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BCTYII

AKTyaJabHicTh TeMHu. EnexkTpuuHi iHQpayepBOHI BUIPOMIHIOBAaYl € JIOCUTh
HOBHUM 1 IEPCIEKTUBHUM BUAOM OOITpIBY BCiX BUJIIB MpUMillleHb. BOHU MaloTh HU3KY
nepesar nepej KIaCMYHUMU METOJIaMH OOIrpiBYy, a TaKOX € Ty>K€ €KOHOMHHUMHU Ta
MPaKTUYHUMU TPU €KCIUTyaTalii Ta MOHTaXI.

B mporeci pobotu cucrema iHPpauepBOHOro OOIrpiBYy HarpiBae IMOBEPXHIO
(mipgnory, cTiny yu Me0Ji1) B 30H1 HarpiBy. IHpauepBoHMII HATPIB € TAKOXK OJHUM 13
OPOrPECUBHUX  CMOCOOIB  TepMIYHOI OOpoOKM MarepiasiB 1 Jla€  BHCOKY
NPOJAYKTUBHICTh 0OpOOKM MaTepialliB Ta XOPOIIY SIKICTb 00pOOKH BUPOOIB.

bubm  getanekHO TpPO mepeBard 1 HEMOMIKM CUCTeM 1H(pauepBOHOTO
BUITPOMIHIOBAHHS posrnanyti B.H. borocinocbkum. Tak, B MoHorpadii
«CtpoutenbHasi TerioQu3nKa» TMPUBEJACHI OCHOBHI 3alIeKHOCTI 1 JaHl TIpo
iH(ppauepBoHU OOIrpiB Ta PpO3MOALT TEIIa Ha TIOBEPXHAX OTOPOKYIOUUX
KOHCTPYKIIIH.

Icaye Garato Qopmyn 1 rpadikiB s po3paxyHKy MapaMmMeTpiB CHUCTEMH
iH(pauyepBOHOTO OOITPIBY B MEBHUX YMOBAX 1 JJI1 TOBEPXOHb, 110 OEPYTh y4acTh B
IpoIIeCi TETUIO0OOMIHY.

Bce e HeoOXimHO 3HATH TIPU BUOOPI1 ISl JIETAJILHOMY aHaIIi31 €HEPreTHIHOL
e(heKTUBHOCTI iHGpaAYESPBOHUX BUIIPOMIHIOBAYIB.

Metoro kBajgiikauiiinoi podoTHm € aHami3 E€HEPreTHYHOi €(EeKTHBHOCTI
3aCTOCYBaHHS €JIEKTPUYHUX 1H(PAYEPBOHUX BUIIPOMIHIOBAYIB Ta PO3POOKA OKPEMHX
napameTpiB cucTeMH (JOPMYBaHHS MIKPOKIIMATY B MPUMIIIEHHSX, sIKI 00Irpi1BaIOTHCS
3a IOMOMOTOI0 TAKUX BUIIPOMIHIOBAYIB.

O06’exTOM I0CJiIZKEHHS € eIeKTPUYHI iH(QpadyepBOHI BUIPOMiHIOBAYI.

IIpeamerom pgocaigKeHHST € OCOOTMBOCTI TEIJIOOOMIHY B EJICKTPUYHHX
iHGpaYepBOHMUX BHUIMPOMIHIOBAYaX OCOOJWMBOCTI KOHCTPYKII Ta TPHHIMIY IX
poo6oTH.

AnpobGanis podorn. 3y0 A.C. AHanmi3 eHepreTudHoi e(eKTUBHOCTI

3aCTOCYBaHHS JIs 00IrpiBy eIeKTpUIHUX iH(QpadepBoHUX BHIIpoMiHiOBaviB. // M.T.
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Tapacenko, B.I. I'etmantok, A.C. 3y0 // 36ipauk te3 gomnosigeil. Matepianu XII
MDKHapOJHOT HAYKOBO - TEXHIYHOI KOH(EepeHLil «AKTyaldbHI 3aJadl Cy4acHHX
texHojorii» ( M. Tepronins, 6 - 7 rpyans 2023p.) / M-Bo ocBiTU 1 HAyKu Y KpaiHH,
TepHoninbchkuii Hail. TexH. YH-T M. L. [lymtos — T.: THTYVY, 2023.

Crpykrypa podoru. PoboTa ckinagaeThes 31 BCTyny, 4-X po3AUTiB, BACHOBKIB,
nepesiky mocuinanb (21 HaltMeHYBaHH).

3aranbHUil  00CAT TEKCTOBOi YacTUHM — 68 cropiHok, 12 Ttabnuup 1

2 PUCYHKIB.



1 AHAJIITUYHUH PO3JILI

1.1 CrekTp eJIeKTPOMArHiTHOI0 BUIIPOMiHIOBAHHS

Anrnivicekuit yuenuit B. I'epmiens y 1800 porl BigKpuB iH(ppadepBOHE
BunpomintoBanus (19).

Cxema po3uieruieHHs: OUI0oro CBiTjia Ha CHEKTp MoKazaHa Ha puc.l.l., a Horo
YaCTOTHUH Jl1ana3oH MpeacTaBieHuit y Tabmauui 1.1.

Tabnuus 1.1 — YacToTHMIA 11ana30H €JIeKTPOMArHiTHOIO BUIPOMIHIOBaHHS

Hazga gianaszony JloB:kuna XBHIIi, A Yacrora,
Hanmogri > 10 kM <30klm
Hoeri 10 kM — | kM 30 k['m— 300 k'
Pamioxsumi Cepenni 1 xM—100 M 3,7
Kopotki 100Mm—10Mm 300kl —-31Tn
VaesTpakopotki (YKB) <10w™m 30 MI'p— 300 MI'tg
JenumeTtpoBi IlM—-10cmMm 300MIm—-31ITn
, . CanTuMeTpoBi 10cm—1 cMm 31T —-30ITo
MikpoxBumi . .
MiniMeTpoBi lem—1 MM 30IT—3001ITn
JlenumiiMeTpoBi 1 MM —0,1 MM 300 ITo—3 Tl
OmramHe IndpauepBone (Temaose) 1 MM — 760 aM 300 1T — 400 TT'm
. Buaume (BugumMe CBITIO) 760 M — 380 aM 400 TT'x — 800 TI'y
BHTPOMIHIOBAHHS -
VaeTpacdionerore 380 HM — 3 HM 800 TI'm— 100 Iy
. _ PenTrenisceke 10aM — | M 301 — 300 DI'n
Kopcrki npomeHi
T'amma <10 mm >3000I'g

Yepes cromitts micas ['epmenemoBoro Biakpurta [ y Pagsucekomy Corosi
Oyno BinmkpuTto panioxsuii B aiana3oni [U (80 mkm).

[HppavepBOHI XBUJII PO3TAIIOBYIOTHCS B Jialla30HI MK YEPBOHUM KIHIIEM
BHJMMOI'O CIIEKTPY 3 JOBXKHMHOI XBWii 7,4 X 107 M i KOPOTKMMH pagiOXBUIAMH 2
x10° m.

Bunrva o6rmacte B €IEKTPOMArHiTHOMY CIEKTpi 3aiiMa€e BY3bKY MUISHKY B
mexax | =0,4 - 0,77 mrm.

JIOBKUHOIO XBUJII A HA3MBAETHCA BCTAaHb MK CYCITHIMHM MIKaMU MaKCUMyMy

a00 MIHIMyMY XBuUJI1. YacTOTOIO V HAa3UBAETHCS YHUCIIO KOJMBAHb B CEKYHIY.



TIpoMeRi

Viempadionemoar

Dioremosi

Cuni

Tomal

A

Seneni

SR oami

AHNCESL

HepeoHi

Tnhpauepsoi

Pucynok 1.1 — Cxema po3uieruieHHs O110ro CBITIa Ha CIEKTP

[Tepiomom xButi T Ha3UBAETHCS Yac 3a KU BiIOYBAa€ThCS OAHE KOJIMBAHHS.

Mix MMHU BEJIMYMHAMU ICHYE Jy’Ke MPOCTa 3aJIEKHICTH[4]:

7L :&:u’
T

ae u —HIBI/II[KiCTI) IMOIINPCHHA KOJIMBAHD.

[lommpeHnHs eneKTpOMarHiTHOI XBWJIl B

(1.1)

IPOCTOP1  CYIPOBOKYETHCSA

MEPeHECEHHSIM €HEeprii 3a HaNmpsSMKOM pyXy XBHIIl, TaKa €HEPris OTpuMalia Ha3BY

MIPOMEHEBA CHEPTis.

3apa3 Bech miama3oH 1HGPAUYEPBOHOTO BUIIPOMIHIOBAHHS PO3JUISIOTH HA TPH

CKJIQJIOBI:

— KOpOTKOXBUJIbOBA 00nacTh: | =0,74 - 2,5 mrm;

— cepeaHbOXBMIILOBA 00MacTh: | =2,5 - 50 mrom;

— noBroxsuiiboBa 001acte: | =50-2000 mxm .
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1.2 3akoHM TenJ10BOro BUNPOMiHIOBAHHS

[Ipouiec mepeTBOpeHHs TEIUIOBOI €HEprii Tula B MPOMEHEBY HAa3UBAETHCS
TEIJIOBUM BUITPOMIHIOBAHHSIM.

bynp-sxe Tino, mo mae T =°C Buiry 3a aOCOJIOTHUN HY/Ib, O€3MepepBHO
BUIPOMIHIOE TIPOMEHEBY €HEPrito. B 3aexHOCT1 Bil TeMIIEpaTypH 1 CTaHy MOBEPXHI
TiJJa BOHO BUIJa€ TOW 4YM IHINMNA BHJ BUNPOMIHIOBaHHS. Bennka dacTka 1bOro
BUITPOMIHIOBAHHSI JIEKUTH B 1H(pauepBoHiil obnacTi [4,8].

Tak, Hanpukiajg, SKIIO NPUUHATH BCIO EHEPrilo, IO BUIPOMIHIOETHCS

BaKyyMHOIO JIaMIIOI0 MpU TemriepaTypi BodbhpamoBoi HuTku T =2500°C, 3a 100

%, 1o nuie 7-12 % mpunazae Ha BUMPOMIHIOBAHHS y BUJIUMIM 00JIacTi CIEKTPY, a
pemira eHeprii, 3a BUHATh-KOM HEBEJIMKHX BTpAT B TpUMayax HUTKUA POIKAPEHHS,
npunajzae Ha iHdpauepBOHE.

SAxio Temreparypa tina nepesuinye T >825°C To B CrieKTpi BUIIPOMIHIOBAHO1
eHeprii MICTAThCS, BUIUMI HEO30pOEHUM OKOM, MpoMeHi, a pu 1 <825°C npomeHi

CTalOTh HEeBUAMMHUMHU [4]. 3MiHa KOJbOPY TiTa OOYMOBIIOETHCA HOTO TEIJIOBUM
BUTIPOMIHIOBAaHHSM B 3aJICKHOCTI BiJl TeMIiepaTypu Tadomuis. 1.2.

BunpomintoBaHHs T 13 3pOCTaHHAM TEMIIEPATYPH PI3KO 3POCTAE, TIPH YOMY
3MIHIOETBCS 1 CIEKTP BHUIPOMIHIOBAaHWX XBWJIb. Pa3oM i3 3poCTaHHSM IIUIBHOCTI
MOTOKY BUIIPOMIHIOBAHHS 3MIIIYEThCS B 00JIaCTh KOPOTIIMX JIOBXUH XBHIIb
(3anmexHICTh BimoMa SK 3akoH Bina). TakuM 4YWMHOM, WiABHUIYETHCS BEIMYHMHA
BUIIPOMIHIOBAHOI €HEPTii MPpU KOPOTKUX XBUIISX.

3 1i€i NpUYUHYU, TIPU BUCOKUX TEMIIEpaTypax, BAIPOMIHIOBAHHS JOMIHY€E HaJ
KOHBEKIIIEO 1 TPOBITHICTIO.

[Ipy HU3BKUX TeMIepaTypax CIOCTEpPIra€ThCs 3BOPOTHE siBUIE. B camomy
BUIIPOMIHIOBaHHI OEpyTh y4acTh JIMIIE Ty’K€ TOHKI MIapyu HA TOBEpxHI Tina. Temo
MONIMPIOBAHE BUIIPOMIHIOBAHHSM, BIUIPI3HSAETHCS BIJ TeIjla MOIIMPIOBAHOTO
KOHBEKIII€I0 1 KOHAYKIIIEI0, M0 CBOIX MapameTpax 1 TEeIUIOBii i1 HaOIUXKAEThCS 10

BJIACTUBOCTEN MPUPOJTHOTO COHAYHOIO BUITPOMIHIOBAHHS.
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BunpomiHioBaHHS Ti1a, Ha3UBalOTh MOHOXPOMATHYHHMM, SIKIIO BOHO JOCATAE

iHTepBaTy JOBXKUH XBWJI Bil A 10 A+dA 1 iHTerpadbHUM (NOBHHUM), SIKIIIO BOHO

BIJIIIOBi/Ia€ iHTErpasly TOBXKHH XBWIb Bim A =010 A =o0[4-7].

[Ipu momagaHH1 TPOMEHEBOrO MOTOKY Ha MOBEPXHIO TUIa, OJHA KOTO YacTHHA

BIIOMBaeThCA (A3epKalbHO ab0 [u(dy3HO), 1HIIA MPOXOAUTH Kpi3h TUIO 1 B

3aJIEKHOCT1 Bil KOE(DILIEHTY 3aJIOMJICHHSI 3MIHIOE CBIM HAIMpsIMOK, a TPETS YacTUHA

IJIKOM [OTJIMHAETHCS TIIIOM.

Tabmums 1.2.
Tabmums 1.2 — Komip BUOPOMIHIOIYOrO TiIa B 3aJIeKHOCTI BiJ HOTro
TEMIIEPaTypH
KouTip BHIPOMIHFOKOUOTO Tila Dpiﬂféﬂﬂa TEI“mEpaT;F'II:'{a Tila
BHOpMHA - depBOHHR 550 823
TEMAHO - YepPBOHHH 700 973
BHINHEEO - YepBOHHI 900 1173
OpamKeBHA 1100 1373
bimmii = 1400 <1673

BinbuBaroua 3matHICT, Tina (KoedillieHT BiAOWBaHHS) XapaKTePHU3YETHCS

BIJIHOILIEHHSM B1IOMTOI TIJIOM IIpOMeHeBoi1 eHeprii E_, no napatouoi eneprii E, , :

I

nao

(1.2)

[Ipomyckaroya 31aTHICTE Tia (KOE(IIIEHT MPOIYCKAHHS) XapaKTePU3YEThCS

BiTHOIICHHSIM TPOMYIIEHOI TLIIOM MMPOMEHHCTOI €HepTii 10 maaarvoi eHeprii:

E

d _ "“npon

E

nao

(1.3)

[lornunatoua 31aTHICTH TUIA (KOE(ILIEHT MOTJIMHAHHS) XapaKTepU3yeEThbCs

BIIHOLIEHHSIM MOTJIMHYTO1 T1JIOM IPOMEHEBOI €HEeprii 0 Najaryoi eHeprii:
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Enom
a=—, (14)

na

s

Omxe Mk a, d 1 I' icCHYeE 3aJIE)KHICTD:

a+d+r=1, (1.5)

BinOuBaHHs mnajgaroyoro MOTOKY MOKe OyTH H3epKaibHUM abo Audy3HUM
(po3cisaum). JI3epkanbHe BIiIOMBAHHS JAalOTh JA3€pKalbHI MOBEPXHI, MPUUYOMY
BEJIMYMHA Koe]ilieHTa BIAOMBAHHSA I 3aJeXUTh BIJ CTYINEHS JI3€pKaJbHOCTI
noBepxHi. KoedirieHTH mpomnyckaHHs 1 MOTJIMHAHHS 3aJ71€XKaTh BiJ XIMIYHOT Oy0BH 1
CTPYKTYPH PEUOBUHH, a TaKOXX Bl TOBIIUHM APy OMPOMIHIOBAHOI pedOBUHH. J[7si
PIAKKX 1 ra3omoji0HUX PEUYOBUH BEIMYMHA IUX KOEQIIIEHTIB XapaKTepU3yEThCS

po3MipaMu 1 KiIbKicTIO okpeMux ckiamnoBux. Skmo d=1,mor=a=0 B 1pomy

BUTIAJIKY IPOMEHEBA €Hepris, Majaryda Ha TUJI0, MPOXOAUTH Ye€pe3 HhOTO.

Tomy cmiBBimHOIEHHS MK @, d 1 I3amexarh BiI BHIY T, XapakTepy ix
MOBEPXHI 1 TEMIIEpaTypH.

3o0kpeMa, BiAOWBaHHS MPOMEHEBOI €HEprii BiJ MOBEPXHI TiIa 3aJEKHUTh Bil
BJIACTUBOCTEH MOBEPXHI TUIA. SKIIO HEPIBHOMIPHICTh MOBEPXHI Tijla 3HAYHO MEHIIIC
HIK JOBXHMHA XBHWJII, TaKe TUIO MOXKHA BBaXAaTH J3EPKATbHUM 3 MaKCUMalbHUMU
BJIACTUBOCTSIMU 1 HABIAKH.

B tabaumi 1.3 npuBeacHi BeauunHr a, d 1 I 119 JeIKUX MarepiaiiB MpH
OTPOMIHEHH1 CBITIIOM 1 OJIM3BKUMHU /10 HBOTO 1H()PPaYEPBOHUMH MPOMEHSIMHU.

B 0CHOBY TemIOTEXHIYHUX PO3PAXyHKIB MPU MPOMEHEBOMY BUIIPOMIHIOBaHHI
MOKJIAJICHO DS YHIBEpCaJIbHUX 3aKOHIB aOCOJIOTHO YOPHOrO Tija, IIO TOTJIHWHAE

BUTIPOMIHIOBaHHS OYIb-SKOi JOBXHHH XBHIII [4].
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Tabmuug 1.3 — Bennuuna a, d 1 I ans geskux marepiajiiB NpH ONPOMiHEHHI

CBITJIOM 1 OJIU3BKUMHU JI0 HBOTO 1H(PAYEPBOHUMU MTPOMEHIMU

i | KoedumertH B %0 TormHHA
a d r MAaTeplary, MM

IIpozope CEIO 1-3 89-91 8 1-3
MaToEBe CKI0 3-16 72-85 12-15 1.8-44
Momo4He rvere CKIO 4-28 10-66 30-76 1.3-62
MapMyp 27-47 3-6 50-61 8.1-33
T'imc 11-16 33-47 43-53 -
Bbi1Hil mepravMeHT 10-15 35-55 40-50 -
CEIT/IHI mamp 13-20 42-50 33-40 -
TeMHMI Tamp 17-23 30-45 40-50 -
CEIT/IHH IMOEK 5 60 35 -
bi1e MOKPHTTH 33-20 - 67-80 -
HopHa TKAHHHA 08 8 - 1.2 -

[IpoMeHneBuil TEMI000MIH MOJSTaE B TOMY,

0 BCi TUTa BHUIPOMIHIOIOTH

(morM-HAKOTh) CHEPril0 MPOMNOpIiHO TemmepaTypi B 4-My CTeleHl — 3aKoH

Credana-bonbiivana [5-8]. KinbkicTh BHIPOMIHIOBAHOT €HEPrii BH3HAYAETHCS

PIBHSIHHSIM:

dQ = exo(T, +273)* xdA

(1.6)

TemiooOMiH BUIPOMIHIOBAaHHS MDK JIBOMa TIOBEPXHSIMH BU3HAYAETHCS

PIBHSIHHSIM:

dQ = exo(T, +273)* —(T, + 273)* x dA

ne dA- Turoia moBepxHi, M

€ - CTyNIiHb YOPHOTH;

2.

(1.7)

o - nocriitna Credana-bonsimana, s=5,669 x10°, Br /(M3 x°C);

T, - Temniepatypa BunpomiHio4doi nosepxti °C;
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T, - TemnepaTypa norinHaro4oi nosepxHi °C.

MiK JOBXMHOIO XBHJII MAaKCUMyMY BHUIIPOMIHIOBAHHS 1 TeMIEpaTyporo (B

rpanycax KenbBiHa) icHye CyBopa 3aJekKHICTh — 3aKOH BiHa.

MeTonuKku po3paxyHKy MPOMEHEBOIO ONaJeHHS NPHUBOJATHCS B JOBIIHUKY
JI.JI. borycnaBchbKoro Ta I1H>X€HEPHOMY AOBIIHUKY. JlJIs CHPOIIEHHS PO3paxyHKIB
3aMpONOHOBAHI AOMOMDKHI Matepianu (Tadmuni, rpadiku). [Ipore i MeTonuku ayxe
CKJIaAHI 1 po3poOsieHl JUIsi MEBHUX THUMIB I1H(PAYEpPBOHUX BHUIIPOMIHIOBAYIB Ta
napaMmeTpiB TEMJIOHOCIA. TOMYy BHUKOPHCTOBYBATH iX JIS MPAKTUYHUX PO3PAXYHKIB

HCMOXKIIHUBO.

1.3 Knacudikauisa cyyacHux ingpayepBoHUX BUNIPOMiHIOBa1iB

OnanroBajgbHa CHCTEMa ITOBUHHA 33JJOBOJILHATH IIIMPOKAM KOMIUICKCHUM
BUMOTaM, SIKi XapaKTePU3yOThCS:

1. EHepreTMYHUMH BUMOTaMU;

2. EKOHOMIYHOIO €()eKTUBHICTIO;

3. Ekororieto.

OnanBajibHi CHCTEMH PO3NOALISAIOTH 3TIIHO:

a) Odxicepenl menia Ha:
> IeHTpaIbHI (KOTEIbHI Ha TBEPJIE, PIJKE, Ta30BE MAJIUBO) ;
> JeleHTpaIi30BaHi;

0) cnocoby naepisy:

> BOJISIHI (3 Tapsiu0r0 BOJIOIO, TEILJIOK0 BOJIOO, HU3BKOTEMIIEPATYPHI);

A\

napoBi (CEPeTHHOTO TUCKY, HU3BKOTO THUCKY);
> TETUIONIOBITPSIHI;
c) nepedaui menia ma 8udy 6UNPOMIHIOBAHHS:
> KOHBEKI[iiHI (OmayitoBaibHI E€JIEMEHTH, TEIUIOMOBITPSIHI MPHUCTPOI,
MPOBITPIOIOY1 TPUCTPOI);
> MIPOMEHEBI.

