHS TPYIOBUX BHUTPAT HA OOCITYroBYBaHHS Ta
HaJIaro/KyBaHHs 00JIaJHAHHS Ta arperaTiB 3aBJsSKU 3aCTOCYBaHHIO 3aC001B JUCTAHIIIITHOTO
Ta TEJIEMEXaHIYHOTO KOHTPOJIIO Ta KepyBaHHS [5].

3acobu  OnokyBaHHS — 3a0e3Me4yyroTh  HaJldHy poOOTy  JIAaHOK  CHUCTEMHU
TETUTIONIOCTAYaHHS, 3aM00ITal0Th PyHHYBaHHIO €IEMEHTIB TEIUIOBUX Mepex [5].

BiacyTHICTh Ha OKpeMHX JIUISHKAaX CHCTEM TEIUIONOCTAaYaHHs BiJIIMOBIIHUX 3ac00iB
aBTOMaTH3alii MPU3BOAUTH, SK MPABWIO J0 3HAYHOTO 3OUIBIIEHHS BUTpPAT €HEPrii,
3HWKEHHS $IKOCTI ONAJIEHHS, MOPYIICHHS HOPMAJbHOI pOOOTH CIOXKMBAaudlB Ta MEpPEK
(BIACYTHICTh TEIUIOHOCIS B CHUCTEMi, pyWHYBaHHS OIAIIOBAJbHUX IPUIIAJIIB BHACIHIIOK
HiJBULIEHOTO TUCKY Ta TemmneparypH). BiacyTHicTh a00 HEyKOMIUIEKTOBAHICTh 3acO0aMHU
BUMIPIOBAaHHS Ta KOHTPOJIO MPHU3BOJIUTH JI0 30UIBIIEHHS BUTpPAT Ha OOCIYTrOBYBaHHS
o0JIaHaHHS Ta arperaTiB, a TAKOX 10 MOHMKEHHS SKOCTI HAJIaroKyBaabHUX pooiT [5].

Cuctemu omaneHHs SBISIOTHCS OCHOBHUMHE CIIOKMBAaYaMH TETUIOTH TOMY 10 MUTAaHHS
aBTOMaTH3allli CHCTeM OMNajJeHHS HEOOXITHWH KOMIUICKCHMHA MiIXiJ] 3 ypaxyBaHHSIM
(GyHKILIOHYBaHHS 1HIIMX CHUCTEM TeIUlonocTadyaHHs. Ha mpakTulll po3pi3HSIOTH pi3HI
MiAXOAW 0 aBTOMAaTH3allii CHCTEM OMAalieHHs, IO IMOB’sI3aHHI 3 THUIIOM JDKEpelsia Teruia
(LeHTpajgbHEe UM 1HIWBIIyalIbHE OMAJICHHS), KUTBKICTIO CTYIICHIB PEryJIIOBaHHS TETUIOBOTO
KOM(OPTY, TUTIOM 00JIaTHAHHS, 1110 BAKOPUCTOBYETHCS 1 T. 1 [5].

IcHye 1Ba OCHOBHUX CIIOCOOM KEPYBAHHS TEIUIOBUM PEXUMOM OYiBENb: MACUBHUHN —
BJIOCKOHAJICHHSI OyiBEIbHUX XapaKTEpUCTUK OyIiBeNb, a TaKOX AKTUBHUU — BIUIUB Ha
1HXKeHepHe oOyanHaHHs OyaiBenb. Jlo macMBHUX CMOCOOIB 3HMKEHHS BUTPAT TEIUIOTH
BIJIHOCSITH: ONITHMI3aIIii0 TETIO3aXUCTy OTOPOIKEeHb, 3HIKEHHS IHPUIBTPAIIii 1 TEMJIOBTpAT
yepe3 CBITIIONPO30Pi OTOPOKEHHS, pallioHaIbHE IJIaHYBaHHS JKHIUX Ta TPOMAJCHKUX
OyniBenb 1o BUCOTI 1 T.1. Jlie MO aBTOMAaTH3aIlli TEIJIOBUX PEXHUMIB OyiBEIb HEOOX1THO
PO3IIIAIaTH, SIK 1O BIIHOIIECHHS! HOBUX Oy/IBEb TaK 1 TUX, IO MiJJISTAI0Th PEKOHCTPYKIII.
B octaHHBbOMY BHIIAJKY [ii MOKYTh OyTH BUMYIICHUMH ajie HE peHTabenpHuMu. Tomy mpu

pO3po0Ili TPOEKTIB aBTOMATH3aIil HEOOXITHO OOOB’SI3KOBO BPAaxOBYBATH CKJIAIHICTh
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iHppacTpykTypu 00’€kTa aBToMarm3ailii. Bce e BKOTpe MiATBEpIKYE€ HEOOXITHICTDH
BUPIIIEHHS MUTaHb ONTHUMAJIBHOTO TEIUIONOCTAYaHHSA CUCTEMHO, 3 MPUIIJICHHIM BEIMKOL
yBaru (I3MYHUM XapaKTEPUCTUKAM OO0'€KTIB, OCKUIBKM iXHS PI3HOMAHITHICTb, CKJIAJHICTh
TEIIO- Ta MACOOOMIHHUX MPOLECIB, MTPU3HAYEHHS, HACUYECHICTh CUCTEMAMU 1HXEHEPHOIO
o0jasHaHHsA 0araTo B YOMy BH3HAYarOTh €(peKT aBTOMaTu3aiii [5].

Byap-siki MeToau, cocoOM 1 NPUHLMIKN KEPYBaHHS MOBUHHI OyTH CIIPSAMOBaHHI Ha
3a0e3nedyeHHs] HeOOX1THOr0 MIKpOKIiMaTy B mpuMimieHi. OgHak peaizalis 1i€i TOJ0BHOT
3a/1a4l 31CHIOETHCS PISHUMU CUCTEMAMU aBTOMATHU3Alll1 O-PiI3HOMY.

ABTOMAaTH3aIlisl TEIJIOBHX PEXHMIB 3aCHOBaHA Ha MPHUHIMIAX KEPyBaHHS: IO
30ypeHHIO; TO BIIXWJEHHIO; KOMOIHOBAaHOMY 1 TpPOrpaMHOMY 3 BHUKOPHUCTAHHSM
nsonosuuiinoro, I1-, ITl- ta TII/[- anropuTmiB KepyBaHHS, 10 BUKOPUCTOBYIOThCS, K B
JOKAIBbHUX 3ac00ax peryaioBaHHS Tak 1 B CHCTeMaxX KepyBaHHS, IO mMoOyaoBaHi Ha 0a3i
MIKPOIIPOIIECOPHOI TeXHIKH [5].

CyuacHi 3aco0u aBTOMaTHU3AlIlI€ € I0CTaTHHO PEHTA0OCIBHUMU OCKIJIBKHU JI03BOJISIOTh
OTpUMATH 3arajioM eKoHoMito Temtotu 10 40%: 3a paxyHOK peryJlOBaHHS TEMIIEpaTypH
NOBITPS B puMileHi — 70 15%; BUKOpUCTaHHS TEIJIOTH MOOYTOBOTO TEIIOBUIIIICHHS — 10
8%; BUKOPUCTAHHS YEPrOBUX PEKHUMIB OMAJICHHS (3HMKEHHS TEMIIEpaTypy B MPUMIILIECHHS
B HiuHU# yac) 10 12%; 3a paxyHOK onTUMI3allii pexuMiB Biaadi Temia — 10 5% [5].

ABTOMATH3aIlisl CUCTEM LIEHTPATI30BAHOTO OMAJCHHS JOULIBHO PO3TISAATH IIOA0
MTII Tak sk BOHU SBISIOTHCS O0OB’SI3KOBUM €JIEMEHTOM B 3arajibHIN CTPYKTYpi CUCTEMU
omnaseHHs [5].

Jnst oTpuMaHHs ONTUMAabHOI sIKOCTI KepyBaHHS MTII HeoOXigHO BHMIpPSTH BCi
30ypeHHs] YM TOYHO 3HATHU 3aKOH 3a SIKMM BOHU 3MIHIOIOTHCA 200 BUMIPSATH BIIXHUIJICHHS
TeMIIepaTypu y BCiX mnpumimnieHHsx. OOujaBa 111 BapiaHTa BIHOCSTBCA JIO0 TEXHIYHO
ckiaaHux [5].

JlocBin ekcruryartarii Ta JTOCTiPKEHHS aBTOMATU30BaHUX CHCTEM OITAJICHHS BHUSIBUB
OCHOBHI METOJIM KEpyBaHHs 3 BIJIMOBIIHUM (POPMYBaHHSM IOYAaTKOBOTO CUTHAILYy MPO

MOBOJKEHHS 00’ €KTa KEpPyBaHHS:
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o peryoBaHHs 32 BIIXWICHHSM TEeMIeEpaTypu B MpeicTaBieHuX (0a30BUX,
KOHTPOJbHUX) MPUMIMICHHSIX, CUTHAJ MPO TEIUIOBUH CTaH SKUX 3 BIJOMOIO TOXHUOKOIO
BIJIMOB1Ja€ HOPMATUBHIN TeMIepaTypi B OyIb-IKOMY 3 HUX;

o KepyBaHHs 3a 30ypeHHsAM, 3 SKHUX OOUPAEThCS 3OBHIIIHA TEMIIEpaTypa,
TeMIiepaTypa (4u pI3HUII TeMIlepaTyp) TeIIOHOCIS, MBUAKICTh BITPY Ta HOTo HaIpsiM Ta
IHII TOKAa3HWKH, HAIMPUKIA] TeMIleparypa MpsIMOTO Ta 3BOPOTHOrO TEIUJIOHOCIA 3
KOPEKLIEIO 10 TEMIIEpaTypl NOBITPS, 1110 BUMIPSHA B TPHOX MPUMIIIECHHSX;

o KOMOIHOBaHE KE€pyBaHHS 13 BHMIPIOBaHHSM 30BHIIIHBOI TEMIEPATYPH 1
CyMapHOi TeMIIepaTypH y BCIX MPUMIIIECHHSX, @ TAKOXK TOJaTKOBA KOPEKIIis [0 TeMIlepaTypi
TEIJIOHOCIS, IO MOAAETHCS TA M0 30BHILIHIM (PaKkTOpaMm;

o KEepyBaHHs 3a J0MOMOror0 (Ppi3nyHOi Moiesl Oy TiBIIl 31 IITYYHUM MIJICPIBOM B
SKOMY MIATPUMYETHCA JiesiKa TEMIIepaTypa, 10 3aa€ThCsl MOJIEIIIIO;

o KepyBaHHS MPOTpaMHUM BIAIMYCKOM TelJia — AaBTOMATHUYHE BHUMKHEHHS
OTaJICHHS Ha Hi4, CBSITKOBI JIH1, IEP10JINYHE OMAJICHHS;

° ONITHMAJIbHA Bij|jTaua TeTjia Ha OCHOBI 0araTo()yHKIIIOHAIBHOTO PETYIATOPA, 32
nornomororo EOM uu mikpomnporiecopa;

o KepyBaHHS 3a JaHUMH METEOCITYKO 3 TOIOMOror aucrerdepa [5].

Kepytoui BIIMBY MOXKYTh OYTH IPUKIIAACHI 10 IPOCETIOIOYUX PETYITIOIYNX OpraHiB
(kyanmaHu, 3aCyBKH, TOBOPOTHI 3aCJIIHKH), @ TAKOXK KEPOBAaHUM HAacocaM Ta ejneBaropam [5].

EneBarop — 1e mpucTpiif, 10 MOHIKYE THUCK Ta TEMIEPATypy TEIUIOHOCISA, IO
MOMAETHCA MUISIXOM TMIAMINTYBAaHHS OXOJOKEHOI BOIW, IO HAAXOIUTh 13 CHCTEMH
omnaseHHs [6].

OxpiM MOHMW)KXEHHS THUCKY Ta TEMIIEpaTypH €JIeBaTOpP BUKOHYE IIe OaHY (QYHKIIIIO —
3a0e3nedeHHs [UPKYJIALIi BOJM B KOHTYpPl cucTeMH omnajeHHs. OCh YoMy IIeil elleMEHT
BUKJIMKA€E OCOOJIMBY I[IKaBICTh IIPH 30BHIIIHIN MIPOCTOTI BiH MO€EHYE B 001 PYHKITIT TPhOX
OPUCTPOIB:  PETyJsiTOpa THUCKY, 3MIIIyBAJIBHOTO By3Ja Ta  BOJAOCTPYMHUHHOTO

HUPKYJIsIiiHOrO Hacocy [6].
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TpanuuiiiHi OpUHLMION KepyBaHHS, 10 3acTocoBYrOThcs HA MTII, kepyBaHHs 1O
30ypeHHIO, KOJIU BUKOPHCTOBYETHCSI PETYJISITOP BUTPATH TEIUIOHOCIS, IO IMOJAETHCS B
3aJIeXKHOCTI B1J] CIIBBIAHOLIEHHS TEMIIEpATypHy rapsiuoi BOJU Ta 30BHIIIHBOIO MOBITPS 1XHI
cxemMH HaBeaeHO Ha puc. 1.4. Ili cxeMu A03BOJIAIOTh MIABUIMTH KOE(IIEHT 3MILITYBaHHS

eJIeBaTopa o Mipi 3HMKCHHS CIIOKHBaHHS Boau [5].

Pucynox 1.4 — Cxema aBToMaTm3aiiii TEMIOBOTO IMMyHKTY: a — CIIUIbHA poOOTa eneBaTopa Ta
Hacoca; 0 — eJleBaTop 3 PEeryJIbOBaHUM COILIOM; | — JaTUMK TeMIepaTypH rapsioi Boau; 2
— PeTyJIATOp TEeMIEpPaTypH; 3 — TaTYUK TEMIIEpaTypH 30BHIITHHOTO MOBITPS; 4 —
BUKOHYIOUMU MEXaH13M; 5 — omasoBalibHI npuiaau; 6 — eneBarop Ta Hacoc; 7, 8 —
I0JTAFOYHIA Ta 3BOPOTHIHN TETUIONPOBOIN BiIMIOBITHO; 9 — €JleBaTop 3 PeryIbOBaHUM

COIINIIOM

OxkpiM BHUKOPHUCTAaHHA MNPUHUMUIIB KepyBaHHS mno 30ypeHHss Ha MTII moxnuse
BUKOPUCTAHHS TPHWHIMIY TIO0 BIIXWICHHIO TEMIEpPAaTypH TOBITPS B KOHTPOJBHHX
npuMinieHHsaX Oyaisii [5]. dyHkioHanbHa cXeMa aBTOMATH3allil, 10 BIAMOBIIAE TaHOMY

NIPUHLHKITY [IPECTaBJIeHa Ha puc. 1.5.
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B Ttenepimniii uyac npu aBromatuzanii MTII mupoko BHKOPUCTOBYIOTHCS
peryiapoBaH1 TEIUIOBI eneBaTtopu. BukopucTtanHs eneBaropa /1a€ MOKIUBICTh 36KOHOMUTH
omm3bko 10% piluHUX BUTpaT HA onayieHHs. BuiyckaloThCs eneBaTopu 3 JAiaMeTpoM coIlia
B 6 10 18 MM (3 KpokoM Yepe3 2 MM) Ta TermonpoaykTuBHicTio Bia 0,2 1o 1,07 MBT npu

CHoKuBaHii motyskHocTi 12 BT i Maci Bix 26 g0 50 kr [5].

7&

Pucynox 1.5 — Cxema aBromatu3auii MTII 3a npuHIMOM BiIXUIEHHS TEMIEPATypH B
OyxaiBii: 1 — gaT4uK TEMIEPATypH, IO 3HAXOAUTHCS OY1IBIIL; 2 — PEryJIsATOp TEMIIEpaTypu;
3 — BUKOHYIOUHH MEXaHi3M; 4 — OTlaTFOBAJIbHI IPUIIA/IN; 5 — eJeBaTop Ta Hacoc; 6,7 —

MoJal0Yrid Ta 3BOPOTHIM TEMIOMPOBOIU BiAMOBIIHO

[TparHeHHs HAOMM3UTH KEPYIOUHHA BILIUB JI0 KOKHOTO 1HAMBITYyaJIbHOTO CIIO’KMBava
MPU3BEJIO J0 MOSIBU 30HHOTO OMAaJCHHS 1, K HACIIJIOK, PI3HOBUIY MICIIEBOTO — 30HHOIO
KepyBaHHs [5].

CydJacHi perymaropw sKi HaWKpalnuM YHHOM MOXYTh BUKOPHCTOBYBATHCS IS
apromatu3anii  MTII  BomomiroTe  OaraTOPyHKITIOHATBHHICTIO 1  OOJAQTHYIOTHCA
ONTHMI3aTOpaMH E€KOHOMHOTO pexuMy. KOHCTpYKTHBHO BOHHM BUKOHYIOTBHCS Ha 0asi

MIKPOIPOIIECOPHOT TeXHIKH [5].
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B cucreMax LeHTpaai30BaHOIO OMNAJICHHS 1HJIMBIAYyaJlbHE PEryJIIOBAaHHS SIBISETHCS
OCTaHHBOIO CTYIICHIO (POPMYBAHHS MIKPOKJIIMATY B MMPUMIIIEHI.

[Ipy 1HAMBIOYyaJIbHOMY pEryJIOBaHHI MIKPOKJIIMATy B MPUMILIEHH] 3a3BHYai
BIUIMBAIOTh HA KUIBKICTh TEIUIOTH, IO MIJBOJUTHCS 10 ONMATIOBAILHUX MpUiIaAiB (3MiHA
MOTY>KHOCT1 HarpiBaJIbHUX MPWJIAJIIB) Ta HAa BIJBEJICHHS — MPOBITPIOBAHHSI, 3BOJIOKEHHS Ta
OXOJIOJKEHHSI, IO 3/IIHCHIOETHCS CHCTEMOIO KOHIMIIIOHYBaHHS MOBITPS [5].

[nmuBigyansHe aBTomMaTtudHe perymoBanHs (IAP) nosBomsie BpaxyBatu 30yprorodi
BIUIMBU, IO HE BPAXOBYIOThCS MpPHU UEHTPaAIi30BAaHOMY, T'PYINOBOMY Ta MICIIEBOMY
YIOPAaBIIHHI, Ta 3a0€3MeYUTH HAJICKHUI TEIUIOBUM PEKUM MPUMILIEHb, TUIBKH Yy OIK
3MEHILIEHHS TEMIIEpPaTypH, 32 paXyHOK BUKOPUCTAaHHS BUIBHUX TEIJIOHAIXO0KeHb. OHAK €
MO>KJIMBICTH 1 MIIBUIIEHHS TEMIEPATypH, ajie 32 HagBHOCTI 3amacy TEIJIOBOI MOTY>KHOCTI
CUCTEeMH omnaJieHHs abo 3a goromororo noBoaunkiB CKIT [5].

B IAP roiioBHUM 4YHMHOM OTpUMajd  PO3MOBCIOJKECHHS  MaHOMETPUYHI
TEPMOPETYJIATOPH MPSMOI0 Ta HENPSIMOTO BIUIMBY — €JIEKTPUYHI (pille MHEBMATH4HI) [4].

Cknanacst BU3BHaU€Ha MOJIETb TEPMOPETYJISITOpa (TepMocTara) NpsIMOro BILIMBY, 11O
3 HEBEJIMKUMHU BUJ03MIHAMHU BUITYCKAIOTh 0arato 3aKOpAoHHHX (ipM Taki, sk «Danfoss»
(Hanisg), «TA» (Bewis), «MNG» (Himewunna) 1 psg iHmmx. Ll Tepmoperynstopu, sik
MPaBUJIO KEPYIOTh TEIJIOBI/Iau€i0 OKPEMUX OINMATIOBAIBHUX MPHUIIAJIIB X0Ua 3yCTPIHArOTHCS

CXEMHU IPyIOBOTO PEryroBaHHs [5].

1.6 ExoHOMiYHa e(peKTHUBHICTHL ABTOMATH3ALIl TENJIOBUX NYHKTIB

ExoHoMiuHy e(heKTUBHICTh aBTOMATH3allll TeIJIOBUX MyHKTIB BU3HAYAIOTh TEXHIKO-
CKOHOMIYHHMM 3ICTaBJICHHSM pi3HUX MpoekTHuX pimens [7; 8; 9; 10]. Ilpu mpomy
MOPIBHIOIOTH KalliTajdbHI Ta €KCIUIyaTallliHI BUTPATH, TEPMIHU MOHTAXY Ta eKCILTyaTallii
cucteM. Po3paxoBylOTh TakoX TEPMIH OKYMHOCTI KamiTaJbHUX BKJIQJECHb 32 PaxyHOK

3MEHIIICHHS €KCIUTyaTaI[lIiHUX BUTPAT 1 CIIBBIIHOCHTH WOTO 3 HOPMATUBHUM 3HAYCHHSIM.
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3a3BUyail CTUMYJIIOBAHHS €HEPro30epirarounx 3ax0/iB BCTAHOBIIOKOTh TEPMIH OKYIHOCTI
He Buie 12...12,5 pokis [4].

