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BCTYN

306ipHMK 3apady «EHepro3bepexeHHA B YHIBEPCUMTETCbKMX MICTEYKaxX» BXOOUTb Yy
HaBYanbHO-METOAMYHMI KOMMNIEKT nporpamn «EHeproedekTnBHI yHIBEPCUTETCHKI Mic-
Teuka» (EEC), pospobneHoi y pamkax lNpoekty USAID «Pedopma micbkoro tennosa-
Oe3neyeHHs B YkpaiHi».

HaBuyanbHO-METOAMYHUIN KOMMMEKT CKhagaeTbcsa 3 pobo4voi mporpamu  Kypcy
«EHeprosbepexeHHs B YHIBEPCUTETCbKMX MicTedkax», nocibHuka Ta 30ipHuka 3agay
OAHOWMEHHOT Ha3BW.

MeTta po3pobku 30ipHUKa 3a4ayv — 3aKpinsieHHs TEOPETUYHMX 3HaHb, WO X 3400ynu
CTYOEHTM Nig 4Yac onpautoBaHHA NocibHuKa «EHepro3bepexeHHs B YHIBEPCUTETCbKMX
MiCTeuKkax».

[aHe BMAaHHA MICTUTb 3adadi 3 OCHOBHUX TeM KypcCy, SKi BUKMAAEHO Y MOCIOHMKY
y po3sginax 2-8 (BuBYeHHsi pos3ginie 1 Ta 9 nocibHuka nepepbayae nuvwe BignoBigi
Ha 3anuWTaHHA Ta BUKOHAHHA CTy4eHTamu 3aBAaHb 51 CaMOMEPEBIpPKM i HE CynpoBO-
DKYETbCHA PO3B’A3aHHAM 3agaq).

KoxeH posain 36ipHvka 3agay MiCTUTb CTUCIO BUKMNaAEHUA TEOpPeTUYHUI MaTepian,
3HaAYHy KiNbKiCTb 3agay 3 AeTanbHUMKU PO3B’sa3kaMy abo METOANYHUMW pekoMeHaauissMn
[0 X BUKOHaHHSA, a TakoX 3agadvi Ansg CaMOCTIMHOro po3B’si3aHHs.

3ayBaxuMo, WO Ha3BM BULLMX HaBYanbHUX 3aknagis (BH3), xapaktepuctuku Butpar
€HEeproHOCIIB Ta IHXEHEepHMUX CUCTEM ANS HUX, LLO HaBeOeHO B 3ajadax, NpUNHATI yMOB-
HO i BMKOPWCTOBYIOTBCS NepenyciMm Ans OTPUMaHHSA CTyAeHTaMu HaBUYOK BU3HAYEHHS
TemnepaTypHux 3oH YkpaiHu Ta BignoBigHWX NapaMeTpiB 30BHiLLHBbOro NosiTps. BogHouac
3a3HauYMMO, WO AaHi, OTPUMaHI B pe3ynbTaTi po3B’sa3aHHs MPUKIaAiB i 3a4ad, Xxapakre-
pU3yOTb TUMOBUI Cy4YaCHWI CTaH CMOXWBAHHA €HEepropecypciB i NoTeHuian eHeprosde-
pexeHHst y BH3 YkpaiHu.

ABTOpM cnogiBatTbCs, WO 3a AOMOMOrol HaB4arbHO-METOOUYHOIO KOMMIEKTY
B Uinomy i 36ipHMKa 3afady 30Kkpema CTyAEeHTU 3MOXYTb OBOSMOLITM HaBM4YKamu npose-
OEHHSA eHepreTu4yHUX OOCTEeXeHb HaBYanbHUX KOPMYCIB Ta TYPTOXMTKIB, BUKOHAHHS
TEXHIKO-EKOHOMIYHMX Ta €KOMOTiYHUX POo3paxyHkKiB Mig 4yac po3pobku NpoekTiB 3 eHep-
ros0epexeHHsl Ta pauioHanbHOro BUKOPUCTaHHA pecypciB y BH3.

BupaHHa moxe OGyTu BUKOpUCTaHe CTydeHTamu, acnipaHTamu, Buknagadamu, cdepa
iHTEPECIB SIKMX CTOCYHTbCS NMpobnem edekTUBHOIO BUKOPUCTAHHSA NMPUPOAHUX Ta eHep-
reTUYHUX pPecypciB, Tenno3bepexeHHs y OyAiBMaAX XWUTNOBOIO Ta HEXUTMOBOMO NpusHa-
YEHHS, NPOBEAEHHS eHeproayauTy TOWO 3 METOK CMPUSHHSA 3MEHLUEHHIO LUKIONTMBMX
BUKMAIB Y OOBKINNA Ta BNNUBY Ha 3MiHY KniMmary.






PO3ain 2
EHEPTIAA TA EHEPTOKOPUCTYBAHHA: ICTOPIA, CYYACHICTb.

NMPOrHO3U HA MAUBYTHE

3rigHO 3 nepLInM 3aKOHOM TEPMOAMHAMIKM B YMOBAXx BiACyTHOCTI po60TU po3LLmnpeH-
HS BCA Tennota QOTPI, sKa NiaBoguTbCH OO Tina, BUTPAYaeTbCa Ha 3MiHY MOro BHYTPILL-
HbOT eHeprii AU:

Q = AU, kx; kkan; kBt - rog, (2.1)

oTp.
ne Qmp. — KiNbKiCTb TENNOTKU, SIKy ogepXKye poboye Tino, kpx; kkan; kBT - roa.
MinsegeHa kinbkicTe Tennotn Q, BU3Ha4aeTbCA 3a BiAOMUMMU BeNUUMHaMKU BuTpaT B
nanvea i NOro TennoTn 3ropsHHsA QP — TOGTO KiNMbKOCTI TENNoTH, sika BUAINAETLCA Y
MpoLIECi MOBHOMO 3ropsiHHS OAMHMLI (MacoBOi Yn 06’eMHOT) nanuea:

Q,=Qp-B. (22
SAKLWIO TEnnoTy 3ropsiHHA BUpaxatu y kBT - rog / kr abo y kBT - rog / M3, a BuTpaTu

nanuea y kr / rog a6o y m3/ rog, To koediuieHT kopucHoi aii (KKO) n Gyab-akoro npo-
uecy abo npuctporo anga TpaHcdopMadii TENNOTM BU3HAYUTLCA 3a 3anexHicTio (2.3):

N = Qup / (QP - B), vact. oa.; %.  (2.3)
YacTka BTpat eHeprii Aq xapaktepuayetbcs pisHuueto (1 — n) = Aq, vact. og.; %.

3 ormnsaay Ha 3HadHy Pi3HOMaHITHICTb OAMHMLbL BUMIPHOBAHHS eHeprii B Tabnuui 2.1
noJaHo CNiBBIOHOLWEHHS MK TakuMu OAMHULSMU BUMIPHOBAHHS.

Tabnuuysi 2.1
CniBBiQHOLWEHHA MiXX OOWHULAMM eHeprii i MOTYXHOCTi
OaunHuui
BUMIpIOBaHHS KO KKan kBT - rog kx| rog Kkan / rog kBT
KK 1 0,239 0,278:10°3 - - -
KKan 4,187 1 1,163-103 - - -
kBT - rog 3600 859,8 1 - -
kx / ron - - - 1 0,239 0,278-10-3
Kkan / rog, - - - 0,278 1 1,16:103
kBT - - - 3600 859,8~860 1

TennoTa, sika nigBoanTbCA A0 poboyoro Tina macoto M 3a ymMoBW BigCYTHOCTI 3MiHU
¢hasoBoro craHy, BUTpa4aeTbCa Ha 3MiHy TemnepaTypu Tina Bia t, oo t,:

Q,,, =C - M- (t,-t,), kOx; kkan; kBT - rog, (2.4)

oTp.

ne C — cepedHs macoBa TeMNOEMHICTb, KIPK / Kr - rpag.
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3a ymOBM 3MiHM (ha30BOro CTaHy Tina (BUMapoByBaHHS, KOHOEHCALiS, NAaBneHHs Ta iH.)
TemnepaTtypa 3anuvLIaeTbCsl CTarnot, ane 3MIHIETbCA eHTanbMia Tina, ska xapakTepusye
MOro NOBHY €Heprito:

Qurp. = M - 1 =M - (i — iy), KIbx; kkan; kBT - rog, (2.5)

ne iy, i, — eHtanbnii Tina g0 i nicna npouecy niaBeAEHHA TennoTtw, BiAMNOBiAHO,
BU3HAYalOTbCA 3a AO0BIAHMKOBUMW AaHUMK, KIDK / Kr; Kkan / Kr.

Onsa soan nig Tuckom 1 ar pisHUUA eHTanbnin (i, — i) ctaHoBUTL 2258 KK / K,
abo 538 kkan / kr = 0,625 kBT - rog / kr.

Y peskux gxepenax eHTanbnis no3Hadaetbcs Sk h.

3apadi 3 po3B’si3aHHAM.

3apavya 1. Y «koOTenbHi aBTOHOMHOT CUCTEMU TeNNOnocTaYaHHA TypPTOXUTKY
XepCOoHCbKOro arpapHoro yHiBepcuTeTy MpOTAromM onasntoBanibHOro nepiogy 6yno cna-
neHo 150 Tuc. m3 NpUpoaHOro rasy (BM3HaA4YeHO 3a MoKasaHHAMU NiYufbHUKA rasy) 3
TENnoTo 3ropsiHHa rasy 9,5 kBT + rog / M3 (3a cepTudikatom sSKOCTi rasy rasoposmno-
JinbHOT opraHnisauii). CepegHin 3a nepiog po6otn KK koTenbHi ctaHoBuB 87 %
(BM3Ha4YeHO 3rigHO 3 gaHumu BUNpoOyBaHb KOTerbHi). BuaHauntn pivyHy KinbkicTb
TENNOTU, Ka XxapakTepuaye TENNOBUIA NOTEHLian nanvea, BUKOPUCTAHOIO Y KOTESbHI.
BuaHauntu KinbkicTe Tennotu, ska byna BupobneHa y KoTenbHi (TEennonpoayKTUBHICTb
KOTEenbHi) MpOTAroM omnanBanbHOro nepiogy (oTpMmaHa poboynm TiNom — rapsvoro
BOAOK CUCTEMU TEMNNonocTadaHHsa Ans onaneHHs). BusHauuTu BTpatM Tennotu B
KOTEenbHi 3a pikK.

TennoBa NOTYXHICTb — KiNbKICTb TENNOTU, SIka BUAOINSETbCS B OAMHULIO Yacy B Ton-
KOBOMY MPOCTOpPI TennoreHepyBasibHUX arperaTiB npy crnantoBaHHi Nanusea, XapakTepu-
3ye TennoBui NOTeHUian nanuea.

TennonpoayKkTUBHICTb (BMpoONeHa Tennota) — KinbKicTb TEnnoTu, sika byae Bupo-
OneHa y TennoreHepyBanbHUX arperatax abo KOTenbHi i nepegaHa poGoyomy Tiny
(Bogi abo BoOAsiHIM napi) 3 ypaxyBaHHAM BTpaT TEMMOTM Ha eTani ii BUpobneHHs (6es-
rnocepenHb0 y TENSOreHepyBanbHUX arperatax i Ha BnacHi Notpebu KoTerbHi).

OuiHka BTpaT TEnnoTu 34iNCHIOETLCS 3a BEMMYMHOK KoediuieHTa kopucHoi aii (KKO)
TennoreHepyBarnbHUX arperariB (KOTMiB) - 4N BM3HAYEHHS TENNOnpoayKTUBHOCTI OKpe-
MUX arperatiB; abo KOTEMbHi B LifIOMY, 3 ypaxyBaHHAM BTpaT TENMOTU SK Yy TennoreHe-
pyBarnbHUX arperatax, Tak i Ha BMacHi NOTpebun KoTenbHi — ANS BU3HAYEHHs Bupobne-
HOi Tennotu abo TennonpoayKTUBHOCTI KOTErbHI.

Po3e’si3aHHs.

1. Kinbkictb TennoTtu, sika Gyna nigBeaeHa 3 NEPBUHHMM ManMBOM YMNPOAOBXK ona-
noBanbHOro nepiogy, ctaHoBuUTb: Q, = QP - B = 9,5 - 150 -10%3 = 1425 -10 kBT - rop
(1225,5 Tkan).

2. CepegHst TennonpoayKTMBHICTb KOTemnbHi (KINbKiCTb Tennotu, ska BupobneHa i
nepefaHa rapsdin Bogi Ans onaneHHst) Oyae MEHLIOo 3a BENWYUHY TEMNOBOro MOTEH-
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Uiany nanvea Ha BENUYMHY BTPAT TENSOTW B KOTEMbHi i BU3HA4Ya€ETbCA 3@ BENUYMHOI
KK kotenbHi (n,) 3ridHO i3 3anexHicTio:

Q,=Q, - n, = 1425 - 10% - 0,87 = 1239,8 - 10% kBT - rog.

3. Brtpatu TennotM B KOTenbHi cTaHoBunu 3a pik (1425 — 1239,8) - 103 =
185,2:103 kBT - rop.

3apaya 2. Tennota 3ropsiHHSi MPUPOAHOTO rasy ctaHoBWUTL QP = 35700 kx / m3,
Toppy QP = 10600 K[k / Kr, conomm abo COHALLIHMKOBOrO NMyLwnuHHA QP = 15750 kI / Kr.
PiuHa notpeba y TennoTi Ha onaneHHs M'ATMNOBEPXOBOI OyAiBMi rypTOXWUTKY YHIBEPCUTETY
ekoHoMiku i Toprieni y M. Cymu ctaHoBuTb Q,, = 1500 kan (1500 - 108 kkan). BusHaunty
piYHy NoTpeby y pi3HNX BuAax nanueBa aBTOHOMHOI KOTEfbHI F'YpTOXUTKY 32 YMOBU e(DeKTUB-
HocTi i pobotu n, = 75 % HesanexHo Bia Buay nanvea. CepenHi NPOTAroM onantoBarnsHo-
ro nepiogy BTpaTv TENMOTK Y TENMOBUX Mepexax CTaHOBNATb Aq, = 5 % KinbKOCTi Tennoru,
Aka Oyna BupobreHa y KoTenbHi QOTp_ i BignyLwieHa A0 TennoBux Mepex.

Po3e’sizaHHs.

1. TpuBanicTe onantoBanbHoro nepiogy y M. Cymn 185 pi6. 3Begemo nogaHi Benu-
YMHM OO0 OAHIET PO3MIPHOCTI:

Q,, = 1500 ‘106 kkan =1500 -108 - 4,2 k[x = 6300 [Ox = 1500 -108 - 1,163:10-3 =
1744500 kBT - rog = 1744,5 MBT - rog;

Q,P = 35700 kx / m® = 35700 / 4,187 = 8526 kkan / m® = 9,91 kBt - rog / m3
(npupogHui ras);

Q,P = 15750 k[x / kr = 15750 / 4,187 = 3762 kkan / kr = 4,37 kBT - roq / kr (Topd);

QP = 10600 k[ / kr =10600 / 4,187 = 2532 kkan / kr = 2,94 kBt - rog / kr
(conoma abo COHSALIHMKOBE NYLUMWHHS).

Takum 4YnMHOM, TennoTta 3ropsHHs 1 M3 npupogHoro rasy y 2,3 pasa Ginbla
3a TENnnoTy 3ropsiHHA 1 Kr COHSALLHMKOBOrO NyLINMHHA abo conomu i y 3,4 pasa Ginblua
3a TennoTy 3ropsiHHs 1 kr Topdy.

2. BM3HauMMo, SIKy KinbKiCTb TENMoTu Oyno BUPOONEHO KOTENbHEN, nepeaaHo Tenso-
HOCi€eBi i BinnyLeHo y Tennosy Mepexy — Q, [na uboro HeobxidHO A0 KiNbKOCTI TenmnoTtu,
AIKY BiAMyLEHO crioxuBadam Ha notpebu onanexHa Q,, = 1744,5 MBT - roa, fony4utu
BTpaT! TENMOTU Yy TENNOBUX MeEpExXax:

Q.= Q,, +AQ, MBT - rog, (2.6)

ne AQ, — BTpatyt TENMOTU y TENMOBUX Mepexax, fki BusHaveHi y MBT - roa.
lMpobnema nonsrae B TOMy, WO BTpaTu TENNOTW Yy TEMMOBIA Mepexi 3rigHoO 3 yMoBa-

MKW 3agadi 3a4aHo Y % LWoJo KinbKOCTi BUPOOneHoi TennoTu, sika Ham Hesigoma.
Tomy cknagemo piBHAHHA (2.6) y Burnaai (2.7):

Q, =Q -Aq, Q.. (27)

K’
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abo
17445=Q, — 0,05 - Q,

Poss’shxemo (2.7) BigHocHO Q,:
QK = QonA / (1' AqT),

ne
Aq, — BTpaTV TEMMOTK y TENNOBUX MEpexax y YacT. op.

Q.= Q,, / (1 - Aq,) = 1744,5 / (1- 0,05) = 1836,3 MBT - roa.

3. BM3Ha4MMO KinbKicTb TENMOTU, sIKy HEOoOXigHO NigBEeCcTM 3 MEePBUMHHWM MNanvBOM
(HesanexHo Big MOro BuAay) A0 NanbHKKIB KOTMIB ANA nogadi crnoxuBadam Ha notpedu
onaneHHa 3agaHoi KinbkocTi Tennotn Q,, = 1744,5 MBT - rog 3 ypaxyBaHHAM BTpaT Y
TENNOBUX Mepexax i BTpaT Ha etani BUPOONeHHs TennoTu. Ons Luboro BUKOHAEMO PO3-
paxyHKW 3a 3anexHicTio (2.3):

Q=Qp-B=Q/n =18363/n, = 1836,3 / 0,75 = 2448,4 MBT - rog,

oe n, — KKI KoTemnbHi y 4acT. od., iKWl xapakTepusye edeKTUBHICTb BUPOBMEHHs
TENNOTWN.

BucHOBOK.

Ana oTpUMaHHA CnoXmBaYamm pivHOT KiNbKOCTI Tennoty Ha notpebu onaneHHs Q,, =
1744,5 MBT - rog TennoBwui noTeHuian nanuea, abo KinbKiCTb TEMNOTW, sIKy HEeobxigHO
nigBecTv 4o reHepaTopiB TENMOTU pa3oM 3 NanvBOM, MOBMHHA cTaHoBUTU 2448,4 MBT - rog.
3a3HadyeHa BiAMIHHICTb MiX QakTUYHO CMOXMTOK | MigBEAEeHOH 3 NanvMBOM TEMnoTO
CMPUYMHEHA HasiBHUMW BTpaTamun TEMSOTM Ha eTanax ii BUPOOEeHHs i TpaHCMOPTYBaHHS.

4. BusHa4yMMo BUTPaTK Pi3HOro nanuea Afisi OTpUMaHHSA HeobXigHOT KinbKocTi Tenno-
TW 3rigHO i3 3anexHicTio (2.2):

—  piyHi BUTpaTK npupoaHoro rasy B .= Q / QP = 2448,4 -10% / 9,91 = 247063 m3;

—  piyni BuTpatn Topdy B. = Q / QP = 2448,4 103 / 2,94 = 832789 «r;

—  piyni BuTpaTn conomn B, = Q / Q,P = 2448,4 103 / 4,37= 560274 «r.

LLinbHicTb conomu ctaHoBuTb 6nnabko 120 kr / M3, OTXKe, Ha nepeBe3eHHs1 BKasaHoi
KiNMbKOCTi CONMOMM BaHTaXiBKOO i3 cneuianbHUM Ky3oBom Ha 10 m3 HeobxigHo Gyne 3po-
©ouTn 694 noi3gkm 3a onantoBanbHUI nepiod (Ao 6 noi3gok 3a ogHy Aoby 3 Temnepary-
poto Hux4e -10 °C).

3apaya 3. BusHauMTu KinbKicTb TENMOTH, SIKy HEOOXiQHO BUTPATUTU Ha HarpiBaHHS
100 kr (n) Bogu Big Temnepatypu t, = +20 °C go Temnepatypu t, = +60 °C. TennoemHicTb
BOOM NpunHATK 4,2 k[x / kr - rpag. Bkasatu kinbkicTb Tennotun, ska byae BuainaTvch nig
yac oxonomkeHHs 100 kr Boay Big Temnepatypu t, = +60 °C fo Temneparypm t, = +20 °C.
Pesynkrat nogatu y pisHUX 0gMHULAX BUMIpIOBaHHS. BTpaTtu TennoTty He BpaxoByBaTw.
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Po3e’sizaHHs.
1. KinekicTb TennoTtu, siky HeoOXigHO BUTPATUTU AN HarpiBaHHS BOAM Ha Pi3HULIO
Temneparyp (t, — t;), BU3Ha4YaeTLCA 3riAHO 3 3anNeXHICTIo (2.4):

Q=C-M-(t,—t)=42" 100 - (60 — 20) = 16800 Kk = 4000 Kkan = 4,65 KBT - roa.

OTxe, gxepeno Tennotu NoTyxHicTio 4,65 kBT 3abesneuntb HarpiBaHHa 100 kr
Boau Big +20 9C pgo +60 °C npotarom ofHi€i roguHu. Y pasi OXOMO[KeHHs Ha Tom
camuin nepenag Temnepartyp KinbkicTb TennoTtu 6yge Takow camoto — 4,65 kBT - rog.

3apadi Ans camocTiHOro po3B’s3aHHA.

3apauya 4. Bu3HauuTM NOroguHHI BUTPaTM BOAM Y TEMIMOBUX Mepexax 3 Temrepa-
Typoto y nogasansHomy Tpy6onposogi 95 °C i y ssopoTtHomy — 70 °C, 3a ymoBu, W0
TEMMOHOCIA NOBUHEH 3abe3neunTn po3paxyHKoBy noTpeby y TenmnoTi Ha onaneHHs
HaB4anbHoro kopnycy BH3 y kinbkocTi 300 kBT. Ak 3MiHUTbCA BenMyMHa BUTPAT BOAM,
AKWoO 36iNbWUTK TeMnepaTypy y nogasansHoMy Tpy6onposogi fo 115 9C. Temnepatypa
y 3BOpPOTHOMY TpybonpoBogai 3anuwaetbcst 6e3 3miH. BTpatammn Tennotu 3HexTyBaTw.

3apaua 5. [o 10 «kr (1) Bogn 3 noyatkoBoto Temneparypoto +5 0C 6Gyno nigsegeHo
0,5 kBT - rog Tennotu. BusHaunTtn, gkoto Oyae TemnepaTypa BoaW MiCNs HarpiBaHHS.
Btpatu tennotu BigcCyTHi.

3apauya 6. BusHauuTu BUTpaTM BOAMU, SKY HEOOXiAHO nogatv B OXOMNoaKyBarb-
HUA KOHTYP [AOBUrYHa BHYTPIWHBLOrO 3ropsiHHA NoTyxHicTio 100 kBT, Akwo BTpaTu
OBUTYHOM TennoTu y JOBKINMASA CTaHoBNATbL 5 % Moro TennoBoi NOTyXHoCTI. [Nepenag
TemnepaTtyp OXONOAXXyBarbHOI BOAW Ha BUXOAi i HA BXOAi A0 ABUIyHa NMOBWHEH CTa-
HoBuTK 60 OC.

3apava 7. BusHaunTu BUTpaTM NPUMPOAHOro rasy i3 TEennoTow 3ropsiHHA
8500 kkan / m® ana nepetsopeHHsa 50 Kr BOAM 3 novaTkosow Temnepatypoto +10 °C y
Cyxy BOAsSHY napy nig atmocdepHum Tuckom 1 atmocdepa.

3apava 8. BwusHauuTU roavHHI BUTpaATU nanuBa Ans BoAOHarpiBarbHOI KOTENbHI
NOTYXHiCTO 25 MBT cuctemMun LeHTparni3oBaHOro TENSIONOCTa4yaHHSa 3a yMOBU ii poboTu
Ha NpupoaHOMY rasi, Bigxogax AepeBuHU, Topdi, CONOMI.



PO3ain 3
KOMYHAJIbHA EHEPTETUKA

TA NMPOBJIEMU TEMJIO3ABE3MNEYEHHA

BigHocHa eeKTUBHICTb BUPOBEHHS TENNOTK Y MKeperi TennoTu OUIHIOETLCS Benu-
yuHoto KK mxepena tennotun (n,), OOMHULIEIO BUMIPIOBAHHA SIKOTo € % abo 4acT. of.
KK pxepena Tennotn xapakTepu3ye BiGHOLLEHHS KiNbKOCTi TENNOTU, ka BupobneHa y
Axepeni Tennotu (Hanpuknag, KoTenbHi) i BignyweHa A0 CUCTEeMU TPaHCMOPTYBaHHSA
TennoHocia Q, = Q, Ao KiNbKOCTI TeNnoTu, niaBeaeHoi Ao mxepena Tennoty 3 nNepBuH-
HUM eHeproHociem (nanveom) — Q:

N = Q. / Q, vact. og.; %.  (3.1)

Bennunun Q, i Q,, ouiHtooTb y KBT - rod, kkan a6o k.

BigHOCHI BTpatk Tennotu Ha etani BUPOONEHHs MOXHa BMU3HAYUTU K PISHULID MiX
nigBedeHo 3 NEPBMHHUM EHEProHOCIEM TENNOTO, SKy npuimMatoTb 3a 1,0 (4act. oa.),
abo 100 %, i BennumHoto KKI mxepena Ttennotu:

Ag, = 1 - n, vact. oa.; %, (3.2)

ne

Ag, — cymapHi HENpoOAYKTUBHI BTpaTty Tennotu nig Yac ii BupobneHHs, Yact. oa.; %;

n,— KKO oxepena tennotu y yact. od.; %.

ABcontoTHy BenuuuHy BTpat Tennotn AQ, Ha etani il BUPOBNeHHs MOXHa BU3HAYUTU
3a Bigomum KKI n, i KinbkicTio ninseneHoi Tennotu (eHepreTMYHM noTeHLianoM nanu-
Ba) Q, BianosinHO 0 3anexHocTi (3.3):

AQ, = Q,- Q, - n,, kBT - rog; kkan abo kx.  (3.3)

Ab6contoTHy BenuuuHy Q y kBT - roa, kkan abo k[ Bu3Ha4aloThb 3a BijoMuUMU BUTPa-
Tamu nanvea B 3a neBHWI NPOMIKOK Yacy (nepiog CnocTepexeHb) i MMTOMOK TEMMOTO
3ropaHHA nanuea Q,P, Aka BUMIPIOETLCA AN NPUpPoAHOro rady y KBT - roa / M3, kOx / m3
abo kkan / M3 (oguHWLi BUMiploBaHHS Q,P MOBUHHI ByTV BUBIPEHUMU 3 OAMHULIAMW BUMI-
proBaHHA Q)

Q, =B - Q. kBT - rog; kkan a6o kdx, (3.4)

ae
Q,P — TennoTa 3ropsiHHsA nanuBa, y kBT - roa / M3, kx / M3 abo kkan / m3;
B — BuTpaTM nanuea 3a nepioa CrocTepexeHs, MS.
3aranbHa BenuuMHa BTpaT TEMsoTV B TEMMOBUX Mepexax BU3HAYaeTbCs 3@ CYMOIO
3a3HaYeHUX CKIadoBuX:
AQ, = Q,, + Q,,, MBT - roa; lkan a6o IOx,

BTP.
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ne

AQ, — 3aranbHi BTpaTh TENoTM B TENNoBUX Mepexax, MBT - rog, Mkan abo Ix;

QBTp' — BTpaTU TEMMOTU 3 OXONOMKEHHAM Boau B Tpybonposogax, MBT - rog, kan
abo Iax;

Qe BTpaTU Tennotu 3 BuTOkamum Bogu i3 Tpybonposogis, MBT - rog, kan
abo I'x.

BTpatn Tennotu B TeNMnOBUX Mepexax NpoTAroM onantoBanbHOro nepiogy abo iHworo
Bifpi3ka 4Yacy BHaCIigOK OXONOMXKEHHS BOAU QBTp. BW3Ha4alTb 3a BiAOMUMU BENUYUHAMU
NUTOMUX BTPaT TEMMOTU Ha OAMH METP OOBXMHU TEMMONPOBOAY 3a 3anexHicTio (3.5):

Qgp. = Z( - q) - ny, 10€ MBT - rog,  (3.5)

ae

Qg — BENUYMHA BTpaT TENsoTu 3 AOBINbHOI AOBXWUHN TPy6ONpOBOAIB;

| — goBXWHaA TpPyOONpPOBOAIB TEMMOBUX MEpPEeX NEBHOro AiaMeTpy, M;

g — BenuyMHa NUTOMMKX BTpaT TENnoTW (WiNbHICTL TENMOBOro notoky), BT / m. Ans
TpybonpoBoaiB pi3HMX cnocobiB MpoKnagaHHA HOPMOBaHi BENMUYMHM MUTOMUX BTpaT
TENNOoTU g HaeedeHo y foaatkax b i B;

N, — TPMBanicTb onantoBasibHOro nepiody abo iHLWOoro 3BiTHOrO nepiogy Yacy, rop.

on
Brpatu Tennotm Q. 3 BUTOKaMW BOOM i3 TEMMOBUX MEPEX BU3HAYaIOTb 3a 3anexHicTio (3.6):

BUT.

Q.. =M, C, (t

cep. the) - 105, Ix, (3.6)

BUT.

e

M, — MacoBi BUTOKM MepexHOi Boau (TEMnoHOCIA) i3 TennoBoi Mepexi NpoTAroM nepio-
Aly Yacy n, B Kr (1) BU3HA4alOTLCA 3riAHO 3 MOKa3aHHAMU MiYUTIbHUKA BOAW, SKa NOdAETb-
ca Ha nimpxvieneHHs. ns Gyab-sikoro 06’emy Boau y Tennosux mepexax V.., = M, (M%)
npotsarom Byab-AKoro Yacy pobotn cuctemu N, B rof, HOPMOBaHa Benu4VHa BUTOKY BOAM
B T abo (m®) Bu3HauaTMMeTbCs 3a chopmynoro M, = 0,00250 -V, - n,, (rycTuHy Boam
npuiAHATO NpuGnuaHo 1000 kr / m3);

C, — macosa TennoemHicte Boau, kx / kr - rpag, C, = 4,2 k[x / xkr - rpag,;

t.ep. — CEPEAHS TEMMEepaTypa TEMIIOHOCIS Y 3BOPOTHOMY i MoAaBanbHOMY Tpybonpo-
BOJax NpoTsirom nepiody 4acy ng,, °C;

t,, — cepegHa Temneparypa nifK1BMoBanbHOI BOAW i3 BOOOTOHY, B XOMOAHWIA nepiof,
POKYy 3a BiACYTHICTIO AaHUX NpuiMaeTbesa piBHow +5 OC.

[incHa BennuMHa BUTOKY BOAM 3a 3BITHWI Mepiog BU3HAYaAETLCHA 3a MOKa3aHHAMU
nivnnbHMKa BOAM 3rigHO 3 3anexHicTtio (3.7):

MB = Mniq. - (MHan. + MrBBm')’ T (Ms)’ (3.7)
ne
M., — 3aranbHi BUTpaT BOAWN Ha NIJKMBIEHHSA 3a 3BITHUN nepiof 3rigHO 3 NokasaH-
HAMMW NiYUNbHUKA BOOM, T;
M,.n, — BTPaTta BOAM Ha HamnoBHeHHs TpybonposodiB Mepexi Ta aboHEeHTChbKUX CUC-

TEM 3a 3BiTHMM nepiog, T,
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M, B4 — cymapHa BTpaTa BOAM Ha rapsiie BOAOMOCTaYaHHSA CrOXUBaYiB NS CUCTEM
3 Be3nocepeqHiM BigboOpoM BOAW 3 Mepexi, T.

KinbkicTb HanoBHEHb NPUAMAaloTb Bi4NOBIAHO A0 Pe3ynbTaTiB eHepPreTUYHOro ayauTy,
06’em TpybonpoBoaiB TENNOBUX MepexX — 3a AaHumu 1abn. 1 (gogatok M), 3anexHo Big
OiameTpa TpybonpoBoaiB Ta X MPOTSKHOCTI, @ 00’€EM BHYTPIWHIX abOHEHTCbKUX
CUCTEM — 3@ BEMMYUHOK PO3PaxXyHKOBOrO TEMIIOBOrO HaBaHTAXXEHHS OyOUHKIB 3a OaHu-
MK Tabn. 2 (gopatok IN).

TennoBy edeKkTUBHICTb pPOOOTU TENMOBUX MEPEX XapaKTEPU3YE BIiAHOLUEHHS Kiflb-
KOCTi Tennotu, AKy BiAnyLleHo Crnoxusavam Tennotu Q., A0 KiNbKOCTi Tennotu, nig-
BEAEHOI Bif [AXeperna TennoTu A0 TEnnoBux Mepex — Q.

n, = Q. / Q. ,vact. og.; %, (3.8)

ne

N, — Tennosa eMeKTUBHICTL POBOTU TENMOBUX MEPEeX;

Q,, — KiNbKICTb TENMOTH, SIKa BiANYCKaeTbCA 3 TEMMOBUX MEPEeX Croxunsadam Tenso-
™™, MBT - rog, 'kan abo I'x. BusaHavaeTbCcs K pi3HMUS BUPOONIEHOT B KOTEmMbHI Tenno-
TV i BTpAT TEMMOTU Y TEMNOBUX MEpPEXax:

Q,, = Q, - AQ,, MBT - rog; Mkan a6o Ix.

BigHocHi BTpat Tennotu Ha eTani TPaHCNOPTYBaHHS MOXHA BU3HAYUTU SK Pi3HULKO
MiXX TennoTow, nmiaBedeHow Bifg KoTenbHi (i1 npuimatoTe 3a 1,0 yacT. og. ado 100 %),
i BENMVYNHOK TennoBoi eeKTUBHOCTI Mepexi:

— - - 0
Ag, =1-n,=AQ,/ Q,, vacroa.; %, (3.9)

ne AQ, — cymapHi HenpoayKTMBHI BTpaTu Tennotu y xofdi ii TpaHCnopTyBaHHA,
yact. og., %.

Y Tabn. 3.1 HaBeOeHO OCHOBHI CTaTTi BTpaT TEMnoBOi eHeprii Ha AiicHuiA ycepea-
HEHWI CTaH CMCTEM TEMMONnoCTa4aHHs.

Tabnuys 3.1
BrpaTtu TennoBoi eHeprii
y CUCTeMi LeHTpanioBaHOro tennionocravyaHHsi B YKpaiHi
BrpaTtu TennoBoi eHeprii, %
Bupa (micue) BTpar y % noteHuiany y % BupobneHoi y % TennoBoi eHeprii, Lo
nanvsea TennoBoil eHeprii cnoxurta 6yanHkammn

BtpaTtn TennoBoi eHeprii
Ha Wnaxy Ao cnoxusada
Btpatu y cnoxusava 37...42 44...49 54...58

3aranbHi BTpatu y cuctemi
TEnnonocTayaHHs

28...32 33...37 -

65...74 77...88 -

Mxepeno: Municipal Development Institute (MDI), Kiev, Ukraine
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Ha puc. 3.5 i 3.6 nocibHuka «EHeprosbepexeHHs B yHIBEPCUTETCbKUX MiCTedkax» (gani —
MOCIBHMK) NofaHo cxemu 3 Binbll AeTanbHUM PO3'ICHEHHSIM CTaTel BTpaT TENoTU.

3apauyi 3 po3B’A3aHHAM.

3apava 1. BwusHauuTy TEnNonpogyKTMBHICTb KOTenbHi, obrnagHaHOi ABoma KoTna-
MW HOMIHarnbHO TENMOBOK MOTYXHICTIO kKoxeH no 200 kBT. Ha yac nposegeHHs obcTe-
XEHb KOTNM NpauloBany 3 0O4HaKOBUM HaBaHTaXeHHaAM i BuTpaTamu rasy 18 m3/ rog 3a
ctaHgapTtHux ymos. KK kotna Ne 1 BignoBigHO OO WMOro pexmmHOl KapTu CTaHOBWB
85 %, a kotna Ne 2 — 79 %. TenmoTa 3ropsHHA MPUPOLHOro rady 3a CTaHAapTHUX
ymoB — 9,9 kBt - rog. Btpatu Tennotu Ha BnacHi notpebu kotenbHi Ag,, = 5 %.
Bu3HaunTn CTyniHb 3aBaHTaXXEHHS KOTESbHIi — Ha SKy BEfIMYUHY AiNcHa MNOTYXHICTb
KOTenbHi BiApPI3HAETBCS Bi BCTAHOBIEHOT.

Po3e’si3aHHs.
1. BusHavaemo cepepHin KK po6oTu KOTMiB y KOTENbHI 3a yMOBW PIiBHOMIPHOrO
3aBaHTaXXEHHSI KOTMIB:

Neor = (Mor1 * Nor2) / 2 =(0,85+0,79) /2 =082 (82 %).
2. BusHadyaemo BTpaTtu TEMNOTK Mig Yac poOOTU KOTHIB:
AQ, =1-n, =1-082=0,18 (18 %).

3. BusHayaemo 3aranbHi BTpaTu TENNOTU B KOTENbHI 9K CyMy BTpaT TennoTu nig yac
poboTK KOTMIB i BTpAT TENNOTU Ha BriacHi NoTpebun KOTemMbHi:

Aq, = Aq,,; +Ag,, = 0,18 + 0,05 = 0,23  (23%).
4. Po3paxoByeMO e(deKTUBHICTb BUPOBNEHHS TENNOTU B KOTENbHI:
n=1-Aq,=1-023=077 (77 %).

5. BuaHauyaemo TennoBy MOTYXHICTb KOTenbHI Mig yac cnantoBaHHa 18 M3 npupogHo-
ro rasy 3 Tennototo 3ropsiHHa QP = 9,9 kBT - roa / m3:

Q, =B QP =18-99= 1782 kBr.

3a ymoBM pobOTM 3 TaKOK MOTYXKHICTIO CTYMiHb 3aBaHTaXXEHHsI KOTESNbHi BigHOCHO
HOMiHanbHNX NapamMmeTpiB poboTn ctaHoBuTb: 178,2 / 2 - 200 = 0.45 (45 %).
6. Bu3Hayaemo TennonpoayKTUBHICTb KOTEMbHI:

Q. =Q

K

-n,=178,2 - 0,77 = 137,2 kBr.

n
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3apaya 2. VY koTemnbHi aBTOHOMHOI CUCTEMW TEMMOMOCTavYaHHA TyPTOXUTKY YHi-
BEPCUTETY cafiBHMLTBA Yy M. YMaHi MpOTAroM oOnartoBanbHOrO Mepiogy chnaneHo
120 Tnc. M3 NpupogHoro rasdy (BU3Ha4YeHO 3a MoKasaHHSAMU MiYunbHUKa rasy) 3 Tensno-
TOM 3ropsHHA rasy 9,9 kBT - rog / m3 (3a cepTUdikaToM SIKOCTI rasy rasoposanofinbHoi
opraHisauii). CepegHin 3a nepiog po6otn KK kotenbHi ctaHoBuB 75 % (BU3HA4YeHO
3rigHO 3 AaHuMMK BUNpPOOyBaHb KOTEmbHi). BuaHauntu cepegHio NOTYXHiCTb poboTu
KOTNIiB, X CepedHio TennoBy MPOAYKTUBHICTb, 3pOOUTM BUCHOBKU LLOAO CTYNEHs
3aBaHTaXEHOCTi KOTNiB, AKWO KOTenbH obrnagHaHO ABOMAa KOTflamMu 3 HOMiHanbHO
notyxHicTio 500 KBT KOXeH.

Po3e’sizaHHs.

HopmosaHa TpuBanicTb onantosarnsHoro nepiogy y M. YMaHi ctaHoButb n, = 178 fi6 =
4272 rop (amB. gopatok A). KinbkicTe Tennotu, siky 6yno nigeegeHo 3 NepBUHHUMM Nanu-
BOM MPOTAroM OnarioBarnibHOro nepiogy:

Q,, =QpF-B=99-120 -10%= 1188 -10% kBT - rog.

on. H

CepegHs 3a onantoBanbHUI Nepiog TENIOBA MOTYXHICTb KOTEMbHI CTAHOBUTD:
N=Q, /n,, =1188 103/ 4272 = 278 kBt.

CepenHsa TennonpoayKTUBHICTb KOTENbHI MEHLIAa 3a BENUYMHY TEMMOBOT MOTYXHOCTI
Ha BenuunHy KKI kotenbHi (n,): Q = N - n = 278 - 0,75 = 208 «kBT.

3a yMOBM PIBHOMIPHOrO 3aBaHTaXEHHS KOTMiB TEMNONPOAYKTMBHICTb OOQHOMO KOTna
ctaHoBuna 208 / 2 = 104 kBT, a cepefHs TennoBa MOTYXHICTb OAHOro kotna: 278 / 2
= 139 kBT, WO 3Ha4YHO MeHLle 3a HOMiHamnbHy MacnoOpPTHY BENUYMHY TEMMOBOI NOTYX-
HocTi y 500 kBT.

[icHe TennoBe cepedHE HaBaHTaXEHHHA Ha KoTnu cTaHoBuTb 139/ 500 = 0,278,
abo 27,8 % HomiHanbHoro. OTXe, KOTNM NPaLUIOTh i3 3HAYHUM HEeOOBaHTaXEHHSIM, LLO
CMPUYMNHSE 3HAYHI BTpATK TENNOTU Ha BRacHi NOTpedun KOTenbHi i HU3bKY ePEeKTUBHICTb
npouecy BMPOONEHHs TennoTu.

3apgaya 3. TennoTa 3ropsiHHA HadTM cTtaHoBuUTb QP = 41900 k[ / kr, Tennota
sropsHHA Topdpy QP =10600 k[ / kr, @ conomn abo COHALIHUKOBOTO MNyLIMNUHHA —
QP = 15750 k[x / kr. PiuHa notpeba y TennoTi Ha onaneHHs M'ATUNoBepXoBoi ByAaiBni
ryptoxutky BH3 y m. Cymn craHoBute Q , = 967 lkan (967-106 kkan). BusHauntu
piyHy noTpeby y nanmBi aBTOHOMHOI KOTEmNbHi 3a YMOBM edeKTUBHOCTI ii poboTu
N, = 78 % HesanexHo Bia BMAy nanusa. Btpatamu y TENMOBMX Mepexax 3HEexXTyBaTu.

Po3e’sizaHHs.
TpusanicTe onantoeansHoro nepiogy y m. Cymun n . = 185 ni6. Npuseaemo 3anaHi
TEennoBi BENWYUHU [0 OAHIiEl poamipHocTi: Q. , = 967 106 kkan = 967 -10% - 4,2 =

4061,4 Tk = 967 108 - 1,163:103 = 1124621 kBT - rog.
BusHayaemo Butpatu nanuea 3a dopmynoto (3.4):
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B=Q,/(@QF-n,, Kk

Ona Hacdbtv B = Q
124,27 7.

Onsa topcy B = 491,2 ™.

3a ymoBU wWinbHOCTi Topdy 280 kr / m3 06’eMHi BMTpaTU MOro CTaHOBMATb
1754 m3. InA nepeBe3eHHs Takoi KiNbKOCTi TOPdy OAHWMM BaHTaXXHWM aBTOMOGinem
3 EMHICTIO Ky3oBa A0 8 M3 HeobXigHO 3pOGUTU MPOTArOM onantoBanbHOro nepiogy
He MeHW K 220 Noi3goK A0 KOTEMbHi.

Onsa conomn B = 257,9 1. OTxe, oNsa onaneHHs OOHOro ryptoxutky y M. Cymnu
HeoOXiaHi BUTpaTX CONOMM CTaHOBMATb 257,9 T 3a OAMH onantoBanbHUIA nepioa.
[ns oTpymaHHA Takoi KinbKOCTi CONMOMW HEOoOXigHO 34iMCHUTKU NigbupaHHa i ynako-
BYyBaHHSA i1 Ha nnoLi nociBy nweHuui He MeHWw Ak 172 ra (BUXig4 CONOMU CTaHOBUTb
no 1,5...2,0 T 3 ogHoro ra nociBy nweHuu;i)!

3a3HayeHi BuLe pe3ynbratv po3paxyHKy HeoOXxigHO BpaxoByBaTW Mif 4Yac ckna-
OaHHS NnaHiB Woao nepeBefeHHa poboTu gxepen TenrnoTM Ha HU3bKOKAmOPIlHi
BiAHOBNIOBANbHI A)Xepena TennoTu.

WinbHicTb conomu y Tiokax cTaHoBuUTb Ao 150 kr/ m3. Paszom 3 iHWMMKU BMOaMm
BiAXO4iB (NMYLWNWHHA, NWUM) KiNbKiCTb BigXoAiB Mig Yyac 30MpaHHSA MWeHWLi CTaHOBUTb
©6nm3bko 1,8 T Ha KOXHY TOHHY 3epHa. [ns KyKypyasu KinbKiCTb Bigxogis (nuwe cre-
Ona i nucTs) cTaHoBUTL 0 2,4 T Ha KOXHY TOHHY 3epHa.

I (QP - n,) = 4061,4 106/ 41900 - 0,78 = 124270 «r =

on. H

3apava 4. BusHauuTm KinbKiCTb TenmoTu, WO Hagxogutume p[o Oydisenb
JIbBIBCbKOro HauiOHanbHOro YHiBEPCUTETY 3@ YMOBW, O AXepernoMm Tennotn €
KOTemMbHA, Y AKIN NPOTAroM onantoBanbHOro nepiogy 6yno cnanexHo 760000 m3 npu-
poaHoro rasy 3 Tennotot 3ropsaHHs 34800 k[x / m3. CepeqHint 3a onanoBanbHUM
nepiog KK po6oTu kotniB ctaHoBuB 87 %, BTpaTu Ha BAACHi NOTpebu KOTenbHi —
3 %. BTpatu Tennotu y TENNOBMX Mepexax 3 OXONOAXEHHSM BOAW CTaHOBWUIMU
323 lkan 3a onantoBanbHU nepiod. Macosi BUTOKM BOAW 3 TEMMOBOI Mepexi npu-
MHATM Ha piBHI HopmaTuMBHUX. CepepgHi giameTp TpybonpoBoAiB TENNOBOI Mepexi —
159 MM, NpoOTsSXKHiICTb TpybonpoBoaiB TennoBoi mMepexi — 3 kM (y ABOTpyOGHOMY
obuncneHHi). Bug onantoBanbHux npunagis — pagiatop M — 140. lNepenag Temne-
patyp y cucTemi onaneHHs ctaHosutb 95 / 70 9C. CepepgHio 3a onanoBanbHUM
nepiog TemnepaTypy Boau B nofdaBanbHOMYy TpyOonpoBoai TENMOBMX Mepex npwu-
nHATK pisHoto 58 OC, a y 3BopoTHOMY — 46 OC.

Po3e’sizaHHs.

1. BusHavyaemo 3aranbHy eqeKkTMBHICTb BUPOONEHHA TEennoTM B KOTESbHi.
[na uboro pospaxyemo BTpatun Tennotun 6esnocepeaHbo B Kotnax AqQ,,, =
1 - =1-0,87 =0,13 yact. oa. (13 %), a noTiMm — 3aranbHi BTpatn B KOTENbHI,
3 ypaxyBaHHAM BTpaT Ha 1i BnacHi notpebu: Aq, = Aq,,, + Ag,, = 0,13 + 0,03 =
0,16 yacT. og. (16%).

Topi cepegHin 3a onantoBanbHuMin nepiog KK koTenbHi CTaHOBUTUME:
n,=1-Aq,=1-0,16 = 0,84 vact. oa. (84 %).
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2. Pospaxyemo KinbkiCTb Tennotu, siky 6yno nigBegeHo A0 KOTEeNbHi 3 nannBOM
NpoTSIrOM OnarntBanbHOrO Nepiogy — NepBWHHWIA NOTEHLUian nanvea:

Q, =B - QP = 760000 - 34800 = 26448 -10° k[x = 26448 IOx =
6297 kan = 7322 MBT - rog.

3. Brpatu Tennotu Ha etani ii BUPOBNEHHA BU3HAYMMO 3a 3anexHICTIo:

AQ, = Q,- Q, - n,= 26448 — 26448 - 0,84 = 26448 — 22216 = 4232 Ik =
1008 Nkan = 1172 MBT - roga.

BenuuvHa BUpoGneHoi B KOTEMbHi TEMMOTU CTAHOBUTUME:
Q, = Q.- n, = 26448 - 0,84 = 22216 I'Mx = 5289,5 l'kan = 6150 MBT - rog.

4. 3QiNCHMMO pO3paxyHKU 3aranbHWX BTpAT TENnoTU y TEMNNOBUX Mepexax.
BTpaty Tennotu 3 oxXonogXeHHsM BoAu y TpybonpoBodax TEMMOBMX MepeX 3agaHo
B YMOBi 3agadi i ctaHoBnATh 323 [kan 3a onantoBanbHUM nepiog. OuiHMMO BTpaTu
TEnnotTu 3 BMTOKaMu Bogu. HopmaTueHi BUTOKM Boau cTaHoBnAaTb 0,25 % ob’emy
BOAM B Mepexax i abOHEHTCbKUX cucTemax.

O6’em BOaAM B Mepexax BM3HA4MMO 3a gaHumu T1abn. 1 (gopatok E) 3rigHo 3
3anexHicTio:

vV, ™=3V

Han.

) = .2 .9 = 3
awri - L) = 17,67 - 3 - 2 =106,02 m° (1),

ae 17,67 M3/ kM — nuToMa BenuynHa o6’eMy BoAWU ANs CepeaHbOro 30BHILLHLOIO
diameTpa Tennosux mepex 157 mm (gogatok E).

O6’em Boan B aDOHEHTCbKMX CUCTEMax BM3Ha4YaloTb 3a gaHuMu Tabn. 2 3rigHo 3
BiOMOI BEMMYMHOK PO3PaxXyHKOBOrO TEMMOBOrO0 HaBaHTa)XXEHHSI HA CUCTEMM ona-
neHHd Qp =2,74 Tkxan / rog i BMAy onantoBanbHUX NPUCTPOIB — YaBYHHUX pafiaTopis
3 MikocboBOt BigcTtaHH 500 mMm:

L= . = . = 3
Vian O = Qp V,.°" =274 - 19,6 = 53,4 m> (1).

H

BaranbHuii 06’emM BoAM Yy TEMNNOBUX Mepexax i abOHEHTCbKUX CUCTEMaX:
Vian = Vian ™ + V., ™ = 106,02 + 53,4 = 159,42 T (m3).

4.1. BusHayaeMo HOpMOBaHy TpuBaricTb onasntBarnbHOro nepiogy ans M. JlbBoa
3rigHO 3 OOBigHMKOBUMU daHumu (gogatok A):

Ny, = 179 -24 = 4296 rop.

on
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4.2. BennunHy BMUTOKIB BOAM i3 TpyOonpoBoAiB TENNOBUX Mepex MpoTaroMm ona-
nioBanbHOro nepiogy BM3Ha4yaeMoO BigMNOBIAHO OO 3aneXHOCTi:

M, = 0,0025 - V,,, - n,, = 0,0025 -159,42 - 4296 = 1712,2 7 = 1712,2 - 10% kr.

on

4.3. BtpaTtu Tennotn 3 Butokamu Boau Q
3anexHictio (3.6):

i3 TennoBumx Mepex BM3Ha4aemMo 3a

BUT.

Quur = M+ C,+ (tgp, = o) - 100 = 1712,2 - 103- 4,2 - [(58 + 46) /2 — 5] 100 =

337,9 I'x = 80,5 lNkan = 93,6 MBT - roa.

BUT.

4.4. BuaHayaemo 3aranbHi BTpaTu TEMNOTU B TEMNOBUX Mepexax NpoTsarom ona-
nioBanbHOro nepioay:
AQ, = Q

+ Q.. =323 + 80,5 = 403,5 I'kan = 1694,7 I'Mx = 469,2 MBT - rog.

BTP. BUT.

4.5. BigHOCHY 4acTKy BTpaT TEMMOTW B TEMNNIOBUX Mepexax Bid BUPOOMNEHOT Kinb-
KOCTi TensioTu, OTPMMaHOT i3 KOTemnbHi, 06paxyeMo 3a 3anexHicTio:

Ag, = AQ, / Q, = 469,2 / 6150 = 0,076 vacT. oa. = 7,6 % .

5. BusaHaymMo KinbKiCTb TENnoTu, SKy OyAe OTpMMaHo i3 TEMnMnoBMX Mepex cno-
XMBayamu, SiK Pi3HMLIO MiX BUPOONEHOK B KOTEMbHi TENMOTOW i BTpaTtamu Tennotu
y TENMOBUX Mepexax:

Q,, = Q, —AQ, = 6150 — 469,2 = 5680,8 MBT - rog = 4884,8 lkan
abo 20516 TOx.

BucHoeok.

I3 3aranbHOl KinbkocTi Tennotn 7322 MBT - rog, sky 6yno nigsegeHo 3 nanveom 0
KOTenbHi YNPOAOBX OMartoBanbHOro nepiody, 40 crnoxusadya Oyge OOCTaBneHo nuve
5680,8 MBT - roa, wo craHoBuTb 77,5 % nepBUHHOrO NoTeHuiany nanvea. PewTy Tenno-
BOI eHeprii (1641,2 MBT - rog) 6yae BTpaveHo Ha eTanax ii BupobneHHs (1172 MBT - roa)
i TpaHcnopTyBaHHA (469,2 MBT - rog). BusHayeHa y 3apadi BenuumMHa BTpaT TennoTtu
eKBiBaneHTHa eHeprii 6rmabko 200000 M3 npupoaHoro rasdy. 3aranbHa Tennosa edeKTUB-
HiCTb BUPOONEHHs | 4OCTaBKM TENSIOBOI eHeprii 4O CrnoXxuBada CTaHOBUTL!

Ny =nc Ny =nc (1 -Aq)=084-(1-0076) =
0,84 - 0,924 = 0,77 yact. oa. ( 77%).

3apava 5. [lligrotyBatv padi gna nobynoBu rpadika TemnepaTyp MEpEexXHOol
BOOAM B MojdaBanbHOMY i 3BOpPOTHOMY TpybonpoBogax ABOTPYOHOT TennoBoi
mMepexi npu Temnepatypi B npumilleHHi t, = 18 °C Ansa KoTenbHi TeXHIYHOro yHiBep-
cutety y M. TepHononi. TennooOMiHHWKM raps4oro BoAOMOCTavYaHHs BCTAHOBMIEHO
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B iHAMBIgyanbHOMY TENMOBOMY TMYHKTIi HaBYanbHOrO KOpPMNyCy YHIBEPCUTETY.
TemnepatypHuii rpadik y mepexax t,P/ t,p = 105 / 70 °C. Pesynbtati nogatu y
TabnuuHin ¢dopmi. BusHaumTu cepepHi 3a onantoBanbHUM nepiog TemnepaTtypwu
TENOHOCIA Y TEMMOBUX Mepexax.

Po3e’si3aHHsI.

1. BusHayaemo po3paxyHKOBi HOPMOBaHi napameTpu 30BHILLHLOrO MOBITPA Ans
yMoB M. TepHonons (gogatok A):

— poO3paxyHKkoBa TemrnepaTtypa 30BHILLHbLOro MOBITPS AN9 CUCTEM ONaneHHs
t, = -20 °C;
— CcepefHs TemnepaTtypa onanosaribHoro nepiogy te, = -0,7 °C;

2. CnoxmnBayaMu TEMSOTU B YHIBEPCUTETI € OnarieHHs i rapsavye BoOOMOCTavYaHHS.
LleHTpanbHe sKicHe peryntoBaHHS BignycKy TennoTu 34IMCHIETbCA 3a onantoBarb-
HUM rpadikoM. Ane y 3B’sI3Ky 3 HaBaHTaXEHHAM Ha rapsidie BogonocTavaHHsA rpadik
Temnepatyp BoAM B nopaBanbHoMy Tpybonposopi OyayioTb TakMM YMHOM, LWOO
3abe3neynTun B iHAMBIgyanbHOMY TENNOBOMY MyHKTI HEOBXigHY TemnepaTtypy rapsa4oi
Boan 6nusbko 60 °C. [Ons uporo Temnepartypa B nodasanbHOMYy Tpy6Gonposoai He
MOBWHHA 3MEHLLYBaTUCh HWxk4e 65...70 OC. lMicna OOCArHEeHHA Takux 3Ha4YeHb Tem-
nepaTyp 34IMCHIOETLCA Nepexif Ha KinbKiCHe peryntoBaHHS.

3. 3rigHo 3 gaHumMmn Tabn. 2 (gogatok [1) 3a BiAOMOK BENMYMHOK PO3paxyHKOBOT
TemnepaTypy 30BHilIHbOro NoBiTps t; = -20 °C opepXnuMo 3Ha4YeHHs TemnepaTypu,
ska noBuHHa OyTn B nogaBanbHOMY TpybonpoBogi 3a pi3HUX TemnepaTyp 30BHiLl-
HbOrO MOBITPS ANSA BUMAAKY BiACYTHOCTI HaBaHTaXEHHS Ha rapsye BOAOMNOCTaYaHHS.
Pesynbratn 3aHecemo go tabn. 3.2.

Tabnuuysi 3.2
TemnepaTtypa Boau B nogaBasibHOMy TpyGonpoBofi TennoBoi Mepexi
3a YMOBM BiACYTHOCTi HaBaHTaXeHHs Ha rapsiye BogonocTavyaHHs

PospaxyHKoBa TemnepaTypa ®daKTUYHa TeMnepaTypa 30BHiLIHbOro NoBiTps, t,, °C

30BHilWHLOrO NoBiTpsA, °C 10 5 0 1 25 -5 -10 15 -20

-20 41,7 | 53,6 | 64,3 |66,5| 69,7 751 85,3 95,3 | 105,0

I3 HaBegeHOi Tabnuui BMOHO, WO YXe 3a TemnepaTypu 30BHILLHbOro MNOBITPSA
6nusbko t, = -1...-2 °C Temnepatypa Boau B nogaeanbHomy Tpy6onposoai Habnu-
XaeTtbea go t, = 65...70 0C, aka HeoOXxigHa ANs NpUroTyBaHHA rapsyoi BoAW B iHOK-
BiflyanbHOMY TennoBOMY MYHKTI.

OTxe, NoYMHaK4M i3 3a3HaAYEHUX TemnepaTtyp 30BHILIHbOrO MOBITPS HeobXigHO
niaTpyMyBaTU cTany BeNWMYUHY TemnepaTypu Boau B nopaBanbHOMY TpybonpoBogi,
a 3anexHicTb TemnepaTypu BOAM Big TemnepaTypu 30BHILHbLOIO MOBITPSA B Uinomy
MaTuMe Takui xapaktep (tabn. 3.3):
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Tabnuuysi 3.3
Temnepatypa Boau B nogaBanbHOMY TpybonpoBogi TennoBoi Mepexi
3 ypaxyBaHHAIM HaBaHTaXeHHA Ha rapsiye BOAOMNOCTaYaHHA

Po3apaxyHkoBa Temneparypa ®daKTU4Ha TeMnepaTypa 30BHilHbLOro NoBiTps, t,, °C
30BHILIHBLOrO NOBITps, °C 10 5 0 1 2,5 -5 10 15 -20
-20 69,7 | 69,7 | 69,7 | 69,7 | 69,7 | 751 | 853 | 953 | 105,0

3a BiOCYTHOCTI KiNIbKiCHOro peryroBaHHS BigmnycKy TEMSIOHOCIA Ha KOTENbHi 3a Tako-
ro rpadpika Moxe martu Micue HaanuKoBa nogada TennoTu Ao Oyaieenb y nepiog 3
TemnepaTypoto 30BHiLLHBbOrO NoBiTps t, = -1 °C i GinbLue. Lle cnpuyinHnTe nepesuTpaTy
TennoTn. BCcTaHOBNEHHs aBTOMaTU30BaHOrO iHAMBIAYaNbHOrO TEMNNOBOro MYHKTY 3 (PyHK-
Li€l0 MOrOAHOMO PEryritoBaHHS Aae MOXIUBICTb YHUKHYTU Takmx nepeBuTpar.

3a gaHumun Tabn. 3.3 3a TeMnepaTypu 30BHILLUHBOIO MOBITPS, O AOPIBHIOE CEPEHIN
3a onantBanbHUN nepioq toep. = -0,7 OC BusHavaloTb cepegHio Temnepatypy y noga-
BanbHoMy Tpybonposoai. Bona ctaHoBuTMME 6nmnabko t,°P- = 69,7 0C.

4. Busnadyaemo Temneparypy t, y 3BOpoTHOMY TpyGonpoBodi Tennoeoi mepexi Bia-
NOBIAHO OO0 3aneXHOCTi:

t,=t, - (P —tP) - [(t,—t)/ (t,—t), °C, (3.10)

t. — Temneparypa BHYTPILIHLOrO NOBITPSA Y NpUMiLLeHHi, OC;

t,P — pospaxyHKkoBa Temnepartypa y nogasarnbHOMy TPyGonposogi, 3riqHO 3 YMOBO
3apavi t,P = 105 °C;

t,P — pospaxyHkoBa Temnepatypa y 3BOPOTHOMY TpybGonpoBsofi, 3riAHO 3 YMOBO

3apavi t,P = 70 °C;

t, — pospaxyHkoBa TemnepaTypa 30BHILIHLOrO MOBITPA, Ansa M. TepHonons
t,=-20 °C (nopatok A);

t, — MOTOYHe 3HaYeHHs TeMnepaTypu 30BHILLIHLOTO MOBITPSA Y MeXax onasnoBasbHo-
ro nepioay, °C;

t, —NOTOYHe 3Ha4YeHHs TemnepaTypu BoawW y noaasansHomy Tpybonposogi iz Tabn. 3.2.

PospaxyHok 3a 3anexHicTio 3.10 gae MOXNMBICTb OTpUMATK Taki 3HAYEHHSA Temnme-
paTypv BOAM Y 3BOPOTHOMY TpybGonpoBoai (Tabn. 3.4):

Tabnuuysi 3.4
Temnepatypa Bogu B 3BOPOTHOMY TpyGonpoBoAi TensoBoi Mepexi
3 ypaxyBaHHfIM HaBaHTaXeHHs1 Ha rapsiye BoAoONocTayaHHSA

PospaxyHKkoBa Temnepatypa ®dakTU4Ha TeMnepaTypa 30BHilIHLOro NOBITps, t,, °C

30BHIWHBLOro noBiTpsa, °C 10 5 0 A1 2.5 .5 -10 15 -20

-20 50,8 | 50,8 | 50,8 | 50,8 | 50,8 | 53,9 | 595 | 64,9 | 70,0
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3a gaHumuy Tabn. 3.4 npu TemnepaTtypi 30BHILLHBOrO MOBITPS, WO OOPIBHIOE cepen-
Hi 3a onantoBanbHU Nepioa toep = -0,7 OC, BusHavaloTb cepefdHio Temnepartypy Y
3BopoTHOMY Tpybonposogi. BoHa cTaHoBUTMMe 6Gnunsbko t,°P- = 50,8 °C. Otxe,
cepefHs 3a onantoBanbHWUIA Nepiog TeMnepaTypa BoAu y NogaBanbHOMY i 3BOPOTHOMY
Tpy6onpoeogi ctaHoButume (50,8 + 69,7) / 2 = 60,2 °C ons TemnepartypHoro rpadika
t,P/ t,P = 105 / 70 9C. pacpik Temnepatyp y nogasasibHOMy i 3BOPOTHOMY Tpy6onpo-
BOAax TennoBoi Mepexi HaBedeHo Ha puc. 3.1.

120
T
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TemnepaTypa 30BHiLWHBLOrO NOBITPS, t3, °C

PucyHok 3.1 — pachik TemnepaTyp MepexHoi Boau y nogaBanibHOMY i 3BO-
poTHOMY TpybGonpoBogax TEMNJIOBUX MepeX NpU LeHTpanbHOMY siKiCHOMY pery-
noBaHHI 3aKpUTOI TENNOBOI MepexXi 3a onarntoBaribHUM HaBaHTaXeHHAM
(TemnepatypHuii rpacik 105 / 70 °C. T1 — rpacbik Ans nogaeansHOro TpyGonpoBoay;

T2 — rpaddik gns 3BopoTHOro Tpybonposoay)

3apavi gna camMocTiMHOro po3B’si3aHHA.

3apava 6. Bu3HauMTM KinbKiCTb TennoTtu, sKky ©Oyae BUPOONEHO KOTEMbHEK
YUepHiriBCbKOro negarorivHoro yHiBepcuTeTy i BigNyLLEHO A0 TEnnoBOi Mepexi NPoTsrom
onanoBarnbHOro nepiody, SKWO BUTPaTV MPUMPOAHOrO rady ynpogoBX nepiogy pobotu
koTenbHi ctaHoBunu 35900 M3 3a ctaHOapTHKUX ymoB. CepefiHs 3a onanioBanbHWUi nepi-
o[l TennoTa 3ropsiHHA rasy crtaHosuna 8900 kkan / M3, a cepeaHs BenuunHa KKI koTnis
oyna 83 %. Btpatu Tennotu Ha BrniacHi notpebu koTenbHi NpunHATK 4 %. Pesynerat
po3paxyHkiB 3a onarntoBanbHU nepiog Hagatu B kan, I'Ox i MBT - roa.