3 TOYKM 30pYy BHUJlY BUIIPOMIHIOBAHHS — JOBXHHHU XBHIII, 3aJIEKHOCT1 Bij
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TEMIIEpaTypHy MOBEPXHI, a TAKOXK KOJIbOPY MOBEPXH1 — IH(PpayepBOH1 BUITPOMIHIOBAU1
MOAUISIIOTHCS Ha CBITII 1 TeMHi [12].

Koxna 3 rpyn iHGpadepBOHUX BUIIPOMIHIOBAUIB NMPHU3HAYEHA JJI BUPILICHHS
CBOIX 3aBJaHb.

Cepen 6aratbox TumiB oOJagHAHHS, U0 BUKOPUCTOBYETHCS MJIsi TOBITPSHOIO
OMAaJICHHs, HANOUIbLIMK I1HTEpeC MNPEJCTaBISAIOTh CUCTEMH 3 BEPXHBOIO IMOAAYEHO
terta. [lo cTocyeThes iHPpauepBOHOro omajgeHHs, 3 (I3UYHOI TOUKU 30pYy JIMILE
CBITJII  BUIIPOMIHIOBAauYl IOBHOIO MIpOI0  peali3yloTh Takuid  TEIJI000MIH,
IHTEHCHUBHICTH SIKOTO BifnoBingae 3akony Credana-bonbimana.

TemHl BUIPOMiHIOBaYl, BUKOPUCTOBYIOTh JIOBXHHY XBWJ1 BUIIPOMIHIOBAHHS
nonan 10 M, mopsa 3 MPOMEHEBOK CKIIAJOBOK B HUX ICTOTHE Micle 3aiMae 1
KOHBEKTUBHUH TETUIOOOMIH, 110, 3 OHOTO OOKY, J03BOJISIE 1O TIEBHOI MipH YHUKHYTH
HEJIOJIIKIB, a, 3 IHIIOro OOKY, MPUBOJIUTH JI0 MOTIpIIEHHS YMOB 00irpiBy [14-20].

3 MpOBEACHOTO aHali3y BIJIOMO, IO EHEProHOCisAIMH Ui 1H(paduepBOHUX
CUCTEM ONaJIEHHS MOXYTb OyTH:

> €JIEKTPOEHEPTIis;

> IPUPOTHUMN Ta3;

> pinke (IU3eIbHE) MMATUBO.

[IpuHuun po6otr 1H(PpPauYepBOHUX CHUCTEM OMAJICHHS HE3AJIICKHO BIJ BHUIY
BUKOPHCTOBYBAHOTO CHEPrOHOCIS  3QJIMINAEThCS HE3MIHHUM, a EKOHOMIYHI

MOKa3HUKH ICTOTHO BIAPI3HAIOTHCS HA KOPUCTh MPUPOTHOTO Ta3y.

1.4 EnexrpuyHi iHppadepBOHi BUNIPOMiHIOBaYi

1.4.1 EuaekrpuuHni iHdpavepBOHi BHIPOMiHIOBaYi 3 TeMIepaTyporo

noBepxHi menme 60 °C

Jlo miei rpynu BimHOCATHCA iH(PpauyepBOHI BUIIPOMIHIOBAUI, IO 3MIMCHIOIOTH
HarpiB a0 Temmepatypu 50°C, creKTp BUNPOMIHIOBAHHS SIKMX JISKHUTh B Jlala3oHi.

9,2-9,5mxm Taki BumpomiHtoBaui mpomonye, Hanpukiam, ¢ipma «AEJIIMID». Ile

YVHIBEpCaJIbHI ~ HACTIHHI ~ OMaJIoOBajJbHI  MaHedl, 1iX 1€  Ha3UBalTh  «
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DnekTpoHarpeBaTe’an HHPPaKpacHbIE MATKOU TEIIIOTHI ».

Cxuistai BunpomintoBaui cepii Safir pipmu NOBO ELEKTRO AS (Hopseris)
nmokazaHi Ha pwuc.l.2, BUpOOHHMK HE MO3UIIOHYE K 1H(GpPaAuYEepBOHI MPWIAAH, IO
JOCUTh JIUBHO - JIO SIKOTO 5K III€ THIOBY BIJHECTH IUIOCKUMN CKIISIHMM oOirpiBay 3
TeMIiepaTyporo noBepxHi 10 60 °C?

OO6irpiBay CKIAJAETHCA 3 JIBOX 3’ €IHAHUX MK COOOIO MJIACTUH TOBIIMHOIO IO
4 mMM,. Ha moBepxHIO 3a/IHbOI MIACTUHU HAaHECEHU HEBUIUMUMN €JIEKTPONPOBII-HUMA
map, KUl Npu MPOXOJKEHHI IO HbOMY CTpyMy BHUAUIAE Teruio. [lepenns minactuHa
BIJIIPA€ POJIb EJIEKTPUUHOIO 1 MEXAaHIYHOTO 3aXHUCTy. Temmneparypa 1no Bciii moBepxHi
eJIeKTpooOirpiBaya piBHOMIpHA.

[ToTyxkHicTh Oe3mocepeHbO  3aJeKUTh  BiJ
po3-MmipiB. Ilpwianu 3a0e3mneueHi HECKIAaTHUM B
KepyBaHHI  OiMeTamiyHUM a0  EJIEKTPOHHUM
tepmocTaToM. [Ipu BUHMKHEHHI1 aBapiliHOI CUTyarlii
aBTOMaTUYHO BIAKIIOYAIOThCS. Bumyckarorbes sk

JUIS. BCTAHOBJICHHS MapaiienbHO Miao3i (cepis H)

TakK 1 IJI1 BEPTUKAJIBLHOT'O BCTAHOBJIEHHS (cepis V).

Pucynox 1.2 — 3arambmuii B rtabn. 1.4. npencrapieHi TexHIYHI Xapak-

BHUIJISL 00irpiBava cepii Safir

moxens G14 V/H 072-040

tepuctuku BunipominioBauiB SAFIR ¢pipmu NOBO.

Tabmuns 1.4 — TexHiuHI XapakTEPUCTHUKHU EIEKTPUYHUX BHUIIPOMIHIOBAUIB

SAFIR ¢ipmu NOBO.

MoJIeIb CKISHOTO IToTyKHICTE, BT I'abapurHi posmipn | IliHa, €
G14 V/H 072-040 750 1400 = 400 x 9 504
G14 V/H 092-050 900 1400 x 500 x 9 556
G14 V/H 112-060 1100 1400 = 600 x 9 611
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1.4.2 EaexkrpnuHi iHdpayepBoHi BHUNPOMiHIOBa4i 3 TeMIlepaTyporo

nosepxHi 60 — 100 °C

B miit rpymi cming Buaumutd  BunpoMmiHioBaul Ecofilm  puc.1.3, mo

BunyckaroTecs hipmoro FENIX TRADING (Yexis).

TINTETHIEHOEA ULEKA

MITHIGH TPOBITHRE

\cpiﬁm TIoca

TINTETHIIEHOEA TULEKA

rpacit

Pucynok 1.3 - HusbkoremmepaTypHHil iH(ppauyepBOHUN BUIPOMIiHIOBaY (ipMu

FENIX TRADING

Ix TemmepaTypa konupaeThca B Mexax 55-70 °C. B skocti HarpiBaya TyT
BUKOPHUCTOBYETHCS TUTIBKA, 00IrpiBayu CKJIIAIAEThCS 3 JBOX IIapiB MOJIIMEPHOT IUTIBKH
3 «3aTUCHYTHM» MK HHUMH IIIapOM BYTUIBHO - rpadiroBoro mopomky. KoedimieHT
MEPETBOPEHHS B Takoro BigOuwBaya mopiBHioe 99,8 %. ®ipma FENIX TRADING
TaKOX BUITYCKA€ 1 BUCOKOTEMIIEPATYpHi iH(padepBOHI BUIPOMIHIOBAYI.

Ho miei rpynu cnifg BimHecTH kapOoHOBI HarpiBaui puc.l.4, mxkepenom Y -
BUIIPOMIHIOBaHHS TyT, MO cyTi, € kBapuoBa [Y-JIAMIIA, Tinbku y BakyyMHIH
KBapIIOBii TPYyOIIl «CBITUTHCS» KapOOHOBE (BYTJICIIEBE) BOJIOKHO.

Temneparypa moBepxHi HarpiBajabHOTO eneMeHty He mepeBuirye 90°C. Tep-
MiH HOTO CITy>kOH, 3a 3asiBO0 BUpOOHMKA, HeoOMexxkeHnit. Cam Tpuiiaj] CKIaaeThCs 3
CTaJICBOTO KOHYCYy B SKOMY BHpi3aHuii cerMeHT B 60°. HarpiBambpHuil eneMeHT
pO3TaIIOBAaHMI BEPTUKAILHO, II0 BUKIIOYAE OCIAAHHSI Ha HHOMY IMHITY 1, BIAMIOBITHO,
Moro 3ropanHs. BecraHoBieHuit Ha mijiio31 o0irpiBay Moxe noseprarucs Ha 180°, mio

Jla€ MOXKJIUBICTH OHAIOBATH Moy 0 20 M? IIpU CIOXKUBAHIH MOTYKHOCTI BChOTO
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900 Bt

Pucynok 1.4 — 3aransHuii BUTIISIT KApOOHOBOTO BUIIPOMIHIOBaYA

OCHOBHHMM HEJOJIIKOM TaKoro o0irpiBada € — KBap-IjoBa TpyOka sika MOXe
pO30UTHCS MPU CHIIBHOMY yAapi abo ImajiiHH1 3 BUCOTH.

3aMUKaOTh 110 TPYIY BUIIPOMIHIOIOUI - maHeni abo, sK iX Ie Ha3WBaloTh,

ctenboBi kacetu. @ipma FRIKO (IlIBerist) mpomonye nBi ix moaudikarii: puc 1.5, 13

MOHTaXHUMH CKOOAMU JIJIs1 KPIIJICHHS 10 CTEJl.

L - L

Pucynok 1.5 — [ndpagepsoni BunpomintoBadi ¢ipmu FRICO

B cBoro qcpry, KaCcctTh 3 MOHTAXKHHMHU cKoOamMu IIPOIIOHYKOTBCA B IOBOX

BUKOHAHHAX. IX OymoBa ayKe CXOka IO OyJOBH IUTIBKOBOTO HArpiBaua, €IWHA
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BIIMIHHICTh JIUIIE B TOMY, [0 KOPITYC MAa€ CHEI MOKPUTTS: 3 BHYTPIIIHHOI CTOPOHU
Termoquartz, 3 30BHImHKOI - Termocristal. Ille nBa BUPOOHWKHM BUIYCKArOTh TaKi
naneni, - ENERGOTECH (Ilsewis, cepiss EnergoCasset), TeXHIUHI XapaKTEPUCTUKH
1H(pavepBOHUX BUITPOMIHIOBAUIB PI3HUX BUPOOHMKIB BiJoOpakeHo B Tad. 1.5.
Tabmuusa 1.5 — TexHiuHl XapaKTEPUCTHUKHU EJIEKTPUYHUX BHUIIPOMIHIOBAYIB

PI3HOrO BUPOOHMIITBA.

dipua FRICO FENIX PROX | NERGOTE | «Jmepro-
CH CraspapT»
Kpaira [Teenia Yexia Hopeeria HTeenia
Hanpyra, B 220 220 220 220 abo 380 | 220 abo 380
IoTy:®HICTE, 600-1500 000-3600 400-1200 400-4200 700-4000
Iina, € 110 -181 112-240 120-185 109-345 74-106

14.3 EnextpuuHi iHppayepBoHi BUIPOMiHIOBaYi 3 TeMIepaTypol0 MOBEpPXHi

101 -280 °C

Binkpusarots 1o rpyny 4 - sunpomintoBaui Termoplus puc.l.6, npuzHadeHi
JUIS BCTAHOBJICHHS HaJ BiKHaAMU sKi BUIyckaroThes hipmoro FRICO. Po3mimeni Hax

BikHOM puc.l1.7.

Pucynok 1.6 - 3aranpHuii BUrisig ooirpiBada Pucynoxk 1.7 — Po3mitiensst iHgpauep-

Termoplus cepii ECVT BOHOTO BUTIpOMiHIOBada Termoplus

Bonu cTBOpIOIOTH HAAIWHWK 3aXWCT Bif xojomy i mpoTsariB. HarpiBau -
cranesuid TEH. Ilepennss maHens BUKOHAaHA 3 QJIOMIHIIO 3 €MaJieBUM MOKPUTTIM
MIJBUINEHOI MIIHOCTI. B 3a/H1i YacTHHI KOPIIYCY € OTBOPH JJIsl LIUPKYJIALIT MOBITPSI,

o0 J03Boisie o0irpiBauy mnpauioBatd He jumie B [YU-pexumi, ajge 1 B pexuUMI
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KOHBeKTOpa. Temmeparypa BunpoMiniowudoi nosepxHi — 200 °C. Hanpyra mepexi -
220 a6o 380 B. BUrotoBnsitoTbCsl B TPhOX BUKOHAHHSAX :

« €C - mns cyxux npuminieHb. KepyroThCsi 30BHIIIHIM TEPMOCTATOM abo
CEJIEKTOP-POM IMOTY>KHOCTI.

* ECVT - nns npumilieHb 3 MiJBULIEHOIOI0 BOJIOTICTIO. MaloTh BOyAIOBaHMIMA
TEPMOCTAT 1 HIHYPOBUI BUMHUKAY.

* ECV - 115 BoJIOrMX NPUMIILIEHb.

Tabmuus 1.6 — TexHiuHl XapaKTEPUCTUKU EJIEKTPUYHUX BHUIIPOMIHIOBAYIB

Termoplus (FRICO).

Cepis EC ECVT ECV
Torysxaicts, BT | 450, 600, 750, 900 300, 550, 700 300, 550, 700
Tomxmaa, v | 10761505, 1810, 2140 | 870. 1505, 1810 | 870. 1505. 1810
1lina, € 113-204 171-267 130-175

[le omun Bux Y - o6irpiBayva, 1m0 HaJEKUTh J0 IIE€T TPYIH, - OJHO MMaHEIbHUN
o0irpiBau Juisi MOHTaXXy Ha BHCOTI Bif 2,5 no 4 M. TeMmmeparypa BHUIIPOMIHIOIOUO]
noBepx-Hi — 250 °C (B mesxux ¢ipm 280 °C). BumpomiHioBaui BCTaHOBIIIOETHCS
TOPU30HTAIBHO I/l CTENICI0 Ha MOHTAXKHUX CKoOax, abo Ha Tpocax. 3a AOMOMOTOIO
JTIOJTATKOBUX MOHTaX-HUX CKOO MOXe KPIMUTHUCS 0 CTIHH.

BuroToBnsaroTe Taki maneni Biapazy nekiibka ¢ipm: FRICO, FENIX - cepis
Ecosun E, PIROX (Hopsgeris) - cepis Hiat Line Komfort, TCT (Pocis, TopriBenbHa
mapka «Exomnaiiny), ENERGOTECH - cepist Energo Strip.

14.4 Enextpuuni iHgpadepBoHi BUIPOMIHIOBAYi 3 TeMIIEpPaTypol) MOBEpPXHi

Oisibue 300 °C

dipma Energotech mnpomoHye KOMIIEKCHHMI O0O0IrpiBad sl  BIJKPUTHUX
MarganynkiB Energolnfra. Ha #oro OCHOBI BHUIYCKA€ThCS Cepisl «CIMApEHUX»
Energoinfra Industri. 11i BunmpomintoBadi BOJOIIIOTh 3HAYHO OLIBIIOI0 MOTYKHICTIO 1
MPU3HAYE€H] B OCHOBHOMY JIJISi BUPOOHUYUX MPUMIIIEHb a00 BYJIMYHOTO MOHTAXY.

Cxoxy cepito HiatLine IntraRed Bunyckae ¢gpipma PIROX.
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A ¢dipma FRICO mnpomnonye Tpu cepii BUCOKOTEMIIEPATYPHUX MPUIIA/IB:

>  Elztrip BZF 32/42 _ ypyspaveni juis npuMillieHs 3 BUCOTOIO CTeN Bif 3 110
15 M. MoXyTh Tako)X BUKOPUCTOBYBATUCS HA BIIKPUTUX 1 HAIIBBIAKPUTHUX TUTOIIAAKAX
puc.2.7, 2,8.

> Comfortinfra CIR - BHKOPHUCTOBYIOTBCS B OCHOBHOMY IS OOIrpiBy
3MMOBHX CaJiB, Tepac, OAIKOHIB, BIIKPUTUX BEpaH], ajié MOKYTh BCTAHOBJIIOBATUCS
TaKOX B KUTJIOBUX 1 O(PICHUX MPUMILIEHHAX (MIPU BEJIUKIM BUCOTI MiJBICY) 1 HABITh
Ha Bymuiil. CyliibHa BUIIPOMIHIOIOYA TIOBEPXHS 3aXWILEHA CHeIladlbHUMHU

pELITKaMU 3 HepKaBilouoi CTall.

Pucynok 1.8 — 3aransauii Burss sunpomi-  Pucynok 1.9 — Po3mimieHHst BUnpomitio-

noBaua Elztrip EZF 32/42 paua Elztrip Elztrip EZF 32/42

BunpowmintoBaui st 00IrpiBy MOBHUHHI OyTH pO3TallloBaHl SIK MOKa3aHO Ha

puc. 1.1011.11.
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s m i

1000W

Pucynok 1.10 — TunoBe po3mimniennst BunpominioBauis Comfortinfra CIR, mis

3a6e3MeUeHHs ONTUMAIBLHO KOM(pOPTHOro BunpominroBanHs 1000Bt/m?

ZB
A .
///’/W%///W//Zf

Pucynok 1.11 — Cxema onTUManbHOTO PO3MIILLIEHHS! BUTIPOMIHIOBAYIB

> [U-BunpomintoBau IR - BUKOPHUCTOBYETHCA ISl OOITPiBY MPHUMIMICHB 3
BucoToro crtem Bim 4,5 mo 20 M (uexu, cmopT3and, CKIaaud). TakoXk YCIIIIHO

3aCTOCOBYETBHCS IS BUPIIIEHHS TEXHOJIOTYHUX 3aBJaHb (po3irpiBaHHSA MaTepialis,

CYIIIKA).
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['oBOpsiuM mpo BHCOKOTEMIIEpaTypHI 1H(PAYEPBOHI BUIPOMIHIOBaYl, MOTPIOHO
3YNUHUTUCh HA MOJEINSX, B SIKUX JH)KEPEJIOM BUIIPOMIHIOBAHHS € rajOreHoOBa JiaMIia
puc. 1.12.

OcHoBHa mepeBara IUX BHUIPOMIHIOBAYiB B TOMY, IO TEIUIO IOYHHAE
BITUYBAaTHUCS MPAKTUYHO MUTTEBO Micis iX BBIMKHEHHs. [Ipu3HaueHi BoHu abo ams
00IrpiBy BEJIMKHUX HEXKUTIOBUX NpPUMIIIEHb, ab0 [Js Oprasizaili THMYacoOBOTO
00irpiBy abo CTBOpEHHS KOM(OPTHUX YMOB Ha BIJKPUTUX MaiaHuuKax (BYJIWYHI

kade, JITHI BepaHau, AIbTaH-KH).

Pucynok 1.12 — 3aransuuii Burisig ooirpisaua 4500 Bt IRCF ¢ipmu FRICO

Ckaximo, ¢ipma FRICO Bunyckae sumpomintoBadi IRCF, ochHameni
rajjoreHoBoro Jtamnoro Tumy HelLeN 1 BimOmBaueM 3 A3€pKaJIBHOTO aHOJIOBAaHOTO
amoMiHito. [Ipormonytorscs Tpu mozeni: 3 ogHiero (IRCF15-1500 Br), nBoma (IRCF30-
3000 BT) i Tppoma (IRCF45- 4500 Bt) mammnamu puc. 1.13.
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[ W—

3000 Br

4500 Br

Pucynok 1.13 — 3aransuuii Burisia BunpominioBauiB [RCF ¢ipmu FRICO

Taomus

1.7 -

TexHiuH1

XapaKTCPUCTUKN

1HGpayepBOHUX BUITPOMIHIOBAY1B PI3HUX BUPOOHHKIB

(G- S W S——
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BUCOKOTEMIIEPATyPHUX

dipma

Energotech | Energotech | PIROX FRICO FRICO FRICO
L Elztrip .
. Energolnfra | HiatLine Comfortinfra
Cepisa Energolnfra A e EZ}:@E- CIR IR
B:uc_:OTa <25 <6 BII 3. BII 3 2535 Big 4.5
HOJBICY, M no 15 no 15 mo 20
[MoryxkHIcTh, | 500, 1000, Bi1 3000 Big 400 | B113200 BiT 500 zggg
Br 1500 1o 6000 10 1200 | 104200 110 2000 6‘(}0{}‘
Hampyra, B 220 380 380 220/380 220/380 380
9
Il ¢ Big 61 Big 315 BIT 345 Big 128 Bif 55 ggé
: o 94 mo 411 o 445 mo 203 no 92 406,

1.5 BucHoBku 10 po3sainy 1

bynp-sike mabnonHe pimieHHsT Hece B co0l 3arpo3y OTpUMaHHS PE3yJbTaTiB,

0 BiAPI3HSIOTHCS BiJl OYIKYBAaHUX, BIICYTHICTh TEIJIOBOTO KOMGMOPTY, MOPYIICHHS
TiriEHIHUX BUMOT 1, SK HACHIIJIOK, IHUCKpeaMTarlito camoi inei iHdpadyepBOHOTO
00irpiBy i, THM caMHM, BiZIMOBH Bia HBpOro. He 3aBXKIW MOXKIMBE BHKOPHUCTAHHS
pPI3HUX THUIIIB BUIPOMIHIOBAYIB Ha OJHOMY 1 TomMy K 00’ekti. KoHcTpykmis 1

rnapaMeTpu 3yMOBIIOIOTH cpepu iX 3acTocyBaHHS. Sk pe3yJbTaT MOPIBHSIHHS PIZHUX
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BUIIPOMIHIOBaYiB MOXHAa KOHCTATYyBaTH, 110 KOKEH THI MPUMIIICHHS BUMArae cBOTO
croco0y 001rpiBy (CBOro TUIy 00irpiBaua) MOHa 3pOOUTH HACTYITHI BUCHOBKHU:

1. Koxna 3 rpyn IiHQppauepBOHMX BHUIIPOMIHIOBAUIB NpHU3HAYEHA IS
BUPIIIEHHS CBOIX 3aBJaHb.

2. InTerpanpHa HIUIBHICTH BUIPOMIHIOBAHHS B «CBITJIUX» BHUIIPOMIHIOBAYIB y
BCbOMY Jlamna3oHl BHUIPOMIHIOBaHHSA MnpuOnu3Ho B 15-20 pa3iB Buille, HIK B
«TEMHUXY, aJie TP OI[IHII1 BUIIPOMIHIOBAUIB 32 TAKUM MPUHITUIIOM: BOXKJIMBA CILJIbHA
KUIbKICTh TTPOMEHEBOI €HEPTii, a He MIUIbHICTh €HEprii, 0 NMPUMaAac Ha OJUHUITIO
IUIONI1 BUIIPOMIHIOBAaYa, CHUIbHA KUIBKICTh IPOMEHEBOI €Heprii B 000X THUMIB
OnM3bka TO BEJIMYMHI, OT)KE TNapamMeTp IHTEHCHBHOCTI BUIIPOMIHIOBAaHHS € HE
TOJIOBHOIO, a JIONMIOMDKHOIO BeJMYMHOIO. [lapamerp 1HTEHCHMBHOCTI ONPOMIHEHHS
HOPMYETHCS TI0 MAaKCUMAJIbHOMY 3HAYCHHIO 1 HE MOXKE TEPEBUIIYBATH TIEBHOTO PIBHS
3a TIEBHUX YMOB.