YuHHMKY, $SKI BIUIMBAIOTb Ha €HEPro30EpekeHHs MiJ Yac BHUKOPUCTAHHS
aBTOMAaTU30BaHUX CUCTeM, — OararorpanHi. Ha choroaHimHiil aeHb BIACYTHI MOBHOL[IHHI
BITUM3HSAHI METOJIMKH iXHBOT'O BCEOIUHOTO 00JIIKY, a HasBHI — po3'enHaHi. [IpuunHOO € ToM
dakT, 1o BiIacHUKA OyAiBIl (MPUMIIICHHS) HacaMIiepe]] ILIKaBJISITh peajbHO BIAYYTHI
JIOXO/IM, OTPUMAaHI BiJ] 3aCTOCYBaHHS €HEPro30epiraroumx 3axo/1iB, TO1 K 111 3aX0I1 MalOTh
JepKaBHE Ta TJo0aNbHE IUIaHETapHE 3HAYCHHA. Y OyIb-SKOMY BHIIAJIKy, OCHOBHUM
(akTOpOM € EKOHOMISl NaJIMBO-CHEPreTUYHHUX PECypciB IpH 3a0e3MEUYEeHH] TEIIOBOTO
KOMQOpTYy B NpuMiIieHHi [4].

OpnHa 3 METOJIMK BU3HAYEHHS €HEPro30epekKeHHs CUCTeMaMU ONajeHHs OymiBii 3
pI3HUM CTyIIEHEM aBTOMAaTH3aIlii TEIIOBOTO MyHKTY mpeactaBieHa VDI 3808 [11]. YV wii
JlaHa OIlIHKa €Hepro30epiraroyux 3aXOJIB 00 €KOHOMII TEIUIOCIIOKUBAHHS BHACIIIOK
pydHoro a00 aBTOMAaTHMYHOrO THUMYAacCOBOTO 3HIKEHHS (HIYHOTO, BHXIJIHOTO JIHS)
TEMIIepaTypy TPUMIMICHHS, HEJOMYIICHHS HAJJIUIIKOBUX TEIUIONPUTOKIB, MIATPUMAHHS
TEMIIEpaTypHUX yMOB Yy TmpuMinieHHi. CyMapHHHA BIUIMB PETYJIIOBAIBHO-TEXHIYHOTO
OCHAILIEHHSI CHUCTEMH OMNAJEHHA Ta TEIUIOBOTO IIYHKTY BIJOOpaXeHO Koe(dilieHTOM
CKOPOYEHHS TETUTOCTIOKUBAHHS BHACIIIOK MAITPUMAHHS HEOOX1THUX TEMIEpaTypHUX YMOB

y NPUMIILIEHHI

tfro —tz
R=—F"—, (1.1)

tfr1 — tz

ne t — 3amaHa TemriepaTypa OYIiBI, IO JOPIBHIOE HOPMOBaHIM TeMIeparypi
OCHOBHMX IpuMilieHs Bija 17 1o 23 °C; t, — cepenHsa TemiiepaTypa 30BHIIIHBOTO MOBITPSA 32
onamoBanbHUl niepion, °C; tf,; Ta tf,, — KOeQII€HT SKOCTI PEryIIOBATBHO-TEXHIYHOTO
OCHALIIEHHS] CUCTEMH BIJNOBIAHO i1 0a30BOr0 Ta 3aCTOCOBYBAHOT'O BapilaHTa MPOEKTHUX

pitiens (Tadm. 1.1).
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Tabauis 1.1 — OpienToBHI 3HaUeHHs KoedilieHTa sKocTi fr mo VDI 2067 Blatt [12]

Ta PO3/1JIOM YNPABIIHHS 10 CTOPOHAX CBITJIA (3aCTOCOBYETHCS 3AJI€KHO
BiJl pO3TallyBaHHS COHIIS), 3 TEPMOPETYIIATOpaMH ab0 3 30HAIbHUM

PETYJIIOBAHHSIM OKPEMHX MPUMIIIEHB

PeryntoBanbHO-TeXHIYHE OCHAIIEHHS Koedirmient
fr

Pyune perymtoBaHHS 3 HE3HAUHUM BTPYYaHHSIM KOPUCTYBad 1,13
Pyune perymtoBaHHS IpH 4acTOMY BTPY4YaHHI KOpUCTyBaya 1,10
Pyune perymtoBaHHS Ta TEPMOCTATHYHI KJIallaHU 1,08
PerymntoBaHHs 32 MOTOAHUMHU yMOBaMHU 0€3 3aCTOCYBaHHS 1,06
TEPMOPETYJIATOPIB
KiMHaTHU# TepMOpETyIsITOp, IO KEPYE HACOCOM, Ta TEPMOPETYIIATOPH 1,06
PeryintoBaHHs TeMIiepaTypH TEIUIOHOCIS, 1110 TOJIA€THCA 3 a/1allTaLlI€l0 1,05
KPHYBOi OTIAJICHHSI 32 TIOTOJAHUMH YMOBaMH Ta/a00 YMOBaM MPUMIIIIEHHS
PerymntoBaHHs TeMniepaTypy TEIJIOHOCIS, IO MOJAETHCS 1 1,03
TEPMOPETYJIATOPU
PerymoBanHs TeMIiepaTypu TEIUIOHOCIS, 110 TTOIA€THCA 3 a/IalTaIli€l0 1,02
KPUBOI OMAJICHHS 32 MOTOJAHUMH YMOBaMHU Ta/a00 yMOBaM MPHUMIIIEHHS Ta
TEPMOPETYJIATOPU
[lenTpanpHe Oe3nepepBHE PETYIIOBAHHS TEMIIEPATYPH Y IPUMIIIICHH] Ta 1,02
TEPMOPETYJIATOPH (OAHOCIMEHHMI OYIMHOK)
JIBa abo0 OubllIe PIBHIB PETYJIIOBAHHSA 3a 30BHIIIHIMUA YMOBaMu

e (e3 aganTallli KpUBOi ONATICHHS 1,015

e 3 ajanTalli€ro KpUBOi OIaJeHHS 1,010
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[Tpu po3paxyHKy Koe]illieHTa 3HWKEHHS TEIJIOCIIOXKUBAHHA 3a piBHAHHAM (1.1) sk
0a30Bull BapiaHT TMOPIBHSHHA MPOCKTHUX PIICHb MPUHAMAIOTh Py4YHE PEryJIOBaHHS 3
HE3HAYHUM BTPYYaHHSAM KOpPUCTyBaya [4].

JonatkoBuil eQeKT, SKAA BHOCHTH 30UIBIICHHSIM pPIBHIB aBTOMAaTHYHOIO
pEryaroBaHHs, BU3HAYAIOTh MOPIBHSHHSAM BaplaHTIB MPOCKTHUX PIIIIEHb 3 PI3HUM CTYIIEHEM
aBToMartu3anii [4].

AHaNOTIYHUH] MiJIX1]], aJaITOBAHK 10 MICIICBUX YMOB, pe/ICTaBleHn y « MeToiuke
pacyeTa yAeJIbHOI0 SHEpronoTpedIeHrs Ha OTOIIICHHUE 3[JaHUsl B T€UEHHUE OTONMUTEIBHOTO
nepuoja». CKOpoueHHs HEOOXIJHOI TEIUIOTH JOCITaloTh 3a PAXyHOK CIPUUHATTA
TEIJIOHAIXO/KEeHb (MOOYTOBHMX, BIJ] COHAYHOI pajiaiii) ceHcopaMHh aBTOMATHYHOTO
oOJjaJiHaHHS Ta aIeKBaTHOTO BIUIMBY PETYIIOIOYMMH KJIallaHaM{ Ha TEIUIOBY MOTYXHICTh
cuctemMu onaneHHs. CTymiHb CHOPUUHATTS TEIUIOHATXOKEHb OIIHIOITH KOE(IIIEHTOM
e(eKTUBHOCTI aBTOPETYIIOBAHHSA T0/1a4l TEIJIOTH B cucTeMy omnajieHHs ¢ (tadmn. 1.2). Yum
BUIIIEC CIIPUNHATTS CUCTEMOIO OMAaJICHHS 30BHIIIHIX Ta BHYTPIMIHIX TEITIOHAIXOIKEHb, TUM

OuTBIIIe 3HAYCHHS ITLOTO Koe(dillienTa, 1, 0TKe, 3HAYHIMNN eHepro3oepirarounii edekr [4].

Tabmums 1.2 — KoedirieHT eheKTHBHOCTI aBTOpETyTFOBaHHS [4]

PerynoBanbHO-TeXHIYHE OCHAIIEHHS Koedimient
OnHoTpyOHA cHcTEeMa 3 TEPMOPETYJISITOpaMH Ta 3 TodacagHIM 1,00

aBTOPETYJIIOBAHHSM Ha BBO/JII 200 MOKBAPTHUPHUM FOPU30HTATIEHUM

PO3BEACHHIM

JIBoTpyOHa crcTeMa OmajaeHHs 3 TEPMOPETYJIATOPaMH Ta 3 IICHTPATLHUM 0,95

aBTOPETYJIIOBAHHSM Ha BBE/ICHHI

OnHOTpyOHA cHUCTEMa 3 TEPMOPETYISTOPAMH Ta 3 IEHTPATEHUM 0,90
aBTOPETYJIIOBAaHHSIM Ha BBO/JII 200 0THOTpYOHA cucTema 6e3

TEPMOPETYJIATOPIB Ta 3 MO(pacagHIM aBTOPETYIIIOBAHHSM Ha BBE/ICHHI
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[TponmoBxenus Tadbmmi 1.2

OpnoTpyOHA crucTeMa 3 TEPMOPETYJISITOpaMu Ta 6€3 aBTOpETryIIOBaHHS Ha 0,85
BBEJICHHI

Cuctema 6e3 TepMOPETYJIATOPIB Ta 3 IEHTPATBLHUM aBTOPETYIIOBAHHSIM HA 0,70
BBEJICHHI

Cuctema 6e3 TepMOPETYJIATOPIB Ta 0€3 aBTOPETYJIIOBAaHHS Ha BBOJI1, aji€ 3 0,50
neHTpaibHUM peryitoBaHHsaM y LITII un koTenbH1

[IpencraBieni BUIlle METOJUKM BU3HAYEHHS €HEProe(EeKTUBHOCTI 3aCTOCYBaHHS
aBToMaTH3alii a0OHEHTCHKUX BBOJIB € HEKOMIUIEKCHUMH, OCKIUIBKH IPYHTYIOThCS Ha
PO3TJIAl CHCTEMHM OIMAJICHHS, SIKa BIJOKPEMJICHA BiJ 1HIITUX 1HKEHEPHUX CUCTEM OyIiBIIl Ta
iXHbOI eHepreTu4Hoi B3aemoxii. Kpim toro, Hanpukian, [4], HeIOCTaTHHO OOTPYHTOBAHA
TpaHcopMmallisi TOKa3HUKIB EHEProe(eKTUBHOCTI JBOTPYOHUX CHCTEM OMaJeHHS B
onHoTpyOH1. CywyacHU¥M MIAXiA, MO0 peai3yeThCs B KpaiHaX €BPOINEWCHKOI CHUIBHOTH,
3aCHOBAaHUWN HAa CHOUIBHOMY PO3TJISA/l  CHUCTEM ONAJCHHS, BEHTWIALII, Trapsyoro
BOJOTIOCTAYaHHS Ta EJIEKTPOINOCTA4aHHS 3 ypaxyBaHHSIM iX KOHCTPYKTHBHHUX
0COOJIMBOCTEM, B3a€EMO3B'SI3KY, a TaKOX MUTOMMX TEIJIOBTpAaT OyAiBiIl Ta ii KOPHUCHOI
onamoBanbHOi momi [7; 8; 9]. [lpudyoMy 1eit miaxim OIiHIOE BCIM JaHKaM JIAHITIOTa
TpaHcdopmMmalrii eHeprii: BiJ JpKepena eHeprii A0 crhokuBada. Takwil MiaxiJ BU3HAUYae
eHepro30epiralounii Ta EKOJOTYHUKA e(PeKTH NPUUHATUX TEXHIYHUX pIIIEHb Y
CHEProTeHePYy0Y0i KOMIMAaHIi Ta y CIIO’KUBAYa K Ha CTaJlii MPOCKTYBaHHS, TaK 1 TP ayIUTI
IcHyIOUuX OyiBensb [4].

Haii6inb1 cripaBkHI J1aHl 1010 €HEPro30epeKeHHs] OTPUMYIOTh MOHITOPUHI MICT,
MIKpOpaioHiB, 00'ekTiB. OCcOOIMBO SICKPAaBO BUpPAKEHUH 1ei ePeKT mij yac MoaepHi3allii
OyniBenb. Toxal 3'BISIOTHCS 0a30B1 TMOKA3HUKU, 13 SKUMU TOPIBHIOIOTH JOCSITHYTI

pe3ynbTatu [4].
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3a paxyHOK BXKHTHUX 3aXOMiB (BCTaHOBJICHHS TEPMOPETYJATOPIB HA OMATIOBATBHHIX
MpUJIaJiaX; BCTAHOBJICHHS KJIaNaHiB Ha CTOSKAX, [0 aBTOMATU3YBaJIO OaTaHCYBAaHHS CUCTEM
onajieHHd  OyjiBedb; BCTAHOBJEHHS  TEIUIOMIPIB Yy  KBapTUPHW; BCTAHOBJICHHS
TEPMOPETYJIATOPIB Ha MUPKYJIAMIHHNX TPYyOOIIPOBOJAaX CHCTEM TrapsSI0ro BOIOTOCTaYaHHS;
yTEIJICHHS 30BHINIHIX CTIH  OyjAiBedb Ta JaxiB; 3aMiHEHa CKJIOMAaKeTiB) e(deKT
€HEPro30epeKeHHS CTAHOBUB: Ha onajieHHs OyaiBeib — 58,6 %; Ha rapsiue BOAOIMOCTaYaHHS
— 52,1 %. 3a rapsde BojomocTtadyaHHs 30uTbmmiacs Ha 16%. Takum duHOM,
TepMOMOJIEpHI3alliss Oy/IiBJIl 3 KOMIUIEKCHOIO aBTOMAaTHU3AIlI€I0 HOTO 1HKEHEPHUX CUCTEM
IPUHOCHUTH BIIUYTHHN €KOHOMIYHUHN edeKT, mo noysrae y 50% 3HMKEHHI CIIOKUBaHHS
TerioBoi eneprii. O1iHeHu# nepiol MOBEPHEHHS 1HBECTHUIIIM CTaHOBUTH 3,8 poky [4].

[Ipn anmanranii €BpONEMCHKOTO JOCBINY B €HEPro30Epe’KeHHI Ta METOJUKH HOTo
OI[IHKA /IO YMOB YKpaiHU HEOOXIJIHO BpPaxOBYBaTH T, IO B TOPIBHSHHI 3 HAIIUMU
OyJIMHKaMU €BPOIICUCHKI OYiBIII BIAPI3HAIOTHCS TAKUM:

o y KUIbKa pa3iB Kpal[or0 TEIUIO3aXUIICHICTIO OTOPOKYBAIbHUX KOHCTPYKIIIH 1,
OT)K€, MCHIIIUM TEIIOHAIXOKEHHSIM BiJl COHSYHOI pajiallii;

o OCHAIIICHICTIO CHCTEMaMH TapsdoTo BOJONOCTAYaHHS 13 YTPUYl MEHIITUM
BOJIOCIIOKUBAHHSM 1, 0T)KE, MCHIIIUM TEIIJIOHAIXOPKEHHSMH BiJ] IIMX CUCTEM;

° 3acTOoCyBaHHs MOOYTOBOI TexHikM 3 Ounbin BucokuM KKJI i, oTke, MEHIIMM
TETJIOHAIXOKEHHSM BiJT Hef,

o BUKOPUCTAHHSAM KyXHI 3HA4YHO MEHIIOK MIpOI0 1, OTXE, MEHIIUM
TEIUTOHAIXOJKEHHSM [4].

VY Hammx OynmiBeNb TaKOXK 1HINA TIPOTOPIIiS MK TOOYTOBUMH TETUIOHAAXOKCHHIMHU
Ta TEIUIOBTpPAaTaMH, IHIIUH CHOCIO TEIUIONOCTayaHHS, IO XapaKTePU3YEThCS BEIHUKOIO
iHepuidiHicTio. ToMy eHeprosOepiratounii e€deKkT BiJ 3acCTOCyBaHHS aBTOMAaTH3aIlil
IH)KEHEpHHUX CUCTeM OYJIiBeNb Y HAC JISNI0 BUIIMH, HE3BaKAIOUM HA TE, 110 MU MOCTYIIOBO
HAOJIMKAEMOCH /10 €BPOIEUCHKUX MOKA3HUKIB: 1100 YTEIUIEHHs OyAiBeib, aBTOMATHU3Alll1

1H)KEHEpHUX CHUCTEM Ta OCHAIIICHHS SIKICHUM NOOYTOBUM OOnagHaHHAM [4].
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Po3paxyHkoBe TEIMJIOCIOXUBAHHS BHU3HAYEHO 3a 3aTBEPIKCHUMHU METOJMKAMU,
BMXOJIA4H 3 IMTOMUX BUTPAT TEIUIOBOI eHeprii Ha 1 M? miomi, 1o onamoerbes. DakTudane
— peecTtpyBasiocs TemioMipamu. OTpuMaHi AaHl MOKa3ylTbh, IO OKYMHICTH BUTpAT Ha
MOJICpHI3AIlI0 TEIJIOBOTO TYHKTY HE TMEPEBUINYE OJHOTO OIMATIOBAIBHOTO TMEPIOAy,
OCKUIbKH BUTpaTH cTaHOBUIU Mpubinu3Ho 12000 rpH. JomiapHICTh MOJEpHI3aIlli TEMI0BOTO
INYHKTY BITYM3HSHOI'O CIIOKMBaya IOJISITa€ HE TUIBKM B aBTOMAaTHU3allli a0OHEHTCHKOIO

BBEJICHHS, a i y PaKkTUYHOMY OOJIIKY TEIJIOCTIOKUBAHHS [4].

BuCHOBKH /10 mepuIoro po3aiiay

AHani3 cy4yaCcHUX CHCTEM TEIUIONOCTaYaHHs Ta HalpsMiB aBTOMAaTHU3allli KOMIUIEKCIB

Oy/iBeNb TTOKa3aB HACTYIIHE:

®  HaifyacTilie B CUCTEMaX TEIUIONOCTaYaHHsI 3aCTOCOBY€ETHCS IIEHTPAJIbHE SIKICHE
pEeryJilOBaHHsS TEMIIepaTypu TEIUJIOHOCIS, IO TMOJIa€ThCsl, JOMOBHIOBAaHE KUIbKICHUM
pPETYJIIOBAaHHSIM BUTpPaTH B TEIUIOBUX IYHKTaxX OyfiBedab; MpH I[LOMY aBTOMATHYHE
YIOPABJIIHHS 3aCHOBaHE Ha TPbOX MPUHIUIAX — YIPaBIIHHS 32 30ypeHHSIM (3aJIEKHO Bij
KIIMAaTUYHUX YMOB), BIAXWJIEHHSM (3aJIe’KHO B 3MIH TEeMIeEpaTypu BCEepeauHI
IPUMIIICHHS ), Ta KOMOIHOBaHe (3a 30ypeHHSIM Ta BIJXHJICHHSM);

o ICHYIOUl CHCTEMH ONaJieHHS BHKOHAHI TIEPEBAXXHO 13 3aCTOCYBaHHSIM
BOJIOCTPYMHUHHHX €JIEBaTOPiB, B OCHOBHOMY 4e€pe3 iXHIO MPOCTOTY Ta HU3bKY BapTICTh,
POTE MPH IIbOMY MOKJIMBOCTI PETYIIOBAHHS TEMIIEPATypH 0OMEXKEH]1; BUPIIIICHHS 3aB/IaHb
eHepro30epekeHHsT Ta 3a0e3MeYeHHs] palllOHATBLHOTO BUKOPHUCTAHHS EHEpropecypciB
MOJKJIMBE HUIAXOM OOJaJHaHHS TEIJIOBHX BY3I]IB Oy/IiBElIb CUCTEMaMH aBTOMATHYHOTO
perymroBaHHS Ta  OOJIKYy TeMJIOBOi  €Heprii i3  3aCTOCYBaHHAM  CY4YacCHOTO

eHeproePeKTUBHOTO 00IaTHAHHS.
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PO3/L1 2. MIOCTAHOBKA 3AJIAUYI TA METO/JIU if BUPIIIEHHS

2.1 llocTanoBka 3axaui

HeoOxigHo y0Oe3neunTy BOAY B CHUCTEMI OMNAJICHHS HaBYaJIbHUX KOPIYCIB Bij

3aMep3aHHs B MEPioJT iX eKOHOMHOI eKCIuTyaTallii (X0J0IHUI MePioT POKY).