3apaya 7. BwusHauutn 3aranbHy BenuuUuMHy BTpaT TENNOTU B KOTenbHi y %, T,
lkan i MBT - rog 3a ymoBWU, LLO NPOTSIrOM onantoBanbHoro nepiogy tpusanictio 180 ai6
y KoTenbHi cnaneHo 525000 M3 npupogHoro rasy 3 TEnnoTol 3ropsiHHA QP =
37600 k[x / m3. CepeaHin 3a onanoBansHuin nepion KK kotenbHi ctaHoBuB 85 %.
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3apava 8. CepegHborogvMHHa 3a onanioBarnbHUA Nepiog BenuyMHa BUTPAT rasy B
KOTembHI Meau4HOro yHiBepcuteTy y M. Xapkosi ctaHoBuna 150 M3 / roq 3a cTaHgapT-
HUX yMOB. BusHaumtn, 9K 3MIHUTBCS KINbKiCTb TENNOTW, BUPOBNEHOi y KOTenbHi, i
BUTpPaTW rady y pasi 3MEeHLLUEHHS TpMBanocTi onantoBanbHoro nepiogy Ha 10 % nopis-
HAHO 3 HOPMOBaHMMMK MOKa3HWKaMu TpuanocTti poboTn cuctem onaneHHs. CepegHin
3a onantoBaneHun nepiog KKO po6oTtu kotniB npuiHATM 88 %, BTpaTu Tennotu Ha
BnacHi notpebu koTtenbHi cTaHoBnATe 3 %. CepedHs BenMyMHa TEMMOTU 3rOPSIHHS
rasy 3a crtaHgapTHux ymos — 8900 kkan / m3.

3apaya 9. Bwu3HauUMTU piYHY EKOHOMI0 MPUPOAHOro rasy i BUTpPAT KOLWTIB Ha ona-
NeHHs Ansa TennoreHepaTopHOi TYPTOXWUTKY YHIBEPCUTETY EKOHOMIKM | Toprieni y
M. [JOHeLbKy, SKLO Npwv CEepeaHin 3a onantoBanbHUn Nepioq TENNONPOAYKTUBHOCTI TEMMO0-
reHepatopHoi y 86 kBT edheKkTMBHICTb Ha eTani BUpoOneHHst Tennotu Oyno nigBuLLEHO 3a
paxyHOK HarnaropKeHHs npouecy ropiHHs. Y pesynertaTti 3aransHuii KK tennoreHepatop-
Hoi Boanocs 36inbwntn 3 78% o 83 %. CepeHo TeNNOTY 3ropsiHHS MPUPOSHOTO rasy
npuitHaT 9,5 kBT - roa / m3. BapTicTe 1 M3 npupogHoro rasy npuiHATK 2,8 rpH.

3apgava 10. BusHauut BTpatn TennoTu MNpoOTAroM OnantBanbHOIO nepiogy y
TEMNOBUX MEepeXax KaHanbHOro NpoknagaHHsA 3aranbHo nNpoTskHicTio 0,5 km (y ABo-
TpyOGHOMY o6uucneHHi). CepegHin giameTp TENnoBUX Mepex NpurnHATM 89 MM, pos-
paxyHKkoBa Temneparypa TennoHocia B Tennosux mepexax 105 / 70 °C, a y cucremi
onaneHHs — 95 / 70 OC. Tennose po3paxyHKOBE HaBaHTaXXEHHS Ha OMareHHs Ccrno-
*uBadiB ctaHoBuTb 500 kBT, onantoBarnbHi Npunagn CUCTEMU ONaneHHs — KOHBEKTO-
pu. Micue posTallyBaHHA TennoBux Mepex — M. [JHiNponeTpoBCbK.

3apaua 11. BusHauutn BTpatm TennoTuM NpPOTAroM onanitoBanbHOro nepiogy y
TENNoBMX Mepexax GeskaHanbHOro NPoKMafaHHA i3 nonepegHbO i301bOBaHMX Tpyobo-
NpoBoAiB 3ararnbHo nNpoTsxHicTio 0,5 kM (y ABOTpyOHOMY obuucrneHHi). CepegHin
30BHILLHIN giameTp TpybonpoBOAiB TEMIOBUX MepeX NPpUnHATH 89 MM (6e3 ypaxyBaHHS
TOBLUMHW TennoBoi i30msuii), po3paxyHKkoBa Temnepatypa TEnroHOCI B TENnOBMX
mepexax t,P/ t,p = 105 / 70 °C, a y cuctemi onanenHs — 95 / 70 °C. Tennose pos-
paxyHKOBE HaBaHTaXEHHS Ha onarneHHs crnoxuBadiB ctaHoBuTb 500 kBT, onantoBarnbHi
npunagu cucTemu onaneHHs — KoHBekTopu. Micue poaTallyBaHHA TEMMOBUX MEPEX —
M. [HinponeTpoBcbk. [lopiBHATM pesynbratu po3paxyHkiB 3agady Ne 10 i Ne 11.
BusHauntn edekTUBHICTb 3axofy i3 3aMiHM TpybONpoBOAIB KaHANbHOrO MpoKnagaHHs
TENNOBUX MEPEX Ha MnonepenHbo i30MboBaHi TpybonpoBoaw.

3apava 12. lMigrotyBat gdaHi gns nobynosu rpacdpika Temnepatyp MepexHOi Bogu
B nogaBanbHOMY i 3BOPOTHOMY TpybonpoBogax ABOTPYOHOT TennoBoi Mepexi npu Tem-
nepatypi B npumitLienHi t, = 18 °C ans kotensHi BH3 y m. Cimdepononi. Tennoo6MiHHMKY
rapsa4yoro BOAOMOCTaYaHHA BCTAHOBMEHO B iHAMBIOyanbHOMY TEMfOBOMY MYHKTI
yHiBepcuTeTy. TemnepaTypHuii rpadik y mepexax t,P / t,P = 95 / 70 °C. Pesynsraty
nogatv y TabnuyHin popmi. BusHauntu cepegHi 3a onantoBanbHUA nepiog Temnepary-
py TENJIOHOCIA Y TEMNMOBMX Mepexax.
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ExkoHOMiYHMIM acneKkT eHepro3bepexxeHHs

AHarnisz eghekmusHocmi 3axo0ie 3 eHepeo3bepexeHHs.

Y pamkax CnpoLeHOro eKOHOMIYHOrO aHaridy npoekTy y cdepi eHepro3bepexeHHs
HeobXigHO BM3HAYMTU CyMy IHBECTULIN B eHepro30epexeHHsi, TEPMiH OKYMHOCTI Npoek-
TY, EKOHOMIO B FPOLLUOBOMY i HaTypasibHOMY BUPaXXEHHI.

IHBecTuuil (I) Ana eHeproedeKTUBHOIO MPOEKTY MOXHA BUOKPEMWUTU Y TPU TPYyMu:

— npsaMi iHBecTuuii (DI);

— cynyTHi iHBecTuuii (Cl);

— iHBecTyBaHHS B niarotoBky npoekty (Pl).

lMpsmi iHeecmuuyii NOTPiIOHI ona peanisauii iHBECTULIAHOIO MpPoekTy. BoHM MOXyTb
OyTn cnpsiMoBaHi Ha:

— npuabaHHsA HOBOrO BinbLL eHeproedeKTUBHOMO YCTATKyBaHHS, BKIOYa4M BUTPATK

Ha NOro JOCTaBKY, BCTAHOBIMEHHS | HANaroaXeHHs;

— MO[JepHi3auito 4ilo4oro ycTaTkyBaHHS;

— OByaiBHMUTBO i PEKOHCTPYKLUItO (TepMoMofepHi3aLito) Byaisens i cnopya,;

— onTuMiI3auito poboTM TEXHOMOFYHUX MPUCTPOIB, WO 3abe3neyyroTb BUPOOHUYMNA
npouec 3 BUpOONEHHS, po3noginy abo cnoxvBaHHSA TENOBOT eHeprii;

— HOBEe TeXHONOoriYHe OCHAaLLEHHS | MOAEPHI3aLito HAassBHOMO YCTaTKyBaHHS, SKi YMOX-
NUBMIOKOTL NIABULLEHHS NOr0 eHeproeeKTUBHOCTI.

CynymHimu iHeecmuuisiMu € BKNageHHA B 00’eKTu, NOB’si3aHi TeputopianbHoO i OyHK-

LioHanbHO 3 OG’EKTOM MPSAMUX iIHBECTULIN:

— BKMageHHs B 00’eKTWU, TEXHOMOrYHO HE MOB’A3aHi i3 3abe3neyeHHAM HopMarbHOT
ekcnnyarauii ob’ekTa iHBeCTyBaHHA (Hanpuknag, NiHii enektponepeadi nig yac
peanisauii NpoekTiB, NOB’A3aHMX 3 KoreHepauiet);

— BKMafeHHs B 30iMCHEHHS 3axofiB, WO He MOB’A3aHi 3 eHepro3bepexeHHsaM abo
eHepreTM4Ho edEKTMBHICTIO, ane NPUBHOCATbL A0 pesynbTaTy NPOEKTY eKOMoriv-
Hun abo couianbHUn edbekT (Hanpuknag, BUTpaTH, NOB’A3aHi 3 6e3neYHoo yTunisa-
Ljieto cTaporo ycraTkyBaHHS abo nigBuLLEHHS piBHA KOMOPTHOCTI NPOXMBAHHS).

IHeecmyesaHHs1 8 Mi020mMO8Ky rnpoekmy 3abe3nedyye i CynpoOBOOXKYHE MNPOEKT.
Lle BuTpaTtu, noe’sisaHi 3 po3poOKoto NpoekTy (MPOBEOEHHS ayauTiB, BapTiCTb MPOEKTHUX
pobiT, BapTiCTb HaBYaHHSA MEepPCOoHarny, onnara 30BHILIHIX KOHCYMNLTaHTIB, 3abe3nedyeHHs
rapaHTiii iHBeCcTOopam TOLLO).

BaeanbHuli 06’em iHeecmuuiti (I) — ue cyma ycCix iHBECTMLIMHUX BUTPaT: NPSMUX
iHBECTULiN, CYNYTHIX IHBECTULiNA, IHBECTULIN Y NIArOTOBKY MPOEKTY:

=Dl +Cl+Pl. (3.11)

CymapHul ekoHomiyHUl egpekm (E) Big peanisauii iHBECTULINHOIO eHeproedeKkTmB-
HOrO MPOEKTY MOBMHEH BKMNIOYATU CKMNaAoBi:
— 3MEHLLEHHS BUTPAT Ha onnaty TensioBol eHepril;
— 3MEHLUEHHA BUTPAaT Ha onnaTty enekTpuyHoi eHepril;
— 3MEHLUEHHSA BUTpAT Ha OonnaTy €HEepProEMHUX MartepianbHWX pecypciB (Hanpwu-
knapg, Boga);
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— 3MEHLUEHHs BUTpaT Ha npuabaHHa mMaTepianiB, eHeproHociiB, 4OMNOMIXKHMX MaTepi-
arniB ToLWO;

— 3MEHLLEHHS BATPAT Ha onnarty npaui (Hanpuknag, 3a paxyHok aBTomaTuaadii npouecis);

— 3MEHLUEHHS iHWKX BATPAT, Y T.4. nogatkiB (Hanpuknag, nogaTtok Ha 3eMo, KOMy-
HanbHWUI NOOATOK);

— TNPUNUHEHHS HapaxyBaHb LUTPagHNX CaHKLUiN;

— [oJaTKoBi [OXO4uW, OTPUMaHI B pesynbTaTi peanisauii npoekTy 3 eHepro3bepe-
XEeHH$s (MpoAak HagMULWIKOBOT eHepril, 3aava B opeHAy NpUMILLEHb, LLO BUBIMb-
HUMNCb TOLLO).

lepiod okynHocmi iHeecmuuitiHo2o npoekmy (T,) € OAHUM 3 HaWbinbLl NPOCTUX

METOAIB OLHKM MPOEKTY, Lue nepiog 4acy, npotsaroMm akoro ekoHomis (E) Big npoekty
pocsarHe cymu iHBecTtuuiiHux Butpat (I). MNepion NOBEPHEHHS rPoLLE MOXHA BUPa3nTU
Takum YUHOM:

— MartematnyHo: T, = | / E;

— rpadiyHo:

Mpowi f---------=-=----------------------- T\

EkoHOMiYHUM

IuBecTuuii(l) ecpexT (E)

Butpatu Ha onnaty

PaHXupysaHHs1 eHepaoeeKkmugHUX 3axodis.

3a3Buyan aHanisa gaHux, oTpUMaHux 3a pesynstaTtaMmu NPOBEAEHUX eHepreTUYHnX
ayouTiB, BM3HAYa€e BENWUKY KifbKICTb MOXIMBUX 3axOAiB Ta MPOEKTIB, SAKi MOXYTb
CMPUSITU OOCSITHEHHIO Linew nporpamu 3 eHepro3bepexeHHs. [esiki 3 HUX € anbTep-
HaTUBHMMMW, OCKIMbKM OOHUX i TUX CaMMX LiNei MOXHa [OCArTM Yy pi3HUn cnoci6.
3 iHworo OOKy, LWMPOKMIA CMUCOK 3axofiB Ta MPOEKTIB 4acTo MepeBULLYE peanbHi
giHaHcoBi MoxnuBocTi BH3 i nepegbayae BMKOHAHHA iX MPOTArOM TpUBAroro yacy.
Ocb 4omy, BUGIp NpiopnTETHUX eHepro3bepiranbHNX 3axofiB Ha OCHOBI X paHXupy-
B8aHHS [A€ 3MOry OOCAMHYTU MaKCUManbHO MOXIMBOroO pesynbraty 3a MiHiManbHUM
00’eMOM BMKOPUCTaAHUX pecypciB 3a NeBHUI Nepiod Yacy. TakuM YMHOM BUKOHYETbCS
3aBOaHHA onTuMisauii, 3aBasdkM kil agmiHicTpauia BH3 cuctematmnsye moxnusi Aii
i MPOEKTW 3a BaXMMBICTHO, YaCOBUMM pamMKamu, CTyneHem 3abe3nevyeHocTi pecypca-
My abo 3a iHWUMKM O3HaKamu.

Bubip npiopuTeTiB 3AINCHIOETLCA HA OCHOBI KOMMIIEKCY MOMepeaHbO MPURHATUX KpU-
TepilB i 3 JOTPMMaHHSM NEBHUX OOMexeHb. [N BUKOHAHHS paHXUpPYBaHHA €Hepro-
e(eKTMBHUX 3axOA4iB MPOMOHYTLCA Taki KpuTepi:
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— CyMa iHBECTULIN, IPH;

— EKOHOMIYHUIN edekT, WO A0CAraeTbCs, PH;

— nepiog OKyMnHOCTI, POKW;

— couianbHu edekT (SKICHUIA NOKa3HWK);

— eKonoriyHni edekT (AKICHUN NOKa3HKK).

PaHxnpyBaHHS MOXe 3[iMCHIOBAaTUCA 3a AOMOMOrOK Takol Tabnuui:

Tabnuysa 3.5.
OuiHka npuBabnuBOCTI 3axodiB 3 eHeprosldepexeHHs
Cyma E . Mepion
. . KOHOMis, . . . . .
MpoekT | iHBeCcTULIN, OH OKYMHOCTI, CouianbHun edekt EkonoriuHui edoekr
rpH P pOKHM
Mepenik | lWWkana ouin- | Lkana LLkana NiABULLEHHS PiBHA KOMOP- | BMAMB Ha €KOMorito
NPOEKTIB | K1 OLiHKM OLiHKM Ty, CTAHAAPTIB XXMTTA TOWO. | (B LiFOMY, NIOKanbHUN).
1...10 1...15 1...10 LLikana ouiHkn 0...10 6anis | LUkana ouiHkn 0...5 6anis
6anis 6anis 6anis Ha OCHOBIi €KCMepPTHOI OLiHKM | HA OCHOBI EKCMePTHOT
abo po3paxoBaHuX KifbKic- | OLiHK/M abo po3paxoBaHUX
HVX MOKa3HWKIB KINbKICHUX MOKa3HUKIB

Ha ocHoBi HasBHMX (hbiHaHCOBMX OOMEXeHb CKagaltoTb Nporpamy iHBECTYBaHHS Mpo-
eKTiB 3 eHepro3bepexeHHsa Ta ByayoTb rpadik iHBECTYBaHHSA eHeprosbepiranbHNX 3axo-
ais (puc. 3.2).

Mepenik

[pouui

A

Mepenik

Mepenik

1 pik 3 pik 4 pik 5 pik 6 pik  ygc
__— HBECTULHi BUTpaTK (aKyMynbOBaHi), TUC. MPH.

L.ee==** epekT Bif eHeprosbepiranbHUX NPOEKTIB (aKyMynbOBaHWiA), TUC. FPH.

PucyHok 3.2 — IHBecTUUiNHa nporpama Ha OCHOBI 3A4iACHEHOro paHXUpPyBaHHSA
NPOEKTIB 3 eHepro3depexeHHs

BusHa4yeHHs1 noyamkogo20 cmaHy ma rnobydosa 6a3080i fiHil.

MMig yac po3pobKn TEXHIKO-EKOHOMIYHOIO OOr'pYHTYBaHHS eHeproeekTUBHOIO iHBEC-
TULIMHOrO MPOEKTY HeobXiAHO po3paxyBaTh €KOHOMIO TEMsoBOi i eNeKTPUYHOT eHeprii,
sKa CMyXWUTb DKEPerioM MOBEPHEHHS BKMALEHUX KOLUTIB.
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Ona Toro, wob npaBunbHO po3paxyBaTn edeKT Big pearnisauii eHeproedeKkTMBHOIO
NpoekTy, HeoOXiAHO Hacamnepen BW3HAYUTWU noyamkosul cmaH i nodygyesatn 6asosy
JIiHIr0, AKi pa3oM CTaHOBUTUMYTb basosuli cueHapid.

MoBHa xapakTepucTnka 6a30BOro CLeHapito MOBUHHA MICTUTK:

1) dikcoBaHi NOKA3HMKM HA MOMEHT 34iINCHEHHS eHeproedeKTUBHOIO NPOEKTy (novat-
KOBUWIA CTaH);

2) NporHo3u po3BUTKY LIMX MOKa3HWKIB HA TepMiH peanisauii npoekTy (6a3oBy niHito).

MoyaTkoBWIA CTaH € HABOPOM AaHuX, AKi OMUCYHTb CUTyaLilo OO novaTKy peaniszauii
npoekTy. BiH cnyXunTb BUXiOHOK TOYKOK AN OUIHKM pe3yrnbraTiB Ta Hacnigkis peanisa-
Uil npoekTy.

MapameTpu 6a30BOro CTaHy eHeprocnoXxuBaHHs Ans Bcboro BH3 (HaB4anbHoro kop-
nycy, rypTOXUTKY) BM3HA4YalTbCA Ha MiACTaBi aHanidy BMTpaT Ha TEMNIOBY €Heprito 3a
nonepefHi Tpu poku. lpu BU3HAYEHHI LbOro pPIiBHA BaXNMUBO BUSABUTU YCi OCHOBHI
HaBaHTaXEHHs1 Ha eHeprocuctemMy, siki BkMwyanuca abo Buknovanucsa 3 Hel nig yac
JaHoro nepiogy. £k npaBuno, TpU POKW € CTaHOapTHUM NepiogoM aHarnisy, OCKiNbKu
BUTPATM Ha TEnmnoBy eHeprito 6esnocepefHbO MOB’A3aHi 3 CE30HHUMMW KOMWBAHHAMM i
TEXHOMOTYHUM pPexnMoMm. Ba3oBuii piBEHb EHEProCNOXNBaAHHA MOXe OyTU BU3HAYEHUI
LUMAAXOM MOPIBHAHHS CEepeaHbOMICAYHOrO NoKasHuKa 3a TpU POKU 3 CepefHbOMICAYHUM
3HAYEHHSAM CMOXMBaHHS 3a OCTaHHi 12 micsuiB i BUOOPOM BULLOIO 3 [ABOX.

baszoBa niHis — NPOrHO3 PO3BUTKY KIMHOYOBMX MOKA3HWKIB, BU3HA4Yae TeHAEHLIT po3Bu-
TKY MOKa3HMKIB BHACMIgOK BiOMOBM Bif peanisauii npoekTy.

Y 6asoBomy cLeHapii HeobxiaHo Binobpa3nTy TeHAEHUIT pO3BUTKY LWOAO 30inbLUeHHSs
abo 3MeHLUEeHHS BMTPaT Ha BUMPOOHMLTBO Ta CNOXUBaHHS eHeprii. OCKinbKn BOHW I'PYH-
TYIOTbCSl Ha HM3Ui NPUNyLLEeHb, MOXHA BU3HA4YUTK pi3Hi TMMNoBi ©a3oBi cueHapii — onTu-
MICTUYHWIA, peaniCTUYHWUIA (cepegHin) i necumictnyHmi. Lli Tunu cueHapiie BignosigawTb
Pi3HUM MPOrHo3am y 3MiHax PiBHA CMOXMBaAHHS eHeprii (BUTpaT Ha eHeprito) Ha nepiog
peaniszauii NpoekTy.

[MporHodyBaHHA MOXe 30iMCHIOBATUChb 3a KiNbKICHUMK Ta gkicHUMU metopjamu. [o
AKICHUX Hanexarb:

— Memod KOnekmueHOI eKcriepmHoi ouiHku. Lleih MeToa I'pyHTYETbCS Ha ONUTYBaHHI

rpynu ekcnepTiB, YacTo B MOEOHAHHI 3i CTAaTUCTUYHUMU MOAENSIMU, pPe3ynsTaToMm
YOro € rpynoBa OLiHKa EKOHOMIYHUX ABWLL;

— memod nobydosu 6acamohakmopHUX Komr'romepHux modened. [esaki rpynwu
NOKAa3HUKIB MPOrHO3YyTb EKCNEPTHUM LUASXOM, iHLWI pO3paxoByOTb HA OCHOBI PO3-
paxyHKOBWUX AaHMX Ta eKCTpanonsuinHux Mmoaenewu;

— memod [enbghi. Llen iHTerpanbHWiA rpynoBuin Npouec Aae 3mory ekcrnepram, sKi
MOXYTb 3arMaTy pisHi No3uuii, po3pobnaTyn nporHo3n. MeToa 3aifcHETLCA 3a
KifibKa LMKMiB, MPOTArOM KOXHOTO 3 SIKMX MPOBOAUTBLCS ONUTYBAHHSA @HOHIMHUX €KC-
nepTiB, MO 3aBEPLLEHHI YOro iXHi BignoBigi TabynoTeesa | NOBepTalThes iM Ha3ag
i3 CTaTUCTUYHMM 3HAYEHHAM CEepPeaHbOro apudMETUYHOro Ta CTaHAApTHOro
BigxuneHHs. MNMpouec NOBTOPIOETLCS AeKiNbka pasiB, Nokn He Byae JOCATHYTO y3ro-
AXXEHOCTI, Wwo i Byae BMKOpUCTaHe SIK NPOrHo3.

Mig yac BMKOpPWUCTAHHS ONst NPOrHO3yBaHHS SIKICHUX METOAIB HEeOoOXiAHO peTernbHO

niginTn 4o nuTaHHs Jobopy ekcrnepTiB, OCKINbKM AyMKa ekcrnepTiB — AyMka cy6’ekTMBHa,
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i YM BinNbWIMMKN € AOCBIA | 3HAHHA eKCnepTiB Y NOTPIOHIN cdepi, TMM BULLMMU € LLaHCK,
Wo ix nporHo3 6yae AOCUTb TOYHMUM.

Llogo KinbKiCHUX MeTOAIB MPOrHO3yBaHHHA, TO MOXHA OOMEXWUTUCb HanbinbLl npo-
CTUMW: METOAOM 1pOCmoi cepedHbOi 3MIHHOI Ta MeTogoM rmobydosu niHii mpeHOy.

MobyaysBaBluM MporHo3 3a 6a3oBUM ClLeHapieM, HeobXigHO pPo3pobuTv NPOrHo3 3a
pesynbratamy peanisadii eHeproeekTMBHOro NpoekTy, abo 3a eHepaoeheKmuUeHUM cue-
Hapiem, KM BioOMBaTMME pesynbTaT 3HWXKEHHS BUTPaT Ha BUPOOHWMLTBO abo cnoxwu-
BaHHA eHeprii. [laHi Npo 3HWKEHHS CMOXMBAHHS ab0 3MEHLUEHHsI BUTpAT pPeCypcCiB Ha
BMPOGHMLTBO TEMNOBOI eHeprii OTPUMYIOTb 3a pe3ynbTaTaMy TEXHIYHOTO aHamnisy NpoekTy.

EkoHOMmiS BuTpaT Ha BMPOBHMUTBO abo CMOXMBAHHS €Heprii BU3Ha4YaTUMETbCH SK
pi3HMLUSA MK NporHo3amu 3a 6asoBUM i eHeproedekTMBHUM cueHapismun. Ha puc. 3.3
HaBedeHo npwvknag nobyaosu 6a3oBOi MiHiT i NiHiT eHeproeeKkTUBHOCTI.

pouwi

EkoHowmi:
nporpai

3.8uTpar, 1...6 pp.
eHepro3bepexeHHs

1pik 2 pik 3pik  4pk  5pik  6pik
/ 6asoBa niHia BUTpAT Ha onnaTy nocnyr TennonoctavYaHHA, TUC. TPH.

_—— TiHia BUTpPAT Ha onnarty nocnyr TensionocTa4aHHs 3a yMoBN BUKOHaHHS
nporpamu eHepro3bepexeHHs (NiHis eHeproeeKkTUBHOCTI), TUC. TPH.

PucyHok 3.3 — lNMopiBHAHHA 6a3oBoro Ta eHeproedeKTMBHOro cLeHapiiB
BUTpaT Ha onnarty eHeprii

Y peskux Bunagkax MOXHa BU3HAYUTU HU3bKE CMOXWMBAHHSA eHeprii, OCKINbKM npumi-
LLIEHHS B OKpeMUX OyaiBMnsix onantorTbCa HDKYE CaHIiTapHO-TIrNEHIYHMX HOPM NPOXUBAHHS.
MoxnuBi TakoXX BUNaAKU HEQOCTAaTHBOIO OCBITNIEHHS BYMMLb Ta rPOMaACbKUX MPUMILLEHb.
Y Takui cnoci® gocsaratoTb eKOHOMIT eHepril 3a paxyHOK 3HUXXEHHST SSIKOocmi nocriye.

HopwmanisosaHuti 6a3oeull cuyeHapil Bipobpaxae po3paxoBaHe (obGYMcrneHe) cnoxu-
BaHHS eHeprii, ke 3abe3ne4nTb HaNEeXHWN PiBEHb CaHITAPHO-TIMEHIYHNX YMOB MPOXU-
BaHHSA (Han4yacTile 3aCTOCOBYETLCA N1 OCBITNEHHS Ta OMareHHs).

HopmanisoBaHuin No4aTKoBWIA CTaH TakoX nepenbdavae:

— HOpManisoBaHui NOYaTKOBUI CTaH;

— HopmanisoBaHuin 6a3oBuIA cLEeHapil.

Hasegemo npuknag: Ha puc. 3.4. no3Ha4YeHo Ga3oBWIA CLEHapI eHepProCcnoXnBaHHS
BH3. lNpoTte B3nmKy B ayauTopiax i iHWMX MPUMILLEHHAX Temnepatypa 3Ha4dHO Hukya
3a Ty, WO pernamMeHToBaHa CaHiTapHo-TirieHiYHMMn Hopmamu. o6 nporpitn npumilleH-
HA 0O KOMAOPTHOI TemnepaTtypu, sika nepepbavaeTbCsi 3a pesynbratamu peanisauil
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eHeproedeKkTMBHOro NpoekTy, 6yno 6 NoTpibHO mMaTu BUTpaATK TENNOBOI €Heprii 3a Hop-
ManisoBaHUM clLeHapiemM. TakuM YMHOM, EKOHOMIS1 BiHOCHO HOPMarni3oBaHOro CLeHapito
ctaHoButMe 3a 2010...2012 pp. 6807 kan, a He 1919 [kan, NopiBHAHO 3 Ga3oBUM.
B pesynbrati npuBabnmBiCTb iHBECTULIAHOIO MPOEKTY 3HAYHO MiOBULLYETLCS.

7000

6090

5000 P N 5866 5786
5711
5582 5610
5000 ¥4900
/& 4007 4133 r —+— CroxXuBaHHs Tenmnosoi eHeprii (6asosuit
7 — 7
4000 o 4190 4079 cueHapin), Mkan.
/ 280 { ~—#— CoXwvBaHHs TENNoBOI eHeprii (HopmanizoBaHnit
3500 /3300 cueHapiit), Mkan.

3000 3200 —#— CrOXM1BaHHs TennoBsoi eHeprii (pesynstat

peanisaujii eHeproedekT1BHOro NpoekTy), Mkan.

2000

1000

2006 2007 2008 2009 2010 2011 2012
nporHos nporHos nporHos

PucyHok 3.4 — lNopiBHAHHA eKOHOMII Big peani3auii eHeproecdekTUBHOro
NpoeKkTy 3 6a30BMM Ta HOpManizoBaHUM cLEeHapissMu BignoBigHO
(ymOBHUMM npuknag)

@iHaHcosull aHari3 rnpoekmy 3 eHep2036epeXXeHHs.

lMoka3HUKM OUiHKM edEeKTUBHOCTI iHBECTULIMHUX NPOEKTiB B cdepi eHeproedekTns-
HOCTI, WO I'PYHTYIOTBCA Ha KOHLENLii YacoBOT BapTOCTi rpoLleit: OUCKOHTOBaHMI nepiog
okynHocTi (T, TC), unctun HaseaeHunn edekt (NPV) Ta BHYTPILLHIA KOeILiEHT OKynHOC-
Ti (IRR) po3paxoByTbCs NOAIOHO 40 3BMYAMHUX IHBECTULIIMHMX MPOEKTIB.

CyTb yCix MeTOoiB OUiHKM nondrae y Takii npocTin cxemi: NModaTtkosi iHBeCTUUIT nig
Yyac peanisauii NeBHOro NpPoekTy reHepyoTb rpowosun notik CF,, CF,, .., CF

IHBeCTUUiT BU3HAOTb €PEKTUBHUMM, SKLLIO LIEW NOTIK AOCTaTHIM ans

— MOBEPHEHHS MOYAaTKOBOI CyMU KamniTanbHWX BKNageHb;

— 3abesneyeHHs HeOOXiAHOT BigAaYi Ha BKNageHun kanitan.

[na po3paxyHKy nepLumx OBOX MOKa3HMKIB HEOOXiAHO cnoyaTky obumcnutu 6ap’epHy
CTaBKy, L0 BPaxOBYE PU3MKN MPOEKTY.

Eap’epHa cmaska — ue BigcoTKoBa cTaBka. BoHa Bu3Haydae Ty (biHaHCOBY Biggauvy,
SIKy kOMnaHig abo npuBaTHa ocoba 4ekae Big CBOIX iHBecTuUin. 3rigHO 3 ¢iHaHCOBO
Teopielo Biggaya, SKy 4Yekae bipma Big CBOET iHBECTUUIT, MICTUTb OBa KOMMOHEHTU —
8iflbHy 8i0 pU3UKy CmasKy i rornpasky Ha PU3UK.

[ns KomepuinHMX MpOeKTiB BifbHa Big4 PU3MKy CTaBka MOXe MNPUPIBHIOBATMCA A0
cepefHboi BigCOTKOBOI CTaBKM 3a OaHKiBCbKMMU Aeno3uTtamu. [Ons eHeproeeKkTUBHMX
MPOEKTIB, WO peanisytoTbCsa KOMyHanbHUMKU MignpuemMcTBamu abo/i micueBor Bragoto,
BPaxoBYOUN X coLianbHUI i eKonoriyHMin edoekT, BiflbHa Big pU3UKy CTaBka MOXe O0piB-
HoBaTU piBHIO iHnsAUiT nmoc 1...2 %. AKWO NpoeKkT po3pobrnstoTb Mg KOHKPETHOrO
iHBecTopa, MNOTPIOHO BMKOPWUCTOBYBATM Ti OUCKOHTHI CTaBKM, SIKi MPOMOHYE iHBECTOP.

n
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Hanpuknag, €B6PP ana npoekTiB po3BUTKY MICbKOT iH(ppaCTpyKTypu MPOMOHYBaB B SKOCTI
OVCKOHTHOI cTaBKku obnikoBy ctaBky HBY.

MonpaBka Ha pu3unK Bigobpaxae BiporigHICTb HENOBEPHEHHSA BKMageHNX KOLWTIB (Y1M
HW)KYa BipOrigHICTb, TUM HWXYe MonpaBKa) i MOXXe po3paxoByBaTUCSA Ha OCHOBI HaBefe-
HOT HWX4e Tabnuui.

Tabnuysi 3.6
OpieHTOBHa Benn4MHa NonpaBoOK Ha PU3MK HEOTPUMaHHsA nepeadaveHUx
NPoeKTOM NMpuUOYTKiB (€eKOHOMIN)

Benuuuna Xapakrepuctuka BenuuuHa
PU3NKY Ta NpUKNan NpoeKkTy nonpaBku, %
Hu3bkun LLIBMAKOOKYMHI HU3bKOBUTPATHI NMPOEKTU, L0 BUKOHYIOTbCS 6e3 3anyyeHHs 3...5
MO3MKOBWX KOLITIB. Hanpuknaz, BCTAHOBNEHHSA NOrO4HOrO perynsaropa B LWKOni
Cepepgnint | LLIBMOKOOKYNHI, ane BATpaTHi MPOEKTU, LLO BUKOHYIOTLCS 3 3ary4YeHHsIM No3u- 8...10

KoBUX KowTiB. CepeaHbOCTPOKOBI MPOEKTH, L0 BUKOHYIOTLCS 6e3 3anyyeHHs
MO3MKOBWX KOLUTIB. Hanpuknaz, npoekT aBToMaTn3aLlii pexvMiB 3ropsiHHS
nanvea B KOTnax

Bucokuin | CepedHbOCTPOKOBI BUTPATHI MPOEKTU, LLIO BUKOHYIOTbCS 3 3aIy4eHHSIM MO3WKO- 12...15
BMX KOLUTIB. [JOBrOCTPOKOBI NpoekTW. Hanpwvknaa, npoeKT NnpoBeaeHHs rmmbo-
KOI TepMOMOZEpHi3aLii KUTNOBOro 6GaratokBapTUPHOro ByaANHKY

Oyxe [loBrocTpoKkoBi BUTPaTHi MPOEKTH, LLIO BUKOHYIOTLCS 3 3alyYEHHSIM MO3MKOBUX 18...20
BUCOKUI KoWTiB. Hanprknag, 3amiHa TennoBux mepex

LHuckonmosaruti mepmiH okyrnHocmi (T, TC) — Lie NOKasHKK, Lo OLHIE XapaKTepHUi
Yyac iHBeCTuLii, a came: WO BU3Hayae, SK LWBMOKO iHBECTULINHI BUTpaTK ByayTb BidLIKO-
OOBaHi 3a paxyHOK npubyTKy (ekoHOMIT). [JUCKOHTOBaHWI MEPIoA OKYMHOCTI Aae MOXu-
BiCTb MpoBecTu rpyby OUiHKY MiKBIOHOCTI NPOEKTY i NPUBNM3HO OUHUTK pU3NnK. | HapeLwTi,
T, TC-iHOEKC € HaiiHimMM, HDK BHYTPILLHIN KoedilieHT okynHocTi (IRR), nokasHukom y
BMnagkax, Konv notpibHo 3pobuTy NOPIBHAMbHUIA aHani3 AOLiNbHOCTI iHBECTULLIN.

Po3paxoByeTbCsl QUCKOHTOBaHMI TEPMIH OKYMHOCTI 3a (bOpMyroto:

> | (3.12)

o

L CF
T,TC = n, npn ubomy z —
=1 (141)
ne
T, JC — ONCKOHTOBaHUI TEPMiH OKYMHOCTI;
n — 4Ynucno nepiogis;
CF, — rpowosui noTik y nepiop t;
r — 6ap’epHa cTaBka;
|, — BEnMYMHa NMoYaTKOBMX IHBECTULIA B HYNbOBUIA Nepioa.
Hucmul npusedeHuli ecpekm (Net Present Value, NPV) — cyma noTOYHOI BapTOCTi
YCiX CMPOrHO30BaHWX, 3 ypaxyBaHHAM Gap’€pHOi CTaBKu, rPOLLOBMX MOTOKIB.
Memod 4Yucmozo npusedeHozo egpekmy (NPV) nonsirae B HacCTYyMHOMY:
1.  BusHavaeTbca noTtouHa BapTicTb BUTpaT (I ), TOGTO BUPIWIYETLCA MNUTaHHS,
CKiNbKM iHBecTuUin Tpeba 3ape3epByBaTV AN NPOEKTY.
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2. Po3paxoByeTbCHA NOTOYHA BapTiCTb ManbYTHIX rPOLLOBUX HaOXOMKEHb Bif, MPOEKTY,
Ons Joro npubyTKkn (ekoHoMis1) 3a koxeH pik CF (kelu-cbnoy) 3BogsTbCcst O NOTOYHOI AaTw.

Pesynbratn pospaxyHkKiB nokasytoTb, CKiflbku KowTiB Tpeba 6yno 6 Bknactu 3apas
ONA OTPMMaHHSA 3anfnaHoBaHuX npubyTkiB, AkOW cTaBka npuOyTKiB AopiBHIOBana
Bap’epHin ctaBui.

MigcymyBaBlUM MNOTOMHY BapTiCTb NPUOYTKIB 3@ YCi POKW, OTPUMAEMO 3aranbHy
MOTOYHY BapTiCTb NpubyTKiB Big npoekty (PV):

PV:iPVt :ii- (3.13)

3. MoTo4Ha BapTiCThb iHBECTULINHUX BUTPAT (I ) MOPIBHIOETLCA 3 MOTOYHOK BaPTICTHO
npmnbyTkiB (PV). PisHMUS MK HUMM cKnagae YMCcTy MOTOYHY BapTicTb npubyTtkie (NPV):

NPV =PV - 1. (3.14)

NPV nokasye uncTi npubyTkn abo 4mcTi 36MTKM iHBECTopa Bif iHBECTYBaHHS B MpO-
eKT MOpPIBHSAHO 3 ypaxyBaHHsM Gap’epHoi cTtaBku. Akwo NPV > 0, To MoxHa BBaxaTw,
LLO iHBECTUUINHMIA NpoekT noTpidHo peanizoByBatu. Mpn NPV < 0 npnbyTkn (ekoHOMIS)
BiJ 3anponoHOBaHOI iHBECTULii He4OCTaTHbO BMCOKI, LWOO KOMMEHCYBaTU pu3uMK, Bnac-
TMBWIA LUbOMY MPOEKTY, i iHBeCTuUiiHa npono3uuis mae OyTu BigxuneHa.

Brympiwnili  koegiyieHm okynHocmi (Internal Rate of Return - IRR) -
ue Ta Hopma npubyTKy, 3a SIKOi YMCTa MOTOYHA BapPTICTb iHBECTUUIT AOPIBHIOE HYMO,
abo ue Ta cTaBKa OUCKOHTY, 3a sIKOT QUCKOHTOBaHI NpubyTKM Bif NPOEKTY OOPIBHIOKTb
iHBECTULINHUM BuTpaTaM. BHyTpiwHS HopMa npubyTKOBOCTI BU3HA4Yae MakCUMarbHO
NPUAHATHY CTaBKy AWCKOHTY, 3a SIKOK MOXHa iHBeCcTyBaTu KowTu 6e3 sakux-Hebyab
BTpaT Ans BnacHuka.

IRR =r, 3a akoro NPV = f(r) = 0.

Ii 3HaYeHHs 3HaxoaATb 3 TAKOrO PIBHAHHS:

n
NPV(IRR) =
; (1+IRR)' 4% (1+IRR)!

ae

n — cymapHe 4mucno nepiogie (iHTepsanis, kpokie) t = 0, 1, 2, .., n;

CF, — rpolwwoBuin noTik B nepioA t;

|, — cyma iHBecTuUin (BUTpaTtK) B t-My nepioai.

EKOHOMIYHMI CeHC LbOro nokasHuka nonsrae B TOMY, WO BiH BU3Ha4yae O4ikyBaHy
HOpMy npuUBYTKOBOCTI (peHTabenbHICTb iHBeCTUuin) abo MakcuManbHO AOMYCTUMUN
piBEHb IHBECTULINHNX BUTPAT B OLHIOBAHWUIA MPOEKT.
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Po3pobka neperiky «M’sikux» 3axodie.

MpoekTn B cdepi eHepros3depexeHHss MOXHa MNoA4INUTM Ha Tak 3BaHi «M’sKi»
Ta «KOPCTKi».

«KOpCTKi» NpoeKkTV CNpsiMOBaHi Ha 3HWKEHHSI EHEeProcrnoXnBaHHA abo MigBULLEHHS
edekTUBHOCTI BMPOBHMLTBa TENNOBOI Ta enekTpu4Hoi eHeprii. Mpuknagom Takux npo-
€KTiB MOXe OyTh MpPOEKT CKOPOYEHHSI BUTPAT ENeKTPUYHOI eHeprii MepexxeBMMIU Haco-
caMu Ha nianpueMcTBi TennonocTayaHHs abo NpoekT TennoBol peHoBauii Oyaieni.

«M’siKi» MpOEKTM cnpsiMOBaHi Ha CTBOPEHHS YMOB 41151 peanidauii npoekTiB y cdepi
eHepro3bepexeHHs abo Ha nigBuLLEHHS eddeKTUBHOCTI TX peanisauii. Taki npoekTn He
MalTb 3HA4YHOrO edeKkTy Yy rpoOLLIOBOMY BMpPaXeHHi, ane 6e3 HMx po3pobka i peanisa-
Ui MyHiUMNaneHOro €HepreTUYHOro MnaHy He € MOXMMBUMU. [Mpuknagamm <M’ sKUX»
NPOEeKTIB € Taki:

*  MOLWMPEHHS iHdopMaLil Npo BNIIMB eHepro30epexxeHHs Ha eKomorito, 3MEHLUEH-

HSA BUTPAT Ha ONnaTty KOMyHarnbHUX MOCMYr TOLLO;

*  NpoBeAEeHHH eHepreTUYHUX ayauTiB;

* pospobka npoekTiB peHoBaLii OyaiBenb HaBYanbHUX KOPNYCiB Ta rypTOXUTKIB;

e opraHisauia Ta/abo onTumisauiss poboTn eHepromeHegkmeHTy BH3;

*  30iNCHEHHs iHdopMaUuinHOT kamnaHii Woao xody Ta pesynbrartiB peanisadii

nporpamu eHeprosdepexeHHs B BH3 Towo.

[Ona cucrtematmsauii «M'SKMX» 3axofiB MPOMOHYETLCA MOoAaHa Hux4Ye Tabnuus.

Tabnuys 3.7
CucrtemaTtumsauif «M’iKMxX» 3axogiB y pamMKax nporpamm
«EHeproecheKkTUBHI yHiBepcUTETCbKi MicTeuka»
«M AKUM> MerTa umbOB? BukoHaBui Pecypcu Ecpext
3axig ayauTopis
Cknapnitb BusHaute meTy peanisauii | BusHauTe, Ha BusHaute BusHaute BusHauTe,
nepenik LbOro «M’SIKOro» 3axoay KOro B nepuy nepenik knio- | nepenik AKUN edpexT
«M’SIKUX» (MeTa noBMHHa OYTW KOH- |4epry BNAMBaTU- | 4YOBWX BUKO- | NOTPIOHUX | Mae ByTu
NpoeKTiB KpeTHolo, Ba)xxaHO Takok, |Me uen «M'sikuily | HaBLiB pecypcis OOCSITHYTO
o obuncnoeTbCs) 3axig (BMxoasum 3 (rpowwoBux | peanisauieto
MeTH) Ta YacoBMX) | LIbOro 3axoay

lpowoBi pecypcn NOTpiGHO NnaHyBaTh HaA OCHOBI CKNadaHHs BignoBigHWX 6ro0xemis.
YacoBi — BukopucToBytoun diagpamu aHma i onepauinHi MmoxnmeocTi Microsoft Project
2007 abo aHanoriyHuMx nporpamHuMx NpogykTiB. [padikum aHTa € BUAMMOK (HAaO4HOHD)
[O0MOMOTO, fIka KOpUCHa Mif Yac CKnagaHHs nnaHiB pobiT. [iarpama MNaHTa ymMoXnuBoe
ONTUMI3yBaTK Yac BUKOHAHHSI POBIT, KiNbKIiCTb 3adisHUX BMKOHABLIB i pecypciB TOLLO.

3apgavi 3 MeTogu4yHMMM BKasiBKaMU Ta PO3B’A3aHHAM.
3apgava 13. BusHaunMTn eekTUBHICTb 3aMiHX 3BMYAMHOI NaMnu po3KapltoBaHHSA Ha

eHepro3bepiranbHy. MoTyxHiCTb namnu po3sxaptoBaHHss — 100 BT, noTyXHiCTb eHepros-
OepiranbHOi namnu, ekBiBaneHTHOT 3a CBiTNoBoto Bigaadeto, — 20 BT. CepeaHin TepMmiH
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cnyx6u namnu posxaptoBaHHs — 750 roanH po6oTu, eHeprodbepiransHoi — 6000 roguH
poboTn. BapTicTb namnu poaxaptoBaHHs — 2,00 rpH, eHeprosbepiransHoi — 30,00 rpH.
CTaHOapTHUA pexum ropiHHA — 3 roauMHM Ha [oby. Tapud Ha enekTpoeHeprilo —
0,60 rpH / kBT - rog.

MemoduyHi eka3sieku 00 po3e’si3aHHs1 3adavi.

1. Y paHomy Bunagky iHBecTuuii (I) BM3HAYalTbCS CYMOIO BUTPAaT Ha 34IMCHEHHS
eHeprosbepiranbHOro 3axody, ToO6TO BuTpatamMu Ha npuadaHHs eHepro3bepiranbHOT
namnu. Lito cyMy MOXHa 3MEHLMTU Ha BapTICTb 3aMiHEHOI Namnu po3XaprloBaHHS, sika
MOXe OyTW BMKOpPUCTaHa ANSA OCBITNIEHHS iHLIMX NPUMILLEHb.

2. EkoHowmis enekTpoeHeprii B pesynbraTi peanisauii eHeprosbepiranbHOro 3axogy
PO3paxoOBYETLCA K Pi3HULA MK CMOXUBAHHAM €feKTPOoeHeprii TaMnolo po3xXaptoBaHHS
i eHepros3bepiranbHO NTaMMNo 3a TEPMIH CNyXOM OCTaHHbLOI:

Een. = (Wn.p. - Wea.) T

en. es.’

ne
E., — eKoHOMisi eneKkTpu4Hoi eHeprii, KBT - rog;
W, p. — NOTYXHICTb namnu podxaptoBarHs (0,1 kBT);

W,, — noTyxHicTb eHeprosbepiransHoi namnu (0,02 kBT);

T, — TepmiH cnyx6u eHeprosbepiranbHoi namnu (6000 ron).

EkoHomilo enekTpoeHeprii B pesynetaTti peanisauii eHeprosbepiranbHOro 3axogy B
rPOLLUOBOMY BMpPaXXEHHi PO3paxoByloTb AK AOOYTOK €KOHOMIT B HaTypanbHOMY BMpPaXeH-
Hi Ha Tapud Ha enekTPUYHY eHeprito.

MMig Yac po3paxyHKy edeKTMBHOCTI eHepro3bepirarbHOro NPoeKkTy HeobxigHO He 3aby-
TN BATPATW Ha 3aMiHy flamn po3XapltoBaHHS, WO Neperopiny ynpoaoBX TePMiHY Cryxou
eHepro3depiranbHOi Nnamnu, siki Manu 6 micue, Skbu NpoekT He OyB pearnisoBaHWiA:

Eyos = Too Pro /T

3am. es. n.p. n.p.’

e

E,, — €KOHOMISl BUTPAT Ha 3aMiHy namn po3XaploBaHHS, MpH;
Tn.p_ — TepMiH cnyXbu namnu po3xaproBaHHS, rof;

T,, — TEPMiH cryx6u eHeprosbepiranbHoOi namnu, rof;

P p. — UiHa namnu po3xaptoBaHHs, rpH.

Takum 4YMHOM, eKOHOMisi BUTpAT Yy pe3ynbraTi peanisauii eHepro3bepiranbHOro npo-
KTy [OpPIBHIOE CYMi €KOHOMIT BUTpaT Ha erekTPUYHY EeHeprilo Ta eKOHOMIT BMTpaT Ha
3aMiHy namn po3KaplBaHHS.

3. TepMiH OKYMHOCTI MPOEKTY PO3PaxOBYETLCSA K Yac, 3a SKUN EKOHOMIS Bif 3HWXKEH-
HS BUTPaT Ha BMPOOHMLTBO ab0 CNOXMBaHHA eHeprii JOpPiBHIOBATMME CyMi iHBECTULN,
HeoOXiaHMX AN peanisauii NpoekTy:

T,=1/E,



36 EHEPIrO3BEPEXEHHA B YHIBEPCUTETCBbKUX MICTEYKAX

e

T, — nepio NOBEPHEHHS KOLLTIB, POKW,

| — cyma iHBEeCTUUIN 32 NPOEKTOM, IpPH;

Ep — piYHa eKOHOMiIs1 3@ MPOEKTOM, TpH / pik.

4. EKOHOMIitO piYHY PO3paxoBYOTb K CyMy €KOHOMIi BUTPAT Ha eneKTPUYHY eHEeprito
i eKOHOMIi BATpAT Ha 3aMiHy flamMn po3XaploBaHHA 3a pik (30OYTOK Yacy ropiHHsi B A€Hb
— 3 ropg Ha 365 fgHi.).

5. AKWO TepMiH OKYMHOCTI BMXOAUTb 3HAYHO MEHLUE POKY, TO MOro MOXHa BM3Ha-
4yaTu B Micsiusax (MOMHOXWUTU Ha 12) abo OHAX (MOMHOXUTKM Ha 365).

6. Micnsa 3piicHeHHs BCiX po3paxyHKiB HEOOXiAHO 3pobuTN BUCHOBKM.

3apgaua 14. BukoHaliTe paHXMpyBaHHA HaBedeHUX eHeproedekTUBHUX 3axodiB 3a
KpUTEpPISIMU IHBECTULIMHNX BUTPAT, OOCArHYTMX pesynstaTtiB (eKOHOMIT), nepiody OKyn-
HOCTi, CMHTETUYHOMY KpuTepito. Po3pobiTb Ha nigctaBi NPOBEAEHOrO PaHXUPYBaHHS
nporpamy iHBeCTyBaHHS eHeprosbepiranbHUX 3axOAiB, WO BpaxOBYE MPIOPUTETHICTb
NPOEKTIB, 3 LWopiYHUM BrogkeTom 270 TUC. rpH. 3pobiTb BUCHOBKM.

Tabnuys 3.8
Mepenik eHepros6epirarnbHMX 3axo4iB MO IyPTOXUTKY

Yucra ekoHoMmisA
. IHBecTuuii kBT - OKynHicTb
EHeproecheKkTUBHI 3axoam [rpH] [ro.ql [rpw / [poku]
piK] pik]

" Bnposa,u,)KeHH_ﬂ CUCTEMU EHEPrETUYHOTO MEHEMKMEHTY 6.600 32508 4791 1.4
Ta EHEepProMOHITOPUHTY

Y 3amiHa namn PO3XKapIOBAHHA Ha CXO0BUX KNiTUHAX Ta 810 5296 1301 0.6
B KOpuaopax Ha KOMMaKTHi fOMiHiCLIeHTHi

3 Tennoizonsuis TpybonpoBoziB Ta 3anipHoi apmaTypu 20.000 20.707 4580 44
CUCTEMU ONarieHHs Ta rapsivyoro BOAONOCTa4YaHHs

4 BanaHcyBaHHS cucTemu onaneHHs 6y,u,|B_n| LLISIXOM 24.000 62.121 6.741 3.6
BCTaHOBIEHHS 6anaHcyBarnbHNX knanatis

5 Bnp_osap,)KeHHﬂ CHCTEMM aBTOMATUYHOTO KOHTPOIIO 13.500 10213 2508 5.4
OCBIT/IEHHSI HA CXOAOBUX KMiTMHAX Ta Kopuaopax

6. Mo,qepH|_3au|ﬂ_CMCTeMV| onaneHHst 6yaieni 3i BCTaHOB- 80.000 63.676 | 11.685 6.8
neHHsM iHauBigyanbHoro Tennosoro nyHkTy (ITM)
YTenneHHs 30BHiLLHIX CTiH 108.000 60.988 13.491 8,0
YTenneHHs gaxy 321.500 123.884 | 27.403 11,7
3amiHa BiTpaxiB Ha CXOOO0BUX KMITUHAX 210.400 49.509 10.951 19,2

10. | 3amiHa gepeB’siHNX BiKOH HA METanonnacTuKoBi 509.600 99.555 | 22.022 23,1

Bcboro no Bcix 3axoaax 1294.410 | 528.457 | 105.473 12,3

MemoduyHi eka3sieku 00 po3e’si3aHHs1 3adavi.
1. Bubip npiopuTeTiB 34INCHIOETBECA HA OCHOBI KOMMMEKCY nonepeaHb0 MPUAHATUX
KpuTepiiB i 3 4OTPMMaHHSM MeBHUX OOMEeXeHb.
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2. lMepwwni 3anNponOHOBaHMIN KpUTeEpin — cyma HeobxigHux Ansa peanisauii 3axogy
iHBeCTMUIA. Ynm gelleBWMIA 3annaHOBaHUIA eHeproedekTUBHUI 3axid, TuM Oinblue
pi3HMX eHeprosbepiranbHUX MPOEKTIB MOXHA 34INCHUTM 3a paxyHOK OBMexeHuX
diHaHcoBUX pecypciB. BigcopTynTte 3anponoHoBaHi NPOEKTUN 3a KpUTepieM MiHimizauii
iHBEeCTULINHUX BUTPAT (1 Micue NpoekTy 3 MiHiManbHUMW iHBECTULIMHUMUK BUTPaTamMMu,
nani 3a 3poCTaHHAM).

3. dpyrun 3anponoHOBaHWUM KPUTEPIN — JOCATHYTI pe3dynbratn. YuM BOHM iCTOTHiILLI,
TMM, BIiONOBIOHO, MPOEKT npuBabnuBiwmi. BigcopTynTe 3anponoHOBaHi MPOEKTM 3a
KpuTepieM Makcumisauii oCArHyToi eKoHomii (1 Micue NpoekTy 3 MakCUMarbHOK eKo-
HOMIi€l0, fani 3a 3HWKeHHsIM). [opiBHANTE ABi 3anOBHEHi Tabnuu,.

4. TpeTih 3anponoHOBaHWI KPUTEpPIN — nepiog OKYMHOCTI eHepro3depiranbHOro
3axogy. YUum BiH MeHWW, TUM LWBKALWE 3aollafpKeHi rpowi MOXHa crnpsmyBaTy Ha
HOBi eHepro3bepiranbHi NpoekTn. BigcopTyiTe 3anponoHOBaHi NPOEKTU 3a KPUTEPIEM
MiHimMi3auii nepiogy okynHocTi (1 micue NpoekTy 3 MiHiManbHMM NepiogoM OKYMHOCTI,
Aani 3a 3poctaHHsaM). [NopiBHANWTE Tpu 3anoBHeHi Tabnuui. 3pobiTe nonepeaHi BUCHO-
BKM MpPO MpIOpUTETU Y BMKOHAHHI eHeprosbepiranbHUX NPOEKTIB.

5. PospaxyiTe CUHTETMYHUI KpUTEpPIN NpPiOpUTETHOCTI npoekTiB. Hanpuknag, ue
MOXHa 3pobuTM Takum 4YmHOM. [lpucBOMTE B YCiX TPbOX PO3paxyHKOBUX Tabnmuax
OUiHOYHMI Gan KOXHOMY MNPOEeKTy 3a HaBegeHok wkanotw: 1 micue — 10 6anis,
10 micue — 1 6an.

6. lMNMigcymyiite ouiHOYHI Ganm Mo ycCix TPpbOX TabnMuUsaX ONs KOXHOro eHeprosodepi-
ranbHOro 3axopy. 34INCHITb paHXupyBaHHSA NpoekTiB (1 MicLue NpoekTy 3 Makcumarnb-
HOlO cymoto GaniB, gani 3a 3HWKeHHAM). OpgepkaHa YeproBiCTb BU3HAYaE MpiOpUTET-
HIiCTb eHeprosbepiranbHKX 3axofiB 3a yciMa TpboMa KpUTEPiIIMUA Ta € ONTMMAarbHO.

7. 3pobiTb BUCHOBKM.

8. Po3po6iTb nporpamMy iHBECTyBaHHSA LUX NPOEKTIB HA OCHOBi HassBHUX (hiHAHCO-
BUX obmexeHb. CknagiTe rpadik iHBeCTyBaHHA eHeprosbepiranbHuX 3axogis.

3apava 15. IcHye Taka iHpopmauis npo eHeproedeKkTMBHUI NPoeKT (aue. Tabn. 3.9):

Tabnuusi 3.9
IHhbopmauia npo eHeproeteKTUBHUA NPOEKT

CymapHi iHBecTuLii 3a NpoeKkToMm |, TUC. rpH 11680
[OpM3OHT MNaHyBaHHS, POKU 10

CraBka AnCckoHTyBaHHs (6ap’epHa), % 15

3aranbHa ekoHOMist BUTpaT 3a NepLunii pik, TUC. rPH 1249
3aranbHa ekoHOMis BUTpaT 3a ApYrui pik, TUC. TPH 3747
3aranbHa eKOHOMIst BUTPAaT 3a KOXEH HaCTYMHWUIA Pik, TUC. IPH 4996

PospaxyiTe nokasHUKM OLiHKN e(PeKTUBHOCTI iHBECTULIMHMX MPOEKTIB Yy cdepi eHep-
roeekTUBHOCTI, O I'PYHTYETLCSA Ha KOHUEMNUil YacoBOi BapTOCTi rpoLlen:

— [AuckoHToBaHuMi nepioa okynHocTi (T, TC);

— yuctun npusegeHun edekt (NPV);

— BHYTPILWHIN koediuieHT okynHocTi (IRR).
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Po3e’sizaHHs.
1. Po3paxyemo OVMCKOHTOBaHWUIA nepiod OKymnHocTi. Po3paxyHok HaBeadeHo B Tabn. 3.10.

Tabnuyst 3.10
Po3paxyHOK ANCKOHTOBAHOro TePMiHYy OKYMHOCTI
iHBeCTULIINHOIrO MPOEKTY

Pik 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
t-koediLlieHT 0 1 2 3 4 5 6 7 8 9 10
lpoLuoBi NOTOKK
CFt, TuC. rpH -11680 | 1249 | 3747 | 4996 | 4996 | 4996 | 4996 | 4996 | 4996 | 4996 | 4996
(1+n)t 1,23 1,51 | 1,86 | 2,29 | 2,82 | 346 | 426 | 524 | 6,44 | 7,93
[MCKOHTOBaHUI
CFt, TuC. rpH -11680 | 1015 | 2477 | 2685 | 2183 | 1775 | 1443 | 1173 | 954 | 775 | 630
[OuckoHToBaHuit | -11680 | -10665 | -8188 | -5503 | -3320 | -1546 | -103 | 1070 | 2024 | 2799 | 3429
CFt (akym.),
TUC. TPH

Y 2017 p. auckoHToBaHuin CF, (aKym.) carae Mos3MTUMBHOMO 3HAYEHHS, OTXEe OWUCKOH-
TOBaHWA TEPMiH OKYMHOCTi iHBECTULINHOMO MpOeKTy nexXxuTb B iHTepBani Mix
6 Ta 7 pokamu. FKLWO NpuNycTUTK, WO eKOHOMIA Bif peanisauii npoekTy BiabyBaeTbCcs
PiIBHOMIpHO YNPOAOBX YCbOrO POKY, TO AUCKOHTOBaHUN TEPMiIH OKYMHOCTI IHBECTULIHOIO
NPOEKTYy MOXHa oB4YnCcnnTM ToYHO — 6,1 p.

Pesynbratn po3paxyHky BigobpaxeHo Ha puc. 3.5 Ta 3.6.
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PucyHok 3.5 — OujiHKa OKynHOCTi NpoekTy 6e3 ypaxyBaHHSA
YacoBOi BapTOCTi rpoLuen
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PucyHok 3.6 — Po3paxyHOK AUCKOHTOBAHOIro TepMiHy OKYMHOCTI
iHBECTULIINHOIO MPOEKTY

2. Po3spaxyemo u4nicTuii npuBeaeHuin edekt. PospaxyHok nogaHo B 1abn. 3.11, ska €
npogoBxeHHsm Tabn. 3.10.

Tabnuuysi 3.11
Po3paxyHok uucTtoro npuBegeHoro ecekrty iHBecTULiNHOro
npoekTy Ha 2011-2020 pp.

Pik 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

[ncKOHTOBaHMIN
CFt, Tuc. rpH

3aranbHa
NnoToYHa Bap-
TiCTb €KOHOMIT 1015 | 3492 | 6177 | 8360 | 10134 | 11577 | 12750 | 13704 | 14479 | 15109
BifJ MPOeKTy
(PV)

Yucra notoyHa
BapTicTb (NPV)

-11680 | 1015 | 2477 | 2685 | 2183 | 1775 | 1443 | 1173 954 775 630

-10665 | -8188 | -5503 | -3320 | -1546 | -103 | 1070 | 2024 | 2799 | 3429

PospaxyHok BusiBuB, wWo 3a nepiog 2011...2020 pp. NPV noBuHeH cknactu
3429 1uc. rpH. Omxe, NPV > 0 Ta MOXHa BBa)aTW, O iHBECTULIAHUIA NPOEKT NOTPiOHO
peani3oByBaTMu.

Pesynktat po3paxyHky BigobOpaxeHo Ha puc. 3.7.
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PucyHok 3.7 — Po3paxyHOK 4YMCTOI NOTOYHOI BapTOCTi iHBeCTULiMHOro
npoekTy Ha 2011...2020 pp.

3. Pospaxyemo BHyTpiWHin koediuieHT okynHocTi (IRR). BHyTpiwHin koediuieHT
OKYMHOCTi BPYYHY PO3paxoBYETbCA AOCUTb CKIMaZHO, MPOCTILLEe CKopucTatuca nporpam-
HUM npoayktom MS Excel, skuin nponoHye cneuianbHy OopMyny Ans po3paxyHKy, ska
Tak i HasmBaeTbes — IRR (y pocincekin Bepcii — BCL).

Onsa wHaworo npoekty nokasHuk |IRR ©yno pospaxoBaHo y po3smipi 30 %.
Lle gpocutb Bucokuin nokasHuk IRR, ana 3su4amHmx iHBECTULIMHUX NPOEKTIB BiH MOBU-
HeH nepeBuwyBatn 15 % (po3mip Gap’epHOi cTaBku). Takuin pesynbraT CBIgYUTbL NPO
BMCOKY iHBECTULiHY NPUBaONMBICTb A4AHOIO NMPOEKTY.

3apavi ona camMocTiMHOro po3B’si3aHHA.

3apgaua 16. Ha nigctaBi MpoOBEAEHMX EHEepreTUYHUX ayauTiB 3a Y3ropKEHHSAM 3
BMKIajayeM BuU3Ha4Te nepenik eHeprosbepiranbHUX 3ax0AiB CTOCOBHO HaBYanbHUX KOp-
nyciB, rypTOXMWTKIB, CTYQEHTCbKOro MicTeuka B Linomy. Po3paxynTe HeoOXigHy cymy
iHBECTML Ha BMKOHaHHSI eHepro3bepiranbHMX MPOEKTIB, NporpamMy eHepro3tepexeHHs
B Uinomy. Po3paxyiiTe eKOHOMItO TEMMOBOI i eNeKTPUYHOT eHeprii B pe3ynbraTi peanisa-
Lii NpoeKTiB, EKOHOMIt0 BUTpAaT Y rPOLLIOBOMY ekBiBaneHTi. Po3paxynte TepMiH OKynHOC-
Ti ONa KOXXHOro npoekTy. 3pobiTb BUCHOBKM MPO AOUINBHICTb BUKOHAHHSA 3anpornoHoBa-
HUX eHeproeekTUBHUX 3axopniB.

3apayva 17. CTpykTypyiTe npoekTu i3 3agadvi 16 3a tabn. 3.5. MNpoaHanisyiTe 3ano-
BHeHy Tabnuuto. MpoBeaiTb paHXnpyBaHHS NPIOPUTETHOCTI NPOEKTIB Ha MigcTasi 3anpo-
MOHOBAHOTO CUMHTETUYHOIO KPUTEPItO.
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3apaua 18. Pospaxyiite iHBECTULiiHY NporpamMy LWOAO eHepro3depexeHHs, BUxXoas-
4yn 3 peanbHux moxnmeocTer BH3, nobyayite rpadik iHBecTyBaHHA eHeprosbepiranb-
HUX 3axofiB 3rigHo 3 puc. 3.2.

3apayva 19. BusHauTe MOXNMBUX No3uYanbHWUKIB ANS (PiHAHCYBaHHS iHBECTULINHOT
nporpamu, po3pobrneHoi B 3agadi 18. [Ina cepeqHbOCTPOKOBUX MPOEKTIB, WO nepenba-
YalTb 3aryyYeHHa MO3MKOBUX KOLUTIB, PO3paxymTe MOKa3HUKM OUiHKM edeKTUBHOCTI
iHBECTULIMHMX NPOEKTIB ¥ cdepi eHeproeeKTUBHOCTI, WO IPYHTYHOTbCA Ha KOHUenuil
4YacoBOi BapTOCTi rpoLlei:

— [AMCKoHTOBaHWi nepiop okynHocri (T, TC);

— yuctun npusegeHun ecpekt (NPV);

— BHYTPILWHIN KoediuieHT okynHocTi (IRR).

BukoHanTe paHXunpyBaHHS NMPOEKTIB LWLOAO0 iIHBECTULIAHOT NpMBabnnBOCTI.

3apayva 20. Po3pobitb ans Baworo BH3 nepenik «m’siknx» 3axopiB y cdepi eHep-
rosbepexeHHst i CTpykTypynte ix y Tabnmuto 3.7. Cknapgitb BignoBigHi Gromketn Oo
onuncaHux y Tabnumui noTpidbHuX rpowoBux pecypciB. CnnaHynTe BUKOPUCTAHHSA YacCOBMX
pecypciB, BUKOPUCTOBYIOUM fiarpamu [aHTa i onepauiiHi moxnumeocTi Microsoft Project
2007 abo aHamnoriYyHMx NporpaMHuX MPOAYKTIB.

MoTteHuian eHepro3tepexeHHA B KOMyHasrbHi TennoeHepreTui
3apgadi 3 po3B’si3aHHSAM.