3. O06irpiB iH(ppauepBOHUMHU BUIPOMIHIOBAYaMH - JOMIHAHTHUM ITPOMEHUCTUM
TEIUIOBUM MOTOKOM BHMMArae Jqy>ke€ YBa)KHOT'O CTAaBJICHHS IO PO3MIILIEHHS MPUIIAJIB B
OTAJIIOBAIBHOMY MPOCTOP1, SKOCTI MOHTAXY 1 T.N. JIOCATHYTH TEMJIOBOT0 KOMGpOPTY
MO>KHA JIMIIIE PIBHOMIPHUM PO3IOILJIOM OMPOMIHEHHS IO BCiii poOouiit 30Hi1. [Ipu
PO3MIIIICHH] BHIPOMIHIOBAYiB HEOOXITHO TOTPUMYBATUCA IPABUJI MOHTAXY JJIs

3a0e3IeueHHS e(heKTUBHOT nepeaadi Tera.
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2 PO3PAXYHKOBO-JOCJIJHUILIbKAM PO3JILI

2.1 TenioBuMii pesKuM Ta TeMIiepaTypa NpUMillleHHS

B Oynb-koMmy omnantoBaHOMY MPUMIIIEHH] YU OYyiBJI1 HEOOXiIHO CTBOPUTH Ta
MNIATPUMYBATH TETUIOBUN PEXUM B 3aJI€KHOCTI BiJ MOro MPU3HAYEHHS 1 caHITapHO-
riri€HIYHUX BUMOT. TeruioBUM peXuMoM OyiBlll Ha3WBAaIOTh WOro 3arajbHUN
TEIUIOBHH CTaH TMPOTSATOM OIMATIOBAJIBHOTO CE30HY, SKUH pO3TISIAETBCS  SK
CYKYIHICTh TEIUIOBUX YMOB. TEIUIOBHI peKUM MOKe OyTH pIBHOMIPHUM, B OYIBIISX
3 TOCTIMHUM TepeOyBaHHSAM JItOed, MaTh A00OBi, THXKHEBI 1 IHIII 3MIHHI IUKIIH,
OB’ s13aH1 3 MEPIOUYHOIO ISITBHICTIO JIFOJIEH Y BUKOPUCTAHHIM OYTiBIII.

TerioBuMm kKoMdOpTOM MOXKHAa Ha3BaTH KOM(OPTHI, MPUEMHI BIIUYTTS
JIIOJIUHYU B OTATFOBAILHOMY MTPOCTOPI.

Ha BiguyTTs JrOAMHY 1, TUM caMUM, Ha KOM(OPT, BIUIUBAE JACKUIbKA YUHHUKIB,
HaWBaXIMBIIINMHU 3 SKHX €:

> TeMrieparypa MoBITps BCEPEeAUHI TPUMIIIISHHSI;

> TeMmIeparypa CTiH;

> IBHJKICTD IMEPEMIIICHHS MTOBITPS B IPUMIIIEHHI,

> TEIUIOBUM OIIIp OJIATY;

> pIBEHb aKTHBHOCTI JIIOJIUHH;

> BIJIHOCHA BOJIOTICTb ITOBITPS;

> PI3HULA MK TEMIIEPATypPOIO «BIAIYTTSI» 1 TEMIIEPATYPOIO MOBITPS;
> PO3MOJLI TEMIEPaTypH 1O BUCOTI OYiBIIL.

Temneparypa moBiTps B NPHUMINICHH] BiTHOCUTHCS JO MEPBUHHUX KPUTEPIiB
OIIIHKK KOMDOPTHOCTI OMATIOBAIBHOrO TpuMimieHHs. [IIBHAKICTh MepeMileHHs
MOBITPST Pa3oM 3 HOro TEMIEpaTypor BH3HAYAIOTh KOHBEKTHUBHY Iepejady Teria
MIDX JTIFOJUHOIO 1 CepeloBUIlieM. [neanbHe onajieHHs] TOBUHHO 3a0e3MedyBaTH TaKHi
BEPTUKAIBHUNA PO3MOJAUT TEeMIEpaTypu TMOBITPS B NPUMINIEHHI, MOpH SKOMY
TeMIeparypa Ha pIBHI BUCOTH TOJIOBH JIIOAWMHU (mpubin3Ho 1,7 M Haa MmiAjororo)

Oyna 6 mpubauzHo Ha 2 °C Hmk4e, HDK Ha Bifactadi 10 cM Big mijyoru. 3HaYHHI
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BIUIMB Ha TEIUIOBUA KOMMOPT JIOAMHM Ma€ TeMIlepaTypa CTIH OOMEXYHUHX
npuMilieHHs. Ix Temnepartypa (CTiHM, migjoru, crem i T.L), IO 6Ge3H0CEpPEeTHbO
BIUIUBA€ Ha TEIUIOBHM KOM(OPT JIOAMHU, TOBHHHA 3a0e3nedyBaTd aOCOIIOTHE
3HAUEHHS PI3HULI TEeMIEpaTypd HaBKOJMIIHBOIO CEpPEeJOBHILNA 1 TeMIepaTypu
noBiTps He Outpmie 5 °C B cTaHl CHOKOIO JIOAMHU 1 He Outbiie 7 °C B mpouect
IHTEHCHUBHO1 pOOOTH.

SIKu10 BOJIOTICTH MOBITPSI B MPUMIILIEHH]I HE BUXOJUTH 3a Mexi 35-70 %, BoHa
HE BIUIMBA€E HA BIAYYTTS TEIJIOBOTO KOM(OPTY, OCKUIBKHU /10 TaKOi KUIBKOCT1 BOJIOTH
B MOBITPI1 JIIOJJMHA 3BUYHA 1 IHTEHCUBHICTh BUITAPOBYBAHHS BOJIOTHU 3 JIIOJCHKOIO Tijia
3a IIUX YMOB BIIOBIZIa€ HOPMI.

Pemra uuHHWKIB, IO BIUIMBAIOTH Ha TEIUIOBUH KOMQOPT BCepeauHi
NPUMIIIEHHS, HAJICKUTh IO IIUPIIOTO HAOOPY MIKPOKIIMATUYHUX YMOB, TaKl YMOBHU
HEOOX1IHO BPaXOBYBATH:

> BMICT YaCTHHOK ITHJIY B MOBITPI;

> BMICT MIKpOOpraHi3miB abo OakTepiii;
> BMICT T'a3iB 1 BUMAPiB PI3HOTO THITY;

> BMICT 10HIB B TIOBITpI.

TennoBi yMOBH B NPHMIIIEHHAX CTBOPIOIOTHCSA TPH B3aEMOJIl IMOBEPXOHb:
HarpiTHX Yd OXOJIOMH)KEHUX CTiH, MaTepialliB, MPUIAAiB Ta YCTaTKyBaHHS, HArpiTOro
9l XOJIOAHOTO 00’eMy TIOBITps. MDK TIOBEpXHSIMH TPHIIAJIB, MaTepiais,
YCTaTKyBaHHS 1 TIOBITPSIM BiI0YBa€ThCsA TEIJIOOOMIH, B SIKOMY O€pyTh ydacTh JIFOMM,
110 3HAXOISITHCS B IPHUMIIICHHI.

Temneparypauii rpamieHT (30UTBIICHHS TEMIEPATypH HAa OJUHHIIO BUCOTH)
puc.2.1- gyxe HU3BKUN NMPU BUKOPHUCTAHHI 1HOPAYEPBOHUX MPUIAIIB: MPUOIUZHO
0,3 °C/M, ipu omajieHHI KOHBEKTHBHUMH CHCTEMaMH OTaJICHHS TpajieHTH - 2,5 1 1,7
°C/M BIZIIOBIIHO.

Bimomo, mo opraHi3m JroauHU Oe3mepepBHO BUAUISE TEIUIO B HABKOJMUIITHE
cepelo-BUIlle, MNpUUOMY TIparHe 30epiraTd MNOCTiIHY Temmneparypy (36,6 °C).
KinpKicTh TEMIOTH, IO BUPOOJSETHCA, Pi3HA 1 3aJICKUTh BiJl BIKY, 1HAUBIIYaJIbHUX

0COOJMBOCTEN, CTaHy JIIOJUHUA Ta IHTEHCUBHOCTI POOOTH, @ TAKOXK TEIJIO3aXHUCHUX
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BJIACTUBOCTEN ofsary. B cHokiiHOMYy CTaHi OpraHi3M JOpPOCIOi JIFOJWHU BIJJA€ B
HaBKOJIMIIIHE cepenoBuile omu3bko 120 Jx/c (100 kkan/ron.), mpu Baxkki poOOTi

TEIUIONPOYKTUBHICTH JIIOAUHM 3pocTae 10 500 J[x/c 1 Ounblie.

TesmrepaTypHHit IpamienT
TermepaTypumit Tpamienr NpH EHXOPHCTAHH
BucoTta, M NPH EHEOPHCTANHL KOHECETHENHX

nbpazepr oo obirpirards CHCTEM OITATTEHHA

10

. 30Ha nep eSyBaHHA JH0 JHHKI

1]
1 15 20 25 a0 ]
Temriepatypa, “C

Pucynok 2.1 — TemriepatypHi rpaieHTH iHPpPauYEepPBOHUX Ta KOHBEKTUBHUX CUCTEM

00IrpiBy

TennoBigmaya 3 TOBEpXHI Tila JIIOAWMHU BiIOYBA€ThCS  KOHBEKIIIEHO,
BUIIPOMIHIOBAHHAM 1 TIPH BUIUICHHI MTOTY. Tak, HapUKIIa, TP HOPMaJIbHOMY pycCi
Ta BOJIOTOCTI IOBITPS y JIFOJAWHH, TIPU TeMIieparypi npuMimieHss ioc 20 °C, mous
TEIUIOBiIIadl KOHBEKIlIEI0 ckianae mpubausHo 30 %, BunpominioBaHHsM - 50 %,
MpU BUIIA TEeMIEpaTypi MOBITPS 3pOCTa€ TEIUIOBiANa4ya 3 BUAUICHHS BOJIOTH 3
Oprasizmy.

Opra"iaMm Mae CHCTEMY  TEPMOPETYJAIii, M0  JO3BOJSE  JIFOJHMHI
MPUCTOCOBYBATUCS 10 3MIHM TeIJIoBMX yMoB. [IpoTe 1ia 3MaTHICTH Opra”izmy
oOMekeHa HEBEIMKHM IHTepBaJioM TeMmriepatypu. [lpum HU3BKIA a00 BHCOKIN
TEMIIEpPaTypl HABKOJHWIITHBOTO CEPEJOBUINA HOPMAIbHHUM TETUIOBUN CTaH JIIOJIUHU
MOPYIIYETHCS - OPTaHi3M MEPEOXOIOIKYETHCS .

BuxkopucroByroun TpaauiliiHi KOHBEKTUBHI CUCTEMH, MU CTHUKA€EMOCS 3 THUM,

[0 TeMmIleparypa TIOBITPS 3MIHIOETBCS MO BHCOTI - CHUCTEMa Ma€ BHCOKHU
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temneparypHuil rpagient. IIpu t, =18°C B 30H1 1M Bix miuioru TemmepaTrypa Ha
Bucoti 10 metpiB t, 6yne Ours 40 °C.

KomdoptHi 15 MOAMHU TEIUIOBI YMOBHM BHU3HAYAIOTHCS TOJIOBHUM YHWHOM

TEMIIEPA-TYPOIO MOBITPsS t, 1 CEpEIHBOIO TEMIIEPATYPOIO MOBEPXOHb B IPUMIIIECHHI,

t.,» OCKUIbKH PYXJIMBICTD i BOJIOIICTh OBITPSI MAlOTh 3a3BUYAil HE3HAYH] KOJIIMBAHHSL.

Cepenns Temneparypa BHYTPILIHIX OBEPXOHb MPUMIILEHHS BU3HAYAETHCS:

IR

t =
SF

(2.1)

ne F 1 t- moma 1 TeMmepaTypa BHYTpPIIIHBOI IOBEPXHI KOXHOI 3
OTOPOXKYIOUOT TOBEPXHI B MPUMIIICHHI.
[Ipu onnakoBiii Temmnepatypi noBitps (Hampukiaa, 20 °C) TerioBi BITUYTTS

JIOJMHY B 3JIEKHOCTI Bix Temmeparypu t, MoxyTs Oyru pisHumu. Il BigdyTrst
MOJKYTh XapaKT€pH3YBaTHCs OLIHKAMU «XOJOJHO» MpU 3HWKEHIH t, (AKwo,
manpuknan,  t,=16°C<16°C  mpm t =20°C), «HOpManbHO»  (AKIIO
t,=16-23Cupu t,=20°C) i «wkapko» npu migsumienid t,> (sume 25 °C B
HaBeJICHOMY MpHUKJIaai). 30Ha KOM(OPTHOTO MOEJHAHHS TeMIepaTypu HOBITps {, 1

CEpEe/IHBOI TEMIIEPATYpH MOBEPXOHD B IPUMILICHHI T, mOKa3aHi Ha puc.2.2.

Ha pucynky BupaineHi o01acTi KOHBEKTHBHOTO OIAaJIeHHS (3]1iBa Bropi Haj
MyHKTUPHOIO JIIHI€I0), OCHOBHOIO XapaKTEPUCTUKOIO SKOTO € TEPEBUIICHHS

TeMIIEpaTypy HOBITPst B npumimienHi (t, 21 ), iHppauepBoHOro omajneHHs (crpasa

BHU3Y), KOJIM CEPEIHS TeMIIepaTypa TMOBEPXOHb BHINA 3a TEMIIEPATypy TMOBITPA

(t,=1,). HalmpuAHATHINIOW XapakTEPUCTUKOK I CaMOINOYYTTS JIOAEH €
noeaHanus t, i t,, mpu iHppauepBOHOMY ONajICHHI.

[TomimmieHHs CaMOMOYYTTs JIIOJIEH MPU IBOMY MOSICHIOETHCA (P1310JI0TTHHO
CIOPUSITIMBUM CKOPOYEHHSM JIOJ1 MPOMEHEBOr0 TEIIOOOMIHY 1 3pOCTaHHSIM

KOHBEKTHUBHOTO TEIUIOOOMIHY MpH TMOHWKEHHI TEMIIEpaTypu HAaBKOJUIIHbOTO
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cepenoBuiia (Hanpukiai, ao 15 °C).

s,°C

3ona meperpiny

\ wm2tep
3oua \\ /
nepeoxonon - AN /
wermn N

N ARt RS

3oma neperpiny

Pucynok 2.2 — O6acTi TeII0BUX YMOB JJIs1 JIFOJIMHU

[Ipn BukopucTaHH1 1H(PPAUYESPBOHUX BUIPOMIHIOBAYIB MH MOXKEMO JO3BOJIUTH
co01 3HIDKEHHS TeMIIEpaTypy Ha JEKUIbKa T'PaayciB, 3a paxyHOK MPOMEHEBOI J00aBKH
iH(pauepBOHOr0 BUMIPOMIHIOBAHHS, KA KOMIEHCY€E 3HIKEHHS TeMIIepaTypy HOBiTps. i
BEJIMUMHA 3aJICKUTh BiJ| TUITy OOIrpiBava, BUCOTH MIABICY 1 KPOKY BCTaHOBJICHHSI.
TakuM 9YMHOM MH MOXXEMO 3HWKYBATH TEMIIEPATypy B MPHUMIIICHHI 0€3 3HWKCHHS
KOMQOpTHOCTI, 3HIWKeHHs Temnepatypu Ha 10 °C mae go 5 % exonowmii. [lpwu
BUKOPHCTaHHI 1H(PpauyepBOHMUX BUIIPOMIHIOBAYIB B PI3HMX 30HAX OJHOTO MPHUMIIICHHS
MOXYTh MIATPUMYBATUCS Pi3HI TemrepaTypu. [IpuminieHHs B 1i1oMy He 000B’SI3KOBO
MOBHHHO MaTH OIHAKOBY TEMIIEPATYPYy.

[ndpavepBoHe omanieHHS MOXKHA TOPIBHATH 3 OCBITIIEHHSM, MPABUIHHO PO3IO-
TIUTUBIIH JKEpEna CBITJIA, MOYKHA CTBOPUTH PIBHOMIpHE 1 KOM(OPTHE OCBITIACHHSA, 3a
THM € TIPUHIIATIOM PO3MOAUIIIOTECS 1 BUIPOMiHIOBadi. [[0TYXHICTh BUTIPOMIHIOBAYiB
MiI0UPAETHCS B 3aJICKHOCTI BiJ TUIy TPUMIIICHHS 1 BUCOTH cTenmi. Po3paxyBaBiim
CTMOYaTKy CyMapHY MOTYXXHICTh HEOOXITHY /I 00IrpiBYy MPUMIIIEHHS B IIUJTOMY, MOKHA
MOTIM 3HAUTH MOTYXHICTh BUIIPOMIHIOBAYIB, HEOOXIJTHY JJIsl PIBHOMIPHOTO PO3MOLTY

TEIUIa B MPUMIIICHHI.
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2.2 MoneawBaHHsl TEIUIOBOIO PeXKUMY NPUMIIlICHHS IPH BUKOPHCTAHHI

iH(ppayepBOHUX BUIIPOMiHIOBAYiB

PimenHs: nuTaHHsA eHepro30epexeHHsl B CUCTEMax OINajeHHS MOB’s3aHe MepIl
3a BCE 3 pallloOHAJIbHUM BHOOpPOM TakuX cucteM. [IoTpiOHO MpOEKTYBaTH CHUCTEMH,
AKi MorjiuM O 3a0e3NMeyuTH TEeIioBHM KOM(OPT B MNPUMILIEHHI 3 HaWMEHIIUMU
NPHUBEJACHUMH BTpaTaMu. J[JIsg 1IbOr0 HEOOXiTHO MOPIBHSIHHS KaIliTaIbHUX BUTpAT Ha
CTBOPCHHSI CHUCTEMHU OMNAJCHHS 1 CKCILTyaTalliiHUX BUTpaT, OCHOBHOK CKJIQJJOBOIO
SKUX € BTpPaTH TEIUIOTH. AJie TOPIBHSHHS IUX BEJIMYMH Ma€ CEHC, SKIIO BOHH
3a0€31euy0Th OJJHAKOBHI TETUIOBUHA KOMGOPT B MPUMIIICHHI. [HKEeHepHa METOIUKA,
sIKa JI03BOJIsIIa O pOOUTH Take MOPIBHSHHS, ChoroAH1 BiacyTHs. [1lo0 3ag0oBosbHUTH
BUMOTH 10 MIATPUMII KOMGOPTY 3 HaWMEHIIMMH TEIJIOBTpAaTaMH, TMOTPiIOHO
CTBOPHUTH IO MOKJIMBOCTI JIOKAJIbHUN TETIIOBUI KOMQOPT.

[Ipu iHppayepBOHOMY OMNaJEHHI YMOBHM B TPHUMIIIEHHI BIAPI3HSAIOTHCA BiJ
YMOB TPH KOHBEKTUBHOMY OINaJj€HHI, TOMY HEOOXIAHO 3MIHUTH MiJIXIiJ TO OI[IHKH
koMpoptHocTi. [lpu oTpuMaHHI NPOMEHEBOI TEIUIOTH O€3MOCepPeaHBO  BiJ
iH(pauepBOHOTO TMpUIaay BiAOYBAa€TbCA 3MiHA TEPMOPETYIAIIl JIIOAMHU B
MOPIBHSAHHI 3 KOHBEKTUBHHUM OIAJICHHSIM, TOMY BHKOPHUCTAaHHS HOPM, PO3POOJIECHUX
JUIS. KOHBEKTHMBHOTO OIIaJICHHsI, TIPU3BeAe 10 MOXHOOK B OIiHIII KoMmdopTHOCTI. B
MUTaHHI TETUIOBOTO CTaHYy JIIOJIMHU TaKOX MOIUTFHO BIIOKPEMHUTH TEIJIOBI MOTOKU
Bil JIOJMHM B TMPHUMINIEHHS Ta Bil BHUIPOMIHIOBaYa A0 JIOAWHU. Tomy
CKOPHUCTaEMOCS JACSKUMH pe3yiabratamu po3pobok II. danrepa, sk HAKOUIBII
00’eKTUBHUMU 1 He3anexHUMHU. [locTaBUMO MeTy - 3abe3medeHHsT KOMQPOPTHOTO
TEMJIOBOTO CTaHY JIFOJIMHU.

BBenemo piBHSHHSA, B JIIBIA YaCTHHI SIKOTO OyAYyTh YSBHI TEIJIOBTPATH Yepe3
MIKIpy JIIOAWHHU; B TPaBiil - TEIUIONPOAYKTHBHICTH JIOJWHU, B SKOi BiAHSUIH
MIPUXOBaH1 TEIIOBI BTPATH.