2.2 MeToau BUpilIeHHs 3aaa4i

J11st BUpIIIEHHS MATAHHS MTPO yOE3MeUeHHs 3aMep3aHHs BOJIU B CHCTEMI OTIAJICHHS B
nepio eKOHOMHOI eKCIUTyaTarlii HaB4aabHUX KOPITYCIB (XOJIOAHUMN TIEPio]1 pOKY) HEOOX1THO
BUKOHATH PEKOHCTPYKIIiFO ICHYIOUMX TEIUIOBUX BY3JIiB BBOJY B HaBYAIBHUX KOPITyCax.

Meta peKOHCTpPYKIIl 3a0e3MeUnTu MOCTIHHY HMUPKYISIIIO TEIJIOHOCIS B KOXKHIN
CUCTEMI OTaJIEHHS HAaBYAJIBLHOTO KOPITYCY 10 3aMKHYTOMY KOHTYPY BiJl BJIACHOT'O HACOCY 3
PO3AUICHHSIM KOHTYPY TEIUIOBHX MEPEX 1 CHCTeM OITaJieHHS 3 YacTKOBUM HarpiBaHHSIM
BOJIM B TaKiil 3aMKHYTI/ CUCTEMI 3a JIOTIOMOT'0I0 aBTOHOMHOTO €JIEKTPUYHOTO KOTJa, abo
32 YMOBH 9aCTKOBOTO OTPUMaHHS HE3HAYHOI KiJTbKOCTI TETIOTH 3 TEIUIOBUX Mepexk. Takoi
KUTBKOCTI TETIOTH 1 MOCTIMHOT MUPKYJIALIT MOBUHHO OYTH AOCTAaTHIM 751 yOe3neueHHs Bij
3aMep3aHHS BOJU B CUCTEMI.

B dkocTi aBTOHOMHOrO JpKepena Teruia OyJio BUPIIMIEHO BHUKOPUCTOBYBATH
EIEKTPUYHUNA KOTET.

Jlo mepeBar eJIeKTPUYHUX KOTIIIB BiTHOCSTh:

o ereproedexkTuBHICTh Ta BUCOkHi KK/ (B TemmoBy eHeprito mepeTBOprOEThCS
110 95-99% BUKOPUCTAHOT EIEKTPOCHEPT);

o HEBHUCOKI BUTPATU HA KYIIIBIIIO Ta MOHTAX KOTJIA;

o 50 % exoHOMISs Ha EJEeKTPOCHEPrii MmiJl Yac BUKOPHUCTAHHS JIBO30OHHOTO

JIYUIbHUKA;



35

o O€3UIyMHICTb Ta €KOJOTIYHICTh (BIACYTHI OyAb-sIKI MPOIYKTH TOPIHHA,
BUXJIOIH, CaXka, IITyM);

° JIETKICTh MOHTQXy Ta TOJAJBIIOI eKCIUTyaramii (3a paxyHOK CHpPOIICHOT
KOHCTPYKIIii arperary);

o KOMITaKTHICTh, MOKJIMBICTh BCTAHOBJIEHHS Y MaJIOradapUTHUX NPUMIIICHHSIX;

o MiJBUIICHA O€3MeKa ENEeKTPUYHMX KOTIIB (BIACYTHS PHU3UK BUTOKY Tasy,
KOHTAaKTy 3 BIAKPUTHM BOTHEM TOIIIO);

o BHUCOKHI pIBEHb aBTOMATH3AIlli;

o aBTOMATUYHE BUMKHEHHS TICJISI BIKJIIOYCHHS CJICKTPUKH, IO MPAKTHIHO
MOBHICTIO BUKJIIOYAE MOXKJIMBICTh aBapIMHUX CUTYAIIii;

o MOXJIMBICTh POOOTH Yy pa3l BIAKIIOYCHHS EJICKTpOoeHeprii (Bix Kepen
0e31epeO1ifHOTO YKUBJICHHS).

Kpim oueBuaHUX mepeBar, eJICKTPOKOTIIM MaIOTh JIesiKi Heoaiku. OCHOBHHM 3 HUX —
JIOCHThH BEJIMKA BUTpaTa eICKTPOCHEPTIi.

Cepen 1HIIUX MIHYCIB €IEKTPUYHOTO OMATIOBAIBLHOTO 00JIaIHAHHS:

®  [IOBHA 3QJIGKHICTH Bij MKepen eHeprii (sxmo Hemae J[bXK);

e IS MIPUJIAJiB BEIUKOI MOTY>KHOCTI OTpiOHA TprudazHa Mepexa;

e  3HAYHI HABAHTAXKEHHS HA MEPEXy, IO Tmependadae HEOOXITHICTH XOPOIIOi
TIPOBOIKH.

Brim, axmio nepeadauutu Bl (hakTOpU pU3UKY, BpaXyBaTH CTaH MPOBOJKH Y OYIiBIIi
Ta MPABUIIBHO BHOPATH OIMAJIIOBAIBHE 00JIaIHAHHS, IIUX TIPOOJIEM JIETKO YHUKHYTH.

Ha BigMiHy BiJi TTOBHOTO 3JIMBaHHS BOJM 13 CHCTEMH OMAJICHHS TaKa PEKOHCTPYKITis
3a0e3nedye MOCTIHHY MMoAady MIHIMaJbHO HEOOXITHOT KUIBKOCTI TEIJIOTH B CHUCTEMY
omnajieHHs 1 3anm00irae BUXOJy CUCTEMHU OMaJECHHS 13 JaJy BHACIIOK ii KOpo3ii.

[TpuHIIMTIOBAa CXEeMa PEKOHCTPYKINi TETUIOBOTO BY3JIa BBOAY 3 BHUKOPUCTAHHSIM

CIICKTPUYIHOI'O KOTJIa IIPCACTABJICHA HaA PHUC. 2.1.
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Pucynok 2.1 — [IpuHIunoBa cxema peKOHCTPYKIIi TEIJIOBUX By3Jia BBOAY HaBUAJIbHUX
kopryciB A Ta @ 3 BUKOPUCTaHHSIM €JIEKTPUYHOIo KoTia: 1 — icHyroua TerioBa Mmepexa; 2
— BIIraTy>KeHHS BiJl TEIJIOBUX MEPEXK 10 HABYAJILHOIO Kopiycy (Ha OaiaHci
YHIBEPCUTETY); 3 — ICHYIOUUH BY30J OOJIKY TEIUIOTH; 4 — 10JJaTKOBAa TMEpPEeMHUYKa 13
3BOPOTHIM KJIAIIaHOM 1 3allIpHUM OpraHoM (00’ €KT pEKOHCTPYKIIii); 5 — eJeKTPUUHHIMA
KoTen (00’ €KT peKOHCTPYKITii); 6 — 3amipHa apmaTypa (00’ €KT peKOHCTPYKIIii); 7, 9 —
3amipHa apMaTypa o0B’sI3KH €JIEKTPUYHOTO KOTJIa (00’ €KT PEKOHCTPYKIIii); 8 —
HUPKYJISLIIHI HacocH (00’ eKT pekoHcTpykii); 10 — 3anmipHa apmarypa; 11 —

pO3MUPIOBATLHUN 0aK (00’ KT PEKOHCTPYKIIIT)

Hwxye naBemeHo Ttabmwuiro 2.1, 3a sSKO0 MOKHA TPOCTIAKYBAaTH 3aJI€KHO Bij
TEMIIepaTypyd 30BHINIHBOTO TMOBITPs, SIKa TMOTY)XHICTh HarpiBada moTpiOHa, 1100

3a0€3IMeUnTH Ty YH 1HIIY, BKa3aHy y TaOIHIll TeMIIepaTypy B IPUMIIICHHIX. BuaiieHi cipum
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KBaJIpaTh — NOTYXHICTh 01u3bk0 100 kBT. Sxmo yuncio B Macusi Tabmui Oineine 100 kBT,
TO II€ O3HAua€, 10 3a0e3MeUUTH HEOOXIHYy TeMIeparypy MOBITPS y MOMEIIKaHHI Oyje

HEMOXKIIUBO.

Ta6muis 2.1 — Burpatu termmotu y kBT, KoTpi He0OXi1HI JIJ11 CTBOPEHHSI TIEBHUX

napameTpiB MIKpOKIIMaTy

Cepenns TeroBuii MOTIK HAa ONAJICHHS TIPH  PI3HUX TeMIEparypax
no0oBa BHYTPIITHHOTO MOBITPS Y MPUMILIEHHSX , KBT

TEMIIEpaTypa +20°C | +17°C | +14C | +11°C [ +48°C +10 °C +1°C
30BHIITHHOTO

moBiTps,° C

-20 484 447 411 375 340 300 254
-15 423 390 351 315 280 240 194
-10 363 330 290 254 220 181 133
-5 302 270 230 193 158 120 78

0 242 206 169 133 97 60 12

+5 181 145 109 73 36 0 0

Jlnst koprryciB A Ta @ enekTpudHOro KoTia notyxHicTio 100 kBT Oyae moctaTtHho
JUTSL TOTO TI00 YHEMOXKITUBUTH 3aMep3aHHs BOAM Yy CUCTeMi. Alle 3a JOMOMOTOI0 TaKOTO
KOTJIa MOKJIMBO OyJe MIATPUMYBATH TeMIepaTypy y NpHUMIilIeHHsIX He Buile +2 °C npu
TemriepaTypi 330BHI —5 °C, Temneparypy y npumimieHHsx +8 °C mpu Temmneparypi 330BHi
He Hrkue 0 °C.

JIist moCSITHEHHSI OUTBIIMX TEMIepaTyp B MPHUMINICHHSIX HEOOXITHO I1HCTaTIOBATH
CJIEKTPUYHUN KOTeN moTyXHicTio He MmeHme 200 kBt. Toai npu Temneparypi —15 °C B
npuminieHHi matumeMo +1 °C, npu remneparypi 330BH1 —8 °C — B mpuminiensi +8 ... 10 °C,
a pu Temmepatypi —5 °C - temrneparypy y npumimensni +11 ...+ 13 °C (quB. Tabnwuiro
2.1).

Jnst xopmycy A ta @ OUTbIl MPUHHATHUM BapiaHTOM € BIIPOBAKCHHSI CXEMH
npejcTaBieHoi Ha puc. 2.2. Bona nepenbadae oTpuMaHHsS HEOOXITHOI KUIBKOCTI TETUIOTH

JUISL TIATPUMAaHHS NPUUHATHOI TEeMIEepaTypd Yy NpPHUMIIIEHHI 13 TermaoBux Mepex. Lle
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OB’ 513aHO 3 TUM, LIO IMIIKJIFOYEHHS CIIOKHMBaya €JIeKTPUYHOI eHeprii noryxHicTio 200 kBt

€ MPOOJIEMATUYHUM JUTSI ICHYIOUHX €JICKTPUIHUX MEPEK.
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Pucynoxk 2.2 — [IpuHIMnoBa cxema peKOHCTPYKIIiT TEIJIOBOTO By3Jia BBOAY HaBUAIBHUX
KopiyciB A Ta @ 3 BUKOPUCTaHHSAM TEIUIOTH 13 TETIOBOI Mepexi: 1 — icHyro4a TerioBa
Mepexa; 2 — BIATaIyKEHHS B/l TEIJIOBUX MEPEXK A0 HaBUAJIBLHOTO KOpIycy (Ha OanaHcl
YHIBEPCUTETY); 3 — ICHYIOUUH BY30J1 OOJIKY TEIUIOTH; 4 — 10JJaTKOBAa TNEpPEeMHUYKa 13
3BOPOTHIM KJIanmaHOM (00’ €KT peKOHCTPYKIIIi); 5 — aBTOMAaTUYHUMN PETYNIATOP BUTPAT
(00’ €eKT peKOHCTPYKIIii); 6 — KOHTpoJIep perynaropa (00’ €KT peKOHCTPYKIIii); 7 — 3amipHa
apmatypa (00’ €KT PEKOHCTPYKIIii); 8 — IUPKYIALIHHUN Hacoc (00’ €KT PEKOHCTPYKIIT); 9 —

ICHyIOUa CHCTEMa ONaJICHHS

Takox MOXIJIMBE CyMIIIEHHS IBOX CXEM, L0 MPEeACTaBlieHl Ha pucyHkax 2.1 ta 2.2.

Y TakoMy BHINAQAKy J0 TEMIepaTypd 30BHIIIHBOTO TOBITpS —4..—5°C Oyne
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BUKOPUCTOBYBATUCH €JIEKTPUYHUN KOTEN, & MPU NOAAIBLUIOMY 3MEHILEHHI TEMIIEpaTypu —

OTPUMAaHHS TETIOTH 3 TETUIOBO1 Mepexi (puc. 2.3).

Kopnyc

o

|
| |
: ;
1 |
E‘ l
2 | Qws “ {
q f\_| | ‘* I :L-l—|“"_1 \‘M }
|

|

|

|

|

|

|
|
S :
|
\ ' ‘
|

|

Pucynok 2.3 — [IpuHiunoBa cxema peKOHCTPYKIIli TEIJIOBOTO By3Jia BBOJAY HaBUAJIBHUX

S
|
. L
:

rz

kopryciB A Ta @ 3 KOMOIHOBaHMM BUKOPUCTAHHSM TEIUIOTH 13 TEILIOBOT MEPEXKI 1 Bij
€JIEKTPUYHOTO KOoTia: 1 — icHyro4a TerioBa Mepexa; 2 — BIATay>KeHHsI BiJ] TEIUIOBUX
MEPEX 10 HAaBYAJILHOT'O KOPIYyCY; 3 — ICHYIOUUH BY30J OOJIIKY TETIOTH; 4 — 10JJaTKOBa
nepeMuyKa 13 3BOPOTHIM KJIaraHoM (00’ €KT PEKOHCTPYKIIIT); S — eIeKTpUYHUN KOTEN
(00’€exT pexoHCTpYKIIii); 6, 7 — 3amipHa apmarypa (00’ €KT peKOHCTPYKITii); 8 —
UPKYJIAIIIHI HacocH (00’ €KT PEKOHCTPYKIIii); 9 — icHyro4a cuctema omnaneHus; 10 —
PEryJsTOp BUTPAT TEIIOTH (00’ €KT peKOHCTPYKIIi); 11 — KOHTpoJep peryastopa BUTpaT
terioty; 12, 13 — 3amipHa apmarypa; 14 — po3mmuproBanbHuil 6ak (00’ €KT PEKOHCTPYKIIIT);

15 — Gaiimac 3 eJeKTpPOMarHiTHUM 3aIlipHUM KJIallaHOM
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BucHoBKH 10 ApYroro po3miiay

Byno po3pobieHo Tpu MPUHIMIOBI CXeMU PEKOHCTPYKIIi TETJIOBOTO By3ja BBOAY
HaBYAJIbHUX KopmyciB A Ta @ 3 BUKOPUCTAHHSAM TEIUIOTH TUIbKU 3 TEIJIOBOI MEpEexi, 3
OTPUMAaHHSIM TEIUIOTH BiJl €IEKTPUYHOTr0 KOTJIa Ta KOMOIHOBaHUI BapiaHT SIKU epeadadae
710 TeMIepaTypH 30BHIIIHBOTO MOBITPSt —4 ... — 5 °C BUKOPUCTAHHS €JIEKTPUYHOTO KOTJa, a
IPU MOJANBIIOMY 3MEHIIEHH] TEMIIEpaTypy — OTPUMAaHHS TEIUIOTH 3 TEIMJIOBOI MEPEXKI.

Cxema BapiaHTy ONaJIEHHA 3a JOIIOMOTI'OO TIJIbKH aBTOHOMHOT'O €JIEKTPUYHOT0 KOTJIa
(2.1) € HENMPUUHIATHOK OCKUJIBKU B HIi BUKOPHCTOBYETHCS KOTed moTyxHicTio 200 kBT,
OCKUJTBKH MIAKIIOYEHHS TAKOTO MOTYXHOTO CIIOKHBaya € IPOOJIEMaTUYHUM ISl ICHYFOUMX
EJIEKTPUYHUX MEPEK.

B sixocTi cxeMu peKOHCTpyKIlii Oysno oOpaHo kKoMOiHOBaHUM BapiaHT (puc. 2.3) 3
BUKOPUCTAaHHSAM TEIUIOTH 3 TEIJIOBOI MEpeXi, a B pa3l SAKIIO LI€i KUIBKOCTI TEIJIOTH Oyie
HEJIO0CTaTHHO J10AaTKOBA KIJIbKICTh TEIUIOTH OyJie OTpUMYBATHCS 3 TEIUIOBUX Mepex. Jlanuit
BapiaHT PEKOHCTPYKIIii OyB 00paHuil yepe3 BUCOKI EKOHOMIYH1 TOKA3HUKHU.

Cucrtema ympaBiIiHHS CHCTEMOIO OMAaJIeHHS CKJIAJa€ThCs 3 KOHTPOJEpa KUl Kepye

PEryIsTOPOM TEIUIOTH HA OCHOB1 CUTHAJIIB OTPUMAHUX BiJl JATYHKIB TEMIIEPATYPH.
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PO3/1LJ1 3. BUBIP KEPYIOUUX IPUCTPOIB TA BUKOHYIOUHX
MEXAHI3MIB. PO3POBJEHHS EJIJEKTPUYHOI IPUHIIUIIOBOI CXEMHA
ABTOMATU3ALIl CHCTEMU ONAJIEHHS

3.1 Bulip koHTpoJIepa

Tepmoperyasitop einekrponnunii Danfoss ECL Comfort 210

ECL Comfort 210 — eleKTpOHHMIA JIBOKOHTYPHHH KOHTpOJIEP 3 IOTOIHOIO
KOMIICHCAIII€I0 TEeMIIepaTypu TEIUIOHOCIA, 3 JUCIUICEM Ta TOBOPOTHOI KHOIKOIO
yOpaBIiHAS. BHKOPHUCTOBYETHCS B CHCTEMaxX IICHTPAJi30BaHOTO TEIUIOMOCTAYaHHSI,
OTAJICHHA Ta OXOJIO/DKCHHS. 3HWKEHHS EHEProcrokuBaHHS mpu 3actocyBanHi ECL
Comfort wmosiauBe 3aBASKH (QYHKINSM ITOTOJAHOI KOMIIEHCAIli 3 peryJiOBaHHIM
TeMIepaTypu 3a TIpadikoM, a TakoX OOMEKEHHsS TeMIIepaTypd TEIUIOHOCIA, IO
MOBEPTAETHCSI, MOTO0 BUTPATH Ta TEIUIOBOI MOTYXKHOCTI cucteMu. Kpim Toro, manuid
CIIEKTPOHHUU peryisaTop mae QyHKIT peecTpariii ganux i curHamizamii [13]. 3aranbHuit

BUTJISI]T TEPMOPETYJIISITOpA MOKa3aHo Ha puc. 3.1.

Pucynoxk 3.1 — 3aransHuii BUTIISIA eekTpoHHoro Tepmoperyssitopa Danfoss ECL Comfort

210 [13]
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3aranpHa cXeMa eJIeKTPUYHUX MiaKIrodeHs TepmoperysaropiB Danfoss ECL Comfort

210/310 mpencrabieHa Ha puc. 3.2.

ECL 310 230V a.c.

i
; R6 [~ Jo 18
ECL 210 RS 18 17 N L .
19 186 ~ =] S E
ral I |ral 19 15 Lk o S © iz
J© 14 o P 2k
RI—1— [R3}—l 7@ 13w S o
RZp—tr—— |R2—t1 — & 12 : ® ®
Rib—tg— |Ril—1— ® 11 | =
L | L e S
' L— 0 o & ' 8
i® M
s Tr1 f 1w 7 \]
Tr2 i Trzl 1® 8 | | |
Je s
3 R T3 19 4 |
Tra LN Ted 4 8 3
L§ L= .
Tes s 2 TL-A v .
o6 L 19 1 (M) |M| > > S
le M1 | Sl F'2| N N Z30Va.

N

Pucynok 3.2 — 3aranpHa cxeMa eJIEKTPUIHHX IIKII0UeHb TepMoperyiisitopiB Danfoss

ECL Comfort 210/310 [14]

KonTponep xommiektyerbest kimtouamMmu ECL B 3ameHOCT1 BiJi CUCTEMHU TEIio abo
xoJjojonoctadanus. [linTpumye 10 TppoX cUCTeM. 3a JAOMOMOTOI0 CIIEHiaJbHOTO KIFoYa
ECL B perynsarop ECL Comfort 210 moBuHHa OyTH 3aBaHTa)K€HA BIIIOBIHA TpOTpamMa JIjis
pobotu y BuOpanomy noaatrky. Perymstopu ECL Comfort mpusHadeHi s miATPUMKU
KOM(OPTHOI TeMmepaTypd B CHCTEMax TEIUIONOCTaYaHHs MpU ONTUMAJIbHOMY pIBHI
CIIOKMBAHHSI €HEpPTii, a TaKoX JIETKICTh eKCIuTyaTallii Ta BUOIp HEoOXigHOi mporpamu
po6oru, nuisixoMm BcranorieHHs: ECL Kiroua (Plug-and-Play) [13].