3apava 21. BuKoHaTU OUiHKY CepegHbOCTaTUCTUYHUX BTpaT TEnsioTU Bid KOTEMbHi
[0 CnoXuBadviB HasiBHOI CUCTEMU LEHTPani3oBaHOro TennonocTayaHHs HaBYarbHOro
Koprnycy nboTHOI akagemii y M. Kiposorpagi. BusHaunt opieHTOBHY MOTYXHICTb Axepe-
na TennoTu, AKWO po3paxyHkoBa noTpeba y TennoTi Ansg CUCTEM OnaneHHs HaBvarb-
Horo kopnycy craHosuTb Q,, = 950 kBT. Brpatamu y cnoxusada 3HexTyBaTn. OLiHWUTK
noTeHuian eHepro3bepexeHHs Npu BNpoBaaXeHHi eHeprosbepiranbHux 3axogis. B ocHo-
BY pO3paxyHKy MOKNacTu CepefHin HasaBHUA B YKpaiHi piBeHb eHeproeeKTUBHOCTI.
TemnepaTypy NoBiTPS y NpUMILLEHHSX NpuitHaTh t, = 18 °C.

Po3e’sizaHHs.

1. BusHaunmo 3a gaHvmum T1abn. 3.1 ycepegHeHy BENWYUHY 3ararnbHUX BTpaT TEMoTu
Ha Wnsaxy Big AXepena TennoTn 4o cnoxuBada y % noTeHuiany nanuea. BoHa cTaHOBUTb
Ags = 28...32 %, npunmaemo 30 %.

2. 3anuwemo BENUYMHY PO3paxyHKOBOI MOTPeOU y TENNOTi Ha onaneHHs, Ky Heoo-
XigHO 3abesneunTn Ha Bxodi Ao Oyaieni, Yepes 3aranbHi BTpATX TEMIOTU Ha LWASXY 40
crnoxusada Aqs i TENMoBy MOTYXHICTb [pKepena TennoTu:

Q. =Q, =Q,-Q, Aqg;, (3.16)
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ne

Q,, — pospaxyHkoBa notpeba y TennoTi Ha onaneHHs B yMOBaXx BiACYTHOCTi BTpar
TENNOTU Y cnoxusaya, KBT;

Q,, — Tennoswui noTeHuian nanuea, abo Tennosa MOTYXHICTb AXepena Tennotu, KBT;

AqQs — y3aranbHeHi BTpaTK TENNOTK Bif [Xepena TennoTu [0 CroXusadya, YacT. of.

I3 (3.16) MOXHa OTpMMaTK 3anexHiCTb AN BU3HAYEHHS HEOOXigHOT TenmnoBoi NoTyX-
HOCTI 32 NPUNHATUX BTPAT TEMNNOTHU:

Q, =Q,, / (1- Ags) = 950 / (1 - 0,3) = 1357 KBT.

3. CepepnHin noteHuian eHepro3depexeHHs 1 ouiHeTbes 3rigHo 3 puc. 3.5 i
3.6 nocibHuka go M = 12 % eHepreTYHOro noTeHuiany nanuea.

4. [Ina BM3HA4YeHHs PiYHOT eKOHOMIT TennoTu i nanuea y pasi peanisauii Bka3aHOro
noTeHUiany eHepro3depeXeHHs BU3HAYMMO CepeaHo 3a onartoBarnbHUiA nepioq notpeby
OygiBni y TennoTi gns onaneHHs. Ons uboro HeoOXigHO BU3HAYUTMChL BI4MOBIOHO 4O
Tabnuui (gogatok A) 3 xapaktepucTukamu knimaty ana m. Kiposorpaga:

— po3paxyHKoBa TemmnepaTypa 30BHIWUHbOrO MOBITPS ANs CUCTEM ONaseHHs

t, = -22 0C;

— cepenHs Temnepartypa onantoBansbHoro nepiogy tcep_ =-0,7 °C;

— TpuBanicTk onantosansHoro nepiogy n,, = 175 gi6.

CepegHs 3a onantoBanbHWIN Nepiog notpeba y TenmnoTi AN onaneHHs BU3HAYaeTbCs
BigNoBigHO 00 3anexHocTi (3.17):

Q. %P = Q,, - [(t, - tcep_) [ (ty = t)], kB, (3.17)

e

Q. — PO3paxyHKOBi rOAMHHI BUTPATW TEMMOTU Ha onaneHHs, KBT;

teep, b3 — AifcHa cepedHsa 3a onantoBanbHUI Nepiog Temnepatypa 30BHILLIHBOMO NOBi-
Tpsa, 9C i pospaxyHKOBa AN CUCTEM OManeHHs Temneparypa 30BHilLHLOro nositps, °C,
BiANOBIOHO.

Qon'cep. =950 - [(18 + 0,7) / (18 + 22)] = 444 kBr.

BusHaveHHs1 piYHMX BUTPAT TEMMOTK Ha NOTpebu onaneHHs BUKOHAEMO 3a 3aneXxHiCTo
(3.18) 3a BigOMWMK BeENMMYMHAMK CEPEAHbOTOAVHHUX 3a OmnasntoBasribHWIA Nepiog BUTpaT
TEeNnoTn Ha onaneHHa QP Ta TpUBanocTi onantoBarnbHoro nepiogy ng, :

kkan; kx; kBt - rog, ( 3.18)

— cep. .
QpiK - Qon. P Non.s
ne
Q,, %P — cepefHi 3a onaniosarbHWA Nepiof BUTPaTV TEMNOTU Ha onaneHHs Kkan / rof,

k[>x / roa, kBT;

Ny, — TPMBANICTb onanioBanbHOro nepiogy, roa.

QpiK =444 - 175 -24 = 1864800 kBt - rog = 1864,8 MBT - rog = 1603,7 lkan.
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PiyHy KinbkicTb TennoTtu, siky HeobxigHO nigBecTn OO AXepena TennoTu y Burmagi
TENnsoBOro NoTeHUiany nanvea BU3HAYalOTb 3 ypaxyBaHHAM HasiBHWX BTpaT TEMOTU Ha
wnaxy go cnoxusava: QP = 1864,8 / (1 - 0,3) = 2664,0 MBT - rog.

PiyHy ekoHoMmilo TennoTu y pasi peanizauii noTeHuUiany eHepro3bepexeHHs Bu3Ha-
uMmo 3a 3anexHicTio: AQ = I - QP* = 0,12 - 2664,0 = 319,7 MBT - roa. 3a3HayeHa
KINbKICTb TENMOTK eKkBiBaneHTHa eHeprii 3ropsHHa 31970 M3 npupoaHoro rasy i3 Tensno-
Tolo 3ropsHHa 10 kBT - rog / m3.

3apava 22. OuiHUTK cepeaHin NoTeHLian eHepro3bepexeHHs, kM Moxe ByTu pea-
ni3oBaHUM Ha eTani CNoXWBaHHA TEMMOBOI €HEPril, Yy TOMY YMCAi 3@ paxyHOK NoninLeH-
HS TEMnMo3axMCHUX XapaKTePUCTUK OropOMKEHb TYPTOXWUTKY MEAMYHOrO YHiBEepCcUTeTY
1980 poky 3abygoBu y M. BiHHUUI. 3aranbHa pivyHa KinbKiCTb TENOTU, siKa BifNyCKaeTb-
cA i3 TennoBux Mepex Ao Oyaisni, Ha cborogHi ctaHoBuTb 1080 lMkan.

Po3e’si3aHHS.

1. YcepepgHeHi BTpaTu TEMMOBOI eHeprii y cnoXxueadiB 3rigHo 3 Tabn. 3.4 nocibHuka
CTaHOBNATb 6nMmM3bko 56 % TennoBoi eHeprii, BiANyLWeHoi A0 OyanHKy.

TakuM YMHOM, cepefHs pidHa BenuuMHa HENnpOAYKTMBHUX BTPAT TEMSOTM CTaHOBU-
Tnme 6nmnsbko AQ = 0,56 - 1080 = 604,8 lkan, abo 703,2 MBT - rog.

3a gaHummn Tabn. 3.4, puc. 3.5 Ta puc. 3.6 NOCiBHWKa BU3HaA4YaeEMO cepegHi no
YKpaiHi BennynHu BTpaT TENOTK 3a BKa3aHUX B YMOBi 3agadi obctaBuH poboTn cucre-
Mu. BTpatm Tennotu CTaHOBUTUMYTh:

— 6nusbko 86,4 'kan — BTpaTh 3 Hei3oNboBaHNX TPyOONpPOBOAIB, SKi MPOKIaaaTbCs
B HeonanooBarbHUX NPUMILLLEHHAX TYPTOXUTKY;

— 6nusbko 118,8 Nkan — BTpaTh TENSOTU, CNPUYMHEHI BiOCYTHICTIO MPUNaaoBoro pery-
MNIOBaHHA BiANYCKy TEMMOTM i Temnepatypy BHYTPILUHbOrO MOBITPA, BiACYTHICTIO
OanaHcyBanbHUX KranaHiB Ha iHXEHEPHUX CUCTEMAX, BiACYTHICTIO BUKOPUCTaHHS
TennoakyMynsuinHMx BnacTueBocTen OyauHky Ta iH.;

— pewrTa BTpaTt — 498 'kan — MarTb MicLie BHACNigOK HU3bKUX TEMO3aXMCHUX Xapak-
TEPUCTUK OropomKyBarlbHUX KOHCTPYKUiA OyaiBni i BiACYTHOCTI peryntoBaHHSA Bia-
nycKy TEnnoTu y TEMMOBMX By3rax BBOAY.

3apaya 23. BukoHaTh cepefgHo OLUiHKY NoTeHuiany eHepro3bepexeHHs Ha eTa-
nax BUpPOOHMLTBa TennoTu, 1i TpaHCMOPTYBaHHA i CNOXUBAHHA AN Oyaisni cnopTus-
HOT 3anu HauioHanbHOT Mopcbkoi akagemii y M. Ogeci. byaisns 1979 poky 3abynosu
OLEpPXYE TENNoTy Bid pavioOHHOT KOTEmNbHI HA NOTpebu onaneHHs, BEHTUNAUIT i raps-
4YOro BOAOMNOCTaYaHHSA. |HOMBIAYyanbHUW TENMOBUWA MNYHKT BIOCYTHIW, peryntoBanbHi
npucTpoi 6ina onantoBanbHUX Npunagis i 6anaHcyBarnbHi KranaHy BiACYTHi. Tennoei
Mepexi KaHanbHOro npoknagaHHa YacTKOBO MIATOMMEHI FPYHTOBUMW BOAaAMM.
KoTenbHsa npaute 3 1990 poky, cepeaHin koedilieHT edeKTMBHOCTI BMPOBIIEHHS
TENNoTU B KOTenbHi ctaHoBUTb 81 %. 3a yMOBM BMKOHAHHA pobiT 3 nigBULLEHHSA
TEMNMNO3axMCHUX XapaKTepUCTUK OropoaxeHb OyaiBnA CAOPTMBHOI 3anmyM MOBUHHA
cnoxueatu 3a pik Q, = 1705 kan Tennotu.
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Po3ze’ssi3aHHs.

1. 3a gaHumu Tabn. 3.4 i puc. 3.5 Ta 3.6 NocibHMKa BM3HAYAEMO cepedHi No YkpaiHi
BENUYMHW BTpaT TENNOTM 3a BKadaHMX B YMOBiI 3agadi obctaBuMH pobOTM cUCTEMMW.
BTpaty TennotM CtaHoBUTUMYTS:

— Ha eTani cnoxusaHHa Tennotn — Aq,, = 19 % (0,19 vacT. oa) KinbKocTi TennoTu,
Aky Byno BignyuieHo cnoxveadam Q ., (3 ypaxyBaHHAM TOro, WO 3aX0aM i3 miasu-
LLIEHHS TEMMO03aXUCHNX XapaKTEPUCTMK OrOPOKEHb 3annaHOBaHO A0 BNPOBAaAXKEH-
HS | BENUYMHy NoTpebu TennoTu 3adaHo 3 ypaxyBaHHAM YMHHMX HOPMaTMBIB 3
TennoBoi isonsauii Oyaisens);

— Ha etani TpaHcnoptyBaHHsa Tennotn —Ag, = 15...17 % (0,15...0,17 yacT. oa.) Kinb-
KOCTi TENnoTu, BUPOONEHOT y KOTEMbHI i BignyLLEeHOT O TEMNMOBUX MEPEX;

— Ha etani BupobnexHs Ttennotn — XAq, = 16...19 % (0,16...0,19 vacr. oa.).

2. BM3Ha4MMO KinbKiCTb TENmoTu, Ky HeobXigHO NigBEeCcTM MpOTAroM poky Ao Oyais-

ni cnopTueHOi 3ann Q,, i3 TennoBoi Mepexi 3 ypaxyBaHHAM BTpaT TENsoTu Ha eTani
CMOXMBaHHS:

Q,, =Q,/ (1- Aq,, ) = 1705 / (1- 0,19 ) = 2104,9 kan.

- Q. =

OTxe, BTpaTn TEMIOTU Ha eTani CnoXXuBaHHS CTaHOBUTUMYTb! Aan. =Q o

2104,9 — 1705,0 = 399,9 lkan.

3. BM3HauUMMO KinbKiCTb TEMMOTU, Ky HEOOXiAHO BMPOOWTU B KOTENbHI i BiANyCTUTU
00 TennoBux Mepex Ans 3abesneyeHHs CNOPTUBHOI 3any TENOBOK eHeprieto y noTpib-
HiM KINbKOCTI 3 ypaxyBaHHAM BTpaT TeNnoTuU Ha eTani TpaHCMopTYyBaHHS:

cn.

Q,=Q,, / (1- Ag,) = 2104,9 / (1- 0,16 ) = 2505,8 kar.

OTxe, BTpaTu TennoTM Ha eTani TPaHCMNOPTYBaHHS TEMNNOTU CTAHOBUTUMYTb:
AQ. = Q, — Q,, = 2505,8 — 2104,9 = 400,9 lkan.

4. B/3Ha4MMoO eHepreTMYHuin noTeHuian nanvmea abo KiNbKiCTb TENNOTU, Ky Heob-
XiOHO MiABecTM A0 NarnbHUKIB KOTNIB Yy BUIMSAI TENMOTM 3ropsiHHSA nanuea ans 3abes-
MeYeHHs1 CMOpPTMBHOT 3any TEMSIOBOK EHeprieto y MOTPIOHINA KiNbKOCTI 3 ypaxyBaHHAM
BTPaT TennoTu Ha etani ii BUPOOneHHs:

Q,=Q, /(1 -2xAq,)=25058/ (1- 0,175 ) = 3037,3 kan.

OTxe, BTpatM TennotM Ha eTani BUPOOMEHHA TennoTW CTaHOBUTUMYTb:
AQ, = Q, - Q,= 3037,3 — 2505,8 = 531,5 kan.

TakuMm 4uHOM, 3aranbHi BTpatuM Tennotu craHoBuTumyTtb: 399,9 + 400,9 + 531,5
=1332,3 lkan, BMXoasa4mn i3 cepeaHboro piBHA egeKTUBHOCTI poboTN CMCTEMU TEmmo-
nocTayaHHs.

Taka ouiHka noTeHuUiany eHepro3bepexeHHs € NpubnmaHow. TOYHY BENWYMHY MOTEH-
uiany eHepro3bepeXxeHHs MOXHa BU3HAYUTM NULLE Ha OCHOBI AoCriaxeHHs1 ob’ekTa
CMOXMBAHHSA TENNOTU i NPOBEAEHHSA HA HbOMY E€HEPreTUYHOro ayauTy.
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3apavi ona camMocCTiMHOro po3B’si3aHHA.

3apayva 24. OuiHUTK cepefHiii NOTeHLian eHepro3bepexeHHs, aKniA Moxe OyTn pea-
ni3oBaHMM Ha eTani CNoXMBaHHA TENNOBOI eHeprii y Oyaisni negaroriyHoOro yHieepcute-
Ty y M. XXutomupi. 3aranbHa pidHa KinbKiCTb TENNOTU, SIKa BiAMyCKaeTbCA i3 TEMNOBUX
Mepex Oo Oygieni, Ha cborogHi ctaHoBuTb 870 kan.

3apava 25. BukoHaTn cepefHio OUiIHKY MOTeHUiany eHepro3bepexeHHst Ha eTanax
BMPOOHMUTBA Tenmnotu i 1i TpaHCnopTyBaHHA Ansa OyaiBni HaB4YanbHOrMO Kopnycy
JIbBIBCbKOrO yHiBepcUTETY TpaHcnopTy. byaisna ogepxye TennoTy Bif BNacHOi KOTEMbHI.
TennoBi Mepexi KaHanbHOro MiA3eMHOro NPOoKNafaHHs 3ararnbHo JOoBXMHOK 1,0 KM.
CepegHin koedilieHT epekTUBHOCTI BUPOONEHHSI TENSOTU B KOTENbHI CTaHOBUTL 79 %.
PiyHe cnoxuBaHHsa Tennotu Gygisneto ctaHoBuTb 560 Mkan.

ExonoriyHuMin acnekTt eHeprostepexeHHs

Bu3HayeHHs BenuUMHM BUTpAT nanvea, ke HeobxigHe Ans OTpMMaHHS MEBHOT KiNnb-
KOCTi TennotT Ha noTpebu XUTTedianbHOCTI NoaMHM abo BUPOOHMYI npouecK, 3OiACHIo-
€TbCHA 3a 3aNEXHICTHO:

B= # , HM3; Kk, (3.19)
Qy Nk

ne

B — BuTpaTtu eHeproHocia (nanuea) — Ans NpupogHoro rasy B m3, mig Tuckom B 1 at
(101.3 kMa) i npu Temnepatypi 0 9C;

Q,P — #oBigHMKOBa BENWYMHA TEMMOTU 3ropsiHHA Nanuea 3a YMOB Bi[CYTHOCTI KOH-
[eHcalil BogsHOI napv y cknafi NpoAykTiB 3ropsaHHA nanuea y kkan / Hm3 (kr), kIx /
HM3 (kr) a6o kBT - rog / HMS3 (Kr);

Q, — KinbKiCTb Tennotu, sky HeobxigHo BMPOBUTKU y [xepeni Tennotn ans 3abes-
NneyYeHHss NoTpeb XUTTERIANBHOCTI NMOAMHM abo 3AINCHEHHA BUPOOHMYMX MpoueciB y
kkan, k[x abo kBT - ropg;

N, — KoedilieHT KopucHOT Aii npouecy BUPOBMEHHA TennoTu y TennoreHepysanbHo-
MYy MPUCTPOI, YacT. oA.

BusHavyeHHs BMKMAIB LLUKIONIMBUX [HIPEQIEHTIB y aTmocdepy MOXHa 34iMcHUTKU 3a
3anexHicTo:

M,=B-C,r kT (3.20)

ae
B — BuTpaTy nanuBa Ha reHepyBaHHSA TENNOTM y NanveocnantoBanbHOMY obnagHaHHi;
C, — nuToMa BenuyvHa BUKWUAY LUKIONMBOTO iHrpefieHTa B atmMocepy Ha oavHULIKO
cnaneHoro nanvea (gue. Tabn. 3.12).
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Tabnuys 3.12
MuToMi nokasHMKM BUKMAIB B aTMOcdepy LWKiANMBUX iHFpeaicHTIB
y CKnaai npoayKTiB 3ropsiHHa nanvsa

Tennota

OpraHiyHi TBepai
aropsmma | CO, | CO, | CH, | N,0 | NO, | co | "B so, | oob8
Bua nanuBa HEDILEE]
KBT-rop/ | kBT r/kr|r/kr| r/xr |r/xr| r/kr r/kr r/xr r/Kkr
Kr rog

[MpupogHwui ras
(Ha HMm3)
CrpT
(3pimxeHnn
nponax-6yTaH
Ta iH.)

lac 12,43 258,7 | 3216 | 0,45 | 0,03 | 4,48 | 0,90 0,22 1,0 0,29

Jlerke HadbTOBE
nanbHe (LWWONY i 12,50 264,0 | 3301 | 0,45 | 0,03 | 4,50 | 0,90 0,23 6,0 0,28
T.0., B6<0,3 %)

Baxke HadTOoBE

9,9 202,0 (1880 | 0,17 | 0,003 | 1,68 | 1,68 0,17 HEe3H.. 0,12

13,14 227,0 | 2984 | 0,05 | 0,09 | 2,37 | 047 0,05 HE3H. 0,13

nanveo (MasyT 11,16 278,5 | 3109 | 0,40 | 0,02 | 4,02 | 0,80 0,20 20,0 0,71
TaiH.,, b <1 %)

Byrinns

(B <1,5%) 6,25 353,8 | 2211 0,23 | 0,03 |225| 45 0,11 16,2 5,45

[epeBHe nanueo

o ) 4,17 359,0 | 1496 | 4,50 | 0,06 | 1,5 | 75,0 9,00 2,16 0.22
(20 % BomorocTi)

HircHi BUTpaTh V, NOBITPS Ha 3ropsiHHA Nanvea BU3Ha4aloTLCA 3a 3anexHicTio (3.21):

V. =a-Vc¢

A S, HM3 / Hm3; Hm3 [ kT, (3.21)

ne
a — KoedilieHT HagnuMwKy noeiTps, a = 1,2...1,25;
V.® — TeopeTuyHi BUTPaTW NOBITPS Ha 3ropsHHA Manuea, BU3HAYalTbCA 3a 3anex-
HicTo (3.22):

V.c = 3600 - QP /3770, M3/ Hm3; um3 / kr,  (3.22)

e

Q,P — OoBigHMKOBa BENMYMHA TEMSOTW 3ropsiHHA nanusa KBT - rog / kr (m3), npwm-
MMaeTbCca 3a gaHumm Ttabn. 3.12.

Mutomuin 06’em V. NPOAYKTIB 3ropsiHHA Nanvea y po3paxyHKy Ha OAuMHWLI BUTpaT
nanuea B HM3 / HM3 nanuea abo HM3 / Kr nanMBa MOXXHA BM3HAYMUTK 33 TAKOK OPIEHTOB-
HOI 3amnexHiCTHO:

V., = 1,032 - Qp + 0,25, Hm3/ Hm3; HMm3 / kr. (3.23)
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PiyHi BMTpaTK NOBITPA Ha 3ropsiHHA NanvBa BM3HAYalTbCA 3a 3anexHictio (3.24):

VP =V, - Bkt - 100, mnH Hm3 / pik,  (3.24)

e

BpiKKOT- — pivHi BUTpaTK nanuea ans poboTn KoTenbHi, HM3 / pik, Kr / piK.

BennunHa piyHMX BUTpaT nanvBa BU3HAYaETbCHA 3a CyMOK BUTpaT nanuea Ansd
BMPOGNeHHsl TennotTn Ha noTpebu onaneHHs B, °" i BUTpaT Ha HarpiBaHHs rapsoi
BoAun B, 3rigHO 3 3anexHicTio (3.25):

= . 3/ pik: i
Boi " = By °™ + Byy® HM® [ pik; kr / pik.  ( 3.25)

PiyHi BUTpaTh nanuBa Ha OnaneHHs BU3HAYalOTbCs 3a BEMUYMHOKW CepeaHbOrOAMH-
HMX 3a onarntoBarnbHWil nepion BATPAT rady Ha onaneHHsa B, °eP- i TpuBanicTio onanio-
BarnbHOro nepiogy n., 3rioHo 3 cpopmynoto (3.26):

on. = cep .
Bpi|< Bon. P non.’

(3.26)

ne

B, P — cepeAHbOroAMHHI 3a onanioBarbHUN Nepiof BUTPaTU rasy Ha BUMPOBNEeHHs
TENNOTU ONs onaneHHs (BUTpaTw rasy, ski npuBefeHi A0 cepefHboi TemnepaTtypu ona-
MNoBanbHOro Nepioay) BU3HaAYaKTbCA 3rigHO 3 3anexHicTtio (3.27):

Bon % = By [ty — teep) / (&, = 1)1, (3.27)

e

B,, — PO3paxyHKOBi BWTpaTM rasdy Ha BUPOOMNEHHsA TEennoTu [AOns OnaneHHs,
BM3HaAYalTbCA 3@ BENUYMHOK pPO3PaxyHKOBMX BUTpaT Tennotu Ha notpedbu
onarieHHs BiQNoOBIAHO OO0 MPOEKTHUX JaHuX abo pes3ynbTaTiB eHepreTUYHOro ayauTy,
M3 3a rof.

PiyHi BUTpaTW nanvBa Ha rapsye BOAONOCTaAYaHHHA BU3HA4yalTbCA 3 ornagy Ha
BiJOMY KinbKiCTb rofJuH po6OTU CMCTEMU rapsaYvoro BOAONOCTaYaHHA N, Ta BENUYNHY
CepeHbOrOAVHHNX BUTPAT rasy Ha MpUroTyBaHHA rapa4voi soau B °°P- srigHO 3
3anexHicTio:

B = cep. .
BpiK BrB P an’

(3.28)

ne B, °P — cepedHbOroAMHHI BUTPaTW rady Ha MPUroTYBaHHA rapadvoil BoaMu,
BM3Ha4YalOTbCA 3a BENUYUHOK CepefHbOroAMHHUX BUTPAT TENroTW Ha rapsye BoOO-
nocTayaHHs.

BusHaveHHs1 KoHUeHTpauii 3abpygHioBanbHMX PEYOBUH Y NPOAYKTaX 3ropsiHHA, SKi
HagxooaTb B atMocdepy, MOXHa 34IMCHUTK BiANOBIAHO A0 3anexHocTi (3.29):

k=M 103/V, -B=C 103/V,, mr/m, (3.29)

ns’



48 EHEPIrO3BEPEXXEHHA B YHIBEPCUTETCBbKUX MICTEYKAX

ae

Vs — NUTOMUIA 06’€M NPOAYKTIB 3ropsiHHA Manuea 3 PO3paxyHKy Ha OAMHULIO BUTPaT
nanvea B HM3 / HM3 abo HMm3 / Kr;

k, — KOHLEHTpaLis 3abpyaHioBanbHUX PEYOBUH Y NPOAYKTaX 3ropsiHHsA, Mr / m3;

C, — nuToMa BenuuuMHa BUKMAY LWKIOMMBOIO iHrpedieHTa B atmocdepy Ha oauHULIO
cnarneHoro nanuea, r / kr, r / M3 nanuea (gue. Tabn. 3.12);

B — BuTpaTV nanvea Ha reHepyBaHHsi TEMMOTU Y Nanv“BOCMNantoBaribHOMy ObnagHaHHi.

BenuunHa cekyHAHWX BUKMAiB, abo MOTYXHICTb Axepena BUKMOY BM3HAYaeTbCa 3a
3anexHictio (3.30):

Mo = C, - B,, r /¢, (3.30)

C b
ne
B, — CekyHOHi BUTpaT nanuBa Ha reHepyBaHHA TENMOTW y NanusocnanioBanbHOMy
obnagHaHHi.

3agauyi 3 po3B’sAA3aHHAM.

3apayva 26. Pesynsratom BnpoBagXeHHS eHepro3depiranbHUX 3axodiB y HaB4alb-
HUX Koprnycax MONITEXHIYHOrO yHiBepcuteTy B M. IBaHO-PpaHKiBCbKY CTano 3MEHLLEHHS
BMPOOMNEHHS TEeNnoTu B rasvudikoBaHiln KOTemnbHi Ha notpebu onaneHwHs Ha 35 % i Ha
rapsiye BogonoctavaHHsa Ha 20 % nOpiBHAHO 3 iCHy4YMM piBHEM. [JO BNpoBamKeHHs
3axofiB po3paxyHKOBa TEMONPOAYKTMBHICTb KOTMIB Ha NMOTpPeOu onaneHHs cTaHoBWNa
5 lNkan / rog, a Ha rapsaye BogonocTtadaHHs — 2 kan / rog. BusHauntu HeobxigHi ons
po3pobneHHs npoekTy [[AB ekonoriyHun edekT Big ynpoBamKeHHS eHepro3depiranbHNX
3ax0fiB i €KONOriYHi NnapameTpu BUKMAIB. TennoTa 3ropsHHs npupogHoro rasy — 9,9 kBt
- rog / mM3. KK] po6otn mxepena Tennotu npuiHati 80 %.Temneparypa y NpUMILLEHHI
+19 0C. TpuBanictb poboTu cuctemm rapsyoro sogonoctadaHHsa n., = 4320 rog 3a pik.

Po3se’ss3aHHs.
1. BusHavyaemMo mapameTpu 30BHILLHBOrO MOBITPS ANs M. IBaHO-®PpaHKiBCbKa 3rigHO
3 popatkom A:
po3paxyHKkoBa TemmnepaTypa 30BHILLUHbOrO MOBITPS AN cucTeM onanenHs t, = -22 0C;
cepefHsi HOpMOBaHa Temnepatypa onantoBarnbHoro nepioay t,,, =0 0C;
HOpPMOBaHa TpuBanicTk onantosansHoro nepioay n,, = 178 aib.
2. 3MeHLUEeHH:A TennonpoayKTUBHOCTI KOTMIB MiCMsi BNPOBAMXEHHS 3axofiB 3 eHep-
ro30epexXeHHs:
— Ha noTtpeGu onaneHHa B po3paxyHKOBOMY pexumi pobotn AQ°™ = 0,35 - Q™
0,35-5=1,75T«kan / rog = 2041,6 kBT;
— Ha notpebu rapsavoro sBogonoctadaHHa AQ,™ = 0,20 - Q™ =0,35-2 = 0,7 lkan / roq
816,6 kBT.
3. 3MEHLUEHHS TOOMHHMX BUTPAT NPUPOLHOrO rady Ha KOTerbHi CTAHOBUTbL:
— Ha notpebu onaneHHs B po3paxyHKoBOMY pexumi pobotu ABO™ = AQ™ / QP - n,
2041,6 /9,9 - 0,8 = 257,8 m® / rop;
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— Ha noTtpebu rapsiyoro BOAOMOCTAYaHHSA (CepegHbOroAMHHUIN pexum poboTn)

AB_ %P =AQ,®/ QP - n,=816,6/9,9-0,8 =103,1 m®/ rog;

— 3aranbHe 3MEeHLUEHHS FOAMHHUX BUTPAT NPUPOAHOro rasy Ha OnareHHs i rapsiye Bogo-
noctavaHHs AB = ABo™ + AB™ = 257 .8 + 103,1 = 360,9 m3/ rog.

4. BnsHavyaeMO 3MeHLWIEeHHS cepedHbOroauHHMX BUTPAT rady Ha noTpebu onaneHHs
(3MEHLUEHHs1 BMTpAT rasy, ki MaTuMyTb MiCLie Mpu CepefHin TemnepaTtypi onantoBanb-
Horo nepioay). NepepaxyHOK po3paxyHKOBUX FOOMHHUX BUTPAT rady y cepeHbOroaUHHI
BUKOHYIOTb 3rigHO 3 3aneXHICTIO:

AB,, %P = ABO™ - [(t, — to,) / (t, — t.)] = 257,8 - [(19 — 0) / (19 + 22)] = 257,8 -
0,463 = 119,5 m3/ rop.

5. Bu3Hayaemo piyHy €KOHOMIilO manuBa sk pe3ynbTaT BNpoBagXeHHsi eHeprosbepi-
ranbHUX 3axomiB:

—  Ha notpebu onaneHHs (3rigHO 3 3anexHicTio 3.26):

ABg, O = AB, %P - ny, = 119,5 - 178 - 24 = 510504 m3 / pik;

—  Ha notpebu rapsvoro BogonocTayYaHHs (3rigHo 3 3anexHicTio 3.28):

AB, ™ = AB %% - n = 103,1 - 4320 = 445392 m3 / pik;

—  3aranbHa piYHa eKOHOMis manuBa Ha NoTpebu onarneHHs i rapsiyoro BogomnocTa-
YaHHs: AB, = AB o + AB, ™ = 510504 + 445392 = 955896 M3/ pik, IO CTaHOBUTL
39 % piyHUX BUTpaT Nanuea B KOTEmMbHi 0e3 ynpoBagKeHHs1 eHepro3depiranbHNX 3axogis.

BucHoeok.

BnpoBagxeHHs eHeprosbepiranbHMX 3axofiB y HaByanbHUX koprycax ogHoro BH3
cnpusie piyHiN ekoHoMii nanvea B o6csAsi Maike 1 MIH m3.

6. BuaHaummo, sknum Gyde CKOPOYEHHsSI BUKMAIB 3abpydHIOBanbHUX PEYOBUH Y CKha-
Oi NPOAYKTIiB 3ropsiHHA. [ns Uboro ckopuctaemoch 3anexHictio (3.20):

AM; = ABpiK - C;i paHumu Tabnuui 3.12. BUSHAYMMO 3MEHLLIEHHS BUKMIB Takux iHrpe-
LiEHTIB:
— okcmaiB asoTy A Myq, = 955896 - 1,68 - 106 = 1,6 T/ pik;
— MoHookeupay Byrneuto A M_, = 955896 - 1,68 - 106 = 1,6 T/ pik;
— npiokeupy Byrneuto A M, = 955896 - 1880 - 106 = 1797 1/ pik;
— OpraHivyHmx crnonyk A Mopr_ = 0955896 - 0,17 - 106 = 0,16 T/ pik;
— AucnepcHoi dasm A M, = 955896 - 0,12 - 106 = 0,11 T/ pik;

Ycboro 1800,47 T / pik.

7. BusHaumMo o6’em 30epexeHOoro MoBiTPS i KUCHIO Yy pe3ynbTaTi CKOPOYeHHS BUTpaT
nanvea. [na upboro nigpaxyeMo Ha NepLUoMy eTani TEOPETUYHI NUTOMI BATPATWU MOBITPS AnS
cnantoBaHHs 1 M3 npupoaHoro rasy i3 TennoTtolo 3ropsHHA 9,9 kBT - roa / m3 srigHo 3 (3.22):

V.© = 3600 - Q. /3770 = 3600 - 9,9 / 3770 = 9,45 HM3/ HM3;
noTiM AiNCHI NUTOMI BUTpaTM MNOBITPSA 3a YMOBM NiATPUMaHHA KoedpiuieHTa Hag-
NUWKY NoBITPS Ha piBHi o = 1,2 3rigHo 3 (3.21): V, = a - V.© = 12 - 9,45 =

11,3 HM3 / HM3 | NMTOMMIA 06’€M NPOAYKTIB 3ropsHHA 3rigHo 3 (3.23):

V,,=1032-QpP +025=1,032-99 + 025 = 10,5 HM®/ HMS.
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O6’em noBiTps, KOTpun Byae 30epexeHni NPOTAroM POKy, BU3HAYUTLCA 3a POpMy-
now (3.24):

VApiK =V, OBy - 106 = 9,45 - 955896 - 106 = 9,03 mnH HM3 / pik.

O06’eM KUCHIO, BMKOPUCTAHHIO sIKOro 3anobiratoTb y pesynbraTti eHepro3bepexeHHs,
BM3Ha4aeTbes gk 21 % o6’emy nosiTpsa: 0,21 - 9,03 = 1,89 mnH HMY/ pik.

BucHoegok.

EkoHomia 39 % nanuBa Ha KOTenbHi TennonpoayKTUBHICTIO 7 [kan / rog Aae Mox-
nuBicTb 36epert B aTMocdepi 3a pik 4o 2,26 MNH HM3 / pik KUCHIO i 3anobirtn Bukuaam
B atmocgepy 1800 T / pik 3abpyaHOBanNbHMUX peyvyoBUH

8. BusHauMmo KOHLEHTpaLilo 3abpyqHioBanbHUX PEYOBUH Y MNPOOYKTax 3ropsiHHS
KoTenbHi (Ha Buxopdi i3 mkepena 3abpyaHeHHs — AMMOBOT Tpyou). [ns uboro ckopucra-
€eMOCb 3arnexHicTio sugy (3.29):

Ki=C; 103/ V,, , mr/ m3

n3 ’

ne

V,, — nuTomunit 06’eM npoaykTiB 3ropsiHHs, V., = 10,5 HM3 / HM3;

C, — nuToMa BenuyMHa BUKUAY LUKIANMBOIO iHrpedieHTa B atMocdepy Ha oauHWL0
cnaneHoro nanvea (gue. Tabn. 3.12).

Pesynkratn po3paxyHkiB HaBegeHo y Tabnuui 3.13.

9. O6paxyemo cekyHOHI MakcumarnbHi BUKMAM B atMocdepy 3abpyaHtoBarbHUX
peyoBUH 3rigHO 3 3anexHicTtio (3.30):

M¢e=C;-B,, r/c,

ne B, — cekyHOHi BUTpaTK Nanuea Ha reHepyBaHHs TENSIOTW Y nanusBocnantoBasbHo-
My oGnagHaHHi.

CeKyHAHiI BUTpaTU nanuea Ha KoTenbHi ctaHoBnaTh 0,36 M3/ ¢. BoHW BM3Ha4aoThCs
3a BiJOMMMW BenMYMHaMK TEMMONPOAYKTUBHOCTI KOTMNIB Ha noTpebu onaneHHs
Qe = 5 T'kan / rop i Ha noTpebu rapsyoro BogonoctadaHHa Q,® = 2 'kan / rod, a Takox
BiJOMOIO BENMYMHOK TENmnoTK 3ropsiHHA mpupoaHoro rasy QP = 9,9 kBT - rog / m3 =
8514 «kkan / m3 (BenuuuMHy TEnnoTU 3ropsHHA B 3anexHicte (3.31) nigcrtaBnaTty y
kkan / m3). BenmumHa makcuMarnbHUX CEKYHOHWX BUTPAaT NPUPOAHOro rady BU3HAYMTLCA
3a 3anexHictio (3.31):

B, = (QO°" + Q.®) - 108/ (3600 - n - Q)= (5 + 2) - 108/
3600 - 0,8 - 8514 = 0,285 M3/ c. (3.31)

Pesynktat po3paxyHKiB CEKyHOHMX BUKUAIB HaBedeHo y Tabnuui 3.13.
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Tabnuysi 3.13
Bu3HavyeHHs1 eKonoriyHMx napamMmeTpiB BUKUAIB 3abpyAHIOBanbHUX
peyvyoBUH y aTmoccepy

Bupa 3a6pyaHoBanbHOI pe4oBUHU
HameHyBaHHA napameTpiB BUKUAIiB iYHi
y p p NO, co co, OpraHiyHi | [lucnepcHa
Cnonyku c¢aza
Banosi Bukunau, T/ pik 1,6 1,6 1797 0,16 0,11
KoHueHTpauis iHrpeaieHTiB , 160 160 179048 16.2 1.4
y NpoAyKTax 3ropsiHHS, Mr / M
MakcrmanbHi cekyHaHi BUkuam, r / ¢ 0,478 0,478 535,8 0,048 0,0342

3apava 27. Bu3HauMTU €KOMOriyHi napameTpu LWKIANUMBUX BUKUAIB Yy aTtMocdepy.

I[bxepeno BukuaiB — gMmoBa Tpyba onantoBanbHOI KOTenbHi KpeMeHYyLbKoro fibOTHOro
konemxy HAY 3 cepefHiMu 3a onanoBanbHUA Nepiog roaMHHUMK BUTpatamu nNpupoa-
Horo rasy B, P = 130 M3/ ron. BusHaunT1 BENUYMHY 3MEHLLEHHS BaroBWX BUKWAIB Y
aTmocdpepy, SKWO Yy pesynbraTi BNpoBaMKeHHS eHepro3bepiranbHMX 3axodiB cepefHi
BUTPaTK rasdy B KOTemnbHi 3meHwunnuce Ha 35 %.

Po3e’si3aHHs.
1. BusHayaeMo napameTpu 30BHiLLHLOMO NoBiTPsA Anst M. Kpemenuyka (IMontaecbkoi 06r.)

3rigHoO 3 gopgatkom A:

po3paxyHkoBa TemnepaTypa 30BHiLLHbOrO NOBITPS A CUCTEM onarneHHs t, = -23 0C;
cepefHs HopMOBaHa TemnepaTypa onantoBanbHOro nepiogy toep. = -1,5 0C;
HOpPMOBaHa TpMBanicTb onanoBanbHoro nepioay n,, = 177 0i6 = 4248 rop,.

2. Bu3Ha4yaemo TeopeTuyHi NUTOMI BUTPAaTU MOBITPA Ha FOPIHHS:

V.c=3600 - Qp /3770 = 3600 - 9,9 / 3770 = 9,45 Hm3 / HM3;

OIMCHI NUTOMI BTpaTK NOBITPS 3a YMOBM NiATPUMAHHA KoedilieHTa HaanuLLKy noBiTps
Ha piBHi a = 1,2 3rigHo 3 (3.21):

Vy=a-Ve=12-945= 113 um®/ um3.

3. Mutomuin 06’eM NPOAYKTIB 3ropsiHHA 3rigHo 3 (3.23):
V,,=1032-Qp+025=1,032"-99 + 0,25 = 10,5 Hm3/ Hm3.

4. PiyHi BUTpaTn nanuea:

[0 BNpOBa)KEHHS 3aXOf4iB 3 eHepro3depeeHHs:

Boic O™ = Bgp %P - Ny, = 130 - 4248 = 552240 m3 / pik;

nicns BNpPOBa[KEHHSA 3aX0AiB 3 eHepro3bepeeHHs:

B, °" =065-B,°% - n, =065 130 - 4248 = 358956 w3/ pik.

pik
5. KoHueHTpauii 3abpyagHtoBanbHUX PEYOBMH Y BUKMAAX BU3HAYaKOTbCA 3rigHO 3
3anexHicTto:
Ki=C,-103/V, , mr/ m3,
ne

V,, — nuTomunit 06’eM NpoaykTiB 3ropsiHHs, V,, = 10,5 HM3 / HM3;
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C, — nuToma BenuuuHa BUKWMAY LWKIOMBOTO iHrpedieHTa B atMocdepy Ha OOMHULIO
cnaneHoro nanvea (gve. Tabn. 3.12).

Pesynbratn pospaxyHkiB HaBegeHo y tabnuui 3.14.

6. OOpaxyemo CeKyHOHI MakcuManbHi BWKMAM 3abpyaHioBanNbHUX PEYOBUH

y atmocdepy 3rigHo 3 3anexHicTio (3.30):
Me=C,-B,, r/c,

oe

B, — cekyHOHi MakcumanbHi BUTpaTW nanuea Ha reHepyBaHHA TenmnoTu y nanueoc-
nantoBanbHOMy obnagHaHHi. CekyHOHI MakcumarnbHi BUTpaTU nanvBa Ha KOTemnbHi [0
BMNPOBaPKEHHS 3axOAiB BM3HA4YalOTbCA 3 ypaxyBaHHAM BigMIHHOCTI cepeaHbOoi 3a ona-
ntoBanbHUA Nepio TemnepaTypu 30BHILLHBOrO MOBITPS Bi pPO3paxyHKOBOI Temnepartypu
30BHILLUHbOrO MOBITPSA 3MAHO 3 3ANEXHICTHO, aHanorivHin (3.27):

Bon = Bon®® - [(t, — t)) / (t — teg,)] = (120 / 3600) - [(20 + 23) /
(20 + 1,5)] = 0,066 M3/ c.

BenuunHa cekyHOHUX MakCcvMarnbHUX BUTPAT rady nicns BNPOBaPKEHHSA 3axodiB 3
eHepro3bepexxeHHs BM3HAYaeTbCA 3a aHarnorivHOK 3anexHICTIO 3 ypaxyBaHHAM JOCAr-
HyTOi ekoHoMii npupogHoro rasy y 35 %:

B’y = 0,65 -+ By, P - [(t, — t,) / (t, — te)] = 0,65 - (120 / 3600) - [(20 + 23) /
(20 + 1,5)] = 0,043 M3/ c.

7. BennuuHa BanoBux BUKMAIB B aTMOCdepy BM3HauYnUTbCHA 3a 3anexHicTtio (3.20):
= . C. - 106
M, = B, - C; - 10°.

Pesynbratn pospaxyHkiB HaBegeHo B Tabnuui 3.14.

Tabnuuys 3.14
Pe3ynbraTtn po3paxyHKiB €KONMOriYHMX XapakTepUcTuk
BUKUAIB y atmocdepy
HaiimeHyBaHHs Bup 3a6pyaHioBanbHOT pe4oBUHU
napamMeTpiB BUKUAIB NO, co CO, | OpraHniuHi cnonyku | AucnepcHa chasa
KoHueHTpauis iHrpeaieHTiB y npogykTax 160 160 | 179048 16.2 14
3ropsiHHsA, mr / m3 ’ ’
MakcumanbHi cekyHAHi BUKkuam, r / c: 0.11 0.11 124 1 0.011 0.008
— [0 eHepro3bepiranbHUX 3axogis; 0 672 0 672 80 8 0’005 0’005
— nicnsa BNpOBafXXeHHA 3axoaiB ’ ’ ’ ’ !
Banosi sukuam, T/ pik | 0927 | 0,927 | 10382 0,094 0,066
— [0 eHepro3bepiranbHUX 3axopiB; 0603 | 0603 | 6748 0061 0043
— nicns BNpOBapKEHHS 3ax0giB; ' ' ' ' ’
3MEHLUEHHS BUKVAIB Y T / piK 0,324 | 0,324 | 363,4 0,033 0,023
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BucHo8OK.
Y pesynerati BNpOBaKeHHs eHeprosbepiranbHUX 3axOfiB 3aranbHi Banosi BUKMOM B
atMocdepy 3abpyaHioBarbHMX PEYOBUH Bif KOTEMbHI 3MeHLWwaTbca Ha 364 T (Ha 35 %).

3apadi ansa caMoCTiMHOro po3B’AA3aHHA.

3apava 28. BuaHauuTu, sIK 3MIHATBCS €KOMOriYHI XapakTepUCTUKM LUKIONUBUX BUKKU-
niB B aTmocdepy i3 OMMOBOiI Tpybu KOTenbHi 3 TennoBok MoTyxHicTio 500 kBT y
M. XepCoHi 3a YMOBU nepeBefeHHs1 pobOTM KOTENbHI 3 MPUPOAHOrO rady Ha BYrinns.
TennoTy 3ropsiHHA rasdy i Byrinns NpunHATK BignosigHO Oo BuMMor T1abm. 3.12.

3apava 29. BusHaunty 3miHy piyHux Banosux sukuais CO, Bifg KoTemnbHi, ska
Bupobnse 3a pik 1300 kan TenmnoBoi eHeprii i nNpaule Ha NpuUpogHOMY rasi 3a
YMOBU 3MiHN KOeiLieHTy KOpUCHOT Aii koTenbHi 3 78 % po 84 % 3a paxyHOK aBTo-
mMatusauii 7 poboTu.

3apava 30. Butpatn gepeBuHN B KOTEmMbHI A0 TEPMOMOAEPHI3aUil onantoBanbHUX
OyouHkiB ctaHoBunu 170 T. Y pesynbraTti BIPOBaMKeHHS 3axofiB 3 eHepro3bepexeHHs
B OyaMHKax 3a paxyHOK MigBULLEHHS TEMMO3aXUCHUX XapaKTEPUCTHUK iX 30BHILLHIX Oropo-
[P)KEHb BUTPATW MNanvMBa B KOTENbHi 3MeHWwunucb Ao 97 T. BM3HAuMTM eKomnoriyHun
eeKT 3axofiB 3 eHepro3depexeHHs.



PO3AlIN 4
OCHOBU TEMNO®I3NKWN BYAIBENb

Cnoco6u nepegavi Tennortu

Mepemava TennoTU € CKNagHWM MpouecoMm. Y npupogi icHye Tpu cnocobu nepeHocy
TEnnoTu:

—  TennonpoBigHICTb;

—  KOHBEKLis:;

—  NPOMEHEBMUI TEMNITOOOMIH.

[na OGaratolapoBoi nnackoi CTiHKK, sIka CKNagaeTbCs i3 AEKiNbKOX OOHOPIAHMX
wapiB, WO LWiSIbHO MpuAgaraloTb OAMH OO OAHOrO, BM3HAYEHHS KINbKOCTI TEMNOTWU, sKa
PO3MNOBCIOMKYETLCA TENMOMNPOBIAHICTIO, BUKOHYETLCH 3a 3arnexHicTio (4.1):

- tCT.1 - tCT.4
Q, = 5 5 5. F, kkan / rog; kBt,  (4.1)
D1y P2
Ao

[ed]
> ‘wO‘I

w

ae

t,.4 — TemnepaTypa Ha BHYTPILLHI noBepxHi cTiHu, °C (aus. puc 4.1);

t.,, — TemMnepaTypa Ha 30BHilLHI NoBepxHi cTiHu, °C (amB. puc 4.1);

F — nnowa noBepxHi CTiHW, MZ;

04, 0,, O; — TOBLUMHA OKPEMUX LIAPIB CTiHW, M;

Ay, A, A; — KoediljieHTU TenmnonpoBiaHOCTI OKPEMMX OOHOPIAHMX LIAPIB CTiHW.

M

tert [

/  tera

01 02 03

Temnepartypa, °C

ToBLUMHA, MM

PucyHok 4.1 — INpadik 3miHM TemnepaTtyp No TOBLYUHI
OaraTowwapoBOi NNackoi CTiHu
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KinbkicTb TennoTn, gka nepenaeTbCs KOHBEKLIE, BU3HAYaeTbCca 3a dpopmynoto (4.2):

Q. =a-F-(t-t,), Br, kkan /rog, (4.2)
ae
F — nnowa noBepxHi CTiHW, M2
t, — Temnepartypa rasy abo piavHu, Aka OMMBAE MOBEPXHIO CTiHW (Hanpuknag, Tem-
nepatypa 30BHilLHbOro nositps), °C;
t,, — Temnepatypa Ha MoBepXHi CTiHW, (30BHIWHLOT abo BHYTPILLHLOT), °C.
KoediuieHT TennoobmiHy O Ha 30BHILLHIA NMOBEPXHi AN BEPTUKAIIbHUX MOBEPXOHb
BM3Ha4YaloTb 3a 3anexHictio (4.3):

a=58+116-JW, Br/ m2- rpag, (4.3)

e

W — WwBMAKICTb BITPY 3rigHO 3 METEOPONOriYHUMU JaHnMKu, M / C.

[nsa ropusoHTanbHMX 30BHILUHIX MOBEPXOHb KOeMIiLieHT TennooOMiHy KOHBEKLUiE
BM3HAYaETbCA 3a 3anexHicTio (4.4):

a=87+26-W, Bt/ wm rpag. (4.4)

EdekTmBHICTE Npouecy nepedadi TeNNoT xapakrepuaye koediuieHT Tennonepeadvi K.
BiH ouiHtoe kinbkicTe TennoTtu (kkan abo kBT), sika NpoxoauTb Yepes3 OOUHULIKD NOBEpX-
Hi oropomkeHHa (1 m2), B oguHuLio Yacy (1 rog abo 1 c) sa nepenagy Temnepartyp
BHYTPILLHBOrO i 30BHIiLLIHLOrO NoBiTps B 1 °C.

BkasaHa BennuuHa BM3HA4YaeTbCs 3a 3anexHictio (4.6):

K=1/R,=1/[1/0, +Z®,/N) +1/a,], B/ M?- rpap; kkan / m? - rpap - roa.  (4.6)

BenununHy, obepHeHy koediuieHTy Tennonepepadi K, HasMBalTb TEPMIYHMM OMOPOM
Tennonepepadi R

Ro=1/K=1/a, +Z&/\)+1/a, m?-rpaa / Br; M?- rpaa - rog / kkan.  (4.7)

Y npoueci nepexogy TensioTu 3 NPUMILLEHHS Yy OOBKINAS TeNS0BMI NOTiK NOCAIAOBHO
Jonae onip TennoobMiHy Ha BHYTPILLHIA NOBEPXHi OFOPOMXKEHHS, KU BU3HAYAETLCSA SK
R, = 1/ a,, TepMiyHuin onip TENnONPOBIAHOCTI MaTepiany Mo TOBLUMHI OropOAXKEHHS
Rs = Z(5; / A) Ta TepMi4Huii onip nepexody TEMSOTW KOHBEKLIEH Ha 30BHiLLHIN CTiHi
oropogxeHHs R, =1/ a,,.

3rinHo 3 Bumorammn [BH B.2.6-31:2006 «Tennosa isonsuis Oyaisenb» BenuuuHy a,
Ans ycix 6ynisens BH3 moxHa npuiimati pisHoto 8,7 BT / M2 - rpaa. 3HauyeHHs o, Ans
30BHILLIHIX OropodkeHb, SKi po3ainsitoTb 30BHILUHE MOBITPS 3 onantoBaribHUM 06’eMoM
NpUMILLEHHS, NpuiMaroTb a, = 23 BT / M2 - rpad. [na nepekpuTTa ropuLl i XONOAHWUX
niaBanis, siki CNosyyeHi i3 30BHILLIHIM NOBITPAM, a, = 17 BT / M2 - rpag. Ans nepekpuTTa
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ropywa i Hag HeonanBanbHMMK MigBanaMu, SKi MaktoTb CBITIIOBI NPOpPi3n y CTiHaXx,
a, =12 Br/ M2 - rpag. [na nepekputTsa Hag HeonarnoBanbHUMK nigsanamu 6es csiT-
NoBKX NpOPI3iB y CTiHax, siki po3TalloBaHi BULLE piBHS 3emni, a, = 6 BT / M2 - rpag.

3aranbHa KinbKicTb TENNOTH, sika Oyae BTpayYaTUCb OrOPOMXEHHSM Oyab-aKoi moBepXx-
Hi 3a Oyab-Akoro nepenagy Temnepartyp BHYTPILHLOrO t. i 30BHiWIHLOrO t, MOBITPS,
BM3HA4YaETbCS 3a 3anexHicTio (4.9):

Q=K-F-(t,-t) Br,kkan /rog. (4.9)

TennosTpaty BYAMHKOM BM3HAYaKOTLCS 3@ CYMOIO BENWYMH BTPAT TENMOTU OKPEMUMMU
OropoaXKyBarnbHVMU KOHCTPYKUIAMU 3 ypaxyBaHHAM AesKuX O0AaTKOBUX KoediuieHTiB,
SKi 36iNbLUYOTbL pe3ynbraT po3paxyHKiB.

Kinbkicte rpagyco-gi6 (Il) onantoBanbHOro nepiogy BW3Ha4alTb BiAMNOBIAHO A0
3anexHocTi (4.10):

M =ng, - (t; — teep ), rPamyco-pi6,  (4.10)

ne

Non, — TPMBAnNICTb onantoBanbHOro nepiody Ans paroHy 3abynosu — HOpMoBaHa n .
(3a maHumun gopatky A), abo gincHa Non.a. (3a maHmmMmun obcTexeHb BiAMoOBIAHO 4O OOBIA-
K MicueBoro ocepefky ligpometeobopo, sk nepiog TOro Yum iHWOro poKy 3 CepefHbO
[060BOI0 TeMMepaTyporo 30BHILLIHLOMO MOBITPA MeHLwo abo pisHow +8 0C);

t, — HopmoBaHa, abo AiicHa, ycepeaHeHa B LinoMy no Gyaieni i 3a nepion crnocre-
pexeHb TemnepaTtypa BHYTpILWHbLOro noBiTpsa y Gyaieni, °C;

t.ep. — CEPEOHA TEMNepaTypa 30BHILLIHLOIO MOBITPS MPOTArOM OnasntoBanbHOro nepi-
Ofly TpWBAamicTio N, Ana panoHy 3abynosn — HOpMOBaHa toep” (oopatok A), abo giricHa
tcepF- (3@ paHuMmmn oOCTexeHb BIOMOBIAHO 4O [OOBIOKM MiCLEBOrO ocepefnky
lopometeobiopo).

BenuunHy HeobxigHoro omnopy Tennonepedadi AOAATKOBOIMO YTEMSIEHHS OropoaKy-
BanbHWX KOHCTPYKUiA R, ~Ans AOCATHEHHS TX HOPMOBAHUX TEMNO3axuCHUX XapakTe-
PUCTVK BU3HAYalOTb 3a Pi3HMLIEI0 HOPMOBAaHOI MiHiManbHOI R, Ta AiMcHOi Ha 4ac
npoBefeHHs obcTexeHb ByanHKy R, BenuuuH onopy Tennonepeaadi oropoiKeHs:

R . =R. —R

non. MiH. 0’

M2 - rpag / BT. (4.11)

BenvunHy gificHoro TepMivyHOro onopy BM3Ha4atoTb 3a pesyrnbraTaMy eHepreTMyYHoro
ayguTy 3rigHO 3 3anexHicTtio (4.7).

ToBLUMHY [OAATKOBOro yTenmnBaya, sikuii HeobXiQHO HaHecTW Ha OropomKyBarbHYy
KOHCTPYKLiO ONs AOCArHEHHS CydacHUX BMMOr TennoBoi i3onsuii Oyaisenb (6
BM3HaYalTb 3a 3anexHictio (4.12).

p,o,q.)’

5. . =R, __ A 4.12)

Aoa. noa. "yt

ae
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6ﬂoﬂ_ — TOBLUMHA YTENmnoBaya y KOHCTPYKLIT OropoaKeHHs1 s AOCArHEHHS Heobxia-
HUX TEMNIIO3aXUCHUX XapakKTEPUCTUK OrOPOKEHHS, M;
A,, — KoedilieHT TennonpoBiAHOCTI MaTepiany yTtennoBada y BT / m - rpag Bu3Ha-

YT.
YaeTbCs 3anexHo Bif NPUIHATOrO BUAY yTenntoBaya (gogatok U).

Y aKocTi yTennioBavya MOXHa BMKOPUCTaTK Pi3HOMAHITHI TENNoi3onsauinHi matepianu:
niHonorniypeTaHoBe MOKPUTTSA 3 KoedilieHTOM TensonpoBigHOCTI A0 )\yT_ =0,05BT/ m-
rpag abo XOPCTKi MiHepanbHi NAMTK 3 KoedilieHTOM TennonpoBigHOCTI )\yT_ =0,1...0,15
BT / M - rpag, siki HeobxigHO 3axuwaTv 4OO4ATKOBMM LLUAPOM rigpoidonsuii.

3apauvi 3 po3B’A3aHHAM.

3apgaua 1. BusHaunti BTpaTy TEMMOTU LIEMMSIHOK CTIiHKOK i3 MOPOXHUCTOI Kepamiy-
HOi uernu wWinbHicTio 1300 kr / M3 3aBOOBXKM 5 M, 3aBBULLIKM 3 M i 3aBTOBLUKM O =
250 MM Ta LWiNbHICTb TENSIOBOrO MOTOKY Af1S HEl, SKWO Ha MOBEPXHAX CTiHW NiATPUMY-
Banucb Temnepatypn t,, = 17 °C i t,, = -20 OC. BusHauuTn BENU4MHY TepMiiHOro
ornopy TennonpoBigHocTi CTiHM R.

cT.2

Po3e’si3aHHs.

1. BusHayaemo 3a pgaHumu gopatka W BenuuuHy KoedpiuieHTa TennonposigHOCTI
YyepBoHOT Uernu A = 0,58 BT / m - rpag B ymoBax ekcnnyatauii «b».

2. 3rigHO 3 PIBHSHHAM (4.2), HaBeAEHUM Y NMOCIOHUKY, BU3HAYAEMO KiNbKICTb TEMNMOTU
SIka MPOXOAWTb Kpi3b LUap Lernu CTiHW nnowieto nosepxHi F: ’

Q =F AN (t;y—t;)/08=5-3-058"- (17 + 20) / 0,256 = 321,9 / 0,25 =
2200 Bt = 2,2 kB

LinbHiCTb TEnmnoBoro MOTOKY — Le KinbKiCTb TEnnoTu, ska BigHeceHa ao 1 M2
MOBEPXHi CTiHW, BU3HAYAETHCA 3a 3aNeXHICTIO:

q=Q,/F=2200/15 = 146,7 Bt / m2. (4.13)

3.TepmiyHuA onip TennonpoBIOHOCTI CTiHKM i3 kepamiyHOi uerny 3aBToBLWKK 0,25 M

BM3HAYaETbCA 3rigHO i3 3aNeXHICTHO:

R=5/A=025/058 =043 M- rpag / Br. (4.14)

3apgava 2. BusHauMTv WiNbHICTb TEMSIOBOrO MOTOKY i KiMbKiCTb TEMOTU, SiKa MNpo-
XOOMTb Kpi3b NaHenb CTiHW 3aBTOBLIKM O, = 0,2 M, 3aBBuLWIKM H = 3,5 M i 3aBOOBXKM
L = 6 M i3 kepamanTobeToHy winbHicTio 1600 kr / M3. |3 30BHILLHLOI CTOPOHM NaHerb
NOKPUTO yTenmnBadyem — MiHepanoBaTHUMK nautTamu WinsHictio 300 kr / M3 3aBTOBLU-
kn 8, = 0,1 M i feKopaTMBHO-3aXNCHUM MOKPUTTAM. Temnepartypa 30BHILLHLOT NOBEPX-
Hi KOHCTpYKLUii cTaHoBUTb t ., = -15 OC, TemnepaTypa BHYTPIlUHbOI MOBEPXHi CTiHM
t.;1 = 19 °C. BonoricHi ymoBun ekcnnyatauii matepiany — «b». BusHauntu Temnepaty-
Py Ha 30BHiLLHi noBepxHi naHeni t_, (nig yrenmosadem). LWinbHicTe Tennosoro noto-
Ky pospaxyBaTu Ofs naHeni Ao i nicns yTenneHHsa. TepMiYyHuM OnopoM 3axmcCHOro
NMOKPUTTSA 3HEXTYBATHU.
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Po3ze’ssi3aHHs.

1. BusHavaemo 3a gaHumu gopatka W BenumuuHM KoeddiuieHTiB TennonpoBigHOCTI
mMaTtepianiB OKpeMux LiapiB KOHCTPYKUIT OropoaXeHHs:

— ANns kepam3nToBeToHy WinbHicTio 1600 kr / M3 A, = 0,79 BT/ M- rpag;

— Ona MiHepanoBaTHMUX NAUT WinbHicTio 300 kr / m3 A, = 0,09 Br/ ™" rpag.

2. BusHa4Yaemo LWiNbHICTb TEMNOBOrO MOTOKY A4S OrOpOAXKYBanbHOI KOHCTPYKLUIT
00 i nmicnga yTenneHHs:

— 6es wapy yrenneHHa q = (t.. 1 —t.3) / (8, /A)=(19+15)/(0,2/0,79) =

34 /0,253 = 134,38 BT/ mZ;

— 3 yTenneHHam q, = (t, 4 =t 3) / [(O4 / Ay) + (8, / A)] = (19 + 15) /[ (0,2/0,79) +

(0,1/0,09)] =34/1,363=24,94 Bt/ m2. (4.15)

3. KinbKicTb TennoTu, sika NpoxoguTb TENSIONPOBIAHICTIO KPi3b OrOPOAXKEHHS:

— 6es wapy ytennenHa Q, =F - q, = 134,38 - 3,5 - 6,0 = 2821,9 Br;

— 3ytenneHHam Q, =F - q,=24,94 - 3,5-6,0 = 523,7 Br.

BucHogokK.

Y pesynbrati HaHEeCeHHs Lapy TenmnoBoi i30MALii KiNbKICTb TENnoTU, ska NpoxoauTb
Kpi3b CTiHY TennonpoBsigHicTio, 3meHwwunuce 3 2821,9 Bt go 523,7 BT — y 5,4 pasa.

4. TemnepaTypy Ha BHYTPILLHiA NOBEpPXHi kepam3anTobeToHHOT naHeni (nig isonsuieto)
BM3HAYaEMO 3a 3aNexHICTio, Ky MOXHa oTpumaTty i3 3anexHocTi (4.15) 3a ymosw,
IO BenuyMHa LWiNbHOCTI TEMMOBOro MOTOKY Yepe3 OKPeMi Liapy OFOPOMKEHHS 3anuiia-
€TbCA cTarnoto, g, = const.

typ=toq— 0y (5, /A) =19 —2494 - (0,2/0,79) = 19 — 6,3 = 12,7 °C.

3apayva 3. BusHauut HeoOxigHy TOBLUMHY CTiHM i3 KepamiyHOI NMOPOXHUCTOT Lernu
ans 3abesnevyeHHs HeobXiAHOro TepMIYHOro OMopy TEMSONPOBIAHOCTI CTiHM Ha pPiBHI
2,0 M2 - rpag / BT. 3agavy poss’a3atv AN LUErnu i3 PisHUMU 3HAYEHHAMMU BOJIOTOCTI
uernn i Ti koedilieHTIB TennonpoBigHOCTI. 3HAYeHHs1 KoeqiUieHTIB TennonpoBigHOCTI
NPUINHATKX 3rigHO 3 AaHumuK Tabnuui 4.1.

Tabnuuysi 4.1
XapakTepucTuka Lernv 3anexHo Bif ii BONOrocTi
1 Bonorictb uernu % mac. 0,1 0,7 14 4,0 9,0
2 KoediuieHT TennonposigHocCTi A Bt/ ™m- rpag 0,53 0,72 0,81 11 1,37

lpumimka. [JaHi ompumaHo 3a pe3ysibmamamu eKcriepuMeHmasbHUX 0oCIliOKeHb.

Po3e’sizaHHs.

1. BennunHy HeoOXigHOT TOBLUMHM OOEPXKYEMO i3 3aNEXHOCTI AN BUHAYEHHST OMopy
TennonpoBiAHOCTI ogHOLWapoBoi CTiHu (4.14): 8 = R - A

Ons cTiHn 3 koedpiuieHTom TennonposigHocTi 0,53 BT / M - rpag npu BOMOrocTi
0,1 % mac. HeobxigHa ToBLUMHA Lernu Bu3Hadaetbea Tak: 0 = R - A =2,0 - 0,53 = 1,06 m.
[ns iHWWX BapiaHTiB BOMOroCTi Lerny pe3ynsratv po3paxyHKy HaBedeHo y Tabn. 4.2.
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Tabnuusi 4.2
Pe3ynkTaTt po3paxyHKy HeoOXigHOI TOBLUMHM CTiHM i3 KepaMmiyHOI uernu
(HeobxigHUI TepMiuHMiA onip TennonpogigHocTti R = 2,0 M2 - rpag / BT)

1 | BonoricTb uernu % mac. 0,1 0,7 1,4 4,0 9,0

2 | KoediuieHT TennonpoBigHocTi, A Bt/ m- rpag 0,53 0,72 0,81 1.1 1,37

3 | HeobxigHa ToBLUMHA CTiHKK, O M 1,06 1,44 1,62 2,2 2,74
BucHoeku.