PiBHsAHHS KOMDOPTHOTO CTaHy JTIOAWHU Oy/i€ MaTH HACTYITHUI BUTTISL:
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K=H-0,-0,-0,-0, (2.2)
B posropayTomy BHUIIIsiAi piBHAHHS (2.2) Oyne MaTH HACTYITHUN BUTIIS:

K. =10,69+ M (0,53519- (1—n)-0,1664) +

2.3
+p,(0,41+0.0027M) +¢, -0,0041M) &9

Jlist 30epexeHHs] KOM(POPTHOro CTaHy TeMIiepaTypa OASTY JIIOJIMHUA MOBHHHA

OyTH PIBHOIO:

ton = tmon o 07153 ) KKROH (24)

OcoOnuBicTh  1H(GpPAYEPBOHOT'O ONAJEHHS TMOJArae B TOMY, IO KpiM
3a0e3MeYeHHs] ONTHUMAJIbHOIO TEIUIOBOrO OallaHCy JIIOJMHU TOMY HEOOX1THOIO
YMOBOIO € JOTPUMAHHS JIOAATKOBUX KPUTEPIiB KOM(MOPTHOCTI, IPU PO3paXyHKAX HE
00XiJTHO BpaxOBYBaTH HACTYITHE:

1) ompoMiHEeHHS TOJOBM HE TIOBHUHHO TIEPEBUINYBATH MAaKCHUMAJIbHO
TOTYCTUMUX MEK;

2) acuMeTpis ONMPOMIHEHHS JIOJWHHU TOBHHHA BIAINOBIAATH BEKTOPHIM

Temme-patypi He 6unbmie 10 °C;

3) HEpIBHOMIPHICTh TEMIIEpaTypH O BUCOTI Tija oomexxeHa 4 °C.
Sx Bxke 3rapgyBanocs B.H. borocioBcekuil CTBEpIKye, 10 MPOMEHEBA
TeIIo-Biggaua romoBu Mae Oytu He Menme 11,6 Br/m?. Toai MakcHMaabHO

JOTyCTHUMa OMOPO-MiHEHICTh TOJIOBH BU3HAYAETHCA 3a (POpMYII010:

Oron =, (£, —1,) —11,6 (2.5)

3abe3nedyeHHs 10JIaTKOBUX YMOB KOM(MOPTHOCTI MPU3BOAUTH 10 OOMEXKEHHS

MOTY>KHOCTI 1HQPauYepBOHOIO OMaJIEHHS a00 BUCOTH PO3TAlllyBaHHS OMaTIOBAIIBHUX
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npuiaaiB. byB mnpoBeneHuid aHaii3 BIUIMBY JOTPUMAHHA JOJATKOBUX YMOB
KOM(OpT-HOCTI HAa MapaMeTpU CHUCTEMH OMNAJEHHS MpPU HACTYNMHUX CXEMax
pO3TallyBaHHSA: OJHO - 1 JABOPSAJHE PO3TAlIyBaHHS, TOPU3OHTAJIbHE 1 BEPTUKAJIbHE
(moxwurne).

JUist aHamizy TEIIOBOTO PEeXUMY B NMPUMIIIEHHI po3poljieHa MaTeMaTh4yHa
MO/I€lIb, SIKA JJA€ JOCUTh TOYHI PE3YIbTATH 1 BpPaxOBY€E BCl 0COOIUBOCTI (hOpMYBaHHS
TENJIOBOr0 PeXUMY Mpu iH(ppadepBoHOMY 00irpiBi. [Ipu cTBOpeHHI MaTeMaTUYHOT
MOJIeNli HEOOXIJHO BpaxyBaTH BCl TEIUIOBI MOTOKH, MI0 MOCTIHHO ilOTh, B
npuminieHHi (puc. 2.3).

Oco0nuBoCTI, K1 HEOOX1THO BpaxyBaTH MpH iHYpauepBOHOMY 00ITpiBY:

» HampsIMOK TEIUIOBOTO TMOTOKY BiJl OMNAJIOBAIBHOTO TPWIALY 0
BHYTPIIIHIX TMOBEPXOHb CTIH, & Bi HUX - JIO MOBITPS B NPUMILIEHHI 32 PaXyHOK
KOHBEKIli 1 B 3BOPOTHOMY TIOPSJKY 32 paxyHOK TEIUIONPOBIIHOCTI IHUX
KOHCTPYKITIH;

> TmpsMe TIONaJaHHsS BHUIIPOMIHIOBAaHHS Ha JIIOJMHY Big oOIirpiBava i
HOBEPXOHb MPUMIIIICHHS;

» HAaABHICTH BEHTWIALLI.

/D ON Q.. 3, 3Qu X
n n 2
1| sQn,-Qn, sQ" +Ql,
Qze

N
E‘

EQHQ /le 5

EQ " s EQZ JY‘?

Q,

30, SQs, / Qe

Q % ZQ.a
30,

an

Pucynok 2.3 — TemaoBi moroku mpumimienus Q: 1 = 1,2,3,4 - moBepxHi
30BHIIIHBOI CTIHM, BHYTPIIIHBOI CTiHH, MUIOTH 1 cTedi BiamoBimHO; Qx Qs

TEIUIOB1I1a4a JIFOJIMHU TPU KOHBEKTUBHOMY 1 1H(ppauyepBOHOMY 0OIrpiBi.
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PiBHSIHHA TemioBOro OanaHcy MepIIoi BHYTPIIIHBOI MOBEPXHI MA€ HACTYITHHM

BUTJIAL:

in_i +Q.,+Q,, = Zn:Qi_l + iQQ_l +Q, ..., BT (2.4)

[HdpauepBoHMii TOTIK Bijg MOBepxHI 1 Ha I-Ty MOBEPXHIO MO 3aKOHAM

TeIIonepeayil T0PiBHIOE:
Q. =G, “Cp ‘b-F-¢, '(tl _ti) (2.5)

KoHBekTHBHUI TErIOBUN MOTIK Bl 1 MOBEpPXHI 10 BHYTPIIIHBOTO MOBITPS

PIBHUIA:
Q.=0,-F '(tl _tg) (2.6)
TernnoBuit OTIK Bim 1 MOBEPXHI 10 30BHINTHBOTO MOBITPS PIBHUM:
Q.. =kF(t-t,) (2.7)
ne K - HemoBHUII KoedillieHT Teronepenadi oropoKyOUNX KOHCTPYKITiiA:

1

K=o

Zf_i_l (2.8)

aH

Temnora, sika HaAXOAUTH Bi K-TOro 00irpiBaya J0 mepiroi moBepxHi

PO3pPaxXOBYETHCS IO 3aJE€HKHOCTI:
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4 4
; e (T T
Qk—l = Co ) 81'1p ) E( ) d)k—l ’ (100] B Lﬁj (29)

[TpomeHeBuii MOTIK Bif i-1 HOBEpXHi Ha MOBEPXHIO | piBHUI:
Qi—1:C0 'Snp'b' I:i 'd)i—l'(ti _tl) (210)

BumnpomiHioBaHHS BiJ JIOJaTKOBUX JOKEpeNl TeIia A0 I-i TMOBEpXHi

PO3pPaxOBY€EThCS PIBHSIHHSM, aHAJIOT1YHO PiBHSIHHIO 2.9.

BpaxoBytoun Bupaszu 2.5-2.10 piBHsHHS 2.4 TemjgoBoro OajlaHCy NEpIIOi

NOBEPXHI Oy/ie MaTH HACTYITHUI BUTJIS:

ZCO -&-b-F b (tl _ti)+ o, -t)+ kllFl(tl -1,)=
i—2

(2.11)

4 4
m . . Tn T n
:ZCO'S‘F;{ '(I)k—l. Llooj _Kﬁj +ZCO'g'b.F;"(I)i—l(ti_tl)_i_Qn.Tn.l'
k=1

i=2

AHasnoriyno piBHSHHAM 2.4 Ta 2.11, B MareMaTuuyHy MOJElIb HEOOXITHO
BCTaBUTH PIBHSHHS TEIUIOBOrO OajlaHCy IS KOXKHOI BHYTPINIHBOI MOBEPXHI BCIX
OTOPOKYIOUMX KOHCTPYKI[ii. Bchoro B MaTeMaTH4HYy MOJETh BXOAUTH N PIBHSIHB

TEIUIOBOTO OalaHCy BHYTPIIIHIX TOBEPXOHB (CTiH).

PiBHsSiHHA TeryioBOrO OanaHCy TOBITPS B CEpeIUHI TMPUMIIICHHS Ma€

HACTYITHUW BUTJISIL:

_Zn:Qi_B + ZQk -Q,, +Q.,, =0 (2.12)

B kiHneBomy pe3ynbTaTi MareMaTU4Ha MOJIeNb TEIUIOBOTO PEXUMY Oyne

CKJIQJIaTUCh 3 N PIBHSAHB TEIJIOBOr0 OalaHCy BHYTPIIIHIX MOBEPXOHb KOHCTPYKIIII:
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) T 4 Tl 4
kF(t — ZC be, R (& —t,) + o, F ( ZCO €, Fi Ok 1{(10()) _(ﬁj }+
+ZC bSHp |(I)| 1 t1)+QB.TH.1
et 3 om e Soe e (G (5]
i=1,i%2 np 2-i o® P k=2 100 100

+ Z C bgnp |(I)| 2 t2)+QB.TH.2

i=1,i#2

......................................................................................................

T\ (1Y
(6-6)= 30 Gy (-t v, ZCo P dm{(loo) _(mno) }

i=1,i#n

£ Y CbE Fya (b —1)+ Q.

i=Li=n

PIBHSIHHSI TEIJIOBOTO OajaHCy MOBITPsI B CEPEIUHI IPUMILICHHS:
n m
Za‘i Fi (tl - tB ) + Zan I:kn (tn - tB ) + CGH.B (tl'l..B - tB ) + QK.TH = 0 (214)
i1 k=1
PIBHSHHS TETUIOBOTO CTAaHY JIOJIUHU:

ZC 08 i (o = 1) + 0L (o = 1,) =
4 4 (2.15)
m TH - & ~
_kzl“ CoapPuc ij [100) } =K,

s cuctema N+2 piBHAHb Mae HACTYIHI HEBLAOMI: Temmeparypu ti,to,...t, Ha

BHYTPIIIHIX MOBEPXHAX KOXKHOI 3 N PO3PaXyHKOBUX OTOPOKYIOUMX KOHCTPYKIIIH,
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TEMIIEpaTypy BHYTPIIIHbOIO TMOBITPS t; 1 Temmeparypy oOirpiBaya CHUCTEMHU
onaneHHs t;: Bchoro N+2 HeBimoMmuXx. KilbKiCTh PIBHSHB 1 KUIBKICTh HEBIIOMHX
OJIHAKOBI.

B pesynbrari po3paxyHKIiB I1i€i CHUCTEMH MOXXHA 3HAWUTH BCl HEBiAOMI
TEMIEpaTypu, a NOTIM — TMOTYXHICTb CHUCTEMHU 1H(PAYEPBOHOTO OMNAJICHHS,

BUKOPHUCTOBYIOUH PIBHSIHHS TEIUIOBOTIO OanaHCy:

4 4
L T T.
=N"C .- F"¢ . | | 4o - F(t —t .
QFJ'IO ; 0 € ¢n—| 100 (10()) O(‘1'1 r[( n B) (2 16)

Koedimienr ompominenHss moBepxHi 1 moBepxHEO 2 HE 3alIeKUTh BIJ

TEMIIEpaTypH MOBEPXHI 1 PO3PAXOBYETHCS 3a (HOPMYIIOIO:

1 cosf3, - cosf3
by, = Fjj ———2dRdF, (2.17)

1RF TCR

CTyniHb YOpPHOTH € KOXHOi 3 TIOBEpXOHb B poOOYOMY Jiama3oHi
TeMIlepaTyp MaiKe He 3aJIe)KHUTh BiJ TeMIIepaTypu 1 IPUUMAEThCS 3 JOBIIKOBOT
JiTepaTypyd B 3aJCKHOCTI BiJ MaTepiajdy KOHCTPYKIlI 1 jJiama3oHy poOoumx
TEeMIEepaTyp.

Cryminp 4OopHOTH M iH(OpPadepBOHUX BUIPOMIHIOBAYIB, NETAIBHO OYII0
OTHMCAHO B MEPIIOMY PO3I1JI1 MaricTepchbkoi poOOTH, MPUINMAETHCA IO JTOBITHUKAX
abo0 mo macmopty oOirpiBaya.

Temneparypuuii koedimieHT b Mae He3HAYHY 3aJIEKHICTH BiJl TEMIICPATYPH i

PO3paxoOBY€ETHCS 3TiTHO HOPMYIIH:

b=0,81+0,01-t1;t2 (2.18)



38

TakuM 4MHOM, PO3TJSHYTI PIBHAHHA € HemiHIMHUMU. g piBHsAHE 2.11-2.12
BCl CTEMEHI NMpH HEBIAOMHMX MOKHA 3aMIHUTH Ha MEpIIy CTEMiHb, 3aCTOCYBAaBILU
CUCTEMY TMOMpaBoK. /(1 po3B’s3Ky MOMPaBOK HEOOXITHO 3aJaTUCS MOYaTKOBUMU
temneparypamu. llicisgs po3paxyHKy MONpPaBOK OTPUMYEMO CHCTEMY pIBHSHb
NEPLIOro CTYNEHs, IO pO3B’A3ye€Thbesl MeTo1oM [ayca.

3 pIBHSIHHA TEIUIOBOTO OallaHCy MPUMILIEHHSI MOKHA BU3HAUUTU TEMIIEPATYPY

KO>KHOI TOYKH pO3IrpiTOi MOBEPXHI:

T\ (1Y
Coedur_, 156[ — (10i0j +kt, +at, +C bet,

k' +o+C,be

(2.19)

3 monoMororo piBHSHHS 2.19 MOXKHA BU3HAUNUTH TEMIIEpaTypy KOXKHOT JTUITHKA
OTPOMIHEHOT TOBEpPXHI, SKIIO BIiIOMI TEMIIEpAaTypy BHUIIPOMiHIOBaYa, IMOBITPS 1
BHYTPIIIHBOI TJIONUHHU, TOOTO TICIs PO3PaxXyHKy TEIUIOBOTO PEKUMY TPUMILICHHS
3a JIOTIOMOTO0 piBHSHB 2.11-2.12.

TakuM 4YWHOM, TPH BIIOMOMY TEIUIOBOMY PEXHMI MPUMIIICHHS MOXHa
3HAUTH PO3MOALT TeMIlepaTyp Ha IMOBEPXHI ONMPOMIHEHOI IUIONIMHHU, a IMOTIM -

TeIUIOB1IIavy JTIIOJIMHU B 01K OMPOMIHEHOT TJIOIIUHH:

)SPE ot fdF (2.20)

J.C eb(t oR? e by

‘IeJ’I

B cBor dgepry, 1s TerioBiggada BIUIMBAE€ HA TEIUIOBUN KOMGOPT JIOJAMHU,
a, OTKe, 1 Ha TeTUIOBUH PEKUM MPUMIIICHHS

3 [0MOMOTOI0 OTPUMAHOT MaTEeMaTHYHOI MOJENI PO3MIISTHYTI OCOOJHMBOCTI
JIOKaIh-HOTO  OMAJICHHS  TPUMINIEHHS 3  BUKOPUCTaHHAM  1H(QpadepBOHUX
BUIPOMIHIOBAYiB.

[IpoToTnom 1i€i cucTeMU PIBHAHb € MaTeMaTUYHA MOJIEJb, 3alPOIOHOBAaHA

A. Maukaiu. 3anpornoHOBaHa B MaricTepchKiil pod0Ti MOJEIb, BIAPIZHIETHCS JIUIIIE



39

TAM, IO B HIA BUOpaHi 1HIII KpuTepli KOM(OPTHOCTI, $KI JaIOTh MOXJIHUBICThH
PO3AUIMTH TEIJIOBE BHUIPOMIHIOBAHHS 1H(QPAUYEpPBOHUX NPUIAIIB ONAJIEHHS BiX
THIITUX TETUIOBUX MOTOKIB.

Jlana Mozenb yHIBepcaibHa 3 il JOIMOMOIOI0 MOKHA pO3paxyBaTH OyAb-sKy

cucTteMy 1H(pavepBOHOTO ONMANCHHS I OyAb-IKOTO MPUMIILICHHS.

2.3 BucHoBkH 10 po3ainy 2

1. B Oyab-koMy OMNajOBaHOMY MPUMILIEHHI YM OyaiBiIl HEOOXITHO CTBOPUTHU
Ta MIATPUMYBATH TEIUIOBUA PEXKHM B 3aJCKHOCTI BiJl HOro MPU3HAYCHHS 1
CaHITapHO-TIM€HIYHUX BUMOT.

2. Temneparypa, 1m0 0e3nocepeHbO BIUTMBAE HA TEIJIOBUH KOMQOPT JIIOIUHH,
NOBMHHA  3a0e3medyBaTd  aOCOJIOTHE  3HAYEHHS  PI3HUII  TeMIEpaTypu
HABKOJIUIIIHHOTO CEPENIOBUINA 1 TeMmIlepaTypu moBiTps He Ounbmie 5 °C B craHi
CITOKOIO JIFOAMHU 1 He Outbine 7 °C B mporieci IHTeHCUBHOT POOOTH.

3. 3ampomnoHOBaHUW HOBUM KpUTEpi KOMQOPTHOCTi, IIO BpPaxoOBYE
0COOJMBOCTI 1H(PPAYEPBOHOTO OIMAJICHHS.

4. JlocmijpkeHHs TOKa3ald, M0 TeMIeparypa 30BHIIIHIX TOBEPXOHb
OTOPOJKYIOUNX KOHCTPYKIIIH NP BUKOPUCTaHHI iH(pauyepBOHUX BHUIIPOMIHIOBAUIB
HUKYa, HDK TIPH TPATULIIHHUX CUCTEMA OTaJICHHS.

5. BukopuctanHus cucrteM iH(QpadyepBOHOTO OMAJICHHS 3MEHIIYE TPaIi€HT
TEMITEpAaTypPH TOBITPS MO BUCOTI NMPUMIIICHHS B JABa PasH, IO JIO3BOJISE 3MCHIIHUTH
TEPMIYHUM OMip KOHCTPYKI[M MEPEKPUTTS MPUOIU3ZHO 10 PIBHSA TEPMIYHOTO OTIOPY
CTiH.

6. BukopuctanHs cucTeM iH(ppauyepPBOHMX BUIPOMIHIOBAUYIB JO3BOJISE

3MEHIIUTH HAJJTAIIKOBUI HATPiB MOBITPSI.
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3 MIPOEKTHO-KOHCTPYKTOPCBHKHUM PO3JILI

3.1 Ouinka eHepreTH4HOi e(eKTHBHOCTIi 3aCTOCYBAHHSI e€JIEKTPUYHHUX

iH(ppaYepBOHNX BUIIPOMIHIOBAYiB

CborogHi BedMKa yBara MpUAUIAETbCS MpoOjJeMaM €Hepro30epeKeHHs 1
€KOHOMIi eHepropecypciB. 3HauHa 4YacTKa CIOXKMBAHOI €HEprii BUTPAYa€EThCS Ha
OMAaJICHHSI MPUMIIIEHb, TOMY BEIyThCSl aKTUBHI MOUIYKHM HAWOUIbII €KOHOMIYHHUX 1
edeKTUBHUX croco0iB onaneHHs. Jlo TakuX eHeproe(peKTHBHUX CHCTEM HaJleKaTb
CUCTEeMHU 1H(payepBOHOIO OMAJNECHHA, B SAKUX SK ONAJTIOBAIbHI  IpUIAIU
BUKOPUCTOBYIOTh €JIEKTpUYHI a00 ra3oBi iHQpayepBOHI BUIPOMIHIOBAYI CTPYKTYpPY

AKUX Ha pUHKY YKpaiHu rmokaszaHo Ha puc. 3.1.

90

g0

204

ol

50

204

304

ol
3%

EnekTpuyHi iHdbpavepBoHi Ma3oBi iHdpa4epBOHi
obGirpiBaui oGirpiaui

Pucynok 3.1 — Ctpyktypa puHKY iHQpauepBOHIX BHIIPOMIHIOBAYiB Y KpaiHu

[Ipu npuiiHSTI pilIeHHS MPO 3aCTOCYBAHHS 1HPPAUYEPBOHUX BUIIPOMIHIOBAUIB,

MOTPIOHO BpPaXOBYBaTH, IO BOHHU OCOOJHMBO €KOHOMHO OMNAaTIOITh BEJIHKI
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MIPUMIILIEHHS, SIKIO X BHCOTA OuIble 6 M, a MHUPUHA piBHA a00 OUIbIIA B TPU pa3u
HIXK BUCOTA, a TAKOXK MIPH JIOKAJTLHOMY YU 30HATBHOMY OITaJICHHI.

B ymoBax VYkpainu edeKTHBHE 30HaJbHE ONAJEHHS 3 JAOTPUMaHHAM
riri€EHIYHUX HOPM MOMKJIMBE, SKIIO IUJIOIIA 30HU ONaJIeHHs ckianae He meHue 40 %
BiJl 3arajibHOi IUJIONIl MPUMIIIEHHS, MOBHOI MIPOIO IEpeBard BUIPOMIHIOBAYIB
IPOSBISAIOTECS, KOIM KOE(IIEHT TEIIONPOBIAHOCTI KOHCTPYKIii Oyae > 1,16 Br/(m?
- °C), ue He o3Hayae, mo npu < 1,16 Br/(m? - °C) indpauepBoHe onaneHHs Oyje
Hee()CKTHBHUM, aji¢ IMiIKPECIIOE, 10 32 TaKMX yMOB SIK aJIbTCPHATHBY MOXHa
pO3MIISiIATH  JICLIEHTpaIi30BaHe TEIIO-TOBIT-psiHe ab00 KOMOIHOBaHE MPOMEHEBO -
KOHBEKTHUBHE omnajeHHsa. OcobimuBo ehekTUBHHM OyBae iH(padepBOHHUI CIIOCIO
OomMaJICHHS y J0Ope 130Jb0BaHUX MPUMIIICHHSAX 3 Koe(pilieHTOM TeruioBTpar Bix 1,16
10 2,3 Br/(m? - °C)

[Ipu 1bOoMy HEOOXITHO BIAMITHUTH, IO HE3AJIECKHO BiJ PO3MIpPIB 1 00’eMy
NPUMIIIEHHS 3aCTOCYBaHHSA 1H(PAYepBOHUX BHUIIPOMIHIOBAYiB, B TIOPIBHAHHI 3
IHIIMMHU BUJAMHU OMNAaJEHHS, €KOHOMIYHO BUTINHO. BUKIIOUEHHSIM MOXYTh OyTH
n00pe 130J1b0OBaH1 MIPUMIIIICHHS, KOJIH JACIEHTPATI30BaHe TOBITPSHE OMAJICHHS 3/1aTHE
CKJIACTHU KOHKYPCHIlII0 1H(ppadepBOHOMY, OCOOJMBO, SKIIO SK BUJ TaJIMBa
BUKOPHUCTOBYETHCS Ta3.