Oco0muBOCTI eneKTpoHHOTO perymsTopa Temneparypu Danfoss ECL Comfort 210:

o perynmarop ECL Comfort 210 mae Bci HeoOXigHi (YHKIIT Cy4acHOTO
CIIEKTPOHHOTO  PETyJsITOpa TEeMIepaTypd Ui CHCTEM OMNajJeHHS Ta Tapsdoro
BOJIOTIOCTAYaHHS;

o PETYIATOP MOXE BHUKOPHCTOBYBATHCS K BeAydrid a00 BEACHHI B CHCTEMax

perynstopiB ECL Comfort 210/310 3 koHpirypaliiero «kepyroduil/KepoBaHUN»;
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o kpiM cranaaptHux ¢yHkuii, ECL Comfort 210 mae MoxJuBICTh peecTpanii
JAHUX Ta aBapiMHOI CHUTHAJII3allii;

o PEryJSITOp Tpalloe B PEXHUMI PEaJbHOrO0 Yacy 3aBAsKd BOyJIOBaHUM
TOJAMHHUKAM, 3IIHCHIOE aBTOMATUYHUH TIepexij Ha JIITHIH/3uMOBHI yac;

o Uit cTablibHOI  poOOTM  Ta  30UIBIIEHHS  TEPMIHY  €KCIUTyaTtalii
CJICKTPOIIPUBO/IIB PETYJIOIOUNX KJIamaHiB, y OUIBIIOCTI TporpaM poOOTH peryisTopa
nepea0avYeHo creriaaibHui 3aXUCT;

o y JITHIA mepioj abo MiJl Yac BIAKIIOUEHHS OMAJICHHS PEryJsTOp BUKOHYE
«TPEHYBaHHS» LUPKYJSILIMHUX HACOCIB Ta PEryJIIOI0YUX KIAMaHIB IUIIXOM IMPUMYCOBOTO
KOPOTKOYACHOTO X BKJIFOUEHHS/BIIKJIFOYEHHS Ta BIAKPUTTS/3aKPUTTS BiIMOBIAHO;

o YIPABIIHHS 32 TAMYACOBUMU IpadikaMu IPyHTY€ETbCS Ha THXKHEBIM Iporpami.
[Iporpama CBATKOBUX JHIB Ja€ MOXKJIMBICTH 0OMpaTH JTHI 3 KOMMDOPTHUM ab0 3HMIKEHUM
PEKMMOM HaBaHTAKEHHS;

o perynsitopu ECL  Comfort 210 wmoxyTs mnpuiimMatéd iHdoOpMalio Bijg
MIIKITIOYCHUX J0 HHUX TEIUIOMIYMIBHUKIB a00 BHUTPATOMIPIB 3 IMIYJbCHHM BHXOIOM 1
BUKOPHUCTOBYBATH 11 111 0OMEXEHHS CIIO’KMBAHOI TEIJIOBO1 eHeprii abo BUTpaTH;

o y 6araThboX mporpamax poOOTH € MOXKJIUBICTh MIAKITIOYEHHS JaTYUKIB TUCKY 3
BxigHuM curHanom 0-10 B. HanamtyBanus gianmazoHy BUMipIOBAHOTO TUCKY BUKOHYETHCS
B PETYJIATOPI;

o y JAESKHUX 3aCTOCYBaHHAX ICHYE MOXIIMBICTH KOH(MIrypyBaHHs IU(POBUX
BXO/IIB, SIKI MOXYTh OyTH BUKOPHCTaHl, HalpHKIald, sl MPUMYCOBOTO JMCTAHIIHHOTO
NEepPEeMUKaHHS PEXKUMIB POOOTH PETyIATOPA;

o HaJTAITYBAaHHS MTapaMeTPiB KePYBaHHS, 30HU MPOTOPIIIHHOCTI (Xp) NOCTIHHOT
inrerparii (T, ), 9ac poOOTH €IEKTPOIIPUBOLY Ta HeHTpanbHOI 30HU (N,) BUKOHYETHCS IS
KOXKHOTO PEryJIbOBAHOTO KOHTYpY okpemo [13].

Cxema eJIeKTpUYHOrO MiJKII0YEHHS JAaTYUKIB TeMIIepaTypy (BXIJHI CUTHAIM) IS

tepmoperyisatopiB Danfoss ECL Comfort 210/310 npencrasnena Ha puc. 3.3.
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Pucynox 3.3 — Cxema eneKTpUYHOTO MiAKITIOUEHHS JaTYUKIB TeMIiepaTypu (BXigH1

curHann) s Tepmoperystopis Danfoss ECL Comfort 210/310 [14]

Texniuni xapakrepuctuku Tepmoperyistopa Danfoss ECL Comfort 210 naBeneHo

B Tabmu 3.1.

Tabmuusg 3.1 — Texuiuni xapakrepuctuku Tepmoperyistopa Danfoss ECL Comfort 210

[14]

Temneparypa 30BHIITHEOTO
cepeIoBHIIA

0-55°C

Temneparypa 30epiranss Ta
TPaHCTIOPTYBaHHS

ot -40 no +70 °C

MouTtax

Beprukanbho, Ha ctini a6o Ha DIN peiinii (35 mm)

ITix’ equanus

Knemu y 6a3osiit vactuni ECL
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KinpkicTs BX0/11B

Bceroro 8:
6 natuukiB Temnepatypu Pt1000;
2 natuuku Pt1000, abo rmudposi abo aHanorosi BXo 1

Tun naruuka temrepaTtypu

Pt 1000 (1000 Om mipu 0 °C), IEC 751B
Hiama3on: ot -60 g0 +150 °C

[udpoBuii BXig 012 B

AHaAJIOTOBUI BXI1]I 0-10 B, po3ainenns 9 6it

IMITyIbCHUM BXi1 Makc. 200 I'g

Bara, xr 0,46/0,42

Jucnnen I'padiunnii, MOHOXpOMHUH 3 NIACBIYEHHAM, 128x96
To4oK Pexxum poOoTu nucries: yopHuid (GoH, O1mui
TEKCT

HanamrryBanss 3a nornomororo 0araTo()yHKI10HAIBHOT KHOIIKH Y

BI/IFJ'IH,ZIi ITOBOPOTHOI'O AUCKY

MiH. niepio1 pe3epByBaHHs
JaTH Ta
Jacy

72 TOMVHU

Pe3epBHe komitoBaHHS
HaJaIlTyBaHb
Ta 30epiraHHs JaHuX

Ddnemr-mam'ate

Knac 3axucty xopmycy

IP 41

€C - MapKyBaHHS 3T1IHO
CTaHJapTiB

Hupextua EMC 2004/108/EC

EN 61000-6-1:2007; EN 61000-6-3:2007
Hupextusa LVD2006/95/EC

EN 60730

Tepmoperyasitop esekrponnuii Danfoss ECL Comfort 310

ECL Comfort 310 — enekTpOHHHI KOHTPOJEp 3 TIOTOJHOK KOMIICHCAIIIEI0

TEeMIlepaTypu TEIUIOHOCIS,

10 BHKOPHUCTOBYETLCA B CHCTCMax ]_IeHTpaJ'Ii30BaHOFO

TEIUIONOCTAaYaHHs, ONAJCHHS Ta OXOJIOMKEeHHsS. KOHTposep OKpeMO KOMIUIEKTYEThCS

kiouamu ECL B 3ajie:KHOCTI BIJI CUCTEMU TEIIo abo Xoionaornocrayanus. [liatpumye no
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gotuphoX cucteM. KouTponep mae Buxoam Ethernet tTa Modbus nmns komyHikarii Ta
nucnerdepu3anii [14]. Enmexrpuuni cxemu MIKIOYCHHS 300pakenHi Ha 3.2 Ta 3.3.

3aranbHU BUTIISL KOHTpPOJIEpa OKa3aHo Ha puc. 3.4.

ECL Comfort 310

< = [3

Pucynox 3.4 — 3aranpHuil BUTIIA e1eKTpOHHOTO TepMmoperyistopa Danfoss ECL Comfort

310 [15]

OcobnuBocTi enexkTpoHHoro peryisaTopa temmneparypu Danfoss ECL Comfort 310:

o perynsitop ECL Comfort 310 mae Bci HeoOxigHi (yHKIII Cy4acHOTO
CIIEKTPOHHOTO  PETyJSITOpa TeMIepaTypud Ui CHCTEM OMaJeHHS Ta Trapsyoro
BOJIONIOCTAYaHHS;

o PETYJSTOP MOYKE€ BUKOPUCTOBYBATHUCS K BeAy4yuil abo BelEeHUH B CHCTEMax
perynsitopiB ECL Comfort 210/310 3 koH(irypaiii€ro «kepyrounil/KepoBaHUiD;

o kpim ctadgaptHux pyskiit, ECL Comfort 310 Mae MOXJIMBICTh peecTpairii

JAHUX Ta aBapiMHOI CUTHAITI3allii;
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o pPEeryJiSITOp TpaIloe B PEXKUMI PEalbHOTO Yacy 3aBIsSKd BOYJAOBaHUM
TOJMHHUKAM, 31HCHIO€ aBTOMATHYHUI TIEpeXia Ha JIITHINH/3UMOBHIM 4yac;

o Uit cTtabinpbHOI  poOOTM  Ta  30UIBIICHHS  TEPMIHY  eKCIUTyaTarii
CJICKTPOIIPUBO/AIB PETYIIOI0UMX KJIamaHiB, y OUIBLIOCTI HporpamM poOOTH peryisiTopa
nepea0avYeHo creriaIbHui 3aXHUCT;

o y JITHIA mepioy ado MmiJ 4Yac BIAKIIOUCHHS OMAJIICHHS PETYISATOpP BUKOHYE
«TPEHYBaHHS» HUPKYISIIIHHUX HACOCIB Ta PEryIIOI0YNX KIAMaHiB IIITXOM IPUMYCOBOTO
KOPOTKOYACHOTO 1X BKJIIOUEHHS/BIAKIIOYEHHS Ta BIAKPUTTS/3aKPUTTS B1IIIOBIIHO;

o YOPABIIHHS 32 TAMYACOBUMU T'padikaMu IPyHTY€ETbCS Ha THXKHEBIH Tporpami.
[Tporpama cBSATKOBUX JIHIB J1a€ MOKJIMBICTb BUOUPATH JIHI 3 KOM(POPTHUM ab0 3HUKEHUM
PEKMMOM HABAHTAKEHHS;

° MOXKJIMBICTD MIAKIIOUYCHHS TEIUIONIYMIBHHKIB Yepe3 BOyaoBanuii M-Bus;

o perynsitopu ECL  Comfort 310 wmoxyTs mnpuiimMaté iHdOpMaIliio Bij
HIJKITIOYEHUX /10 HUX TEIUIONIYMIIBHUKIB 200 BUTPATOMIPIB 3 IMITYJIBCHUM BHUXOJOM 1
BUKOPHCTOBYBATH 11 JJIT 0OOMEXECHHS CTIO’KMBAHOI TEIJIOBOI eHeprii abo BUTpaTH;

o y 6aratbox mporpamax poOOTH € MOXKIIMBICTh MIAKITIOYEHHS TaTYUKIB TUCKY 3
BxigauM curHanom 0-10 B. HanamryBaHHS fiana3oHy BEMIpIOBAHOTO TUCKY BHKOHYETHCS
B perymstopi. Jlo ECL 310 mosxna migkmountu 10 6 gataukiB temmnepatypu Pt1000;

o y JCSKHUX 3aCTOCYBaHHAX ICHYE MOXIMBICTh KOH(DIrypyBaHHsS IU(GPOBUX
BXOJIIB, IKI MOXYTh OyTH BHUKOpPHUCTaHI, HAMpPUKIAJ, JJIs MPUMYCOBOTO JIHUCTAHLIMHOTO
NEpPEMUKaHHS PEKUMIB pOOOTH PEryisiTopa;

o HAJIAIITYBaHHS IMapaMeTPiB KepyBaHHS, 30HU MTPOMOPIIIIHOCTI (Xp) MOCTIHOT
inrerparii (7,,), 4ac poOOTH €JIEKTPONPUBOLY Ta HEHTPaIbHOT 30HU (N,) BUKOHYETBCS IS
KOXXHOTO PEryJIbOBAHOT'O KOHTYPY OKPEMO;

o y JEeSKUX 3aCTOCYBaHHSIX MependadeHO KepyBaHHS CHCTEMOIO IiKUBICHHS

Ta/a00 31BOEHMMH Hacocamu [15].
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Kontponep mae igeHTHYHI XapakTepUCTHKH 3 Tepmoperyistopom Danfoss ECL

Comfort 210, sxi HaBeAeHO B TabwmiI 3.1.

Konrtpouep Siemens LOGO! 8.3 Pure 230RCEO

LOGO! BOCbMOro MOKOMIHHS € KOMHAKTHUMHU (PYHKITIOHAJBHO 3aKIHYCHUMU
yHIBEpCATbHUMHU BUPOOaMH, MPU3HAYEHUMHU ISl TOOYJAOBH HAWMPOCTIIINX MEXaHI3MiB
ABTOMATHKU 3 JIOTIYHOIO 00poOKoro iH(opMmarlii. AIroput™ (QyHKIIOHYBaHHS MOYJIIB
BU3HAYAETHCS MPOTPaMoOI0, CKJIaieHO0 3 Habopy BOymoBanux ¢yHKiii. [IporpamyBanus
moayiiB LOGO!Basic Moxe BUKOHyBaTuca sK 13 BOyIOBaHOI KjaBiaTypH, Tak 1 3a
JIOTIOMOTOI0 TTPOTrpaMHOI0 3a0e3nedeHHs. BapTicHI MOKa3HUKU MOYJIIB HACTUIBKUA HU3bKI,
10 1X 3aCTOCYBAaHHS MOKE€ BUSBHUTHCS €KOHOMIYHO JOUUIFHUM HABITh Y pa3l 3aMiHU CXEM,
10 BKJIFOYAIOTh JI0 CBOTO CKJaAy 2 OaraToyHKIIOHAIBHUX pelie yacy abo 2 Taitmepu ta 3-

4 mpomixHi perne [16]. 3aranpHUI BUTIISAI KOHTpOJIEpa MoKa3aHo Ha puc. 3.5.

bioa)
LR B2 TR
TATFUT DRAA

Pucynok 3.5 — 3aranpuuii Burisig koutposepa Siemens LOGO! 8.3 Pure 230RCEO [17]
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Jlortyni moxyni LOGO!Pure He maroTh auciuiess Ta kiaBiatypu. IIporpamyBaHHA
TaKUX MOJYJIB 3/IIMCHIOETHCS a00 3a JTOMOMOror komm'torepa, ocHamenoro LOGO!Soft
Comfort, a00 BCTaHOBJICHHSIM 3a3J1aJIeri/ib 3alpOrpaMOBaHOl KapTH mam'sTi. Yci MoayJi
LOGO! maroTs BOy10BaH1 BXOIU, 1K1 MOXYTbh OyTH BUKOPHUCTAaHI JJIs BBEIEHHS TUCKPETHUX
curHaiiB. Hampyra >KuBJIeHHS BX1IHUX JIAHITIOTIB BIJIMOBIa€ HANPY31 KUBJICHHS MOJYJIS
[18].

VY Mopensx Hominamy skuBieHHs 12/24B DC 4 3 8 BXoniB MaioTh YHiBepCalbHE
NpU3HAYCHHS, MOXYTh BHUKOPHCTOBYBATHCS Ul BBEACHHS IUCKPETHUX CHUTHATIB abo
aHasioroBux curHaiis 0...10B. [aun 4 BX0au MOXYTh BUKOPUCTOBYBATUCA JJIs1 peecTpariii
HMIBUAKKUX IMITyJIbCIB 0 5 KI'1x [18].

Pi3ni momeni moaynie LOGO! MawTh TpaH3UCTOPHI YW penedHl BUXOJIU.
Tpan3ucTopHi BUX0/U 3/1aTHI KOMyTyBatu cTpyMu 0 0,3 A B maHIrorax Hanpyroro =24B ta
OCHAIIIEHI €JIEKTPOHHUM 3aXHCTOM BiJl KOPOTKOrO 3aMHUKaHHs. PeneiiHi BUXoIM 3/1aTHI
KoMyTyBat cTpymu A0 10A (akTuBHe HaBaHTaxkeHHs) abo 10 3A (IHIYKTUBHE
HaBaHTaKCHHs) Y JIAHIIOTax Hanpyrowo =12/24B, ~24B a6o ~/= 115/240B [18].

O6macTi 3actocyBanHst koHTposepa Siemens LOGO! 8.3 Pure 230RCEO:

o KEepPYBaHHS TEXHOJOTIYHUM O0JIaJHAHHAM (HACOCaMH, BEHTHIIATOPAMH,

KOMIIPECOPaMHU, MPECaAMM );

o CUCTEMHU ONAaJICHHS Ta BEHTUJISALIII;

o KEepyBaHHs 30BHIIIHIM Ta BHYTPIIIHIM OCBITJICHHSM, OCBITJICHHSIM BITPHH;
o KepyBaHHsI KOMYTalIHHOIO arapaTypolo;

o KOHBEEPHI CUCTEMHU;

o CHCTEMHU KEPYBaHHS TOPOKHIM PYXOM;

o KepyBaHHS MmiioMHUKaMu, Toto [18].