1. MigBMLWLEHHA KoedilieHTa TennmonpoBigHOCTI CNPUYMHAE HeOobXigHICTb 30inbLUyBa-
TV NOTPIOHY ANst OOCATHEHHS 3afaHol BENMWYUHM TEPMIYHOTO OMopy TENonpOoBIgHOCTI
TOBLUMHY CTiHW.

2. 3abe3neyveHHst cydacHUX BMMOI OO TEMNO3axXMCHUX XapaKTEPUCTUK OrOPOOXKEHb
HemMoXrmBe 6e3 BUMKOPUCTAHHS B OropoaKyBallbHUX KOHCTPYKLUIAX eeKTUBHUX Temnmno-
i3onsuinHMx marepianis.

3apgava 4. BusHaunty KinbkiCTb Tennotu, sika nepenaeTbCA KOHBEKLIEK i3 30BHiLU-
HbOT NMOBEpPXHi CTiHM nnolueto nosepxHi F = 20 M2 y atmocdepHe NoBITPs, AKLIO TEM-
nepatypa Ha 30BHILUHI MoBepxHi CTiHM cTaHoBuna t, = -3 °C, TemnepaTypa 30BHiLL-
Hboro noBiTpsa t, = -21 °C, a cepeaHs LUBMAKICTb 30BHILLHBLOrO MOBITPS 3a OnantoBanbHUM
nepiog W =48 m / c.

Po3e’sizaHHs.
KinbkicTe TennoTtu, ska nepefaeTbCsi KOHBEKLIE, BU3HAYaeTbea 3a hopMynowo (4.2):

Q, =a - F (t, —t)), kkan /rog; kBT,

e

F — nnowa nosepxHi cTiHn, 20 mZ;

t, — Temnepatypa noBiTps, sike OMUBAE 30BHILLHIO MOBEPXHIO CTiHW, t, = -21 OC;

t,, — Temnepartypa Ha 30BHILLHiii NoBepxHi cTiHku, t,, = -3 °C.

KoedilieHT TennoobmiHy Ha 30BHILLHI NOBEPXHi O ONs BepTUKanbHUX MOBEPXOHb
BM3HA4YaeEMO 3a 3anexHictio (4.3):

a=58+11,6 - VW =58+ 11,6 - W05 = 58 + 11,6 - 4,805 = 31,2 BT / M2 rpag.
Q =312-20 (-3 +21)=312-20 - 18 = 11232 Br = 11,32 kBT,

3apava 5. KoediuieHT Tennosigaadi Big NoBepxHi ropu3oHTanbHUX Tpybonposoais
CUCTEMU OrMasieHHs TypTOXMTKY 30BHILLHIM AiameTpom d, = 76 MM, AKWiA NPOKNageHo y
HeonantoBanbHOMy nigBani, ctaHoBuTb o = 6,5 BT / M2 - rpag. BusHauutu BTpaTu
TENnoTK Hei3onboBaHUMK TpybonpoBogamy CMCTEMM ONarneHHs y migsani, AKWo cepen-
HSl TemnepaTypa Ha NoBepXHi NoAaBasibHoro i 3BopoTHoro Tpybonposopis t,, = +52 0C.
3aranbHa OOBXMHA TpyOOMpoBOAiB, SAKi NPOKNageHo Yy HeonantoBanbHOMY nigBani,
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L = 290 m. Temnepatypy noBiTps y miaBani npuiitHsTn t, = +6 °C. BuaHauntu BTpaTH
TENnoTK micns TennoBoi i3onsuii TpybonpoBOAIB 3a YMOBM, LIO cepedHs TemnepaTypa
Ha noBepxHi isonauii Tpy6onposoais 3meHWwnTbCA Ao t.* = 31 °C. 3oBHiWHIA aiameTp
isonauii Tpybonposogis d,, = 100 mm.

Po3e’si3aHHs.
1. BusHaunmo nnoly noBepXHi HeizonboBaHUX TPyOOMNpoBOAIB y nigsani:

F=314-d-L=314"-0,076 - 290 = 69,20 m?.

2. BusHaummo KinbKiCTb TENNOTU, AKa NepefacTbCsl KOHBEKLIE 3 MOBEpPXHi Hei3o-
NboBaHMX TpyOOMpPOBOAIB Yy MOBITPS HeonantoBanbHOrO nigsany (BTpatu Tennotu 3
OXONOMXEHHSAM BOAM y Tpybonposoaax):

Q =a-F, (t,—t)=65" 6920 (52— 6) = 20690 BT = 20,69 KBT.

3. Pospaxyemo BTpaTtu TennoTu nicnsi HAHECEHHSI TEMMOBOI i3onsuii Ha Tpybonposo-
ou. lMNMnowa nosepxHi Tpy6onpoBoAiB 30iNbUNTLCS 3a paxyHOK TOBLUMHW TEMSIOBOI i30-
nauii: F, = 3,14 - d, - L =3,14 - 0,096 - 290 = 87,41 m2.

KinbkicTb TENMOTK, Ska NepeaacTbCs KOHBEKLIE 3 NOBEPXHI i30M1bOBaHMX Tpybonpo-
BOAIB Y MOBITPSA HeonantoBanbHOro nigsany (BTpaty TENMOTUM 3 OXOMOMKEHHAM BOAW Y
TpybonpoBoaax):

Q. =a-F (t,®—t)=65-8741 (31 — 6) = 14204 BT = 14,20 KkBT.

CT.

BucHoegokK.

Y pesynbrati HaHECEHHS TEMMOBOI 30Nl Ha TPyOONPOBOAM CUCTEMW OMArieHHs Y HEo-
nantoBanbHOMY niggani NOCEeKyHAHI BTpaTh TEMMOTM 3 OXONOKEHHSIM BOAM 3MEHLLYIOTHCS
Ha 20,69 — 14,20 = 6,49 kBt. 3a ymoBM TpuBanocTi onantoBanbHoro nepiogy 180 ai6 ue
3abe3neunTb pidHy ekoHoMito TennoTn y 6,49 - 180 - 24 = 28036 kBT - rog, abo 24,11 kan,
LLIO eKBIBaNEeHTHO ekoHoMii 6rimabko 4400 M3 npupodHOro rasy 3a onantoBanbHUA nepioa,.

3apgaua 6. BusHaunt BennumHy KoedpilieHTa Tennonepegadi Ta TepMiYHOro onopy
Tennonepeaadi Ans ropuLLHOro NepekpuTTa HaB4YanbHOro Kopnycy XMerbHULbKOro eKo-
HOMIYHOrO yHiBepcuTeTy. 3a pesynbratamu NpPOBEOEHHS eHepreTuyHoro ayauty Oyno
[OCniIKEeHO KOHCTPYKLUIiO NepekpuTTs, sika CKNnagaeTbCs i3 Takux Lapis:

— 3anizobeTtoHHa 6GaraTonopoXHUCTa MaHenb NepekpuTTs 3 TEePMIYHMM OMOpPOM

TennonposigHocTi R, =8,/ Ay = 0,17 m2 - rpag / BT;

— HacunHW KepamsuT cepenHbOol TOBLLMHOW O, = 7 CM.

Bu3HaumT BigNOBIAHICTb BKa3aHO! KOHCTPYKLUiT HOpMaTMBaM TEMNNO3axUCHUX XapakTe-
PUCTUK OrOPOOKEHb i Cy4acHUM BMMOram eHepro3bepexeHHs. Y pasi HeobxigHOCTi BU3Ha-
YNTU TOBLUMHY [0AAaTKOBOI TENNOBOI i3onsuii. BU3HAUNTU pidHY €KOHOMIO TennoTw, siKy
MOXHa OTpMMaTW 3a paxyHOK MiOBULLEHHS TEPMIYHOro Oomnopy KOHCTPYKLUii. Mnowy nepe-
KpUTTA NpUitHATM F = 1920 M2, BU3HAYMTU EKOHOMIYHY e(EKTUBHICTL 3axofy.



PO34I1 4 61

Po3e’si3aHHs.

1. BusHayaemo HOpMOBaHi napamMeTpu 30BHILHbLOrO MOBITPSA Y XOMNOOHUN nepiof
poky Ans M. XMenbHUUbKOro 3rigHo 3 gaHumu gopjatka A abo CHwull 2.01.01 — 82
«CTpouTenbHasa KNnumMaTonorua u reouanka.

PospaxyHkoBa HOpMOBaHa TemnepaTtypa 30BHILUHbOrO MOBITPA ANA cucTemM ona-
nenns t, = -21 0C.

HopmoBaHa cepeaHsi Temnepatypa onantoBarnbHoro nepioay te,," = -0,5 0C.

HopmosaHa TpuBanicTb onantosarnsHoro nepiogy n,,, = 181 poba.

2. 3a paHumun pgopatka WM BM3Ha4aeMo KoedilieHT TennonpoBiAHOCTI ANns Kepam-
3UTY 3acunHoro LinbHictio 600 kr / M3, A, = 0,2 BT / m - °C.

3. BusHauumMo TemnepaTtypHy 30HY, A0 SKOi HanexuTb M. XMenbHULbKUNA.
[Ons uypboro oBuMcrnMMo po3paxyHKOBY HOPMOBaHY KinbKiCTb rpagyco-gib 3rigHo 3
3anexHictio (4.10):

M=n

(-t =181 - (20 + 0,5) = 3710 rpagyco-gi®.

cep.H)
Ockinbkn opepxxaHa KinbkicTb rpagyco-4io Ginbwa 3a 3500, To M. XMenbHULbKUIA
Hanexutb o 1-1 TemnepaTypHOi 30HM.
4. 3aranbHuini TepMiYHWI onip Tennonepegadyi 4epe3 NepekpuTTss BU3HAYUMO
3a 3anexHictio (4.7):
Ro=1/K=(1/a,+Z®,/\N)+1/a,), M- rpaa / Bt; M- rog - rpap / kkan,
e BenuyvHa onopy TennoobMmiHy Ha BHYTPILIHIA NOBEPXHi OropomxeHHs R,
CTaHOBUTb:

R,=1/a,=1/87=0,115 m?- rpag / B.

TepmiyHui onip nepexony TENfoTU KOHBEKUIEH Ha 30BHILLHIA NOBEPXHiI NepekpuTTH
BM3Ha4aEeTbCA BiANOBIAHO A0 3anexHocti R, =1/ a, =1/ 17= 0,059 m? - rpag / BT (a,
= 17 Bt / M2 - rpap, K A5 ropuLl, SIKi CronyYeHi i3 30BHILLIHIM NOBITPSIM 3riAHO 3 BUMO-
ramn [BH B.2.6-31:2006 «TennoBa i3onsuia 6yaisenby).

3aranbHun TEpMIYHMIA OMip TEMJTONPOBIAHOCTI GaraTowapoBOi KOHCTPYKLIT NepekpuT-
TS BU3HAYAETLCA 3a 3arnexHICTIO:

Ry = 53,/ \) =8,/ A, + 8,/ A, = 0,17 + 0,07/ 0.2 =
0,17 + 0,35 = 0,52 M2 - rpag / BT.

Po3paxyHOK 3aranbHOro TepMiYHOro onopy Tennonepenadvi:
R, = (0,115 + 0,52 + 0,059) = 0,694 m? - rpap / BT.
3rigHo 3 Bumoramn [BH B.2.6-31:2006 (amB. gogatok 3) MiHimManbHa BernuuuMHa

TEpMiYHOro onopy Tennonepeaadi Ansa NepekputTa HeonanoBanbHWUX ropuul ana 1-i
TemnepatypHoi 3oHu R, = 3,3 M2 - rpag / Br.
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BucHoeok.

YmoBa R, 2 R,;, He BUTpUMYETbCHA. PaKTUYHMIA TEPMiYHU onip Tennonepenadyi
R, = 0,694 m? - rpag / BT maitke y 5 pasiB HKYMIA 32 HOPMOBaHUI, He3BaXalouw
Ha Te, WO VY KOHCTPYKUIT ICHYHUYOro Oropod)XeHHs € LWap TennoBoi i3onauii.
3rigHO 3 cyyYacHMMW BMMOramm 3 eHepros3bepexeHHs iCHykda Tennosa i3onsuig
(70 MM Kepam3nTy) € Aaneko He AOCTaTHbOW ANns 3abe3nevyeHHa HeobXigHWX Tenno-
3aXVCHUX XapakTepPUCTUK NepPeKkpUTTS.

5. BusHaunmo BenuumMHy HeoOXigHOro onopy Tennonepegadi 4OAAaTKOBOro YTEMNSEeHHs
nepekputTa R, AN AOCArHEHHs HOPMOBAHWX BUMOT 3 eHeprodbepexerHs. [ns uporo
0B4MCNIMMO Pi3HULIID HOPMOBaHOI MiHiMarnbHOT R, Ta AiNCHOI Ha Yac npoBeadeHHsA obcTe-
XeHb HaBy4anbHOro kopnycy R, BenuumH onopy Tennonepenadi oropomkers (4.11):

R..=R. -—R =33-0,694 =261wm2-rpag/ Br.

noa. MiH. o

TOBLLI,MHy 004aTKOBOro yrtenrBaya, KU HeoDXiAHO HaHecTu Ha oropoaxysalbHy

KOHCTPYKLitO A5 JOCATHEHHSA CydaCHUX BUMOT TEMoBoi i3onauii Oyaisens 5;@.’ BU3Ha-
YaloTb 3a 3anexHicTio (4.12):
6.D.Oﬁl = RAOFI A yT,
ne
6ﬂoﬂ_ — TOBLUMHA YTENmoBaya y KOHCTPYKLIT OropoaXeHHst Ans AOCArHEHHSA Heobxia-
HUX TEMNIIO3aXUCHUX XapaKTEPUCTUK OrOPOOKEHHS, M;
)\yT. — KoediuieHT TennonpoBiAHOCTI MaTtepiany ytenntoBaya y BT / M - rpag, Bu3Ha-

YaeTbCA 3a AaHMMK gopatka W 3anexHo Big NpUNHATOro BMAYy yTensntoBada. Y SAKOCTI
Takoro ytenniooBaya NpunMemMo MaTu MiHepanoBaTHi NPOLWMBHI 3 KoedilieHTOM Tenno-
NpPOBIAHOCTI AyT_ = 0,064 BTt / m - rpag.

5;.0;1. = Rgon_ . )‘yr., = 2,61- 0,064 = 0,167 m.

TakuM 4MHOM, AN OOCSATHEHHSA HEeoOXiAHMX, BPaxOBYHUM aKTyasbHICTb Npobrnemu
eHepro3depeXeHHs1 TEMMN03axUCHNX XapakTePUCTUK OrOPOMAXKeHb, Ha NepPekpuTTs noTpid-
HO HaHecTX OOoAaTKOBWI Luap YTENmBaya y BUMSAOI MiHEparbHOT BaTy 3aBTOBLUKA He
MeHLW sk 20 cwm.

3rigHo 3 n. 2.3 BH B.2.6-31:2006 y pasi TepMomogepHi3aLii iCHyr4nX
OyauHkiB BenuuuHy R ., [03BONSAETbCA npuimaty 3 koediuientom 0,8 i gewlo
nocnabutn BUMOrn A0 TEMM03axXMCHUX XapakTEPUCTMK OrOPOAXKEeHHS. BignosigHo,
MOXIUBUM € BapiaHT HaHECEHHS MiHeparnbHOI BaTu 3aBTOBLUKM 15 cMm. Ane npwu
LbOMY, MPUPOAHO, KINbKICTb TEMNNOTU, SKa MNPOXOAUTUME Yepe3 MNepekpuTTs,
Jeulo 36inbWwmnThCs.

3 ornagy Ha HesHauHy pisHUUI0 Yy pesynbraTax po3paxyHKy MpUAMaemMo TOBLUUHY
MiHepanbHoi BaTtn 20 cM i NepeBipsEMO BENUYMHY TEPMIYHOrO OMopy Tenmnonepenadi 3
ypaxyBaHHSIM [00OaTKOBOro Liapy TenroBoi i3onsuii:
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Ry = (1704 +8,/ A+ 8,/ Ay + 8, [ Ay + 11 0y) = (0,115 + 0,17 + 0,07 /
0,2 + 0,20 / 0,064 + 0,059) = 0,115 + 3,17 + 0,059 = 3,34 M2 - rpag / Br.

YmoBy R, = R,,;,, abo 3,34 m? - rpap / Bt 2 3,3 M2 - rpag / BT BuTpumMaHo. HopmoBaHi
TENMO3aXMCHI XapakTePUCTUKN NEPEKPUTTSA MiCns AOAATKOBOrO YTEMNNEHHA BUTPUMAHO.

6. BusHavyaemo KoedilieHT Tennonepenadi NepekpuTTa A0 i Nicnsa 34iMCHEHHSA 3axo-
niB 3 TepMomMoaepHisauii:

— 00 NigBULLEHHA TEpMIYHOrO onopy Tennonepenadi NepekpuTTs:

K=1/R,=1/0,69 = 1,44 Bt / m?- rpag;
—  nicng HaHeCeHHs 4OAAaTKOBOro Lapy TennoBoi i3onsauii:
K=1/R,=1/334=0,299 Bt/ M2 rpap.

7. BM3Ha4yaemMoO po3paxyHKOBY KifbKiCTb TEMMOTM (3a yMOBW HOPMOBaHUX Temnepa-
TYp BHYTPILUHBLOrO MOBITPS | pO3paxyHKOBOI TeMnepaTypu 30BHILLHLOIO NOBITPS XOrog-
Horo nepiogy poky 3rigHo 3 CHwull 2.01.01-82 «CTtpouTtenbHas knuMaTonorns u reodu-
3uKay), sika NPOXOAUTMME 4epe3 MNepekpuTTs i3 MpUMILLEHHs Ha ropue Ao i nicns
TEPMOMOAEPHI3aUii 3rigHO i3 3anexHicTio (4.9).

3 ornsay Ha Te, WO 30BHILLIHE MOBITPA Ha ropulli He Mae 6e3nocepefHbLOro BMXO-
Oy 00 30BHIWHBOro NOBITPS, BENUYMHY PO3PaxyHKOBOT 3MMOBOI TemnepaTypu 30BHILL-
HBbOrO NOBITPS NpuiMaemo 3 koediuieHTom 0,9 (Bumorn CHul 2-3-79* «CTpontenbHas
TennoTexHukar). AHanoriyHni koediuieHT BBOAUTLCA ANS NEpPekpuTTS Hah Heonarnto-
BanbHMMKM nigBanamu 3i cBiTNOBMMUW npopizamn — 0,75, a TakoX NepekpuTTa Hapg
HeonanwBanbHMMK nigBanamy 06e3 CBITNOBMX MNPOpi3iB, ane po3TalloBaHMMU BULLE
piBHa 3emni — 0,6.

PospaxyHok ans nepekpuTTa 40 BNPOBaMXEHHS 3axXOAiB i3 NiABULLEHHSA TEPMIYHOro
onopy:

Q=K F-09-(t—t)=144-1920-09 - (20 + 21) =
102021 Bt = 102,02 kBT.

PospaxyHOK BTpaT Tennotu nicrs BNpOBaKEHHSA 3axofiB i3 MigBULLEHHA Tennosa-
XUCHUX XapaKTePUCTUK:

Q=K-F-09-(t—t)=0299 1920 - 0,9 - (20 + 21) =
21183 Br = 21,183 kBr.

8. BusHaumMMo piyHi BTpaTu TENNOTU Yepe3 NepeKpUTTs HaBYarbHOro Kopnycy Ans
KNiMaTUYHMX YMOB M. XMENbHULILKOrO A0 i NiCNs 3axoAiB 3 NiABULLEHHS TEMMO3aXUCHUX
XapaKkTeEPUCTUK OFOPOMKEHHS.

[na uboro Ha nepwomy etani HeobxigHO BM3HAYMTU KiMbKiCTb TENMOTU, sika MPOXO-
ONTMME Yepe3 KOHCTPYKLi NepeKkpuTTs 3a YMOBM CEpedHbOi 3a onantoBanbHUIN nepiog
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TemnepaTypy 30BHILLIHBOIO NOBITPSA. NS UbOro NOBTOPUMO PO3PaxyHKM 3a 3amnexHiCTHo
(4.9) 3a ymosn t, =t " = -0,5 °C:
— [0 yTenneHHs NepekpuTTs:

Q=K-F-09- (-t " =144-1920-09 - (20 + 0,5) =

B cep.

51010 Bt = 51,01 kBr;
—  nicns yTenneHHs:

Q=K-F-09"(t,- tcep_”) = 0,299 - 1920 - 0,9 - (20 + 0,5) =
10592 Bt = 10,59 «kBT.

PiyHi BTpatn TennoTtn NepekpuTTaM BU3HAYaTbCA 3 ypaxyBaHHAM PiYHOT HOPMOBa-
HOi TpmBanocTi onanoBansHoro nepiody ng,, = 181 noba = 4344 rog.

OTxe, piuHi BTpaT TENnoTH rOpULLHUM NepPeKkpUTTaM OyayTb TakuMmu:

— 0o peanisadii 3axogiB 3 yTenneHHs:

Qp = Q- ng,,, = 51,01 - 4344 = 221587 kBt - rog = 221,6 MBT - roa, Wo eksiBa-
MEHTHO PiYHUM BUTPAaTaM rasy Ha KoTenbHi 6rnmabko 35 Tuc. m3;

—  nicng peanisauii 3axo4iB 3 yTENNeHHS:

Qi = Q - ngyyy = 10,59 - 4344 = 46003 kBT - ro = 46,0 MBT - rog, Wo ekBiBaneHT-
HO PiYHUM BUTpaTaM rasy Ha KoTenbHi 6nmabko 7,1 Tc. m3.

9. EKOHOMIYHUI eheKT BNPOBamMKEHHS 3ax0AiB i3 30iNbLUEHHS TEMNO3axMCHNX XapaKkTe-
PUCTVK MEPEKPUTTS BU3HAYAETLCS EKOHOMIEKD KOLUTIB, SIKi CNMadvyroTbCs CMOXMBa4YeM 3a
TENNOBY €Heprito (YYMHHMIA Tapud Ha TEennoBy eHeprito Ans HaByYanbHUX KOPMNyCiB CTaHo-
BUTb 6rnm3bko 600 rpH 3a 1 MBT - rog Tennotu), abo 3MEeHLLEHHAM BUTpaT Ha 3aKyniBmo
NPUPOLHOro rady TennonocTayarnbHOK opraHisadieto (BepecHesun 2010 p. Tapud crtaHo-
BUTb Gnnabko 1400 rpH 3a 1000 M3 npupodHoro rasy).

Bu3aHauMmMo ekoHOMIYHMI edheKT AnS CroXmBada TennoBoi eHeprii — XMenbHULbKOro
€KOHOMIYHOro yHiBEepCcuTETY:

Eq = (Quy - Q'piK) ‘Tq = (221,6 — 46,0) - 600 = 105360 rpH 3a pik.
3HMWKEHHS nnaTexiB 3a nNpupoaHWMiA ra3 Aans TennonocTavarnbHOl opraHisauil
CTaHOBUTb:
Eg=(B

-B - Tg=(35-17,1) - 1400 = 39060 rpH 3a pik.

piK ‘piK)

Taknm YMHOM, 3HWXKEHHSA NNaTexiB 3a TENNOBY €HEeprilo ANns yHIBepCUTETY 3a paxy-
HOK yTENIeHHs NepekpuTTa ropua ctaHoButume 6nmnsbko 105 TUC. rpH 3a onantoBarb-
HUI nepiog,.

BHWKEHHS X PiYHMX NNaTexiB 3a NPMPOAHMIA ra3 Ans TennonocTayanbHOi opraHisauii
CcTaHoBUTb Nuwe 39 TuC. rpH 3a onantoBasnibHU nepioa.

3a3HayeHe cnpuyMHeHe HeaOeKBaTHICTIO TapudiB Ha TENnOBY €Heprilo i Ha npu-

poaHWI ras.
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10. BnsHaumMmo peHTabenbHiCTb BNPOBAMKEHHSA 3axOAiB i3 MiABULLIEHHS Tenno3axmc-
HUX XapaKTEPUCTUK MEPEKPUTTS.

3aranbHa nnowa nepekpuTTda, Ha SKy HeobxigHO BKnagaTtu yTenntoBad y BUrNagi
MiHepanbHOi BaTu, cTaHoBMTL 1920 M2. 3aranbHuit 06’'eM MiHeparnbHOI BaTM 3a YMOBM
i ToBWMHKM 0,2 M cTtaHoBuTL 1920 - 0,2 = 384 mS.

Baprtictb 1 M3 MiHepanbHOi BaTh konveaeTbes Big 300 Ao 3000 rpH 3a 1 M3 3anex-
HO Bif LWinNbHOCTI MaTepiany. Takmm YMHOM, HaWMeHLa BapTiCTb POBIT 3 MiABULLEHHS
TEPMIYHOIO OMopy MEpPEKPUTTH, pa3oM i3 BapTICTIO Martepiany, CTaHOBUTUME Onmn3bKo
| =192 TnC. rpH (3a YMOBW BUKOPUCTAHHSA MiHEparbHOI BaTW, ika YHEMOXITUBIIIOE Billb-
He nepecyBaHHA Ntogen no ropuwly. [na uboro HeobxigHe MpOKnadaHHA cneujianbHUX
OOPIKOK i3 OOLLOK).

Taknm YMHOM, TEPMIH OKYMHOCTI BMNPOBaMXEHHSA 3axofiB i3 NiABULLEHHS TePMIYHOro
ornopy NepekpuTTsa ropuila ansa yHisepcutety ctaHoButb: T, =1/ Eq = 192 / 105,36 =
1,8 pokKiB, WO € NPUAHSATHUM BapiaHTOM, OCKINTbK/ BXE Ha TPETiN Pik BNPOBaIKEHHS
0acTb YNCTUMI eKOHOMIYHMI edekT npmbnusHo y 105 Tuc. rpH. A 3 ormagy Ha Temnu
3pOCTaHHA BapTOCTi TENMOBOI eHeprii i NPUPOgHOro rady TePMiH OKYMHOCTI 3axo4y MOXe
CYTTEBO 3MEHLUUTUCE.

3apayi ona caMocTiNHOro po3B’A3aHHA.

3apgava 7. BusHauntn nokasHWK TennoBoi iHepuil GaraToLlapoBoi 30BHILLHBOT CTiHKM
HaB4anbHOro kopnycy 3anopisbkoi iHxeHepHoi akagewmii. CTiHka cknagaetbes i3 wapy
KepaMmiyHOi NMOPOXKHUCTOI Liernu WwinbHicTio 1400 kr / M3 3aBToBLIKM 0,37 M, Liapy yTensno-
Baya — MiHepanbHoro matepiany BETOJIb i3 koediuieHTom TennonposigHocTti 0,05 BT / m
- rpag i koedilieHToM TennosacBoeHHs S = 2,0 , Bt / m2 - 9C, 3aBToBwku 100 mm.

BuaHaunTtn BennumHy koediuieHTa Tennonepegadi i TepmiyHOro onopy Tennonepeaa-
Yi Takoi CTiHW, Ti BigNOBIAHICTL HOPMOBAHWM BESIMMMHAM MiHIMaNbLHOrO Onopy Tensone-
pegadi 3rigHo 3 Bumoramu [OBH B.2.6-31:200. 3pobut BUCHOBOK MpO HeobXigHICTb
[0OATKOBOrO YTEMSEHHS CTiHW | SKLWO Ue HeobXiAHO — BU3HAYMTU MOTPIOHY TOBLUMHY
MiHepanbHOro ytennioBaya. BusHaumTtu pidHi BTpatM TeNnoTu CTIHOK [0 i nicns HaHe-
CEeHHSA [O04aTKOBOI TensioBOl i30MsUil, a TakoX EKOHOMIYHY edeKTUBHICTb 3axofiB 3
eHepro3dtepeXeHHs.

Posmip cTiHy npuitHat 750 M2, cTiHy 30pieHTOBaHO Ha niBHIY. BapTicTb Tenmnoisons-
LinHux MiHepanbHux naHeneit BETOJIb — 980 rpH / m3. BapTicTb poBiT 3 MOHTaxy
TennoisonauiiHnx nadenen — 80 rpH Ha 1 M2 NOBEPXHi CTiHW. TepMiYHMM OMOPOM BUPIB-
HIOBamNbHOT LUTYKaTYpKW i 4EKOPATUBHOIO MOKPUTTS 3HEXTYBATWU.

3apava 8. BusHauuTu onip Tennonepeaadi BepTUKanbHOI LEernaHOol 30BHILLHbOI CTiHN
3aBToBWKKM 0,5 M. Martepian — uerna nOpoOXHUCTA Ha LEMEHTHO-MILLaHOMY PO34MHI
wwinbHicTio 1800 kr / M3. Ha BHYTPILLHIO CTOPOHY CTiHW HAHECEHO BarHAHO-MiLaHy LTY-
KaTypky LWinbHicTio 1600 kr / m3 3aBToBlWKM 0,020 M. YmoBM ekcnnyaTauii — bB.
Bu3HaunTK BiANOBIAHICTb 3a3HaYeHOi KOHCTPYKLIT HOpMaTMBaM Tenno3axMCcHUX XapakTe-
PUCTUK OFOPOAXEHb | Cy4aCHMM BMMOram eHepro3bepexeHHs. Y pasi HeoOXigHOCTi
BM3HAYUTU TOBLUMHY AOAATKOBOI TENOBOI i30nsu;i.
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3apaya 9. Bu3HaunTu KinbkicTb TEMMNOTH, SIKa NepenaeTbCs KOHBEKLUIEK Big BHYTPILL-
HBbOrO NOBITPsi 3 Temnepatypoto t, = +18 OC [0 BHYTPIIHLOT NOBEPXHi CTiHW MoLEl0
F = 15 m? 3 Temnepatypoto t., = +15 °C.

3apayva 10. KoediuieHT Tennosiggadi Big NOBEpXHi ropu3oHTanbHUX Tpybonposoais
CUCTEMU ONaneHHs rypTOXWUTKY 30BHiLLHIM diameTpom d, = 100 mm, ski npoknageHo y
HeonantoBansHOMY niasani, ctaHoBuTb o = 8,0 BT / M2 - rpag.

BusHaumT BTpat TENNOTU HEI30NbOBaHUMU TPYOONPOBOAAMM CUCTEMW ONarneHHs y
nigBani, SAKWO cepegHs TemnepaTypa Ha MOBEpPXHi nogaBanibHOro i 3BOPOTHOro Tpybo-
npoBoAiB cTaHoBUTb t,, = +46 0C. 3aranbHa foBXUHa TpyGonpoBoAiB, siki NpoknageHo
y HeonantoBanbHoMy nigsani L = 210 m. TemnepaTypy noBiTps y nigsani NpURHATH
t, = +3 0C. BusHaunTu BTpaTM Temnotu nicns TennoBoi isonsuii TpyGonpoBoais 3a
YMOBMU, LLO CepefHsa Temnepatypa Ha NoBepxHi i3onsauii TpybonpoBoaiB 3MEHLWNTLCA A0
t,, = 35 0C. 3oBHiLuHiit AiameTp isonsauii Tpy6onposoais d, = 150 mwm.

3apaua 11. BusHauntu piyHi BTpaT TENNOTK HEi30NbOBaHUMM Tpybonposogamm Tenso-
BMX MEpeX 30BHILIHIM AiameTpoMm 216 MM 3aranbHO MPOTSXHICTIO 30 M, 30BHILLHLOIO
Ha[3eMHOro NPOoKIagaHHs Ha TepuTopii CTyAeHTCbKoro Mictevka y M. Kiposorpaai. CepegHto
3a onantoBanbHUi Nepiof LIBWUAKICTb BITPY npuiHaT 3 M / c. CepenHilo Temneparypy Y
nogaearnbHOMY i 3BOPOTHOMY TPyBOMpoBoAax TENMOBUX Mepex MpuUiHaTH +47 OC.

BusHaunt BTpaTM TEMMNOTK Micnsa Tennosoi idonsuii TpyoonpoBoaiB 3a ymMoBH, L0
cepeAHst TemnepaTypa Ha MoBepxHi isonsauii TpybonposoaiB 3MeHWNTbCS Aot =
33 0C. 3osHilHiin aiameTp isonauii TpyGonposoais d, = 320 mm.

3apava 12. 3pgincHuty noOynoBy rpadika 3anexHOCTi KinbKOCTi rpagyco-gid Big
TemnepaTypy 30BHILLHBOrO NOBITPs Ans ymoB M. Kpmsoro Pory. Temneparypy BHyTpiLL-
HbOrO MOBITPSA NPUItHATKM +18 OC. lMoBTOpOBaHICTL TemnepaTyp 30BHILLUHLOMO MOBITPS
NPUAHATK 3rigHO 3 AaHMMK JoBigHUKa («Hanagka v akcnnyataums BOAsHbIX TEMMOBbIX
ceTeny nog pepakumen Maxioka B.U., Ctporinagar,1988).

Tabnuuysi 4.3
MoBTOplOBaHiCTL TeMMepaTyp 30BHilWHbLOro noBiTps ansa M. Kpusoro Pory

Temnepartypa
30BHILUHLOIO -25...-30 | -20...-25 | -15...-20 | -10...-15 | -5...-10 | 0...-5 | +5...0 | +5...48 | ycboro
nositps, °C
MoBTOptOBaHICTL
Temneparyp
30BHILLIHBOIO
noBiTps, rog

9 38 129 239 465 1172 | 1540 680 4272




PO3AIN 5
YMOBUW TA NMAPAMETPU XUTTEOIANBHOCTI

noauvHW y byaiBnAx

Y Tabnuui 5.1 HaBegeHO 3HaYeHHs HOPMOBaHWX TemnepaTyp AMS XUTNOBUX NPUMI-
LeHb Ta HaB4anbHMX ayguTopin BH3.

Tabnuuysi 5.1
HopmoBaHi napameTpu MmikpoksnimaTty B XUTMOBUX OyaMHKax 3rigHO 3 BUMOramu
OBH B.2.2 -2005 «XXutnoBi 6yanHKN»

HopmoBaHa Bumoru oo noBiTpoo6MmiHy
oo | TnepanY
yTP 0 Mpunnue Butsaxka

nos.iTps, °C
3aranbHa KiMHaTa, crnanbHs +20 O'qHOsz-irKHHV;M Hepes -
KyxHs +18 - He meHw sk 90 m3/ rog
BaHHa +25 - 25 m3/ rop
B6uparnbHs +20 - 50 m3/ rop
CyMiweHnin Tyanet +25 - 50 m3/ rog

PoapaxyHkoBa' KinbKiCTb TENnoTu, Ky HeoBXiAHO BUTPATUTU Ha HarpiBaHHS iHMINb-
TpauinHOro NoBiTps, BM3Ha4YaeTbeca 3a dopmynoto (5.1):

Q=c- M- (t,-t), kkan / rog; kBr, (5.1)

ae

C — macoBa i3o6GapHa TemnnoeMHICTb MOBITPA y AianasoHi Temnepatyp Big -20 °C go
+20 OC; 3a posioHukom ¢ = 0,278 kkan / kr - rpag (1,164 kx / kr - rpan);

M — macoBi BUTpaTV NoBITPs (BENMYMHA MOBITPOOOMIHY), Kr / C, Kr / rog;

t, — Temneparypa BHyTPiLIHLOrO MoOBITPA y ByAiBni y XonoaHWit nepioa poky (ycepea-
HeHa), °C;

t, — pospaxyHkoBa Temneparypa 30BHiLLHLOMO MOBITPA Yy XONOAHWI nepiod PoKy Ans
cucTem onanexHs 3rigHo 3 gaHummn CHull 2.01.01-82 «CtpouTtenbHasa knumMaTonorusi u
reoduanka», °C.

MacoBi roguHHi BUTpaTy MNOBITPSA M BU3HAUMMO 32 BiAOMOK BEMMYUHOK 06’€EMHUX
BuTpat V i ryctuHoto nositpst p, = 1,29 kr / M3 (ryCTMHY NOBITPS HaBedeHO ANs Hop-
ManbHUX ymoB: Temnepatypu nositpa 0 °C nig tuckom 0,1 MMa):

M=V-p, (52

ae

! PospaxyHKosa — gu3HayeHa OJ1si PO3paxyHKO8OI HOPMO8aHOI memnepamypu 308HilHE020 Nosimps t,
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V — 0G’€MHi roguHHi BMTpaTU MNOBITPS, BM3HAYalOTbCH 3a BiJOMOK HOPMOBAHOM
BEMUYMHOK MOBITPOOBMIHY B XUTMOBUX MPUMILLEHHSX, M3 / rof:

ne
Z — HOPMOBaHa KpaTHICTb MOBITPOOOMIHY;
V, — BEHTUNbOBaHM 06’eM npumilleHb Gyaisni.

3agauvi 3 po3B’AA3aHHAM.

3apgaua 1. Bu3HauMTu cepedHo 3a onantoBasnbHUIA Mepiog Temnepartypy BHYTpiLl-
HbOro noBiTps y OyaiBni HaB4YanbHOro Kopnycy PiBHEHCBHKOro YHIBEpCUTETY BOAHOIO
rocnogapctsa Ta NPUMPOOOKOPUCTYBaHHSA 3aranbHoto nnouweto 3600 M2, SKWOo 3rigHo 3
pesynsrataMu BUMIipiOBaHb NapameTpiB BHYTPIiLLIHbOro nosiTps Ha 1200 M2 nnowi nig-
TpMMyBanacb cepeaHs Temnepartypa nositpa +18,5 0C, Ha 800 m2 — cepeaHs Temne-
patypa +16 °C, a Ha pewTi nnowi — 19,3 °C. BusHaunTH, Ha SKY BENUYMHY 3MIHIOETH-
Csl pO3paxyHKOBa rOAMHHA i piyHa BenMyuHa BUTPAT TEMSIOTM Ha onaneHHs Oygieni
HaB4anbHOro KOPMycy 3a YMOBM 3MiHM TemnepaTtypu BHYTpillHboro nositpa Ha 1 °C.
O6’em Gyaieni 3a 30BHiWHIMKM oBMipamu — 10800 m3. Byaiena 1980 poky 3abynosu.

Po3e’si3aHHs.
1. BusHayaemo HopMoOBaHi napameTtpu kniMaTty ans M. PiBHe 3rigHO 3 OOBiAHWKOBU-
MU gaHumu (gopatok A):
— po3paxyHkOBa TemnepaTtypa 30BHILHbOIO MOBITPS XOMOAHOro Mepiogy POoKy
t,=-21 9C;
— cepedHsA TemnepaTypa 30BHIWIHBOrO MOBITPS 3a onantoBanbHWWA MNepiog
teep.” = -0,5 °C;
— TpuBanicTb onantosarsbHoro nepiody n..,, = 181 goba = 4344 rog.
2. CepegHbo3BaxeHy hakTU4HYy TemnepaTypy BHYTPILWHbLOrO MOBITPA y Oyaisni npo-
TArOM 3BIiTHOrO nepiogy 3a pesynbrataMu BUMMIptOBaHb (3a Lwikanok KenbsiHa) BM3Ha-
Yaemo 3rigHo 3 3anexHicTtio (5.3):

Teer-=(Fy T, +F, T,+F; - T,) / (Fy+ F,+ Fy), K, (6.3)

ne

F,, F,,...F, — onantoBarnbHi NnoLii 3 NOCTINHOI CePeaHbO TeMNepaTypor BHYTPILL-
HbOFO MOBITPsA, MZ;

T, Ty...T,, — cepedHsa Temnepatypa BHYTPILLIHbOrO MOBITPA Ha BiAMNOBIAHIA onarto-
BanbHin nnowi 6ygisni, K;

T, =t + 273, pe t — Temneparypa BHYTPILLHLOrO MOBITPSA Ha BIAMNOBIAHIN
nnowi, °C.

BenvnunHy cepeaHbO3BaXeHOT (akTUYHOT TemnepaTypy BHYTPILWHLOrO MOBITPS Y
6ynisni 3a wkanoto Llenbcis BU3HaA4aeMo 3rigHO 3 3anexHicTio: t cepP- = T cep- - 273, 0C.
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Onsa ymoB 3agadi BU3Ha4aeEMO BENWYUMHY cepenHboi Temnepartypu y Oyaisni 3a wwka-
noto KernbgiHa:

1200 (273 +18,5) + 600 - (273 + 16) + 18- (273 + 19,3)
3600

=291,3 K.

cep. —
Tg" =

3HaJveHHs1 cepenHboi Temnepatypu B Byaisni 3a wkanoto Lenscis:
tcer = 291,3 - 273 = 18,3 °C.

3. 3a gaHumu Tabnuui (6.3) BU3HAYAEMO NMUTOMMUIA PO3PaxXYHKOBMUIA MOKa3HMK TEMmo-
BOro MOTOKY Ha onaneHHs 1m3 Gyaisni npu nepenagi Temneparyp 8 1 0C:

q,= 0,33 Bt/ m3- OC.

4. Bu3dHayaemo pO3paxyHKOBY BEMWUYMHY BUTPAT TENNOTM Ha noTtpebu onaneHHs
HaBYanbHOrO KOpPMycy 3a 3anexHictio (6.14):

Q=K -q,-V,  (t,-t) =116 -0,33 -10800 - (18,3 + 21) =
162475 kkan / rog = 189000 Bt = 189 «kBT.

5. OBpaxoByeMO cepefHI0 3a onantoBanbHWUMA Nepiog BenuuuHy BUTpaT Tennosoi
eHeprii Ha onaneHHs:

tB - tcep. - 18 18,3 + 0,5

=189 ——— ' = 931 kBT,
ts- t, 18,3 + 21 BT

Q5™ = Q, -

6. BnM3Ha4yaemo pidHi BUTPATM TENMOTU HA ONarneHHsi HaB4anbHOro KOpmnycy:
QpiK = Q%P - ng,,, = 93,1 - 4344 = 404426 kBt - rog = 404,4 MBT - rog.

7. BusHavyaemo BNNUB 3MiHM TemrnepaTypy BHYTPILLIHbOIO MOBITPS Ha 3MiHY PiY4HUX
BWTPAT TEMNNOTM Ha NoTpebu onaneHHs.

Tak, 3a yMOBU 36iNnblUEHHsI cepedHbol TemnepaTypy BHYTPIWHLOro NoBiTps Ha 1 °C
i poBeaeHHs T fo BenuuuHm t, =t + 1 = 18,3 + 1 = 19,3 OC piyHi BUTPATU TennoTu
Ha onaneHHs CTaHOBUTUMYThb:

Q= Qo t'B't“ﬁ‘"—4044 19995 _ 4r59 MB
N T 83w 0 T TR

BucHogoK.
3MmiHa TemnepaTypy BHYTPIWHBOrO MOBITPS y OyAiBni HaB4YanbHOrO KOPMycy Ha

1 0C cnpuumHse 3MiHy piYyHMX BMTPAT TEMnoTK Ha onaneHHs Ha 5,3 %:
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Qui - Qoic _ 4259 - 404,4

. = 0,
QpiK 404,4 100 5’3 A’

3apava 2. Bu3HaunTu po3paxyHKOBi BTpaTu TennoTu 3 iHdinsTpauieo y XonogHun
nepiog poKy Ans rypToXuMTKy MeguyHoi akagemii y M. Cimdpepononi, BHYTPILUHIM BEHTU-
nboBaHNM o6’emom V, = 15000 m3. TemnepaTypy BHYTPILULHbOTO MOBITPS MPUAHATM
t, = +20 °C.

Po3e’sizaHHs.

1. BusHayaemo HOpMOBaHi KniMaTu4Hi napameTpu Ans 3a3Ha4YeHOro perioHy:

— po3paxyHKoBa TemnepaTtypa 30BHIWHbOrO MOBITPS XOMOAHOro nepiogy pPoKy

t,=-18 °C;

— CcepefHsa HopMOBaHa TemMnepaTtypa 30BHILHbOro NOBITPSA 3a onantBasribHUI Nepioa

toep” = 12,6 0C;

— HOpMOBaHa TpMBarnicTb onanosarnksHoro nepiogy n,,, = 153 nobu = 3672 rog.

2. BusHavyaemo o6’eM NoBITPS, SIKE MOBMHHO OyTW BMAaneHe i3 NpuMilleHb Biano-
BiQHO OO0 YMHHUX CaHiTapHO-TINEHIYHUX HOPM i 3aMiHEHe Ha XOMnoAHe NPUNMWBHE MOBi-
TPS, WO iHQINETPYETLCA 4Yepe3 HeLWinbHOCTi y OyaiBenbHUX KOHCTPYKLUisX. 3rigHo 3
Bumoramm OBH B.2.2-15-2005 «Kutnosi 6yanHkn. OCHOBHI MOMOXEHHSA» CUCTEMOO
NPUPOLHOT BEHTUNSALIT TYPTOXMTKY Mae OyTu 3abe3nedyeHo He MEHLU sIK OAHOKPaTHUI
NoBITPOOOMIH Yy nNpuMilLeHHAX. TOAMHHI BUTPATM MNPUNIMBHOMO MOBITPS BMU3Ha4YaTw-
MyTbCs 3a 3anexHicTio (5.4):

V =V, z=15000 -1 = 15000 um®/ rop, (5.4)

0e Z — KpaTHIiCTb NOBITPOOOMIiHY, z = 1;
3. BusHayaeMo mMacoBi rogMHHI BUTPATW MOBITPS 3@ 3anexHICTHO:

M=V - p,. = 15000 - 1,29 = 19350 kr / rog,  (5.5)

A€ Pros. — TYCTUHA NOBITPSI 3@ HOPMASbHUX YMOB, Kr / HMS.
4. Po3paxyHKOBi BUTpaTW TEMSIOTU Ha HarpiBaHHA iHINbLTPaLUiMHOro NOBITPSA BU3HA-
YalTbecs 3a 3anexHictio (5.1):

Q=c M- (t,-t) = 1,164 19350 - (20 +18) = 855889 K[k / rog =
237,7 xOx / ¢ = 237 «BrT,

Oe ¢ — macoBa i3ob6apHa TeMMNOeMHICTb NOBITPS, KK / Kr.
PiyHi BUTpaTh Tennotu Ha iHInNbTpauito (Ha HarpiBaHHSA 30BHILLIHLOrO MNPUMAVBHOIO
MOBITPS) BU3HAYalOTLCHA 3a 3aNeXHICTHO:
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tB - tcep.

20-2,6
% Mg = | 2377 - - 3672 = 399514 KBT - rog =

20 +18
399,514 MBT - rog = 343,6 kan.

Qpi'( =Q-

Lis BenuumHa eksiBaneHTHa TENOTi, WO YTBOPIETLCS Mig Yac cranoBaHHs 6rmsbko
62080 HM3 npupoOHOro rasy.

BucHOGeoOK.

PiuHi BTpaTK Tennotn yepes iHginsTpauito ansa ryptoxmutky BH3 ctaHoBnsTbs Gnnsb-
ko 399 MBT - rog abo 344 kan, WO ekBiBaneHTHO PiYHMM BUTpPaTaMu NPUPOSHOrO rasy
Ha KoTenbHi 6rmM3bko 62 TUC. HMS.

3apaya 3. BM3HauMTM 3MEHLIEHHS pO3paxyHKOBMX BUTpAT TEMSIOTM Ha HarpiBaH-
HS iHINbTpaLinHoro noBiTpsa nicnsa 3amiHn 40 BiKOH y AepeB’sHUX pamax 3 oauHap-
HMM 3acKfneHHAM Ha BikHa 3 MNOoABIMHWUM 3acKNeHHAM Yy cnapeHux pamax. Micue
OymiBHMuTBa — M. [IHiNnponeTpoBckhK. [JOBXWUHA NpUTYNy OAHOrO BikHA CTAHOBUTbL 8 M.
Temnepatypy BHYTPilLHbOrO NOBITPS NpuitHaTH t, = +18 °C. LUBuAkicTb BiTPY npm-
nHATM 3 M / C.

Po3e’sizaHHs1.
1. BusHayaemo kniMaTuyHi HOPMOBaHI NapameTpu AN 3a3HAYEHOro PerioHy:
— po3paxyHKOBa TemnepaTtypa 30BHILUHbOro MOBITPS XOMOAHOro nepiogy PokKy

t,= -24 0C;
— cepedHs HOpMOBaHa Temneparypa 30BHILLHLOIO MOBITPSA 3a onantoBanbHWii nepioq
t_ H=-0,6°C;

cep.
- HOF;JMOBaHa TpUBanicTb onantoBasbHoro nepiody n,,, = 172 nobn = 4128 ropa,.
2. BM3Ha4yaemo KinbKiCTb MOBITPS, WO iHINLTPYETbCA Yepes BikHa:
M=ng m-I,, (56)

ne

N, — KINbKICTb BIiKOH;

M — KiNbKiCTb MOBITPSA, SIKe IHPINLTPYETLCA Yepes3 HeLUinNbHOCTI BIKOH, Y Kr / rog Ha
1 ™M nputyny (ovB. OOBIOHMKOBI AaHi);

lp, — AOBXWHA NPUTYNYy OAHOTO BikHa, M.

[na oguHapHoro 3acknenHs: M = 40 - 11,2 - 8 = 3584 «r / rop;

ansa noaginHoro 3ackneHHs: M' =40 - 5,6 - 8 = 1792 «kr / roa.

3. BusHayaemo po3paxyHKOBi BUTpaTW TEMMOTW Ha HarpiBaHHs iHinsTpauinHoro
noBiTpst 3a popmyrioto (5.1):

—  ANS OAMHApPHOrO 3aCKMEHHS:

Q=c-M:(t,—t)=1164 - 3584 - (18 + 24) = 175214 K[k / rop = 48,7 KBT;
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—  [AnA NoABIMHOIO 3aCKMNeHHs:
Q=c-M-(t—t)=1,164 - 3584 - (18 + 24) = 87607 Kk / ron = 24,3 KBT.

4. 3MeHLIeHHs pO3paxyHKOBMX BUTPAT TENNOTWM Ha HarpiBaHHS iHINsTpauinHoro
NoBITPS MiCnsl 3aMiHN BIiKOH:

Q- Q =487 - 24,3 = 243 kBt.

BucHoO@eOK.

3amiHa BIKOH 3 OQWHAPHUM 3aCKIEHHSAM Y OepeB’saHUX pamax Ha BikHa 3 NoaBinHUM
3aCKNEHHSAM 3MEHLLYE PO3PaxyHKOBI BUTPATUM TEMMOTU Ha HarpiBaHHA iHINbTpaLiiHOro
nosiTpsa Ha 24,3 kBT.

3apaya 4. BusHauntn BenuumHy eHeprosbepiranbHOro edekTy Big 3amiHW BikoH y Oyaisni
HaB4arnbHOro Koprnycy YepkacbKoro HauioHanbHOro YHIBEPCUTETY. BeHTunboBaHun ob’em npu-
MilLieHb ByaiBni npuitHaT 6000 M3. 3aranbHa KinbKiCTb 3aMiHEHMX BIKOH CTaHOBUTL 199 LT, iX
3aranbHa nnota nosepxHi — 300 M2. MpUAHATK, LLO 3aMiHeHi BikHa 3 NMOABIMHUMI PO3AINEHUMM
npuTynamu Manu TepmidHuin onip R = 0,4 M2 - rpag / BT i cepenHiit posMip HeLLinbHOCTel cTa-
HoBvB He Oinbw sk 0,001 M no ycin goBxuHi nputynie. MpunnuBHa cuctema BeHTUNAUil y
HaB4YanbHOMY Kopnyci BiACYTHS. BeHTunsauia npupoaHa 3a paxyHoK iHdinsTpaLii.

Po3e’si3aHHs.

1. Bu3Ha4yaemo po3paxyHKOBi MapameTpu 30BHILLIHLOIO MOBITPS XONOAHOrO nepiody
poky Ans ymoB M. Yepkacu (gogatok A):

— po3paxyHKoBa TemnepaTtypa 30BHIWIHbLOIO MOBITPS ANA CUCTEM OMarneHHs

t,=-210C;

— cepegHsa HoOpMOBaHa Temneparypa onantoBanbHOro nepiogy teep = -0,8 0C;

— HOpMOBaHa TpMBarnicTb onanosarnbHoro nepiogy n,, ., = 177 gi6 = 4248 rog.

2. BusHa4yaeMo HOpMOBaHi cepefHi napameTpy BHYTPILIHLOrO MOBITPS B ayouTopisX
BH3 3a pganumu [OBH B.2.2-3-97 «byouMHkuM Ta CNOpyAM HaB4YanbHUX 3aknagiBy.
TemnepaTypa BHYTpilLIHbOrO noB.iTpsa t, = +18 °C.

3. BusHa4yaemo TpaHCMICIiHI po3paxyHKOBI BUTpaTW TensioTM vepes BikHa 3a Bigo-
MUMW BENUYMHAMM TEPMIYHUX OMOpIiB Tennonepenadi Ans BikoH. HopmoBaHy BenuunHy
TEPMIYHOro ornopy Tensionepedadi Ans BiKOH Micns iX 3amiHWM BU3HaA4YaeMO 3rigHO i3
AaHumun Tabnuui (gopatok K) nocibHuka «EHeprosbepexxeHHs B YHIBEPCUTETCLKMX Mic-
Teukax». Micto Yepkacu HanexuTb o 1-i TemnepaTypHoi 30HM YkpaiHu. BernuvumHa
TEPMIYHOro onopy Ans BiKOH y 1-i TemnepaTypHin 3oHi 3 2006 poky He MoBWHHA OyTU
MeHLLOo 3a BenuumHy R = 0,5 M2 - rpaa / Br.

3a BiZOMOK BEMUYMHOI TEPMIYHOrO Onopy Tennonepenadi BU3Ha4aeMo KoedilieHT
Tennonepeaadi BIKOH [0 i nicnsa 34iNCHEHHSA 3axofiB 3 TX 3aMiHu:

— [0 NigBuLLEHHA TePMIYHOro onopy Tennonepenayi BiKOH:

K=1/R,=1/0,42 =2,38 Bt / M2 - rpag;
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— nicns 3aMiHW BiKOH:
K=1/ R'O= 1/0,5=2,0Bt/ M2 rpaa.

TpaHcMiciiHi po3paxyHKoBi BTpaTu TennoTu 4Yepes CBITNONPO30Opi npopisu [o
BNpPOBagXeHHs 3axofiB i3 MiABULEHHA TEpPMIYHOro Onopy BM3Ha4yalTbCs 3rigHO 3
3anexHictio (4.9):

Q=K-F-(t—t)=238" 300 (18 + 21) = 27846 Br = 27,846 KBT.

PospaxyHok BTpaT Tennotu nicrs BNPOBAaKEHHS 3axofiB i3 MigBULLEHHA Tennosa-
XUCHUX XapaKTEPUCTUK BigOyBaeTbCa y Takui cnocib:

Q=K-F-(t—t)=20"300- (18 + 21) = 23400 Br = 23,400 KBT.

4. BU3Ha4yMmo pivHi TpaHCMICiMHI BTpaTK TENMOTU Yepes BikHa HaB4arbHOro Kopnycy
ansa kniMatuyHMx ymoB M. Yepkacu Oo i nicnsa 3axofiB i3 3amiHu BiKOH. [Ans Lboro Ha
nepwiomMy etani HeobxigHO BM3HAYMTU KiMbKiCTb TENNOTU, sika Oyge npoxoauTn depes
BikHa 32 yMOBM HOPMOBaHOI cepeHbOi 3a onantoBanbHUA Nepiog TeMnepaTypu 30BHiLL-
HbOrO MNOBITPHA. NS UbOr0 NOBTOPUMMO PO3PaxyHKM 3a 3anexHictio (4.9) 3a ymoBu

- - -

t, = tep = 0,5 °C:

— AN HasiBHUX BiKOH:

Q=K-F-(t, -t " =238 300" (18 + 0,5) = 13209 Bt = 13,209 kBT,

cep.

— [ANs BIKOH MiCns peKOHCTPYKLi:

Q=K F-(t- tep) = 2,0 - 300 - (18 + 0,5) = 11100 Bt = 11,1 kBT.
PiyHi BTpaTn Tennotu 4yepes BikHa BM3HAYaKOTbCH 3 ypaxXyBaHHAM PiYHOT HOPMOBAHOT
TPMBanocTi onantosansHoro nepioay n,,, = 177 0i6 = 4248 rop.
OTxe, pivHi BTpaTV TENNOTN Yepes BikHa HaBvanbHoro kopnycy BH3 OyaoyTe Takumu:
— [0 peanisauii 3axofiB i3 3amiH/ BiKOH:

Q= Q - ng,,, = 13,209 - 4248 = 56112 kBT - ron = 56,112 MBT - rog,

IO eKBiBaneHTHO PiYHMM BUTpaTaM rasy Ha KoTernbHi 6nusbko 8,72 Tuc. m3;
— nicnga peanisauii 3axoAiB i3 3aMiHM BIiKOH:

Q= Q - ny,, = 11,1 - 4248 = 47152 BT - rog = 47,152 MBT - rog,
O eKBiBanNeHTHO PiYHMM BUTpaTaM rasy Ha KoTefbHi 6nmabko 7,33 Tuc. M3 (BTpatu

TENNOTU Bif, KOTEMbHI 4O CNOXUBa4a NPUAHATO piBHUMKU 35 % TennoTu, ska nigBegeHa
3 nanvBoMm).
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BucHo8OK.

3amiHa BiKOH 3 JOCATHEHHSAM MiHiManbHOI BEMMYMHM TEPMIYHOIO OoMnopy Tennone-
pegadi 3rigHo 3 Bumoramm [OBH B.2.6-31-2006 gae MOXMNUBICTb 3MEHLUUTU PiYHi
TPaHCMICiInHI BTpaTn TennoTtu vepes BikHa 3 56,1 go 47,1 MBT - rog, WO CTaHOBUTb
9 MBT - rog (16 % BTpaT TennoTu 4yepes BikHa Ha TEMepilHin CTaH).

5. KpiMm 3MeHLIEeHHa TpaHCMICiiHUX BTpaT Tennotu OyayTb 3MeHLWyBaTUCL i BTpATU
TennoTn 3 iHgineTpauieto. Ona ouiHkM BKasaHOI CknagoBoi BTpaAT TEMMOTU BU3HAYMMO
KifIbKiCTb 30BHILLHBLOIO MOBITPSA, AKE MOBMHHO IHINBTPYBaTUCh Yepe3 CBITAonpo30pi
OrOpOKEHHS. FAK MiHIManNbHO MOXIMBY NMPUIAMEMO BENUYMHY OO’ €MHUX BUTPAT iHINb-
TPOBAHOro MOBITPSA PIBHY OOHOKpPaTHOMY MOBITPOOOMiHY y Oyaieni 3rigHO 3 BMMOramu
OBH B.2.2-3-97 «byaunHkn Ta crnopyauM HaB4vamnbHUX 3aknagiB». Togi 06’€MHi roAauHHI
BUTPaTK MOBITPA BM3HAYaloTbCA 3a 3anexHictio: V =V, - z, oe z — HOpMOBaHa Kpar-
HiCTb MOBITPOOOMIHY, z = 1. BenuunmHa 06’eMy BEHTUNBbOBaHMX MPUMILLEHb HaBYanbHOIO
Kopnycy npuitMaeTbcst 3rigHo 3 ymoBamu 3agadi V, = 6000 m3. O6’eMHi roguHHi BUTpa-
TV NOBITPS:

V =V, z=6000 m3/rog = 6000 / 3600 = 1,66 m3/ c.
Macosi BuTpatu noBiTps BM3HaAYatoTbCH 3rigHO i3 3anexHicTio (5.2) 3 ypaxyBaHHSM
rycTuHM nositps p, = 1,29 kr / m%:

M=V p,=166" 129 =214 «r/c.

Taki MiHiManbHi MacoBi BUTpaTK NOBITPS HEOBXiAHO MaTW y NPUMILLEHHI HaBYyanb-
HOro Kopmnycy Ans 3abe3nevyeHHs HOPMOBaHWX MapaMeTpiB BHYTPILUHbOrO MOBITPS Y
po3pi3i BEHTUNALINHUX BMMOT.

6. BM3HauMMO KinbKiCTb NOBITPS, SKe HagxXxoOouTb 4Yepes CBITAOMNpPO30pi Npopian Ha
TenepiwHin ctaH. na yboro ckopuctaemocd Ttabnuueto 5.4 nocibHUKa, gka gae MOoXx-
NUBICTb BU3HAYUTK ycepeaHEHY KiSbKICTb NOBITPS, AKe HaaXoOuTb Yepes BikHa 3anexHo
Bif, TemnepaTypu 30BHILLHLOro NOBITPA. [ANa NoABIMHMX HeyLinbHEHUX BIKOH 3 oavHap-
HoW mroweto 2,21 M2 po3paxyHKOBa KifnbKiCTb MOBITPSA, SKE HAAXOOWUTb Yepes Hellinb-
HOCTi MpX PO3paxyHKOBIN TemnepaTypi 30BHILLUHbOrO MOBITPSI XONOAHOrO Mnepioay POKY,
cTaHoBUTUME Onnabko 29,6 - 2,21 = 65,42 «r / rog = 0,018 kr / ¢ Ans ogHoro BikHa.
Ona 199 BikoH OygiBni BUTpatM iHDINLTPOBAHOMO MNOBITPS CTAHOBUTUMYTb
0,018 - 199 = 2,45 kr / ¢, wo Ha 14 % nepeBuye HOPMOBaHWUIN MOBITPOOOMIH i cnpu-
UYMHSIE NIABULLEHI BTpaTU TENsOTK.

7. Bu3HaumMmMo BTpaTtu TENNOTW 3 iHQINbTpauielo Yepes BikHa Ha TenepiwHin cTaH i
nicns ix 3amiHn. BuTpatm TennoTtu Ha HarpiBaHHS iHinbTpauinHoro nosiTps BU3Ha-
4YaeMo O5s cepedHbOol MPOTArOM OnantoBanbHOro nepiogy TemnepaTypyu 30BHILLHBbOTO
noBiTps t., " 3rigHo i3 3anexHictio (5.1):

—  ONS HasiBHUX BIiKOH:

Q=c M- (t,—t, ") =1164 239 - (18 + 0,8) = 52,3 KBT;

tcep.
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— AnA BIKOH nicng X 3aMiHM 3 ypaxyBaHHAM 3abesnevyeHHs HOPMOBaHOI
iHdbiNbTPaL,i:

Q=c M-t - tcep_“) =1,164 -2,14 - (18 + 0,8)
87607 kx / rog = 46,8 kBT.

3MEHLUEHHSA CepefHbOpiYHMX BUTPAT Tennotu craHoBuTb Q - Q'
5,5 kBT.

BusHauMMo piyHy €KOHOMIil0 TEennoTW, CNpPUYMHEHY 3MEHLUEHHSM BWTPaT Tennosoil
eHeprii Ha HarpiBaHHS iHQINbBTPaLiMHOro NOBITPS:

52,3 — 46,8 =

AQy, = (Q-Q) - n,,, =55 4248 = 23364 kBT - ron = 23,364 MBT - rop.

BucHoeok.

PiyHa ekoHOMisi TennoTn 3a paxyHOK CKOPOYEHHS iHQINbTpauiiHux BTpaT Tennotu
cTtaHoBuUTb 23,364 MBT - rog, wo y 3 pasu Oinblue NnopiBHSHO 3 €KOHOMIED TPaHCMICIR-
HUX BTpaT TEMNMOTK Yepes3 BikHA.

3aranbHa piyHa eKOHOMIsI TENMOTWM BHACNIOOK YNPOBAMKEHHS 3axody i3 3aMiHu
135 BikOH HaB4yanbHoro kopnycy BH3 y m. Yepkacu craHoButb 28,8 + 9,0 =
37,8 MBT - rog.

OpieHTOBHa BenNUYMHa 3arafnibHUX piYHMX BUTPAT TEMOTM Ha NOTPedM onaneHHs
Ans Takoi Oyaisni 3abynosu o 2006 poky ctaHoBUTEL 6nn3bko 680 MBT - rog. OTxe,
YyacTka eKOHOMIT TEeNMoTK 3a PaxyHOK 3MEHLLEHHS BTpPAaT Ha CBITNIONPO30pUX Oropo-
[KEHHSX CTaHOBUTb Onn3bko 5,5 % 3aranbHUX BUTpAT TENNOTM Ha NoTpebu ona-
NEHHs 3a YMOBM 3abe3neyeHHss BEHTUIALIMHUX HOPMAaTUBIB BHYTPILLHBLOrO MOBITPS.

3apavi ona caMoCTiMHOro po3B’si3aHHA.

3apgaua 5. BusHaunty po3paxyHKoOBi BTpaTu TEMNOTK 3 iH(inbTpauieo yepes BXigHi
OBepi, BMxoas4n i3 poamipie asepen 2,4 m (Bucota), 1,5 m (wuvpuHa) ans OyauHky,
30ygoBaHoro y m. XepcoHi go 1980 p. lNopiBHATM ogepaHy BENUYMHY 3 PO3paxyHKo-
BMMW BTpaTaMu TennoTu iHdinsTpauieto gna 6yamHky 2009 p. 3abygoBu. HopmaTtusHi
BEIMMYUHN MOBITPONPOHMKHOCTI AN Takoro 6yaAvHKY NPUAHATA 3rigHO 3 JaHUMK Tabnuui
5.3 nocibHuka. MNopiBHATK pe3ynbTaTv Po3paxyHKiB, 3poOUTU BUCHOBKMW.