Exonomis mpu iHppauepBoHOMY omnaneHHI Moxe gocsratd go 70 % B
MOPIBHSHI 3TPAllIiHUMH OTIATIOBATPHIUMH crcTeMaMu. ChOTOJTHI BXKE € JIOCBIJT TPOCKT
YBaHHS TaKUX CUCTEM, SIKHI 3a0e3euye MOBEPHEHHS KOIITIB BiJ 2 10 3 POKIB.

[Tpupoano, unm Onwmxde 10 06irpiBaya, TUM OUIBIIMKM TOTIK TeIJja 1 BHINA
TeMmIeparypa npeaMeris. [I[prudomy BUIUIEHHS TeTjia BiJOYBAa€ThCS JIUIIE B 30H1 HOTO
npsmMoi Aii, ToOTO 00IrpiB HOCUTH JOKATBHUI XxapakTep. [loBepxHs TeroBingadi Bin
MJIOTH 1 TPEeIMETIiB, Harpitux iHGpadepBOHMMH OOIrpiBadyamMu, B KHUTIOBHUX
npuMimeHHsx (OyIWHOK, Jada, KBapThpa) B cepeaubomy B 5-10 pasiB mepeBUIIye
MOBEPXHIO TETUIOBIAAYl TPAAUIIIHHUX CUCTEM omajeHHs. ToMy 00’ €M MOBITps B 30H1
nepeOyBaHHs JTIOJICH MPOTPiBa€ThCA A0 3aJaHOI TEMIEPaTypu MIBHIIIE TUM CaMUM

CMOKMBAIOYM MeHIlEe eHeprii. [3 30UIblIeHHSIM BUCOTH MiJABICY 1H(pauepBOHUX
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BUIPOMIHIOBaYiB (HANpUKIad, B CKIAJAChKUX MPUMILICHHSX ) MOBEPXHs TEILIOBIau1
30UIBIIY€ETHCA 1€ OUIbIIE, TUM CaMUM 30UIbIIY€ETHCS €KOHOMIYHICTD.

Icnye nummit psng nepesar iH(pPayepBOHUX BUIPOMIHIOBAYIB MEpes 1HILIUMU
ONMAJIIOBAJIBHUMU NPUIaaMH Ta CUCTEMaMH.

[lo-nepuie, mpu BUKOPUCTaHHI 1HPPAUYEPBOHUX BUIIPOMIHIOBAUIB MPAKTUYHO
BIJICYTHE CKYNYEHHsI TEIUIOrO MOBITpA (MpU LBbOMY TEIUIE MOBITPI B OKPEMHUX
BUIAJIKaX JOBOJUTHCS MPUMYCOBO MOBEPTATH B HU3, BUKOPUCTOBYIOUM JIJISI L[HOTO

BEHTUWJISITOPHU ) pUC.3.2.

a) 0)

Pucynok 3.2 — Po3nosiisn rTeMnepatypu B MpUMIIIIEHHI PU KOHBEKTUBHOMY (a),

Ta iHppauepBoHOMY onaneHH] (0)

Sk moka3ye mpakTHKa, NMPU BUKOPUCTAHHI 1H(PPauepBOHUX BUIIPOMIHIOBAUIB
JUTsL omajieHHs1 OyIUHKY, nadi, odicy, rapaxka i iHIIUX TPUMIIIEHb 3 BUCOTOIO CTEN1
1o 3, 5 m, ekoHoMis enekTpoeneprii ckinagae 30-50 %. [lpu onanenHi NpuUMIIIeHb 3
BHCOTOIO cTelIb Bif 3,5 1o 10 M (11ex, 3aBojI, cKias i iH.) ekoHoMis ckiangae 70 %.

CporogHi  BHUKOpPUCTaHHS IH(pPAYEPBOHUX BHUIPOMIHIOBAYIB  OCOOJIMBO
edbexktuBHE B odicax, I1exax, CKiIagax, MarasuHax, Kade, pecTopaHax,
JEP)KyCTaHOBAX, JIIKAPHAX, TUTIYNX cafax 1 IHIIUX 3aKiIaaax, 1€ BAAEThCS HE JIUIIE
CTBOPIOBATH JIOKAJIbHI 30HU OOIrPiBY, ajie 1 EKOHOMUTHU €HEPrit0, OCOOJIMUBO Y HIYHUM

4ac KOJIM B MIPUMIILIEHH]I MOX€e MIATPUMYBATUCS HUXKYA TEMIEpaTypa.
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[nmia nepeBara iH(ppayepBOHUX BUIPOMIHIOBAYIB SIK JKEpeEJia Tera MoJIArae B
TOMY, IO POOOUYMi 00’€M MPHUMIILIEHHS MOKE€ BUKOPHCTOBYBATHUCS MOBHOIO MIpPOIO,
OCKUIBKM TakKl BUIIPOMIHIOBauYl MIABIIYIOThCS 10 cTenl. BoHM MoxyTh OyTH
3MOHTOBaHI MPSMO Ha CTeJl, HA MOHTAXXKHIM apMaTypl CUCTEM OCBITJIEHHS, MOXYTh

MIABIIIYBATUCS HA TOPU3OHTAIBHUX TPOCaX a00 MaTH MASITHUKOBY IT1JIBICKY.

3.2 EdekTuBHIiCTH 3aCTOCYBAHHA Ta30BUX iH(payepBOHUX BHIIPO-

MIHIOBaYiB

[ToTpiOHO BIAMITUTH, IO CMOYATKY Ta30Bl 1H(pauepBOHI BUIPOMIHIOBAY1 OYIIH
NPU3HAYCHI JUIS POMHUCIIOBOTO BUKOPUCTAHHS 1 JIMIIE 3r0JIOM HAOY/IU TOMYJISPHOCTI,
K e(EeKTUBHUM ONaTIOBAILHUN Tpwiaa JUis 1o0yTy. 3BUYAlHO, MO € ICTOTHI
BIIMIHHOCTI BHUMOT JIO TPWIAIB TMPOMHUCIOBOTO YH  CYCIUIbHO-TIOOYTOBOTO
NPU3HAYEHHS, TOMY ChOTOJIHI CIIOCTEPIraeThCsl BUMPABJICHHS TEHJIEHIIIT BUKOPUCTAHHS
ra30BUX BUIIPOMIHIOBAYIB IS IUICH TIEPBUHHOIO MPU3HAYEHHS, TOOTO JIsl BUPIIICHHS
TEXHOJIOTTYHUX 3aBJaHb CYIIKH 1 PO3MOPOXKYBaHHS PI3HUX MaTepialiB, 1HIIUMH
cioBamu Jits cep 3aCTOCYBaHHS, 1€ MPUCYTHICTH JIFOJUHA OOMEXeHa.

TermnonocrayanHs BUPOOHUYMX TMPHUMIIMICHb 3aBXKIM BBKAIOCH BAKKUM
3aBJIaHHSM, TOMY, 110 BOHU CTBOPIOBAJIUCH IT1JT KOHKPETHUM TEXHOJIOTTYHHMA TTPoILIec 1 Ha
BIZIMIHY BiJl Q/IMIHICTPAaTUBHUX 1 TOOYTOBUX MPUMIIIICHb BPAXKAIOTh CBOIMH PO3MIpaMH.

OCHOBHI YMHHHMKHA [0 BHU3HAYalOTh EKOHOMIIO BUTpAT IMPU BHUKOPUCTAHHI
ra3oBuX I1H(QpPAUYEPBOHUX BHUIPOMIHIOBAYIB B TMOPIBHSHHI 3 KOHBEKTUBHUMU
CHUCTEeMaMU OTaJIeHHs mojaHi B Tabm. 3.1.

Sk BKe 3rajyBajioch B Ta30BUX 1H(PAYEPBOHUX CHCTEMaX MOXKE BHUKOPHCTO-
BYBAaTHUCh MPHUPOAHUI Tra3, mpomad, OyTaH a0o ra3oBi Cymimri. 3aBISKH TIOBHOMY
3TOPaHHIO Ta3y ra30Bi iHGpavYepBOHI BUITPOMIHIOBAUYl MAlOTh OUTBITY €(EeKTUBHICTH

B MOPIBHSHHI 3 KOTJIAMU 1 TEIUIOTEHEPATOPaMH Ha TBEPIOMY a00 PiIKOMY TaJIHBI.
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Tabmuusg 3.1 — OCHOBHI YMHHHMKHM IO BHU3HAYaIOTh €KOHOMIIO BUTpAT IpU

BUKOPHUCTaHHI Ta30BUX 1H(QpauepBOHUX BUIIPOMIHIOBAYiB

OcHOEBHI THHHHEKH ExoHOM1%
IIiTEHIMeHHY CepeIHbBOl poD0OT0] TeMIepaTyPH B IPHMINTEHH] 10 %
3MeHIeHH CKYITUeHHS TeIlIoro MOBITPA I TepeKpHTTd 5%
Mo#IHBICTE 3MeHIIeHHY HITHOI TeMIepaTypH 10 %
3HWxeHHd cepenHBOI poDOUOT TeMIlepaTypH 33 PAXYHOK
PISHHI TeMIepaTyp (3HIDKeHHd TeMIepaTypH Ha CKIATAX, 10 %
CXOJOBHX EITKAX 1 T.IL.)
BTpartH npH Telina IIpH TpaHCIOPTYEAaHHL 20 %

EdexkTuBHICT CIIOKMBaHHS ra3zy TPaJULIHHOIO Ta IHPPAUEPBOHOIO CUCTEMAMU

oIaJieHHs Moka3aHi Ha puc. 3.3.,

Tpaguuiitna T] Brpati 15-20% + Brpam 15-20%
cucTeMa
wobirpiey T ]
Brpati 5-10% OnanioeankHe
Dxepeno NPUMILLEHHA
0,
100% ra3 Tenne 20-85% BukopucTana Tenna
¢ B5%-45%
Mazoee T Brpatu 10%
iHbpavepeoHe
onaneHHA [
OnantoeansHe
NPUMILLLEHHA
30-70% ra3 BukopucTaHHA rasy
90%
Pucynox 3.3 — EdexTuBHICTh CHOXHBaHHS Ta3y TPAAUIIMHOI Ta

1HGpaYepBOHOIO CUCTEMAMU OTIAJICHHS

Jie CIIOKUBAHHS Ta3y JJisi BUPOOHUIITBA TEIJIOBOT €Heprii B Kotia ctaHOBUTH 100 %,

BTpaTU B caMoMy jkepeni temna 15 % (Boma) 1 20 % (mapa) Bi BCl€i KUIBKOCTI
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€HEeprii, BICl 1HII BTPaTH BiA0YBAIOTHCS B 30BHILIHINA MEPEXKI, sIKa B 3aJE€KHOCTI Bij
BUJlY TEIUJIOHOCIS BTpavae mpubdiusno 5 % (Boma) i 10 % (mapa). Ilepen momayero B
ONMaJIIOBAJIbHE TMPUMIILLEHHS, BTpaTH K MM OayuMmo ckiagarTs 15 % abo 20 %
TEIUIOBOI €HEPTii, MPUYOMY 15l EHEPTist KOPUCHO HE BUKOPUCTOBYETHCH.

Cucremu ra3oBoro 1HGPAUYEpPBOHOIO OMAJICHHS 3HAYHO JICHICBIN TpU
OyIIBHMLITBI Ta eKCIUlyataumii, B Ta0i.3.2., NpHUBEIEHO NOPIBHSAHHS BUTpPaAT Ha
BCTAHOBJICHHS 1 €KCIUTyaTallll0 Ta30BUX 1H(pauepBOHMX BUIPOMIHIOBAYIB 1 KOTEJIbHIN
Ha 1| MBT.

[IpomMuciioBi ra3oBi iHppauepBOH1 BUMPOMIHIOBAY1 NOAUISIOTHCS HA JBI TPYIIU:
«CBITI» 1 «TeMH1». OKpIM KOHCTPYKTUBHUX BIAMIHHOCTEH, skl OyJM OMHCaH1 BHUIIE,
OCHOBHMMHM O3HaKaMu Tiei abo 1HIIOI Tpynu € TeMmiepaTypa MOBEpXHi
BUIIPOMiHIOBaua: B «cBiTiIoro» BumnpomintoBaya 800-1000 °C, B «remHoro» - 300-
600 °C.

Tabmums 3.2 — [lopiBHSHHS BUTpAT Ha BCTAHOBJICHHS 1 €KCILTyaTallil0 ra30BUX

iH(pauepBOHUX BUIIPOMIHIOBAUIB 1 KOTeNbHIN Ha 1 MBT

CHCTeMA Ta30B0T0

¥ - s KoTtenpaa
HI pobIT 1HGpadepBOHOTO

’ L Ha IMBT

onaneHsd Ha 1MBT
Tennose obIagHAHHY (BHOPOMIHIOBAY!, KOTIIH) 33 000€ 30 000€
BapTicTs «Im KIHODE T2 000€ 90 000 €
BuipatH Ha  ekclumyaramip  (tas + 9000 € 22000€
Berworo 114 000 € 142 000 €

CeiTni iH(GpavYepBOHI BUIIPOMIiHIOBadl HAWOUTHII €(EKTHBHI JIs OOITpiBY
BUPOOHUYNX TPUMIMIEHb 3 BHUCOTOI0 TEPEKPUTTS Outblie 6 M, a TaKOXK TaKUX
00’€KTiB, SAK CTaaiOHW 1 1HOI BIAKPUTI Maiimanunku. TeMHi iHpadepBOHi
BUIIPOMIHIOBAaYl JOIUIPHO BHUKOPWUCTOBYBATH IS OOIrpiBy NPHUMIIIEHh MEHIIO]
BUCOTU. CTPYKTYpa PUHKY «CBITIMX» 1 «TEMHHUX» 1HQpauepBOHUX BUIPOMIHIOBAUIB
rokaszaHa Ha puc.3.4.

TemnoBa eHepris, M0 T€HEPYETHCA BUIPOMIHIOBAYEM PO3MOJIISETHCS Ha JBa
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BUJIM: KOHBEKTUBHY 1 INPOMEHEBY, BIJHOIICHHS NPOMEHEBOi €HEeprii 10 TeIIOBOi
HA3MBAEThCSI — IMPOMEHEBOIO €(EKTUBHICTIO BUIIPOMIHIOBa4Ya ab0 MPOMEHUCTHUM
KK/I. B 3anexHoCTI Bil KOHCTpYKIIi TeMH1 BUunpomiHtoBadi matoTb KKJI 45...65 %.
Heski (ipMHU MOCTavyaJbHUKM CBITIMX BHUIIPOMIHIOBAdYiB JIg apryMeHTalii
€(EeKTUBHOCT] CBITIIMX BUIPOMIHIOBAYIB YAaCTO NPHUBOJAATH 3HAYEHHS MPOMEHHUCTOT

edexTuBHOCTI, HaBITh 10 80-90 %.

70%
.y

601

a4

30%
20l

104

TeMmHi iHbpauepBoOHI CBiTni iHdpayepBoOHi
obirpiayi obirpisaui

Pucynox 3.4 — CtpykTypa PUHKY «CBITJIIMX» 1 «T€MHHX» 1H(ppauepBOHUX

BUIIPOMIHIOBAaYiB Ha pUHKY YKpaiHu

Ile wnempaBmamBa iHQoOpMallig, SKIIO BpPaxoByBaTH, IO TPU 3rOpaHHI
MPUPOAHOTO Ta3zy NpPH aTMOCPEPHOMY THUCKY, Yy TMOIAYyM'I MOXKHAa OTpUMATH
temriepatypy He Oimbme +2010 °C (mpu igeanbHOMY CHIBBITHOIICHHI TMOBITpPs/Ta3
10:1 +1), 1o mnpum koedimieHTI HAMMIIKYy TOBITPs 1,1 TemmepaTypa TOpiHHS
nopiBHtoBatuMe TipuOm3Ho 1890 °C. Ilpm Temmeparypi mOBiTpsS Ha piBHI
BCTAHOBJICHHA BumpoMiHioBauiB +20 °C, Ha TMOBEpXHI KepaMIYHUX IUIACTUH
BCTAHOBUTHCS CEPEIHA TEMIIEpaTypa MK TEeMIIEpaTypoOr0 TOPIHHS 1 TEMIIEpaTyporo

noBiTps, a came: (1890 + 20) / 2 =955 °C.
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Buxonsiuu 3 1poro, MM MOXEMO pO3paxyBaTH sIKa YacTKa €Heprii BUKOPUCTO-
BYEThCS HA KOHBEKTHBHHUII 00IrpiB (BUKHMAM AMMOBHUX TasiB) Ipu cramroBaHHi 1 m>
ra3y (TeII0TBOpHA 34aTHICTh 35 MK) BUIUIsS€ThCA IPUOIK3HO 9,7 KBT eneprii.

Ile o3Hayae, 110 3 KOXHUX BUPOOJICHMX CBITIUM BUNpOMiHIOBaueM 9,7 kBt
€Heprii pa3oM 3 IMMOBHMH ra3aMH y BUIJIAII KOHBEKTUBHOI CKJIa/J0BOi BTPA4yaeThCs
39 % eneprii, npomeneBuit KKJI cBITIMX BUNPOMIHIOBAaYiB B JAHOMY BHUMAJAKy HE
Moxke Oytu BummMm 61 %. Peanbuuit mpomeneBuii KKJ| razoBux iHdpauepBoHUX
BUITPOMIHIOBAU1B 3HAXOUTh-CSl B Mexkax 60-65 %.

[lopiBHSIHHS pI3HMX THUIIB Ta30BUX 1H(QpPauepBOHUX BUIPOMIHIOBAYIB
BimoOpaxeHi B Ta6i1.4.3.

B mopiBHSHHI 3 HEHTpPaJIbHUM IapOBUM OIAJIEHHSIM OCHOBHUMU IepeBaraMu
ra3o-Boro iH¢GpauepBOHOTO OMAJICHHS MOJATA€ Y BIACYTHOCTI TEIMJIOHOCIIB TaKUX SIK
napa abo rapsiya Boja, TEIJIOTpAc, TEIUIOBTPAT MPHU MepeAadi Teria, CKOPOYCHHS
00CIIyroBYIOYOI0 IIEPCOHANY, 3HU)KEHHS €KCILTyaTallliHUX 1 KalliTaJbHUX BUTpAT.

Tabmums 3.3 — [lopiBHAHHS Ta30BUX iH(PPaYEpPBOHUX BUIIPOMIHIOBAYiB

IIpomenese Brparu 3
Bun obirpieaga TEILI0 JTHMOBHMH Konpexng Abcopbms
poooH0i rasams
CeiTmi 65 % 30 % - 3-6 %
TeMH1 60 % 10-15 % 20 % 3-6 %
CynepTeMHL 25-45 % 5-10 % 45-70 % -

Henonikom Takoro BUIy OMajieHHSA € BIABEACHHS TUMOBHUX Ta3iB, MOHTaX
1 00CTyroByBaHHS Ta30BUX TPYO, a TAKOXK MOTPIOHA MUPKYJIIAILIS CBIKOTO TOBITPS B
MPUMIIICHH] JUTsl JUXaHHS 1 3TOpaHHs ra3y. SIKmio me 3uMa, TO TMOBITPS BXOAHUTH
XOJOMHUM 1 Woro Tpeba mimirpiBatu. KpaTHicTh mOBITpOOOMiHY Mae OyTH BHIIOIO,
HIX TIPA BOJSTHOMY OTAJICHH1, Yepe3 HasBHICTh Ta3y.

[Ile ogHUM HEIOMIKOM MOXHA BBaXXaTH KOPCTKUU JIMITOBaHUI 00’ €M
CIOKMBAHHS MariCTpajlbHOrO0 razy - MOKYMISM, LI0 BOJOMAIIOTH JIMITaMH Ha ras,

HE3aJIeXKHO BiJI I[IHU JOBOJUTHCS BUKOPUCTOBYBATH BECh MOT0 00’ €M.
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3.3 EHepreTtnuHa e()eKTHBHICTb, TA METOAUKA PO3PAXYHKY eJeKTPUYHUX

iH(ppayepBOHUX BUIIPOMiHIOBAYiB

3.3.1 EpekTHBHICTH eJIeKTPUYHUX iHPpavepBOHUX BUNIPOMiHIOBAYiB

Ha cpborogninHiil 1eHb eNeKTpUYHi iH()pauyepBOH1 BUITPOMIHIOBAaUY1 a0COIIOTHO
0e3MmicTaBHO HAOYyJIM MEHIIOr0 PO3MOBCIOJIKEHHST HDK Ta3oBl YW HaBITh iX
HANOIMKY1 «pOoJuyil» - eJeKTpU4Hi KoHBekTopu. lle Hacammepesn moB’si3aHO 3
OpakoM JIOCBilly 3 1X BHKOpPUCTaHHSI. Xo4Ya BHUKOPUCTAHHS CICKTPHYHOTO
iHppaYepBOHOTO YCTAaTKyBaHHs Iepea0dadano rpaMOTHHA PO3PAaXyHOK MOTYXKHOCTI
CUCTEMHU 1 KOpPEKTHE TPOEKTYBaHHS MICIl pO3TalllyBaHHS MPWJIAIIB Ha CTEJi.
Panimie, jxeHyunch 3a JEIIEBU3HOIO, 0araTo KOPUCTYBauiB 3aMICTh JEKLIBKOX
amapaTiB KyIlyBaJld OJIMH, IOTYXHICTh SKOTO BiAMO-BiJana po3paxyHKoOBiid. B
pe3yibTaTi JesKi, B MPSIMOMY CEHCI OOMNEKJIHCS Ha I[bOMY THIIl YCTaTKyBaHHs. Tak,
CIOKMBAul BCTAHOBJIIOBAJIM B  TPHUMIIICHHI 1H(QPa4YepBOHI BUIIPOMiHIOBAYI
noTyXkHicTto 3 kBT 1 oTpumyBanu 3BHYaiiHUN coHsuHMd yaap. Cporomsi
KOMITaHISIMH, 10 MPAIOIOTh HA PUHKY 3 1H(PpauepBOHUMH CUCTEMaMH B)KE€ HE OJUH
piK, HAKONTWYEHUW BIAMOBIAHUN JTOCBIJ, TPOTE JesKa HEaoBipa 10 iHPpadepBOHUX
IPWIAIIB y CIIOKUBAYIB 1 (PaxiBIliB BCE OHO 3aTUIIAETHCS.