Texniuni xapaktepuctuku KoHTpoiepa Siemens LOGO! 8.3 Pure 230RCEO

HaBeJIeHO B Ta0i. 3.2.
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Tabmuus 3.2 — TexniuHi xapaktepucTuku KoHTposaepa Siemens LOGO! 8.3 Pure

230RCEO [18]

MomnTax

Ha MonTaxHiil i 35 MM, 4 Moays B

HIUPUHY

HowminanpHe 3HaYeHHS HANIPYTH

KUBJICHHS (TIOCTIMHHI CTPYM)

115 B nocriitHoro cTpymy

Tak

230 B mocriitHOTO CTpyMYy

Tax ; 240 B nocTiiiHOro cTpymy

(mocTiiftHOTO CTPYMY)

JlomycTuMuii Jiania3oH, HUOKHS MeXa 100 B
(mocTifHOTO CTPyMY)
JlonmycTumuii qiana3oH, BEPXHs Mexa 253 B

HowminanbHe 3Ha4eHHs (3MIHHOT'O CTPyMY)

115 B 3miHHOTO CTpyMy

Taxk

230 B 3miHHOTO CTpyMy

Taxk; 240 B 3minHOTO CTpyMy

MepexeBa yactora

I[iana30H A0NYCTUMUX 3HAYCHDb, HUKHS

MexKa 47 I'g
Jliara3oH JOMyCTUMHX 3HAYCHb, BEPXHS
MexXa 63 I'ny
Tarimepu
Yucio 400; Makc. 400, 3anmexHo Bija QyHKIIIT
3armac xoxaa 480 roauH
KinbkicTh 1udpoBUX BXO1B 8
Bun BuxoiB 4; peine

3axXuCT B1J] KOPOTKOT'O 3aMUKAHHS

Hi; TOTP10€H 30BHIIIHIA 3aXHUCT

32001 KHUKOM
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IIponoBxxenus Tadbaui 3.2

KomyTramiiina 31aTHICTh KOHTAKTIB PEJICHHUX BXO/IIB

[Tpy iHAYKTUBHOMY HaBaHTAKEHHI, MAKC. 3A

[Ipu oMiuHOMY HaBaHTa)XEHHI, MakKcC. 10 A

Temneparypa HOBKIIA IMiJT Yac eKCIUTyaTaiii

MixiMaibHa -20 °C; bes kouneHcarii

MakcumaiibHa 55 °C

Temmneparypa AOBKULIS i1 Yac 30epiraHHs/TpaHCIIOPTYBaHHS

MinimanbHa -40 °C
MakcumanbHa 70 °C
Po3mipu
[Iupuna 71,5 MM
Bucora 90 MM
['mubuna 60 Mm

Kontposep WATERHEAT-UM2-24 plus

WATERHEAT-UM2-24 plus — BitbHO KOH(DIrypOBaHUN KOHTPOJIECP, MPU3HAYCHHMA
JUTSL pETYJIFOBaHHS TEMIIEPATYp Ta KEpyBaHHs 00J1aJHAHHSAM CUCTEM OIaJIeHHs a0 rapsiaoro
BogonoctayanHs (I'BI1). Mae 8 ctanaapTHUX anropuTMIB U1l KEpYBaHHS OJTHUM KOHTYpPOM
omajeHHs abo Traps4yoro BojomocTayaHHA. HamamTyBaHHA 3OIMCHIOETBCS LUIIXOM
KOH(DIrypyBaHHsI CUCTEMH Yy MEHIO KOHTpoJiepa. [Ipu3Hauenuii s BcranosieHHsa Ha DIN-
peiiky Ta Mae pi3HOMaHITHI KoMyHikamiiHi iHTepdeiicu [19, 20]. 3arampHuii BT

JUITLOBOI MaHell KOHTpoJiepa MoKa3aHo Ha puc. 3.6.
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— _

Waterheat-UM2-24 plus

START __ (O Ppumer
- ™)

asToOMATiK

STOP . PUMP 2
N

POWER ALARM FAULT

®@ O O

Pucynok 3.6 — 3aranbHuii BUTIs IMLBbOBOI aHesni konTpoiaepa WATERHEAT-

UM2-24 plus [20]

®ynkuii koatponepa WATERHEAT-UM2-24 plus (3anexxna cuctema omajieHHs 3
JBOMa LUPKYJALIMHUMH HacocaMH Ta KJallaHOM 3 TPUTOYKOBMM a00 aHaJOroBUM
KEpyBaHHIM Ha BUOIp KOPUCTYBaya):

o OJTHOKOHTYPHE PEryJIIOBaHHS TEMIEPATypH TEIJIOHOCIS, IO MOAAETHCS, MICIHS
By3J1a 3MILIYBaHHs, KACKaHE PEryJIIOBaHHS TEMIIEpaTypH MOBITPS B MPUMILIEHH], KACKaHE
a00 OJTHOKOHTYPHE PETYIIIOBAHHS TEMIIEPATypPH 3BOPOTHOTO TETUIOHOCIS;

o HmiATpUMKa BUOpAHOTO MapaMeTpa Ha 3a/laHOMYy 3HaueHHI abo peryiroBaHHS
BUOpPaHOTO MapameTpa: 3a pO3PaXyHKOBUM ONATIOBAIBHUM TpadikoM (BpaXxOBYETHCS
TeMIlepaTypa 30BHIIIHHOTO TMOBITPsI) ab0 3a peabHUM ONATIOBAIBHUM Trpadik
(BpaxoBYETHCS SIK TEMIIEpaTypa 30BHIIIHBOTO MOBITPS, TAaK 1 TEMIIEpaTypa TeIIOHOCIA, 110
MOJIa€ B1J] TEIJIOBOT MEPEXKi);

o IIBUJIKUH BUOIp OJHOTO 3 TPhOX BCTAHOBJICHUX OMATIOBATBHUX IpadikiB;

o MOXJIMBICTh ~ABTOMAaTUYHOTO PO3PAXyHKY BHOpPAHOTO ONATIOBAIBLHOTO

rpacdika;
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o MO>KJIMBICTh BKJIFOUCHHSI 3aXUCTY BiJl IEPEBUILIEHHS TEMIIEPATypH 3BOPOTHOTO
TEIJIOHOCIS 3HAYCHHS BU3HAYAETHCA 3a OMANIOBAJIBLHUM TpadikoM, MPHU pPETyIIOBaHHI
TEeMIIEpaTypH TEIJIOHOCIS, IO Moja€e, a00 TeMrepaTypH MOBITPS B IPUMIIIEHHI;

o MOXJIMBICTD IMIAKIIOYEHHS 30BHIIIHBOIO JJaT4YMKa abo JgaBaya TeMIlepaTypH 3
BuxijganM curaaiom (0-10) B ipu peryroBaHHi TeMIiepaTypH IMOBITPS B IPUMINICHHI;

o aBTOMATUYHE 3MIIIECHHS 3aJIaHOTO 3HAYCHHS 11 BUOpaHOTO mMapaMmeTrpa
peryiaoBaHHs 3a TpadikoM 3MillleHHs TeMIepaTyp (KpiM BUNIAKIB, KOJIH BUKOPUCTOBY€ETHCS
30BHIIIHIA JaTYUK a00 JaBay TEMIEPATYPH);

o BUOIp THIY 3aKOHY peryitoBaHHs («iMiynbc-may3a», [1, TTI, TTJ1, TTLJT);

o MOXJIMBICTh ~ BKJIIOYEHHS (YHKII aBTOMATHMYHOTO CaMOHAJIAIITyBaHHS
(anmarranii) mapamMeTpiB 3aKOHIB PETyJIIOBaHHS;

o BUOIp TUITY PETYJIOIOYOTO KJlanaHa (TpPUTOYKOBUI a00 aHAJIOTOBUIA);

o MOJKJIUBICTh KOHTPOJIBHOTO BIJIKPUTTS/3aKPUTTS (IMPOTOHY) PETYIIOI0YOTO
KJIalaHa 13 3aJaHO00 MEePIOUYHICTIO, 100 YHUKHYTH 3aKJIMHIOBAHHS KJIalaHa;

o MO>KJIMBICTh BCTAHOBHTH OOMEKEHHS Ha KpaiHi IMOJIOKEHHS PETYIIOI0Y0Tr0
KJIaraHa 3 aHaJIOTOBUM yTIPABIIHHSIM;

o MOXXJIUBICTh ~ BIJKPUTTS  PETYIIOIOUOTO  KJamaHa Tpud  BUMKHEHHUX

HUPKYJSIIAHUX HaCOCAX;

o KEpyBaHHS PETYIIOI0UMM KIIAIAaHOM y PyYHOMY PEKHMI 3 MEHIO KOHTPOJIEPA;

o KepyBaHHS POOOYHNM MUPKYJISAIIHHAM HACOCOM KHOTIKAMU Ha JINIIbOBIH MaHel
KOHTPOJIEPa;

o BUOIp poOOYOTO MUPKYJIALINHOTO HAcOCa 3 MEHIO KOHTPOJIEPa;

o aBTOMaTUYHA 3MiHAa pOOOYOro Ta PE3EPBHOTO LMPKYJSALIMHUX HACOCIB 13

3aJIaHOIO0 TIEPIOAMYHICTIO JIJIS iX PIBHOMIPHOTO 3HOCY;
o KOHTPOJIb POOOTH HUPKYJISAIIHHUX HACOCIB;
o aBTOMAaTUYHE BKJIFOUCHHS PE3EPBHOTO IUPKYJISAIIHHOTO Hacoca y pasi aBapii;

o 3aXUCT HUPKYJIALIMHUX HacOCIB Bij "cyXoro xoay";
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o MOJKJIMBICTh aBTOMATHYHOTO TEpe3anmyCcKy MNHUPKYJSAIIHHOTO Hacoca IMicis
3HUKHEHHS CUTHaY "cyxui xin'";

o MO>KJIMBICTh aBTOMATHYHOTO TEpe3amyCcKy MNHUPKYJSAIIHHOTO Hacoca Micis
30010 sxuBIIeHHs [20].

CxeMa BKIIFOUEHHSI KOHTpOJIEpa NpeICTaBIeHO Ha puc. 3.7.

]
PDA1 _'.O_-'""'—c == (DN !J— oo ‘—; } momeuuaﬂ
5P3 M |ou - pot | ¥ —— asapun
PS1 . - w |DI3 poz| M EF-e-=--
f =1 OTKpLITHE KNANAHA
[ TENNCHOCHTENHA
OT KN YeHue & | DK L poz | M ._:____
HaCOCOD 0—{!—]“—0—' —
& |o8 ,J- pos| - 3aKkpbITHE KNanaHa
& |DI_GBND - I — TENNOHOCHTENA
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TE4 = | AT} o ha Do4 | iR
-
TR = |AR{TU) 3 H no4 | N
w | AlLGND - pos | M F——
= e /J‘ = } Hacoc 1
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Pucynok 3.7 — Cxema BrintoueHns koutposiepa WATERHEAT-UM2-24 plus

BucnoBok

B sikocTi KOHTpoJepa cucTteMu omnajgeHHs Oyino oOpaHO BUIBHO KOH(ITYpOBaHUMN
kouTposep WATERHEAT-UM2-24 plus. Ockinbku BiH 3HayHO AemeBmuii Danfoss ECL
Comfort 210/310 ta He moTpedye CKIATHOTO TPOTPaMyBaHHS SKE€ HEOOXITHOTO st

kouTposepa Siemens LOGO! 8.3 Pure 230RCEO.
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3.2 PeryJsiTop BUTPAT TENJIOTH

B skocTi perynsiTopa BUTpaT TEIIOTH OyJio OOpaHO pPEryirolouYuil JIBOXOJIOBUMN
kianad VB2 DN 50 Bupoonunrsa ¢pipmu Danfoss. Knanana cepii VB2 3acTocoByI0ThCS B
TEIUIOBUX NYHKTax OyJiBelb, CUCTEMaX OMNAJIECHHA Ta Tapsuoro BOJONOCTAYaHHS.

3aranpHuii Bursia knamana VB2 DN 50 npencraBneno Ha puc. 3.8.

Pucynok 3.8 — 3aranpauit Burisag kinanasa VB2 DN 50 [22]

Perymoroui kmamanu VB2 MoXyTh OyTHM BUKOPUCTAaHI pa3oM 3 HACTYITHUMH
peNyKTOpHUMH enekTpuuHuMH npuBojgamu: AMV 10 ta AME 10, AMV 20 ta AME 20,
AMYV 30 ta AME 30, a TakoX 3 BEepCisIMH IHX € €JICKTPONPHUBOIIB, SKI OCHAIICHI
MOBOPOTHOIO MPYXKUHOI JIsl peanizailii QyHKIi Oe3nmeku — 3aKpUTTS MpPH PariTOBOMY
npunuHeHH1 enekrponocradanusa: AMV 13 ta AME 13, AMV 23 ta AME 23, AMV 33 ta
AME 33 [22].



Oco0MBOCTI KJIaIlaHa:
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o KJIariaH HOPMAaJILHO BITKPUTHI O€3 PO3BAHTAXKEHHS IO THCKY
o KOMOIHOBaHa XapaKTepUCTUKA BUTPAT;
o 0e3 eNeKTPOIPUBO/IY ITOKH KJIallaHa 3HAXOJAThCS Y KpaHhOMY BEPXHBOMY

MOJIO’KEHHI, MOBHICTIO BIAKPUTI [22].

Texniuni xapakrepuctuku kinamnany VB2 DN 50 naBeneno B Tabnuii 3.3.

Tabmuus 3.3 — Texniuni xapakrepuctuku kiamany VB2 DN 50 [23]

Hominanpauit giametp, DN 50 mm
[IpomyckHa 3AaTHICTH KJIanaHy, K 40 M3 /r
Xia mToKy 10 Mm
BigHocHui faiamna3oH peryiaroBaHHS >50:1
Butparna xapakrepuctuka Kom6inoBaHa
daxTop KaBiTarii Z >0,5

[Iporikanus 3rigno cranaapty [EC 534

He outbme 0,05% Bin ko

Hominanbauii Tuck PN

25 0ap

PerynboBaHa cepena

[linroToBnena Bojga abo0 BOAHUN PO3UUH

riikotto (1o 30%)

pH perymnwvoBanoi cepenu

7..10

Temneparypa perysiboBaHOi cepeu

2..150°C

3’eHaHHA

@manmi PN25, srigao crangapty EN 1092-2

Martepian koprycy Kianany

Martepian KpUILIKH Kl1anaHy

Bucokominauii yaByn - EN-GJS-400-18-LT
(GGG 40.3)

Martepian cimia, KOHYCy (30J0THHUKA)

Ta HITOKY

Hepskagitoua ctanb

Marepian yuiiibHEeHHS

Kuieng 3 EPDM
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B sikocTi npuBOly Ki1aliaHy BUKOPUCTAHO PEIyKTOPHUN €JIEKTpPUYHUMHU puBig AMV
20 BupobuuiTBa ¢pipmu Danfoss.

AMV20 — kepy€eTbCsi TPUITO3ULIIMTHUM CUTHAJIOM, KPIM CTaHJAPTHUX (DYHKIIIH, TaKUX
SK py4YHE yIIpaBIiHHSA Ta IHAUKAL1S M0J0KeHH, AM V20 ocHalieHl MOMEHTHUMU MYy (pTamu,
10 NPUIMHIKOTH iXHIO poOOTY NpU BUHMKHEHHI NEPEBAHTAaXXEHb, HANPUKIAL, Yy pasi
JOCSITHEHHSI IITOKOM KJIallaHa KpaWHIX IOJO0KEHb. PenykTopHi enekTponpuBogn AMV
MpU3HAYEH] IS CMIBHOI POOOTH 3 CIAETHPHUMH KJIAlaHaAMU, 10 PEryoTs VS2, VM2,

VB2, VGS2 [24]. 3aranpHuii BUrIsa eaekTponpuBoay AMV20 mpencrasieHo Ha puc. 3.9.

<)

K
PBanty "

D

Pucynok 3.9 — 3aranbHuii BUrIIsII esiekTporpuBoay AMV20 [24]

Oco0muBoCTI MOIETI:
o pYy4YHE Ta eJIEKTPUYHE KepYyBaHHS,
o THIUKATOP KPAHIX MOJIOXKEHB MITOKA,;

° IMITYJIbCHUM BUX1JHUW CUTHAJ;



o TOYHE Ta IBUJKE pearyBaHHs [24].

TexHiuHI XapakTepUCTUKHU eleKTponpruBoxy AMV20 naBeneno B Tabmui 3.4.

Tabmuusg 3.4 — TexHIuH1 XapaKTEpUCTUKU eneKTporpuBoay AMV20 [25]
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EnexTpoXxuBIeHHS 24 ta 230 3minHOTO cTpyMy; +10...-15%
EHneprocnoxuBaHHs 2 BA
Yacrora 50T
Kepytounii curnan IMnynecHuM
HasBHicTh dyHKIIIT Oe3Mekn Hewmae
(3BOPOTHOT IPYKUHN)
3yCUIUIsl 3aKPUTTS 450 H
XiJ1 MTOKY 10 Mmm
[IBUAKICTH PYXY IUITOKY 15 c/mm
MakcuMmainbHa Temmneparypa 150 °C
pEryJiabpOBaHoOl cepein
Temneparypa HaBKOJUIIHHOTO 0..55°C
cepeloBUIIa
Temneparypa 30epiranns Ta —40...70 °C
TPaHCIIOPTYBAHHS
Knac 3axucry IP 54
Bara 1,4 kr

C€- MapkyBaHHS 3T1HO

CTaH/JapTIB

HupexTuBa no Hu3bKiil Hanpysi 73/23/EEC:
EN60730-1, EN60730-2-14 EMC - [TupextuBa
2004/108/EEC: EN60730-1, EN60730-2-14
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Cxema migkimoueHHs enekrpornpuBony AMV20 3o06paxeno Ha puc. 3.10.

Z| 4

AY v
4 |1 3

G, b

o p

M.E.OF1 .94

AMV10, AMV20, AMV30

Pucynok 3.10 — Cxema minkitoueHHs enekrponpuBony AMV20: 1 ta 3 — BxiaHuit
IMITYJIbCHUM CUTHAJI (Harpyra) Bij €JICKTPOHHOTO PETYISATOPY; 4 Ta 5 — BUXOAU TSt
1HAMKAL] TOJI0KEHb ITOKY a00 MOHITOpUHTY; L — Hanpyra xuBneHHs; N — 3arajabHHil

MIPOBITHUK [25]

3.3 Hupkyasiuiiini HacocH

[upkymdaiito  TEIJIOHOCIT B CHUCTEM1  OMaJICHHS  3a0e3NedyeTbesl  JIBOMa
mupkysiiaumu Hacocamu Grundfoss UPS 80-120F 3x400B PNO6. 3oBHimIHI BUTIISAT

Hacocy Grundfoss UPS 80-120F 3x400B PNO6 npencrasneno Ha puc. 3.11.

Pucynok 3.11 — 3oBnimni Burisa Hacocy Grundfoss UPS 80-120F 3x400B PNO6 [26]
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Hacoc mupkymsmiitanii Grundfos UPS 80-120 F PN0O6 ocHamienuii e1eKTpoABUTYHOM
13 3aXHUIIEHUM CTaTOPOM 1 MOKPHUM pOTOPOM, B HBOMY BCTAHOBIICHI JBa KIJbIIA
yuiibHIOBaviB. Y i mogeni Grundfos UPS nemae canbHMKOBUX YHIUIBHIOBAYiB, a
MacTWJIO MIANIMITHUKIB 3/IIMCHIOETHCS pOOOUOI0 (PIAMHOMO, 110 MEPEKAYYETHCS) PIAMHOIO
[26].

Hacoc mupkymnsuiiiauit  Grundfos UPS 80-120 F PNO6 3acTtocoByeThcs s
3a0e3nevYeHHs MUPKYJIAIIT BOJAU B CHCTEMaX Ta KOMILUIEKCAX Tapsyoro BOJOMOCTaYaHHS Ta
omaneHHs. Moro Takox BUKOPHCTOBYIOTh JUIs OOJAIITYBAHHS CUCTEMH «TEIIa Mijioray. B
eKCIUTyaTamii TakKuil UUPKYJSLIAHUNA HAacoc 3pyYHUH THM, IIO B HBOMY MOXHA
BCTAHOBJIIOBATH MOTPIOHY MIBUIAKICT oOepranHs nBuryHa. Y 1wpomy Grundfos UPS
nependadeHo 3 peKMuMHU MBUIKOCTI [26].

Texnuiuni xapakrepuctuku Hacoca Grundfoss UPS 80-120F 3x400B PN06 naseneHo

B Ta0mI 3.5.

Tabmurs 3.5 — Texuiuni xapakrepuctiku Hacoca Grundfoss UPS 80-120F 3x400B PNO6
[27]

Po6oua pinuna Bona

Hianazon  Temmeparyp  piauHHU, IO —10...120 °C

nepeKavyeTbes

HIi1bHICT pIAVMHU 983,2 kr/m3

KinekicTs mBuakocTei 3

3aranbHUM T1IAPOCTATUYHHUM THUCK Hacoca 8,77 m

MakcumallbHHI TIpOCTaTUYHIN TUCK 120 om

Martepian kopmycy Hacoca Yasyn EN-JL1040 ASTM 35B-40B

Marepian pobodoro kosieca Hepxagitoua crane DIN W.-Nr. 1.4301
AISI 304

3’eqHaHHs TPYO (17151 MOHTAXKY) DIN 80




[Iponossxenns Tabmumi 3.5
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MoHTaxkHa TOBKHUHA 360 MM
[ToTy>XHICTb NpH NEPIIA TIBUAKOCTI 1000 Bt
[ToTy>XHICTh NPU APYTiil MIBUAKOCTI 1100 Br
[ToTy>XHICTb TIPHU TPETii MBUIKOCTI 1500 Bt
YacToTa cTpyMy B Mepexi 50T
HowminansHa Hanpyra 3x400—-415B
CtpyMm npu nepiiii BUIKOCTI 1,65 A
Ctpy™m nipu ApyTi MBUAKOCTI 1,8 A
CtpyMm nipu TpeTiil BUAKOCTI 2,75 A
C0s @ Tpu MepIiid MBUAKOCTI 0,87
Cos ¢ nipu Apyri MBUJIKOCTI 0,88
Cos @ TIpu TPETii MBUIKOCTI 0,79
Knac 3axucry (IEC 34-5) XD4
Kirac i3omsamii (IEC 85) H
TennoBuit 3axucT 30BHIIIHIH
IToBHa Bara 38,6 kr
MapxkyBaHHs eHeproe()eKTUBHOCTI C

OcnoBHi nepeBaru Hacoca Grundfos 80-120 F PNOG:

° MPOCTHUH CIOCIO MIJKIFOUYEHHS JI0 JKeperia *KUBJICHHS;

° HAsBHICTh KEpaMIYHUX  IIiIITUITHUKIB

KOB3aHHA. 3aBOsIKHU

HU3BKOMY

Koe(iIIeHTY pO3IMIUPEHHS KEpaMiKK Ta BUCOKIH ii TBEPJOCTI, HACOC MPAIltoe OE3ITyMHO Ta

M1JIBUIIY€THCS] HOTO JOBTOBIYHICTB;

o CTINKICTh OOMOTOK €JIEKTPOJIBUTYHA JI0 CTpyMy OsiokyBaHHs. [{e mo3Bosie He

BCTAHOBJIIOBATH AOJAaTKOBHX 3aXI/ICTiB;
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o JIOBTOBIUHICTh 3a0€3MEUYy€EThCsl 3aCTOCYBAaHHSAM Y KOHCTPYKLII YaBYHHOIO

KOPIyCYy HACOCHOI YacTHHHU, a TaKOX AaJFOMIHIEBOTO KOPIYCY SKUW HAIIHHO 3aXHINae

cTarop;
o HIBUAKICTb 0OEpTaHHS IBUTYHA 3MIHIOETHCS IEPEMUKAYEM;
o MOPOKHUCTHUI Ball y KOHCTPYKIIIT — JO3BOJISIE MIBUJIKO BUAAIUTH MOBITPS 13
CUCTEMU;
o HE BUMarae TEXHIYHOI0 00CIyroBYBaHHS;
o HMIMPOKUH CTIEKTP 3aCTOCYBaHHs [26].