3apava 6. BusHauntu eHeprosbepiranbHUn piyHUA edeKT YLUINbHEHHS 3a AOMOMO-
rOK NOPUCTOT PE3MHU BIKOH B AEpPeB’sHNX pamax 3 NOABIMHUMW PO3LiNeHUMU nNpuTyna-
MU i 3 TepmiyHum onopom R = 0,42 M2 - rpag / BT. [na pospaxyHKy MNpUAHATH,
WO yulinbHeHHa Gyae BukoHaHe Ana 150 BikoH poamipom 1,7 - 1,3 (M2) y 6yaisni ryp-
TOXUTKY KuiBcbKoi akagemii BOOHOro TpaHCnopTy.
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Cuctema ocBiTneHHs GyaiBni.
YMoBU KOMMDOPTHOrO OCBITNEHHSA Y NPUMILLEHHI

OCBITNeHHsA y NPUMILLEHHAX XapaKTepPU3yeTbCA HU3KOK KiNTbKICHMX MOKA3HUKIB.
[lo OCHOBHUX HanexaTb: CBITIIOBUI NOTIK, CMna CBiTNa, SACKPaBiCTb Ta OCBITNEHICTb.
Ceimnosut nomik ® — ue disnyHa BeNUYMHA, KA YMCEITbHO [OPIBHIOE KIiNIbKOCTI
OLiHIOBaHOI 3a 30pOBWMM BiAYYyTTAM CBITNOBOI eHeprii W, L0 nagae Ha NOBEPXHIO 3a
OOMHMLIO Yacy t:
o= W/t (5.7)

CBiTnoBuWIN NOTIK CTBOPIOETLCS [MHKepenoMm caitna. OguHULEro CBITIIOBOrO NOTOKY € fNIOMEH
(M) — CBITNOBMIA MOTIK Bif, €TANIOHHOIO TOYKOBOIO [)KEperia CUIToK CBIiTra B OAHY KaHaeny
(MbkHapoaHy CBiYKy), pO3TalLOBaHOrO Y BEPLUMHI TinecHoro kyta B 1 crepagiaH (cp).

[bxepeno cBiTna BBaXaeTbCsl TOYKOBUM, SIKLLO MO0 po3MipaMu MOXHa 3HEXTYBaTu
NOPIBHAHO 3 BIACTaHHIO, Ha SKiA OLIHIOETLCS NOro Ais.

Cuna ceimna | — ue isnyHa BeNUYMHA, WO BM3HAYAETLCS BiQHOLUEHHAM CBITOBO-
ro notoky @ Oo TiNecHoro Kkyta w, B Mexax SIKOro CBIiTNOBWIA NOTIK PIBHOMIPHO po3mo-
ninseTbes:

=0/ w. (5.8)

OCKinbk/ NOBHWIA TINECHWU KYT OOPIBHIOE 41T CP, TO CUIY CBIiT/la TOMKOBOrO [Xeperna
BM3HaAYalTb 3a 3arexHICTio
| =® /4w (5.9)

3a oguHMLUK cunn CBiTna NpuHATa KaHgena (Kg) — cuna CBiTnia TOYKOBOrO Kepe-
na, WO BUNPOMIHIOE CBITNOBUI NOTIK B 1 NIM, SKWIA PiIBHOMIPHO PO3MNo4inseTbCa BCcepe-
OWHI TinecHoro kyta B 1 cTepagiaH.

Sckpagicmb B — BU3HaAYa€eTbCA K BIAHOLIEHHS CUNK CBIiTna |, Wo BUNPOMIHIOETLCS
eNeMeHTOM MNOBEpPXHi B JAHOMY HanpsMKy, OO NNOLWi S LbOoro enemMeHTy MOBEPXHi:

B=1/S-cosa (510)

e a — KyT MK HOpManmn OO0 efneMeHTa MoBepxHi S i HanpsMKOM, ANs SIKOro
BU3HAYaETbCA SCKPaBICTb.

OgauHuueto sckpaBocTi € k4 / M2 aBo HiT (HT). 1 HT — AcKpaBiCTb Nackoi NoBepXHi,
sika BUNPOMIHIOE B NEprneHaUKyNsipHOMY HanpsMi 3 KOXXHOTO KBagpaTHOro MeTpa CBITNO
cunoto B 1 kaHgeny.

OcsimneHnicmb E —  pisndHa BennyunHa, gka YyncenbHO JOPIBHIOE CBITNIOBOMY MOTO-
Ky ®, WO nagae Ha OOAMHWLIIO OCBITNEHOT NOBEPXHi S:

E=0/S. (5.11)

3a OoAMHWLIK0 OCBITNEHOCTI NPUMHATO MIOKC (MK) — piBEHb OCBITNEHOCTI MOBEPXHI
nrowieo 1 M2, Ha AKy nagae PiBHOMIPHO PO3MOAINAYMCH CBITMOBUIA MOTIK B 1 MIOMEH.
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a

OcBiTneHiCTb NOBEPXHi 3aneXuTb Bid CUNKN CBiTNa oKeperna, Big BiACTaHi MiX mxepe-
NOM CBiTNa i OCBITMOBaAHOK MOBEPXHED Ta Big MOMOXEHHSA LET MOBEPXHI LLOAO nagar4mx
NMPOMEHIB CBiTNa. 3BMYaliHe MONMOXEHHSI MOBEPXHI S Yy MPOCTOPi 3a4a€TbCA. MONOXKEHHAM
BEKTOpa Hopmani n 4o Hel (puc. a). AKWO NONOXeHHS1 NOBEPXHI B MPOCTOPI 3MIHIOETHCS,
TO BIOMNOBIOHO 3MIHIOETLCA B MPOCTOPI OpiEHTaUis BeKTopa HopMarni. AKWO MOBepXHS
cepuyHa, TO HanpsiM BeKTopa HopMari B Oyab-sikii TouLi cniBnagae 3 HanpssMoM pagiyc-
BEKTOpa, NPOBEAEHOIO B AaHY TOYKY.

MepLunin 3aKOH OCBITNEHOCTI MONSArae y TakOMY: OCBITMEHICTb B KOXHIN TOuLi NOBEPXHI,
Ha sKy NeprneHauKynsapHo i nagae CBITNO, MPSMO MponopuinHa cuni cBitna gxepena i
obepHeHOo nmponopuiiHa KBaapary BiACTaHi Big Jkepena CBiTna OO OCBIT/IIOBAHO! MOBEPXHI:

E=1/r2 (5.12)

MpunycTnmo, Wwo noBepxHs S OOBiINbHUM YMHOM OpieHTOBaHa B MpocTopi. Hexawn Bek-
TOp HOpMani OO Hel N i nagatodi CBITNOBI NPOMEHI YTBOPOKTL KyT a (puc. 6).

PosrngHemo npoekuilo MangaHuuka nnower S Ha NNowuHy, NepneHauKynspHy
HanpsiMy PO3MOBCIOMKEHHS CBITNOBMX MpPOMeHiB. nowa uiei npoekuii BU3Ha4YMTbCA MO
hopmyni Sy = S - cos a, Ae a KyT MiX n i ny; Ny — BEKTOp Hopmani Ao S,. Ak sunnmeae
3 puc. 6, KyT MiX HOopMansMu A0 NAOLMH AOPIBHIOE KYTY MK nnowuHamu (KyTu 3 B3a-
EMHO NepneHaNKYNApHUMK cTopoHamu). Ha mangaHuuk S nagae cBitrnoBun notik @ = S
- E, ne E — ocaitneHicTe MaiigaHumka S, a Ha mangaHyvk S, — CBiTnoBui notik @ = E,
~Syabo @ = E,- S cos a, ae E,— oceitneHicte maiaaHumnka S,. Ockinbkn Ha maiaaH-
YMK S i Ha MOro npoekuito S, nagae OauH i Toi e CBITNoBUM noTik ®, Mmaemo E - S =
Ey - Sy - cos a. 3eincy Bunnueae, wo E = E; - cos a.

TakMM YMHOM, OPYruin 3aKOH OCBITIIEHOCTI (HOPMYIIOETECA Y TakuiA Crocib: ocBsiTne-
HICTb MOBEpPXHi, LLO CTBOPKETHCS MNapanenbHUMM MPOMEHSIMW, NPOMOPLINHA KOCUMHYCY
KyTa nagiHHa NpoMeHiB, To6TO:

E=E, cosa (513)
3HaveHHs E, moxHa BU3Ha4YMTK 3a hopMyrnol (5.12), ocKinbku mangaHumk S, pos-
TaLOBaHUI NEPNEeHANKYNAPHO CBITIIOBUM MPOMEHSM, WO nagatoTb. [igctaBmslum (5.12)
B (5.13), oTpumaemo copmyny, o ob’eQHye NepLUniA | APYTMA 3aKOHM OCBITNEHOCTI:
E=1"-cosalr2 (514)
OCBITNEHICTb — BeENMUYMHA cKansipHa, TOMY Yy BWMNaAKy, KOMM CBIiTNO Ha MOBEPXHIO

nagae Big, AEKINbKOX JKeper, OCBITNEHICTb B KOXHIN TOYLi NOBEPXHi AOpPiIBHIOE apudme-
TUYHIA CyMi OCBITNIEHOCTEN, L0 CTBOPHOIOTLCS B LN TOULi KOXHUM 3 [Kepen OKpemo.
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3agadi 3 po3B’sA3aHHAM.
3apava 1. Jlamnouka notyxHicTio P = 75 BT, cTBOptoe Ha BigcTaHi r = 3 M 3a Hop-
ManbHOro nagiHHs NpPoOMEHIB OcBiTNeHicTb E = 8 nk. BusHayTe nUTOMYy MOTYXHICTb P
namnoyku (y BaTax Ha KaHgeny) i CBITNOBY Bigdady 3 namnoyku (y NniomMeHax Ha Bar).
Po3e’si3aHHs.
OcCBIiTNEHICTb NOBEPXHi 3aneXxnTb Big, CUNX CBIiTNa mXepena, BiACTaHi MiX gKepernom

CBiTNa i OCBITMOBAHOK MOBEPXHEID Ta Big MOMOXEHHS L€l NOBEPXHI LLIOAO Magarumnx
NpPOMeHIB cBiTNa:

E=1-cosa/r2. Ockinbkn a = 0, To cos a = 1.
BignosigHo, popmyrna gns po3paxyHKy OCBITAEHOCTI npunMae BUrMsa:
E=1/r2.

3BigcK BM3HaA4YaeMo cuny cBiTna:

Todi NnUTOMa MOTYXHICTb P NAMMOYKK:
p=P/I=P/E-r2=75/8"-32=1,04 Bt/ ka.
CaitnoBui noTik ® BM3HAYaETHCA 3a 3aNEXHICTIO:
d=4mw- |l =47 - E - r2.

Topi ceitroBa Bigpgaya n = ® /P =4m-E -2 /P =4-314 -8 -32/75 =
12,1 nm /BT.

3apaya 2. CBITUMbHKK 3 MOMOYHOrO ckna mMae opmy kyni. BiH nigBiweHnn Ha Buco-
Ti h =1 ™M Hag ueHTpom Kpyrnoro ctony giametpom d = 2 m. Cuna ceitna | = 50 ka.
BusHauntu ceitnoeuin notik ® namnu, OcBiTNeHiCTb B LeHTpi E, Ta Ha kpato ctony E, .

Po3e’sizaHHs.
CBiTnoBuiA MNOTiK, WO BUMPOMIHIOETLCSA [KEPENoOM CBiTna curnot | BU3HAYaeTbCs
TakKUM YNHOM:

®=4mw-1=4"-3,14 - 50 = 628 nm.

OcsiTneHicTe E; B LeHTpi cTONy BM3Ha4YaeTbCs 3a hOPMYIOH;
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E,=1/h2
OcsiTnenicte E, Ha kpato ctony:
E,=1-cosalr?,
ae
r = [h2 + (d / 2)2]1/2;
cosa=h/r
Tomy E, =1 -h/[h?+(d/2)?2=50-1/[12 + (2 / 1232 = 1,77 nk.

3apavi ona camMoCTiMHOro po3B’sAI3aHHA.

3apaua 3. licnsa BuBYeHHA Temun «OCBITNEHICTbY CTYAEHTM BUPILUIIKM 30iNbLUNTK
OCBITNEHICTb CBOro pobo4oro Micus:

— Mwkona 3amMiHMB naMnodKy y CBOIM HACTIMbHIA Namni Ha namnoyky OinbLioi
NOTY>HOCTI;

— TeTaHa nocTaBuna e OAHY HaCTINbHY namny;

— Onecb nigHSAB MOCTPY, LLO BUCINa Hag NOro CTOSIOM, BULLE;

— Mwuxanno postawyBaB HACTiNlbHY Nnamny TakMM YMHOM, LLO CBIiTNO novyano nagatu
NPakTUYHO NEPNEHOMNKYNSPHO OO CTOMy.

XTO 3i cTygeHTiB 3pobuB npasunbHo? OGrpyHTYyNTE BiANOBIOb.

3apaua 4. Ceitno Big enektpuuyHoi namnoykn B 200 k4 napae nig kytom 45 0 na
poboye Micle, Moro ocBiTNeHICTb 141 nk. 3HanNTK:

1) Ha sk BigcTaHi Big pobo4oro Micus 3HaxXoAMTbLCS NaMMoYKa;

2) Ha sKin BUCOTI Big poboYoro Micus BOHa BUCUTb.

3apava 5. OCBITNEHICTb KHUMM NpU YUTaHHI NoBUHHA Oyt 100 nk. BusHauTte Heob-
XiOHYy cuny CBiTNa enekTpPMYHOI NammouvkK, SIKWO BOHa BUCUTbL Ha BucoTi 50 cm Hapg
poboymMmM Micuem.

3apgaua 6. OpgHopigHa Kyns i Ky6 ogHAKOBOI Macu 3 OAHOro i TOro X martepiany
BUMPOMIHIOOTb 3 MOCTIMHOK SICKPaBICTIO MO BCili NOBEPXHi. Ake Tino mae GinbLly cepen-
HIO cuny ceiTna?



] PO3[IN 6
XUTNOBUUN BYAUHOK (NYPTOXWUTOK) AK OB’EKT AOCHIMKEHHA

TA ONTUMI3ALII NPOLIECIB MOOAYI TA CMTOXXUBAHHSA EHEPTII

TennoBuin GanaHc roguHHUX BUTPAT Tennotu Ans OyauHKy 3anucyloTb Tak:

Qon. = (QTpch IH ) - [Q P+ (QBeHTTp. + QBeHT) + QOCB + QCOH Qen obn. QTeXH.
mon. T Qayorop. T Quuwils Kkan / rop; kb / rop; kBt (6.1)
ne
Q,, — HaOxomKeHHa TennoTu Bif CUCTEMM onaneHHa (po3paxyHKoBe Tennose

HaBaHTaXXEHHSI Ha CUCTEMY OMareHHs);

Q,,"P: — HaOXOKEHHA TENnoTu Bif Hei30MbLoBaHMX TPyBONPOBO/IB CUCTEMU rapsvoro
BOAOMNOCTAaYaHHS, AKi MPOKMageHo Y NpUMILLIEHHAX OyaiBni (3 ypaxyBaHHAM LMPKYMALin-
HUX TpybonpoBogais);

Qe P — HAOXOOXKEHHA TENMOTK Bif Hei3onboBaHMX MOBITPOMNPOBOAIB Ta obnaaHaH-
HS CUCTEMW BEHTUNSAUIT i KOHAULIKOBAHHSA MOBITPS;

Qgeyr — HAAXOMKEHHS TEMOTM 3 MOBITPAM CUCTEM MPUNIIMBHOT BEHTUNAUIT abo KOH-
OWLIIOBaHHS;

Qs — HAOXOMKEHHA TEMNOTU Bif, CUCTEM LUTYYHOTO OCBITMEHHSA NpuUMiLLeHb Byaisni;

Q. — HaOXOMKeHHA TennoTy Bif COHAYHOT papiauii Yepes CBITNONPO30pi NPOpI3N i

oropomxeHHsi bygieni;
Qg 060 — HAOXOMKEHHA TENNOTY Bif enekTpoobrnaaHaHHA Npu nepexofi MexaHivHol
i eneKkTpuYHOI eHeprii y Tennosy;

Q. ey — TENNOHAAXOMKEHHSA Bifl HArpiToro TEXHOMoriYHoro obnagHaHHa i MaTepianis;
Qp0p — TENNOHAAXOMKEHHS BIf NIOAEN;
Q — TEennoHaaXoOXXeHHs Yepes OropoaXyBasibHi KOHCTPYKLUiT CYMKHUX NpUMi-

BH.Orop.
LWEeHb (Yepes BHYTPILHI OropoaXeHHs);

Qi — IHLWI TENMOHaOXOMKEHHS, 3anexXHo Bif Npu3HaveHHa Gyaisni;

QTpaHC. — BTpaTV TennoTn 4epes OropomKyBarbHi KOHCTPYKUiT NpuUMilLeHb (TpaHCMi-
CilHi BTpaTX TENoTN);

Qin,_ — BTpaTU TENMOTU Ha HarpiBaHHSA 30BHILLUHLOIO MOBITPS, AKE IHINBTPYETLCA Y
npuMileHHs: Byaieni Yepes OBepi, BikHA Ta iHLWI HELLINbHOCTI B OropoaXeHHsIX Oyaieni.

BusHayeHHs1 cknagoBux TENOBOro GanaHcy 30iMCHIOETLCS PO3pPaxyHKOBUM METOAOM
Yy XOAi MpoBeAeHHA OBCTEXeHHs MpuMilleHb OyamHky. [ns uboro HeoOXigHO 34iCHUTY
36ip ycix NoTpibHMX ONS BMKOHaHHSI TakMx pO3paxyHKiB AaHWX.

BenuuunHy TennoHaaxomKeHb Bif CUCTEMM OCBITAEHHS BU3HA4YalTb 3rigHO 3 3anex-
HicTio (6.2):

Q. =k-N

OCB. en.’

Bt; kBT, (6.2)

ae

N, — BU3Ha4YeHa MOTYXHICTb OCBITMIOBANbLHOTO ObnadHaHHA y npuMmilleHHi, BT, kBT;

K — 3aranbHUN KOedIiUieHT, AKUA BpaxoBye (PakTU4HE BUKOPUCTAHHA MOTYXHOCTI
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(k; = 0,7...0,9), 3aBaHTaxeHHa (k, = 0,5...0,8), ogHoyacHicTb poboTK AeKinbKox npu-
napis (k; = 0,5...1,0), 4yacTky nepexofy enekTpu4Hoi eHeprii y Tennosy (k, = 0,15...0,95).
Ona namn posxaptoBaHHa K, = 0,95, ana noMiHecueHTHux namn k, = 0,2...0,5.

TennosuaineHHs Big HarpiTyx noBepxoHb Q.. TPybonposoadis Ta iHworo obnagHaH-
HA MOXHa pO3paxoByBaTU 3a 3anexHicTio (6.3):

QTeXH. = Z[S Sas (tcep_ - tB )], BT; kBT, (63)

e

S — nnouwla NoOBepxHi 3 TemnepaTypol, Binblo 3a Temneparypy BHYTPILIHbLOMO
nosiTps, mM2;

0 — CyMapHWA KOedIiLiEHT KOHBEKTMBHO-NPOMEHEBOro TennoobMmiHy Big Harpitol
NoBepXHi 40 BHYTPILLUHbOro noBiTpsA, BT / M2 - rpag a6o kkan / M2 - rpag - rod; BU3Ha-
YyaeTbCcsa 3a 3anexHoctamu (4.3) Tta (4.4). MNMutoma Tennosiggava (BT / mM2) nosepxHi,
HarpiToi oo 30 °C, craHoButb 33 / 29; go 50 °C — 230 / 200; go 100 °C — 790 / 730
(B YMcenbHUKY Onsi FOPU3OHTaNbHOT NOBEPXHI, Y 3HAMEHHWKY — AN BEPTUKANbHOI);

t.ep. — CEPEOHst Temnepatypa Harpitoi NoBepxHi, BU3HAYaETLCS MeToAoM Gesnoce-
penHix BUMIptoBaHb y xodi obcTexeHb, °C;

t, — Temnepartypa BHyTpiLLHbOro nosiTps, °C.

3a HeBigOMOT BENWYNHM TeMnepaTypu Ha NOBEPXHi Harpitoro obrnagHaHHA toep. BENU-
YMHY TENNOHaAXOMKEHb Big TpybonpoBodiB 3 raps4ymMM TEMNIOHOCIEM MOXHA BU3HAYMTU
3rigHO 3 3anexHicTio (6.4), Ans obpaxyHKiB 3a KO OOCTaTHbO MaTu iHopMmaLilo npo
MaTtepian i xapakTepuUCTUKM TENMOBOI i3onAuii Ha MoBepxHi TpybompoBoaiB, cepeHto
TemnepaTypy TEnnoHOCIH, SKMN pyxaeTbes y Tpybonposogdi; AoBXuHy Tpybonposoay L
Yy M, i BefnuuuMHy ¢, — MUTOMI BTpaTW TennoTW OAHWM METPoM Tpybonposody.
Ona TpybonpoBoAiB 3 rapsyol0 BOOOK BENUYMHY TenmnosigAaadi ogHoro MeTpa
HeisonboBaHWX TpybBonposodis g, Yy BT Ha M HasedeHo Yy [OOBIOHWKOBOMY BW@HHI
(CnpaBO4YHVK MPOEKTUPOBLUNKA. BHYTpEHHWE CaHUTapHO-TEXHUYECKue ycTponcTea. Y.1.
Otonnenve. lMop pepakumen W.IL CrtapoBepoBa, c. 264). BenuuumHy Tennosigaavi
i3onboBaHUx TpybonpoBodie HaBegeHo Ha c. 268 uboro posigHwuka. LOesiki gaHi ans
BM3HAYeHHA BeNWYMHU ¢, ANnd Temnepatyp TensoHoCid, BiAMIHHUX Bif HaBeOeHux Yy
[OOBIOHMKY, MOXHa 3HanTK y 30ipHMKY 3agadv (gopatok [).

Bu3HauyeHHs BENUYMHM TENNOBUAINEHHSA Big Harpitux TpyOGonpoBOAiIB 3AiNCHIOETLCA
3riAHO 3 3aNEeXHICTHo:

Q. =5L-q,Br (6.4)

TEXH.

Po3paxyHku 34iNCHIOITL OKpeMo A5 TpyOonpoBoAiB pisHUX AiaMeTpis, Micnsa Uboro
OCTaTOYHUI pe3ynbTaT BU3HAYaloTb 3@ CyMOK BTpaT TEMMOTM MO OKPEMUX AiameTpax.

Ana BU3HAYEHHSA BENUYMHU NUTOMUX BTpPaT TEMnoTW ¢, OOHUM METPOM [OBXKWHM
i30NbOBaHOr0 abo Hei3onboBaHOro Tpybonposoay HeoOXiAHO BkalaHy y Tabnuvui gopar-
ka [ BenunuuHy niHinHOro koediuieHTa Tennonepefadi NMOMHOXWUTU Ha PI3HULIO MiX
cepefHbOo TeMMNepaTypor TensoHocisa y TpybonpoBoai teep. i cepeqHbOO Temneparty-
PO 30BHILLHBOrO MOBITPA MPUMILLIEHHS t,, y AKOMY MpoknageHo Tpybonposia;
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A =K (te — 1), BT/ M. (6.5)

cep.

TennosigaineHHs Big enekTpuyHoro obnagHaHHa Q BM3HA4YaeTbCA 3a 3anex-

HicTo (6.6):

en.obn.

Qen.o6n. =N- My © My M3~ My, Brt; kB, (6.6)

ne

N — BCTaHOBREHa MOTYXHICTb eneKkTpoaBUryHiB, KBT;

My — KOEWILEHT BUKOPUCTAHHA BCTAHOBIIEHOI MOTYXXHOCTI €NEeKTPOABWUTYHIB AN
HacocHMX Ta iHwux arperartis Y, = 0,7...0,9;

M, — KOemiLieHT 3aBaHTaxeHHs, J, = 0,5...0,8;

Mg — KOeqilieHT oHO4acHOCTI poboTK enekTpoaBuryHis, Py = 0,5...1,0 (NpuimaeTs-
Csl 3a pesynbrataMmy OOCTEXEHHS);

My — KOeqiLieHT nepexoay TEnnoTu y NpUMILLEHHS (Ons enekTpoaBUryHiB Hacocis,
BeHTunaTopis, nidris Yy, = 0,1...0,2).

BusHavyeHHs1 TennoHagXxomXKeHHs Bi4 COHAYHO! pagiauii ons nepekputta Oyaisni
MOXHa 3[iMCHIOBATN 3a TAKOK OPIEHTOBHOK 3ANEXHICTHO:

Qg1 = 1,16 - Snep4 " Onep. Knep.’ BT, (6.7)
e
S___ — MOBEpPXHA NepekpuTTs B M2,
nep.
Onep. — NMUTOMUIA TENMOBUIN MOTIK COHAYHOT pajiauii Yepe3 nepekpuTTa (ana npumi-

LLleHb BEPXHLOrO MoBepxy) Y Kkan / M2 - rof, 3anexHo Big reorpadiyHoi LWXPOTH.

Ans nnackoro 6e3ropuLHOro NepexkpuTTst Ans Wupotn 35 © g, = 20 kkan / m? -
rogd, ons wupotn 45 °© — 18 kkan / M2 - rog; ana wupotn 55 °© — 12 kkan / M2 - rog,.
[na nokpuTTa 3 ropuLLiem Ana ycix wupot — 5 kkan / M2 - rog;

Knep_ — KoediuieHT Tennonepegadi NepekpuTTs, NPUIMMAaETbCs 3a pesyfbratamu
OBCTEXEHHS OropoaXyBanbHUX KOHCTPYKLUiA ByAisni.

Bu3sHauyeHHs HagXomKeHHSA TEMMOTK Big COHSIMHOT papgiauii MoxHa 3pobuTtu 3a dop-
MYFot0:

Q =1,16 - S, - K

con2 = kkan / rog,; kBr,

’ qOCT. OCT.?

oe
Soer — MIOLLA NOBEPXHi 3aCKNEHNX OropofXeHb, B M?;

Jyer — NMUTOMMIA TENMOBUI MOTIK COHAYHOI pafiaLii Yepes 3ackniHHaA, B Kkan / M2 - rof,
3anexHo Big reorpadivHoOl WKMPOTK, NpUIUMAETbCA 3a ganHumm Tadn. 6.1 (PeicuH C.A.
BeHTUNAUNOHHbIE YCTAHOBKM MaLUMHOCTPOUTENbHbIX 3aBodoB. CrnpaBovHuk. — M., 1961);

Koer — KOEWMILIEHT, AKUN 3aneXuTb Bif XapakTepUCTUKWU 3acCKMiHHA: AN NOABIHOIo
3acKniHHA B ofHin pami K . = 1,15; ana oguHapHoro 3ackniHHa — 1,45; 3a 3BMYanHoOro
3abpygHeHHs ckna koedilieHT gopiBHoe 0,8; ons cunbHoOro 3abpygHeHHs — 0,7;

Ans 3ackniHHa 3 matoeum cknom K . = 0,4; npu 3awtoptoBaHHi BikoH K .= 0,25.
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Tabnuus 6.1
TennoHaaxomXeHHs Bif COHAYHOI paaiauii, q..., kkan / M2 - roq

OpieHTauif 3a CTOpOHaMM rOpU3OHTY i LWIMPOTA, rpag

MiBoeHHUM cxia, MiBHIYHUIA cXig,

Bwua 3ackniHHsa MiBoeHb . . . L - X
niBAeHHWI 3axig NiBHIYHWI 3axig

Cxin i 3axin

35 45 55 35 45 55 35 45 55 35 45 55

[MoagiviHe 3ackniHHA Y
[epeB’aHin pami
[MoagiiHe 3ackniHHA Y
MeTanesin pami

110 | 125 | 125 | 85 10 | 125 | 125 | 125 | 145 | 65 65 65

140 | 160 | 160 | 110 | 140 | 160 | 160 | 160 | 180 | 80 80 80

PospaxyHok mennosudineHsb 8id nobymosoeo obriadHaHHS.

3 ypaxyBaHHAM pearbHOro 4o60Boro KoedilicHTa 3aBaHTaXKEeHHS KYXOHHUX niuT K.,
SKUA MOBMHEH OyTW BU3HAYEHUM Mif Yac eHepreTudHoro obcTexeHHsa Oyaisni, AoOOBI
TENNOHAOXOMKEHHS Bif ra3oBux abo eneKkTpUYHUX NIUT MOXYTb ByTn BU3HAYEHMMU 3a
3anexHicTtio (6.8):

Q. = X(N,, - n, - K, - n), kBT - rog / noby, (6.8)

ne

N, — KiMbKICTb ra3oBMX YN €NEKTPUYHMX MAWUT MEBHOI MOTYXKHOCTI, AKi BCTAHOBMNEHO
Ha KyXHi;

N, — HOMiHanbHa Tennosa NOTYXHICTb rasoBuX abo enekTpuYHUX NnuT, KBT;

K, — koediuieHT A060BOI 3aBaHTaXEHOCTi, BU3HAYaETLCA 3a Pe3ynbTaTtoM [iNeHHs
JincHoro Yacy po6oTu rasoBux NNUT Ha 24 rop;

N — KoediuieHT KOpUCHOI Aii rasoBoi abo enekTpu4HOI MAUTK (ansa rasoBoi NInMTU
n = 0,4...0,45, ana enektpuyHoi — 0,7...0,8).

BugineHHss Tennotu Big NoGyTOBUX XONMOAUIbHUKIB 3anexutb Big, KOHCTPYKLIT Xono-
OUNbHUKA Ta TeNnmoi3onsAuUiNHNX XapakTepPUCTUK MOro kopnycy. 3a nacnopTHUMKU JaHUMU
XOnoguINbHUKa MOXHA 3HaWTW Taki MOro TEXHiYHi XapaKTepUCTUKKM, SKi OOMOMOXYTb

BU3HAYNTU TENTOHAOAXOOAXEHHA!

N,on — HOMiHarbHa XONOAWUNbHA MOTYXHICTb, 860 XONoAONPOAYKTUBHICTL — KiNbKICTb
BMPOBMNEHOro xorogy B HOMiHANbLHOMY pexuMi poboTn, BT, kBT;
N, — HOMiHanbHa CnoXuBaHa eneKkTpu4yHa MNoTyXHiCTb, BT, kBT;

€ — XONOAUNbHUI KOeMdIUIEHT — XapakTepUCTUKa EKOHOMIYHOCTI XONOAUNbHOT MaLlu-
HW, BiOHOLUEHHSI XONOoAOMNPOAYKTMBHOCTI 40 CMOXMBAHOI eHepril:

e=N /' N

Xorn. en.’

3a BiOOMMX BKa3aHWX BErMYMH TEOPETUYHI TENNOHAAXOMKEHHS BiA KOHAeHcaTopa
XONMoAMUIbHOI MawWuHn Q. B YMOBax HOMIHanbHOIO HaBaHTAXEHHSA | edeKTUBHOI
TennoBoi izondAuii CTIHOK XONoAWrnbHWKa BU3HAYalOTbCA SK CyMa XONOAWUMbHOI MOTYX-

HocTi N, Ta CnoXmBaHOi enekTpu4HOi NoTyxHocTi N
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Qo = Ng, + N, =N, +€- N, =N, - (1+¢€),kBr - rog. (6.9)

Xon. X

[incHy BenuumMHy TennoHaoXxoOKeHb Big4 MNOOYTOBMX XONOAUNbHUKIB HEOoOXigHO
BM3HA4YaTU 3 ypaxyBaHHSAM (hakTU4YHOT TpMBanocTi poboTn KoMnpecopa XONOAWUSbHOI
MawunHn (TobTo AiNcHOro Yyacy poboTu XONOAMMbHUKAE) Ta AINCHOT KiINbKOCTI CMOXW-
TOT enekTpuYHOi eHeprii. Tak, AKWO AN9 XONOAUNbHUKA 3 HOMIHANbHOK eneKkTpuY-
HOI MOTYXHicTio 140 BT cnoxuBaHa 3a Jo0y KinbKicTb enekTpoeHeprii cTaHOBUTL 1
KBT - rog / poly, TO KinbKiCTb TENNOTU, sika Haginge 0O NMpUMILLlEHHSA 3a oly, cTa-
HOBUTUME:

Quon = Ngy ¥ €Ny, =N, - (1+€)=1-(1+45)=55«Bt - rog / noby.

Xon. en.

3a yMOBW PIYHOrO CMOXMBaHHA xonoaunbHukom 343 kBT enekTpoeHeprii (Bu3Hava-
€TbCH 3a MacnopTHUMM AaHUMKU NOBYTOBOro xonogunbHuKa abo 3a pesynsrataMmu eHep-
roayguty) TENNIOHAAXOMKEHHSA Bif MOOYTOBOro XOnoAunbHUKa 3a pPik CTaHOBUTUMYT:

Q. = Ny, - (1+€) =343 - (1 + 4,5) = 1886 kBt - roqg 3a pik,

Xon.
o ekBiBaneHTHo 1,62 Nkan, gki MOXHa OTpMMAaTK Mpu ChantoBaHHi y BOAOrPiitHOMY
KoTni 224 HM® npupogHoro rasy 3 egekTusHicTio poboTn koTtna 85 %.
MobyToBi TennoHaaxomKeHHA Qs B XMTMOBUX KBaApPTUpaXx, fKi CyMapHO BpaxoBy-
I0Tb TEenmno Big ntogen, nobyToBoro obnagHaHHSA Ta OCBITNEHHHA, MOXHA BM3Ha4yaTu B
uinomy no GyauHKy (Ha BCHO CUCTEMY OMareHHs!) 3a 3anexHictio (6.10):

QnotS. = Qnos. Sni,q.’ BT, (6-10)

ne

Uno. — TEMNNOHAOXOMKEHHSA Ha 1 M2 nnowli nignorn y BT / M2 npuiimaloTb 3a gaHUMu
CHuIM 2.04.05-91 ak 10 BT Ha 1 m2 3aranbHOi nnoLi GyavHKY;

Spip, — 3aranbHa nnowa ByAnHky, M2,

3 ypaxyBaHHSAAM JoOaTKOBUX BTpAT TEMOTK 3ararbHa BENMUYMHA BTPAT Yepe3 OKpemy
OropoXXyBarnbHYy KOHCTPYKLiO BU3HAYaTUMETbCS 3a 3aneXHICTio:

Q, =K-F-(t;-t) ng-(1+3B) BT, kkan / rog,  (6.11)

oe

Ny — KOEMILIEHT, AKNN BPaxoBye hakTUYHE 3MEHLUEHHA PO3paxyHKOBOI PI3HULI Tem-
neparyp (t, — t,) AnNsA oropomxeHb, AKi PO3AINAIOTL OMnanoBanbHe Ta HeonansanbHe
ropve, nigean Towo) NpuUMIlLEeHHs. [na nepekpuTTs Hag XOnogHMMM nigBanamu, sKi
Criony4YeHi 3 XOnofHWM MOBITPAM, | Ans ropuuiHoro nepekputta ng = 0,9; ansa nepe-
KpUTTA Haf HeonanooBarbHUMK Migsanamuy 3i CBITNOBUMM Npopisamu y cTiHax ng = 0,75;
0N NepeKkpuTTs Hag XonogHUMU nigBanamu 6e3 CBITNOBMX MPOPI3iB y CTiHax, SKi po3-
TalwosaHi BuLle piBHA 3emni, n, = 0,6;

B, — nonpaska, sika BpaxoBye [AOAATKOBI BTPATU TEMSOTU Yepe3 OropO[KEHHS.
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BennunHa nonpasBkn (3 Ta ii po3nogin 3a daktopamy BMMMBY Ha BENWYUHY BTpaT
TENnoTn € TaKUMMU:

1. MonpaBka Ha opieHTaLilo OropodXeHb 3a CTOPOHaMW FOPU3OHTY — NPUAMAalOTb
ONSA yCiX BEepTUMKanbHMX | HaxuneHux (y MpoOeKuii Ha BepTuKanbHy BiCb) OropomKeHb
3anexHo Bif OpieHTaLii OropofXXeHHs 3a CTOPOHaMu FOPU3OHTY, a caMme:

— Ha 3axig i nisaeHHun cxia B, = 0,05;

— Ha niBHiv, cxia, NiBHIYHUA cxia, niBHiYHMA 3axig B, = 0,1.

2. MNonpaeka Ana ycix oropoxeHb KyToBux npumilleHsb B, = 0,05. Y kyToBUX npu-
MILLEHHSAX XMTNOBUX OYOUHKIB i NypTOXUTKIB MPU po3paxyHKax NiaBULLYIOTb TemnepaTty-
pYy BHYTPiLWHLOrO noBiTps i nonpasky 0,05 He BBOAATH.

3. MonpaBka Ha HagXOOXXEHHS1 XONOA4HOro MoBiTPA Yepe3 Bxogu y Oyaisni, Ski He
obnagHaHi NOBITpAHUMKM 3aBicamu. [lonpaBky BBOAATb HA BEMWYUHY BTpaT TEMnsoTu
nvwe Yepes 30BHiLIHI ABepi abo BOpOTa i NpUAMaroTb ANs OOUHAPHUX BXIOHUX LOBeEpen
B; = 0,22 H; ana noasinHUX BXigHWX OBepen 3 TambypoM Mix Humun B, = 0,27 H,
ne H — Bucota Gygieni B M.

4. lNMonpaBka Ha BUCOTY MNPUMILLEHb XWUTNOBMX OYyOWHKIB, TypTOXMTKIB i OyagiBenb
BH3. 3arankbHi Tennoetpaty 36inbwytotb Ha 0,02 Ha koxeH 1 M BucoTtu, BinbLioi 3a 4
M, ane 3aranom He 6inbw gk 0,15.

3HauveHHs1 koedpilieHTa Tennonepedadi ANs BIiKOH i 30BHIWHIX [Bepen OyauHKIB
NpUAMatoTb Yy MEeXax 3Ha4YeHb, HaBedeHux y gopatky 3.

BTpaty TennoTtu 3 onantoBanbHMX NPUMILLEHb HUXXHBOIO MOBEPXY Yepes nignory, sika
po3TalloBaHa Ha I'PyHTi, BU3HaA4YalTb 3a 30HaMu. [Ins ubOoro NOBEPXHKO CTiHU, SIKa KOH-
TaKTye 3 I'PYHTOM, i Nignory Ha rpyHTi AiNSATb Ha OINAHKA 3aBLUMPLUKK 2 M napanenbHo
30BHIWHIM cTiHaMm. [ingHky, Hanbnuxyy [0 30BHILHBOI CTiHW, Ha3WBalOTb MEPLLOHO.
HacTtynHi aBi giansaHku — BignoBigHO, APYrow i TpeTbok. PelwTy nignoru BBaxakwTb
YeTBEPTOH 30HOK. BM3HayeHHs BTpaT TENnoTW BUKOHYIOTb 3a 3anexHicTio (4.9) okpemo
Mo KOXHIN 30Hi 3 HACTYMHUM CKNagaHHAM ofep>KaHuX BEMNUYMH MO KOXHIM 30HI nignoru.
BenuunHy koediuieHTa AN HeyTenneHoi Mianorn neplioi 30HW NpUAMaloTb PiBHOK
Ko =1/R,, =1/21=048 Bt/ m?- rpaa, ans gpyroi — 1 / 43 = 0,23 Bt /
M2 - rpag, ans Tpetboi — 1/ 8,6 = 0,12 BT / M2 - rpag, a ans vetseptoi — 0,07 BT /
M2 - rpag. R,, — onip Tennonepeaayi OKpeMUX 30H HeyTenneHol Nianorn Ha rpyHTi.

[nsa yTenneHoi nignorn BenuynHy KoedilieHTa Tennonepenadi KoXHOI 30HM Heobxia-
HO YTOYHUTU 3 ypaxyBaHHAM [LiNCHOT TOBLUMHM Ta KoeqilieHTa TennonpoBigHOCTI wapy
yTennoBaya. Hanpuknag, koediuieHT Tennonepenadi Kyn_ AN ofHiel 30HM yTenneHol
NianNorM Ha rpyHTi BU3HAYUTBLCA 3a 3anexHiCTio:

Kpn. = 1/ (Ryn + 28y, / Ny), BT/ M2 - rpag,

ne

6yw_ Ta )\ym' — ToBLWMHaA (M) Ta KoediuieHT TennonposigHocTi (BT / m - rpag) ans
yTennoBanbHMX LWapis, BignoBigHO.

Bu3HauyeHHsA BENUYMHM BTpAT TEMnnoTu Yepe3 OropoKeHHsl, SiKi po3dinsawTb onarto-
BanbHEe Ta HeonanwBarbHe MPUMILLEHHS, Y SKOMY MOXYTb OyTW npoknageHi Tpybonpo-

BOAM 3 rapsiuMMm TenroHocieM (ropulle, HeonantoBanbHWA nigBan ToLo), AOLINbHO
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BUKOHYBaTW 3a BENMUYMHOK EKBiBaNeHTHOro koediuieHta Tennonepenadi K. 4depes
Take OropokeHHsa. BenuuunHa K, BpaxoBye [O0OATKOBWIA TEpMiYHWA onip NOBITPA Y
HeonarnBanbHOMY MPUMILLEHHI | YMOBHO 3apaxoBye WOr0O A0 3arafibHOro TepMiYHOro
Oropy Oropo[KEHHs. 3a TaKoro crnocoby po3paxyHKy BTPaT TensoTh KOemiLiEeHT Ny, AKURi
BpaxoBy€e 3MEHLLUEHHSI pO3paxyHKOBOI Pi3HULi Temnepatyp y 3anexHocTi (6.11), npunma-
etbea ng = 1. Y dopmyny (6.11) ansa BU3HaYeHHA BTpAT TENSIOTW NIACTABNAIOTL Pi3HALIO
MiXK pO3paxyHKOBMMMK TemrepaTtypamiyi BHYTPILLHLOrO i 30BHiLIHLOMO noBiTps (t, — t,).
BuaHadeHHsa ekBiBaneHTHOro KoediuieHTa Tennonepenadi Ang OropomKeHHs MiX ona-
noBanbHUM i HeonantoBanbHUM MPUMILLEHHAMW 3AIMCHIOETECS 3riQHO 3 3anexHicTio (6.12):

KeKB. =K- (tB‘] - taz) /I (t 1- t3), Bt/ m2- rpag, (6.12)

B
ae

K — pincHui KoediuieHT Tennonepegadi Ans martepiany OropompKeHHs MK onanto-
BanbHUM i HeonanoBanbHUM NpumilleHHam, BT / m2 - rpapg;

t,, — Temnepatypa B onantoBarnbHOMy npuMilLeHHi, °C;

t,, — TemnepaTtypa B HeonanoBanbHOMy npuMitleHHi, °C.

Temneparypy t,, B HeonanoBarnbHOMY MPUMILLIEHHI BU3HAYalOTb 3a pesynbratamu
€HepreTM4YHOro ayauTy.

Y pasi HeBigoMoi BenuuuHM TemnepaTtypu t,, y HeonamoBanbHOMY MPUMILLEHH i
MOXHa BM3HAYMTW 3a PO3PaxyHKOBUX yMOB. 3a TakMx YMOB Yy 3amnexHicTb Ans obunc-
nexHa K, NigcTtaensaTs HOPMOBaHY BEMNUYMHY TemnepaTtypyu BHYTPILIHLOro NosiTps t,
B onanosanbHOMY MPUMILLEHHI | pO3paxyHKOBY TemnepaTtypy 30BHIlLHbOrO MoBiTpA t,
3rigHo 3 gopgatkoM A. BusHauveHHs po3paxyHKOBOi TemnepaTypu B HeomnantoBarbHOMY
NPUMILLEHHI t_, BUKOHYIOTb y TakoMy pasi 3a 3anexHictio (6.13):

to, = (- 2K, - Fy +t, - 2K, - F, + P - 3K - 1)/
(ZK, - F, + ZK, - F, + ZK. - ), °C,  (6.13)

e

2K, - F, — cyma nobyTkiB koedilieHTiB Tennonepenadi Ha Mnouly MOBEpXHi BCiX
OropopKyBasibHUX KOHCTPYKUIN, SiKi po3ainsaioTb onantoBanbHe i HeonasnoBanbHe Mpu-
MilleHHs, BT / rpag;

2K, - F, — cyma pobyTkiB KoediuieHTIB Tennonepenadi Ha nnolly MoBepXHi BCiX
OropoOXKyBanbHUX KOHCTPYKLIN, SKi pO3aingaTb HeonantoBanbHe MPUMILLEHHS | 30BHiLU-
He noBiTps, BT / rpag;

ZK, - |, — cyma nobyTkiB niHinHUX KoedilieHTiB Tennonepenadyi y BT / m - rpag Ha
[OBXMHY TpybonpoBsoais |, B M AN TPaHCMNOPTYBaHHA rapsyoro TENmoHOCIs (cuctem
onarneHHs, rapsiyoro BOAOMOCTaYaHHS, TENMonocTadyaHHd), Ski NpoknageHi B Heonanto-
BanbHOMY npumilleHHi, BT / rpag (aue. gopatok [1). Cymy BM3HayaoTh 3a TpybonpoBo-
famu pisHoro giamertpa;

t,°P- — po3paxyHkoBa Temnepartypa TennoHocid, cepefHs Ans noaaeanbHoro i 380-
poTHoro Tpy6onposoais, °C.

Ons OpiGHTOBHOFO BM3HA4YE€HHA BTpaT TENJ0TU 6yp,iBne}o KOPUCTYKOTbCA nMumomum
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MOKa3HUKOM sumpam merniomu d,, BilHECEHUM [0 PO3paxyHKOBOI Pi3HULI Temnepartyp
Ta BeENMMYMHU onanBanbHOro o6’emy OyaiBni, BU3HAYEHOI 3a 30BHILHIMKM OOMipamu
(abo po onamntoBanbHOI nnowli 6yaisni), kx / m3 - rog - rpag, kkan / M3 - rog - rpag.
BenuunHy q, HasvMBawTb TaKOX MUMOMOK MErogor xapakmepucmukor 6ydierni, Ti
HaBOASATb Y AOBIAHMKOBIW NiTepaTypi 3anexHo Big xapaktepuctuk Oyaisni, nepiogy il
3abynoBu Ta Npu3HadeHHs (aue. Tabn. 6.2).

[Ona Takoro BU3HAYEHHS BENUYMHM TEennoBTpaT CKOPUCTAEMOCH 3aneXHOCTSAMU
(6.14 i 6.15):

Q. =V, q,- (t, —t) - K, kkan / roa; kx / roa; kBT,  (6.14)
Q,, =F, qf - (t, —t) - K, kkan / ron; kx / ron; kBT,  (6.15)
oe
K, — nonpaskoBuit KoediLieHT, AK1n HeobXigHO 3acTOCOBYBaTWU Y 3B’'A3KY 3 TUM, LIO
B [OBIOHVKOBIN niTepaTtypi BENUYMHU MUTOMUX HOPMOBAHMX TEMMOBUX XapakTepUCTUK
Oynisent g, HaBe[eHO 3a ymMOBM nepenaay Temnepartyp At = (t, —t,) = 18 — ( -30) =
48 0C. Tomy 3a iHWMX 3HaYeHb nepenagis TemnepaTtypu 3rigHo 3 Tabnuueto 6.2 Heob-
XilHO BU3HaA4aTK MonpasBKoBUiA KoedilieHT Ki;
Q,, — MakcumarbHa (pospaxyHkoBa) notpeba TennoTu Ha onaneHHs Npu po3paxyH-
KOBI TemnepaTtypi 30BHiLLHLOro NosiTPsA t,, kK / rog, kkan / rog;
V, — onantoBanbHuin 06’em OyAiBni 3a 30BHILLIHIMM 0BMipamu, m3;
F, — 3aranbHa nnowa 6Gyaisni, m?;
(t, — t,) — po3paxyHKoBUi1 Nepenaz Temnepatyp Ansi OCHOBHWX NpuMilleHb Gyaisni, °C.

Tabnuuysi 6.2
BenununHa nonpaBkoBoro koecdiuieHTa
Ha po3paxyHKOBUI nepenap Temnepartyp, K
PoapgxyHKOBa Te'MnepaTypa t, 0 5 10 15 20 25 30 .35
30BHiLLIHLOrO MoBiTps, °C
MonpaskoBuit koediuieHT K 2,05 167 1,45 1,29 1,17 1,08 1,0 0,95

®aKkTnyHy (OifcCHY) BENUYMHY TEenmnoBOl XapaKTepuCTUMKM xutnosux 6Gydisenb q,
BigHeCceHy A0 onantoBarnbHoro o6’emy abo NnoLli, MoOXXHa BU3HAYUTK 3@ 3aNeXHOCTSMU
(6.16 abo 6.17) 3a BigOMMMW BENMYMHAMM PO3PaxXyHKOBMX BUTpaAT TennoTtu Oyaisnero
Ha onarneHHsl, obuyncrneHnmmn 3a copmynoto (6.11), giicHUM nepenagoMm TemnepaTtyp
3a pospaxyHKoBux yMoB (t, — t,) i onanoBansHUM o6’emom V, abo 3aranbHOK MoLeo
F, Byaisni:

t) - K,D,)K / M3 - roq - rpag; kkan / m3 - rog, (6.16)

=Q, n /(t, -
= k>k / M2 - ropg - rpag; kkan / M2 - roa.  (6.17)

B
a60 qO o (g = ) Forn >
Op,epx(aHi TakKnMm YNHOM BeJNTMYUNHN LI,iI7ICHI/IX MMNTOMUX onankBalbHUX XapaKTepVICTI/IK

OyniBenb HeoOXiAHO MOPIBHATM 3 HOPMOBaHMMM i 3pOOUTM BMCHOBKM LLOAO BIAMNOBIA-
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HOCTi B LINOMYy TEMno3axuCHWX XapakTepucTuk OyadiBenb YMHHMM, Ha nepiog cnopy-
DKeHHs OyaouHKy, OyaiBenbHMM HopMaTtuam (gns 6yauHkis, 306ygoBaHux oo 2000 poky).
BeaxatoTb, Wwo Byaisng Bignosigae BMMOraMm HOPMaTuUBIB, AKLLO BUKOHYETLCH YMOBA:

Q,, /[t —t) V,- Kl<q,abo Q. /I[(t, —t)  F,;K]=<aqr

Y [oBigHMKaX TaKOX € aHanoriyHi MMTOMI MNOKa3HMKM HOPMOBAHUX TEMMOBMX Xapak-
TEPUCTVK, SIKi BUBEAEHO [Ans XMTNOBUX OyAMHKIB BigHOCHO iX 3aranbHoi nnowi q.F.
3a HeoOXigHOCTI BKasaHi BENMUYUHU MOXHA BU3HAYMTU 3@ HOPMOBAHUMW AaHUMW.

3Ha4eHHs1 HOPMOBAHUX PO3PAXyHKOBMX BESIMYUH TEMMOBUX XapakTepUCTUK g, XKUTNOBUX
OymiBenb ana OyavHkiB, cnopymkeHux y nepiog 3 1930 no 2000 pp., HaBegeHo y Tabn. 6.3.

Tabnuys 6.3
MuTtomi onantoBanbHi XapakTepUCTUKKN q, KUTNOBUX Byaisens
B k[x / m3- rog - rpan; (kkan / M3 - rog - rpaa)

06’em XUTNOBUX OyauHKIB 3a Mepioa 3a6yaoBu 6yanHkis

30BHilIHIMK 06mipamu, M3 1930 ...1970 pp. 1971 ...1980 pp. nicns 1981 p.
a0 200 3,1; (0,74) 3,22; (0,77) 3,31; (0,79)
Bin 201 go 300 2,6; (0,62) 3,05; (0,73) 3,14; (0,75)
Bin 301 go 400 2,51; (0,60) 2,68; (0,64) 2,97; (0,71)
Bin 401 go 500 2,43; (0,58) 2,51; (0,60) 2,81; (0,67)
Bin 501 go 1000 2,14; (0,51) 2,30; (0,55) 2,43; (0,58)
Bin 1001 go 2000 1,88; (0,45) 2,18; (0,52) 2,09; (0,50)
Bin 2001 go 5000 1,59; (0,38) 1,88; (0,45) 1,80; (0,43)
Bin 5001 go 10000 1,38; (0,33) 1,59; (0,38) 1,51; (0,36)
Bin 10001 go 15 000 1,21; (0,29) 1,51; (0,36) 1,42; (0,34)
Big 15001 go 25000 1,17; (0,28) 1,42; (0,34) 1,38; (0,33)
GinbLU sik 25000 1,09; (0,26) 1,38; (0,33) 1,38; (0,33)

lMpumimka. Hopmu ma eka3sieku 3 HOpMyeaHHsl eumpam rnajsiuea ma mernsoeoi eHepezii Ha onasneHHs1
JKumiioeux ma 2poMadcbKux cropyd, a makox 2ocrnodapcbko-nobymoei nompe6u e YkpaiHi.
(KTM 204 YkpaiHu 244-94).

Ons 6ynisenb 3abyposu nicng 2006 p. BenuuuHa NMTOMOI onantoBasibHOI XapakTte-
PUCTUKN XUTNOBKX ByaiBenb Ogyn BKA3YETBCS Yyxe B iHLLOMY AOKYMEHTI, SIKMin BU3Ha4Yae
Cy4acCHW piBeHb BUMOTr A0 TEMNno3axXMCHUX XapakTepucTuk oropogxeHb. Lle [epxasHi
OynisenbHi Hopmu Ykpaiim [OBH B.2.6-31:2006 «Tennoea ionsuis Oyaisenb».

PospaxyHkoBi abo akTU4Hi 3Ha4eHHs NUTOMUX TEMNOBUTPAT (g, Ha OManeHHs
OyOouHKy 3a onantoBanbHUA Nepiog BU3HavaTbea 3a dopmynamm (6.18 Ta 6.19):

—  Ha OOVHWLIO onantoBanbHOT NMoLli OyanHKy

Aoyn. = Quix/ Fons KBT - rOA / M2, (6.18)

—  Ha oguHuUI0 onantoBarnbHoro o6’eMy GyOuMHKY
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Aoy = Quic/ Vo KBT - TOA / M3, (6.19)

e

Qi — BMTpaTV TENNOBOI eHepril Ha onaneHHsi ByAuHKY NPOTAroM onantoBanbHOro
nepiogy poky B KBT - rog, BM3HA4alTbCS Ha NigcTaBi pe3ynsraTiB eHepreTM4YHoro ayau-
Ty abo po3paxyHKOBO;

F,, — onamoBanbHa nnouwa OyauHKY, BU3HA4YaETbCA SK Nnowia onantoBanbHUX
noBepxiB OyOWHKY, LLIO BUMIPHETBLCA Y MEXax BHYTPILUHIX MOBEPXOHb 30BHILLHIX CTiH.
B onantoBanbHy Nnowly He BKNHOYAKTb MAOLL HeonaniBanbHUX TEXHIYHMX MOBEPXIB,
nigBany, Xono4HUX BepaHg, HeonantoBarbHUX CXOAOBUX KITiTUH;

V, — onantoBanbHuin 06’'em ByaiBni 3a 30BHiLLHIMK 06Mipamu, M3.

BignoBigHO OO0 BUMOr HOpMaTMBIB MUTOMI TEMSOBUTPATU Ha onaneHHsa OyanHKiB
noBuHHI Bignosigatn ymosi (6.20):

qﬁmps Eax- (6.20)

3anexHictb (6.20) o3Havae, WO po3paxyHKoBi abo hakTU4HI MMTOMI TennoBUTpaTu

oyn” (y kBT - rog / M2 abo B kBT - rog / m3) Ha onaneHHa ByauHKy 3a onarntoBarb-
HWUIA Nepiof MOBWHHI OyTU piBHUMU ab0 MEHLIMMMK 32 MaKCUMarnbHO AOMYCTUME 3HaYeH-
HA nMUTOMKX TennosuTpart E, . Ha onaneHHa GyamHKy 3a onanioBanbHuid nepiod. YMosa
(6.20) pae MOXNMBICTb KOMMIEKCHOT OLIHKM TEMMO3aXMCHUX XapakTepUCTUK byaisens Ta
edeKTUBHOCTI NPOLECIB PerynioBaHHs BiAMyCcKy TEMMOTW Ha Cy4aCHOMY PiBHiI BUMOT.

BenvunHu HOpMaTUBHMX MakcMManbHUX TennoBuTpaT And 6araTonoBEpXOBUX XKUT-
nosux OyauHkie E, . HaseneHo y Tabn. 6.4.

Tabnuysi 6.4
HopmaTtueHi makcumanbHi Tennosutpatu E . 6aratonoBepXxoBuX XUTNOBUX
GyaMHKIB (rypTOXUTKIB i roteniB) ctaHom Ha 2006 pik, kBT - rog / m?;
(kBT - rog / m3)

3HayeHHs E,,, Ana TemnepaTypHOi 30HM
[MoBepx GyanHKy
1 2 3 4
Big 1 oo 3, onantoBanbHO

nnoweto Ginbiw gk 1000 m?2 104 90 76 62
Bio 4 oo 5 89; (32) 77, (28) 65; (24) 53; (19)
Bin 6 o 7 83; (30) 72; (26) 61; (22) 50; (18)
Big 8 1o 9 79; (29) 69; (25) 58; (21) 48; (17)
Big 10 oo 11 75; (27) 65; (23) 55; (20) 45; (16)

MepepaxyHoK BENUYMHU Qg AO G, ANS MOPIBHSHHSA BUMOT TEMO3aXMCHUX XapakTe-
puctuk Byaisenb o i nicna 2006 p. MOXHa 34iNCHUTY 3a 3anexHocTsamu (6.21) i (6.22):
— Ons HOpPMOBaHWX NapaMeTpiB 30BHILLIHLOrO MOBITPS (HOPMOBAHIN cepefHii Tem-
nepatypi 3a onantoBanbHWUi nepiog t ., * Ta HOPMOBaHIN TPMBANOCTI Takoro nepi-

ony Ny.):

cep.
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0, = 860 " dgyy / [Ny~ (" — teep, )], kkan / rop;  (6.21)

— Ans AiNCHWX napameTpiB 30BHILLIHLOIO NOBITPS (GiNCHIN, 3adikcoBaHi MeTeopono-
rYHUMK CTaHLisIMKX CMOCTepexeHb cepefHiin Temnepartypi t. ., 3a onantoBanbHUi
nepioa Ta AiMCHIN TpMBanocTi N, Takoro nepioay):

p

do = 860 " dgyy / [Ny~ (tg — teep )], kkan / ron,  (6.22)

e

Nony | Ny, — HOPMOBAHA i AiicHa TpUBanicTb OnantoBasribHOro nepioay, BiAnoBiaHO, rof;

t.Hit, — cepenHa HopmoBaHa i cepefHa dakTuyHa TemnepaTypu BHYTPILLUHLOMO MOBi-
TpAa y Gyaisni, BignosioHo, °C;

toep” 1 teep. — CEPEOHSt HOPMOBaHA i CepefHst hakTU4Ha 3a onantoBarbHWA nepiog
TemnepaTtypu 30BHiLLIHBLOrO MOBITPSA, BiAnosigHo, °C.

lMepepaxyHOK (PakTUYHMUX NUTOMUX TENMOBUTPaT (3a YMOB [AiNCHMX Temnepatyp
BHYTPILLHLOIO i 30BHILLUHBLOrO MOBITPA tg, tcep_) B PO3paxyHKOBi YMOBM (32 HOPMOBaHMUX
napameTpiB BHYTPILLHLOMO i 30BHIIHLOMO NOBITPA t., t . ") BUKOHYIOTL 3ridHO 3 3anex-

HicTio (6.23):

cep.

doyn” = oyn. - [t — tcep.”) /(t, — tcep_)] “ (Nonu ! Noy)» KBT - rop / M3, (6.23)

3a BiJOMOIO BENUYMHOK MakcumarnbHUX (Po3paxyHKOBMX) BUTpaT TEMMAOTU Ha noTpe-
6v onaneHHa GyamHky Q. (3@ yMOBM pO3paxyHKOBOI TeMmnepaTypu 30BHILLIHLOMO MOBi-
TPA t,) MOXHA BU3HAYUTU BEMUYMHY HEOOXIAHUX BUTPAT TEMnoTu Ha notpebu onaneHHs
Ans 6yab-sKoi HLWOT 30BHILIHBLOT TemnepaTypu onanioBanbHoro nepiogy poky Q'
[nsa uboro BMKOPUCTAEMO 3anexHicTb (6.24):

Q‘on. = Qon. ’ [(tB - tl3) / (tB - t3)], (6.24)

e

Q,, — BWTPaTW TennoTW Ha onaneHHs 3a Oyab-SKOro 3HAYeHHs TemnepaTypu
30BHILLHBOrO MOBITPA, BIAMIHHOI Bif PO3paxyHKOBOI Temnepartypu t;

t, — NOTOYHe 3HaYeHHs TemnepaTypu 30BHILLHBLOTO MOBITPS B AjanasoHi Big +8 °C o t,.

3anexHictb (6.24) BUKOPUCTOBYIOTL A5A NobynoBu rpadika BUTpaT TensnoT Ha ona-
neHHst 6yanHky abo rpynu OyAMHKIB 3anexHO Big TemnepaTtypu 30BHILLUHbOrO MOBITPS.

Mpuknag nobynoBu rpadpika BAUTPAT TENNOTU HaBegeHo Ha puc. 6.1. Takuin rpadik
Moxe ByTu nokrnageHo B OCHOBY BMPOBAKEHHS CUCTEMU €HEProMeHemMKMEHTY nig vac
ekcnnyarauii oyaieni.
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Temnepamypa 308HiwHL020 nobimps 3, °C

PucyHok 6.1 — Npachikn BuTpaT Tennotu: 1 — Ha onaneHHs;
2 — Ha rapsiye BoaomnocTavyaHHsl; 3 — cymMapHuU#

Ha rpadhiky nogaHo MOXNUBI pesynstaTi NOTOYHMX CNOCTEPEXeHb: a — AiNcHa Kinb-
KICTb TEMnOTW, sika BiAMYyCKaETbCH, MEHLa 3a HeobxigHy HopMoBaHy (gediunT Tenno-
TH); b — gifcHa KiNbKiCTb TEMMOTW, siKka BiAMYCKAETbCS CnoxuBadawm, binblia 3a HeoO-
XigHy HOpMOBaHy (nepeBuTpaTh TENNOTK); C — Bi4NYCK TEMMOTN CNoXMBayYam Bignosigae
HOpMaTMBaM B YMOBax HasiBHMX TEMMO3aXUCHWUX XapaKTEPUCTUK OropodXeHb. [padiku
BUTPAT TENNOTU LalTb 3MOry KOHTPOMOBATW BIi4MYCK TEMNMOTU A0 CMNOXUBAYiB.

CepegHbOroguHHI BUTpaTK TENMOTK 3a OnantoBanbHUIM Nepiog Ha onareHHsi BU3Ha-
yatTbcsa 3a hopmynoto (6.25):

Q%P = Qg - [ty — toep) / (t;, — 1), kkan / rop; kM / roa; kBT, (6.25)

oe
Q,,, — pPO3paxyHKOBI roAMHHI BUTPATK TENMOTW Ha onarneHHs, kkan / roa, Kk / roa, kBT;
tcep., t, — miicHa cepenHs 3a onantoBanbHWiA Nepiof Temnepartypa 30BHILLHLOMO MNOBi-
TPS | po3paxyHKoBa A1 CUCTEM OMareHHs TemnepaTypa 30BHILIHBbOro MoBiTps, Bigno-
BigHo, °C.
3a BiOMOIO BENMYMHOIO CepPeHiX 3a onartoBanbHW nepion BUTpaT Tennotn QP
Ta TpMBAroCTi onantoBanbHOro Nepioay N, CTae MOXIMBUM BM3HAYEHHSA PiMHMX BUTpaT
TENNOTU Ha NOTPebn onaneHHst 3rigHo i3 3anexHicTio (6.26) :

Quic = Q%P - N, kkanm; kbx; kBT - ron,  ( 6.26)

on.’
ne
Q,,, °°P- — cepeqHi 3a onantoBanbHWI Nepiof BATPaATM TENSIOTU Ha OonaneHHs Kkan /
roa, kOx / roa, kBT;
Non, — TPMBANICTb onanioBanbLHOro nepioay, rof.
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CepenHbOrognHHi BUTPATK TENnoTW Ha MPUroTyBaHHSA rapsyoi Bogu B onantoBarb-
HWUIA Mepiog BM3Ha4aloTb 3a 3anexHicTio (6.27):

Q%P =[(@a,- my+a, - my+.a,-m,)-12-C,108 (55 -t )] /T
kx / rog,  (6.27)

kkan / ropn;

s’

ae

— a,, a,, a,— HOpMM BUTPAT BOAM Ha rapsye BogonocTadaHHs npu temnepatypi 55 °C
3anexHo Big BMAY CNoXuBaYiB (aue. Tabn. 6.5);

— m,, m,, M, — KiNbKiCTb CNOXWBauiB NeBHOI kaTteropii (ams. Tabn. 6.4);

— C, — tennoemHictb Boan, C, = 1,0 kkan / n - rpag abo C, = 4,2 k[x / n - rpap;

— 1,2 — KoediLieHT, siKMin BpaxoBYye TEMMOBIAAaYyY Y NPUMILLIEHHS Bif TPyOonpoBoaiB cuc-
TEM rapsiHoro BogornoctadaHHs (onaneHHs BaHHUX KiMHAT, CyLUiHHS GinvaHu). 3a ymoBu
TENnoBOI i3orALil Takmx TpybonpoBoaiB BENMYMHY KoedilieHTa MOXHa 3MEHLLNTY;

- t, — Temnepatypa XOnoAHOI BOAONPOBIAHOT BOAWU B3MMKY. 3a BiOCYTHOCTI AaHMX
npuiimaetbea +5 0C (y HeonanoBanbHW Nepion Temnepartypa Boau NPUIMMaETbCs
pisHoto +10 OC );

— T,,— nepioa CnoXvBaHHA rapa4oil BOAW, BUSHAYAETLCA 3aM1EXKHO Bifl MPUIHATOrO Peu-
My nogadi rapsyoi Bogu. MNpuiMaeTees piBHUM YCTy rogvH poboTy cuctemu, rog,.