Enextpuuni iH(padepBOHI BUIPOMIHIOBaYi, SIK OyJI0 OMHUCAHO y JPYTOMY
PO3ALII MOAUISIIOTHECS HA: BUCOKOTEMIIEpaTypHi (TemmnepaTypa noBepxHi Outbie 300
°C), noBro-xBwiboBI (Temmeparypa moBepxHi Outeme 100-200 °C) i
HU3BKOTEMIIEPATYpHi (Temrnepa-Typa nmoBepxHi oinbiie 25-50 °C).

BucokoremriepaTypHi BHIPOMIHIOBAYi, SK 1 Tra30Bi BUKOPHUCTOBYIOTHCS B
OCHOBHOMY B MPOMHCIIOBOCTI 3 BHCOKHMH CTEISIMU Ji¢ TiepeOyBaHHSA JIOAWMHU
TUMYACOBE.

JIOBrOXBWJIOBI ~ BHUIIPOMIHIOBAadYl TPU3HAYEHI A OOITpiBYy JKHUTIOBUX
npuMillleHb. Xouya JIOCUTh BHCOKa TEMIepaTypa HarpiBajJbHOI IMOBEPXHI MOXKE
MPU3BECTH JO BUIMAAKOBUX OINIKIB, NpPH IbOMY JIOJWHA B 30HI TaKHX

BUIPOMIHIOBAYiB BiluyBa€ JUCKOM(OPT, TMOB’SI3aHUM 3 TEPErpiBOM TOJOBU 1
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X0JOJIOM B HOrax, TOMY iX BUKOPUCTaHHS MOXJIMBE HPU BHCOTI cTedl Ol 3 M 1
BUIIIE.

Haii6inbmr  KOMQOpPTHUMU 1 €KOJIOTIYHMMM  cepell  EJIEKTPUYHHUX
1H(ppayepBOHMX BUIIPOMIHIOBAUIB € HU3bKOTEMIIEPATYPHI 3 TEMIIEPATYPOIO MOBEPXHI,
mo He nepesuinye 50 °C . [lpu Takiii TemmnepaTypi BUIPOMIHIOBaYa JOCATAETHCS
MaKcUMallbHa €(QEeKTUBHICTh ONaJIOBaHHsA mnpuMilieHb. [Ipore edeKTUBHICTD
OTaJICHHsI TOB’si3aHA HE 3 TEMIIEpaTypOrO MOBITPS, B MPUMIMICHHI a 3 TEIUIOBHM
KOM(OPTOM JFOICH SKi 3HAXOASITHCS] B HBOMY.

Enexrpuuni iHdpadepBOHI BUIPOMIHIOBAYl BXKE Ha CTaili MPOEKTYBaHHS YU
PEKOHCTPYKIIIT JTO3BOJSTH BaM €KOHOMHUTH Tpollll Ha OyAIBEIbHUX MaTrepiajax 4u
JEMOHTaX1 CTapoi CHUCTEMH ONAJCHHA. TakuM YHHOM BUPIMIYIOYH 3aBIaHHS
ontuMizamii eHeproeeKTUBHOCTI OyAiBIAl TMpU MNPOEKTYBaHHI, BHU3HAYAIOTh
MOKA3HUKHU apXITEKTYPHUX 1 1HXKEHEPHUX 3aBJaHb, 110 3a0e3MeuyloTh MIHIMI3alliio
BUTpAT €HEprii Ha CTBOPECHHS MIKPOKIIMATY B puMilieHHsX Oyaisii. [IpoTe icHyroui
OynisenbH1 HOpMU 1 mpaBuia (CHill) 1 caniTapHO-TIri€eHIYHI HOPMH OPIEHTOBAHI Ha
BUKOPUCTAHHS CUCTEM TPAIUIIHHOTO OMAJICHHS 3 BUKOPUCTAHHSM BOJSHUX CHUCTEM
OTTaJICHHS.

Tomy moTpiOHO BIPOBAIKYBATH HOB1 CUCTEMH 1H(PPAYEPBOHOTO €JICKTPUUHOTO
OTAJICHHS SIK1 JIO3BOJISIFOTH IIJBUINUTH €HEeproeeKTUBHICTh OyMiBJIl 3 OJHOYACHUM
MOJIIMIICHHSAM KOM(OPTHOCTI MIKpOKJIIMaTy. Xoda, IS OUIBIIOCTI BHUIAJKIB
BIIPOBAPKCHHSI B IPUBATHOMY, KOTTEXKHOMY a00 1HIIOMY 3aMiChbKOMY OY/IBHHIITBI,
7e € HeoOXiHa TOTYXHICTh ENEeKTPUYHUX MEpEeXkK, MOTPIOHO JHIlle po3paxyBaTu
JIOCTAaTHIO TIOTY>KHICTh BUITPOMIHIOBAUIB JUIsl KOHKPETHOTO MPUMIIICHHS, a I1HIIE -
OTITUMI3aIlif0 BUTPAT €HEPTii Ha CTBOPEHHS 1 MATPUMKY KOMGOPTHOTO CEpeIOBUIIIA,
BUKOHA€ e(peKk-TUBHA CHCTEMa aBTOPETYIIOBaHH MOayi Teria.

Taki cuctemu, JOCTaTHHO BUTpaTHI 1 Jopori. YacTto M 4yeMo B peKiaMi, IO
CJIEKTPUYHE OMAJICHHS € «EKOJIOTIYHO YUCTUM 1 3pyYHHM», OCKUTBKA BOHO HE BHJILISE
LIKIJTM-BUX TMPOAYKTIB 3ropanHs. | 1ie Tak. Ane BogHouac AJist BupoosieHHs 1 kBt - rog.,
€JIEKTPO-CHEPrii Ha TEIUIOBIM eleKTpocTaHIlii noTpioHo Maibke 3 kBT - ron., TemioBoi

eHeprii.
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3.3.2 Mertoauka PpoO3paxyHKy BCTAHOBJIEHOI MOTYKHOCTi eJeKTPUYHHX

iH(ppaYyepBOHMX BUINIPOMIHIOBAYIB VISl THIIOBUX KM TJI0BHUX NPUMillleHb

Huxye npuBeneHa MeTOAUKAa pO3PAXyHKY BCTAHOBJIEHOT MOTYXKHOCTI
EJIEKTPUYHUX 1HPPauepBOHUX BUIIPOMIHIOBAYIB JIJISl TUIIOBUX JKUTIOBUX MPUMIIIECHb
3 BUCOTOIO cTeii 2,5-3,0 m.

Buxigaumu jaHumu 171 po3paxyHKy €:

e Temreparypa B npumiienHi: + 20 °C;
e 30BHIiIHA Temnepatypa: -20 °C.
., - BCTaHOBJIEHA  MOTYKHICTb  €JIEKTPUYHMX  1H(pauepBOHUX

BI/IHpOMiHIOBaLIiB SAKa piBHa MaKCHMMAaJIbHUM BUTpATAM TCILJIa HAa OIIAJICHHA Qh IIpu

MaKCUMaJIbHUX MOPO3ax .

P = P3.S.Kcnl.KSCm.KGK.KYlO6.K66 (3'1)

ecm

ne P, - nuroMa po3paxyHKOBa IOTY>XHICTb, KBT:
— Juia niBaeHHux obnacreit P, = 0,02 xBr;
— JUId CXITHMX 1 IeHTpanbHUX obnacreit P, = 0,03 kBT;

— JUId 3axi1HuX 1 niBHIYHUX obnacreit P, = 0,04 - 0,05 kBrT.
S - IIoIIA OMATIOBAHOIO NPUMIIEHHS, M2,

K - KoedillieHT TETUIOBUX BTPAT Yepe3 CTIHU MPUMIIIEHHS

cm

— CTiHM OETOHHI NaHenbH1, ueriadi B 1,5 nermu K =1,25-1,5;
— cTiHM uernsHi B 2,5 nermu K, = 1,1;

— crinu gepes’sHi K, = 1,25;

C

— CTIHU MIHOOETOHHI 3 MiABUILEHOO Temoizomsauiero K, == 1.
K,., - KOe(QIIEHT, KU BPaXOBY€E KUIbKICTh 30BHIIIHIX CTIH NPUMIIIEHHS:

— omHacriHa K, =1;

— nmeictinn K, =1,15;
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— BHyTpimHe npumimenss K, =0,1-0,3.

K,. - KOeQILIEHT TeIIOBUX BTPAT YepPe3 BIKHA NPUMIIICHHS:

K, =1+p-S,, (3.2)

nesS,, - mioma BikHa, M?
p = 0,2 11 3BU4aiHOrO ABIIHOIO BIKHA;
p =0,1 a5 BIKHA 3 OAMHAPHUM CKJIOMIAKETOM;
p = 0,07 nns BikHA 3 ABIMHUM CKIIONIAKETOM.
K,,,~ KOe(]ILI€HT KU BpaXOBY€ TEIUIOBI BTPAaTH 1-T0O 1 OCTAHHBOI'O MOBEPXY:

— nepiuit a6o octanHiil moBepxu K

e = 1,3/1,1;
— Jpyruil 1 Bumie nosepxu K, =1,
K,, - KOeQIlIeHT TEIUIOBTpaT uepe3 BX1AHI (0aaKoHHI) ABepi:
— BHyTpimHI a00 BXiIHI JBepi SAKI MEXYHOTh 3 OIAJOBAaHUM
npumimenssam K, = 1;
— BXI1/H1 (OanKoOHHI1) ABepi, 110 BUX0AATh Ha Bymuio K, = 1,2-1,4.

Buxoasiun 3 po3paxyHKOBOI BCTAHOBJIEHOI IOTYXHOCTI P, pO3paxoBY€ThCs

CIIOKMBAaHHS ~ €JIEKTPOEHEPrii 3a ONaNIOBAIBHUM TMepioJy 3  BpaxyBaHHIM

BHKOPHUCTAHHA CUCTCMHU aBTOPCTYJIFOBAHHA nonaqi TCILIAa.

Q=0,33P,_, 24190 (3.3)
ne 0,33- moka3HUK SIKMl BpaxoBy€ CEpeJHE 3a OmNajloBalbHUN mepion 7
MicsmiB (190 gaiB Mo 24 T07.) CIIOXUBAHHS €JICKTPUYHOT €HEPTii MO BiIHOMIEHHIO /10
IIKOBOT.
I[luToma KUIBKICTh TEIJIAa Ha OMAJTIOBAaHHS 3a ONATIOBAJBHUN TEepioj

BM3HAYAETHCS 33 POPMYIION0, KBT /M2
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Q,=Q/S (3.4)

Heob6ximHa KUIBKICTh BUIPOMIHIOIOUMX TaHENeW BU3HAYAETHCS, BUXOISYU 3

BCTaHOBJICHOI OTYKHOCTI P, U1 JAHOTO NPHUMIIICHHH, M
S,=P,_, 10,5 (3.5)

ne 0,5 - koediieHT AKUH JOPIBHIOE MHUTOMIM MOTY>XHOCTI  TEIJIOBOIO
BUINPOMIHIOBaHHS, 10 crTaHoButh 0,5 kBT Ha kBagpaTHuiéi wMeTp MUIONII
BUITPOMIHIOBAYa.

B sikocTi mpukiiany po3paxyeMO BCTAHOBJICHY IMOTYKHICTh Ta CIIOKWBaHHS
eJCKTPUYHOT eHeprii Uil MPUMIIIEHh KOTEIKHOTO OyAMHKY 3arajibHOK IUIOIICHO

104,6 M2, sxuii moOynoBaHuil B 3axigHuX obnacTax Ykpaiuu. Pospis mepmoro Ta

JPYroro moBepxiB OyAMHKY 11X 3arajpHa XapaKTepHUCTHKa MoKa3aHi Ha puc.3.5,3.6.
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Pucynok 3.5 — Po3pi3 nepimroro nosepxy OyanHKy
1- xopugop - 4,2 mM%; 2- rocnojapcbke mpuMminieHHs - 4,6 Mm% 3- kiMHaTta +

KyxHs - 19,4 M2 4- BOUpanbHs - 1,4 M2; 5- BepaHaa - 10 M2,
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BpaxoByroun xapakTepUCTUKY MPUMIIICHb MEPUIOTO MOBEPXY BCTAHOBJICHHS
iH(pavepBOHUX BUIIPOMIHIOBAYIB IEpen0adacThea B Kopuaopi (4,2 M?) Ta Benukii

KiMHaTi crapeHiii 3 kyxuero (19,4 m?).
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Pucynok 3.6 — Po3pi3 npyroro noBepxy OyauHKY
1- ximHaTa - 24,3 M2, 2- BOUpanbHs + BaHHA - 5,3 M?;
XapaKTepucTHKa JPyTOTO TIOBEPXY nependayvae BCTaHOBJICHHSI

BUIIPOMIHIOBAYiB y BEJMKiil KIMHATI 3arajgbHOIO mUiomero 24,3 M2,

BcTaHoB/IeHA NOTYKHICTh ONAJIEHHS /151 Kopuaopy (4,2 m?):

P., =0,04-4,2-1251131,2=0,33 xBm

ecm

Po3paxyHKkoBe CIIO’KMBAHHSI €JIEKTPOCHEPIii 3a ONaTIOBAIBHUIN NIEPIO:

xkBm-200

Q=0,33:0,33-24-190 =497 :
pIK

[IuToma KUTBKICTh TETIAa HA OMAJIFOBAHHS 3a OMATIOBAJILHUMN MEeP101
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Q, =497/4,2=118xBm | m°

[1noma BUNIPOMIHIOIOUHX NTAHENEH 1711 onalieHHs KOpUuaopy oyze:

S, =0,33/0,5=0,77

Bubepemo enexkrpuyHuil iH(padepBOHUI BUIPOMIHIOBAY 3 ICHYIOUUX ChOT'OJIHI
Ha pUHKY YKpainu 1a6:1.3.4.
Jl1s1 061rpiBy KOpUAOPY MU BUOEpeMo oJuH o0irpiBad po3mipoM 1960-360 mm

IUIOIIA 1 MOTY>KHICTH SIKOTO BIJMOBITAE PO3PAXYHKOBUM, I1Ha 00irpiBaya 5500 rpH.

BceTanoBJIeHA NOTYKHICTh ONAJIeHHS! /1151 BEJIMKOI KiMHaTH 3 KyxHero (19,4 m?):

P.,=0,04-19,4-1,251,15-1,22:1,3-1,4 = 2,5 kBm
Po3paxyHkoBe ClIO’KMBaHHS €JIEKTPOCHEPTii 3a ONaTIOBAIBHUHN TIEP1O:
Bm-200
Q=0,33-2,5-24-190 = 3762 22119
pIK

ITuToMa KUTBKICTB TEIJIa HA ONATIOBAHHS 3a OTAIOBAJIBHUM TIEPio
Q, =3762/19,4=194xBm | m*

[Tnoma BUTIPOMIHIOIOUNX TTaHEeJIeH SIS OlaJieHHsI KIMHATH Ta KyXHi Oyje:
S, =2,5/0,5=5:"

Jlist o0irpiBy BeNHMKOi KIMHATH 1 KyXHI MU BHOEpEeMO TpU BUIIPOMIHIOBaUi
po3mipoM 1960-560 MM, po3MicTHMO ABa 3 HHUX HaJl BIKHAMH TEpacH 1 OJUH HaJ
BikHOM KyxHI, 1 1Ba 1800-390 Ta 1800-590 MM, po3MICTHBIIHN iX Ha MPOTUICKHHUX
CTiHaX KIMHATH, 3arajbHa BapTiCTh BUMPOMIHIOBaYiB ckiagae 27480 rpH.

BcraHoB/leHa MOTYKHICTH ONAJIEHHS VIS BEJIUMKOI KiIMHATH JIPYroro InoBepxy
(24,3 M):

P, =0,04-24,31,25-1,151,17-1,4=2,3 kBm

Po3paxyHkoBe ClIOKMBaHHSI €JIEKTPOCHEPTii 3a ONaTIOBAIbHUMN NIEPIO:
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Q=0,33-2,3-24:190 = 3506 “27 2%
pIK
[TuToMa KUIBKICTh TEIJIa Ha OMAJTIOBaHHS 3a OMATIOBAJIBHUMN TEpio]
Q, =3506/24,3=144xBm | m*
[Tno1ia BUIPOMIHIOIOUKX TTaHEIeN JJIsl OMaJIeHHsT BEJIMKOT KIMHATU Oye:
S, =2,3/0,5=4,6x"
Jnist  o0irpiBy BeNMKOi KIMHATH JApPYroro TMOBEpXy MU BUOpanu JBa
BurpomiHioBaui po3Mmipom 1400-700 MM, po3MicTUBIIM iX HaJ BIKHamMu, 1 JBa

1800-590 MM, pO3MICTHBIIM iX Ha NPOTWIEKHHUX CTIHAX KIMHATH, 3arajbHi

KariTajabHi BUTPATH HA IpUI0aHHs BUNPOMiHIOBaviB OyayTh 17280 rpH.

Tabmums 3.4 — XapakTepuCTUKH EIEKTPUUYHHUX 1H(PAYEPBOHUX BHIIPO-
MIHIOBA4iB
) [Inomma, | [ToTy&HICTE, ] [ToTy:xHI
PosMipH, MM Po3mipn, My | TLmoma, M2
M2 Br cIb, BT
1960 x 265 0.50 250 1500 x 330 0,50 250
1960 x 360 0,70 340 1500 x 470 0,70 340
1960 x 450 0,88 440 1500 x 590 0.88 440
1960 x 560 1,10 500 1400 x 360 0,50 250
1800 x 280 0,50 250 1400 x 700 0,98 500
1800 x 390 0,70 340 1200 x 420 0,50 250
1800 x 490 0,88 440 1200 x 590 0,71 340
1800 x 590 1,06 500 1200 x 730 0.88 440

OTxe cyMmapHi BUTpAaTH Ha €JEKTPOCHEPrilo s OMaJeHHS MPUMIIICHb
OYIMHKY 3araibHoro miomero 104,6 M? 3 J0HOMOroI0 eleKTPHYHHX iH(ppadepBOHUX

BUIIPOMIHIOBAYiB MPOTATOM OJHOTO CE30HY Oy/TyTh HACTYITHUMU:

D =497 +3762+3506-2,64 =13514,84 zpn. | pix

ne 2,64 — BapTICTh eNeKTpOeHEPrii 3a 3BudaiiHuM Tapudom, rpa/(kBt-rom).
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JUisi €eKOHOMIYHO1 OI[IHKM PI3HUX BHJIB OMNaJ€HHS, MU NIPOBEIU AEKUIbKA
JO0aTKOBUX PO3PAXyHKIB €IEKTPUUHUX Ta BOASHUX CHCTEM ONAJIEHHS JKUTIOBOIO
OyIIMHKY KOTEIKHOTO TUIy. B yMoBax eHeprocucreMu YKpaiHM BIPOBAKEHHS
HOBUX, EKOHOMHHX CHUCTEM OOIrpiBy [O3BOJIMJIO © 3MEHIIUTH CIOKUBaHHS
€HEPreTUYHUX pEecypciB, a OCHOBOIO IX BIPOBAJKEHHA  TMOBUHHI CTaTU —
€KOHOMIYHICTh Ta €KOJOTIYHICTh CHUCTEMH, a HE BHUCOKI KamiTaJbHUX BUTPAT HA
00JIallITyBaHHS.

Sx BuaHO 3 Tabnuui 4.5, BapTICTh BCTAHOBJEHHS PI3HUX CUCTEM OMAJICHHS
KOJIMBAETHCS B IMIUPOKUX Mexkax — Big 6,129 no 11,732 tuc rpH., 3a1€XKHO BT BUILY

CUCTCMU ONIAJICHHA Ta BUKOPUCTAHOI'O O6J'IaJIHaHHSI.

Tabnuus 3.5 — KamitanbHi BUTpaTH Ha BCTAHOBJIICHHS PI3HUX CHCTEM
001irpiBy
) KamitaieH1
Nemn BHI onaneHHd
BHTpAaTH, IPH.
I CHcTeMa onaleHHd 3 BHKOPHCTAHHAM elleKTPHIHHX 50260.00
" | 1HQpadepBOHHX BHIIPOMIHIOBAd1B i
BoggHa cHCTeMa ONATeHHA 3 BHKOPHCTAHHAM
2. ) 1173235
ra30B0Or0 KOTIA
3. | ExeKTpHYHA cHCTeMA onaneHHd «Temna mamoray 110626
4 CHcTeMa onaneHHd 3 BHKOPHCTAHHAM elleKTPHIHHX 7767 00
" | KOHBEKTOp1B ’
CHcTeMa ONAaneHHY 3 BHKOPHCTAHHAM Ta30BHX
5. ) - 6129 00
KOHEEKTOpIE

3apa3 B YkpaiHi ekcruryaTyroThcst 611t 600 TrCcsSY OyAMHKIB, IO CIIOXUBAIOThH
ommprko 40 % TermoBoi eHeprii. Ha omamenns >xutioBoro (oHIy HIOPOKY
BUTpadaeTbcss moHaa 70 MuH. T.y.1., TOOTO Ha OJHOrO MEIIKaHIM mpumnagae 1,4
T.y.Il., 1€ BABiUl OUIbIIe, HDK y PO3BUHYTUX KpaiHax €Bpormn. B Takmx ymoBax
e(EeKTUBHICTh CUCTEMH OTaJICHHsI HaOyBae BUPINIAILHOTO 3HaYeHHs. Hariri po3paxyHku
MOKa3ajay, 10 €JEKTPUYHI 1H(pauepBOHI CUCTEMU OMAaJIeHHs OYJIWHKIB — HabaraTto

BUT1JIHIIINAMA, HAAIAHIIIUKA 1 3pYUYHININN BapiaHT, HIXK ra30B1 KOHBEKTOPH, €IEKTPUUHI
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KOHBEKTOPM Ta TEIUll MIJUIOTHM 1 CHOXKKMBAad4 OTPUMYE TaKe X SKICHE TEIo B
HEOOXIHIN KUTBKOCTI 32 HMXKUYOIO L[IHOIO.
Ha pucynky 3.7. moka3Ha e(EeKTUBHICTh PI3HHUX CHCTEM ONAaJEHHSA B

3aJIEKHOCTI B1J1 BUOOPY PI3HOTO TEIIOHOCIS.

00— —— — — — — — — — — %
B0 —— — — — — — — — — — — — — — — — — -
nm-—-———-———————— — — — — -
6000 —— — — — — — — — — — — — — — — -

5000 — — — — — — — — — — — — — — — — -

IpH.

o —————————— — — — — — — — -

IHppayepBoH  ra3. KOHBEKTOPK
3000 7 “megmme — " mamp.