Cxema minkmroueHHs Hacoca Grundfos 80-120 F PNO6 1o enekTpomepesxi mokazaHo

b

Ha puc. 3.12.
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Pucynok 3.12 — Cxema nminkmouennss Hacoca Grundfos 80-120 F PNO6 no

esekTpomepexi [27]
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3.4 EnekTpu4YHHUil KOTEJI

HarpiBanHss Bogu B cucrteMi OyJe BUKOHYBAaTUCSA 3a JOMNOMOTOIO IiJIJIOTOBOTO
enektpuuHoro kotia Tenko 120 kBt cepii HKE.

Enextpuunnii koten Tenko 120 kBt cepii HKE npu3nauenuii ajis tersionoctadyaHHs
OPUMILIEHB 13 TPUMYCOBOI LUPKYJSLIEI0 TEIJIOHOCIA B 3aMKHYTIA CUCTEMI OMAJICHHS Ta
aBTOMATUYHOTI'O MiITPUMKA TeMIepaTypHOro pexumy. [IpucTpiii Moxke BUKOPUCTOBYBATHCS
aBTOHOMHO a00 CHUIBHO 3 MPHUCTPOSIMHU, IO MPAIIOIOTh HA 1HIIMX BHUAAX MajauBa (Tras,

BYTULIS, TU3€Jb, IPOBa, ayeTy Ta iH.) [28]. 30BHINIHIM BUIIST KOTJIA ITOKAa3aHO Ha pUC.

3.13.
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Pucynok 3.13 — 3oBHimHi# Burisan enexkrpuanoro kotia Tenko 120 kBt cepii HKE

(mpaBOpyY 31 3HATUM 3aXUCHUM KOKYyXOM) [29]



OCHOBHI XapaKTEpUCTHUKHU MPUCTPOIO HABEJAEHO y Tabuui 3.6.
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Tabmuusg 3.6 — OcHOBHI XapakTepucTuku enekrpuyHoro kotia Tenko 120 kBt cepii HKE

[28]
Hampyra xuBieHHs B TpudasHiii mepexi, B 380+5%,-10%, 5001y
HowminanbpHa crioskvBaHa MOTYKHICTh 120
€JIEKTPOKOTHA, KBT
Tun narpiaua TEH
KK, % 99
MakcuMallbHHI TUCK Y cucTeMI, Oap 2,4
PeryntoBanHs KOHTYpy onanenHs, °C Amnanorose, 0°C +90°C
[IpuennyBanbHi naTpyOKu, 10NM Q2" 2,5"
O6'eM TermI00OMiHHUKA (HE MEHIIe), AM> 6,2
Kiac 3axucry P20
Maca, Kr, He MEHIIIE 61

["aGapuTHi po3mipH (3 ypaxyBaHHSIM NaTpyOKiB Ta

iHmmx exemeHTiB), B X Il X T', Mmm

740 X 419 x 429

HarpiBaHHsi TEIJIOHOCIA B CHUCTEMI ONAJECHHS 3JIACHIOETHCS 32 JIONOMOTOIO

TpyOuacToro enekrponarpiBarouoro mpuctporo (TEHa).

3a JIOIIOMOrOK0 CHUCTEMU

YOPABIIHHS 3/1MCHIOETHCS aBTOMAaTUYHA MIATPUMKA 3aJaHOI TEMIIEpaTypHu TEIUIOHOCISA Y

cucTeMi omayieHHS. MOXJIMBICTh BUKOPUCTAHHS OYyIb-IKUX PIIKUX TETUIOHOCIIB (BOAa,

anTudpus, oiis Touo) [28].

ITpuctpiii siBIsi€ COO0I0 METaIEBY KOHCTPYKIIIIO, IO CKJIAIAa€ThCS 3 OCHOBHUX BY3JIIB!

KOpIyC, TEIUIOOOMIHHMK, TaHETh KepyBaHHS, BT aBTOoMaTHKU. Kopryc € 4acTHHOIO

KOTJa, Ha SKIM 3HAXOJAThCS BCl OCHOBHI €J€MEHTH. TeIUIOOOMIHHHK € CTaJIEBUM

pe3epByapoM, 3 TPHEIHYBATLHUMU MATPyOKaMU 3 PIi3bOJCHHSIM, Yepe3 sKi MOJAEThCs
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OCTHUIJIMI TEIJIOHOCIA (HUKHIA MaTpyOOK) 1 BIIBOJUTHCA HArpITUM TEIJIOHOCIA (BEpXHIN
natpy6ox). Ha TemiooOMiHHMKY pO3TalloOBaHi: aBTOMATHYHUN BIABIAHUK TOBITPS 1
aBapiiine Tepmoperne [28].

Ha naneni ynpaiiHHSA po3TalloBaHl: TEPMOMAHOMETP (1711 KOHTPOJIIO TEMIIEPATypH
TEIJIOHOCIST Ta THUCKY B CHCTEMI), KalJIApHUM TepMocTaT (3aBJaHHS Ta IMATPUMAaHHS
TEeMIIepaTypu TEIUIOHOCIs), CBITJIOBI 1HAUKaropu «Mepexa» Ta «HarpiBy. Bigain
aBTOMATUKUA pO3TAlIOBAaHWUN HaA TMEpeaHId YacTUHI Kopmycy. Y HBOMY pO3TaIloBaHi:
CWJIOBUH 3aXMCHHUI aBTOMAT, aBTOMAaTH KEPYBAaHHS, MOyJIbHI KOHTaKTopu. Bci enemeHTH
3aKpHUTI JBEpPLATAMHU, HA30BHI BUBEJEHI TUIBKM PYYKHM AaBTOMATIB JUJI 3PYYHOro Ta
0e3IeYHOro KepyBaHHS KOTJIOM [28].

[Ipunuun poGoTu moNsirae 'y HarpiBaHHI TEIUIOHOCIA, IO HAAXOIUTh Y
TEITOOOMIHHUK dYepe3 HIDKHIM maTpyOok, 3a momomororo TEHa 1 BigBemeHHs #oro B
CHUCTEMY OIaJIeHHs uepe3 BepXHid maTpyOok. Llupkymsilis TeruioHocis 31HCHIOEThCS 3a
JOTMIOMOTI'OK0 LUPKYJISALIAHOTO Hacoca. [loTpiOHa Temneparypa 3aaeTbes 1 NIATPUMYETHCS
3a JIOMOMOTOI0 KamJISPHOTO TEPMOCTATa, PO3TAIIIOBAHOTO HA MaHe i yrnpaBiaiHHsa. CBITIOBI
inauKatopu «Mepexka» Ta «Harpiy BKa3yroTh Ha HasBHICTh MEPEKi KUBJICHHS Ta MPOIIEC
HarpiBy BiAOoBiAHO. Ilicis MigKIIOYEHHS KaOenro »KUBJEHHS /10 CHUJIOBOTO aBTOMATa,
3a4MHITH JIBEp1 BIJITYy aBTOMATHKH, MOTIM YBIMKHITH aBTOMAT, 3aCBITUTHCS 1HIUKATOP
«Mepexay. [1]abi moTyKHOCT1 KOTJIa PEryJII0I0ThHCS aBTOMAaTaMU YITPaBJIIHHS, SIK1 [TOJAI0Th
JKUBJICHHSI Ha MOJYJIbHI KOHTaKTOPH, BOHM TaKOX BUBENICHI Yy MEpPEeAHIN YacCTHHI BiILTY
aBTOMATUKU. YBIMKHITh HEOOXIJHY KUIbKICTb aBTOMATIB KEpyBaHHs, IMOTIM IOBEPHITH
PYUYKY KamuIIpHOrO TepMOCTaTa Ha TMOTPIOHY TeMmmeparypy, MOAYJIbHI KOHTAKTOpPHU
CIIPAIlIOIOTh, 3aTOPUTHCS 1HAUMKATOp «Harpisy. Skimo He BBIMKHEHUN BKIIIOYMIIN YKOJICH 3
aBTOMATIB KEpyBaHHsS, aje TMOBEPHYJIM pPYYKy TepMOCTaTa, MOIYyJIbHI KOHTaKTOpH
crpaioTh, 1HAUKatop «HarpiB» 3acBiTUTBCS, ajne TMpOIEC HArpiBaHHS  HE
B1I0YBaTHUMETHCS, OCKUTBKH BiJICYTHE kMBJIeHHS Ha O0okax TEH [28].

MoHTaxHy cXxeMy HaBEJIECHO B 10oAaTKy b.
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BucHOBKHM 10 TPETHOT0 PO3ALILY

B manomy po3aim Oyino oOpaHO Kepyrodi MexaHi3MH Ta BHKOHYIOUI MEXaHi3MU
3TiTHO 3 TEXHIYHMMH BUMOTAMM IPOEKTY PEKOHCTPYKIII Ta aBTOMAaTH3allil TEIIOBOTO
IYHKTY BBOJAY HaBYaJIbHUX KopiyciB A Ta @.

B skocTi KOHTpoJepa CHUCTEMHU oOmajieHHs Oyso 0OpaHO BUIBHO KOH(ITYpOBaHUN
koHtposiep WATERHEAT-UM2-24 plus. Ockiibku BiH 3HAYHO JCHICBIIMNA aHAJIOTIB
(cmemiani3oBaHUX KOHTPOJIEPIB JUIsl CUCTEM OMNAJICHHs) Ta HE MNOTpPeOye CKIAJAHOTO
pOrpaMyBaHHS sIKe HEOOX1THOTO JUIsl KOHTPOJIEPIB IIUPOKOTO CHEKTPY BUKOPUCTAHHS.

B skocTi perynsiTopa BUTpaT TEIIOTH OyJio OOpaHO PEryirolouuil TIBOXOJIOBUMN
kianan VB2 DN 50 3 enexkrponpuBomom AMV20 Bupobuunra ¢dipmu Danfoss. [lani
CJIEMEHTH NpPHU3HAYEH1 [JIi 3aCTOCYBAaHHS B TEIUIOBMX IYHKTax Oy/iBelb, CHCTEMax
OMAaJICHHA Ta rapsiuoro BOAONOCTaYaHHS.

[Mupkymsmito  TEWIOHOCII B CHCTeMi ONaJeHHS 3a0e3MedyeThCs — JIBOMaA
nupkymsiiiaumu Hacocamu Grundfoss UPS 80-120F 3x400B PNO06. fki kepyroThes
koHTposiepom WATERHEAT-UM2-24 plus depe3 mpoMiXkHI pernie, sIKi B CBOIO Uepry
KEepYIOTh KOHTaKTOPaMHU.

HarpiBanHs Bojiu B cUCTEMI BiJIOYBAETHCSA 32 JIOTIOMOT'OFO IT1/IJIOTOBOTO €JIEKTPUYHOTO
koTina Tenko 120 kBt cepii HKE. IloTpiOHa Temneparypa 3a7a€ThCs 1 MATPUMYETHCS 3a
JIOTIOMOTOI0 KaIUISIPHOTO TEpMOCTaTa, PO3TAlllOBAHOI'O0 Ha TaHesl yrnpaBiiHHA. Bix igei
KEpyBaHHSM CTYNEHIB MOTYKHOCTI KOTJa OyJIO BUPIIIEHO BIIMOBUTHUCS OCKUIbKU OY[IBIIS
Ma€ BEJIHMKY TETJIOBY 1HEPIIIIO.

EnexTpuuHy NIpUHIIMIIOBY CXEMY aBTOMATH3allli CHCTEMHU ONAJICHHS MPEJICTABIECHO B

nonatky B.



PO311J1 4. TEXHIKO-EKOHOMIYHI IIOKA3ZHUKHA ITPOEKTY

ExoHOMIYHI MOKa3HUKH MPOEKTY 3aJI€KaTh B1Jl TEMIEPATYp 30BHILIHBOTO MOBITPS 1
TPUBAJIOCTI iX CTOSHHA B XOJOJHMH Tiepion poky. B Tabmumi 4.1 momaHi ycepeaHeHi 3a
OCTaHHI POKM BEJIMYMHU BUTPAT TEIUIOTH HA MOTPEOM OMaJeHHS HAaBYAJIbHUX KOPIIYCIB 1

TEeMIlepaTypa 30BHIIIHBOIO IOBITPA 3a YMOBH 3a0€3ME€YEHHS KOMQPOPTHUX MapaMeTpiB

MIKPOKJIiMaTy.

Tabnunsg 4.1 — ButpaTu TemIoTH Ha MOTpeOH OnaaeHHs

IToxka3HuKM MO KOpIycam On. BuMm. ByniBJi

I'kan | MBT roa I J II [ Atad
Burparu Teruioru Ha onajieHHa 'y | ['kain
0a3zoBomy BapiaHTi:
Xoetens (20.10 — 19.11) 22 22 |32 |40
Jucromax (20.11 — 15.12) 77 47 |65 |86
I'pynens (16.12 — 15.01) 127 |79 |97 |150
Civenp (16.01 —13.02) 85 38 |38 |53
JIrornii (14.02 — 13.03) 107 |47 |56 |108
bepesenn(14.03 — 12.04) 79 43 |54 |92
Pazom 497 | 276 | 342 | 529
Ycworo JIHIT+A+D I'kan 1147
Cepennst pakTuuna temneparypa | I'pag
30BHIIIHHOT0 MOBITPS: °C
Xoetens ( 20.10- 19.11)
JIucroman(20.11-15.12) +71
I'pynens( 16.12- 15.01) +1 ’
Ciuenn( 16.01-13.02) 6
Jlrotmii ( 14.02-13.03) 2
bepesenn( 14.03 -12.04) 15

+2

OuikyBaHuii Tapud Ha TETUIOBY 3900 | 3,5rpH3a - - -
EHEPTII0 rpa | 1 kBt ron

3al | eneprii

I'kan




[Tponosxenus Tabmwii 4. 1

68

OuikyBaHuii Tapud Ha EJIEKTPUUHY
€HEPrito

6 rpH 3a
kBT rox
eHeprii

BapricTh TenoBoi eHeprii Ha
kopnycu [[+HJIHII+A+® 3a
oTaTOBaIbHU 1iepio] (0a30BwHit
BapiaHT)

TpH

1644-3,900 = 6411 Tuc. rpu

BapricTh TenioBoi eHeprii Ha
kopnycu JI+I[+A+® 3a
onaItoBaIbHUI nepiof (0a30BHii
BapiaHT 6e3 kopmycy 11)

I'pH

1147-3,900 = 4473 Tuc. rpu

KinbkicTe eneprii, mo Oyne
BHUTpaYCHA 3a ONMAIOBAIBHUI TIEPio;]
y 3alpoIOHOBAHOMY BapiaHTi 3a
YMOBH MIATPUMaHHS TEMIIEPaTypH Yy
npuMiieHHsX He meHie +10 °C

401
I'kan

466
MBT rox

97

119

185

KinbkicTs eneprii, 1o Oyne
BUTpaueHa 3a OINaJIoBaJIbHUI 1epion
y 3alpOINIOHOBAHOMY BapiaHTi JJIst
3ano0iraHHs 3aMep3aHHs BOJIU

254
I'kan

218
MBT rox

62

68

124

Bapricte eneprii, mo Oyzae
BUTpaueHa 3a OMATIOBATBHHINA MEPio]
y 3aIpOIIOHOBAHOMY BapliaHTI 3a
YMOBH MIATPUMAaHHS TEMIEPATypH Y
npuMimeHHsax He menie +10 °C

TpH

466 000-6=2800 Tuc. rpH

Bapricte eneprii, mo Oymae
BHUTpAYCHA 32 OMATIOBATHHUIN TIEPio;]
y 3alpOIIOHOBAHOMY BapiaHTi JJIst
3ano0iraHHs 3aMep3aHHs BOIH

TPH

218000:6= 1300 Tuc. rpn

Piune ckopoueHHs BUIATKIB Ha
NnoTpeOu onajieHHs KOPITyCiB
A+OHTHI,

I'pH

4473- 2800=1673 THC. TpH.
4473- 1300=3173 Tuc. rpu

Bapricts nuine Hacocy ais kopmnycy I ado JI 3 mogauero 10 T Bogu 3a roji. CTaHOBUTH

25 THc. TpH., a ayig kopnycy A ta @ 3 mogauero 25 T BOJu 3a TOANHY — OJU3bKO 39 THC. TpH.
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3aranpHa 1HBECTHLIMHA BapTICTh OOJIAJHAHHSA 1 BapTICTh BHKOHAHHS pOOIT 3

PEKOHCTPYKIIT TEIUIOBUX BY3JIiB BBO/Y HABUAIBHUX KOPITYCiB HaBeJEHO B Tabmuill 2.3.

Tabmuusg 2.3 — TexHiIK0-eKOHOMIYHI ITOKa3HUKHU MPoekTy i kopmycis JI, 1T, A1 @

Has3Ba noka3HukiB BapianTu peanizaiiii npoexkTy
[Ipoexrt Nel. [TpoekTt No2.
YHeMmoxIuBIeHHs | 3a0e3MeYeHHs]  TeMIlepaTypH
3aMep3aHHs BHYTpIIIHBOI'O  TIOBITPSI  HE

mentie +10°C

Bapricte o6mamHaHHg 1 Horo 425 560

iHCcTanamii cranoMm Ha 20.06.2022,

THUC. TPH

CxopoueHHs eKCIUTyaTalitHuX

BUTpaT (€KOHOMiS  BHJATKIB Ha

€HEepProHocii 'y TOpPIBHAHHI 3 3173 1673

0a30BUM BapiaHTOM), THC. IPH. 3a

pik

TepMiH OKYITHOCTI IPOEKTY 2 mics 4 micsii

BuCHOBKH /10 4eTBEPTOro Po3aiLy

B nganomy po3aun  Oyno TpoaHaAT30BaHO TEXHIKO-€KOHOMIYHI TOKa3HUKHU
PEKOHCTPYKIIIT TEMJIOBOr0 BBOAY HaBYaibHUX KopnyciB A Ta . BusHaueHi 3araibHi

BUTPATH Ha PEKOHCTPYKIIIIO Ta CTPOK OKYITHOCT1 BUTPAT Ha ii MPOBEJACHHS.
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BUCHOBKU

VY nepuiomMy po3auti AUIUIOMHOI poOOTH OyJI0 MPOBEACHO aHaJi3 Cy4YaCHUX CUCTEM
TEIUIONIOCTaYaHHsI Ta HampsAMIB pO3BUTKY iX aBToMmaru3auii. BupimeHHs 3aBaaHb
eHepro30epekeHHsT Ta 3a0e3Me4eHHs] palliOHATBHOTO BUKOPHUCTAHHS EHEpropecypciB
MOXJIMBE NUISIXOM OOJIaJlHAHHS TEIUIOBUX BY3JIB OY/IBEIb CHUCTEMaMHM aBTOMATUYHOTO
perymioBaHHS Ta  OOJIKYy  TEIUIOBOI  €Heprii 13  3aCTOCYBaHHSIM  Cy4acHOTO
eHeproePeKTUBHOTO 00JIaTHAHHS.

VY npyromy poszauii 0yiao oOpaHo cxeMmy peKOHCTPYKIi (puc. 2.3) 3 BUKOPUCTAaHHSAM
TEIJIOTH 3 TEIUIOBOI MEpPEeXki, a B pa3l SAKIIO i€l KIIBKOCTI TEIJIOTH OyJie HEeI0CTAaTHbO
J0JIaTKOBa KUIBKICTh TEIJIOTH OyZe OTpUMYyBAaTHCA 3 TEIJIOBUX Mepex. [laHuil BapiaHt
PEKOHCTPYKIIi OyB 0OpaHuii uepe3 BUCOKI €KOHOMIYHI MOKa3HUKH.