Tabnuuys 6.5
Hopmu Butpat BOoau
Hopma Butpar Boam
CepegHbopoboBa, 3a roamHy Butpatu Bogn ogHUM
n/ poby MaKkcuMarnbHOro npunagom, n/c
CnoxwuBay (0): % CMoXuBaHHs, 1/ rog,
BOAM BUMIpy Beboro, [apsayoi | Bceboro, | Mapsyoi | Bcbworo, [apsayoi
y TOMy y TOMy XOIoZgHOT abo
yuceni, yueni, i rapayoi | xonogHoi
rapa4oi rapsyoi
YKutnosi 6yauHkn kBapTup- 1
HOro TUMy 3 BOJOrOHOM i 95; (120) - 6,5 0,2 0,2

7 ocoba
KaHanisauieto, 6e3 BaHH

— 3 razoBuMM nigirpisadyamu | Te came | 210; (250) - 13,0 0,3 0,3

— 3 LeHTpanisoBaHnM raps-
YuM BoOOMNOCTaYaHHAM,

Te came | 250; (300) | 105; (120)| 15,6 10 03 02
BaHHOK 3aBOOBXKU
1500...1700 mm i gyiem
FyproxuTkn 3 saraneummu | o oo | g5: (100) | 50 (60) | 104 6,3 0,2 0,14
OyuoBnMun
~ 3 Aylamn y BCX KWTNO- | o came | 110; (120) | 60; (70) | 12,5 82 |012..02| 0,14
BUX KIMHaTax
— 13 3aranbHAMM KyXHAMU T | o came | 140: (160) | 80; (90) | 12,0 7,5 0,2 0,14

6nokamu OyuoBux

3a BiQCYTHOCTI AaHMX CepefHbOroAgvHHI BUTpaTV TEMMOTM Ha MPUroTyBaHHSA rapsayol
BOAM Y HeonantoBarbHUA Nepiof poky MoXHa npunMaTu 3 koediuieHTom 0,8 Big BuTpaT



PO34In 6 93

B onanioBanbHuin nepiod, QP = 0,8 - QP [INa KypopTHUX Ta MIBAEGHHUX MICT NiTHi
BUTPaTU NpurmMmaroTbCsa 3 KoediuieHtom 1,5:

Qchep.n. = 1,5 . Qchep._

PiuHi BUTpaTV Tennotu Ha rapsiye BoponocTadaHHs Q,'® BU3HAYaKOTLCA 3a 3anex-
HicTio (6.28) BiANOBIAHO A0 BIAOMMX BEMNWYWH CepeOHbOrOAMHHUX BUTPAT TEMnOoTU Ha
rapsve BOAOMNOCTa4YaHHA B onanioBanbHui nepiog QP i B MiTHIN nepiog Q P, a
TaKoX TpMBANoCTi PoBOTU CUCTEMM rapsvoro BoponocTadaHHs — 8760 roa:

QK = Q%P - n,, + QP - (8760 — n,,), kkan; kx; kBT - rog,  (6.28)

ae

Q%P i QP — cepedHbOrOAMHHI BUTPATW TENMOTWM Ha rapsyve BOOOMOCTaYaHHS,
Bi4NOBIQHO, B onantoBanbHWUM Nepiod i NiTHIM nepiod poky, kkan / rog, kx / rog, kBT;

n,, — AificHa TpuBanicTb onasnoBanbHOro nepioay, rod.

MakcumarnbHi roanHHI BUTpaTV TENNoTW Ha rapsiye BOOOMNOCTaYaHHS BU3HAYatOTbCS
3rigHO 3 3anexHicTtio (6.29):

QM@ = (2,0....2,4) - QP kkan / rog; kx / rog. (6.29)

3rigHO 3 MoKasaHHSAMMW NIYUNBHUKIB rady, BCTAHOBMEHMX Y CMOXMBauiB, BU3HAYaloTb
obuncneHi Butpatu rasy B, .

Ane imXeHepHi po3paxyHKW i nnaTexi 3a BUKOPUCTaHi 006CAry rasy 34iNCHIOTb He 3a
BESIMYMHOI 0BYMcrneHnx Butpar B g, , a 3a BATpatamu Cyxoro rasy, 3BeAeHWMW [0
CTaHfapTHUX YMOB ch — Temnepatypu rasy 20 °C (293 K) i Tucky 101,325 kMMa.

MepepaxyHok OGYMCNEHNX TOAMHHUX BWTpaAT rasy B, A0 cTaHAapTHux ymoB B
BUKOHYETLCA 3a 3anexHicTtio (6.30):

P,+101,325-P,, 293
Pean 273+,

obu.

B =60 - (m,—m,) , M3/ rog, (6.30)

e
B,g, — OO4YMCIEHi 3a MiunnbHUKOM BUTpaTH rasy, B g, = 60 - (m, — m,), M3/ rog;

B, — BUTpaTK rasy, siki 38eAeHO O CTaHAAPTHUX YMOB, m3 / rog;

m, i m, — pesynbLTaTy 3HATTA NOYaTKOBKX Ta KiHLEBWX MOKa3aHb ra3oBoro MidnmnbHU-
Ka 3 iHTepBanoM y ofHy XBUIWHY, BignoBiaHO, M3;

P, — Tvck rasy, BuUMipsaHuiA y By3ni obniky BMTpaT rady B MOMEHT 3HATTA MoKasaHb
ras3oBoro nivyvnbHuka, kla;

P6ap_ — GapoMEeTpPUYHMIA TUCK Y OEHb BUMIptOBaHb, kI1a;

t. — niicHa Temnepartypa rady y Byani obniky BuTpar rasy (y ra3oBoMy mMi4uIbHUKY)
B MOMEHT 3HATTS MOKasaHb ra3oBOro nivnnoHuka, °C;

P, — napuianbHuii TUCK BOAAHOT Napu y rasi, BUSHa4aeTbCA 3a TEMMepaTrypolo pocu
BOMNOMM y rasi 3rigHoO 3 JaHuMu cepTudikata SKOCTi rasdy, Skui NogaeTbCs CnoXmBavam
rasy rasoposnofinbHOK OpraHisalieto.
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3a Temnepatypu Todku pocu +10 OC napuianbHuii TUCK BOAAHOI Napu y rasi
cTaHoBWTbL Gnmsbko P, = 1,2 klMa, a 3a Temneparypu 0 °C P, = 0,6 kMa, napuiansHui
TcK BoaaHoT napu P = 2,3 kla matime Micle 3a Temnepartypy TOYKM pOCU BOMorut y
rasi +20 °C.

I3 3anexHocTi (6.30) BUAHO, WO Ha BENWYUHY BUTPAT rady 3a CTaHOapTHUMX YMOB
CYTTEBMI BMMMB MarwTb HE NMLIE MOKa3aHHA NivunbHUKa, a h 6apoMeTpUYHUA TUCK
i napameTpu rasy y By3ni obniky BuTpar, a came: WOro TemnepaTypa, TUCK i Touyka
pocu. Tomy 3a BiOCYTHOCTI KOpekTopa-obuucnioBava y Byanax obniky BuTpaT rasy
ocobnuey yBary npu BM3HaAYeHHi BUTpaAT rasy HeobxigHO 3BepTaTy Ha BKasaHi BuULle
XapaKTepuCcTUKN raay.

3a pospaxoBaHot 3a ¢opmyriow (6.30) BENUYNHOW FOAUHHUX BUTpaT rasy ch B
m3 / rop 3a cTaHAApTHWX YMOB i TennoTow 3ropsiHHa rasy Q. B kkan / m3 abo
kk / M3, NpuiiHATOK 3rigHO 3 cepTudikatoMm AKOCTI rasy (cepTudikaT AKOCTI rasy
HaJaeTbCA ra3opo3nOAiNbHOK OpraHi3auielo 3a 3anuToM CnoXuBadya rasy), BU3Haya-
I0Tb KiMbKiCTb TennoTu, OTPUMaHOI MpW chanioBaHHi nanuea (TennoBU MoTeHLuian
nanuea abo TennoBa MOTYXHICTb arperaTty), 3a 3anexHicTio (6.31):

N=B," Q

cy cr

kkan / rog; k[x /rog; kBT. ( 6.31)

KinbkicTe TennoTtu, aky 6yae BMpOONEHO MXKeperoMm TensnoTu QBMP_, BM3HaAYalTb 3a
3anexHictio (6.32):

Q. =N-n. (632

BUp.

e

QBMp_ — KiNbKICTb TennoTu, Ky BMPOOBNEHO i BignyLweHo OO0 TEMNOBMX MEPEX y pesyrnb-
TaTi cnantoBaHHA nanuea abo OTpUMaHHSA MEPBUHHOI eHeprii IHLWOro eHeproHocis;

n, — KKO Ha eTani BupoGneHHa Tennotn (B CcepefHbOMY CTaHOBWTHL MO YKpaiHi
0,81...0,84 abo 81...84 % (guB. puc. 3.5 nocibHuka), ane y Oeskux Bunagkax mMoxe
3HMXKyBaTucs go 65...70 %).

Kinbkicte Tennotn Q, gky Oyge BignywleHo crnoxuBadam Ha 3abesnedeHHs noTped
onaneHHsi, BEHTUMALIT Ta raps4oro BofonocTa4aHHsl, byae meHwoto 3a Q,,, Ha Benu-
UYMHY BTpaT TEMIOTU Y TEMMOBUX MEpPEeXax i BUSHAYMTbCA 3a 3anexHictio (6.33):

Q= Q- Ny (6.33)

ae n,,, — KoedilieHT, AKMiA XxapakTepusye BTpaTy TEMNOTU Y TEMNOBUX Mepexax.

BenuuuHy n,,, BM3HaAuyaloTb 3a pesynkrataMu Tennosux BuMpobyBaHb TemnoBmx
MEepeX, a 3a BiACYTHOCTI TakMX AaHMX — 3a peKoMeHAauisMu, nogaHumu y posgini 6.5
nocibHuka. 3a ymoBM BigCYTHOCTI TEMMOBUX Mepex (y pasi MicLeBMX CUCTEM TEMOmnoc-
TayaHHa): Ny, = 1, @ Qg,, = Q. OfgepxaHy TakuM YMHOM BENWUYMHY BWTPAT Tennotu
Q BXe MOXHa MOPIBHIOBATU 3 PO3pPaxyHKOBMMMK BUTpaTamMu TENMOTW Ha noTpebu ona-
NEHHs, BEHTUMAUIT i rapayoro BogomnocTayaHHs Oyaieni, a Takox pobOTW BMCHOBKM
OO0 BigMOBIAHOCTI 3a3HA4YeHUX BEJIMYUH.
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3apavi 3 po3B’A3aHHAM

3apaya 1. BusHauMtn TENNOHaAXOMKEHHS Y MPUMILLIEHHST KyXHi TYPTOXWUTKY, B SIKil
BCTaHOBMNeHo ABi razosi nnutu M- 4 3 N = 12 kBT, ana akux K, = 0,15 i onHa rasoea
nnuta Mr-2 3 N = 7 kB1, ana akoi K, = 0,05. KK nnut n craHosutb 40 % (0,4).

Po3e’si3aHHs.
BusHavyaemo BenuuvMHy [000BUX TEMMOHAOXOMKEHb Bi4 ra3oBUMX MAMT 3rigHO 3
3anexHictio (6.8):

Q, =(12-2-015+7 -0,05) 04 = (3,6 +0,35) - 0,4 = 1,58 kBT - ron / A06y.

3agaya 2. BusHaumtn, K 3MIiHATLCA TEMSOHAOXOAXKEHHS Big CUCTEMW OCBITNEHHS
HaB4anbHoro kopnycy BH3 y m. AndeBcbKy B pasi 3amiHu 450 ocBiTnoBanbHMX npu-
nagis 3 NamnamMmu po3XaproBaHHA Ha NMIOMIHECLEHTHI KOMMNAaKTHI namnu 3 BOygOBaHUMM
nycKkoperynioBanbHUMU NpUCTposMU. [OTYXHICTb Ta KiNbKiCTb MNamn  po3)XaproBaHHS
ctaHoBuTb: 100 BT — 250 wr.; 75 BT — 150 wr.; 60 Bt — 50 wrt. KoediuieHTn y bopmyni
6.2 Ana namn po3xaptoBaHHs npurHATH Takumu: kK, = 0,9; k, = 0,2; k, = 0,6; k, = 0,95.
MMOTYyXHICTb Ta KiNbKiCTb NOMiHECUEeHTHUX namn ctaHoButb: 20 Bt — 350 wr;
18 Bt — 70 wT.; 15 Bt — 30 wt. 3HayeHHs koedilieHTiB ANs MIOMIHECLEHTHUX namn
npuHaTk Taki: k, = 0,9; k, = 0,2; k; = 0,6; k, = 0,2.

Po3e’sizaHHs.
1. TennoHaaxoaXeHHs1 Big namn po3XaproBaHHSA:

ros. = k1 ' k2 'k3 ' k4 ’ ZNen_ =09-02-0,6-0,95 -
(100 - 250 + 70 - 150 + 60 - 50) = 0,1026 - 39250 = 4027 Br.

2. TennoHaaxoMKeHHs Big NIOMIHECLEHTHMUX naMmn:

=K, Ky ks kg IN,, =09-02-06 02 (20350 + 18 70 + 15 - 30) =
0,0216 - 8710 = 188,1 Br.

3. Pi3HnUsA TennoHaaxodXeHb Bid, CMCTEMW OCBITIEHHSA OO0 Ta Micns 3aMiHu:

AQ =Q Q. = 4027 — 188 = 3839 Bt = 3,84 kBT.

ocB. X 0CB.

3apaya 3. BusHaunmtM MakcumanbHi rOAWMHHI TennoHagxomXeHHS BiA COHSAYHOT
pagiauii Yepes BepxHin nosepx HasdanbHoro kopnycy BH3 y m. Cymun. Yepes nokpiento
0e3 ropuvwa 3 nroLwer NoBEePXHi NMepekpuTTs Snep. = 1560 M2 i GiYHUMU TMOBEPXHAMMU
CTiH, 30piEHTOBaHNMM Ha NiBHIY Ta niBaeHb, nnouleto 260 M2 Ta Ha cxig, 3axig — 96 m2.
OropogyKyBarnbHi KOHCTPYKLiT OCTaHHbLOIO MOBEPXY — CYUiNbHE MOABINHE 3acKIiHHSA B
MeTanonnactukosomMy npocini. NeorpadgiyHa wupota M. Cymm — 51° niBH. WKMpPOTK.
KoegiuieHT Tennonepenayi nepekpuTTs knep_ = 0,9 kkan / rog - M2 - °C. Ha BikHax Hemae
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CBiTNO3aTpMMyBanbHUX LWTOP YW IiHWWUX NpPUCTPOiB 3aTiHeHHda. KoediuieHT
CBITNONPOMYyCKaHHA AN 3ackniHHA npuiHatn k.. = 0,8.

Po3e’si3aHHS.

1. BusHavyaemo TennoHagXO4XeHHs vepe3 nepekputts. [utomuin TennoBuin NoTik
COHSAYHOI pagiauii ana reorpadiyHoi wupotn M. Cymn 3a gaHumum T1abn. 6.1 crtaHo-
BUTb 12 kkan / M2 - ropg;

Quon1 = 1,16 © Sy " Anep, * Knep. = 1,16 - 1560 - 12 - 0,9 =
19544 kkan / ron = 22,8 kBT.

2. BusHa4yaemo TensioHagXOoKEHHS Yyepes3 3acKSliHHA MNiBOEHHOro HanpsMKy:

QCOH.2 = 1’16 ) SOCT. ’ qOCT. ’ kOCT.’

Ae q,., — NUTOMi TEnnoHaaXOMKeHHA Bif COHAYHOI papgiauii 4yepes 3acKmiHHs,
BM3Ha4awTbca 3a Tabn. 6.1. [na niBaeHHOT opieHTauii  BIKOH Q...
160 kkan / M2 - rog.

Q = 1,16 - 260 - 160 - 0,8 = 38605 kkan / rog = 45 kBT.

COH.2
3. MNMuToMi TennoHaaxomKeHHs Yepes3 CXigHy Ta 3axigHy 4YacTWHY 3ackIliHHS CTaHOB-
naTh:

Qgouo = 1,16 - 96 - 180 - 0,8 = 16035 kkan / rog = 18,7 kBT.

4. [o pospaxyHKy MakCMManbHUX FOOUHHWX TEeNfOHaAXOAXeHb Bif COHAYHOT
pagiauii Yepe3 oropodKyBarsibHi KOHCTPYKLUIT BEPXHbOro MoBepxy NpuMmMMaroTb TEnno-
HaOXOOXKEHHS Yepe3 NepekpuTTs Ta Hanbinblly BenWYuHy HagxoOKeHb NO OAHOMY
3 HanNpPsIMKIiB CTOPIH FOPU3OHTY:

Quon = Quont + Quono = 19544 + 38605 = 58149 kkan / rog = 67,63 KkBr.

COH.

3apava 4. Y kimHaTax ryptoxuTtky Ne 1 [NonTaBCbKOro negaroriyHoro yHisepcutety
BCTAHOBMNEHO 85 XOnoAaunbHUKIB, i3 HUX 55 i3 cnoxmnBaHOK MOTYXHiCTIo 1 KBT - rog 3a
[oby Ta 30 i3 cnoxuBaHow noTyxHicTio 1,5 kBT - rog 3a goby. BusHauuTtn TennoHag-
XOO)KEHHS Big nobyToBux xonogunbHukiB. KinbkicTe Ai6 poboTM XonogunbHUKIB
NPUAHATK Noos. = 240 pni6. XonoaunbHUin koediuieHT € = 4.

Po3e’ss3aHHs.
1. BusHayaemo TennoHagxOMXKeHHS Big BCTAHOBIEHMX MOOYTOBMX XONOAMIMbHUKIB,
3Hat4n foboBe CNOXMBAHHA €neKTPUYHOT eHeprii 3a opmMynoto:

Quon = Z(Ng, * Ny - (1 Ng + €))

XOJ.
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Ae N, — cnoxusaHa 0o6oBa MOTYXHICTb XONOAWNbHUKA, @ Came MOoro KoMnpecopa,
OCKIifTbKM BiH € HanbinbLMM CMOXUBAYEM ENeKTPUYHOT eHeprii cepen ycix enekTpocno-
XuBanbHUX npunagis nobyToBoro xonoaunbHuka, KBT - rog 3a goby;

Ng, — KiMIbKICTb XOMOAWMBbHUKIB 3 BiAMNOBIAHOK MOTYXHICTIO, LT,

en
Ng — KoedilieHT NepeTBOPEHHS KOMMPECOPOM ENEeKTPUYHOT eHepriil B TEMMOoBY.

Q.. =(1-55+15-30)-(1-0,7+1-4)=470 kBt - rog 3a goby.

Xorn.

2. PiyHi TennoHaaxomkeHHs:
QpiK. = Qo - Noos. = 470 - 240 = 112800 Bt = 112,8 kBT.

3. Akwo 3a nacnopTHUMWM AaHUMW HEMOXIMBO BU3HAYMTU [0OOBY CNOXUBaHY
MOTYXHICTb, a HaBedeHO NuLle BCTaHOBMeEHy NOTYXHiCTb (N,.), Todi AnA BU3HAYEHHS
Ng,, BMKOPUCTOBYIOTb (hOPMYyITy:

N, = N, - 24 -k

en. BC. BUKOpP.’

Ae Kguop. — KOE(ILIEHT BUKOPUCTaHHS KOMMpecopa MobyTOBOrO XONMOAUNbHUKA,

kBI/IKOp. = 0*3

3apgaya 5. BusHauntu ekBiBaneHTHMI KoedpilieHT Tenmnonepedadi Ans ropuvlHOro
nepekpuTTd HaB4yarbHOro Kopnycy YepHiriBCbkoro negaroriyHoro YyHiBepcuTerty.
3a pesynbrataMy €HEepreTMYHOro ayguTy 3a YMOBWM MiOTPUMAHHA B OnantoBanbHUX
npuMilleHHsix Temnepatypu t,, = +18 9C npu TemnepaTypi 30BHILUHLOrO MOBITPS
t, = -10 9C cepepnHsa Temnepatypa MoBITPSi Y FOPULLHOMY NPOCTOPI CTaHoBUTL t,, = -6 °C.

[OpuLLHE NEepekpuTTa Mae Taky KOHCTPYKLHO:

1-n wap - 3anisobetoHHa naHenb 3 TEPMiYHMM OMOPOM TEennonpoBiAHOCTI
R = 0,28 m2- 0C / Br;

2-i1 Wap — HacunHuin kepamsauT ryctuHoro 600 kr / m3, BucoTa wapy 0,15 M;

KoegiuieHTn Tennosiggadi NpUnNHATHK:

— Ha BHYTPILLHIN NoBepxHi nepekpuTTa: a, = 8,7 Bt / m? - 0C;

— Ha 30BHILUHI NOBepXHi nepekpuTTs: a, = 12 BT / M2 - OC.

Po3e’si3aHHs.
BusHavaemo TepmivyHMIiA onip Tennonepegadi Ana NepekpuTTs MK onantoBarbHUMU
NPUMILLEHHSIMWN HaBYaribHOrO KOPMyCy i ropuLLieM 3a 3anexHicTio (4.7):

. 1 5 1 1 028 0,15 1

=+t ) — +— =— + + + — =

" g A a, 87 : 0,14 12
2.0

0,011 +1,35+0,083=1,44 ———
BT
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ne AN=014 Bt/ m -

600 kr / m3 3rigHo 3 gopatkom W
2. BusHayaemo gincHui koediuieHT Tennonepegadi nepekputTda 3a dopmynoto (4.6):

Bt

1
ks —=—— =069 — -

R, 144

M2 . °C

0C - KkoeiuieHT TennonpoBigHOCTI KepamauTy LUiMNbHICTIO

3. BusHauyaemo ekBiBaneHTHUI KoedilieHT Tennonepeaadi 3a 3anexHictio (6.12):

. tg1 — t
K=k. =22 =-0694.

tar — 13

18 +6
18 +10

BT

=0,694 0,857=0,59 —— -

M

2-0C

3apava 6. 3a pesynbratamu 06GCTEXEHb OrOpOMAXYyBalNbHUX KOHCTPYKUiN OyaiBni
HaB4yarnbHOro kopnycy Jlyubkoro rymaHiTapHoOro yHiBepcutety Oynu OTpuMMaHi Taki
BiZJOMOCTI.

Tabnuysi 6.6

XapakTepucTUKN OropoaKyBaribHUX KOHCTPYKUin GyaiBni

Ha3Ba oropogxyBanbHOi KoediieHT Tennonepepauvi k, OpienTauis 3a
Mop. Ne Mnowa F, m? CTOpPOHaMu ropm-
KOHCTPYKUii Bt/ m2-0C
30HTY
1 CTiHa 30BHILWHSA 717 0,9 MH-Cx
2 CTiHa 30BHiLLHSA 717 0,9 Mpa-3x
3 CTiHa 30BHIWHSA 202 0,9 Mpa-Cx
4 CTiHa 30BHiLLHSA 202 0,9 MH-3x
5 BikHa 179 25 MH-Cx
6 BikHa 179 25 Mp-3x
7 BikHa 50 25 Ma-Cx
8 BikHa 50 2,5 MH-3x
9 [MepekputTs 3-ro NoBepxy 1152 0,85 -
10 Mignora | 3oHa 328 0,48 -
1" Mignora Il 3oHa 296 0,23 -
12 Mignora Il 3oHa 240 0,12 -
13 Mignora IV 30Ha 288 0,07 -
14 BxigHi aBepi 54 4 MH-Cx
15 BxigHi aBepi 4.8 4 Mp-3x

CepenHsa Bucota npumiieHb — 4,0 m. Kinbkictb noeepxiB — 3. BxigHi gBepi 0o
HaB4arnbHOro Kopnycy He oOnaluToBaHi MOBITPSHMMMW TennoBumu 3aeicamu. bygiBnsa He
Mae ropuLLa, NepekpuTTs OCTaHHbOIO MOBEPXY CyMillleHe 3 nokpieneto. ligean y Oyaieni
BiACYTHII, Mignora BUKOHaHa Ha rpyHTi. BeHTunboBaHuin o6’em Byaisni — 8000 m3 (06’em
NPUMILLIEHb i3 30araHCOBaHOK MPUMIMBHO-BUTSIKHOK BEHTUMALIEID, 3a SIKOT BUTSDKHE
MOBITPSA MOBHICTIO KOMMEHCOBAHE MNigirpitTM npunnuneBHUM noBiTpsM. O6’em Oyaieni 3a
30BHilLHIMK oBMipamn npuitHaTn V, =13824 m3. Byaienio 36ygoBaHo y 1982 poui.
3aransHa nnota Gyaisni 3456 M2, Mnowa nignorn 3100 mM2. TennoHagxXOmMKeHHs BiA
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niopen, obnagHaHHA i OCBITNEHHS y Byaisni NpUAHSTW piBHMMKM 12 BT Ha 1 M2 nnowi
nignorn. MUTOMI BUTPaTM BUTSXKHOMO MOBITPSA, WO BWOANAETLCA, Ha 1MZ NPUMILLEHb
Gynieni NpuitHaTM 3 M3 3a roguHy (cepenHst KpaTHICTb NoBITPOOOMiHY — 0,7). BusHaumtu:

pO3paxyHKOBi BUTpaTu TENOTM Ha NoTpebn BeHTURALT, QiHct);

pO3paxyHKOBi BUTpaTU TENNOTK Ha NOTpebu onaneHHs, Q ;

piYHi BUTPATV TENNOTK Ha NoTpebu onaneHHs GyAiBni HaB4anbHoro kopnycy, Q;;
piYHi BUTpaTM TENNOTM ANA KOMMeHcauii iH(insTpauii 30BHILWHBLOrO MOBITPS Yy
npumiweHHs Gyaieni:

NTOMUI NOKa3HUX BUTPAT TENMOTU Ha onaneHHs (MMTOMY TENoBY XapakTepucTu-
Ky OyaiBni) i NOpIBHATN ofep)kaHy BENMUWYUHY 3 HOPMaTUBHOW, fika Aidna Ha 4vac
CMOPYMXXEHHS HaBYarbHOro Kopnycy;

NMUTOMI BUTPATK TENNOTK Ha onaneHHs 6yaieni. BUKoHaTV NOPIBHSAHHS 3 HOPMaTUB-
Hoto BenuuuHow E . srigHo cydacHux Bumor. [JBH B.2.6-31:2006 «Tennosa
isonsuis oyaisenb»

Po3e’si3aHHs.

1.

t3

BusHauaemo knimatuudHi napametpu ana M. Jlyubka:
= -20 °C; t,, = -0,1 °C; n,,, = 179 A6 = 4296 rop; 2-ra TemnepatypHa 30Ha

YkpaiHu.

2.
3.

. : y _ 0.
Temnepatypy BHYTPILLIHLOrO MOBITPA Npuimaemo t, = +18 9C;
TpaHCcMICilHI po3paxyHKOBI BTpaTW TEMNMOTW MPU PO3PaxyHKOBIl ANsi cMCTeM ona-

NEeHHsA TemnepaTypi 30BHILLUHBOrO MOBITPS BU3HA4aloTb 3a 3anexHictio (6.11).
Pesynbrati po3paxyHkiB 3aHOCMMO Ao Tabn. 6.7.

Tabnuuys 6.7
Bu3sHauyeHHs TpaHCMicCiiHMX BTpaT TennoTu
Hassa .. | Mnowa K, n°"p':l‘:<" 11?:)::::- Q
Ne | oropomkysanuHol F, m2 ZBTOI s Ha xonofHe | Beworo | Typ, (t, — kBT
KOHCTPYKLUiT m2-0C opieHTauito noBiTps t), 06
1 CTiHa 30BHiLLHS 717 0,9 1 0,1 - 0,1 38 26974
2 CTiHa 30BHiLLHS 717 0,9 1 - - - 38 24521
3 CrTiHa 30BHiLLHSA 202 0,9 1 0,05 - 0,05 38 7254
4 CTiHa 30BHiLLHSA 202 0,9 1 0,1 - 0,1 38 7599
5 BikHa 179 2,5 1 0,1 - 0,1 38 18706
6 BikHa 179 2,5 1 - - - 38 17005
7 BikHa 50 2,5 1 0,05 - 0,05 38 4988
8 BikHa 50 2,5 1 0,1 - 0,1 38 5225
MepekputTta 3-ro
9 nospepfy 152 1 085 | 1 ) ) ) 38 37210
10 |Mignora | 3oHa 328 0,48 1 - - - 38 5983
1 Mignora Il 3oHa 296 0,23 1 - - - 38 2587
12 | Mignora Il 3oHa 240 0,12 1 - - - 38 1094
13 |Mignora IV 30Ha 288 0,07 1 - - - 38 766
14 | BxigHi aBepi 54 4 1 0,1 0,5 0,5 38 1231
15 | BxigHi aBepi 48 4 1 0,1 0,5 0,6 38 1167
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Yeboro: Q. = 162309 Bt = 162,3 kBT.

3aranbHi TpaHCMICIHI BTpaTu TEMMOTU OropogKyBanbHUMK KOHCTPYKUigMK Oygieni
CTaHOBMATb QTpaHC.= 162,3 kBT.

4. Bu3HayaemMo pO3paxyHKOBi BUTpaTW TENMOTW Ha HarpiBaHHSA iHQINbLTpaUinHoro
nosiTps. [ns onanoBanbHUX MpUMILLEHb, SKi MalTb BikHa, BTpaTW 3 iH(insTpadieto
pO3paxyeMo i3 MipKyBaHb HarpiBaHHsi onantoBanibHUMK npunagamu MnosiTpsi B 06’eMi
3 ™3 3a roguHy Ha 1 M2 nnowi Gyaieni, aGo KpaTHOCTI NOBITPOOGMiHY 0,7 3a roguHy
3riAHO 3 3aNIeXHICTHO:

Qin,_ =0,337 - F - 3 - (t;—t,), oe 0,337 — koedilieHT, AKUA OTPUMaHO K O0BYTOK
TENNOEMHOCTI NOBITPA Ta NyCTMHM MOBITPS.

Q. = 0,337 - 3456 - 3,0 - (18 + 20) = 132773 Bt = 132,8 KkB.
5. 3aranbHi po3paxyHKOBi BTpaTV TENMOTW OrOPOMAXKYBarbHUMM KOHCTPYKUisMu Gyais-

ni BU3Ha4yatoTbCA 3a CYMOK TpaHCMICiiHUX BTpaTt Tennotn Q i BTpaT TENnoTu Ha
HarpiBaHHS iHQINbLTPaUiMHOro NoBiTPA Qin)_:

TpaHc.

Quoare, + Q. = 162,3 + 132,8 = 295,1 KBr.

TpaHc.

6. BuaHadaemo pospaxyHKoBi nobyToBi TennoHagxomkeHHs y 6yaisni BH3. 3a ymo-
BOIO 3afjadi BOHW npuiiMaloTbes Ha piHi 12 BT Ha 1 M2 nnowi nignoru Gyaieni. 3aranbHi
TENNMOHAOXOMKEHHSA BU3HAYatOTLCA 3rigHO 3 3anexHictio (6.10):

Qn06. = qno6. ’ Sni,q.’ BT’
Ae S, — nnowa nignoru Gyaisni, S, = 3100 m2
Q.6 = 12 - 3100 = 37200 Bt = 37,2 kB1

7. Po3paxyHkoBa notpeba TennoTu Ans onaneHHs Oyaisni (TennoBa po3paxyHKoBa
NMOTYXHICTb CUCTEMW OMNarieHHs1) BWU3HAYaeTbCs 3a PI3HMLEK TPaHCMICiIHO-
iHINbTPaUinHNX BTpAT TENMOTKU i TENNIOHAAXOMKEHb B PO3PaXYHKOBOMY PeXMMi poboTu
3a hopmynoto:

Qon = (Qrpane. * Qiug) = Quos. = 295,1 — 37,2 = 257,9 kBT = 221794 kkan / rop,

8. Bu3aHavyaemMo BTpaTu TEMMOTU 3 iH(piNbTpaLieto 3a TemnepaTypyu 30BHILLUHBOMO MOBITPS,
sKa [OPIBHIOE CepeHin HOPMOBaHIN TeMnepaTtypi onantoBarnbHOro nepioay toep” = -0,1 °C:
QP = 0,337 - F - 3 - (t; — te, ") = 0,337 - 3456 - 3,0 - (18 + 0,1) =

63242 BT = 63,24 «kBT.

9. CepepHi 3a onarnioBarnbHWA Nepiof TPaHCMICIHI BTpaTh Tennot Q.,,,, °*F Bu3-
HayalTbCs 3rigHO 3 3anexHicTio (6.25):
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QTpch.cep' = QTpch. ) [(tB - tcap.) / (tB - ts)], kBT,
ae
Qi panc.- PO3PAXyHKOBI TPAHCMICIHI BTpaTu Tennotu, kBT;
toep b — AincHa cepefHs 3a onantoBanbHUN Nepiof TemnepaTypa 30BHILLHLOrO MOBITPA
i po3paxyHKoBa At CUCTEM OMnarneHHs Temnepartypa 30BHILLHLOrO MOBITPs, BignosiaHo, °C.

Q__. P =162,3 - [(18 + 0,1) / (18 + 20)] = 77,3 KBT.

TpaHc.
10. CepenHi 3a onantoBanbHWU Nepiog 3aranbHi TPaHCMICIMHO-IHINbTpaLinHI BTpaTh
TENNOTN CMOPYOoHo:

Qoo P + QP = 77,3 + 63,24 = 140,54 KBT.

TpaHc.
11. CepegHsa 3a onantoBanbHui nepiog notpeba TennoTu gnst onaneHHsa Oyaieni
(TennoBa cepefHsA MOTYXHICTb CUCTEMW ONarneHHsa) BM3HA4Ya€eTbCs 3a pPi3HMLER
cepepHix TpaHCMICIMHO-IH(INbTpaUINHUX BTpaT TENNOTK i TENNOHAOXOMKEHb Y OyauH-

Ky 3a oopMyIoto:
Q

28 = (Quuae %P + Qg ®P) = Qo = 140,54 — 37,2 = 103,34 KBT.

ol TpaHc.

12. BM3Ha4eHHs piYyHMX BUTPAT TENMOTW Ha NoTpebun onaneHHs BUKOHAEMO 3a 3anex-
HicTio (6.26) 3a BiJOMUMMW BeNUYMHaAMKU CepPedHbOrOAMHHUX 3a onanBanbHUA nepios
BUTPAT TENNOTU Ha onaneHHa QP Ta TpMBanocTi onantoBansHOro nepiogy n,,:

Quic = Qg %P - Ny, KBT - rOA,

e

Q,,, - — cepedHi 3a onarosanbHUA Nepiod BUTPaTK TENSIOTU Ha onaneHHs; KBT;

N, — TPUBanICTb onarnoBankHOro nepioay, rof.

Qi = 103,34 - 4296 = 443948 kBT - rog = 443,9 MBT - roa = 516,22 l'kan.

13. Bu3HauMmo roguHHi po3paxyHKOBi BUTpaTW TEnnoTU Ha BEHTUAALIO Qm_B
B OyaiBni yHiBepCcUTETY 3a YKPYMHEHUMM MOKA3HWKaMW 3rigHO 3 3aNneXHiCTHo:

Qup® =V, - q, (t, — t,B), kkan / rog,

BTP.

e

V, — o6’em GyaiBni, WO BEHTUMIOETLCS, 3a 30BHiLLHIMM oBMipamu V, = 8000 m3;

g, — NUTOMa BeHTUNSLiiHa xapakTepucTuka Oyaisni B kx / M3 - roa - rpad, kkan /
m3 - rog - rpag. MpuitMaeTbea 3a gaHumy gogatka K, ana ymos 3apadi g, = 0,53 kkan /
m3 - rog - rpag;

t, — cepedHs pospaxyHkoBa TemnepaTtypa BHYTpilLHbOro nositps, t, = 18 °C.

t,® — pospaxyHkoBa Temrepartypa 30BHILIHBLOrO MOBITPS ANA NPOEKTYBaHHA BEHTUMS-
uii, °C. MpuimaeTbes 3a AaHuMu Tabn. gogartka A: t2 = -8 0C;
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Qg ® = Vg~ Gy~ (t; — 1,%) = 8000 - 0,51 - (18 + 8) = 106080 kkan / ron = 123,3 kBT.

14. BusHauymmMo pidHi BUTpaTK TENNOTWM ANS KOMMeHcauil iHdinsTpauii 30BHILLHLOrO
NoBITPS Y NPUMILLEHHSA:

Qich_P“‘ =24 - Q%P gy, =24 - 63,24 - 179 = 271679 kBT - rop = 271,7 Tkan
3a onarsntoBanbHUIN nepiog.

15. lNigpaxoByeMO NMTOMUIN NOKA3HUK BUTPAT TEMMOTM Ha onaneHHsa (MMTomy Tenrno-
BY XapakTepucTuky Oyaisni) 3rigHo 3 3anexHicTio (6.15):

Q.= Q,, / (t, —t) -V, = 221794/ [(18 + 20) - 13824] = 0,43 kKkan / m3 - rop,

[MOpiBHIOEMO OAep)KaHy BEMUYMHY NMUTOMOI TEMSIOBOT XapaKTEPUCTUKM 3 HOpMaTUB-
Hoto. [Ina uboro HeobxigHO 3BecTu 1T Jo TabnMyHOT TemnepaTypy 30BHILUHBLOMO MOBITPS.
3pobumo Le BiANOBIAHO [0 TaKOT 3aNEXHOCTI:

Q

/1t - t) -V, K= 221794 / [(18 + 20) - 13824 - 1,17 ] = 0,35 kkan / M3 - rop,

on. B

ne K, — nonpaskoBuii KOeWmiLlIEHT, AKWIA BU3Ha4YaeTbCA 3a Tabn. 6.2 npy po3paxyHKoBin
TemnepaTypi 30BHiLLHbOro NoBiTps t, = -20 °C, K, = 1,17. HopmatusHy BEenuunHy nMToMoi
onarntoBasibHOT XapakTePUCTUKM BM3HAYaTh 3a AaHMMK Tabnuui gogatka K, sk gnsa 6yai-
Berb i3 30BHiWHIM 06’emom Big 10 oo 15 Tuc. M3, q, = 0,34 kxan / m3 - ron. OpepxaHa
BenuimHa 0,35 kkan / m3 - rod, NpubnuaHo AopiBHIOE HopMaTuBHIn 0,34 kkan / M3 - rog.

Takum 4MHOM, fiicHa NUTOMa onartoBasribHa XapakTepUCTMKA NPaKTUYHO 3a40BOSb-
HS€ BUMOraM HOPMaTMBHOI AOKYMEHTaLii O TENN03axmMCHUX XapakTepucTuk Byaieni, siki
Oynu YHHUMKM Ha 4Yac GyaiBHMUTBA crnopyau HaeyanbHoro kopnycy (1982 pik).

16. HacTynHuMuK kpokamu € BU3HAYEeHHS AIWCHOT BENMYMHU NUTOMMX TennoBuTpaT
OygiBneto i NOpPIBHAHHA OAepXXaHOT BENMUYMHN 3 HOPMaTUBHUMU MaKCMMaribHUMK Tenmno-
BUTpatamu E, ., AKi XapakTepusyloTb Cy4acHUn CTaH BUMOr [0 TEno3axuCHUX Xapak-
Tepuctuk Oygieni (ctaHom Ha 2006 pik).

LincHi nuToMi BUTpaTh TENNOTM BU3HaYalOTb 3rifHO 3 3anexHicTio (6.18):

Qoyn. = Quic/ V, = 443948 / 13824 = 32,11 kBT - roa / M.

HopmaTtumBHi MakcuManbHi TennosuTpaTtn 3-noepxoBux Oyaisens BH3, ski posTaluo-
BaHi y MicTax 2-i TemnepaTypHOi 30HM YKpaiHW, CTaHOBMNATb BIiAMOBIAHO OO Tabnwuui
popatka K: E,,,, = 33 kBT - rog / m® ctaHom Ha 2006 pik.

Taknum 4YMHOM, TEMNO3axXUCHI XapakTepPUCTMKM OyaiBni 3a40BONBHAKTL CyYaCHUM
Bumoram [OBH B.2.6-31:2006 «Tennosa i3onsuis OygiBenb» i BignosigatoTb knacy
«C» eHepreTu4Hoi edekTMBHOCTI ByamnHkKiB. [na oTpuMaHHs Binbll BMCOKOrO knacy
eHepreTnyHoi eeKTUBHOCTI (Hanpuknag knacy B) BenuumMHa nutomux TennosuTpar
Ogyn. MOBUHHA CTAHOBUTU (g, = 22...30 kBT - rog / m3, a ons nepexody AO knacy
«A» — He 6Binblie 22 kBT - roa / m3. [Ina ogepXaHHSA 3a3Ha4YeHUX NoKasHUKIB eHep-
reTM4Hoi edeKTUBHOCTI HeobXigHO BMKOHATM TepMomogepHisauio byaisni HaB4yanb-
HOro Kopnycy.
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3apava 7. [inchi Butpaty Tennotn Ha notpebu onaneHHs 5-noBepxOBOro HaB4anb-
Horo kopnycy BH3 y m. XepcoHi npotsirom onantoBanbHoro nepiogy 2009 poky Bigno-
BiHO 00 nokasaHb OyAMHKOBOro MivnrbHMKA TENNOTU CTaHOBUMN QpiKﬂ = 371,51 lkan,
abo 431,988 MBT - ron. O6’em Gyaisni 3a 30BHilwHIMK oBmipamu V, = 20000 m3. [ilicHa
cepefHs NMPOTAroM onantoBarbHOro nepiogy Temnepartypa BHYTPILLHBOrO NOBITPSA Y Npu-
MilleHHsX Byaisni ctaHosuna tA = 17 0C. [ilicHa cepefHs MpOTAroM OnantoBanbHOro
nepiogy Temneparypa 30BHILUHLOrO MOBITPA CTaHOBWMA toep” = +3 0C. [iiicHa TpuBa-
nicTb onantosansHoro nepiogy n A = 154 nobu = 3696 roa. HopmosaHa Temneparypa
y npumiuieHHax BH3 craHosuTsb t, =18 0C. byaisnsa 3abynosu o 1980 poky. BusHauutu
MUTOMY TErmnoBy XapakTepUcTuKy q, Byaieni Ha oguHULIo o6’eMy i AiCHI NUTOMI BUTpa-
TV TeNnnoTu Qg MopiBHATK OTpuMMaHi AaHi 3 HOPMOBaAHUMM.

Po3e’si3aHHs.

1. BusHayaemo HopMOBaHi NapamMeTpu 30BHILLHLOrO MOBITPS ANA M. XepcoHa 3rigHo
3 JaHMMm Tabnuui gopatka A:

— po3spaxyHKoBa TeMnepaTypa 30BHILLHbOrO MOBITPS Ans cucTem onaneHHs t, = -19 °C;

— CepepHsi Temnepatypa onartosarneHoro nepiogy t, = +1 0C;

— TpuBanicTk onanosansLHoro nepiogy n,,,, = 163 nobn = 3912 ropg;

— TPeTd TemnepaTtypHa 30Ha YkpaiHu.

2. BusHavaemo pfincHy nuTOMY TennoBy XapakTepucTuky q, Oydisni 3a Takow
3anexHICTIO:

A" = Qui / [t — teep®) - V- g, 1 = 371510000 / [(17 — 3) - 20000 - 3696] =

0,358 kkan / m3 - rog - rpag.

3. [lna BM3Ha4YeHHs BiANOBIAHOCTI Oyaisni y LinoMy HOpMaTMBam TEMO3aXMCTY, YUH-
HUM Ha 4ac CnopymaKeHHs1 ByauHKY, HeoOXigHO MOPIBHATU BENWYUHW LIACHUX MUTOMMKX
TENNOBUX XapaKkTepucTuk Oyaisenb, oTpumaHi Bulle (g,”), 3 HOPMaTUBHUMUK BEMUYUHa-
MW, HaBegeHumMu B Tabnuui gopatka K.

BeaxatoTb, Wwo byaisnga Bignosigae BMMOraMm HOPMaTuBIB, SKLWO BUKOHYETLCH YMOBA:

9l /K =< aq.
0,358 / 1,19 = 0,3.

BenuunHy nonpaskoBoro koediuieHta K, Ha po3paxyHKOBWI nepenan Temnepartyp
BM3Ha4atoTb iHTepnonsuieto 3a gaHuMmu Tabnuui 6.2. 3a 3Ha4YeHHs pPo3paxyHKOBOI TEM-
nepaTypu 30BHILLHBOrO MOBITPA ANA M. XepcoHa t, = -19 °C K, = 1,19.

HopmoBaHa BenuyuHa TennoBoi XxapakTepucTuku Oyaisni 3abypoeu o 1980 p.
o6’emom 20000 m3 3rigHo 3 Tabnuueto gogartka K ctaHosutb 0,3 kkan / m3 - roa - rpag.

TakMM YMHOM, Tenro3axMCHi XxapakTepucTuku Oyaini 3a40BOMBHATL BUMOram
OyniBenbHMX HOpPMATMBIB, YMHHUX Ha nepiog 3abyaoBw.

4. BusHa4aeMo BeENWYMHY [JINCHUX MUTOMUX BUTPaT TennoTu Qeyn. i BiAMNOBIOHICTb
Tenno3axmcHUX XapakTepucTuMK HopmaTuMBaMm, BeegeHuM mnicna 2006 poky. PospaxyHku
BMKOHYEMO 3riJHO 3 3anexHicTio 6.18:

Aoy, = Quic/ V, = 431988 / 20000 = 21,59 kBT - rog / m3.
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5. BukoHaemo nepepaxyHOK AiNCHUX MMTOMKX TenrnoBuTpaT (3a yMOB LiMCHOT TpuBa-
nocTi onantoBanbHOro nepiogy n,, = 3696 rog Ta AiicHMX TemnepaTyp BHYTPILIHLOrO i
30BHiLUHBOrO NOBITPs t,A = +17 OC it A= +3 OC, BiANOBIAHO) B HOpPMOBAHI (3a ymMOB
HOpPMOBaHOi TpuBasnocTi onantoBanbsHoro nepiogy n,. ., = 3912 rog, HopMoBaHux napa-
METPIB BHYTPILUHLOrO i 30BHiLLHBLOrO noBiTpst t, = +18 °C, toep. = +1 0C). OBuncneHHs
BMKOHAEMO 3rigHO 3 3anexHicTtio (6.22).

q6y,q.H' = q6y,q. ) [(tB - tcep.) / (th - tcep.'q)] ’ (non.HA/ non.) = 21,59 - [(18 - 1) /
(17 - 3)] - (39127 3696) = 21,59 - 1,21 - 1,06 = 27,69 kBT - roa / M°.

3rigHo 3 gopaTtkom K BM3HayaeMo BennuMHy HOPMaTUBHUX MakCMMarbHUX TENOBU-
TpaT Oyaisenb BH3. [na 5-noBepxoBux GyanHKiB, SKi po3TalloBaHi y 3-i TemnepaTypHin
30Hi Ykpainu, Benuunna E,. = 26 kBT - rog / m3.

Ymosa (6.19) gg, ¥ < E,,,, HE BUTPUMYETbCS, 27,69 KBT - roa / M3 > 26 kBT - rog / m3.

6. MepeBipky NpaBUIbHOCTI BUKOHAHWX PO3paxyHKiB 3p0OMMO LUNSAXOM nepepaxyHKy
BEMUYUHN AINCHUX MUTOMUX TENoBUTPaT Aoy, = 21,59 kBT - rog / M3 0O BEnUYMHK
OiNcHOT NUTOMOT XapakTepucTuky Bydisni 3rigHoO 3 3anexHicTio (6.22):

d, = 860 - Qg / [N, - (&P — ] = 860 - 21,59 / [3696 - (17 - 3)] =
0,358 kkan / M3 - rog - rpap, WO BiAnoBigae pesynsrataM po3paxyHkiB 3a n. 2 3agadi.

BucHOBeOK.
TennosaxucHi xapakTepucTukn Gyaieni He BiOAMOBIAAOTL BUMOram YMHHOI HOPMATUBHOI
OoKymeHTaLii. HeoOxigHoO BNpoBagWTy 3axodu i3 3HWKEHHS BUTPAT Ha NOTPeOW OonareHHs.

3apaya 8. 3rigHO 3 nMacnopTHMMM OaHUMKU OydiBns rypPTOXUTKY MegaroriyHoro yHi-
BepcuteTy y M. Cimdbepononi mae po3paxyHKOBi BUTpaATU TEMMOTU Ha NOTpebu onaneH-
HA Q,, = 300 kBT. BusHaunMt BenuunHy BUTPaT TEMMOTW Mpu TeMnepaTypi 30BHilLHbO-
ro nositps t, = +8 OC (Ha noyaToK i 3aBepLUEHHsI OnanioBarbHOrO nepiogy), a Takox
PiYHi BUTpPaTV TENNIOTW Ha OManeHHs TyPTOXWUTKY 3a YMOBWM HOPMOBAaHMX MNapaMeTpiB
BHYTPILLHBLOrO i 30BHILLHBOrO NOBITPSA. CepegHa TemnepaTtypa BHYTPILUHBOrO MOBITPSA Y
Gynini craHoBuTb t, = 20 °C.

Po3e’sizaHHs.

1. BusHayaemo HoOpMOBaHi napameTpu 30BHILLHLOrO NoBiTpsa Ana m. Cimdeponons
3rigHoO 3 gaHuMK Tabnuui gopatka A:

— po3paxyHKOBa TemmnepaTypa 30BHILLHLOrO MOBITPSA ANA cucTem onanenHs t, = -18 °C;

— cepepHsi TemnepaTtypa onantosankHoro nepioay t.o, = +2,6 °C;

— TpuvBanicTb onantoBarbHOro nepiogy n =153 pobwu = 3672 rop;

— TpeTs TemnepaTypHa 30Ha YKpaiHu.

2. BusHayaemo BUTpaT TEMNOTU Ha NOTPeOU onaneHHs ANs 30BHILWHLOT Temnepa-
Typu noyatky onantoBanbHoro nepiogy poky Q. 3rigHo 3 3anexHicTio (6.24):

Of.H.

Q,, =Q, [t;-t,)/( —t) =300"[20-8)/(20 + 18)] =

300 - 0,315 = 94,5 kBr.

on. on.
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3. BusHayaemo BUTpaTK TENNoTu Ha notpebu onaneHHa QP ana cepeaHboi npo-
TSrOM OnantoBanbHOro nepiody HOPMOBAHOI TemnepaTypn 30BHILIHBOTO NOBITPS .., =
+2,6 °C 3a sanexHicTio (6.25):

Qg %P = Qg [(ty — toep) / (t, — )] = 300 - [(20 — 2,6) / (20 + 18)] =
300 - 0,45 = 137,1 kB™.

4. OBpaxoBYyEMO piYHi BUTPATV TENMOTW Ha NOTPEOWU onmaneHHs rypToXuUTKY 3a HOp-
MOBaHUX NapaMeTpiB 30BHILLUHBOIO i BHYTPILLIHLOrO MOBITPS 3a 3anexHicTio (6.26):

Of.H.

503,4 MBT - rog = 432,9 lkan.

Qg = Qo P * Ny, = 137,1 - 3672 = 503431 Br - rog =

3apgava 9. BusHaunTK piyHy KiNbKiCTb TEMSIOTU Ha rapsiie BOAOMOCTaYaHHSA TypTo-
XWUTKY B M. IBaHO-®paHkiBcbky Ha 300 ocib i3 3aranbHumu gywosmumu. PiyHa TpuBanicTb
NPOXMBaHHA Yy rypToxmTky — 300 fi6.

Po3ze’ssi3aHHs.

1. Hopma BuTpatu rapsdoi Boau 3a gaHumu Tabnuui 6.5 gopisHioe 50 n Ha
OAHY 0cCo0y.

2. 3a dopmyrnot (6.34) BU3HAYAEMO PiYHi BUTpPATU rapsiioi BOAU TyPTOXKUTKOM:
G, P¥ = g,,A°6-/ 1000 - (n

I

o * NgA%%) = 0,05 - 300 - 300 = 4500 m3.  (6.34)
3. BusHauaemo piyHi BUTpaTK TENMOBOI eHeprii Ha 3abe3neyeHHst 6e3nepebiiHoro rapsiio-
ro BoponocTadaHHs: QP¢ = ¢, - G P¥ «(t, —t,) = 1000 - 4500 - (55 — 5) - 10 = 225 lkan.

3apauya 10. Butpatu rasy B koTenbHi XMEMbHULBKOrO HauiOHanbHOrO YHiBEpCUTETY
NPOTAroM onasoBanbHOro nepiogy CTaHOBUIIW ch = 500 Tc. M3 (BUTpaTK rasy 3BedeHo
00 cTaHgapTHUX ymoB). CepegHe NpOTSAroMm onantoBanbHOrO nepiogy 3HadYeHHsa TennoTu
3ropsiHHSA rady BiAMoBigHO A0 cepTudikaTiB skocTi rasy ctaHoBurno QP = 8900 kkan / m3.
BusHaunTK KinbKiCTb TEMNOTW, BMPOONEHOT KOTENbHED, i KiMbKiCTb TEMnoTW, BianyLlEeHOI
CroXuBayam Ha TEpUTOPIi YHIBEPCUTETY, SKLWIO €dEKTMBHICTb BUPOOIEHHS TENNoTu B
KOTEenbHi CTaHOBUTbL N, = 88 %, a KOemiLiEHT, AKUIA OLHIOE TennoBy edeKTUBHICTL pobo-
TV TEnnoBUX Mepex, AopiBHIOE N, = 95 %.

Po3e’si3aHHs.
1. Bu3Hayaemo KinbkicTb Tennotu, ska Oyna nigBegeHa 3 nanueBom (TENOBUI
noTeHuian nanuea) 3a 3anexHictio (6.31):

N =B, QpF- 10-6 = 500000 - 8900 - 10-6 = 4450 kan.

2. MNigpaxyeMo KinbkiCTb TENMNoTH, sika byna BMpobneHa y KOTenbHi, 3rigHo i3 3anex-
HicTio (6.32):
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Qgyp. = N - n, = 4450 - 0,88 = 3916 kan.
3. BusHaummo KinbkicTb Tennotu, sky dyde BianyLeHO CnoxuBadam, 3 ypaxyBaHHAM
BTpaT TENnnoTu y TENNOBUX Mepexax. Po3paxyHKn BMKOHYEMO 3a 3anexHictio (6.33):
Q = Q) " Ny = 3916 - 0,95 = 3720 lkan.
BucHoeok.
KinbkicTb TennoTu, BignyLeHoi cnoxmeadyam, cTaHoBUTb 83 % TennoBoro noteHia-
ny nanuea.

3apaya 11. BudHaumMTu BenNUYMHY MOMUIIKA Yy NepepaxyHKy A0 CTaHOapTHUX YMOB
(c.y.) pi4HOro, ob4McNeHoro 3a rasoBMM NiYUIBEHUKOM 00’€MY CMOXUTOrO rady B ymoBax
KOTenbHi HaB4yanbHOro Kopnycy HauioHanbHOro nicoTEXHIYHOro yHiBepcuTeTy YKpaiHu,
M. JIbBiB. By3on o6rniky KoTenbHi He obnagHaHWi aBTOMaTU4HUM KOPEKTOPOM-0B4mMcnio-
Ba4yeM, TOMYy nepepaxyHOK obyMcneHux 3a NiYnnbHUKOM BUTPAT rasy 4O CTaHAapTHMX
YMOB 3[iACHIOETLCA MNpaLuiBHUKaAMKU ra3opo3nofinbHOT opraHisauii y pyydHOMY pexumi
3rigHo 3 3anexHicTicTio (6.30).

[incHi, ycepegHeHi NpoTarom nepiogy CMOXWBAHHA NapaMeTpu rasy y By3ni obmiky i

©apoMETPUYHUIA TUCK CTaHOBUNU:

— Temneparypa rasy t. = +13 0C;

— Tuckragy P, = 0,15 klla;

— TewMmrneparypa pocu BOMOry y rasi tp = +10 0C, wo Bignosigae napujansHOMy TUCKY
HacuueHoi BogaHoi napu y rasi P, = 1,2 klMa (Hectepenko A. B. OcHoBbl Tepmoau-
HaMWYeCKMX pacyeToB BEHTUNAUUM U KOHAMLMOHWPOBaHUA Bo3gyxa.- M.,1971. —
C. 442);

— cepeaHin 6apomeTpuyHuin Tuck ctaHosus 100 kla.

B pincHocTi X y xodi nepepaxyHky Oynu noMUIIKOBO BMKOPWUCTaHI Taki mapameTpwu

rasy i 6GapoOMETpPUYHOro TUCKY:

— Temnepartypa rasy t. = +7 °C;

— Tuck ragy P, = 0,45 klla;

— ras cyxun, Wo Bignosifae napuianbHOMY TUCKY HacWYeHO! BOASHOI napu y rasi
P., = 0 kla;

— GapomeTpuydHuin Tuck — 98 klla.

[MokasaHHs NivunbHWKa rasy CTaHOBUIM:

— Ha novatky nepiogy obniky m', = 356220 m3;

— B KiHUi nepiogy obniky m’, = 563492 m3.

Po3e’si3aHHs.

1. 3annwemo 3anexHictb (6.30) Ans BU3HAYEHHS FTOAUHHUX BUTpAT rady 3a CTaH-
AapTHUX YMOB Yy BWMsSAi, HeobxigHOMy AONns nepepaxyHkiB o6’'emy rasy y m® pgo
cTaHdapHWX ymoB npu oOniky 3a MNeBHUN nepiod 4acy (Micaub, onantoBanbHUN
nepiog abo pik):
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, . [P.+101,325-P,,
By, = (m', —m'y) - .
P6ap

293
273 +1,

, M3,

Ae m, i m,— pesynsTaTt 3HATTA NOKa3aHb ra3oBOro MiYUIIbHUKA Ha NOYaTKy i B KiHL
obnikoBoro nepioay, m3.

2. BukoHaemMo nepepaxyHku 3a BULLEHaBEOEHOK 3anexHiCTio BUTpaT rasy, obuucne-
HUX 3a MOKa3aHHAMM NiYUNbHUKA, OO CTaHAAPTHMX YMOB 3a LiNCHUX yCepedHEeHWX 3a
obnikoBu nepiog napameTpie rasy:

0,15+ 101,325 — 1,2) ( 293

B., = (563492 — 356220) -
100,1 273+ 13

) = 212246 m3.

3. AHanoriyHi po3paxyHk/ 3a yMOB NMOMMITKOBUX NMapameTpiB rady i 6apomMeTpuyHoro
TUCKY [alTb TakMW pesynbrar:

0,45+ 101,325-0 293
B., = (563492 — 356220) - . = 225045 m3.
98,0 273 +7

4. ABconoTHa Nomunka nepepaxyHky BUTpaT rasy 4O CTaHAapTHMX YMOB y M3 cTa-
HOBUTL: 225045 — 212246 = 12799 m3.

BigHocHa nomwunka Oyae BusHavatuch Tak: 12799 / 212246 = 0,06 (6%).

5. BkasaHa BenuuvMHa NOMWIKM MepepaxyHKiB BUTpaT rasy 0O CTaHZAPTHUX YMOB,
sika BMHMKIMA BHACNIAOK BMKOPUCTAHHSA HEBIPHUX napamMmeTpiB rasy i 6apoMeTpuyHoro
TUCKY, CMPUYNHUTL NEPEBUTPATY KOLITIB 3a NPUPOAHWI ra3 Ans KOTembHi YHIBepcuTeTy
y poamipi 12799 - 2,9 = 37091 rpH, ge 2,9 rpH / M3 — Tapud Ha NPUPOAHUIA ras, SKUi
BiANyCKaeTbCA ONS KOTESbHi HaBYarbHOro Kopnycy CTaHoM Ha cidyeHb 2011 p.

3apgayi AnNA camocCTiHOro po3B’A3aHHA.

3apgava 12. BM3Ha4YMTU €KOHOMIIO ENEeKTPOEHEP il i 3HMKEHHST TEMNOHAAXOAKEHb Bif
CUCTEMU OCBITNEHHS y pasi 3amiHn 320 namn poaxaptoBaHHA noTyxHicTio 100 BT Ha
MIOMIHECUEHTHI  NiHiMHI namnn noTtyxHictio 25 BT, KoediuieHT k, nepeTtBopeHHs
€NeKTPUYHOT eHeprii y CBITNOBY ANS MIOMIHECLEHTHUX namn nNpunHatu pisHum 0,45.
PewTa koediulieHTiB — 3a BnacHMMm BuGopom. PiyHy TpuBanictb poboTn cucTemm
OCBITNEeHHsA npunHaTtn 200 gHis.

3apayva 13. BusHaunty TennoBuAaiNeHHs Bif HeizonboBaHMX TpybonpoBoaiB cuctemm
onaneHHs, nNpoknageHoi Ha ropulli. CepeaoHst TeMnepaTtypa MNoBITPs Ha ropulli 3a ona-
noBanbHUii nepiog ctaHoButh +7 9C. [OoexuHa Tpy6onposoais adiamerpoM 50 MM y
OBOTPYOHOMY BMMIpOBaHHI cTtaHoBuTb 60 M, giametpom 40 mm — 50 M. CepegHsa Tem-
nepartypa Boau y nopasanbHomy TpyGonposoai — 60 °C, y ssopotHomy — 48 OC.
Byanisnga posTtawoBaHa y M. XapKoBi.



108 EHEPIrO3BEPEXEHHA B YHIBEPCUTETCBbKUX MICTEYKAX

3apava 14. BusHauntn cepegHio 3a onanoBanbHUIA Nepiog Temnepartypy y Heona-
nioBanbHOMYy nigBani ryptoxuTky y M. [oHeubKy 3a yMOBM, WO KoediuieHT
Tennonepegadi nepekputTa nigsany craHosutb k = 0,7 BT / M2 - rpag, nnowa
NoBEpXHi Takoro nepekputTa — 1600 M2; cTiHWM migBany He yTenneHi, CTiHW nodYnHa-
I0TbCA Bif PiBHA 3eMni; po3Mipy rypToxuTky y nnani 80 m x 20 m. Y nigBani npokna-
neHo TennoBi mepexi giametpom 100 MM Ta 3aranbHot goxuHo 100 M. Cepegns
3a onarntBarnbHUIN Nepiog TemnepaTtypa Bogu y nogasasibHoOMy TpybonpoBogi cTaHo-
BUTb 64 9C, y 3BopoTHomy — 52 0C. Tpy6BonpoBoau TEMMNOBMX MeEpEexX i30MbOBaHO
MiHeparnbHolo BaTol 3aBTOBLUKM 40 mMm. KoediuieHT TennonpoBigHOCTI MiHeparbHOT
Batn A = 0,07 BT/ m - rpaa. Kpim Toro, y nigani npoknageHo 3BopoTHU TpybonpoB.ia-
KONeKTop cuctemu onaneHHs (6e3 Tennoeoi izonsuii). CepeaHin giameTtp TpybonpoBo-
ay 50 mm, gosxuHa — 200 M.
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PECYPCO3BEPEXEHHA B HABYAJIbHUX KOPIMYCAX BH3

Po3paxyHkoBi napameTpy MOBITPSHOIO CepedoBulla y NpuMilLeHHSX BH3 noBuHHI
npuAMaTUCh 3rigHO 3 AaHumu Tabn. 7.1.
Tabnuysi 7.1
Temnepatypa i noBiTPOOO6MIH y npumilieHHax BH3

. Temneparypa, KpaTHicTb 06MiHy noBiTps
MNpumiweHHs oC
BUTSKKA npunnue

AyauTopii go 150 micub, HaB4anbHi kiMHaTW, naboparopii 18 20*2 20*
AyauTopii Ha 150 micup i 6inblie 18 Po3spaxyHok
AKTOBI 3anv B3UMKY 16 40* 40*
JlabopaTopii 3 BUAINEHHAM LWKIANMBUX rasie i napu 20 Po3paxyHok
Bibnioteka 18 0,5 -
AOMIHICTPaTVBHI NPUMILLEHHS 18 1,0 -
Bectubynb 16 - 2,0
B6upanbHi 16 50*

PospaxyHok noTpebu B TENNOTi Ha BEHTUMALiKO Cnopya 3AINCHIOETLCA NULLE 33 HasaB-
HOCTi Y HUX CUCTEM MpUNIUBHOI BeHTURAUii. 3a BigCyTHOCTI (DaKTUYHMX AaHUX MNpo
MakcuMarbHi FOOWHHI BUTpaATWU TEnfoTM Ha BeHTunsuito OyaiBenb pidyHy notpedy B
TEeNnnoTi QpiKB BM3HavaloTb 3a copmynoto (7.1):

Q= Ve Qg - (t, — 1%) - ny - Z, - 10°, kxan; kIbx; kBT - rog,  (7.1)

e

V, — o6’em Byaisni, WO BEHTUNIOETLCA, 3a 30BHILLHIMU 0BMipamu, Mm3;

g, — NMMTOMa BeHTUNsLjiHa xapaktepuctuka Gyaisni B kx / M3 - roa - rpap (kkan /
m3 - rog - rpag). MpuiimaeTbea 3a gaHumu goadatka K;

t, — cepeaHs pospaxyHkoBa Temnepatypa BHYTpPilLHboro noBiTps, °C. MpuiimaeTbes
3a jaHuMmu Taon. 7.1;

t,® — pospaxyHKoBa TemrepaTtypa 30BHILIHBLOIO MOBITPS ANA NPOEKTYBaHHA BEHTUMS-
uii, °C. MpuiimaeTbes 3a gaHuMK Tabn. gogatka A;

n, — TpMBanicTb poboTn CUCTeM BEHTUNALIT 3a onantosBanbHWin nepioa, aio;

Z, — cepefiHa 3a onaroBasibHUN Ce30H KinbKiCTb roauH poboTy cuctem BeHTURALil
3a poby. MNpunmaeTbca 3a pesynbratamu obCcTexeHb Oyaisni.

foAMHHI pO3paxyHKoBi BUTpaTW TennoTu Ha BeHTUnsuilo Qg ° BU3HAYaOTbCA
3a 3anexHictio (7.2):

Q.2 =V, q, (t, —tp), kkan / rog; kOx /ron; kBT.  (7.2)

2 ucbpu, siKi MOMIYeHi 3ipOYKOKO *, 03Ha4Yaromb MosimpoobMiH, KUl HaeodUMBLCS y M3 3a 200 Ha OOUHULIO
crioxxueaHHsi: Orisi ayoumopiti i akmoeoi 3anu - Ha 00Hy JIoOUHY; O myanemy — Ha 0OUH yHimas.
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PiuHi BUTpaTV TennoTu Ha rapsiie BoponoctavaHHs Q" BU3HAYAIOTLCA 3a 3anex-
HicTio (7.3) BiQNOBIAHO OO0 BIOOMMX BENUYMH CEPEOHLOrOAUHHMX BUTPaT TEMMOTU
Ha rapsde BoAornocTaYaHHsA B onarnioBanbHWUi nepiod Q.. °°P- i B niTHIM nepiog Q P,
a TaKoX piYHOT TpMBanocTi poboT CUCTEMM Frapsvoro BOAOMOCTaYaHHS:

Q" = Q

pik T

ne

cep. .
B P nOI'I

+ QP - (TP = ng ), kkan; kx; kBT - rog,

(7.3)

Q%P i Q%P — cepedHbOroAMHHI BMTPaTW TENMOTW Ha rapsye BOAOMNOCTaYaHHS,
BiQNOBIQHO, B OnarntoBanbHWIA Nepiod i NiTHIA nepiog poky, kkan / rog, kx / rog, kBT;

N,, — AiMCHa TpMBanicTe onantoBankHOro nepiody, rog;

T,.P* — nepiof cnoXuBaHHSA rapsvoi BOAM 3a PiK, BU3HAYAETLCS 3anexHo BiA npu-
MHATOro pexumy nogadi rapsa4voi Boau. MNpuiiMaeTbcs piBHUM KiNbKOCTi roaMH poboTu
CUCTEMU 3a piK 3rigHO 3 pesyrnbTataMy eHepreTMyHoro ayauty Oyaisni, rog.