200 —— — — — ——— — —— — — — -

SEEES

Bua curemm onaneHHs

Pucynok 3.7 — EdeKTUBHICT, CHUCTEM OMaJeHHS B 3aJIGKHOCTI BiJl BHOOPY

TEIUIOHOCIA

3.4 BucHoBKM 10 po3aiay 3

Ilepeniueni ¢akTopu 1 [daHl TEXHIKO-EKOHOMIUHHMX PO3PaxXyHKIB HalOTh
MOXJIUBICTh 3pOOWUTH BHCHOBOK TPO JOIUIBHICTh BUKOPHUCTAHHS ISl OIAJICHHS
OyIMHKY KOTEHPKHOTO THITY E€JIEKTPUYHUX IH(PAYEpPBOHUX BUIIPOMIHIOBAYIB XO0Ya
TEPMiH OKYMHOCTI iX JOCUTHh BUCOKHH, aje 3 HAOYTTSAM IMOMYJSAPHOCTI Ta TOSBOIO
KOHKYPEHIIIi KamiTajJbHI BUTPAaTH HA OOJAIITYBaHHS 3MEHINATHCS, TAKOX MOTPIOHO
BIIMITUTH, IO TakKi CHUCTEMHU JOCUTH €()EKTUBHO MOYKHA BUKOPUCTOBYBATH JIJIS
CTBOPEHHSI JIOKJIBHOTO OOIrpiBy, a TaKoX BUKOPUCTOBYIOUM AWQeEpeHIliioBaHi 3a
gacoM J100u Tapudu Ha EJIEKTPOCHEPTi0, BPAXOBYIOUH, IO OMATIOBAIHHUN CE30H
TpuBae 190 nHiB 24 roauHu Ha J00Yy BUKOPUCTAHHS JABOCTABKOBUX Tapu(iB Ha

€JICKTPOCHEPT1I0 JIJI1 HACeJICHHS OLIBII HIK BUIIPABAAHO.
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4 OXOPOHA MPAIII TA BE3IIEKA B HAJI3BBUYAMHUX CUTYALISAX

4.1 Oxopona npaui Ta TexHika 0e3nexkn nNpu OyAiBHUITBI Ta eKCIIyaTalil

CJICKTPUYHUX iH(PpaYepBOHMUX CHCTEM O0IrpiBY

OxopoHa mpaill Ta TexXHika 0e3neKu npu OYIIBHUIITBI Ta €KCILTyaTalli CUCTEM
eJIEKTPOoOOIrpiBy 3a0e3neuyeThesi NPUUHATTIAM MPOEKTHUX PIlIEHb Y BIAMOBIIHOCTI
no IIYE-86 «llpaBuna ynamryBanHs enektpoyctanoBok» Tta CHill I11-4-80
«Texnika Oe3nexu B Oy1IBHUIITBIY.

Jlns 3a0e3meueHHsT OXOpPOHW Tpalll Ta TEXHIKM Oe3neku KBalidikaliiHO
poboToro nependaveHo:

> BHUKOPHUCTaHHS TEXHIYHO-JOCKOHAJIOT0 00JIaIHAHHS;

> posTanryBaHHsS OONajHaHHs 3abe3rneuye BUIBHHNA JOCTYI TPU OOCITYTOBY-
BaHHI;

> BUKOPHUCTAHHS TUIIOBUX KOHCTPYKIIiH;

> BUKOPUCTaHHSI TIPU BHKOHAHHI OYy/IBEIbHO-MOHTaXXHUX pPOOIT MaIllMH Ta
MEXaHI3MiB, B KOHCTPYKIIISIX SIKUX 3aKjaJeHHI MPUHIIMITN OXOPOHH TIparl;

> 3a3eMJICHHSI €JIEMEHTIB €JEKTPOYCTAaHOBOK 3 HOPMOBAHOIO BEJIMYHUHOIO
OTIOpY 1 KOHCTPYKIIi€l0, sika BiamnoBizae Bumoram I1YE-86;

> BHCOKHHU piBeHb MeXaHi3a1lii 0yiBeJIbHO-MOHTAKHHUX POOIT;

> BUKOHaHHS OYIIBEIbHO-MOHTOXKHHUX POOIT 3riTHO THUIIOBUX TEXHOJOTTYHUX
KaprT.

3a00pOHSETBCS B EIEKTPOYCTAHOBKAX JOTOPKATHCS 10 CTPYMOIPOBIIHUX
YaCTHH 00JIafHAHHS, SKI MOKYTh 3HAXOJIUTHUCS T HAMPYToI0 0e3 3aXMCHUX 3ac001B
(IHIMKATOPIB, TYMOBUX PYKABHIIb 1 T. 1H.).

3HIMaTH Ta BCTAHOBIIOBATH 3amMOODKHUKH YHM 1HII EJIEMEHTH 3aXHUCTY
HEOOXIHO MPH BIIKIIOUCHIN HAIMPY3i KUBJICHHS.

JIBepi mpuMIiIIeHb €JIeKTPOYCTAHOBOK 3aUYMHATH HA 3aMOK.
CucreMu €IEKTPUYHOTO OMAJICHHS 3HAXOJWTHCS il CTPYMOM HEOEe3MeuHUM

JUTSL AKUTTS TFOMHA. TOMY HEOOX1THO JOTPUMYBATUCS HACTYIMHUX MpPaBuil O€3MEKu:
v 3aCTOCYBaHHSI OJHOTO 13 METOMAIB 3aXHCTy €JIEMEHTIB EJIEKTPUYHOIO

omajeHHs B1J MPOOOIO0 - 3a3€MJICHHS, 3aHYJICHHS Y aBTOMATHYHOTO BIJKITIOUCHHS;
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v\ i30JsIMis BIIKPUTHX EICKTPUYHHUX YaCTHH;

v\ OrOpO/UKEHHS CHEPrOHEeCYYMX YaCTHH Ta 3aCTOCYBaHHS 3HAKIiB
MOMNEePEKYIOUUX PO HEOE3NEUHY HANPYTY;

v\ PEMOHT, MOHT&X Ta OIJISAA OOJaJHAaHHS O03BOJSIETHCSA JIMIIE TIPH
BUKIIIOUEHIH Hanpy3i;

v\ HasBHICTH 3araJbHOTO BUMHKaya HaIpPYTH;

v’ He [OMyCKaeTbCcs po0OTa 3ilCOBAHOrO OOJNAJHAHHS, a TaKOX IpH

KOPOTKOMY 3aMHKaHHI.

4.2 Po3paxyHOK 3aXMCHOTO 3aHYJIEHHS eJIeKTPUYHHUX CUCTeM 00irpiBy

3aHyJICHHS - II¢ HaBMHUCHE CJICKTPUYHE 3’ €HAHHS 3 HYJIHOBHUM 3aXHCHHUM
NPOBOJOM METAJICBUX HECTPYMOBEAYYUX YACTHH, SIKI MOXYTb OINWHUTHUCH ITiJT
HAMPYTOr0 BHACIIIOK 3aMUKaHHS Ha KOpITyC a00 3a IHITUX MPUYKH.

3aHyleHHS] TIPU3HAYEHO JUISI YCYHEHHS HEOE3INeKH YpPaKCHHS eIeKTPHIYHUM
CTPYMOM Yy pa3i JIOTHKY J0 KOPIYCY Ta iHIINX HECTPYMOBEIYUYNX METAIIEBUX YaCTHH
CJICKTPOYCTAaHOBKH, SIKa OIMHUTHCS ITiJ] HAMPYTOK BHACIIAOK 3aMHKaHHS Ha 3eMITIO.
Bupimyerbest 114 3amaya IHIIUM IUBSIXOM, HDK Y BUIAIKY 3aXHCHOTO 3a3EMJICHHS:
IIBHJIKKM BUMHKAHHSIM BiJl MEPEXi TOIIKOIKEHOT €IEKTPOYCTAHOBKH. 3 MOMEHTY
BUHUKHCHHS 3aMUKaHHS Ha KOPITYC 1 710 BIAKIIOUCHHS €JIEKTPOYCTAaHOBKH BiJl MEPEkKi
3aHYJCHHS BUKOHYE (YHKIIIIO 3aXHCHOTO 3a3€MJICHHs, TOOTO 3HUXKYE HANpPYTy

AOTHUKY OO Oe3IMeYHNX 3HAUCHb.

[TpuHIMND 1ii 3aHYJIEHHS — MEPETBOPEHHS 3aMUKaHHS Ha KOPIYyC B OJHO(A3HE
KOPOTKE 3aMHUKaHHA (TOOTO 3aMHKaHHS MK ()a3HUM Ta HYJIHOBUM MPOBOJAMH) 3
METOI0 BUKJIMKATH CTPYM, 3HAYHO OUIBIIWHN, HDK poOOYMH, CIPOMOXKHHI 3a0e3re-
YUTH CIPAIIOBAHHS 3aXHUCTYy 1 TUM CaMUM aBTOMAaTUYHO BUMKHYTH YIIKOJDKEHUN
€JIEKTPOEIIEMEHT BiJl MEPEXKI.

Po3paxyemo 3axucHe 3aHyJNEHHS JJIsi CUCTEMH EJIIEKTPUYHOTO OIMAJICHHS, SIKE

MIJKJII0YEHO 10 Mepeki Hanpyrowo 380B 3 riryxo3a3eMiIeHOI0 HEUTpaIo.
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[Ipu 3amukanHi a3y Ha 3aHYJICHHH KOPIIYC €JIEKTPOEIEMEHT aBTOMATHUYHO
BIJKJIIOYAETHCSA, AKILO CTPYM OAHO(pA3HOIO KOPOTKOTO 3aMUKAHHA [, 3aJ0BOJIbHSE
YMOBI:

1,23RI,, (4.)
e R — koedilieHT KpaTHOCTI HOMIHOJIBHOTO CTPYMY luon, A 3a11001KHUKA.
Tak sIK 3aXUCT 3I1HCHIOETHC TUIAaBKUMU 3aIl001KHUKaMu, To 3rigHo ITYD — 87

npuitmaemo R = 3.

13RI, =31, (4.2)
l,= U,/ (2,13 +2,) 4.3)
ne Uy - ¢a3na Hanpyra, 220 B;
Zt - ontip TpaHchopmaTopa;
Zn - omip neTii gaza-Hylb, SIKE BU3HAYAETHCS 3 3aJI€KHOCTI:
Z,=y(R,+R) + (X, + X, +X,)° (4.4)

ne Ry, R, - akTuBHMI onip (a3HOrO 1 HYJIBOBOI'O MPOBIAHUKA, OM;
Xp, X, - BHYTPILIHIN 1HAYKTUBHUHN omip (pa3HOIO 1 HYJbOBOIO MPOBIJAHUKA,
Owm;
X; - 30BHIIIHINA IHIYKTUBHUM O1ip neTi «haza — Hyiab», OM.
Halimenie nonyctume 3HayeHHs 7/, .

I =3100=300 A

Po3paxoByeMo onopu 3 BpaxyBaHHSIM MaTepiany npoBigHuka: Ry, R, Xg, X!

R,=rL/ SR, =rL/S (4.5)

7€ Pax — MUTOMMIA OITIp MPOBITHMKA 3 ATIOMIHIIO, Pay = 0,028 OMMM?/M;
L — noBxxuHa nipoBigHuKa, L = 20 M,
S - mepepi3 MPOBINHUKIB, SIKI HAYTh:
S1 — Bix Tpancdopmaropa 1o BPII y muroBiii;
Sz — Bix BPII y muToBiii 10 KoTia,;
L; — noBxkuHa npoBinHUKa Bia TpaHcpopmaTopa 10 BPII;
L, — noBxuHa npoBigHuka Big BPII no xotna.

[TlincTaBuMO 3HaYEHHS 1 OTPUMAEMO 3HAYCHHS OIOPIB:
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Rg1=pL1 /S1 = 0,028 x40/1000 = 0,00112 Owm;
Rg2=pL2 /S, = 0,028 x20/120 = 0,00460 Owm;
Rp= Re1- Ry2=0,00112+0,00460= 0,005720m.
R,=R,+ R, (4.6)
ne R, — omip HynbOBOro NMpoBiAHUKA Bix TpaHchopmatopa 1o BPII;
Ru2 — omip HynboBoro nposinnuka Big BPII 1o kotna;
Rui=pLi /Su1 =0,028 x40/1000 = 0,00112 Owm;
Rux=pL2 /Sy =0,028 x20/120 = 0,0047 Owm.
HynwoBuii 3axuicHuil mpoBiHUK OyJae BUKOHAHUM 31 cTanmi. |7 BU3HaueHHS
HOro axkTUBHOCTI Ta BHYTPIIIHBOTO I1HAYKTHBHOTO OINOPY HEOOXITHO BHU3HAYUTH
OUIKYBaHy HIUIBHICTh CTPYMY 1 1O BU3HAYEHOMY MEpepi3y MPOBIIHMKA MO TabIuUIl
BU3HAYUTH OTIIP.
H{iMbHICT CTPYMY BH3HAYAEMO 110 hopMyi: @ = Iy, / S.
JIJisi HyBOBOTO MPOBITHUKA BHOMPAEMO MPOBITHUK MPSIMOKYTHOTO MEpepizy
40x4 mm: @ =1, / S =300/ 160 = 1,875 A/mMMm>.
Toni, Ru =rm-Ls,
ne ro=1,54 Om/kMm.
Rz = roxLsz =1,54x0,007 = 0,01078 Owm;
R: = Ryt Ript Ry3 = 0,0011240,00470+0,01078 = 0,0166 Om.
BryTpimHiil iHAYKTUBHUHN OIip HYJIHOBOTO 3aXMCHOTO MPOBIIHUKA:
Xu = Xol,
X = 0,092 Om/kM,
Xy = Xo L3=0,92x0,007=0,00644 Owm.
[lepepi3 HyTHOBOTO MPOBIMHHMKA 1 HOTO MaTepial BUOUPAIOTH 3 YMOBH, IIOO
MOBHA TMPOBITHICTh HYJIHOBOTO npoTy Oyma He meHm 50% moBHOI MPOBIAHOCTI

¢dazHOrO APOTY.

1 1
>
Ru+Xu  2(Rgp+ Xop)
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1 1
>
0,166 +0.0644 ~ 2(0,02202)
43,4>22,7

3HaueHHa Xg¢ 1 X, 78 aJIOMIHIEBUX NPOBIJHUKIB Majll 1 HUMH MOXHA
3HexTyBaTH. [liicTaBUBIIN 3HaYEHHSI OMOPIB, BUILIMBAE 1[0 YMOBA BUKOHYETHCS.
3HaxX0AMMO 30BHIIIHIN IHAYKTUBHUH omip netii «daza-nynb» 0,6 OM/km:
Xy = 0,6 (L‘b + LH)
ne Lg, Ly — noBkuHa npoBiIHKUKIB ((ha3HOTO 1 HYJIBOBOTO)
Xy =0,6 (0,067 + 0,067) = 0,08 Om.

Busznauaemo onip neti «daza-HyJIby:

ZI1 = \/(qu+ Ru)* + (X¢p + Xn+ Xu)® =

J(0,02202 +0,0166)° +(0,03862+0,0864)° =0,095 Om.

Tenep, xoiu BimOMi BCl 3HAYEHHsI OIOPIB 3HAXOJAUMO CTPYM KOPOTKOTO
3aMHUKaHHS
I = Ud / (Z1/3 + Zmm) = 220/(0.54/3 + 0,095) =449 A
[TepeBiprMO YMOBY HAIIHHOTO CHpAIIOBAHHSA 3aXHUCTY lngser = 100 A, TOOTO

449 > 300. [lana ymMOBa BUKOHYETHCS - PO3paXyHKH BUKOHAHA BipHO.

4.3 Oprani3auisi 6e3nmeKn Ha eHepreTHYHUX 00'€KTaX B YMOBaX HA/3BHYAIN-

HHMX CUTyalil

3a0e3nedeHHs O€3MeKn Ta 3aXUCTy HACEICHHS B YKpaiHi, 00'€KTIB €KOHOMIKH 1
HaIllOHAJILHOTO HaAOaHHS JepKaBU BiJ HETaTUBHUX HACIIJIKIB HaJ3BUYAMHHUX
CUTyaIlli TIOBMHHO PO3TJISJIATHCS SIK HEBI'€MHA 4YacTHHA JCPXKABHOI IOJITHKH
HaIllOHAJIbHOT Oe3NeKH 1 Jiep)KaBHOrO OYIAIBHHMIITBA, SK OJHA 3 HAWBAKIMBIIIMX
GyHKIIA TEHTpaJbHUX OpraHiB BUKOHABYOi Biamu, Pamu MiHICTpIB ABTOHOMHOI

pecnyousiku Kpum, MiclieBuX Jep:KaBHUX aJAMIHICTpalliid, BAKOHaBYMX OPTraHiB paj.

3akoH Ykpainu «[Ipo 3axucT HaceneHHsI 1 TEpUTOpil Bl HAA3BUYANHUX

CUTYyallll TEXHOTEHHOI'0 Ta MPUPOAHOro Xapakrepy» Bia 8 uepBHa 2000 poky BU3HA-
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Yyae CTpaTeriyHl HampsiMM Ta 3aco0M BHUpIIIEHHS NpoOJeMU 3aXHCTy HaCEJIeHHS,
peanbHe CTBOPEHHS TEPUTOPIANbHUX 1 (PYHKIIOHATBHUX MifcucTeM €AMHOT Iep KaB-
HOT CHUCTEMH 3amnoOiraHHs HaJI3BUYAWMHUM CUTYaI[isIM TEXHOTE€HHOTO 1 MPUPOJIHOIO

XapaKkTepy Ta pearyBaHHs Ha HHX.
Bcebiune 3a0e3nedeHHs nid (GopmMyBaHb — OJHA 13 BHUPIIAIBHUX YMOB

ycmimHoro nposeaenHs PiIHP. Opranizanis 1 npoBeaeHHs i€l poOOTH MOKIAIa€ThCs
Ha HauvaibHuKa 1[0, HauanbHUKIB ciy:k0 1 KOMaHaupiB (GopmyBaHb. 3abe3neyeHHs
nit opmyBanb npu nposeneHdi PIHP Bkitouae; po3Biaky, pamiaiiiHui 1 XIMIYHHMA
3axHCT, MaTepiajJbHe, TEXHIYHE Ta MEIUYHE 3a0e3eueHHS.

besnepeOiiine 3a0e3nedeHHs (HOpPMYBaHb MPOBOJUTHCS 3 METOK OTPUMAaHHS
JaHUX 00CTAaHOBKH, 3HMKEHHSA All ypakarounx (akTopiB HAI3BUYANHUX CUTYaIlli Ta
CTBOPEHHS CIIPUSATIMBUX YMOB Juisl poBeaeHHs: PiHP.

PosBinka — ocHOBHMI BujJ 3a0e3nedeHHs Al ¢opmyBaHb. Bona
OpraHi3OBYEThCS Ta BEACTbCS 3 METOI CBOEYACHOTO JO0OYBaHHS JIaHUX TIPO
00CTaHOBKY JJIA NMPUUHATTS pilieHHS 1 ycmimHoro nposeaeHHs PiIHP B ocepenkax
ypa)keHHs, B pailoHaxX CTHXIMHOTrO Juxa, aBapid Ta karactpod. Po3Biaka BemeTbcs
Oe3nepepBHO BciMa (hOPMYBaHHIMU.

Opranizamiss po3BiIKH — BaXJIUBUH 000B’s30Kk HaydanbHuka 11O o00’ekta i
KoMaHaupiB ¢opmyBaHb. Komanaup ¢opMmyBaHHS (Ha4aIbHUK IITa0y) CTaBUTH
3aBIaHHS PO3BIAI, BUAUISE HEOOXITHI I IILOIO CHJIM 1 3aco0M 1 BKasye, Jie
30CepEeAUTH OCHOBHI 3YCHUJILIS.

3a0e3nedeHHs pamianidHo-XiMigHoro 3axucTty. Hawampamk 1O 00’exTa
OpraHi3oBy€ Ta Kepye TMPOBCICHHIM 3axXO0JiB IIOJA0 3axucTy (opMyBaHb, a
KoMaHaupu GopMyBaHb 3a0e3MeuyloTh iX BHUKOHaHHSA. Ha 1ie cmpsMoBaHO psf
Y3ro/I>KEHUX 3aX0/I1B:

— OPraHi3OBYIOTh O€3MepepBHY PO3BIMKY, UiTKi Jii 32 CHTHAJIaMHU OMOBIIICHHS,
3MIACHIOIOTh 1H)KCHEpPHE YJAIITyBaHHA pAalOHIB poO3TamryBaHHS (QOpPMYBaHb
BPaxOBYIOUHU 3aXHCHI BIACTUBOCTI MICLIEBOCTI;

— 3J1UCHIOIOTHh MOCTIMHUM KOHTPOJb 32 3aPaXKEHICTIO MOBITPSI Ta MICLEBOCTI,

0e3nexkoro GopMyBaHb MpHU NIAX y 30HaX (OpMyBaHb, 3aBaliB, MOXKEK, 3apaKCHHS,
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3aTOIUICHHSI, TPOBEACHHAM MPOPUIAKTUYHUX 3aXO0/A1B. Ba)kuBe 3HAUCHHS B CUCTEMI.
3aXMCHUX 3aXOJAIB BIABEACHO CaHITapHi 00poOii 0co00BOro ckiany (GpopmMyBaHb,
3HE3apAKECHHIO TEXHIKM Ta MailHa, a TakoX 3a0e3neuyeHHio (opMyBaHb 3aco0aMu
3aXHCTY.

Havanpauk 11O o00’ekTa opraHizoBye Ta Kepye INPOBEJIECHHAM 3aXO0JiB
padiamifHoro 1 XIMIYHOTO 3aXUCTy, a KOMaHIupu QopMyBaHb 3a0€3MeUyIOTh
BUKOHAHHS YCiX 3aXO0/IiB.

Komannup ¢popMyBaHHS Npu opraHizailii 3aXUCTy BKa3ye:

— SIK OpPraHi3yBaTH 1 BECTH PO3BIJIKY;

— CUTHAJIU OTIOBIIIICHHS;

— o0csT Ta TEPMIHU IHKEHEPHOTO YJIAIITYBaHHS PAOHIB pO3TalllyBaHHS;

— TIOPSAZIOK TIPOBEJICHHS KOHTPOJTIO Ha 3apa’KCHICTh;

— Mipu Oe3neku, obcsr podIT, CHIIM Ta 3acO0M, 10 HEOOXIIHI JUIs JIKBigamii
Hacaiakis HC;

— 7€ 1 KOJIM TIPOBOJIUTH CTIeIliaibHy 00pOOKY.