VY TpetroMy po3aim Oyio oOpaHO Kepyrodl MEXaHI3MHU Ta BHUKOHYIOUI MEXaHI3MH
3rIJHO 3 TEXHIYHMMH BHMOTaMHU IPOEKTY PEKOHCTPYKUIi Ta aBTOMAaTU3allll TEIIOBOIO
MYHKTY BBOJly HaBUaJIbHUX KOpITyciB A Ta @. B sikocTi KOHTpoOJIepa cucTeMu onaieHHs 0yJio
o6pano BUTbHO KOH(irypoBanuii koHtposiep WATERHEAT-UM2-24 plus. Bin 3HauHO
JEHICBIIMI aHAJIOTIB Ta HE MOTpeOye CKIAJHOIO MpOrpaMyBaHHs AK€ HEOOXIJHOro AJis
KOHTPOJIEPIB HIUPOKOTO CHEKTPY BHUKOpPHUCTaHHS. JJis peryitoBaHHS BHUTpAT TEIUIOTH
oOpano nBoxonoBui kinanan VB2 DN 50 3 enextponpuBogom AMVZ20. Hupkysiito
TEIUIOHOCISI B CHUCTEMI OMaJeHHS 3a0e3MeuyeThCsl JBOMA IUPKYJISLIHHUMHU HacocaMu
Grundfoss UPS 80-120F 3x400B PNO06. Slki kepyrotbes koHTposiepom WATERHEAT-
UM2-24 plus uepe3 mpomixkHi pelie, SIKi B CBOIO Yepry KepyroTb KoHTakTopamu. HarpiBanus
BOJIM B CUCTEMI BUKOHYETBHCS 3a JIOTIOMOT'OFO ITiJIJIOTOBOTO eleKTpruyHOoTo Kotiia Tenko 120
kBT cepii HKE. IlorpiOHa Temmneparypa 3aga€eThcsi 1 MIATPUMYETHCS 3a JOMOMOTOIO
KaImJIApPHOTO TEPMOCTaTa, PO3TAIIOBAHOTO Ha TMaHeN ympaBiiHHS. Bin imei kepyBaHHSIM
CTYTIEHIB MOTYXKHOCT1 KOTJIa OyJI0 BUPIIICHO BIJIMOBUTUCS OCKUIBKU OYIIBIISI Ma€ BEITUKY

TEIJIOBY 1HEPUIIO.
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Joxarok A

SECTION 1. GENERAL INFORMATION ABOUT HEATING SYSTEMS AND
THEIR AUTOMATION

1.1 Heating systems

Depending on the method of heat transfer, room heating can be convective or radiant
[1].

Convective includes heating in which the temperature of the indoor air t, is
maintained at a higher level than the radiation temperature of the room I, (t, > tz), meaning
the radiation average temperature of the surfaces returned to the room, calculated relative to
the person who is in the middle of this room [1].

Radiant heating is called heating in which the radiant temperature of the room exceeds
the air temperature (t;z > t;). Radiant heating with a slight decrease in air temperature
(compared to convective heating) has a more favorable effect on the well-being of a person
in the room [1].

Convective or radiant heating of premises is carried out using a special technical
installation called a heating system. The heating system is a set of structural elements with
connections between them, designed to receive, transfer and transfer heat to the heated room
[2].

The main structural elements of the heating system (Fig. 1.1) are:

o heat source (heat generator for local heating or heat exchanger for centralized
heating) — an element for obtaining heat;

o heat pipe — an element for transferring heat from the source to heating devices;

. heating devices — an element for transferring heat into the room.

Heat transfer through heat pipes can be carried out using a liquid or gaseous working

medium. A liquid (water or special non-freezing liquids — antifreeze) or gaseous (steam, air,
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fuel combustion products) medium that moves in the heating system is called a heat carrier

12].
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Figure 1.1 - Scheme of the heating system: 1 - heat generator or heat exchanger; 2 —
fuel supply or supply of the primary coolant; 3 — supply heat pipe; 4 — heating device; 5 —

return heat pipe

The heating system must have a certain thermal capacity to perform the tasks assigned
to it. The calculated thermal capacity of the system is found as a result of drawing up the
thermal balance in the heating room at the temperature of the outside air [2].

Current heat losses for heating occur throughout the entire heating season, so heat
transfer to heating devices should vary widely. This can be achieved by changing the

temperature and the amount of heat carrier moved by the heating system [2].
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1.2 Classification of heating systems

According to the location of the main elements, heating systems are divided into local

and central.
In local heating systems, as a rule, all three basic elements of one room are structurally
combined into one installation, directly in which heat is received, transferred and transferred
to the room. The heat-carrying working environment is heated by hot water, steam,
electricity or by burning some kind of fuel [2].

An example of a local heating system is a gas-air heating device used for heating large
rooms. The thermal energy obtained from the burning of gaseous fuel in the burner is
transferred to the surface heat exchangers of the heat carrier - the air that is pumped in by
the fan. Hot air enters the room through heat pipes after cleaning in the filter. Fuel
combustion products are removed through the chimney into the atmosphere [1].

In local heating systems using electric energy, heat transfer can be carried out with
the help of a liquid or gaseous coolant or without it directly from a heated solid element.

Systems intended for heating groups of rooms from a single thermal center are called
central. In the thermal center there are heat generators (boilers) or heat exchangers. They can
be located directly in the heated building (boiler room or local heating station) or outside it
- in the central heating station (CTP), at a heating station (a separate building from the heated
one) or CHP [1].

Heat pipes of central heating systems are divided into mains (supply, along which the
heat carrier is supplied and return, along which the cooled heat carrier is removed), risers
(vertical pipes or channels) and branches (horizontal pipes or channels), connecting main
lines with supply to heating devices (with a branch to the premises when air is used as a heat
carrier) [2].

An example of a central heating system is the heating system of a building with its

own heating point or boiler room.
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A central heating system is called a district heating system, when a group of buildings
is heated from a separately located central heating station. Heat generators, heat exchangers
and heating devices of the system are also separated: the coolant is heated at the heating
station, moves through external (with temperature t,) and internal (in the building with
temperature t, < t,) heat pipes to separate rooms of each building to the heating devices

and, after cooling, returns to the heat station (Fig. 1.2) [1].
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Figure 1.2 — Scheme of district heating system: 1 — heat carrier source; 2 — local thermal
point; 3 and 5 — internal supply and return heat pipes; 4 — heating devices; 6 and 7 —

external supply and return heat pipes; 8 — circulation pump

In modern systems of heat supply from CHP or powerful thermal stations, two heat
carriers are used. The primary high-temperature coolant moves from the CHP or thermal
station through city distribution networks to the CTP or directly to the local heating points
of buildings and back. The secondary heat carrier is heated in heat exchangers (or mixed

with the primary one), flows through external and internal heat pipes to the heating devices
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that heat the premises of the buildings, and then returns to the CTP or the local heat point
[1].
Water is most often used as the primary heat carrier, steam or gaseous products of fuel

combustion are less common [1].

1.3 Heat carriers in heating systems

The driving medium in the heating system is a coolant that accumulates heat and then
transfers it to the heated room. The heat carrier for heating systems can be a moving, liquid
or gaseous medium that meets the requirements for the heating system [3].

Currently, water or atmospheric air, less often water vapor or heated gases are used
for heating buildings [2].

Gases formed during the burning of solid, liquid or gaseous organic fuel have a
relatively high temperature and are used when it is possible to limit the temperature of heat
transfer surfaces in accordance with sanitary and hygienic standards. During the
transportation of combustible gases, there are significant accompanying heat losses [2].

High-temperature combustion products can be released directly into the room, but this
worsens the air condition, which is unacceptable in most cases. The removal of combustion
products from the outside through the channels complicates the design and worsens the
efficiency. At the same time, there is a need to solve environmental problems related to the
possible pollution of atmospheric air by combustion products near the heated object [2].

The field of application of hot gases is limited to heating furnaces, gas heaters and
other similar local heating installations [1].

Unlike hot gases, water, air and steam are used repeatedly in circulation mode and
without environmental pollution [1].

Water is a liquid medium that is practically incompressible with significant density

and heat capacity. Water changes its density, volume, and viscosity depending on
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temperature, and its boiling point depends on pressure, and it can absorb or release gases
into its solution when the temperature and pressure change [3].

Steam is an easily moving medium with a relatively low density. The temperature and
density of steam depends on the pressure. Steam significantly changes its volume and
enthalpy during phase transformation [2].

Air is also an easily moving medium with relatively low viscosity, density, and heat capacity,
the density and volume change depending on the temperature [1].

When using heated air - a heat carrier with low thermal inertia, it is possible to
constantly maintain a uniform temperature of each individual room, quickly change the
temperature of the supplied air, i.e. carry out regulation. At the same time, it is possible to
provide ventilation of the room at the same time as heating [1].

The use of hot water in heating systems also allows you to maintain a uniform
temperature of the premises, which is achieved by adjusting the temperature of the water
supplied to the heating devices. With such regulation, the room temperature may still deviate
from the set (by 1 — 2 °C) due to the thermal inertia of water masses, pipes and devices [1].

When using steam, the room temperature is uneven. Temperature unevenness occurs
due to the mismatch of the heat transfer of devices at a constant temperature to the steam-
changing heat losses of the room during the heating season. In this regard, it is necessary to
reduce the amount of steam supplied to heating devices and even periodically turn it off in
order to prevent overheating of the room with reduced heat loss [1].

In conditions where there is a possibility of the coolant freezing, it is recommended to
use a special non-freezing coolant in heating systems - antifreeze. Antifreezes are agueous
solutions of ethylene glycol, propylene glycol, and other glycols, as well as solutions of some
inorganic salts. Any antifreeze is a fairly toxic substance that requires caution when working
with it. Its use in heating systems can lead to some negative consequences (accelerated
corrosion processes, reduction of heat exchange, variable hydraulic characteristics, aeration,
etc.). In this regard, the use of antifreeze as a coolant in each specific case should be

sufficiently justified [1].
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Let's list the main advantages and disadvantages of the main coolants used in heating
systems.

When using water, a sufficiently uniform temperature of the room is ensured, it is
possible to limit the temperature of the surfaces of heating devices, the cross-sectional area
of the pipes is reduced compared to other heat carriers, and noiselessness during the
movement of heat networks. The disadvantages of using water are significant metal
consumption and high hydrostatic pressure in the systems. Thermal inertia of water slows
down regulation of heat transfer of heating devices [2].

When using steam, the consumption of metal is relatively reduced due to the reduction
of the area of devices and the cross-section of condensate pipes, rapid heating of devices and
heated premises is achieved. The hydrostatic pressure of steam in vertical pipes compared
to water is minimal. The temperature of the steam is high and constant at constant pressure,
which makes it difficult to regulate the heat transfer of devices, its movement along the pipes
Is accompanied by noise [2].

When using air, it is possible to ensure a quick change or uniformity of the temperature
of the room, avoid installing heating devices, combine heating with ventilation of the room,
achieve silence when it moves through air ducts and ducts. The disadvantages are its low
heat-accumulating capacity, significant cross-sectional area and consumption of metal for

air ducts, a significant decrease in temperature along their length [2].

1.4 Main types of heating systems

Currently, the most widely used central systems are mainly water and much less often
steam heating, local and central air heating systems [2].

With water heating, the circulating hot water cools in the heating devices and returns
to the heat source for reheating.

According to the method of water circulation, water heating systems are divided into

systems with natural circulation (gravitational) and systems with a mechanical generator of
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water circulation using a pump. Gravity systems (Fig. 1.3, a) use the property of water to
change its density when the temperature changes. In closed vertical systems with an uneven
distribution of density under the action of the Earth's gravitational field, natural movement
of water occurs [3].

In the heating system with mechanical excitation of water circulation (Fig. 1.3, b), a
pump with an electric drive is used, which creates a pressure difference that causes
circulation and forced movement of water in the system [1].

According to the temperature of the coolant, there are low-temperature systems with
a limit temperature of t. < 70 °C,, medium-temperature systems with t. from 70 °C to
100 °C, and high-temperature systems with t. > 100 °C.. The maximum water temperature
value is 150 °C [2].

a) d)

B

6

Figure 1.3 - Schemes of water heating systems: a - with natural circulation; b — with
circulation using a pump; 1 — heat exchanger; 2 — supply heat pipe; 3 — expansion tank; 4 —
heating device; 5 — return heat pipe; 6 — circulation pump; 7 — a device for releasing air

from the system
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According to the position of the pipes connecting the heating devices vertically or
horizontally, the systems are divided into vertical and horizontal systems [1].

Depending on the scheme of connection of pipes with heating devices, there are one-
pipe and two-pipe systems [1].

In each riser or branch of a one-pipe heating system, devices are connected by one
pipe and water flows sequentially through all devices. If each device is conditionally divided
into two parts ("a" and "b"), in which water moves in opposite directions and the heat carrier
successively passes first through all parts of "a" and then through all parts of "b", then such
a one-pipe system is called bifilar [1].

In two-pipe systems, each heating device is connected separately to two pipes - supply

and return, and water flows through each device independently of other devices [1].

1.5 Automation of water heating systems

Modernization of heating points is carried out to improve the heating system of
buildings in accordance with modern requirements. The main tasks of modernization are the
organization of accounting for heat consumption by the subscriber and the reduction of heat
energy consumption while improving the level of thermal comfort in the serviced premises.
To do this, at least a meter and an automatic heat flow regulator are installed at the subscriber
input, adjusting the heat output according to weather conditions. This use of equipment is
called local or subscriber automatic regulation. At the same time, they do not make structural
changes in the heating system, but foresee this possibility in the future. This especially
applies to decisions on the use of a hydraulic elevator with an adjustable nozzle. At first
glance, it solves the task, but with further modernization of the heating system by installing
thermostats on heating devices in accordance with the program of the Cabinet of Ukraine, it
will be necessary to abandon it [4].

Modernization of subscriber inputs allows:

o optimize the heat load distribution in the heat network;
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o adequately manage the hydraulic and thermal regimes of the building's internal
heat consumption system;

. reduce heat carrier costs in the heat network;

. save energy resources;

o reduce the negative impact on the environment [4].

During the modernization of the thermal unit, many tasks are considered - automation
of the management process, control, accounting and etc. Management tasks:

o regulation of the temperature of the coolant supplied to the heating system,
depending on the temperature of the outside air;

o regulation of the temperature of the coolant returning to the heating network, in
accordance with the temperature of the outside air according to the specified temperature
schedule;

o accelerated heating of the building after the energy-saving mode (reduced heat
consumption);

o correction of the heat consumption regime according to the air temperature in
the room;

o limiting the temperature of the coolant in the downpipe of the heating system;

o heat load regulation in the hot water supply system;

o regulating the heat load of supply ventilation units with the function of
protection against freezing;

o regulation of the amount of reduction of heat consumption in given periods
according to the temperature of the outside air;

o regulation of the heat consumption regime taking into account the accumulative
features of the building and its orientation according to the sides of the light [4].

In the heat supply systems of buildings, the main technological processes are the

processes of return, transportation, distribution and consumption of thermal energy. These
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processes are carried out by appropriate equipment and units, mainly by links of the heat
supply system [5].

The main tasks solved by building heat supply systems are: continuous supply of
thermal energy of a certain quality and quantity to consumers, ensuring high reliability and
cost-effectiveness of heat supply [5].

Solving these problems is ensured by automatically changing or maintaining the
parameters of technological processes of the heat supply system within the necessary limits
[5].

The main parameters characterizing the processes in the heat supply systems of
buildings are:

o temperature (supply and return water, air in heated rooms);

o pressure, pressure drop in units and installations of the heat supply system;

o water level in containers;

o consumption and amount of coolant (water);

o consumption and amount of heat (the amount of heat received by consumers)
[5].

The change and stabilization of the specified parameters is provided with the help of
devices and automation tools that allow solving the following tasks:

o regulation of technological processes;

o management of equipment and units;

o control and measurement of parameters;

o protection of heating networks and consumers;

o blocking of units and equipment;

. heat energy and coolant accounting [5].

Rational equipment with devices and means of automation of equipment and units of
heat supply systems will ensure the saving of fuel and energy resources due to the

maintenance of more economical modes of operation and accounting of heat consumption,
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as well as to the reduction of labor costs for maintenance and adjustment of equipment and
units due to the use of remote and telemechanical control and management [ 5].

Blocking means ensure reliable operation of heat supply system links, prevent
destruction of heat network elements [5].

The lack of appropriate automation means in certain areas of heat supply systems
usually leads to a significant increase in energy consumption, a decrease in the quality of
heating, disruption of the normal operation of consumers and networks (absence of coolant
in the system, destruction of heating devices due to increased pressure and temperature). The
absence or incompleteness of measurement and control means leads to an increase in
maintenance costs for equipment and units, as well as to a decrease in the quality of
debugging work [5].

Heating systems are the main consumers of heat, so a complex approach to the issue
of automation of heating systems is necessary, taking into account the functioning of other
heat supply systems. In practice, different approaches to the automation of heating systems
are distinguished, which are related to the type of heat source (central or individual heating),
the number of degrees of regulation of thermal comfort, the type of equipment used, etc. [5].

There are two main methods of managing the thermal regime of buildings: passive -
improving the construction characteristics of buildings, and active - influencing the
engineering equipment of buildings. Passive methods of reducing heat consumption include:
optimization of thermal protection of fences, reduction of infiltration and heat loss through
transparent fences, rational planning of residential and public buildings in terms of height,
etc. Acts on the automation of thermal regimes of buildings must be considered, both in
relation to new buildings and those that are subject to reconstruction. In the latter case,
actions may be forced but not profitable. Therefore, when developing automation projects,
it is necessary to take into account the complexity of the infrastructure of the automation
object. All this once again confirms the need to solve the issues of optimal heat supply

systemically, paying great attention to the physical characteristics of objects, since their
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diversity, the complexity of heat and mass exchange processes, the purpose, the saturation
of engineering equipment systems largely determine the effect of automation [5].

Any methods, methods and principles of management should be aimed at ensuring the
necessary microclimate in the premises. However, implementation of this main task is
carried out differently by different automation systems.

Automation of thermal regimes is based on the principles of control: by disturbance;
by deviation; combined and software with the use of two-position, P-, PI- and PID-control
algorithms, which are used both in local means of regulation and in control systems built on
the basis of microprocessor technology [5].

Modern means of automation are quite cost-effective as they allow to save up to 40%
of heat in general: up to 15% due to regulation of the air temperature in the room; use of
household heat generation - up to 8%; use of regular heating modes (lowering the room
temperature at night) up to 12%; due to the optimization of heat transfer modes - up to 5%
[5].

Automation of centralized heating systems should be considered in relation to MTP,
as they are a mandatory element in the general structure of the heating system [5].

In order to obtain the optimal quality of MTP management, it is necessary to measure
all disturbances or to know exactly the law according to which they change, or to measure
temperature deviations in all rooms. Both of these options are technically complex [5].

The experience of operating and researching automated heating systems revealed the
main control methods with the corresponding formation of the initial signal about the
behavior of the control object:

o adjustment based on the temperature deviation in the presented (base, control)
rooms, the signal about the thermal state of which with a known error corresponds to the
standard temperature in any of them;

o disturbance control, from which the external temperature, temperature (or

temperature difference) of the heat carrier, wind speed and its direction and other indicators
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are selected, for example, the temperature of the direct and reverse heat carrier with
correction for the air temperature measured in three rooms;

o combined control with measurement of external temperature and total
temperature in all rooms, as well as additional correction for the temperature of the supplied
heat carrier and for external factors;

o control using a physical model of a building with artificial heating in which a
certain temperature specified by the model is maintained;

o control of programmed heat release — automatic shutdown of heating at night,
holidays, periodic heating;

o optimal heat return based on a multifunctional regulator, using a computer or
MiCroprocessor;

o management based on weather service data using the dispatcher [5].

Control influences can be applied to throttling regulatory bodies (valves, valves, rotary
valves), as well as controlled pumps and elevators [5].

The elevator is a device that lowers the pressure and temperature of the coolant
supplied by mixing cooled water coming from the heating system [6].

In addition to lowering the pressure and temperature, the elevator performs another
function - ensuring the circulation of water in the circuit of the heating system. That is why
this element is of particular interest, despite its external simplicity, it combines the functions
of three devices: a pressure regulator, a mixing unit and a water jet circulation pump [6].

The traditional principles of control applied at MTP, disturbance control, when using
a heat carrier flow regulator, which is supplied depending on the ratio of the temperature of
hot water and outside air, their diagrams are shown in fig. 1.4. These schemes make it

possible to increase the mixing ratio of the elevator as water consumption decreases [5].
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Figure 1.4 - Scheme of automation of the thermal station: a - joint operation of the elevator
and pump; b — an elevator with an adjustable nozzle; 1 — hot water temperature sensor; 2 —
temperature regulator; 3 — outdoor air temperature sensor; 4 — executive mechanism; 5 —
heating devices; 6 — elevator and pump; 7, 8 — supply and return heat pipes, respectively; 9

—an elevator with an adjustable nozzle

In addition to the use of disturbance control principles at the MTP, it is possible to use
the principle of air temperature deviation in the control rooms of the building [5]. The
functional scheme of automation corresponding to this principle is presented in fig. 1.5.

At present, regulated thermal elevators are widely used in MTP automation. Using an
elevator makes it possible to save about 10% of annual heating costs. Elevators are produced
with a nozzle diameter from 6 to 18 mm (with a step of 2 mm) and heat output from 0.2 to
1.07 MW with a power consumption of 12 W and a weight of 26 to 50 kg [5].
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N

Figure 1.5 — MTP automation scheme based on the principle of temperature deviation in
the building: 1 — temperature sensor located in the building; 2 — temperature regulator; 3 —
executive mechanism; 4 — heating devices; 5 — elevator and pump; 6,7 - supply and return

heat pipes, respectively

The desire to bring the control influence closer to each individual consumer led to the
appearance of zone heating and, as a result, a variety of local - zone control [5].