HOpMM BUTpPaAT BOAMU Yy HaB4YallbHUX 3akKnagax

Tabnuuysi 7.2

CnoxwuBay Boau Op. Bumipy Hopma Butpar Boam
CepenHboaoboBa, 3a rognHy ButpaTtu Bogn ogHum
n/ poby MaKcuMMarnbHOro npunagom, n/c
CNOXWBaHHSA, 1/ rog
Bcboro, y | Mapsyoi | Bceboro,y | Mapsyoi | Beboro, [apsayoi
TOMY yumcnhi, TOMY ynchi, XOST0AHOT abo
raps4oi rapsyoi i rapsyoi | xonogHoi
HaguyanbHi 3aknagu, y
TOMY uncni BULL Ta
cepeHi crneuianbHi 3
OyLOBUMU Y 1 cTyAeHT Ta 17,2
CMNOPTUBHMX 3anax i 1 Buknapav (20)% 6 27 12 014 0.1
Bydetamu, aki
peanisyloTb roToBy
npoaykLito
JlabopaTopil BULLMX i
cepeaHix cneyianbHux 1 npunag 224 (260) 112 43,2 21,6 0,2 0,2
HaB4anbHWX 3aknagis

3aranbHi piyHi BUTpaATK TENJIOTU Ha NOTPEOM onaneHHsi, BEHTUMALIT i rapa4oro Bogo-
nocTavyaHHsi HaBYanbHUX Ta agMiHicTpaTMBHMX OyaiBens BH3 Bu3HavaloTbca 3a cymoro
BiQNOBIOHUX PiYHMX BUTPAT 3rigHo 3 dopmynoto (7.4):

Q, =

pik

Qo™ + Qp® + Q™ kkan; kbk; kBT - roa.

(7.4)

HeobxigHa NOTYXHICTb enekTpoaBuryHa Hacoca (MOTYXHICTb Ha Bany [ABUryHa Haco-
ca) BM3HAYaeTbCA 3rigHO 3 3anexHictio (7.5):

3 Lucppy y dyxkax HaseOeHO Orisi MaKCUMaribHO MOXITUBO20 CrioXugaHHs1 600U 3a 000y.
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N, = (1,1..1,5) - M, - H_ / (3600 - ), kBT, ( 7.5)

e

N, — MOTYXHiCTb npuBoady Hacoca, KBT;

M, — MacoBi BuTpaTy BOAM, AKa MOAAETLCH HACOCOM Y Mepexy, Kr / rof;

H, — nepenap TMCKy BOAOM Ha HACOCIi; BU3HA4YaETLCA K Pi3HULSA TUCKY BOOM Ha HarHi-
TanbHi i BCMOKTYBanbHiN MiHiAX Hacoca 3rigHO 3 MOoKa3aHHAMW MaHOMETpIB Ao i nicns
Hacoca, BignosigHo, MIa;

n, — KK Hacoca i nepegayi, N, = Nyae ™ Nnep.s

e

Nuac. — KKO Hacoca, npuinmaetbesa 0,65...0,85 3rinHO 3 nacnopTHUMM XapaKTepucTu-
KaMu Hacoca i po3sTallyBaHHAM pPoOO4Y0i TOYKM HAcoca Ha fiarpaMi XapaKTepUCTUKU
Hacoca;

Nnep. — KK nepepauvi, 3anexuntb Big Buay nepenadi.

ExoHomito enekTpoeHeprii y pasi 3amiHn HeedekTnBHux Hacocis 3 KKI n,, Ha GinbLu
ecpekTvBHi 3 Binblumm KKL n,, a TakoX 3amiHn enekTpoaBUryHIB i3 30inblueHHaM ix KK
3 Ngy 0O Ngp 3@ PAXYHOK 36iNbLUEHHS 3aBaHTaXXEHHS BU3HaYatoTb 3riHO 3 3anexHicTio (7.6):

AN, =0,000272 - H,* M, *n. - [1/ (g * Nyi) = 1/ (N * Nl KBT - T0A,  (7.6)

e

Net | Nep — KKI enektponsuryHa Ao i nicns 3amiHu, BiAnosigHo, BU3HAYalOTLCA 3rigHO 3
NacrnopTHMU AaHUMK OBUIYHA i MOro peanbHUM 3aBaHTaXeHHAM. OpieHTOBHO AN ABWrY-
HiB 10 5 kBT 3a ymou 100 % HasaHTaxeHHs KK[ enekTpoasuryHa CTaHOBUTBL Ny, = 80 %,
a npu 50 % 3aBaHTaxeHHi N, = 55 %;

N, — TPWBamicTb TepMiHy poboTW Hacocie npoTtarom obnikosoro nepiody (Hanpu-
Knag, nNpoTsiroM POKY) B TOf;

AN, — ekoHOMisi enekTpoeHeprii BHacnigok 3amiHn HacociB i 36inbweHHs ix KK,
kBT - roa.

Mutomi BuTpaTn enekTpoereprii N, ™™ Ha 1 M3 Boan ANa HacociB BU3Ha4aOTLCA 3a
3arexHicTio:

N,™™ = 0,272 - H,/ (N, - N,),

ae

Ne i N, — BenuunHn KK enekTpoasuryHa i Hacoca, BiAMOBIQHO, AKi 3anexartb Bif
pexumy poboTyn Hacoca i CTyMeHs 3aBaHTaXeHOCTI ABUIyHa; BM3HA4YalOTbCH 3a diarpa-
MaMWn X XapakTepucTUk.

3amiHa BeHTUnAaTopie 3 HU3bkuM KK n_, Ha BeHTunatopu 3 nigsuwennm KKO n,
[ae eKOHOMIl0 eneKkTpoeHeprii, sika BU3HAYaeTbCa 3a 3anexHicTio (7.7):

ANg = P+ Vo Nggr ~ (Ngz = Ngg) / (10° - ng - Ny * Ny - Ny Ny,), KBT - rop, (7.7)
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ne n, — KK enexktpoaeuryHa; BU3Ha4aeTbCs 3riHO 3 MacnopTHUMK AaHVMU [BUTY-
Ha i Oro peanbHVM 3aBaHTAXEHHSM;

Ngeyr — TPVBaMICTb nepiody poboTU BEHTUMATOPIB NPOTATOM OBGMiKOBOro nepioay
(Hanpuvknag, NpoTAromM pPoKy) B rof;

A N, — eKoHOMi enekTpoeHeprii BHaCMiAoK 3aMiHX BEHTUNATOPIB i 36iNbLIeHHs iX
KK, kBT - rog;

Ngy » Ng2 — KKO BeHTMNATOPIB A0 i nicna 3amiHu BiAnoBiAHO, YacT. of.;

Nnep. — KKI nepenadi, Yact. o.;

N, — KK enekTpuyHOi Mepexi, BenuunHa, ska BpaxoBye BTPaTU eHeprii B enekTpuy-
Hih Mepexi, B TpaHcdopmaTopax, YacT. of.;

P, — TVCK, AK1i1 PO3BMBAETLCA BEHTUMATOPOM, BU3HAYaETLCA 3a pesynsrataMi BUMI-
PHOBaHHSA TUCKY Mig Yac obCTeXeHHst cuctem BeHTunsuii, Ma;

V,, — NPOAYKTUBHICTb (Nofdaya) BeHTUNATOpa, M3/ c.

HeoOxigHa MOTYXHICTb Ha NpuUBEOEHHA OO0 Ail BeHTunaTopa (NOTYXHICTb Ha Bany
OBUTYHa BEHTUNSATOPA) BU3HAYAETLCS 3riAHO 3 3anexHicTio (7.8):

N,=11-V, P,/ (n, - 10%, kB, (7.8)

e n, — KKI seHTunaTtopa i nepenadi, n,

e

Nnep. — KKO nepenavi;

Npeyr. — KK BEHTMNATOPA 3rigHO 3 MOr0 XapakTepucTMKamu LWodo BUTpaT nositpsa V,
nig Tckom P

Bu3HauyeHHs BENUUYUHN EKOHOMIT eneKTPUYHOI eHeprii, Ky MOXHa oTpuMaTu 3a paxy-
HOK BMpPOBaXeHHS e(DEeKTUBHMUX CUCTEM PEryroBaHHA poBOTU BEHTUMATOPIB, 34INCHIO-
I0Tb 3rigHO i3 3anexHicTio (7.9):

= r]nep. " Naeurs

ANB = nBeHT. ’ (Vn1 ) nB'] ' I3n1 - Vn2' nBZI Pn2) /
(10° * Mgy Ngg " Ne* Npep. * Ny), KBT - T0A,  (7.9)

he
V., ,V,, — Nopgaya BeHTUNATOpa [0 i Micns 3MiHWM pexumy ioro pobotu, M3/ c;
P.1 Ph — TUCK, AKMN PO3BMBAETLCA BEHTUMATOPOM A0 i MiCNsA 3MiHU pexXuMy 1oro

pobotu, lMa;
Ne1>» Nep — KKO BeHTUNATOPa A0 i NiCns 3MiHW pexumy oro poboTu 3rigHO 3 Xapak-
TEPUCTMKAMUN BEHTUNATOPA i MONOXEHHAM pPoBOYOi TOYKM HAa HUX.

3apavi 3 po3B’AA3aHHAM.

3apgaua 1. BusHauntn pospaxyHKOBi BUTpPATW TEMMOTM Ha OMAreHHs i BEHTUNALi
HaBYanbHOrO KOPMyCy YHIBEpCUTETY eKOHOMikM i mpaeBa y M. Cymu. OnantoBanbHUN
o6’em GyaiBni 3a 30BHilWHIMM obmipamn V, =V, = 12000 m3. Pik 3abynosu — 1983 p.
Po3paxyHOK BMKOHATU 3a YKPYMHEHUMWU MOKasHWKamy BUTPaT TEMsoTy.
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Po3ze’ssi3aHHs.

1. 3a gaHnmu Tabnuui gogatka K BM3Ha4aeMO YKpYMHEHI MUTOMI OnamntoBaribHi i BEH-
TUNAUINHI xapaktepuctukn Bynisni g, = 0,51 kkan / m3 - rpag, q, = 0,34 kkan / m3 -rpag.

2. 3a gaHumun gopatka A BM3HA4YaeMO PO3pPaxyHKOBIi HOPMOBaHi MapameTpu 30BHiLLI-
HbOro moBiTpa Ans m. Cymu: t, = -25 °C, teep” = -1,9 °C, n,,,, = 185 pi6, t2 = -13 °C.

3. BusHauyaemo pospaxyHKoBi noTpebu Oyaisni y TennoTi Ha onaneHHs:

Q,, =V, q, (t,-t) K =12000 - 0,34 - (18 + 25) - 1,08 =
189475 kkan / rog = 221 «kBrT;
Ta Ha BEHTUNALLO:

QBTP‘B =V, q, (t; —t2) = 12000 - 0,34 - (18 + 13) =
126480 kkan / rog = 147 «kBrT.

3apava 2. Hacoc cuctemun onaneHHs1 HaB4arbHOro Koprnycy JlyraHCbKOro nonitexHiy-
HOro yHiBepcuUTETY npautoe 3 MacoBumu BuTpatamm Bogm 18800 kr / rog. Tuck Bogm Ha
HarHiTaneHi niHii Hacoca cTaHoBUTL 3,5 aT, TMCK BOAM Ha BCMOKTYBaNbHIN MiHii —
3,1 at. KK[J Hacoca i npuBogy 3rigHO 3 NacnopTHUMMK XapakTepucTukamu ctaHosuTb 0,7.
BuaHaumTn HeoOXigHY MOTYXHICTb eneKkTPOABUryHa Hacoca.

Po3e’sizaHHs.
1. BusHayaemo nepenag TUCKY Ha HACOCi AK PIBHULIIO TUCKY Ha HarHitTanbHin i BCMOK-
TyBanbHin NiHigx. Bupaxaemo BkasaHy BenuuuHy y Mrla:

H=35-231=04«r/cm?=0,04 MMa.
2. BusHa4aeMo HeoOXigHy MOTYXHICTb eNeKTpoaBuUryHa Hacoca 3rigHo i3 3anexHictio (7.5):
N, =(11...1,5) - M, - H, /(3600 - n,) = 1,25 - 18800 - 0,04 / (3600 - 0,65) = 0,37 KkBT.

3apgaua 3. Y pesynbsraTi 3aMiHM Hacoca i KOoro enekTpoaBuryHa y CUCTEMi onarneHHst
HaeyanbHoro kopnycy BH3 koediuieHT kopucHoi Aii Hacoca Oys 36inblueHnin 3 n,, =
0,65 0o n,, = 0,8, a HaBaHTaxeHHs enekTpoaBuryHa 3mMiHunocb 3 50 % go 100 %.
Butpatn Bogm y cuctemi M, = 12800 kr / rog. Tuck Boau y HarHitanbHin niHii Hacoca
cTaHoBUTb 2,9 at. TUCK Y BCMOKTYBanbHIiN MiHii — 2,3 kr / cm2. TpuBanictb poGoT Haco-
ca npotarom poky n... = 4420 rog. BuaHaumtn pidHy €KOHOMIlO eneKkTpoeHeprii BHa-
CnifoK 3aMiHM HacociB i enekTpoaBuUryHiB Ta 36inbwenHs ix KKO. BusHauntn nutomi
BUTPATM enekTpuYHOi eHeprii Ha nogady 1 M3 BOAM Yy CUCTEMi onaneHHs [0 i nicns
3aMiHn obnagHaHHS.

Po3e’sizaHHs.

1. BusHavyaemo BenununHy KK enektpoasuryHa. MNpu 50 % 3aBaHTaXeHHi BEMUYMHY
KK enektpoasuryHa npuimaemMo OpieHTOBHO: N, = 0,55, a npu 36inblueHHi HaBaHTa-
xeHHa o 100 % KKI moxHa npuimatn Ha pisHi n,, = 0,8.
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2. BusHavyaemo nepenag TUCKY, 3 SKMM Npautoe Hacoc:
H,=29-23=0,6«kr/cm?= 0,06 MMa.

3. BusHayaemo eKkoHOMIO enekTpoeHeprii y pesynbraTti 3aMiHM Hacoca i enekTpo-
OBUWryHa 3rigHo i3 3anexHicTio (7.6):

AN, =0,000272 - H,- M, " n.. - [1/ (N " Nyy) = 1/ (Noy - M)l = 0,000272 -
0,06 - 12800 - 4420 - [1 / (0,55 - 0,65) = 1/ (0,8 - 0,8)] = 923,32 - (2,79 — 1,56) =
923,32 - 1,23 = 1135,7 BT - rog,

ae

Neq | Ney — KKO enektponeuryHa [o i micns 3amiHu, BiANOBiAHO;

N,ac = 4420 rog — TpuBanict TepMmiHy poboTu HacoCiB NPOTArOM POKYy B rop.

4. BusaHavyaemMo MUTOMI BUTPATU eniekTpoeHeprii Ha nogady 1 M3 Bogu A0 3aMiHU
obnagHaHHs 3rigHo 3 chopmynoto:

N,™™ = 0,272 - H,/ (g * Ny),

e
Neq | N,y — BenuunHn KK enektpoasuryHa i Hacoca [0 PEKOHCTPYKLIT.

N,™" = 0,272 - 0,06 / (0,55 - 0,65) = 0,046 kBT / m3.

4. BuaHayaeMo NUTOMI BUTpaTK enekTpoeHeprii Ha nogady 1 m3 Bogw nicna 3amiHu
obnagHaHHs 3rigHoO 3 HOPMYIIOH:

N, = 0,272 - Hy/ (Ngo * Nu2)»
Ae N, i N, — BenuunHn KKI enektpoasuryHa i Hacoca Micns pekoHCTPYKLT.
N, = 0,272 - 0,06 / (0,8 - 0,8) = 0,0255 kBT / m>.

BucHoegok.

Y pesynbraTi 3aMiHM Hacoca i enekTpoaBuryHa Oyae AOCArHyTO PidHY E€KOHOMIo
enekTpuyHoi eHeprii y 1135,7 kBT - rog. Mutomi BuTpatn enektpoeHeprii Ha nogavy 1
M3 BOOM Y CUCTEMI OMnaneHHs y pesynbsTati 3amiHy obnagHaHHsa 3MeHLLyoTbea 3 0,046
kBT / M3 go 0,025 kBt / M3 (y 1,8 pasa).

3apava 4. BusHaumtu HeoOXxigHy MOTYXHICTb Ha NPUBEAEHHS OO Aii BEHTMnATOpa 3
nogaveto nosiTpsa y kinbkocTi 10000 m3 / rog = 2,78 M3/ c. MOBHWI TUCK Ha BCMOKTY-
BanbHOMY noBiTponpoBoAi BeHtunatopa P, = 700 lNa, noBHWI TUCK Ha HarHiTanbHoOMYy
nosiTponposoai BeHtunsTopa P, = 1200 MMa. Mpuithatn KKO nepepadi n,., = 0,95, a
BeHTUNATOpA Ny, = 0,75.
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Po3e’sa3aHHs1.
1. BusHa4yaemo 3aranbHuUiA NOBHUIN TUCK, KU CTBOPIOE BEHTUNATOP:

P, =P. + Pgeu = 1200 + 700 = 1900 MMa.

n Har.

2. B3Ha4yaeMo MOTYXHICTb Ha Bany ABUryHa BEHTUNSATOPA 3rigHO 3 3anexHicTio (7.8):

N,=11-V, -P_/(n, 103 =1,1-278 1900 / (0,95 - 0,75 - 10%) = 8,15 KB.

B n n

3apavi ona camMoCTiMHOro po3B’sAA3aHHA.

3apgaua 5. BusHauMTu, SKMM NOBUHEH OyTU TEPMIYHMIA ONip 30BHILLHIX CTiH y Oyaieni
BH3 i3 30BHiWwHiIM onantoBanbHUM o6’emom 10000 m3 y M. Mukonaesi Ans OOCATHEHHS
€BPOMNENCHKOro MOKa3HUKa «MacuBHOI» OygiBni — nMTOMUX BUTpaT TEnnotm y
15 kBT - roa / m3. Byniensa 5-noBepxoBa 30BHilLHIMU 06MipaMu 55 M Ha 12 M, 3aranbHa
Bucota — 15 M. lMignora Ha rpyHTi. BeHTunboBaHuii 06’'em Byaisni cTaHoBUTL 6 TUC. MS.
TpaHcmicinHi BTpatu TennoTtu Yepes nignory — 5 kBT. Onip Tennonepenayi nepekpuTTd
BEPXHBLOrO noBepxy crtaHoBuTb 0,3 BT / M2 - rpag. BTpati Tennotn Yepes BikHa i BXiaHi
OBepi caratote 20 kBT (BikHa | 30BHIiWHI OBepi MalTb MOLWYy, $SKa CTaHOBUTb
18 % nnowli NnoBepxHi 30BHIiWHiX CTiH). CepeaHio TeMnepaTtypy BHYTPILLHLOrO NOBITPSA y
Bynisni npunHaTK +18 OC.

3apayva 6. Ak 3MiHATLCA piYHi BUTpATU TENNOTM Ha OnaneHHs 3-NMoBepxoBOi Oyaieni
HaByanobHoro kopnycy BH3 y m. XXutomupi y pasi gocsarHeHHs HopmaTtuBiB BuTpaT
TEeNnoTn «nacueBHoro OyauHKy». HasiBHY BENWYMHY NUTOMUX BUTPAT TEMMOTU MPUNAHATK
85 kBT - rog / m3. OG’em Gyaieni npuitHaTn 15000 m3. TemnepaTypa BHYTPIiLLUHLOMO MOBI-
Tpa cTaHoBuTb +18 9C. MapameTpu 30BHILLHBLOrO MOBITPS MPUAHATM 3riQHO 3 HOPMOBa-
HUMMK OaHUMW.

3apaua 7. BusHaunty piyHi BATpaATU TENNOTU Ha NoTpebu BeHTUNnAuil HaB4anbHOro
kopnycy BH3 y m. Opeci. O6’em Gyaisni 3a 30BHiWHIMK oBMipamu npuitHaT 8000 m3.
CepenHio po3paxyHKOBY TemnepaTtypy BHYTPILLIHBOrO i 30BHILUHBOrO MOBITPS MPUAHSTU
3rigHO 3 OOBIOHMKOBMMW AaHMMW. TpuBanicTb pob0OTM cUCTEM BEHTURSAUIT 3a onanto-
BanbHUI nepion ctaHoBuTb 110 ai6. CepeaHs 3a onantoBanbHUN CE30H KiNbKICTb roauH
poboTn cucTteM BeHTUNALiT 3a foby cTaHOBUTL 4 rog.

3apgaya 8. Bu3HauMTU pidHi BATpPATX TEMNOTU Ha MOTPeOWM MPUroTyBaHHA rapsyoi
BOAM Y CMOPTUBHOMY 3ani TEXHIYHOrO yHiBepcuteTy y M. TepHononi. KinbkiCTe CTyAeHTIB
i BUKNagadis, ki BigBioyoTb cnopTuMBHUIA 3an 3a foby, — 500 oci6. MNepion cnoxmBaHHA
rapsivoi Bogu (KiNbKicTb roguH pobotn cuctemu 3a goby) — 10 rog. XapakTepucTukm
onantoBarnbHOro nepiogy NPUUHATA 3a AOBIAHUKOBUMU AAHUMW.

3apaya 9. Bu3HaunTM HeOOXigHY MOTYXHICTb €neKTpodBUryHa Hacoca Ans nigBu-
LWEeHHA TUCKY XOnogHOT BOAM, fika NOAAETbCA A0 HaBYaNbHOrO KOPMycy MeauYHOro
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yHiBepcuteTy y M. Kuesi. Macosi Butpatn Bogu ctaHoBnsaTe 20 T 3a rogumHy. Tuck Bogu
Ha BCMOKTYBarbHil NiHii Hacoca ctaHoBUTb 1,1 aT, TUCK BOAM Ha HarHiTanbHiA MiHil
Hacoca — 3,9 kr / m2. Benuundy KK[ Hacoca NpuiHATK 3rigHO 3 posTallyBaHHSAM po6o-
YOI TOYKM Hacoca Ha fdiarpami noro xapakrepuctukm n, = 0,7.

3apgaua 10. Y pesynbraTi peryntoBaHHA poboTn Hacoca Ansd nogadi XorogHol Boau
3a Jornomoro apocerntoBanbHoi 3acyeku KK Hacoca ameHuwyeascs 3 1, = 0,7 go n,,
= 0,6. CTyniHb 3aBaHTaxeHHs1 enekTpogBuryHa ctaHosuB 50 %. Butpatm Bogu y cuc-
Temi M, = 25800 «kr / rog. Tuck Bogu y HarHitanbHii niHii Hacoca ctaHoBWTb 3,5 ar.
TUCK Yy BCMOKTYBanbHii niHii — 1,3 kr / cm2. Tpusanicte po6oTn Hacoca y pexumi 3Hu-
XEHOT moaadi BoAM MpOTAroM poKy cTaHoswna n,.. = 2420 rog. BusHaunty BTpaTy
erekTpoeHeprii BHacnigok BMKOPUCTAHHSA HeBOanoi CXeMW perynioBaHHsA. BusHauntu
nUTOMi BUTpaTW eneKkTpu4Hoi eHeprii Ha nogady 1 m3 BoaM y cucTeMi onaneHHs Ao i
nicrns peryntoBaHHS 3acyBKOH0.

3apgaya 11. Bu3HaunT eKOHOMIl0 enekTpoeHeprii, gska MaTtuMe Micue Mnpu 3aMiHi
BeHTUnATopa 3 KKO n,, = 0,64 Ha BeHTunatop 3 nigsuuwedum KKO n,, = 0,78.
Benuunny KK enektpoasuryHa npunHati n, = 0,8, Tpueanictb po6oTn BeHTUNATOPA
Ngewr = 3000 ron, KKI nepepaui n,, = 0,9, KK mepexi n,, = 0,95. Butpatu nositps
(NMpoayKTMBHICTL BeHTUNATOpa) cTaHoBnATe 35000 m3 / rod. TUCK, SIKMIM pO3BMBAETLCS

BeHTunatopom, P = 1500 MNa.
EHeprosbepexeHH B cUCTeMax OCBITNE€HHA

OpHieto i3 cknagoBux eKOHOMIT eHeprii B OyaQiBnsiX YHIBEPCUTETCHKUX MICTEYOK €
€KOHOMIisi eNneKTPUYHOI eHeprii B cUcTeMax BHYTPIWHLOrO i 30BHILIHBOIO LUTYYHOrO
OCBITNEHHS.

Y npoueci eHepreTnyHoro ayauty Oyaisernb BM3HAYatoTbCA LUMSAXM E€KOHOMIT i po3pob-
NATLCA 3aX0AW 3i BMEHLLEHHSA BUTPAT eNeKTPUYHOT eHeprii y cuctemax OcBITreHHA. [Ang
LbOro BUKOHYETbCS IHBEHTapM3aLlisi CBITUMBHUKIB i Nnamn, BU3HAYaOTbCA TPUBAMICTb iX
poboTn Ta cnoxuBaHa MOTYXHICTb. OAepaHi pesynsrati iHBeHTapu3aLii i BU3HAYeHHS
MOTYXXHOCTi MOPIBHIOKOTECS 3 MOKa3HUKaMU NiYUMbHUKIB eNeKTPUYHOT eHepril.

[na po3pobneHHss eHeprosbepiranbHUX 3axofdiB HeobXigHO MaTu iHopMmaLio npo
KiNbKICTb MiHIMansHO MOXMMBOT €NeKTPUYHOI eHepril i MiHIManbHO MOXIMBY MOTYXHICTb
namn OCBITNEHHs ANs1 OTPUMAHHSA HOPMAaTUBHMX MOKA3HWUKIB OCBITNEHHS, HAaBEOEHUX B
Tabnuui 5.5 nocibHnka «EHepro3bepexeHHs B YHIBEPCUTETCbKMX MicTEYKax» 3rigHo 3
Bumoramn [BH B.2.5-28-2006 «[lMpupoaHe i WTy4yHe OCBITIEHHS».

[Ona uboro BMKOHYKOTb CBITNOTEXHIYHUI PO3paxyHOK, CPSAMOBaHWUMA Ha BU3HAYEHHS
ONTUMArbHOI KifbKOCTi i MOTYXHOCTI CBITUMNbHUKIB, AKi HeoOXigHi Ans 3abesnedyeHHs
HOPMOBaHMX MOKa3HUKIB OCBITIIEHOCTI 3a MiHIManbHUX eHePreTUYHNX BUTpaT.

CBITNOTEXHIYHUIA pPO3paxyHOK HeOobXiQHO BUKOHATM 3a [eKkinbkoMa BapiaHTaMmMu.
OCHOBHMM MOKa3HUKOM, SIKUIA BM3HAYa€E eHeproedeKTUBHICTbL i EKOHOMIYHY OOLINbHICTb
BMOpaHoro BapiaHTa TWMy, KiNbKOCTi i cnocoby pO3MileHHsT CBITUIbHUKIB € KinbKiCTb
CMOXUBAHOT eNekTPUYHOT eHeprii Ta Ti BapTiCTb.
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Y ubOMy po3gini NPONOHYETLCA BUKOHYBATU CBITNOTEXHIYHUA PO3PaxyHOK 3a METO-
OOM KoediljieHTa BMKOPUCTaHHSA CBITIIOBOrO MOTOKY, SIKMA MOXHa 3aCTOCOBYBAaTW B YMO-
Bax PiBHOMIPHOIO OCBITNEHHS FOPU3OHTanNbHNX PoboYMX NOBEPXOHb (CTOMIB) SK Y rypTo-
XUTKax, Tak i B HaB4asnbHUX ayanToOpPISX He 3anexHo Big BMAOY CBITUNbHWKIB i namn.

IHWi MeToaMKM | OOBIOHMKOBI AaHi ANA BMKOHAHHS TakMX PO3paxyHKiB HaBedeHi y
BMOaHHAX «CrpaBoyHas KHMra ans MOEKTUPOBAHUSA SMEKTPUYECKOro OCBELLEHMSY,
J1.,1976 p. i «OcBetuTenbHble yctaHoBku» J1.,1981 p., ski HanucaHo 3a pepakuieto
KHoppiHra M.

CyTb mMeTogy nonsirae y BW3HA4YeHHi BENWYUHM HEeoOXigHOro CBITIOBOrO MOTOKY Bif
CBITUITbHUKIB MPUMAHATOI KiSTbKOCTI ANA CTBOPEHHS HOPMAaTUBHWUX MOKA3HUKIB OCBITIIEHHSA
Yy NPUMILLEHHAX YHIBEPCUTETCHKUX MICTEYOK.

OcHoBHY pO3paxyHKOBY 3anexHiCTb [N BU3HAYEHHA CBiTNoBoro notoky ®, Bia
OOHOrO CBITUIbHMKA 3anUCylOTh Tak:

® =, K -S-2)/(n-nyg) nm (7.10)

ne
E, — HOpmaTtMBHMN MOKa3HWK OCBITNEHHA, nNK (ameB. Tabn. 5.5 nocibHuka
«EHeprosbepexeHHs1 B yHIBEPCUTECBHKMX MiCTeHKax»);

K, — koediuieHT 3anacy;

S — nnowa NpUMILLEHHSI, SiIke OCBITMIOETLCS, MZ;

Z — KoeqiLieHT HEepiBHOMIPHOCTI OCBITNEHHS;

N — KiNbKICTb CBITUNBHUKIB, SiKi BCTAHOBMEHO Y MPUMILLIEHHI;

Nen — KOEMILLIEHT BUKOPUCTAHHSA CBITNOBOIO MOTOKY, YacT. Of.

CsitnoBuit notik @, y 3anexHocTi (7.10) MoxHa BMpa3uTK Yepes caitnosipaady C*,
AKYy BUpaxaroTb B NM / BT i npuinHATY noTyxHicTe namn N, kKBT. licna uboro piBHAHHA
(7.10) MOXHa BMPa3aNTX BiAHOCHO 3ararnbHOT MOTYXHOCTI NlaMn OCBITNEHHS:

Ny=N-n=(E, K -z h?-N)/(n, C)«kBr (7.11)

H 3

abo BiOHOCHO MOTYXXHOCTiI OAHIET Tamnu:

N=(E, K -z h?2-AN)/(n, C)kBr, (7.12)
ne

hp — BMCOTa BCTAHOBMEHHS CBITUMbHUKA BIJHOCHO MOBEPXHi pobounx cToniB B
ayguTopii abo B XUTNOBOMY MPUMILLIEHHI (M);

A\ — BigHOLLEHHSA BiAcTaHi L MK CBITUNMbHMKaMKU 00 BMCOTM hp X BCTaHOBMNEHHA Han
nosepxHeto cronis, A = L / hp. 3anexutb BiA BMAOY CBITUMNbHUKA, MOr0 XapaKTEPUCTUK,
cnocoby BCTAHOBMEHHS i XapaKTEPUCTUK MpuUMilLeHHs. BenunynHa A pernameHTyeTbCst
ONA OKpeMuxX TUNIB MiYUNBHUKIB i (DOPM KPMBUX CBITNa ANS HWX; BU3HAYaE KinbKiCTb

4 Ceimnogiddaya (C) - ue ecpekmusHicms dxepena ceimna. [JopieHroe 8iOHOWEHHIO C8imIo8o20 Momoky,
wjo 8UMPOMIHIOE Oxeperio ceimna y fromeHax (1iv), 0o Cro)u8aHol HUM MOMmy»Hocmi y KBm.
HopmoeaHi 3Ha4yeHHs1 8enuyuHuU ceiminosiddadi Onsi namn pisHUx muriie HaeedeHo 6 [JbH B.2.5-28-2005.
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BCT@HOBMNEHUX NiYWUMABHWKIB, LWINBHICTb X pO3TallyBaHHS i, TakKMM YMHOM, BMIUBaE Ha
€KOHOMIiYHi MOKa3HMKM CUCTEMU OCBITNEHHs. PekomeHayeTbes, wob BenuuMHa A Ons
rpoMafchbkux i xutnoeux ByauHkie He nepesuutysana 0,5 Bucotn h, BCTaHOBMEHHS
CBITUSTbHUKA.

I3 (7.11) BMAHO, WO OCHOBHMMYK (haKTopamu, SiKi BNNMBAKOTb Ha MNOTYXHICTb, a OTXe,
eHeproedEeKTUBHICTb i €KOHOMIYHICTb CUCTEMM OCBITNEHHS, 3a 3adaHWX HOPMOBAaHUX
NOKAa3HUKIB OCBITIIEHHS € TaKi:

— KoedilieHT HEPIBHOMIPHOCTI OCBITNEHHS Z;

— cBiTnoBiggada ceiTUnbHUKa C. 30iNblUeHHs] MOKa3HMKa CBIiTHoBigdadi CrpUYMHSIE

3MEHLLEHHS MNOTY>XHOCTI;

— BMCOTa BCTAHOBIEHHS CBITUMbHMKA BIHOCHO POBOY0I NOBEPXHI (MoBEpXHI cToniB) hp;

— BEnuYMHa A, sika BU3HAYaETbCA XapakTePUCTMKaMMN CBITUMBbHUKIB, TX KINbKICTIO | cnoco-

OOM BCTaHOBMEHHS;
—  KOEWILIEHT BUKOPUCTaHHSA CBITMOBOTO MOTOKY N, AKWIA 3a 3aaHNX YMOB 3aneXuTb Bif,
KK ceiTunbHMKa i hopMmn KpUBOT CBITNa Ansi HeOro;

— NIIOLL, SIKa OCBITITHOETLCS.

3 HaBeAEeHOro BNAHO, L0 HEOOXiAHO rOBOPUTM HE NMPO CBITUITbHUKM OiNbLU Y/ MEHLL
€KOHOMIiYHi B3ararni, a npo CBITWMbHWKWU, SKi Oal0Tb €KOHOMI0 enekTPUYHOI eHeprii B
JaHuX ymoBax iX 3aCTOCYyBaHHS.

OTmxe, 3aBOaHHA oONTUMI3aLil CACTEMM OCBITNEHHS 3@ KPUTEPIEM EKOHOMIYHOCTI
HeoOXiAHO BUPILLIYBATW AMS KOXHOIMO MPUMILLEHHSI OKPEMO.

BunbGip HaleKkoHOMIYHILLOro BapiaHTa OCBITNEHHS Mae 34iMICHIOBATUCh 3a MiHIMYMOM
dyHKLii 3aranbHOi NOTYXXHOCTI (7.11) 3rigHO 3 pe3ynbrataMy NOBapiaHTHUX CBITNOTEX-
HIYHUX PO3paxyHKiB, BMKOHAHWX MpU Pi3HUX BenuYMHax (akTopiB BMMMBY, HaBeOeHUX
Bule. lMNMpn LUbOMY AOUINBHO 3MiHIOBATU He NuLe TUMN namn i CBITUIbHKMKIB, WO BRIMBaE
Ha BenuumHy cBiTnoeiggadi C, a n cnocid BCTaHOBMEHHS CBITUIBbHUKIB, TX KiNbKiCTb,
BUCOTY | BiACTaHb MiXX HUMMW.

[Ona npakTMYHOro BWMKOHAHHSA CBITAOTEXHIYHUX PO3PaxyHKIB pPO3rfsiHEMO OCHOBHI
dhakTopu, AKi BNAMBaKOTb Ha eHeproeeKTUBHICTb CUCTEM OCBITIIEHHS.

KoediuieHT 3anacy K, BpaxoBye 3MeHLLEHHS OCBITMEHOCTI Y npoueci ekcnnyarawii
OCBITMOBaNbHUX MpuUnadiB BHACMigoK 3a0pyqHEeHHS CBITUNBbHMKIB i NOTipLUEHHS Bioa3ep-
KanioBanbHUX BNacTUBOCTEN OrOPOMAXYBarlbHUX KOHCTPYKUIA NpUMILLEeHHA. [Anga Xutno-
BUX KiMHAaT i HaB4anbHuX aygutopin 3rigHo 3 [BbH B. 2.5-28-2006 koediuieHT 3anacy
MOXHa npuimMatu pisium K, = 1,4 ona niomiHecueHTHux namn i K, = 1,2 — ana namn
po3xaptoBaHHa. [Ina ayamTopin 3 BUCOTOK NiABILLYBaHHA CBITUNbHUKIB hp Ginblie 5 m
koedpiuieHT 3anacy 36inbwyoTe Ha 0,1.

KoediuieHT HepiBHOMIPHOCTI OCBITNEHHS Z — BiAHOLWEHHS cepefHbOoi OCBITNEHOCTI
00 MiHiManbHO MOXNMBOI, HOPMOBaHOI. BennunHa z npunMaeTbCsa 3anexHo Big Big-
HOLUEHHA BiAcTaHi L MiX CBITUNMbHMKaMM [0 BMCOTU hp iX NiagBillyBaHHA Hajg noBepx-
Het poboumx cronis: A = L / hp. 3a ymosu, wo BigHoweHHss A = L / hp npuiHAaTo y
MeXax peKOMEHAOBaHMX BEIUYUH, AN FPOMaLChKUX i XKUTNoBux OyaiBenb koedilieHT
Z npunmaroTb piBHUM 1,15 — onga namn po3XaprtoBaHHS i ra3opo3psgHuX namn i z =
1,1 — ons noMiHecUeHTHUX namn. [nsi cMCTemM OCBITNEHHS BigA3epKaneHuM CBITIIOM
Zz npunmatoTb piBHUM 1,0.
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CyTtTeBa BigMiHHICTL BenuuuHu z Big 1,0 mae micue Ans BenuKuMx NpUMILLEHb i3
3Ha4YHUM BigHoWeHHsAM A = L / hy i oropoaxeHHsIMU, SiKi He BigA3epKarntoTb CBITIO,
WO Ha npakTuui TpannseTbCca BKpan piako. 30inbleHHs HepiBHOMIPHOCTI OCBITNEHHS
He PEeKOMEHOYETbCH, OCKINbKM Le npu3Bede OO0 HEBMMNPABOaAHOIO 3POCTaHHSA eHepre-
TUYHUX BUTpaAT.

KinbkicTb N BCTAHOBMNEHUX Y MPUMILLIEHHI CBITUIBHUKIB OOMEXeHa BENIMYMHOK Mak-
CMMarbHOrO CBITMOBOrO MOTOKY OAHOMO CBiTUIbHMKA | 3anexuTb Big BigHoweHHa L / hp.
OnTmaneHNM € po3TallyBaHHSA CBITUMBbHWKIB MPUMILLEHHS Yy BepLuMHax KBaapaTHWX
nonie, 3i ctopoHamu L, abo npsiMOKyTHMX noniB 3a yMOBW, OO Ginblia CTOpoHa nps-
MOKyTHUKa L, He nepesulyBana 1,5 OOBXMHM MeHLWOT cTopoHun L. BioctaHb Big kpait-
HbOTO PsAy CBITUIMBHUKIB [0 HE CBITNONPO30POi CTiHKKM L, He MoBuMHHA nepesuLLyBaTy
L. = 0,33 - L,. 3a HeoOXiHOCTi 3MeHLUEeHHs PO3PaxyHKOBOrO CBITIIOBOrO MOTOKY Bif
OOHOrO CBITUMIBHUKA TX KiNbKICTb N HeobxigHO 30inbLuyBaTy.

KoedilieHT BUKOpWUCTaHHA CBITNOBOrO MOTOKY N, BW3Ha4aloTb 3a Tabnuuero 7.3
3anexHo Bif Biga3epkantoBanbHUX BMACTUBOCTEN OrOPOMKYBaNbHUX KOHCTPYKLUIA npu-
MILLIEHHS, @ TaKOX BENUYMHM iHAEKCY NPUMILLEHHS (i), TUNY CBITUNbHMKA | OPMK KPUBOT
cBitna ana Heoro. BenuunHa n., xapaktepusye KK cBiTuUIbHUKa i € BiAHOLLEHHAM
3aranbHOro CBITNOBOro notoky (P), skMiA nagae Ha poboyy OCBITNHOBANbHY MOBEPXHIO
(cTonis) oo ceitnosoro notoky namn (n - ®,):

Nen = P/ (n- ).

YacTuHa CBITNOBOrO MOTOKY BTpPAYaeTbCs Y CaMOMY CBIiTUIbHUKY, Nafae Ha CTiHW i
cTento.

Tabnuusi 7.3
BusHayeHHA KoedilieHTa BUKOPUCTaHHSA CBITNOBOro MOTOKY
ONA fesikux TUNiB CBITUNLHUKIB, N, %
3HauyeHHs 3HayeHHs KoedilicHTa BUKOPUCTaHHSA CBITNOBOrO NOTOKY N, %,
KoedillieHTiB Nnpu 3Ha4YeHHI iHAeKcy npumiweHHs (i)
BigA3epKaneHHs
P Pes Pp 32
BUKOpucTaHua |1=0,5|06|0,7/08(09| 1 |11(13(15(18| 2 (2325|3354 | 5
CBiTUINIbHUKIB
T™™ny
“AcTpa” 70; 50;10 | 22 32 (39|44 |47 |49|50 |52 |55 |58 |60|62|64|66|68 |70 73
50; 30;10 20 |26 |34 |38 |41 (43|45 |47 |50 |53 |55|57 |59 62| 64 |66 | 69
0; 0;0 16 | 21|29 |33 |36 (37|39 |41 |44 |46 (49| 51|53 |56 |59 |60 | 62
ynnsg?g 70; 30 |36 |40 |43 |45 |47 |50 |53 |56 |58 |60|62|63|66|67|69| 70
50; 30;10 23 | 30|33 |37 |40 41|43 |47 |50 |53 |56|57 |59 |60|61|63| 66
0; 0;0 18 |26 |29 |33 |35|38|40 |42 |45 |48 51|52 |53 |56 |57 |58 | 60
JNIOOP 70; 50;10 25 |29 |33 |36 |40 |43|45 |47 |51 |54 |56|58 |60 |62|63 |64 67
50; 30;10 19 |22 |26 |30 |33|36|38 |40 |44 |47 (49|51 |53 |55|56 |58 | 60
0; 0;0 12 16 |20 |22 [ 25 (28|30 |32 | 35|38 |40 |42 |43 |45| 46 |48 | 50
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lMpodoexeHHss mabnuui 7.3

3HavyeHHs 3HayeHHs KoedilicHTa BUKOPUCTaHHS CBITOBOrO NOTOKY N, %,
koedpilieHTIB npu 3Ha4YeHHi iHAeKcy npumiweHHs (i)
BiAA3epKaneHHs
Prs Py Pp 3@
BUKOPUCTaHHA lI=05/06|07(08|09|1(11|13|15[18| 2 |23(25|3 |35|4| 5
CBITUIIBHUKIB
™ny
HCT] 28 |38 |42 |47 |50 |54|56|60|63|66|69|71|73|75|77 78] 80
70; 50;10
50; 30;10 23 30 32|37 |42 (46|49 | 52 |55 | 59 |62 |64 |66 68| 70 |72 | 74
0; 0;0 16 24 | 28 | 32 |35 (38|41 |45 |48 |51 |54 |55 |57 |59 |60 61| 63
BYH,NMYH
70: 50:10 18 22 | 25|28 |30 (32|34 |36 (39|43 (46|48 |49 52|54 |56 | 58
50; 30;10 11 1315|118 |20 |23 |25 |26 |29 |32 |34 |36 |38 |40 | 42 |45 | 47
0; 0;0 5 6 | 7 10|11 (12|13 |15 |17 [ 20 |21 |22 |24 |26| 27 |29 | 30
HCM
70: 50:10 10 15119 |21 |24 |26 |27 |28 |31 |35 |37 |39 |43 |45| 47 |50 | 51
50; 30;10 7 10 (14 |16 | 18 |20 |21 |23 |25 |27 |29| 30 | 32 |35| 37 |39 | 42
0; 0;0 3 6 | 9 |11 |13 (15|16 |17 |19 |20 |21 |22 |24 |25| 26 |29 | 30
nne
70: 50:10 23 29 |33 |36 |39 (41|43 |45 |49 |51 |53 |55 |56 |58|60 |61 63
50; 30;10 19 22 |26 |29 | 31 |34 |35 |38 |41 |44 |46 |47 | 49 |51 | 52 |53 | 56
0; 0,0 11 15118 | 20 | 22 |24 | 26 | 28 | 30 | 33 |34 | 36 | 37 |38 | 40 |41 | 43
Jino
70: 50:10 25 31136 |39 |42 |46 |48 |51 |55 |58 |61|63 |65|68|70 (71|75
50; 30;10 20 24 | 28 | 32|35 (38|41 |44 |49 |52 |55 |57 |59 |62 |64 |66 | 70
0; 0;0 14 18 |22 |25 |29 |32 |34 |37 |42 |46 |48 |51 | 53 |56 | 58 | 60 | 65
Lo,
70: 50‘?‘10 22 28 | 32 | 38 |41 |43 |46 |50 | 53 |55 |57 |59 | 61 |63 |65 |67 | 68
50; 30;10 16 21 |24 |27 |29 |31 |34 |37 |40 |42 |44 | 45 | 48 |50 | 52 |53 | 54
0; 0;0 10 12 114 |16 |18 |19 |20 (22 |24 |25 |27 |28 |29 |30 |31 |32 | 34

BrsHaveHHs BennuuH KoedilieHTa BUKOPUCTaHHA CBITIIOBOMO MOTOKY N, AN iHLKUX
BUAIB CBITUIBHUKIB MOXHa BMKOHaTW 3rigHo 3 Tabnuusmu 5.3....5.18, HaBegeHumu y
npaui KHoppiHra M. «CnpaBo4yHas KHUra ans npoekTMpPOBaHUSA 3MNEKTPUYECKOro OCBe-
weHunsay, J1.,1976 p.

Y xopi BU3HAYEHHS BENUYUMHW N, HEOOXiOHO NPUIAHATW NeBHi Biaa3epkantoBasbHi
XapakTepUCTUKN ONA OropoAKyBamnbHUX KOHCTPYKLIA NPUMILLEHHSA: cTeni — (p,), CTiH —
(p;) I mignorn abo poboyrx NOBEPXOHb, SAKi OCBITMIOTLCA — (pp). 3HayeHHs1 BKasaHMWX
KoedilieHTIB OLiHIOITbCS CyD’EKTMBHO 3a TaKOK LUKarolo:

— anda creni i CTiH KoedilieHTn p, Ta p,, BiANOBIAHO, npuimatotb 70 % — ana nobi-
NeHuX cTeni i CTiH 3 BikHamu, ki 3akpuTi Ginvumu wTopamu; 50 % — ans nobineHnx cTiH
3 HesaBilWeHUMW BikHamMm, NoBineHoi cTeni y CUpux NpUMILLEHHSIX abo YMCTOi BETOHHOT i
cBiTnoi gepes’sHoi cTeni; 30% — ana 6eToHHOI cTeni y 6pygHOMyY NPUMILLIEHHI, JepeB’siHOT
cteni, 6eTOHHOI cTeni 3 BikHamu, CTiH i3 ceitnMMmu wnanepamu; 10% — onsa CTiH i3 Tem-
HYMM LINanepamu, CyuinbHOMo 3ackriHHS ©e3 WTop, HE TUHLKOBAHMX LIETMSHUX CTiH;

—  Ons poboumx noBepxoHb abo nignoru Pp = 30%; 10%; 0 % 3anexHo Big KOmbo-
py MNOKPUTTS | BigA3epKanoBanbHUX XapakTePUCTMK Mignorn i poboumx MNOBEPXOHb
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(cTomiB). [Ina pobo4ymx NMOBEPXOHb CTOMIB Ta MiANOMM TEMHUX KOMbOPIB yCepeaHeHy
BENUYMHY P, npuimatots 30 %. [ns nakoBuX NOBEPXOHb CTOMIB i3 CBITAMX nopig
AepeBa i CBITII0-KOPU4HEBOrO KOMbOPY MiANOM yCepeaHeHy BENnuYuHy p, NpuiMaroTh
10 %, ona ayguTopin i3 CBITAMMKU KPECNAPCbKUMM LOLIKAMW i NiM0row CBITNNX TOHIB
Pp = 0%.

IHOeKkc npumileHHs (i) 3anexnTb Bid reOMeTPUYHMX NapaMeTpiB NPUMILLEHHS, SKe
OCBITMIOETbCA (OOBXMHM A i wvpuHn B) Bucotu hp migeillyBaHHA CBITUNBHUKIB Han
po604OoI0 NOBEPXHEK (CTONamm) i BU3HA4YaAETbCS 3a TAKOK 3anexHICTHo:

i=A-B/[h,- (A+B). (7.13)

[na BUKOPUCTaAHHA BENUYMHM iHAEKCY NPUMILLEHHS (i) Moro HeobXigHO OKPYrUTU A0
Hanbnmxk4oi BennunHm i3 psgy 3HadeHb: 0,5; 0,6; 0,7; 0,8; 0,9; 1,0; 1,1; 1,25; 1,5; 1,75;
2,0; 2,25; 2,5; 3,0.

Mpwn BMOOPI TMNIB CBITUILHKKIB MOXHA KepyBaTUChb OAaHWMK 3aBOAiB—BUrOTIBENbHUKIB
i TaKUM TUNOPAOOM:

—  CBITUITbHWUKM 3 NIOMIHECUEHTHUMY NaMnaMun ANns HaByarbHUX ayauTopin i rypto-
xuTki: Tuny 2010; JIMO; YCM; ONC; NMP; JICO; Wona; NH;

—  CBITMIbHMKM 3 Namnamy po3xaptoBaHHsi: ctenbosoro Tuny HIMO; MJT; MI; MYH;
MO; HCI; apt. 38; apt. 198; apt. 351; apt. 352; nigBicHoro Tuny apt. 280; apt. 283;
apT. 285; apt. 286; apt. 287; apt. 287,

—  CBITMIbHUKM 3 Namnamu poKaprBaHHA ANS MPUMILLEHb MPOMMUCIIOBOrO Mpu-
3HadveHHs: Tuny MMP; HCI; HCP; MIM4; «AcTtpay; «Batpa»; Y.

Bubip namn 3gilcHI0ETLCS i3 Takoro pagy:

—  namnu po3xaptoBaHHa Tuny b, I, BK i3 ycepeaHeHo BenuYMHOK CBITNOBIgAa-
4y C =7...19 nm / Br;

—  noMiHecueHTHi namnu tuny JIOLU (noninweHoi konboponepegadi); JIO (aeHHoro
csitna); J1Tb (tennoro 6inoro ceitna); JIb (6inoro ceitna); JIXb (xonogHoro 6inoro cBiT-
na); JIXBL, abo JIE (xonogHoro 6inoro ceiTra noninweHoi konboponepegadi); y Tomy
yucrni KoMnakTHI NtoMiHecueHTHi — 3 caiTnosiggadeto Big 75 ao 110 nm / BT. OCHOBHUM
PEKOMEHAOBAHMM TUMOM famn A4S HaBYarbHUX ayauTopPIA € JIIOMIHECUEHTHI namnu
Tuny J1B. 3amiHa Taknx namn Ha J1O a6o JALl npru3BoauTb 0O 3MEHLLUEHHS OCBITIEHHS,
36inbLlUeHHs nynbcalii OCBITNEHOCTI | MOsBi BpPaXeHHA MpPO HEeQOCTaTHE OCBITIEHHS.
[nsa BBIMKHEHHS TakuMx flamn HeobxigHO BMKOPWCTOBYBATM MyCKOperyrnioBanbHy anapa-
Typy (MPA) neBHOT noTyxHocCTi. Tak, noTyxHicte NPA Ttuny CK-220 ctaHoButb 15...
60 BT 3anexHo Big TNy i NOTYXHOCTI namnu;

— ceitnogiogHi namnu CB[ i3 ceitnosiggayeto go 70...90 nm / BT (B Kkpalumx
3paskax Cy4acHuMx namn ceitnoBigaaya moxe gocaratu 120...130 nm / BT);

—  [ONs 30BHILWHLOIO OCBITAEHHS MOXMWBUM € BWKOPUCTAHHA OYroBUX PTYTHUX
namn (OPJT) i3 ceitnoBigaayeto 40...60 nm / Br;

—  KceHoHoBi namnu, Taki Ak OKcT i3 ceitnosiganadeto 20...45 nm / BT. ObnacTtb
BUKOPUCTAHHA TakuMx Nlamn oOMeXyeTbCA BHACMIAOK LWKIANMMBOrO Ans niogen Hag-
NULKY B X CNEeKTpi ynbTpadioneToBoro BUNPOMIHIOBAHHSA i 3HA4YHOI nynbcauii cBiT-
NOBOro MOTOKY;
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—  MeTanoranoreHosi i Hatpiesi namnu OPIl i HaT, ranoreHoBi namnu posxapto-
BaHHa Tuny KI 3i ceitnosigaadeto go 90...100 nm / BT

Mpun Bnbopi namn GaxaHo, Wwob He meHwe 80 % yciei ocBiTNEHOCTI CTBOPIOBANoch
OOHMM TUMOM namr.

TexHiYHi XapaKTepuCcTUKN namn ONsi BUKOHAHHS CBITNOTEXHIYHOIO po3paxyHKy HaBe-
OeHi y Tabnuui 7.4.

Tabnuysi 7.4
TexHi4yHi xapakTepucTukM namn
Ne Tun namnu Csitnosuii notik ®, y nm 3a Hanpyru y MoTyxHicTb, BT
Bonbrax (B)
220 | 220...230
Jlamnu posxaptoBaHHs 3aranibHOro NPU3Ha4eHHs
1 b (6e3cnipanbHi ra3oHanoBHEHI) 715 550 60
2 BK (6e3cnipanbHi kpynToHOBI) 790 - 60
3 5} 1350 1250 100
4 BK 1450 - 100
5 I" (ra3oHanoBHeHi) 2000 - 150
6 5} 2100 1840 150
7 r 2800 - 200
8 [5) 2920 2540 200
9 r 4600 4000 300
10 r 8300 7200 500
11 r 13100 - 750
12 r 18600 - 1000
13 r 29000 - 1500
JTtoMiHeCcUEeHTHI namnu
14 nau 15 -4 500 450 (MiH.) 15
15 ng15-4 590 530
16 NT615-4 700 630
17 NB15-4 760 690
18 naL 20 -4 820 735 20
19 nn20-4 920 825
20 T 20 — 4 975 875
21 JI620 - 4 1180 1050
22 noL 30 -4 1450 1305 30
23 ng3o0-4 1640 1475
24 NTB 30 — 4 1720 1545
25 N6 30 — 4 2100 1890
26 naL 40 -4 2200 1990 40
27 N0 40 -4 2340 2225
28 NTb 40 -4 2580 2450
29 1640 -4 3000 2700
30 noL 8o -4 3560 3200 80
31 N0 80 -4 4070 3600
32 JITE 80 — 4 4440 4165
33 1B 80 — 4 5220 4685
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lMpodoexeHHss mabnuyj 7.4

Ne Tun namnu Caitnoswii notik @, y nim 3a Hanpyru y MoryxHicTb, BT
Bonbrax (B)
220 220...230
34 JIXB 150 8000 7500 150
35 JIBU 80 3680 3400 80
PTyTHI ayrosi namnun BUCOKOrO TUCKY (30BHILLHE OCBITIIEHHS)
36 PN 80 3200 - 80
37 APn 125 5600 - 125
38 AP 250 11000 -
39 AP 400 19000 - 400
40 AP 1000 50000 - 1000
MetanoranoreHHi namnu (30BHiLLHE OCBITIIEHHS)
41 OP1 250 18700 - 250
42 0PI 400 32000 - 400
43 0PI 700 59500 - 700

Ihkepeno: KHoppuHe M. Cripago4Hasi kKHu2a Orisi IPOEKMuUpPOo8aHUsT arieKmpuyeckozo oceeweHust. — J1.,1976.

Micna BU3HaYeHHS BEMUYMHM HEOOXIOHOro CBITMOBOro NOTOKY @, 3ridHO i3 3anexHic-
To (7.10) 3pifcHIOETLCS BMOIp HEOOXiOHOro CBITUNbHMKA 3a KatanoramMu BUPOOHUKIB i
BM3HAYaETbCA MOro MOTYXHiCTb. CBIiTNOBMIM MNOTIK BUOPAHOrO CBITUIbHMKA HE MOBUHEH
BiPI3HATUCH Bif pO3paxyHKoBOI BenuymnHu Ginbl sk Ha 10 % B MeHLly CTOPOHY i Ha
20 % — y Ginbly CTOpPOHY. [MOBTOPIOIOTL CBITNOTEXHIYHUI PO3PAXYHOK 3a iHLIMX YMOB,
3MiHIOUM BUA, CBITUMNBHUKIB, BUCOTY i CXeMy X po3TallyBaHHSA, BUA Nammi, KO MOX-
nvBO, BiaA3epKantoBarbHi XapakTePUCTUKN OFOPOIKEHb.

3rigHo i3 3anexHicTio (7.11) BM3HaA4alOTb 3aranbHy MOTYXHICTb CUCTEM OCBITIIEHHS
3a KOXHUM i3 BapiaHTiB. [Jo BNpOBaaXeHHs MpuUMAMaloTb BapiaHT BMaLUTyBaHHS OCBIT-
NEeHHSA i3 MiHIManbHOK BEMMYMHOK MOTYXXHOCTiI OCBITNIOBaNbHUX Npunagis.

[Mpy BWKOHAHHI €HepreTUYHOro ayauTy PISHULI0 MK pPO3PaxyHKOBOK | AiCHO
MOTYXKHICTHO CUCTEMM OCBITNEHHSA iOEHTUAIKYIOTb SIK MOTEHLUian eHepro3tepexeHHsa y
CUCTEMI OCBITNEHHS i po3pobnsAlTb BiANOBIAHI 3axoan AN peanisauii onTuMmanbHOT
CUCTEMU OCBITIIEHHS.

3apavi i3 po3B’A3aHHAM.

3apaya 12. BusHaunmTtn KOewmiliEHT BUKOPWUCTAHHA CBITMOBOrO MOTOKY N, ANA
CUCTEM OCBITIEHHS MPUMILLIEHHS i3 TAKUMUN XapaKTepUCTUKaMMU:

—  iHgekc npumiwenHs i = 2,0;

—  nokasHuku BigasepkaneHHs: cteni p, = 50%; cTiH p, = 30%; pobounx nosep-
XOHb p, = 10 %.

CaitunbHuk Trny HCIT.

Po3e’si3aHHs1.
3rigHo i3 Tabnmueto 7.3 ang ceitunbHuka Tuny HCIT i BKazaHnx xapakTepucTuk npu-
MilLieHHA BU3HA4aeMo BenuumnHy n.. = 29 % ( 0,29).
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3apaua 13. B ayautopii nnoweto 200 M2, ans skoi Bulle Byno BU3HAYEHO iHAOEKC i =
2,0, BctaHoBneHo 24 ceitunbHukn Tuny HCI1. HeobxigHo 3abe3neunty HOpMaTUBHWIA
MOKa3HMK LTYy4YHOro oceitneHHsa E, = 200 nk npu K, = 1,2. BU3HaGYMTN NOTYXHICTb CUC-
TEMU OCBITIIEHHS.

Po3e’si3aHHs.
3rigHo i3 3anexHicTio (7.10) BU3Ha4aEMO BENUYMHY CBITNOBOro noTtoky ®, Bin ogHoO-
ro CBiTUMbHUKA:

®,=(E, K -S-2)/(n n,) = (20012200 1,115) /(24 - 0,29) = 7931 nm,

e

E, — HOpmaTuBHWI NOKa3HUK OCBITNEeHHs, E, = 200 rnk;

K, — koediuieHT 3anacy, K; = 1,2;

S — nnowa npUMILLEHHS, ke OCBITMETbCH, S = 200 MmZ;

Z — KoeQilieHT HEepPiBHOMIPHOCTI OCBITNEHHs, z = 1,15;

N — KiNbKICTb CBITUNBbHUKIB, SiKi BCTAHOBMEHO Y MPUMILLEHHI, n = 12;

Nen — KOEMILIEHT BMKOPUCTAHHA CBITNOBOIO MOTOKY, N = 0,29.

3rigHo i3 Tabn. 7.4 3a BenuuuHoo @, = 7931 M BUBMPAEMO namMnu posxaproBaHHS
Tmny «I» notyxHictio 500 BT KkoxHa.

3aranbHa MOTYXHICTb CUCTEMU OCBITNEHHST ayaAUTOPIl MOBUHHA CTAHOBUTU HE MEHLUE
Ak Ny = N - n =500 - 24 = 12000 Bt = 12,0 kBr.

3apaya 14. BusHauntu po3paxyHKOBMI NOTeHLian eHepro3bepexeHHs cuctemu
WITYYHOrO OCBITNEHHA HayanbHOi ayguTtopii BH3. [icHa BenuunHa MNOTYXHOCTI
CUCTEMWU ENEKTPUYHOro OCBITNEHHA ayauTopii 3a pesynbrataMy €HepreTU4HoOro
ayauty ctaHoButb N;A = 27 kBT. AyauTopis poamipamn A = 30 m, B = 12 m, nnowueto
S = 360 m2 mae cpenHio Bucoty 4,8 M. MNpumillleHHss Mae noGineHy cTento i CTiHM 3
naHensamu, aki nogpapboBaHO y TEMHUIN Konip. BukoHaTu noBapiaHTHUIN CBIiTNOTEX-
HIYHWI pO3paxyHoK, 34iNcHUTM BMOIp Hanbinblw eHeproedeKkTUBHOT CUCTEMU OCBIT-
MNEHHS.

Po3e’sizaHHs.

1. MNMpusHavaemo BigA3epkantoBanbHi XapakTEPUCTUKM OrOPOIKEHb MPUMILLEHHS:

— crenip, =70 %;

— CTiH p, = 30 %,;

— pobounx NOBEPXOHb CTOSMIB Pp = 10 %.

2. B sKOCTi CBiTUNbHMKIB BUOMPAEMO Taki:

— Ans namn po3xaproBaHHA — CBITUNbHKK Tuny MYH;

—  Onsa NoMiHECLEeHTHUX namn — cBiTunbHuK Tuny JIMNP.

BkasaHi CBITUNbHMKM MatloTb KPUBI CBITNOPO3MNOAINEHHS, ANA AKUX MOXHa npuimMaTtii
BENUYMHY A 6nm3bko 1,4.
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3. Poamiwaemo CBITUMBHUKM Ha cxemi npumileHHs (aus. puc. 7.1). 3a npuiHaTol
CXEMW KifbKICTb CBITUNbHUKIB i3 NlamMnaMmu po3xaprBaHHA MOBUHHA CTaHOBUTU
n = 21 wT. JltomiHecueHTHI namnu (KinbKiCTb X MOKM WO HeBigoma) 6yayTb BCTAHOB-
neHi y Tpu pagu (n = 3).

B=12 B=12
15 4,5 4,5 15 15 4,5 4,5 15

1,5
O
[o B8
O

15

4,5

=30
=30

A
A

o o o

21 CBITUNBHUK 3 ~\ 7 3 psian CBITUNBHUKIB 3

3 fnaMmnamu po3xaprBaHHA TOMIHECLIEHTHUMY Namnamu
a) 6)

PucyHok 7.1 — Cxema po3MilleHHA CBIiTUNBbHUKIB:
a) cxema PO3MILLIEHHSI CBITUMbHYKIB i3 NamMnamMmn po3XaproBaHHS;
©) cxema pO3MILLEHHSA CBITUMBHUKIB i3 NMIOMIHECLLEHTHUMM Namnamu

PoGouy BMCOTY niaBilyBaHHS CBITWMBHWKIB (BiACTaHb Big MOBEPXHi CTOMIB 4O CBi-
TUMbHKKIB) BUOBMPAEMO BIAMOBIAHO A0 BenuunHM napametpy A = L / h, — BigHOwWeHHA
BiAcTaHi L MixX CBiTUNbHUKamMu [0 BUCOTK hp iX NiABillyBaHHA Haf NnoBepxHe poboumnx
crtonis, hp = 3,2 m.

4. KoediuieHTn 3anacy K; i HEpiBHOMIPHOCTI OCBITNEHHS Z MPU3HAYaEMO 3anexHo
Bi4 BMAOy namn:

— [Anga namn posxaptoBaHHsa K, = 1,2; z = 1,15;

— Ans nioMidecueHTHux namn K, = 1,4,z =1,1.

5. Bu3Ha4aemo BENUYMHY iHAEKCY MPUMILLEHHS 3rigHO 3 3anexHictio (7.13):

i=A-B/[hp- (A+B)=30-12/[3,2- (30 + 12)] = 2,67 = 2,5.

6. 3riaHo 3 Bumoramu OBH B. 2.5-28-2006 3a Tabnuueto 5.5 nocidbHMka BU3HAYaEMO
ans ayautopii BH3 HopmoBaHuin nokasHuk ocsitneHHa E, = 400 nk.