MarepianbHe 3a0e3nedeHHs mepenbavae  opradizamito 1 371HCHEHHS
CBOEYACHOTO Ta B IMOBHOMY 00cs31 mocradaHHs ¢GopMyBaHb TEXHIKOIO, 3aco0aMH
3aXUCTY, 3B’ 3Ky, IPHIAJaMu paialliiHol 1 XIMI9YHOT PO3BIJIKH Ta IHITUMH 3aCO0aMH,
HeoOXimHuMu 11t ipoBeneHHss PIHP 1 Bupimenns 3asaans 1O.

Texniune 3a0e3MeUeHHS OPTraHI30BYETHCS IS MITPUMYBAHHS Yy CIIPABHOMY
CTaHl 1 B MOCTIiHIA TOTOBHOCTI JJO BUKOPWUCTaHHS YCiX BHUJIB aBTOTPAHCIOPTHOI,
IH)KEHEepHO1 Ta 1HIIOI TEXHIKWA. 3aBJaHHS TEXHIYHOTO 3a0e3NeUeHHsS: opraHizarlis
eBaKyallii Ta MOTOYHOTO PEMOHTY TEXHIKH, MOCTa4aHHsS (OPMyBaHb 3alaCcHUMH
YaCTHHAMH 1 pPEMOHTHUMHU MaTepiaiaMu Ta TeXHIYHE 0OCITyrOByBaHHS MAaIIIUH.

Texniune 3a0e3nedeHHs] OPraHi3oBye KOMaHIUp (GOpMyBaHHSA. Y CBOEMY
PO3MOPSKEHHI BiH BKa3ye: TEPMIHM TOTOBHOCTI TEXHIKM /10 BUKOHAHHS 3aBJIaHb;
3alTydeHl CHJIM Ta 3aco0M JUIsi pEMOHTY Ta €BaKyallii TeXHIKH; MOPSA0K MOMTOBHEHHS
3alaCHUMM YacTMHAMHM 1 PEMOHTHHMH MaTepiajiamu; MICLsl pO3ropTaHHs 301pHUX
MTyHKTIB MOMIKO)KCHUX MAITNH; TIOPSIO0K YIPABIIHHS Ta 3B’ 3KY.

Menuune 3a0e3MedeHHs] OPraHI30BYEThCA Ta 3MIMCHIOETHCS ISl 30€pEKEHHS
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3I0pPOB’Sl 1 Mpale31aTHOCTI 0co00BOro ckiaay (GopMyBaHb, CBOEYACHOTO HAJaHHS
MEIUYHOI JOTIOMOTH MOPAHEHUM 1 XBOPHUM, iX €BaKyallis, JIKyBaHHS Ta HANIIBHUILIE
MOBEPHEHHSI JI0 JaB JIII0YMX, a TAaKOX JJI MONEePeKEHHS BAHUKHEHHS 1H()EeKIIHHUX
3aXBOPIOBaHb cepell 0CO00BOro ckiany QopMmyBanb. MeauuHe 3abe3nedyeHHs
nependayae: JKyBaJIbHO-MIPOPUIAKTUYHI, CaHITAPHO-TITi€HIYHI, MPOTHUEMIIEMIUHI 1
JiKyBaJbHO-eBaKyaliiiHi 3axonu. Lli 3axoau OpPOBOASTHCA MEAMYHOIO CIYXKO00I0
[uBi1bHOT 000pOHU 00’€KTa HA yCIX eTanax Al popMyBaHb.

Menuunnii nyHkT npu npoBefeHH1 PIHP posropraetscsi Oe3nocepeqHbo Ha
nusHIL (00°ekTi) poOIT dopMyBaHHS, Ha MiCIl, SIKE 3py4HE JJIsI TIEPEHECEHHS
ypa)KeHOro 0co0OBOTO CKJIaJy Ha TPaHCIOPT 1 3a0e3medye HOro 3axucT B yMOBax

HAJ3BUYANHUX CUTYaIlil.
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3AT'AJIbHI BUCHOBKH

VY BIANOBIZHOCTI 3 METO poOOTH OynM BUPILIEHI 3a7adl JAOCTIIKEHHS Ta
oJlep KaHl HACTYIIHI PE3yJbTATH:

1. BusHaueHi onTUMaibH1 KOHCTPYKTUBHI IapaMeTPU CUCTEM 1HPPAUYEpPBOHOTO
o0IrpiBy: KUIBKICTh PSAJIB 1H(QpPayepBOHMX BHUIPOMIHIOBAYIB, KPOK, KYT HaXWUiy,
BHCOTa MiABICY, L0 3a0e3MedyloTh MIHIMAJIbHY PIBHOMIPHICTH OINPOMIHEHHS
MOBEPXHI.

2. 3anponoHOBaHi HOBI KpUTepii KOM(POPTHOCTI, SIK1 BpPaXOBYIOTh OCOOJIUBICTh
1H(ppayepBOHOTO 00IrpiBY.

3. JlocmimkeHHS TOKa3ajid, MO0 TeMIleparypa 30BHIIIHIX IOBEPXOHBb
OTOPOKYIOUMX KOHCTPYKI[I NPU BUKOPUCTaHH! 1H(PAYEPBOHUX BUIPOMIHIOBAUIB
HWKYa, HDK y TPAAUIIHUX cUCTeMa OTajeHHS.

4. BukopucTaHHs CHCTEM 1HQpPayepBOHOrO OOIrPIBYy 3MEHIIYE TPATIEHT
TEMIIEpaTypy MOBITPsI MO BUCOTI MPUMIIIEHHS B JIBa pasu, IO J03BOJISIE€ 3MEHIIUTH
TEPMIYHUN OTip KOHCTPYKIIIH MEPEKPUTTS Ta CTiH.

5. Buxopucranns cuctem iHGpadepBOHUX BHUIIPOMIHIOBAYIB J[03BOJISE
3MEHIIUTH HAJUIMIIKOBUI MeperpiB MoBITPs, 110 A03BOJIA€ eKoHOMUTH Bin 15 o 40
% enepropecypcis.

6. B ymoBax Vkpainm e(eKkTUBHUI JOKaJbHHUK OOITPIB 3 JOTPUMAHHSIM
TIri€EHIYHUX HOPM MOKJIMBHIA, AKIIO TUIOIA 30HU O0IrpiBy ckianae He meniie 40 %
Bil 3araJibHOi IUION(I TpuMimeHHs. Ilpu  BukopucTaHHI  iHPpPadYepBOHHUX
BUIIPOMIHIOBAUIB JIJIsi 00IrpiBy OyAMHKY, nadi, odicy, rapaxa i iHIIUX MPUMIIIEHb 3
BUCOTOIO cTei A0 3, 5 M, ekoHoMmist enekTpoeneprii ckinagae 30-50 %. [Ipu onanenni
MPUMIIIICHh 3 BUCOTOIO cTeab Bix 3,5 mo 10 M (uex, 3aBoj, CKIIaX 1 iH.) €KOHOMIS
ckaagae 70 %.

7. Po3pobnena meTomMKa  PpO3paxyHKY  BCTAHOBJIEHOI  IMOTYKHOCTI
iHGpaYepBOHUX BUIIPOMIHIOBAUIB JIJISi THTIOBUX JKUTJIOBUX MPUMIIICHb.

8. TlouaTkoBi KamiTajgbHI BUTPATH HA OOJAIMITYBAHHS CHUCTEM EJIEKTPUYHOTO
iH(ppauepBOHOro OOIrpiBy B JBa pa3u OUIbIII HIK JJIi KOHBEKTUBHUX CTCTEM
00IrpiBy ajie ekcrulyaTaliiiHi BUTpatd Ha 8 % B MiCsSIb MEHIIl YUM BUTpPATH HA

CHUCTEMU BOJISTHOTO yu ra3oBOTO 00irpiBy.



67
HEPEJIIK ITOCUJIAHb

1. Tapacenxko M. Dependences of relative and absolute glazed area from
configuration and common areas of window embrasure / M. Tapacenko, B. Bypmaka,
K. Kozak // Bicauk TepHOMIIBCHKOTO HAIIOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY. —
2018. — Nel (89). — C. 122-131.

2. Tapacenko M. l1lnsixu ekoHOMIT TATMBHO-EHEPTETUYHUX PECYPCIB Y TOOYTI
/ M. Tapacenxko, K. Kozak // Bicauk TepHOMIIbCHKOTO HAllIOHAIBHOTO TEXHIYHOTO
yHiBepcurety. — 2017. — Nel (85). — C. 101-108.

3. Tapacenko M. ExkoHomiuHa eQeKTHBHICTh OaraToTapuHOro OOJIKY
enexktpoeHeprii B Ykpaini / M. Tapacenko, K. Kozax // CsitnoTexHika Ta
enektpoeneprernka. — 2017. — Nel. — C. 23-33.

4. Tapacenko M. Ways to save fuel and energy resources in daily graft / M.
Tapacenko, K. Kozak // BicHuk TepHONUIBCHKOrO HAI[IOHAIBHOIO TEXHIYHOIO
yHiBepcurety. — 2017. — Nel (85). — C. 101-108.

5. bomorckux H. H. VYngockoHaneHHss MeETOIy €KCIIEPUMEHTAILHOTO
JOCIIJKEHHS PO3NOAULY TEMIEPATYp y IPUMILIEHH] 3 IPOMEHEBUMHU OOIrpiBayamu /
H. H. bonorckux, 0. B. Xypasnes, B. E. Kopcyn // HaykoBuii BicHUK OyA1BHULITBA.
Bumn. 43. — Xapkis: XIATYBA, XOTB ABY, 2007. — C. 276-279.

6. Xymenko A. A. Papiamiiine omameHHS 1 OXOJIOMKEeHHs. HaByanbHwMiA
nocionuk. /A. A. Xynenko. — Kuis: KHYBA, 2004. — 152 c.

7. Konrad Bakowski. Sieci i instalacje gazowa. Wydavnictwa Naukowo-
Techniczne. Polska.

8. T'ysuk JI.B. Po3paxyHOk TemmepaTypHUX TOJiB KOHCTPYKIIH MiJIOTH B
TBapUHHUIbKUX mpumimeHHsx // Te3u mon. 50-1 Hayk. koHd. [ToaraBcbkuii Jlepik.
TexH. yH-T M. FOpis Kongpatioka. — [TonraBa, 1998. — 223 c.

9. Mamuii B.T., Yopuuii A.fl. Iligmora ciibCbKOTOCMOAAPCHKUX BUPOOHUINX
oynisens. — K.: bynisensauk, 1983. — 64 c.

10. BHTIT CT'ull-46-2.95. Csunapceki mignpuemcTBa. (Bigomui Hopmu

TEXHOJIOTTYHOTO TIpoekTyBaHHs). — K.: MiHcinbrocnnpos Ykpainu, 1996. — 44 C.



68

11. T'y3ux /JI.B. BminMB KOHTakTHOTO TEMJOOOMIHY Ha TEIUJIOBHH pEXHUM
KOHCTpYKUiH mijjor / KomMmyHanbHOE X035SHCTBO TOpoAoB. Pecy0. MexBen. Hayy.-
texH. ¢0. — Brim. 19. — K.: Texnika, 1999. — C. 129-132.

12. IBH B. 2.6-31:2006 Konctpykiii OynuHkiB 1 cnopya. TeroBa i30ssiii
oynienb. — [Yunaauii Big 2007-04-01]. — K.: depxOyn Ykpainu, 2006. — 71 c.

13. JIBH B.2.2-15 byaunku 1 cnopynu. KutinoBi OyauHku. OCHOBHI
nosiockeHHs. - [Yuanui Big 2005-01-10]. — K.: HepxOyn Ykpainu, 2005. — 36 c.

14. IBH B.2.2-9 byaunku i cnopyau. I'pomaaceki Oyauuku i cnopyau. OCHOBHI
nonoxenns. — [Yunnaunii Big 2001-01-01]. — K.: JlepxOyn Ykpaiau, 1999. — 45 c.

15. Jemko €.JI. TeroTexHi4HI OCHOBU ONAJEHHS JKUTJIOBUX OYJIMHKIB MpHU
IHAUBITyaJIbHOMY TEPMOCTAaTUYHOMY pEryJIOBaHHI TEIUIOBiAIayl (3 NpUKIagaMu
aHai3y Ta po3paxyHKiB Juisi ymoB miBAHs Jlanekoro Cxony): aBToped. nuc. Ha
3M00yTTS BUCHUM. CTYIICHs JIOKTOpa TexH. HayK: creil. 05.23.03 “Tennonocravyanss,
BEHTWJISAIIS, KOHJUIIIIOBAHHS MOBITPS, Ta30MOCTA4YaHHs, aKyCTHUKA Ta OCBITIIOBaJIbHA
texHika”’/ €.JI. emiko - Mincek,1973.- 67 c.

16. Hemko €.JI. TeopeTndHi OCHOBH TEIIOBOTO PO3PaXyHKYy JETKOOETOHHOI
CTIHOBOI MaHeNl (3 ypaxyBaHHSM HECTalllOHAPHOCTI PEKUMIB TeIUionepeaadl Ta
MOBITPONPOHUKHEHHS) MPHU 3a7aHiil UMOBIPHOCTI O€3BIJIMOBHOI pOOOTH 3 TEIJIOBUX
BrnactuBoctelt / Jlemko €.JI. // TennoBa epekTUBHICTh XKUTIOBUX OyaiBenb. - M.:
HIIC®,1980.- C56-71.

17. Crpoit A. ®. KepyBaHHS TEIUIOBUM pEXKUMOM OYJiBelb Ta CHOPYI:
[Monorpadisa] / A. ®@. Croii. — K.: Buma mik., 1993. — 155 c.: un. — Poc.

18. XXuneupkuii B. 1. OcHoBu oxoponu mparii. - JIbBiB: Adima, 2002. - 320 c.

19. Tirieniuna xnacuikarlis Tmpami 3a TOKa3HUKaMH IIKIIJIHBOCTI 1
HeOe3MneyHoCTl (HakTOpiB BUPOOHUUYOTO CEPEAOBUINA, BAaXKKOCTI Ta HANPYXKEHOCTI
TpyaoBoro mpotiecy // Oxopona mpari. - 1998. - Ne 6.

20. IlpaBwia 6e3neuHoi eKcITyarailii e1eKTpoycTaHoBoK crioxuBadis JJHAOII
0.00-1.21-98.- K.: OcnoBa, 1998. - 380 c.

21. Ctpyuox B.C. be3neka B HaI3BUUalHUX CUTYaIlisIX. MeTOIUYHUN TTOCIOHUK
JUIsl 3M100yBadiB OCBITHBOTO CTYIEHS «MaricTp» BCiX CHEIiadbHOCTEH JEHHOI Ta
3a04yHOi (nucranuiHoi) ¢opm HaBuaHHs / B.C.Ctpydok. — Tepnonuis: ®OII
IMTansaung B. A., 2022. - 156 c.



67
HEPEJIIK ITOCUJIAHb

1. Tapacenxko M. Dependences of relative and absolute glazed area from
configuration and common areas of window embrasure / M. Tapacenko, B. Bypmaka,
K. Kozak // Bicauk TepHOMIIBCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY. —
2018. — Nel (89). — C. 122-131.

2. Tapacenko M. l1lnsixu ekoHOMIT TaJTMBHO-EHEPTETUYHUX PECYPCIB Y TTOOYTI
/ M. Tapacenxo, K. Kozak // Bicauk TepHOMIIbCHKOTO HAIlIOHATLHOTO TEXHIYHOTO
yHiBepcurety. — 2017. — Nel (85). — C. 101-108.

3. Tapacenko M. ExoHoMiuHa eQEeKTUBHICTh OaratoTapupHOro OO0JIKY
enexktpoeHeprii B Ykpaini / M. Tapacenko, K. Kozax // CiTnoTexHika Ta
enektpoenepreruka. — 2017. — Nel. — C. 23-33.

4. Tapacenko M. Ways to save fuel and energy resources in daily graft / M.
Tapacenko, K. Kozak // BicHuk TepHONUIBCHKOrO HAIIOHAIBHOIO TEXHIYHOIO
yHiBepcurety. — 2017. — Nel (85). — C. 101-108.

5. bomorckux H. H. VYagockoHaneHHs METOIy €KCIIEPUMEHTAIHLHOTO
JOCIIIJIKEHHS pO3NOAUTY TEMIEPATyp y NPUMILIEHH] 3 MPOMEHEBUMHU OOIrpiBayamu /
H. H. bonorckux, 0. B. XKypasnes, B. E. Kopcyn // HaykoBuii BicHuk OyAiBHULITBA.
Bumn. 43. — Xapkis: XIATYBA, XOTB ABY, 2007. — C. 276-279.

6. Xynenko A. A. Pamiarmiiine omanieHHS 1 oOXoJio/pKeHHs. HapuambHui
nocionuk. /A. A. Xynenko. — Kuis: KHYBA, 2004. — 152 c.

7. Konrad Bakowski. Sieci i instalacje gazowa. Wydavnictwa Naukowo-
Techniczne. Polska.

8. T'ysuk JI.B. Po3paxyHOk TemmepaTypHUX TOJiB KOHCTPYKIH MiJIOTH B
TBApUHHUIbKUX mpumimieHusx // Tesu mon. 50-1 Hayk. koHd. ITonraBcbkuii Jlepik.
TexH. yH-T iM. FOpis Kongparioka. — [Tonrasa, 1998. — 223 c.

9. Manuit B.T., Yopnuit A.A. Ilignora ciibCbKOrOCIOAAPChKUX BUPOOHUUUX
oynisens. — K.: byaisensauk, 1983. — 64 c.

10. BHTIT CT'ull-46-2.95. Csunapceki mignpuemctBa. (Bigomui Hopmu

TEXHOJIOTTYHOTO TIpoekTyBaHHs). — K.: Mincunbrocnnpos Ykpainu, 1996. — 44 C.



68

11. CumonoBa }0.1O., KacesnoB H.A. BrmuimB  BuUnpoMiHIOBaHHS
iHppauepBOHOTO Niana3oHa Ha oprani3m Jogauau // Bichuk CHY im. B.[lans. —2015.—-
Nel2 (118) YU.1. - C.74-79.

12. IBH B. 2.6-31:2006 Konctpykiii OyauHkiB 1 cnopyn. TeroBa i30ssiii
oyxisenb. — [Yunaaunii Big 2007-04-01]. — K.: depxOyxn Ykpainu, 2006. — 71 c.

13. JIBH B.2.2-15 byaunku 1 cnopyau. XKutioBi OyauHku. OCHOBHI
nosiockeHHs. - [Unanui Big 2005-01-10]. — K.: HepxOyxa Ykpainu, 2005. — 36 c.

14. KacesanoB H.A., Muxaiinosa FO.}O. Anani3 MeToiB po3paxyHKy TETUIOBOI
MOTY>HOCTI cucTeM iH(ppadepBoHoronoro onaieHus // Bicauk CHY im. B. Hdains.
2008. No6(124). — C.17-21.

15. TrotionnukoB A.l., Mocsrun B.JO. IIpo 3acTocyBaHHs 1HppauepBOHUX
BUIIPOMIHIOBAYIB JIJII onajieHHs pumitieHs // [mkenepHi cuctemu ABOK. — K., 2016.
— No3. - C.29-32.

16. Omanennss Ta BomomoctadaHHs. CHCTeMH OMaJEHHS JKUTJIOBHX Ta
HEKUTIIOBUX MPUMILIEHb, BUAM 1 pO3paxXyHOK CUCTEM onajieHHs Oy iuHKy. [ Enekrpon-
HU pecypc] — Pexxum goctymy g0 pecypcy: . https://opalennya.in.ua/infrachervone-
opalennya/.

17. Muxaiinosa JI.FO. Po3po6ka MeToIMKH pO3paxyHKy IPOMEHEBOTO OTaJIEHHS
OyAMHKIB MPOMUCIOBOTO TIpU3HAUEHHS :ABTOped. Auc..KaH . TexH. Hayk. — 2008. — 20
C.

18. XKunenpkuii B. 1. OcHoBu oxoponu mparii. - JIbBiB: Adima, 2002. - 320 c.

19. Tirieniuna xmacudikamis mpami 3a [MOKa3HWKAMH IIKIIJIABOCTI 1
HeOe3MmeyHoCTl (HaKTOpiB BUPOOHUYOTO CEPEAOBMINA, BAKKOCTI Ta HAMPYKEHOCTI
TpynoBoro mnporecy // Oxopona mparii. - 1998. - No 6.

20. IIpaBuna Ge3neyvHoi eKcITyarailii e1eKTpoycTaHoBok crioxuBayis JJHAOII
0.00-1.21-98.- K.: Ocnoga, 1998. - 380 c.

21. Ctpyuok B.C. be3neka B Haa3BUyailHUX cUTyalisx. MeToquuHui MOCIOHUK
I 3700yBadiB OCBITHBOTO CTYIMEHS «MaricTp» BCIX CIHEMialbHOCTEH JIEHHOI Ta
3a04yHOi (nucranuiHoi) ¢opm HaBuaHHs / B.C.Ctpydok. — Tepnonuis: ®OII
IMansganmg B. A., 2022. - 156 c.



	КВАЛІФІКАЦІЙНА РОБОТА
	З А В Д А Н Н Я
	НА КВАЛІФІКАЦІЙНУ РОБОТУ
	КАЛЕНДАРНИЙ ПЛАН


	1.2 Закони теплового випромінювання 10
	1.3 Класифікація сучасних інфрачервоних випромінювачів 14
	1.4 Електричні інфрачервоні випромінювачі 15
	1.4.1 Електричні інфрачервоні випромінювачі з температурою поверхні  менше 60 ºС 15
	1.4.2 Електричні інфрачервоні випромінювачі з температурою поверхні  60 – 100 ºС 17
	1.4.3  Електричні інфрачервоні випромінювачі з температурою поверхні  101 – 280 ºС 19
	1.4.4 Електричні інфрачервоні випромінювачі з температурою поверхні  більше 300 ºС 20
	3.3.1 Ефективність електричних інфрачервоних випромінювачів 48
	3.3.2 Методика розрахунку встановленої потужності електричних інфрачервоних випромінювачів для типових житлових приміщень 50
	4.2 Розрахунок захисного занулення електричних систем обігріву

	(( - опір петлі фаза-нуль, яке визначається з залежності:
	де Rф, Rн - активний опір фазного і нульового провідника, Ом;
	= 3.100 = 300 А
	Тоді, Rн = r( L3,
	Всебічне забезпечення дій формувань – одна із вирішальних умов успішного проведення РіНР. Організація і проведення цієї роботи покладається на начальника ЦО, начальників служб і командирів формувань. Забезпечення дій формувань при проведенні РіНР вклю...