Modern regulators that can be used in the best way for MTP automation have
multifunctionality and are equipped with economic mode optimizers. Structurally, they are
performed on the basis of microprocessor technology [5].

In centralized heating systems, individual regulation is the last step in the formation
of the microclimate in the room.

Individual regulation of the microclimate in the room usually affects the amount of
heat supplied to the heating devices (change in the power of the heating devices) and the
output - ventilation, humidification and cooling, which is carried out by the air conditioning
system [5].

Individual automatic regulation (IAR) allows you to take into account disturbing

influences that are not taken into account during centralized, group and local management,
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and to ensure the proper thermal regime of the premises, only in the direction of decreasing
temperature, due to the use of free heat inputs. However, it is also possible to increase the
temperature, but if there is a reserve of thermal power of the heating system or with the help
of SCP closers [5].

In IAR, manometric thermoregulators of direct and indirect effect - electric (less often
pneumatic) - have become widespread [4].

A specific model of a direct-acting thermoregulator (thermostat) was developed,
which, with minor modifications, is produced by many foreign companies such as "Danfoss"
(Denmark), "TA" (Sweden), "MNG" (Germany) and a number of others. These thermostats,
as a rule, control the heat output of individual heating devices, although there are group

regulation schemes [5].

1.6 Economic efficiency of automation of thermal points

The economic efficiency of the automation of heat points is determined by a technical
and economic comparison of various project solutions [7; 8; 9; 10]. At the same time, they
compare capital and operating costs, terms of installation and operation of systems. They
also calculate the payback period of capital investments due to the reduction of operating
costs and correlate it with the normative value. Usually, incentives for energy-saving
measures set a payback period of no higher than 12...12.5 years [4].

Factors that affect energy savings when using automated systems are multifaceted. To
date, there are no full-fledged domestic methods of their comprehensive accounting, and the
existing ones are disconnected. The reason is the fact that the owner of the building
(premises) is primarily interested in tangible income from the use of energy-saving
measures, while these measures have national and global planetary significance. In any case,
the main factor is the saving of fuel and energy resources while ensuring thermal comfort in
the room [4].
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VDI 3808 [11] presents one of the methods for determining energy savings by
building heating systems with different degrees of automation of the heat point. It provides
an assessment of energy-saving measures to save heat consumption as a result of manual or
automatic temporary reduction (night, weekend) of room temperature, prevention of excess
heat inflows, maintenance of temperature conditions in the room. The total effect of the
control and technical equipment of the heating system and the heat point is reflected by the
coefficient of heat consumption reduction due to maintaining the necessary temperature

conditions in the room

R = tfrz—_tz (1.1)
tfr1 —tz
where t is the set temperature of the building, which is equal to the normalized
temperature of the main premises from 17 to 23 °C; ; t, — average outdoor air temperature
during the heating period, °C; tf,.; Ta tf,, — the quality factor of the regulatory and technical
equipment of the system, respectively, for the basic and applied version of the design
solutions (Table 1.1).

Table 1.1 — Approximate values of the quality factor f; according to VDI 2067 Blatt [12]

Regulatory and technical equipment Coefficient
fr

Manual adjustment with little user intervention 1,13
Manual adjustment with frequent user intervention 1,10
Manual adjustment and thermostatic valves 1,08
Regulation according to weather conditions without the use of 1,06
thermostats

Room thermostat controlling the pump and thermostats 1,06




Continuation of table 1.1
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and control section on the sides of the light (applies depending on the
location of the sun), with thermostats or with zonal regulation of

individual rooms

Regulation of the temperature of the supplied heat carrier with adaptation 1,05
of the heating curve according to weather conditions and/or room
conditions
Regulation of the temperature of the supplied coolant and thermostats 1,03
Regulation of the temperature of the supplied heat carrier with adaptation 1,02
of the heating curve according to weather conditions and/or room
conditions and thermostats
Central continuous indoor temperature control and thermostats (single- 1,02
family house)
Two or more levels of regulation according to external conditions
e without adaptation of the heating curve 1,015
e with adaptation of the heating curve 1,010

When calculating the coefficient of reduction of heat consumption according to

equation (1.1), manual adjustment with minor user intervention is adopted as the basic option

for comparing design solutions [4].

The additional effect of increasing the levels of automatic regulation is determined by

comparing design solutions with different degrees of automation [4].

A similar approach, adapted to local conditions, is presented in "Methodical

calculation of specific energy consumption for heating the building during the heating

period". Reduction of the necessary heat is achieved due to the perception of heat inputs

(domestic, from solar radiation) by sensors of automatic equipment and adequate influence

of regulating valves on the thermal power of the heating system. The degree of perception



93

of heat input is estimated by the coefficient of efficiency of self-regulation of heat supply to

the heating system ( (Table 1.2). The higher the perception of external and internal heat input

by the heating system, the greater the value of this coefficient, and, therefore, the greater the

energy-saving effect [4].

Table 1.2 — Autoregulation efficiency factor [4]

with central regulation in the CTP or boiler room

Regulatory and technical equipment Coefficient
¢

One-pipe system with thermostats and with facade-by-facade 1,00
autoregulation at the input or apartment-by-apartment horizontal
distribution
Two-pipe heating system with thermostats and with central auto-regulation 0,95
at the input
One-pipe system with thermostats and with central auto-regulation at the 0,90
input or one-pipe system without thermostats and with facade auto-
regulation at the input
One-pipe system with thermostats and without auto-adjustment at the input 0,85
System without thermostats and with central auto-regulation at the input 0,70
A system without thermostats and without auto-regulation at the input, but 0,50

The methods presented above for determining the energy efficiency of the application

of automation of subscriber inputs are non-complex, as they are based on consideration of

the heating system, which is separated from other engineering systems of the building and

their energy interaction. In addition, for example [4], the transformation of energy efficiency

indicators of two-pipe heating systems into one-pipe systems is insufficiently substantiated.

The modern approach, which is implemented in the countries of the European community,
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Is based on a joint consideration of heating, ventilation, hot water supply and power supply
systems, taking into account their design features, interconnection, as well as the specific
heat loss of the building and its useful heating area [7; 8; 9]. Moreover, this approach assesses
all links of the energy transformation chain: from the energy source to the consumer. This
approach determines the energy-saving and environmental effects of the adopted technical
decisions at the energy-generating company and at the consumer both at the design stage and
during the audit of existing buildings [4].

The most accurate data on energy saving are obtained from the monitoring of cities,
neighborhoods, and facilities. This effect is especially pronounced during the modernization
of buildings. Then the basic indicators appear, with which the achieved results are compared
[4].

Due to the measures taken (installation of thermostats on heating devices; installation
of valves on risers, which automated the balancing of building heating systems; installation
of heat meters in apartments; installation of thermostats on circulation pipelines of hot water
supply systems; insulation of external walls of buildings and roofs; replacement of double-
glazed windows) the energy saving effect was : for heating buildings — 58.6%; for hot water
supply —52.1%. for hot water supply increased by 16%. Thus, thermal modernization of the
building with complex automation of its engineering systems brings a tangible economic
effect, consisting in a 50% reduction in heat energy consumption. The estimated investment
return period is 3.8 years [4].

When adapting the European experience in energy saving and the methodology of its
evaluation to the conditions of Ukraine, it is necessary to take into account the fact that
compared to our houses, European buildings differ in the following way:

e several times better heat protection of enclosing structures and, therefore, less
heat input from solar radiation;

e  equipped with hot water supply systems with three times less water consumption

and, therefore, less heat input from these systems;
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e use of household appliances with higher efficiency and, therefore, less heat input
from them;

e using the kitchen to a much lesser extent and, therefore, less heat input [4].

Our buildings also have a different ratio between domestic heat input and heat loss, a
different method of heat supply, characterized by great inertia. Therefore, the energy-saving
effect from the application of automation of engineering systems of buildings is somewhat
higher in our country, despite the fact that we are gradually approaching European indicators:
in terms of building insulation, automation of engineering systems and equipping with high-
quality household equipment [4].

Estimated heat consumption is determined according to approved methods, based on
the specific consumption of thermal energy per 1 m? of the heated area. Actual - recorded
by thermometers. The obtained data show that the payback of costs for the modernization of
the heating point does not exceed one heating period, since the costs amounted to
approximately UAH 12,000. The expediency of the modernization of the domestic
consumer's heat point consists not only in the automation of subscriber input, but also in the

actual accounting of heat consumption [4].

Conclusions to the first chapter

Analysis of modern heat supply systems and areas of automation of building
complexes showed the following:

o most often in heat supply systems, central qualitative regulation of the
temperature of the supplied heat carrier is used, supplemented by quantitative regulation of
consumption in thermal points of buildings; at the same time, automatic control is based on
three principles - control by disturbance (depending on climatic conditions), deviation
(depending on temperature changes inside the room), and combined control (by disturbance

and deviation);
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o existing heating systems are made mainly with the use of water jet elevators,
mainly due to their simplicity and low cost, but at the same time, the possibilities of
temperature regulation are limited; solving energy saving tasks and ensuring the rational use
of energy resources is possible by equipping thermal units of buildings with systems of
automatic regulation and accounting of thermal energy using modern energy-efficient

equipment.
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ButpATth TENAOTH Y KBT, KOTPI
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-5 302 270 230 193 158 120 78

0 242 206 169 133 97 60 12

+5 181 145 109 |73 36 0 0
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30ipHUK HayKoBHX Ipamb 3a Marepiasamu VIII BceykpaiHcbkoi HayKoBO-
MpaKkTUYHOI KOH(pepeHIii «EIeKTpoHHI Ta MEXaTPOHHI CHCTeMH: Teopid, IHHOBalii,
nmpakTuka», 4 mucromanma, 2022 p. / Hamionansuuii yHiBepcuteT «IlonTaBchka
nonitexHika imeHi FOpis Konngpatiokay.

Penxomerisz: O.B. Illedpep (romoBHuii pemaktop) Ta iH. — IlonTaBa:
HY «IlonraBceka nomitexnika iMeHi FOpis Korgpatiokay, 2022. — 96 c.

VYV 30ipHHKY IIpeICTaBIICHI pe3yJIbTaTH HAayKOBHUX JOCIIJDKEHb Ta pO3pO00OK B
o0nacTi Cy4acHHX eJIeKTPOMEXaHIYHHX CHCTeM Ta aBTOMATH3allii, eIeKTPUYHHX
MaIlliHU 1 arapaTiB, MOJIETIOBAaHHS Ta METOJIIB ONTHMIi3allii, eHepro30epeXeHHs B
@IIEKTPOMEXaHIYHUX CHCTeMax, YNPaBIiHHA CKIaJHHIMH TEXHIYHHMH CHCTEMaMHU,
mpoOjieM aBapiifHOCTI Ta JIIaTHOCTHKH B eJIEKTPOMEXaHIYHHUX CHCTeMaX Ta
€JIeKTPUYHIX MAaIllHHAaX, 1H(OPMAIITHO-KOMYHIKAIliHHUX TEXHOJOTIAX Ta 3acolax
yrpaBiiHHa. [Ipu3HadeHHWi A1 HayKOBHX # IHXKEHEPHO-TEXHIYHHX IIPAIliBHUKIB,
aCIipaHTIB i MaricTpiB.

Marepiai BiITBOPEHO 3 aBTOPCHKHUX OPHTIHATIB Ta PEKOMEHIOBAHO JI0 APYKY
VII BceykpaiHCcbKOI HayKOBO-IIPaKTUYHOI KOH(pepeHIii « EleKTpoHHI Ta MeXaTpOHHI
CHCTEMH: Teopis, IHHOBaIlil, IpakTHKa». Penakilis He 0OOB’S3KOBO MOMILISIE AYMKY
aBTOpa i He BiAmoBigae 3a paKTUYHI MOMIUIKH, SIKHX BiH IIPHUITYCTUBC.

BingmoBiganeHHil 32 BUITCK - 1I.T.H., mpodecop O.B. Illedep.

Penakuiiina KoJieris:

O.B. Illedep — rooBHHII pemakTOp, AOKTOpP TEXHIYHHX HayK, Ipodecop,
3aBiyBad KadeIpH aBTOMAaTHKH, €JICKTPOHIKH Ta TeJIeKOMYHikaIliii HarioHanpHOTro
yHiBepcurety «IlonraBcrka momitexnika iMeHi FOpis Konnpatiokay;

H.B. €pminoBa — KaHIUAAT TEXHIYHUX HAyK, JAOLEHT KadeIpH aBTOMAaTUKH,
€JIeKTPOHIKH Ta TelekoMmyHikamiii HamionamsHoro yHiBepcuTeTy «llonTaBchka
nonitexHika imeHi FOpis KonngpaTiokay;

C.I'. Kucnum — KaHAWJAT TEXHIYHHX HayK, JONEHT KadeIpH aBTOMAaTHKH,
CIeKTPOHIKH Ta TelleKoMyHikamiii HarmonaneHoro yHiBepcuteTy «llonTaBchka
nonitexHika imeH1 FOpis Konnpatiokay

b.P. Bopsik — KaHIWAAT TEXHIYHHX HAyK, JOLEHT KadeapH aBTOMAaTHKH,
CIIEKTPOHIKH Ta TeleKkoMmyHikamiii HamionansHoro yHiBepcurery «IlonTaBchka
noitexHika imeHi FOpis KongpaTiokay.

© HamioHa1bHUH YHiBepCHTET
«IloaTaBchbka nmojirexHika imeni ¥Opia Konapartiokay
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B.M. I'anau, x.m.H., OoyeHm,

B.B. Apcokuit, macicmpanm

HayionanvHuil ynieepcumem «Ilonmaecvka nonimexsixa imeni FOpia Konopamrwoxay

PO3POBJIEHHA TA JOCJ/IJPKEHHA CUCTEMM YIIPABJITHHA
OITAJIEHHAM KOPIIYCIB A TA ® HAIIIOHAJIBHOI'O YHIBEPCHUTETY
«IIOJITABCBKA ITOJITEXHIKA IMEHI IOPISI KOH/IPATIOKA»

IlocraHoBka mpooOaemu. J[Is BHpINIEHHS IHTAHHA TIPO YyOe3MeUeHHI
3aMep3aHHg BOJHU B CHCTEMI OIIAJIEHHS B MEpiof] eKOHOMHOI eKCILTyaTallii HaBuaabHHX
KOPITyCiB (XOJOJHUMH Iepiof] poKy) HEOOXIJHO BHKOHATH PEKOHCTPYKIIIIO ICHYIOUHX
TEIUIOBUX BY3JIiB BBOJY B HABYAILHUX KOPITyCax.

MeTta Takoi peKOHCTPYKIIi — 3a0€3MeYNTH MOCTIITHY IUPKYIIAIII0 TEIUIOHOCIS
B CHCTEMi 3 YaCTKOBUM HATrpiBaHHAM BOJH €IEKTPOKOTIOM, a00 32 YMOBH YaCTKOBOTO
OTpUMaHHS HE3HAYHOI KITBKOCTI TEIUIOTH 3 TEIUIOBUX Mepek. Takoi KilbKICTh
TEIUTOTH 1 MOCTIHHA ITUPKYJIAIISA yOe3eunTh BOy B CHCTEMI BiJl 3aMep3aHHs.

OcHoBHa yacTHHa. Ha BiIMiHy BiJl TOBHOTO 3JHBaHHS BOJH i3 CHCTEMH
OIIaJICHHS, TaKa PEKOHCTPYKIisA 3a0e3Iedye MOCTIHHY IToady MiHiMaabHO HEOOXiTHO1
KUIBKOCTI TEIUIOTH B CUCTEMY OIIaJIeHHS i 3armo0irae BHXOAY CHCTEMH OTIAJCHHS 13
JIaJly BHACHIOK ii KOpO3ii.

Enextpoxotna motyxHictio 100 kBT s xopmyci A Ta @ 3 IUPKYILINHHIM
HacoCoOM JOCTAaTHBO y MO0 yOe3neunTH BiJ] 3aMep3aHHs BOJIY B CHCTEMI, ajle JaJieKo
HEJIOCTaTHBO, 00 TPHMAaTH OLIBII MEHI JOCTATHIO TEMIIEPATypy Y KOpITycax.

Jns xopmyciB A ta @ enekTpokomia moryxHicTio 100 kBT Oye qocTaTHRO Ii1s
TOTO MO0 YHEMOJMJIMBHTU 3aMEp3aHHS BOAHM Yy CHCTeMi. AJle 3a JJOIIOMOTOI0 TaKOTO
KOTJIa MOXKJIHBO OyZe HIATPUMYBAaTH TeMIIEpaTypy y NpUMilIeHHAX He Bume +2 °C
IIpH TeMIIepaTypi 330BHi —5 °C, TeMnepatypy y npuMimeHHsIX +8 °C npu temnepatypi
330BHI He HIk4e 0 °C .

Jlns nocsarHeHHs O1IBIINX TeMIIEpaTyp B IPUMIIICHHIX HEOOXITHO IHCTAIIOBATH
€JIeKTPOKOTeN NoTyxHicTio He MeHme 200 xBt. Toxi mpu temmepatypi —15°C B
npumimenHi Matumemo +1°C, mpu TemmepaTypi 330BHI —8 °C B IpHMIIIEHHI
+8...10 °C, a mpu Temneparypi —5 °C - Temmeparypy y npuMimensi +11...13 °C.
Arle 1HCTaJAIls CIIOXKHBada eJIEKTPUYHOI eHeprii moTyxkHicTio 200 kBT €
MIPOOIEMAaTHIHOIO I ICHYIOUHX €JIeKTPUYHIX MEPEK.

IlizcyMoBYyI0OUYH BHINlE HaBeIeHY iH(POpPMAIlit0 OLIBIN MPHITHATHIM JUIS KOPILYCiB
A Ta @ € BIpoOBaXKEHHS CXeMH 300pakeHol Ha puc. 1. Bona nepegbauyae oTpuMaHus
HEOOX1JTHOI KUIBKOCTI TEIUIOTH JJIi IATPUMAaHHSA MPHIAHATHOI TeMIepaTypH Y
MPUMIIEHHAX 13 TEIUIOBUX MEPEK Ta BiJ[ €IEKTPOKOTIa. Y TaKOMY BUIIAAKY TIPH
TeMIlepaTypd 30BHIMIHBOTO TOBITpA —4..—5°C, Oyae BHUKOPHCTOBYBATHCH
€JIIEKTPOKOTEN, a IPU MOJANBIIOMY 3HIDKEHHI TEeMIIepaTypH — OTPUMAaHHS TEIUIOTH 3
TEILIOBOI MEPEXI.
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Puc. 1. IlpuHIiunoBa cxeMa peKOHCTPYKIII TEIUIOBOro By3ila BBOAY: 1 —icHyroda
TEIIOBa Mepeska; 2 — BIATAIyKEHHS BiJI TEIUIOBIX MEPEX 0 HaBUYAJIHHOT'O KOPIIYCY;
3 — By30I OOJIKY TEIUIOTH; 4 — IepeMHYKa 31 3BOPOTHIM KJIallaHOM; 5 —
eJleKTpoKoTen; 6, 7, 13 — 3amipHa apmartypa; 8 — UpKyJIAMiiiHI HacocH; 9 — cucTeMa
onaneHHs; 10 — perynsaTop BUTpaT TeIUI0TH; 11 — KOHTpoep peryisTopa BUTpaT
TeroTy; 12 — 3amipHa apMaTypa Ha BiJTaly)KeHHI BiJl MaricTpalbHUX TEIUIOBUX
Mepex; 14- po3muproBansHUil 0ak; 15 — Galinac 3 €JIeKTPOMAarHiTHUM 3allipHIM
KJIallaHOM

BucHoBok. Po3po0i1eHO IPHHIUIIOBY CXeMy PEKOHCTPYKIIIl TEINIOBOTO By3iIa
BBOJ[y HaBYAJIBHHUX KOpmyciB A Ta @ 3 KOMOIHOBaHHM BHUKOPHCTAHHSM TEIUIOTH i3
TEIUIOBOI Mepexi Ta BiJ eleKTpokoTia. Taka cXeMa peKOHCTPYKIil yOe3nmeduTsh
CHCTEMY ONAJIEHHS BiJI 3aMep3aHHA Ta 3MEHIIUTh BUTPATH Ha TEIUIOTY Yy Iepiof
€KOHOMHOI eKCIITyaTallii HaBYaJbHUX KOPITYCIB.

DEVELOPMENT AND RESEARCH OF THE HEATING MANAGEMENT
SYSTEM OF BUILDINGS A AND F OF THE NATIONAL UNIVERSITY
«YURI KONDRATYUK POLTAVA POLYTECHNIC»

V. Halai, PhD (Engineering), Associate professor,

V. Yarskiy, Master’s Student
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