7. BnaHayaemo KoewilieHT BMKOPUCTaHHSA CBITOBOMO MOTOKY N, 3rigHo 3 Tabn. 7.3:
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Aans ceituneHukis MYH 3 namnamn posxaptoBaHHsa n,, = 0,49;
Aans ceitunbHukie JIMNP 3 niomiHecueHTHUMKU namnamu n,, = 0,58.
8. BusHauyaemo ceitnoeuin notik ®, Big ogHoro ceitunbHYKa (abo ogHoro paay):
—  ANng namn po3XaprBaHHS:
®, =, K,-S-2)/(n"-n,) =400 12360 1,15)/ (21 - 0,49) =
19311 nwm;
—  Ons NIOMIHECLEHTHUX namn:
¢, =, K,-S-2z)/(n-n,) =(400-14-360-1,1)/ (3 -0,58) =
127448 nwm.

9. 3piicHoeMo BMOIp namn Ans CBITUIbHUKIB:

—  [Ons namn po3xaptoBaHHs: koxkHa namna 3a [OCT 2239-79 tuny ' nOTy>HICTIO
1 kBT. 3aranbHa noTyxHicTb namn poaxaptoBaHHa Ny = N - n = 21 - 1,0 = 21 kBr;

—  Ang NIOMIHECLIEHTHUX Namn: AOBXWHA OOHOro CBiTUNbHMKA 1,3 M, KiNbKicTb namn,
AKi MOXHa BCTAHOBWUTM B OOHOMY CBIiTUIIbHUKY, CTAHOBUTb 2 LUT. AKLIO B KOXHOMY CBi-
TUNBHWKY BCTaHOBUTK no Agi namnu tuny JIB notyxHictio 40 BT i CBITNOBMM NOTOKOM Y
3000 nK KOXHa, TO OAMH CBITUIbHMK 3abe3neunTb CBiTNOBUA NOTIK y 6000 k.

KinbkicTb CBITUMBbHUKIB Y OOHOMY psily nNpu UbOMYy cTaHoBuTuMme 127448 / 6000 =
21 wt. 3a AOBXMHM OOHOro CBiTUNbHUKA 1,3 M 3aranbHa AOBXMHA CBITUIbHUKIB Oyae
ctaHoButM 21 - 1.3 = 27 M, WO [aE MOXMMBICTb pO3TallyBaTh CBITUINbHUKMA 0e3
PO3pMBIB MO BCii AOBXMHI MpUMILLEHHs. 3aranbHa KifbKiCTb nlaMn Ang NpUMILLEHHS
ctaHoBuTb 21 - 2 - 3 = 126 namn 3aranbHoo NoTyxHicTio Ny = N - n = 40 - 126 =
5040 Bt = 5,0 kBT. 3 ypaxyBaHHAM MOTYXHOCTi MyCKOpErynoBanbHOT anapaTypu
3aranbHa MOTYXHICTb CUCTEMU OCBITNIEHHSA cTaHoBUTUMME 7,3 KBT.

BucHoeok.

Hanbnbl eHeproeeKkTUBHOK € cUCTeMa OCBITIIEHHS aygauTopii MIOMIHECLEHTHUMM
namnamu. 3a ymoBu poboTU CUCTEMU OCBITNEHHS NpoTarom 250 pobounx OHiB B cepen-
HbOMY MO ABi roguHn Wwoao6oBo noTeHuian eHeprodbepexeHHs (M) cuctemmu OCBITNEHHSA
OfHiel ayguTopii YHiBEpCUTETY CTaHOBUTUME:

M= (Ns”-Ny)-1=(27 - 7,3) - 250 - 2 = 9850 kBT - roq 3a pik,

ae T — TpuBanicte poboTn CUCTEMM OCBITNIEHHS NMPOTArOM POKY, rOA.

EkoHomia 9850 kBT - rog enekTpuyHOi eHeprii 4acTb MOXNUBICTb OTPUMATU PivHy
€KOHOMItO KOoLWTIiB y po3mipi 8870 rpH nuwe 3a paxyHOK ONTUMI3aUil CUCTEMU OCBITHEH-
HA B OAHIN ayauTopii (Tapud Ha enekTpuyHy eHeprito ctaHoMm Ha kiHeub 2010 p. cTa-
HoBUTb Onuabko 0,90 rpH 3a 1 kBT - rog).

3apavi gna camocTiHOro po3B’A3aHHA.

3apgaya 15. BMKOHATK CBITNOTEXHIYHMI PO3PaXYHOK ANS XKUTMOBOI KiMHATU y rypTo-
xuTKy BH3 poamipom y nnani A = 8 M, B = 4 m. Bubpatu Hainbinblw eHeproedekTUBHUN
BapiaHT cuctemu OcBiTNneHHs. Bucota npumiweHHs ctaHoBuTb 3 M. CTens npuMilLeHHs
nobineHa, CTiHW okneeHi cBiTNUMK Wwnanepamun. KoedilieHT BigasepkaneHHs poboyol
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nosepxHi NpunHATM 10 %.

3apaya 16. BusHaunt MiHiManbHO MOXIUBY MOTYXHICTb CUCTEMU LUTYYHOrO OCBIT-
NeHHsA KabiHeTY TEexHIYHOro KpecrieHHsi MonTaBCbKOro HauioHanbHOMO0 TEXHIYHOMO YHi-
BepcuteTy. Po3mip kabiHety y nnaHi A = 10 m, B = 6 M. Bucota npumiieHHa — 4 wm.
Ctens npumilleHHa nobGineHa, CTiHM oOWWTI CBITNIMM AepeBoM, pobodi cTonm — CBITNI
Kpecnapcbki golwku. Bubip CBITUNbHMKIB | namn 34iINCHUTU CaMOCTINHO.

3apava 17. Bu3Hauntn, 9K 3MIHUTBCA MOTYXHICTb CUCTEMU OCBITNIEHHSA XWUTIOBOI
KIMHATV TYPTOXUTKY KepaMidHOro TexHikymy y M. Mupropogi 3a ymoBu 3MiHW Biga3epka-
NtoBarnbHUX XapakTepUCTUK OropoaxyBanbHUX KOHCTPYKLUiA KiMHaTW i TUNY OCBITNIOBarb-
HUX namn. lig Yac pemMOHTYy XUTMOBOI KiMHATW TEMHIi Lnanepu 3amiHeHO Ha CBiThi,
3gicHeHo nobinky cTeni, Komip nignoru 3MiHeHO 3 TEMHOro Ha cBiTNMIA. lNnowa Xutno-
Boi kiMHaT 18 M2, OCBITNEHHSA KiMHaTVU 34JIMCHIOBANOCh [0 PEMOHTY namnamu posxa-
pIOBaHHSA, a nicns pPeMoHTYy — TMOMIHECLEHTHUMU namnamu. Po3mipn KiMHaTU
A =5 wm, B = 3,6 m, BUCOTa KiMHaTh 3,5 Mm.



PO3ain 8
OPrAHI3AUIA EHEPTETUYHOIO AYAUTY Y XUTNOBUX BYAIBNAX,
HABYAJIbHUX KOPIMYCAX TA IHWKUX CMOPYOAX

YHIBEPCUTETCbKUX MICTEYOK

Butpat Tennotm Ha notpebu onaneHHs OyauHKy, ki OyayTe OTpUMaHi 3 PIBHSAHHSA
Tennosoro 6anaHcy 3a LiNCHUX NapamMeTpiB BHYTPILLHBOO i 30BHILLUHBOMO MOBITPS, NOBUHHI
BiAMOBiAaTM MOKa3aHHAM TenfoBOro NiYMMbHUKA, BCTAHOBMEHOrO Y BYy3Mi TEMMOBOro
BBOA4Y OyaMHKY.

Clon. = (QTpch. + Qin).) - [QrBTp' + (QBeHT.Tp' + QBeHT.) + ros. + QCOH. + Qen.oﬁn. + QTeXH.
o, + QBH.orop. + QiHLui] = Qniq.' (81)
ae
Q — Hagaxoo)XXeHHA Tensiotn Biﬂ, CUNCTEMUN OnalreHH4,

on.
QP — HaOXOMKEHHA TennoTu Bif Hei3onNboBaHMX TPYGONPOBOAIB CUCTEMM raps4oro

BOOOMOCTAYaHHS, sKi NPOKMageHi y NpUMILLEHHsIX OyaiBni (3 ypaxyBaHHAM LMPKYNsLUii-
HUX Tpybonposogais);

Qg,r P — HAOXOMKEHHSA TENnoTu Bif Hei30NbOBaHWUX MOBITPONPOBO/AIB Ta obnaaHaH-
HA CUCTEMW BEHTUMALT i KOHAMLUIFOBAHHA NOBITPS;

Q,yir — HAOXOMKEHHA TENMOTY 3 MOBITPAM CUCTEM MPUMMUBHOT BEHTUNALIT 260 KOH-
OWLIIOBaHHS;

Q.. — HaOXOMKEHHSA TensoTu Bif CUCTEM LUTYYHOMO OCBITNEHHS NpUMilLeHb Byaisni;

Qo — HaOXomKeHHA TEnnoTu Bif, COHAYHOI papiauii Yepesa CBITNONPO30pi NPopian i

OropogXeHHs Oyaieni;

Qg 067 — HaOXOMKEHHA TENNoTU Bif enekTpoobrnadHaHHA Mg Yac nepexody mexa-
HIYHOT | enekTpUYHOI eHeprii y Tennosy;

Q — TENnNOHaAXOMXKEHHS Bif HArpiToro TEXHOMOrYHOro obrnagHaHHA i MmaTtepianis;

Q — TENNOHAOXOMKEHHS Bia Ntoaen;

srorop. — TEMIOHAAXOMXKEHHS Yepes OropoaxKyBarbHi KOHCTPYKUIT CyMDKHUX NpUMi-
LeHb (Yepe3 BHYTPILLHI OrOpOKEHHS);

Q.. — IHWIi TennoHaaxoOXeHHs1, 3anexHo Big Npu3HayeHHsa Oyaisni;

QTpaHC. — BTpaTV TENnoTu 4Yepe3 OropomKyBaribHi KOHCTPYKUii NpuMilleHb (TpaHcMi-
CiMHI BTpaTK TENnoTn);

QiH¢_ — BTpaTU TENNOTU Ha HarpiBaHHA 30BHILLUHLOrO MOBITPS, AKE IHDINLTPYETLCA Y
npuMilLeHHs OyaiBni Yepes ABepi, BikHa Ta iHLWI HELLiNbHOCTI B OFOPOMXKEHHSX Oyaieni;

Q,;, — KinbKicTb Tennoty Ha notpebu onaneHHs, wo Oyna 3agikcoBaHO BIOMNOBIA-
HO [0 MOKa3aHb TEnroBOro NiYnnbHUKAa.

Micna nmigcTaHOBKM B PIBHAHHA TennoBoro GanaHcy (8.1) HOpMOBaHMX napameTpiB
BHYTPILUHBLOrO i 30BHILLHLOrO MOBITPA MOXYTb OyTWM OTpMMaHi Taki BapiaHTu:

1. Q,, « Q,, — Yy OyaiBni 34ifCHIOOTLCA aAMiIHICTPATMBHI METOAN eHepro3bepexeHHs
3a paxyHOK MOoripLleHHs napameTpiB MiKpoKnimMaTy; HenpasuibHO iOeHTUdIKOBaHO
TENMnOTEXHIYHI XapaKTepUCTUKM OropompKyBarnbHUX KOHCTPYKLIN; iCHYIOTb iHLUI MOMWIIKK
nig Yac cknagaHHs TennoBoro GanaHcy.

TEeXH.

104,

iHLWi
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2. Q. > Q, — HaABHI NepeBUTPaTK TEMNOTW HA OB’EKTi eHeproayauTy; HenpaBunb-
HO BM3HA4YeHO TEMMOTEXHIYHI XapaKTEPUCTUKN OropoaXyBanbHUX KOHCTPYKLIN, iCHYIOTb
iHWi MOMWMKM Nig Yac cknagaHHA TennoBoro Ganadcy.

3. Q,, = Q,, — Mogenb ageksaTHa, BUTPaTK TENSIOTU Ha OMarieHHa BiAMNOBidalTh
OINCHUM TENnOTEXHIYHUM XapakTepucTukam Byaieni.

3a HasBHOCTI y OyAiBnsx BRacHWX Axepen TennoTu BaXNMBO ckrmacTu 6anaHc no
nanvey, iKW 3anuMcaHo Yy BUIMSAAI 3anexHocTi (8.2):

B - QHp * Nyerro = (Qon.)K + Qon.rp' + QrB)K + QrBrp' +Q
(Qoxon.BTp' + QBI/ITOK.BTp.)’ (8.2)

BeH'r.rp') +

e

B — BMTpaTy nanvBa y KOTENbHi 3a pe3ynbrataMmu NpunagoBoro ooniky;

Q,P — TennoTa 3ropsHHA nNanuea 3a AaHUMK cepTudikaTa AKOCTi nanuea;

Nuerro — CEPEAHBO3BAXEHMI 3a nepion cnocTepexeHHs KK «HeTTo» KoTeneHb.

Y npagii YacTuHi TennoBoro GanaHcy (8.2) — noTpeba cnoxuBadiB y TennoTi ang
OnarneHHs XXMTMNOBKX, TPOMAACbKMNX Ta iHWMX OydiBenb Q.. %, Q™ rapayoro Bogonocra-
yaHHa Q. %, Q P, BeHTUnALii Q.. ., @ TakoX BTpaTn TENMOTM y TEMMoBUX Mepekax —
3 oxonomxkeHHam Boau Q™ i 3 BuTOKamu soaun Q. B™-. Y niBiil yactuHi — BUTpa-
YeHU’ TEennoBMIM MOTEeHUian nanvBa 3a pesynsratamu 00MiKky BUTpaT rady i nokasaHb
niyuneHyka rasdy. banaHc cknagaeTbca Ons po3paxyHKOBOI TemnepaTypy 30BHILLUHBOMO
noBiTps, OyOb-SKOro iHWOro 3Ha4YeHHs TemnepaTypy 30BHILLIHBOTO MOBITPS, @ TakoX B
uinomy 3a pik. [lonyctMMa noxmbka cknagaHHsi TennoBux 6anaHcie ctaHoButb 10...15 %.

Y pesyneraTi BNpoOBaMKeHHA eHepro3bepiranbHUX 3axofiB [ocArawTb MigBULLEHHSA
edeKTMBHOCTI npouecy TpaHcdopmalii eHeprii Ha ogHOMY i3 3a3Ha4yeHMX BuULLEe eTanis
3a paxyHOK 3MeHLleHHs BTpaT Tennotu. BnacHe, BenuumHa KK i BU3HayaeTbca K
Pi3HMLA MK BMXIOHOK KinbKiCTIO TennoTtu, Aky npunmarots 3a 100 % (1,0 yact. og.),
i BTpaTamy TennoTu, siKi Takox BupaxarTb Yy % abo y yacT. og.:

ny =1 —-Aqs, (Yact. og.), (8.3)

e

A g5 — cymapHi HenpoayKTVBHI BTpatu TENoTW Bif [)Kepena eHeprii o eTarny, Ha
AKOMY Oyno [OOCArHyTO 3MEHLUEHHS CMOXMBaHHS eHeprii, YacT. od. Tak, Ans Tennotu,
sIka BiOMyCKaeTbCA CnoXuBadyam, BTpaTM BU3HA4YaTUMYTbCS 3a CyMOK BTpaT Ha eTani
BUPOGNeHHs i TpaHcnopTyBaHHA Ags = Aq, + AQ,, a Ans KinbKOCTi TENnoTu, Wo Bianyc-
KaeTbCA 3 KOTEMbHI y TEMnnoBi Mepexi, BenuynHa cymapHux stpat Ags = Aq, Bu3HaYa-
€TbCSA NULLIEe BTpatamu y axepeni Tennotu.

BenuunHy cymapHoro (pesynbrytodoro) KK Ha 6yab-akomy ertani TpaHcdopmauii
eHeprii MOXHa BM3Ha4UTKU 3a JO0OyTKOM enemeHTapHux BenuuuvH KK Ha KoxHOMy 3
etanis TpaHcdopmauii. Hanpuknag, pesynetytouni KKO Ha Bxogi eHeprii go 6ygieni
BM3HaAYa€ETbCH 3a 3anexHictio (8.4):

ns = N, N, Yact. o, (8.4)
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e

N, — €PeKTBHICTL BUPOBNEeHHa eHeprii, N, = 1 — Aq, (KKO BUpobneHHs Tennotun y
KOTEnbHi ANs CMCTEMMU LEHTPanisaoBaHOro TENMonocTavyaHHs), YacT. OA.;

N, — eHepreTn4yHa edeKTUBHICTb Ha eTani TpaHcrnopTyBaHHA Tennotu, n. = 1 — Aq,
XapakTepusye BenuUMHy BTpaT TENNOTW NULIE Ha eTani TPaHCMOPTYBaHHSA, YacT. of.

[ns etany Bianycky TennoTu 3 KOTENbHi y TENOBY Mepexy nNs = n,.

BTpaTn Tennotm mMoxHa BMpPasUTU He Nnuwe Yy 4acT. OA. Bi BMXIOAHOT KiNbKOCTI
TennoTtu, a n B abconTHOMYy BuMIipi — y KBT - rog, k[ abo kkan. Toai KinbkicTb
Tennotm Q. , BiOANyLIEHOI CnoXueavyam, MOXHa BMU3HAYMTW 3a BiJOMWMMK Benu4uHa-
MW NepBUHHOT eHeprii nanuea, nigsefeHoi Oo Axepena Tennotn (Q,), i BinoMUMK
BTpaTamu TennoTu Ha mxkepeni edeprii (AQ,) Ta B Tennosux mepexax (AQ;)
3a 3anexHictio (8.5):

Q. = Q, - (AQ, + AQ,), kBT - roa; kkan; kOx,  (8.5)

cn.
ne AQ, i AQ, — abcontoTHi 3Ha4YeHHs BTpaT TEnnoTW Ha eTani BUPOBMeHHs i TpaH-
CMopTyBaHHs, BiANOBIAHO, ¥ KBT - rog, kkan, kx.
HeobxigHa TOBWMHA Lwapy yTennioBada BM3HAYAETLCA 3a BEMUYMHOK LOOATKOBOMO
onopy Tennonepegadi, Ha AKUA MNOTPIOHO 36INbLUNTM 3HAYEHHS OMOpPY HAasBHOI KOH-
CTPYKUIT, Wo6 JOCArTM BUMMOr HOPMAaTMBHOT LOKYMEHTau,i:

8. = Ry =Ry - As,  (86)
ne
8,, — HeobOxiaHa TOBLMHA Liapy yTennoBava, M;
R, — HopmoBaHa BenuyuMHa onopy Tennonepedadi 3rigHo 3 Bumoramu [BH

B.2.6-31, m2 - rpag / BT;

R, — AilicHa Benu4uHa onopy Tennonepeaadyi HasiBHOT KOHCTPYKUIT B M2 - rpag / Br,
BM3HA4YaeTbCA 32 METOAMKOK, BUKMAAEHO Yy po3dini 4.

A, — KoedilieHT TennonpoBigHOCTI Wwapy yTennioeaya, BT / m - rpag 3a gaHumu
Tabnuui gopatka XK.

EHepreTnyHa edeKkTMBHICTb pobOTM TEMMOBOro Hacoca OLUIHIETBLCA KoeqilieHTOM
NepeTBOPEHHA eHeprii N, WO Y1CENbHO BU3HAYAETLCA AK BiAHOLIEHHA KiNbKOCTi ofep-

KaHOro Tenna q 4o BUTpayeHoi 30BHi poboTh |
New =Q/ L, =T/ (T, = T,), (8.7)

ne

T, — Temneparypa npouecy nepeadi TENMOTU CMOXMBaYeBi (Temnepatypa KOHOEH-
cauii), K;

T, — Temnepartypa npotecy BiAGopy TennoTu Bif BTOPUMHHOIO [xepena eHeprii, (Tem-
nepartypa BunapoByBaHHS), K.
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3apauvi 3 po3B’A3aHHAM.

3apaua 1. PiyHi BUTpaTV NpupogHOro rasy 3 TennoTow 3ropsHHA 9,9 kBT - roa / m3
B aBTOHOMHIN KOTenbHi HaB4anbHOro kopnycy BH3 y m. [HinponeTpoBCbKy CTAHOBMASATb
154 tuc. M3 3a onanioBanbHWi nepiod. Po3paxyHKOBi BATPaTW TENMOTU Ha noTpebu
onaneHHsa Oyaieni HaB4YanbHOro KOPMycy 3a pesynbraTamn eHepreTM4YHoro ayauty cra-
HoBNATL Q,, = 340 kBT. |HWi cnoxusadi Tennotn y Gyaisni BincyTHi. CepenHin 3a pik
KKI Ha etani BupobneHHs Tennotu craHosutk n, = 0,8. BTpatn Tennotn Ha eTani cno-
KVBaHHA TENNOTU CTaHOBNATb AQ,, = 7 % KiNbKOCTI BUPOONEHOT Y KOTEmNbHi TEenmoTu.
MMepeBipuT, umM BignoBI4alOTb PidHI BUTpATM rady pPiYHMM PO3pPaxyHKOBMM BUTpaTam
TENNOTU Ha onaneHHs. CepenHsa 3a onantoBanbHUIA Nepiog TemnepaTypa 30BHILUHBbOIO
noBiTpst ctaHoBuna +1,5 9C. CepeaHa 3a onantoBanbHWU Nepioa TeMnepartypa BHYTPILL-
HbOro MoBITPA Yy ByaiBni HaB4anbHOro kopnycy craHoBuTb +18 OC. TpusanicTb onanio-
BanbLHOro nepioay BiANOBiAae HOPMOBAHWM napameTpam: N, . = N,

Po3e’sizaHHs.

1. BusHayaemo po3paxyHKOBi MapamMeTpu 30BHIWHBOrO MOBITPS  Ans
M. [HinponeTpoBckbKa:

— po3paxyHkoBa HOpMOBaHa TemnepaTypa 30BHILUHLOro MOBITPS ANS CUCTEM oOna-

neHHs t, = -24 °C;

— HOpMOBaHa cepefHs Temneparypa onantoBanbHOro nepiogy teep " = -0,6 °C;

— HOpMOBaHa TpMBaricTb onantoBasbHoOro nepiody n,, = 172 nobu = 4128 rog.

2. BusHayaemo BUTpaTy TENNOTW Ha OMareHHs 3a AiNCHOI cepedHboi Temneparypu
30BHILUHBOrO NOBITPA t.,, = +1,5 °C srigHo i3 sanexHicTio (6.25):

Q%P = Qg [ty — toep) / (8 — )] = 340 - [(18 —1,5) / (18 + 24)] =
340 - 0,393 =133,6 kBT

3. BusHauyaemo pidHi BUTpaTy TennoT Ha NoTpebu onaneHHs 3rigHo i3 3anexHicTio
(6.26):

Quic = Q%P+ Ny, = 133,6 - 4128 = 551501 kBT - ron = 474,29 Ikan.

4. KinbkicTb TennoTtu, sika noBuHHa ByTu BignyLweHow 0o OyaiBni HaB4anbHOroO KopMycy,
BM3HAYaETbCH 3 ypaxyBaHHAM BTpaT TEMNOTK Y xoAi ii cnoXvBaHHs. 3rigHO 3 YMOBOIO 3ada-
yi Taki BTpat crtaHoBnATb 7 % BUpobneHoi y kotenbHi Tennotn. OTxe, pidYHa KinbKiCTb
TennoTtu, sika noBuHHa OyTn BignyLeHa Ao Gyaisni HaB4YanbHOrO KOPMyCy, CTaHOBUTL:

Q! (1= Aqg,) = 474,29 / (1 - 0,07) = 509,99 I'kan = 593012 kBT - rop,

pik

5. BusHauymmo pivHi BUTpaTM NpUpOLHOro raay, siki NOBWMHHI MaTu Micue Ans BUMpPO-
OneHHs BKa3aHOT KiNbKOCTI TennoTn 3 KoedilieHTOM KOPUCHOT Aii Ha eTani BUPOGneHHs
Tennotu n, = 0,8:
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B = 593012/ 0,8 - 9,9 = 74875 m3/ rog.

6. lMopiBHIOEMO oaepxkaHy BenuyuHy HeoOXigHMX BWUTpaT rady Ansa 3abesneyeHHs
notpebu Oyaieni y TennoTi Ha onaneHHs 3 AiCHOK BENUYMHOK BUTPAT rasy, Wwo 3adik-
coBaHa Yy By3ni obniky Butpar rasdy: 74875 < 154000.

3a3HavyeHa HepiBHICTb CBIQYNTbL NPO Te, WO AINCHI BUTpaTK rasdy 3HadyHo Oinblui 3a
po3paxyHkKoBi. Lle moxe ByTu cnpuynHeHe Takum:

—  HM3bKa edeKTMBHICTb Npouecy BMPOOMEHHs TeNNOoTU Yy [Kepeni TennoTn, ToMy
fincHa BenuuuHa KK Ha eTani BUpOOMNEHHs TEMMOTM 3HAa4YHO MEHLUA 3a [eKnapoBaHy;

—  3Ha4yHi MOXMOKM MpW BM3HAYEHHI BUTPAT MPUPOAHOrO rasy y BY3ri 00niKy, HEKo-
PEKTHUI 06NiK rady; NMOMWUIKX NpU 3BEAEHHI BUTPAT rady A0 CTaHOapTHUX YMOB;

—  MomwurKa npv BM3HAYEHHI pO3paxyHKOBMX BMTPAaT TENIOTU Ha NOTPebn onaneHHs.

3apaya 2. Ha eTani CnoXuBaHHA TennoTu JOCArHyTO eKoHOoMio Tennotn y AQ =
10000 kBT - rog 3a paxyHOK TepmomogepHisauii Oyaisni. BusHauntn ekoHomito nep-
BUHHOI eHeprii nanuea y KOTEeNbHi i BENUYNHY eKOHOMIT BUTpaT nanvea — NPUPOAHOro
ragy 3 Tennototo 3ropsiHHs 10 kBT - rog / m3. BenuunHa KK BMpoGneHHs Tennotu y
KoTenbHi N, = 0,8, eHepreTnyHa eMEKTVBHICTL Ha eTani TPaHCNOPTYBaHHA TEMNOHOCGIA
y TennoBux mepexax craHoBuTb n. = 0,85. HenpoayKTuBHI BTpaTu TENnoTh Ha PiBHi
CMOXMBaAHHSA CTaHOBNATb 5 % (€EeKTUBHICTb BMKOPUCTAHHS TEMMOTM Yy CNOXuBadiB
Nen, = 0,95).

Po3e’sizaHHs.
1. BusHayaemo 3aranbHuin koedilieHT nepeTBOpeHHs NepBUHHOT eHeprii 3 ypaxyBaH-
HAM ycCix eTanis TpaHcdopmMaLii TennoTu 3rigHo i3 3anexHicTIo:

Kew =1/ns=1/n,-n.-ng, =1/085-08-0,95=17/0,646 = 1,55.
2. BuM3Ha4aeMO eKOHOMIilO0 NMEPBUHHOI eHeprii nanvea (NPUpPOZHOro rasy) 3a hopMyro:
AQ, = AQ,, - k,, = 10000 - 1,55 = 15500 kBT - rog.

3. BusHa4aeMo eKOHOMIto MPUPOAHOTO rady 3 TenroTot 3ropsiHHa QP = 10 kBT - rog / m3:
AB = AQ,/ QP = 15500 / 10 = 1550 m3.

BucHoegok.

EkoHomisa Tennotun y kinbkocTi 10000 kBT - rog 3a paxyHOK TepmoMogepHisauii byais-
ni 0ae MOXMMBICTb OTPMMATU EKOHOMI TennoTU Ha eTani ii BUPOONeHHs y KinbKOCTi
15500 kBT - roa, Wo ekBiBaneHTHO ekoHomii 1550 M3 npupoaHoro rasy.

3apgaua 3. B pesynbraTi 3amiHM rasonanbHUKOBMX MPUCTPOIB KOTENbHUX arperariB
cepegHbopiyHun KK Ha eTtani BupoOneHHs Tennotu Baanocs 36inbwmntm Ha 7 %
(3 80 % po 87 %). PiyHa kinbKkiCTb TennoTtu, sika BMpobrnsanack y KOTenbHi 40 3aMiHu
nanbHUKIB y KoTenbHi, ctaHosuna 250500 kBT - rog = 215,43 Nkan. Tennota 3ropsHHS
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npupoaHoro rasy craHoBuTb QP = 10 kBT - roa / m3. BusHauutn ekoHomilo nanuea y
pe3ynbTaTi PEKOHCTPYKLUIT KOTENbHUX arperaTtiB i 3aMiHu iX nanbHUKIB.

Po3e’si3aHHs1.
BusHavyaemo BenunymnHy pidHOT €KOHOMIT MPUPOAHOrO rasdy 3rigHO 3 3anexHICTio
(8.10) nmocibHuka:

AB=(Q./Qp)-[(1/n)—(1/n")] = (250500 / 10) - [(1/0,8) — (1/ 0,87)] =
25050 - 0,1 = 2505 m3.

BucHo8oK.
PiyHa ekoHoMist npupoaHoro rasy y pesynbsrati 36inbweHHa KK Ha eTani BupobneH-
HA Tennotu Ha 7 % cTaHoBuUTb 2505 m3.

3apava 4. BusHauut HeoOxigHy TOBLUMHY TennoBoi i3onsuii y Burnsagi MmiHepano-
BaTHUX MAUT WinbHicTio 50 kr / M3 ANa oTpYMaHHA HOPMOBaHUX XapaKTepPUCTMK ropuLL-
HOrO MepekpuTTsa 3-NoBEPXOBOro HaeyvanbHoro kopnycy BH3 y M. BiHHuui. Benuuuna
onopy Tennonepeaadi NepekpUTTa Ha TENEPILHIN CTaH 3a pesynsrataMy eHepPreTuyHo-
ro ayauty Oyaisni ctaHouna R, = 1,2 M2 - rpag / BT. CepenHio Temneparypy BHYTpiLL-
HbOrO MOBITPS NpuUHATK +20 OC.

Po3ze’ssizaHHs.

1. BusHauyaemo po3paxyHKOBi HOPMOBaHi MapamMeTpu 30BHILUHBOMO MOBITPA AN
M. BiHHUML:

—  po3paxyHKkoBa HOpMOBaHa Temmnepartypa 30BHILLUHbOrO MOBITPSA ANs CMCTEM ona-
newHs t, = -21 9C;

—  HOpMOBaHa cepefHsi Temneparypa onantoBanbHoro nepiogy t. " = -0,7 0C;

—  HOpMOBaHa TpuBanicTb onantosaneHoro nepiogy n,,, = 180 gi6 = 4320 ropa.

2. BusHavyaemo TemnepatypHy 30Hy Ana M. BiHHuui. [Ona uboro BM3Ha4YaeMo Kinb-
KicTb rpagyco-gi6 (') arigHo i3 3anexHicTio (4.10):

M =ng, - (t;— tep") = 180 - (20 + 0,7) = 3726 rpapyco-Ai6, wo Ginblie 3a 3501
rpagyco-gi6. Omxe, M. BiHHMUA HanexuTb Ao 1-1 TemnepaTypHoOi 30HM YkpaiHu.

3. 3a Homepom TemnepaTypHOi 30HM 3rigHO i3 Tabnuuet gopgaTtka 3 BU3HAYAEMO
HOPMOBaHy BENUYMHY OMopy Tennonepenayi NepekpuTTs, sike MeXYe 3 XOrOoAHUM MOBi-
TpAM, R, = 3,5 M2 - rpap / BT. MOpiBHAHHA HOPMOBAHOT i AiACHOT BEMWUYMHI TEPMIYHOMO
Onopy CBiAYNTb, LLO TENNo3axuCHi XapakTepUCTUKN NEepPekpUTTs Ha TenepillHin CcTaH He
3aJ0BOMbHAIOTL CyYaCHUM BMMOram eHepro30epeXeHHs.

4. 3rigHo i3 OoBiAHMKOBUMU AaHuMK (gopgaTok W) BusHavyaemo koedilieHT Tennonpo-
BiQHOCTI Ana Tennoi3onsAuinHoro martepiany — MiHepanbHOI BaTyh i3 wWinbHicTio 50 kr /
m3. KoedilieHT TennonpoBsiaHoCTi A, = 0,06 Bt/ m - rpaa.

5. Bu3Hayaemo HeobOXxigHy TOBLUMHY TEnsoBOi i3ondauii NS NepekpuTTs 3rigHo i3
3anexHicTtio (8.6) :

5, = (R, — Ry - Ay = (35— 1,2) - 0,06 = 0,138 M = 138 mMm.
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BucHOGBOK.

[na 3abe3nedyeHHs HeOOXiOHWMX HOPMOBAHWUX TEMITO3aXMCHUX XapaKTepUCTUK nepe-
KpUTTS HeobXiqHO HaHeCTM Ha HbOro AO0AATKOBWUW Luap TENroBOI i30Msuii 3aBTOBLLKM
onnsbko 140 mm.

3apaua 5. CepefHs nMToMa TEMNOMPOAYKTUBHICTE COHAYHOIO BaKyyMHOrO KOrektopa Ha
wmpoti M. MonTaeu ctaHoBuTL Grmabko 300 BT 3 1 M2 konekTopa. Mnowa KonekTopis, Siki
BCTAHOBMEHO Ha HaBYaslbHOMY KOPMYCi CiNbCbKOroCno4apCbKoro YHIBEPCUTETY, CTAHOBUTb
5 M2. BU3HAUMTM KiNbKICTb TENMOTKW, AIKYy MOXHa OTpUMAaTK NpoTaroM 8 rof odHiel 4o6u Big
COHSAYHUX KOrekTopiB Akoto Byae eksiBarneHTHa KinbKiCTb 3€KOHOMIMEHOTo MPUPOOHOrO rasy:

—  npotarom aobu;

—  MNpOTArom OfHoro micaua?

Po3e’si3aHHs.

1. BU3Ha4YaeMO KinbKiCTb TEMnnoTu, Ky MOXHa oTpumaTh 3 5 M2 COHAYHOMO KOMeKTo-
pa notarom 8 roA Aii COHAYHOI pagiauii 3a yMOB cepedHbOi TennonpoayKTUBHOCTI
konekTopa 300 BT / mZ:

Q=300 -5-8=1500 Bt = 12 kBt - rog.

2. BusHa4yaeMo ekBiBaneHTHY KifbKiCTb 3€KOHOMIIEHOro MpupogHoro rasy. Tennota
aropsiHHa 1 M3 npupogHoro rasy craHoBWTb Gnusbko 10 kBT - rog. Takum YMHOM, Mpo-
TATOM OfHiIEl AO6M 5 M2 COHSIMHMX BaKyyMHMX KOSIEKTOpIB AadyTb €KOHOMIto TEnnoTw,
eKBiBanieHTHy NepBWHHIN TennoTi 3ropsHHa 1,2 M3 npupogHoro raay.

3. ExoHoOMis npupogHoro rasy 3a ogvH Mmicsaub (3a ymoBu 6e3xmapHoro Heba) cTa-
HoBUTUME 36 M3. Takoi KinbKOCTi nanuBa [OCTaTHbO A1 HarpiBaHHA npoTaroMm 12...
14 xB BOAMW, WO BUTIKATMMe i3 OQHOrO 3MillyBava Agylia.

3apaya 6. 3pobuTK BUCHOBKM 3a pe3yrbTaTaMu eHEepreTMYHOro ayauTy HaBYanbHOro
kopnycy BH3 y m. YepHiBui, SKWO 3a yMOB NOCTIMHOT TeMnepaTypu 30BHILUHLOIO i BHY-
TPILWHBOro MOBITPA OTPUMAHO Taki pe3ynbraTu:

—  HaOXOOKEHHS1 TennoTu Bi4 Hei3onboBaHUX TPyOOMPOBOAIB CUCTEMU rapsivoro
BOAOMOCTAYaHHSA, AKi MPOKIaAeHo Y NPUMILLIEHHAX OyaiBni (3 ypaxyBaHHAM LMPKYIALin-
HUX TpyGonposogis), Q™ = 2,1 kBT;

—  HaOXOMKEHHS TensnoTu Big CUCTEM LUTYYHOrO OCBITNIEHHSI MpuUMilleHb Oyaisni

Ques. = 12 KkBT;

—  HaOXOMKEHHSA TenmnoTu Big enekTpoobnagHaHHA Mpu MNepexodi MeXaHidHOoi i
€MNeKTPUYHOT eHeprii y TennoBy Qg ., = 4 KBT;

—  TennoHaaxomKeHHs Big nwogen Qmoﬂ_ = 8 kBrT;

—  BTpaTu TennoTu Yepe3 OropomXyBarbHi KOHCTPYKUIT NpUMiIlLeHb (TpaHCMICivHI
BTPaTK Tennotn) Q.. = 80 kBT;

—  BTpaTM TennoTW Ha HarpiBaHHA 30BHILHLOrO MOBITPSA, SKe HAINLTPYETLCA Y
npumMilleHHs Byaisni Yepes ABepi, BikHA Ta iHLWI HELLiNbHOCTI B OFOPOMKEHHSAX Oydieni,

Q. = 45 KBT;
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— KifbKICTb TEMnoTM Ha noTpebu onaneHHs, Wwo 3adikcoBaHa Ha OCHOBI MOKa3aHb
TennoBoro niunnbHuka Q;, = 150 kBT.

Po3e’si3aHHs.

1. BusHayaemo notpeby y TennoTi Ha onaneHHs HaB4anbHOrO KOPMycy 3 ypaxyBaH-
HAM K BTpaT TennoTw, Tak i Ti HagxomKkeHb 3rigHO 3 3anexHicTio (8.10) nocibHuka:

Qon. = (QTpch. + Qin).) - [QrBTp' + roa. + QCOH. + QeJ'|.06J'|. + Qmou.] =80 + 45 -
(2,1 +12 + 4 + 8) = 125 - 26,1 = 98,9 kB™.

BuTtpatu Tennotu npotaroMm OAHiel roguHu ctaHoButumyTb 98,9 kBT - roa.
2. BMKOHYEMO MOPIBHSHHSA oAep)KaHOi BENWYMHU 3 MOKa3aHHSAMWU TEMMOoBOro Mivnnb-
HUKa, AKWI 3adikcyBaB roavHHi BuTpatn Ttennotu Gyaisneto Q., = 150 kBT - roa:

150 > 98,9.

Q.. > Q,, Omxe, AKWO pesynsTatM €HEepreTMYHOro ayawuTy MpaBunbHi, TO Y
HaBYarbHOMY KOPMNYCi MaloTb MiCLe 3Ha4Hi nepeBuTpaTu TEeNOBOI eHeprii, WO NOBMHHO
BigobpaxaTnce Ha TemnepaTypi BHYTPILHBbOIO MOBITPA Yy MPUMILLEHHAX. AK BapiaHT
BapTO LWe pa3 nepernsgHyTn pesynsrat¥ eHepreTUYHOro ayamTy Yy YacTWHI BU3HaAYEHHS
OCHOBHUX CKIaJoBUX TENNOBOro 6anaHcy i BU3HAYEHHS TEMMOTEXHIYHUX XapaKTEPUCTUK
OropoaKyBarnbHUX KOHCTPYKLUiN Byaisni.

3apavi gna camocTinHOro po3B’si3aHHA

3apava 7. Brpatn Tennotun Ha eTani BUpobneHHsa ctaHoBnaTe 15 %, Ha eTani TpaH-
cnoptyBaHHa — 18 %, a Ha eTani cnoxuBaHHA — 7 %. BusHauutn 3aranbHi BTpaTtu
TEeNnoTn i KoedilieHT NepeTBOPEHHS NEPBUHHOT eHepri.

3apaua 8. Ha etani TpaHCnopTyBaHHA TENMOTU OOCATHYTO €KOHOMI TenmnoTu y
120000 kkan / rog 3a paxyHOK 3aMiHM KaHanbHOro npoknagaHHs TpybonpoBoais
TENMOBMX MEpPEeX Ha nonepenHbO i30nboBaHi TpybonpoBoan. BuaHauntn eKoHOMIO
NepBMHHOI TENNOTU ManwWBa i BUTpaAT nanuea — GioeTaHony 3 TEMMOTOK 3ropsiHHS
10,5 kBT - rog / «r.

3apgaya 9. BusHaunt HeobxigHy NMOBEPXHIO COHAYHUX KOMEKTopiB Ansa Oyaisni Ha
LWKMPOTi M. XapkoBa AN OTPMMaHHS E€KOHOMIT TennoTu, ska ekBiBarneHTHa E€KOHOMii
NepBUHHOT TENMOTY NPUPOAHOro rasy y kinbkocti 100 M3 3a micAub. CepeaHio NUTOMY
TENNONPOAYKTUBHICTb COHAYHOIO BaKyyMHOrO KOMeKTopa MPUNHATK PIBHOK OGnmn3bKo
350 Bt 3 1 M2 komnektopa. TpuBanicTe nepiogy akTWBHOT COHAYHOI pagiauii —
8 rog 3a goOy.

3apaya 10. BusHaunt HeobxigHy TOBLUMHY TEnnoBOi i3onauii y BUrMAAi MiHepano-
BaTHWUX MMUT wWinbHicTio 100 kr / M3 Ona OTPUMaHHA HOPMOBaHWUX XapaKTepUCTUK
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30BHiWHIX CTiH 5-NMOBepx0BOro HaeyanbHoro kopnycy BH3 y m. Xepconi. BenuuuHa

onopy Tennonepeaadi CTiHW Ha TenepilLHIN CTaH 3a pe3ynbTataMu eHepreTM4YHoro ayam-
- - 9. .

Ty (.Syp,le chaHOvaa R, = 1,0 m* - rpap / BT. CepenHio TemMnepatypy BHYTPILLHbOTO

nositTpa npuitHaT +20 °C.

3apava 11. 3a onantoBanbHWIN Mepiog 3 CEPefHbOK TEMNEPATYPOK 30BHILLHLOIO
nositpa +1,5 9C B koTenbHi HaB4YanbHoro kopnycy BH3 y m. Jlyubky Gyno ButpaveHo
3a nokasaHHAMM niunnbHuKa rasy 720000 m3 npupogHoro rasy (BUMTpatu 3BeAEeHO [0
CTaHOapTHMX yMOB). Po3paxyHKOBI BUTpaTu Tennotu Ha notpebu onaneHHs Oyaisni
ctaHoBnsaTb 420 kBT. |HWIi cnoxmBadi TennoTn BiACYTHI. BuaHaunTtn, ym BignosigatoTb
3a3HayveHi BATpaTK rasy pearnbHUM BUTpaTam TennoTu Ha notpebu onaneHHs Oyaisni.
CepeqHio Temnepartypy BHYTPILLIHbOrO MOBITPA MNpuiHATM +17 OC. TennoTy 3ropsiHHS
npupoaHoro rasy npuitHaT 9,5 kBT - rog / M3 (3a cTaHOapTHUX YMOB).
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<HaiiMeHyBaHHs1 BULLOTO HaBYanbHOro 3aknagy>

3BIT

3 NPOBEOEHHA
EHEPTETUYHOIO AYOUTY

<npu3HayeHHs Oygieni Ta i agpeca>

<doTo Oyaisni>

<MicTo, pik>
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MepeaymoBu

EHepreTMyHuin ayauT BMKOHAHO (CkMan rpyny 3 BUKOHAHHA €HEepreTMYHOro ayauty
Oyaieni). MeTol NPoBEAEHHS eHeproayauTy € AOCHIOKEHHS peanbHOro CTaHy CroXu-
BaHHS eHeproHociiB i Bogu y Oyaisni (Hasea Oyaieni Ta i agpeca) Ta po3pobka eHep-
rosbepiranbHMX 3axofiB 3 METOH CKOPOYEHHSI BUTPaT NarnuBHO-eHepreTU4HUX pecypcis
i NoniNWeHHsA eKomnoriYHMX napameTpiB y paroHi po3TawyBaHHsa Oyaisni BH3.

1. Pe3tome
OG’eKTOM eHEepreTUYHOro OBCTEXEHHS € (Ha3Ba o6’ekTa)
TexHiYHi xapaKkTepucTukn ByaMHKY Taki:
—  PIK MOBYOOBY ...ttt e e ettt e e e e e e e e e e e e e e e e e e e e e eaaans p.;
—  KIJIBKICTD MOBEPXIB ...eeevivririiiiiiiiiiiiieaeaeeeeeeeeeeeeeeeeeeeeeeeeaeaessasnaanaaannnns noB..;
— 3aranbHa OMastoBaNbHA MITOLLA ..ceuveeeeeeiiiieieeeaiiieeeesaneeeeeesannneeeeens MZ;
— onantoBanbHUA 06’eM 3a 30BHILLHIMKU OBMipamMu... m3;
—  KiNbKICTb MELUKaHLUIB (ANSA TYPTOXKUTKIB).....cceeeeeeerrrrierreeeaeeeeeeeinnenns 0cib;
— KiNbKiCTb CTYOEHTIB Yy HaB4YanbHOMy kopnyci BH3 ....................... ocib;
— KiNbKiCTb BMKMagadiB, siKi NpautoloTb y HaB4YanbHOMY KOPMYCi..... ocib;
—  KiNbKICTb OOCMYroByO4Oro nepcoHany y Oy4iBMi......cccccccveeveveeennn. ocib.

YcepegHeHe 3a nepiog 2008...2010 pp. pi4yHe eHeprocrnoxmBaHHSA OyOouHKY ckrano

kBT - rog ( kBT - rog / M2 aGo KBT - rog / m3), y T.4. Tennoea
eHepris %. PiyHe cnoxuBaHHs rapsyoi Boau M3, piYHE CrOXMBaHHS
XOnoAHoi Boau VE

lMig yac NpoBedeHHs1 eHeproayauTy po3rnsganoch CNOXUBAHHA €Hepropecypcis, Lo
BUKOPUCTOBYIOTBCA Ha MOTpPebu (onaneHHsi, BEHTUNAUIl rapsyoro BOAOMNOCTaYaHHSA
(FBIT), ocBiTneHHa Ta TexXHOMOriYHi NoTpebu Oyaieni), a TaKoX CMOXMBAHHS (XONOOHOI,
rapsidoi BOAM i MpMpPOJHOro rasy).

Cnocrepiraetbes (BiOXMIEHHS, OOTPMMAHHS) TeMNepaTypu BHYTPILHLOIO MOBITPS B
XUTNOBUX NPUMILLEHHSIX Bif HOPMaTUBHOIO 3HAYEeHHS Mig Yac HanbinbLl XONOoAHMX nepi-
ofiB onasnoBasribHOrO Ce30HY — O 3HaYeHb 0C, wo Bignosinae cepeHiii Temne-
paTypi no GyauHky Ha piBHi _ OC (3 BpaxyBaHHSIM TemnepaTypu Ha CXOZOBIN KMiTui,
kopugopax). [incHa cepegHs Temnepatypa B (KUTNOBUX MPUMILLEHHS, ayaAUTOPIsX)
NpOTAroM OnaroBanbHOro nepiogy cTtaHoBuna 0C.

[Ons pospaxyHKy eKOHOMii BUTpaT MarMBHO-EHEPreTUYHUX pPecypciB Yy pesynbsrari
BMPOBaXEHHSA eHepro3bepiranbHUX 3axodiB MNPUIRHATO HOPMOBaHY TemnepaTtypy
(B KiMHaTax ryptoxuTkie, ayautopiax BH3) Ha piBHi 0C BionosigHoO 40 BUMOT HOP-
MaTUBHOI OOKyMeHTauil .

LlopiyHnin po3mip BMAaTkiB Ha pecypco- i eHepro3abeaneyeHHsi OyanMHKY CTaHOBMB
Ornmn3bko TUC. TPH (Y UiHax, Wo AiloTb 3 ). BennuunHn Buaartkis
3a OKpPEMMMM BMOAMU BUKOPUCTaHMX pecypciB HaBedeHo (y Tabnuui 1, Ha pucyHky 1).
Ak BMOHO i3 HaBeOeHUX OaHuX, OCHOBHI MnaTtexi 34iNCHIOKTLCA 3a Taki pecypcu: ona-
neHHsa__ % 3aranbHOro po3mipy BMAATKIB, OCBITIEHHS %, rapsiye BogonocTayaH-
HS % ,eneKkTponocrayaHHs %).
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<PucyHok 1 — Po3nogin BUTpaT 3a eHeproHocii abo
Tabnuus 1

Po3noain BuTpat 3a eHeproHocii>

BusBneHun noTeHuUian 3HUXEHHA TennoBoi eHeprii B OydiBni CTaHOBUTL
kBT - rog / pik ( IOx 3a pik), ( % peanbHOro piBHSA CrMOXMBaH-

HS TEnnoBoi eHeprii).
BusBneHuin noTeHuian 3MeEHLUEHHsT BWUTpaAT XOnodHoi BoauM B OyadiBni cTaHo-

BUTb m3 3a pik ( % peanbHOro piBHA CNOXWBAHHSA XONOAHOT BOAW).
BusiBneHnn noTeHUian 3MeHLWeHHs BUTpaT rapsyoi Boou B OyaiBni cTaHo-
BUTb m3 3a pik ( % peanbHOro piBHSA CMOXMBAHHS raps4voi Bogm).
BusBneHuin noTeHUian 3MeHLUeHHs BUTpaT enekTpUYHOi eHeprii B OyaiBni craHo-
BUTb MBT - rog 3a pik ( % pearnbHOro piBHs CNOXUBaHHA enNeKkTpuy-
HOT eHepri).
3a ymoBM peanisauii eHeproedeKkTMBHMX i pecypcocbepiranbHUX 3axo4iB Ha iHxe-
HepHux cuctemax Oyaisni i3 3aranbHUMKM iHBeCcTUUISMU 6riM3bKo rpH
MOXIMBE 3HMXEHHS PIYHUX BUTpAaT 3a eHeproHocii i Bogy Ha rPH B piK
(___ % peanbHoro piBHA). Lle Bignosigae nepiogy OKymHOCTI B POKIB.
BnpoBamxeHHs1 eHepro3tepiranbHUX 3axo4iB 4ae MOXITMBICTb CKOPOTUTU PidHi BUTPa-
TV MEPBMHHOIO nanuea Ans OAepXXaHHS TennoBoi eHeprii Ha M3 npupoa-
HOro rady 3 TensroTo 3ropsHHS KBT - rog / m3 ( kx / m3), aBo

T YMOBHOro nanvea (nanvea 3 TEnnoTow 3ropsHHA 8,1 kBT -
rog, / kr, abo 29400 k[x / kr).

CkopoyeHHs BUTpaT MEepBUHHOI eHeprii i nanuea Jae MOXIUBICTb AOCArTU Takoro
€KonoriYHoro edekTy:

— 3MEHLUEHHS PiYHMX BUTPAT MNOBITPSA Ha NPOLECKH ropiHHA nanvea Ha m3
( % NOPIBHAHO 3 pearnbHUM PIBHEM CMOXMBaHHS MOBITPS HA NPOLIECU FOPiH-
Hs1);

— CKOPOYEHHS PiYHUX BUTPAT KUCHIO, SIKUI BUNYYaETLCA i3 MOBITPS ANA BUKOPUCTAHHS
MOro y npouecax ropiHHs Ha m3 ( % peanbHOro piBHSA);

— 3MEeHLUeHHs piYHMX BUKMOIB B aTMocdepy Aiokenay syrneuto, CO, (napHUKOBOro
rasy) Ha T( % peanbHoro pisHa Bukuais CO,);

— CKOPOYEHHS PiYHMX BUKMAIB y aTMocdepy LKIANMBUX iHFPEdieHTiB 3aranomMm Ha

T ( % peanbHOro piBHA BUKMAIB) Y TOMY YUCHI:

— oKcuaiB asoTy Ha T;

— MOHOOKCKUAy ByrreL Ha T;

— [OIOKCUHY CipKun Ha T;

— aucnepcHoi dasn Ha T;

— IHWMX peyoBuH 3anexHo Big BUOY nanvea Ha T.

3anobiraHHsA WwKogu atmocdepi B pesynbraTi CKOPOYEHHS LWKIAMVMBUX BUKWUAIB Y

aTtmocdepy Moxe ByTu OuiHEHE BENUYMHOK rpH 3a pik. OCHOBHI

€KOHOMIYHI MOKa3HWMKM 3axodiB HaBegeHo y Tabn. 2.
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Tabnuuysi 2
EkOHOMIiYHi NOKa3HMKN BNpoBag)XeHHs1 3aXOA4iB 3 eHepro3depexeHHs
i CKOpo4YeHHA BUTpaT BOAMU

MepBuHHI | Ckopo4yeHHs1 | CkopoveHHs1 | EkOHOMiYHUMN TepmiH
iHBecTULiT, BUTpaT BUTpaT edekt OKYMHOCTI,

3axoaun [rpH] Tennoru, BOAM, BNpPOBaXKeHHSA, poKiB

KBT - rog 3a M3 3a pik [rpH]
pik

BcTaHoBneHHs1 eHepro3bepi-
ranbHUX CBITUMbHUKIB

I3onsuig Tpybonposodis cuctem
onareHHst B HeonanioBarnbHNX
NPUMILLEHHAX

BcTaHoBneHHs1 aepatopiB Ha
3MillyBayax CMCTEMM rapsiyoro
BOAOMOCTa4YaHHs

PekoHcTpyKuUist By3na
3MilLyBaHHSA B TENMOBOMY BYy3rii
BBOAY | BCTAHOBIIEHHS
obnagHaHHs Ans
aBTOMATUYHOIO perynioBaHHs
BiAMyCKy Tennotu

BcranoBneHHs Tambypa i
PEMOHT BXiQHWX ABepei A0
Gyaieni

BnawTtyBaHHsa gogatkoBoi
TENnoBoi i3onAuii Ha nepekpuTTi
Oyaieni

YWiNnbHEHHS CTYNOK BIKOHHUX
pam i 3amiHa po3OMTUX BIKOHHUX
nboK

Ycboro

2 CraHpaptu Ta npaBuna.

BusHaueHHsi po3paxyHKOBUX BUTpaT eHeprii y OyaiBnsax 3pgiicHoBanock BiANOBIgHO
00 BUMOT OO0 PiBHA KOMAQOPTY B MPUMILLEHHAX, 3a3HadveHux y OBH B.2.2-15-2005
«Kutnosi OyguHkn. OcHoBHI nonoxeHHsa», OBbH B.2.2-9-99 «[pomagcbki 6yauHku i cno-
pyan», a Takox OBH B.2.2-3-97 «BbyaunHkn Ta cnopygou HaB4YanbHUX 3aknagisy.

lMig Yac BU3HAYEHHSI TEPMIYHOIO OMOPY OrOPOMKYBANbHUX KOHCTPYKLIN Npu po3pob-
Li 3axodiB 3 TepMoMoaepHisadii BpaxosaHo Bumorn [IBH B.2.6-31:2006 «Tennoga i3o-
nauis oygisenb» i CHull 2-3-8-79 * «CtpouTtenbHas TEnnoTexHiKay.

3 3aranbHi gaHi

OG6’eKTOM eHepreTMYHOro 0BCTEXEHHA € <Ha3Ba i MpU3HAYeHHa OyaiBni
Bypiens Hanexntb <Hasea BH3

>.

>. Agpeca Oygieni <

>.

TexHiYHy ekcrnnyaTauilo iHKeHepHMX KOMYHikaui Oyaieni 34iMcHOE <HasBa opraHisadii
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abo Bigginy BH3 >. byanHok cknagaeTbes i3 <KiMbKiCTb CEKLiv, npu-
oynos >. TonoBHui acap OGyaiBni 30piEHTOBAHO Ha <CTOpOHAa

FOPU3OHTY, Ha AKY 30pPIEHTOBAHO TOMOBHWIA hbacan>.
TexHiYHi XxapaKTepucTuUKn OyaMHKY Taki:

= PIK MOBYAOBM ...ttt p.;
—  KISIBKICTD MOBEPXIB .eeeevvvvirriniiiiitieisseseseeeeeeeaeaeaeeeeeeeseeesessssnsnnnnnnnnns MnoB.;
— 3aranbHa ONantoBaNBbHA MITOLLA ...uuueerreeraaaeaeeaaaeneineeeeeaeaaaeeaeaaannenes Mm2;
—  KOPUCHA MIIOLLA BOYOIBI i ccceieeeiiiiciiiiiiieeeeeeeeee et e e e e e M2;
— onantoBanbHUA 06’eM 3a 30BHILLHIMKU OBMipamMu... m3;
—  KiNbKICTb MPOXMBAKOUMX (ANSA TYPTOKUTKIB).....cccvvrrrreeeeeeeeeeeeeeeaninns 0cib;
—  KinbKicTb 06CNyroByto4Oro nepcoHany(ans rypToXuTKiB) ............. ocib;
— KiNbKiCTb CTyOEHTIB y HaBdanbHoMy kopnyci BH3 ........................ 0cib;
— KiNbKiCTb BMKNagauis, siKi NpautooTb Y HaB4YanbHOMY KOPMYCi..... ocib;
—  KinbKiCTb 06CryroByt04oro nepcoHany y OyaiBMi......cccccccceeeecnnnnns ocib

3abe3neyeHHs OyaOMHKY TEnnoBOK €Heprield Ha MoTpedu onaneHHst 3AiNCHIETLCS
Bif, <CUMCTEMM LIeHTpani3oBaHOro onaneHHs: Bif MICLIEBOrO mkepena TennoTn y BUIMAAI
(rasudikoBaHMX KOT/iB, ENEeKTPOKOTAa, KOTNa Ha TBepOOMY NanuBi Ta iH.); BiJ aBTOHOM-
HOT cMCTeMW TennonocTadaHHs y BUIMAAI >,

Mogaya xonogHoOT Boau A0 OyAMHKY 30INCHIOETBCS Bif BOOOMOHY.

3abesneyeHHs ByanHKY rapsyoo BOOOK 3A4INCHIOETLCS Big, <CUCTEMM LIeHTpani3oBa-
HOro onaneHHs; Bif LeHTpanbHOro TemnoBoro nyHkTy BH3; Big iHAMBIAyanbHOro tensio-
BOrO MYHKTY. AKM po3TawioBaHui y 6yaisni BH3: Big micueBuXx YCTaHOBOK ANSA NPWUro-
TYBaHHA rapa4yoi BOAW — eneKTpuYHMX OonnepiB, NPOTOYHUX BOAOHArpiBayiB; Bid
MiCLIEBOro [pkepena TenaoTu LUASXOM HarpiBaHHA BOAM Y KOTNi; Biabip rapayoi Boau
30IMCHIOETLCA i3 CUCTEMU OnaneHHsa Oyaisni>.

Mig yac eHeproayanTy po3rngganucs Taki LUNSXM eKOHOMIT eHepropecypcis i Boau:

—  CKOPOYEHHS CMOXMBAHHS TEMJIOBOI eHeprii Ha NoTpebu <onaneHHsl, BEHTUAALUIT,
KOHAMLIIIOBAHHA MOBITPS i rapsyoro BoAONOCTaYaHHSA, iHLIi NoTpedu>:

—  CKOPOYEHHS CMOXWMBAHHS €neKTpoeHeprii Ha noTpebun <BHYTPILIHBbOIO i 30BHiLL-
HbOrO OCBITNEHHSA, NPUrOTYBAHHSA Ki HA enekTPUYHWX NAUTax, reHepyBaHHA TEMAOTU B
ENEeKTPUYHUX KOTNax, NPUBEAEHHSA OO0 Ail BEHTUNATOPIB CUCTEM BEHTUAALIT abo iHLIoro
obnagHaHHS, iHLWIKWX NoTped>;

—  CNOXWBaHHSA NPUPOAHOro rady Ha noTpebu <OpUroTyBaHHA DKi HA rasoBWX NAu-
Tax, rapsa4oi Boau, reHepyBaHHA TENSIOTU B aBTOHOMHUX i MiCLIEBUX MKepenax TennoBoi
eHeprii, iHWi noTpebu>;

—  CMOXWBAHHSA BOAWM HA CaHITAPHO-TIMEHIYHI i TEXHOMOrIYHI noTpedu.

[MoninweHHs eKonoriYyHNX XapakTepUCTUK AOCAranocb 3a paxyHoK:

—  HEenpsIMOro EKOIIOMYHOro edheKTy, CrPUHYMHEHOMO 3MEHLLIEHHAM CMOXUBAHHS MEPBUHHUNX
€HEeproHoCiiB (Nanvea, enekTpUYHOi eHepril) i BoaW, a TakoX MOB'A3aHOM0 3 LM CKOPOYEHHSIM
BUKVLIB 3a0pyOHIOBarbHMX PEYOBUH Y OOBKINNS <atmocdoepy, Boay, IPYHT>;

—  NPSIMOro eKomnorivHoro edekTy, KM Mae Micue y pasi BNpoBamXeHHs <edek-
TUBHUX CUCTEM OYMUCTKM, HOBUX TEXHOMOIIYHMUX NPOLIECIB OTPUMAaHHS EHEepril, 03eNeHeH-
HA TepuTopii, 36epexeHHA 3eneHnx HacaKeHb, BNPOBAaKEHHA HOBUX edEKTUBHMX
cuctemM 300py i yTunisauii BiaxodiB Ta iHwe>.
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4 XapaktepucTtuka oyaisni

4.1 BbyniBenbHi KOHCTPYKLUii

ByanHok cknagaetbcs i3 <BKa3aTu KiNbKiCTb cekuii abo npubynos>. CTiHM OGyauHKY
BMKOHaHI 3 <uernu, 3ani3obeToHHMX naHenewn, Kepam3anToOeToHHUX 6nokiB, iHLWe

3 TOBLUMHOK CTiHM M. [atn xapaktepuc-
TUKY HWNX WapiB KOHCTPYKLIT CTIHKW>.

30BHilWHI aedekTn CTiHM — <He BUABMNEHO, 0bcunaHHA obNULIIOBaNbHOT NANTKK,
NOPYLIEHHS UiNICHOCTI TUHbKYBAHHSA, HAsBHICTb MICTOYKIB XON0OAY, HEAKICHI 30BHILLIHI Bif-
KOCW BIKOH, HasIBHICTb HELLiNIbHOCTEN Y MICLUAX BCTAHOBIEHHSA CBITNOMNPO30PUX KOH-
CTPYKLIN i 30BHIilLHIX ABepew, iHwe>. KoediuieHT TennonpoBigHOCTI OCHOBHOIO KOH-
CTPYKTMBHOrO martepiany CTiHU — Bt/ m - rpaa.

Bynisna mae BikHa 3 <oOMHapHMMMW NPUTBOpPaMU, NOABINHWMY NPUTBOPaMM; OOMHAap-
HUM, MOABIMHWM 3acKAEHHAM Y OepeB’siHUX pamax, Y BUMAAi OAWHAPHUX, NOABIMHWUX
CKITOMAaKEeTIB Y MEeTanonnacTukoBux pamMax. Akuio 6yaiens Mae pisHe 3anoBHEHHSA CBIT-
NONPO30pPUX NPOPI3iB, TO HEOBXiAHO BKa3aTW BiACOTOK KOXHOFO i3 BU/IB 3aCKNEHHS>.

30BHIiLWHI gedeKkTn 3anoBHEHHS CBITNIONPO30pMX MPOPI3iB — <HE BUABNEHO, HasB-
HICTb 3HaYHWUX HELLINbHOCTEN Y MiCUAX CTYNOK, HELWAbHOCTI B MiCUAX NPUMWKAHHA CKNia
00 paMu, BiACOTOK PO3BGMTOro ckna i ckna 3 TpillMHaMu Yu iHWKMK adedpekTamu, AKicTb
YWINbHEHHA i BuA MaTepiany, akuin 6yno BUKOPWUCTAHO Y XOAi YLINbHEHHS, KiflbKicHa
OLliHKa HEdAKICHOro VULiNbHEHHA CTYNOK, iHLIi XapakTePUCTUKN>.

[Onsa po3paxyHKiB NPUAHATO Taki 3HAYEHHS TEPMIYHOro OMOpYy KOHCTPYKLIT BIKOH —

OnS BIKOH 3 <noABiMHUMMW OAMHAPHUMU CTyNKamu — M2 - 0C / BT, ans BiKOH
Yy METanonnacTMKoBUX pamMax 3 OAMHAPHUM CKITONMaKETOM - m2 - 0C / Bt, ans
BiKOH 3 NMOABIMHMUM CKITOMaKkeToM-- M2 - 0C / Br>.

ByanHok mMae 6GankoHu, a Takox nogxii, BOygoBaHi B 06’em Oygieni, Ta Taki, WO
BMCTyNawTb 3 06’emy OyaiBni. XapakTepucTvka OropopKyBaribHUX KOHCTPYKLIA FNOMKIN
i 6ankoHiB, HasABHICTb 3aCKNEeHHSA NOoAXi i 6ankoHis.

®dyHaameHT OyauHKy 3 <3ani300ETOHHWX KOHCTPYKLIN, SKi OOHOYACHO € OrOpOKY-
BalnbHUMM KOHCTPVYKLISIMM HeonanBanbHOro niasany 3 3eMAsHOK NiAnorow, iHule —
HasBHICTb OMantoBanbHOrO NigBany, XapakTepUCTUKaA KOHCTPYKLIIM OropoMkeHb NiaBany
aHamnoriyHo onucy 30BHILLIHIX CTiH. BenuunHa koedilieHTa TennaonpoBiaHOCTI>.

byniBna mae <He Mae TexHIYHOro nosepxy, ropuuia. XapakTepuctuka nepe-
KPDUTTA | NOKPWUTTA BEPXHbOrO MOBEPXY, KOHCTPYKUiA, HAABHICTb YTEnneHH4,
XapakTepuctuka uiapy yTenreHHs, TOBUIMHA OKPEeMUX LuapiB KOHCTPYKLIT, OLli-
HIOBaHHA koedilieHTa TennonpoBiAHOCTI MaTepianis. [dedekTun i Henoniku
NOKPUTTA i NEepekpuUTTd, OLliHKa CcTaHy, [JaTa OCTaHHbOrO PEeMOHTY MNOKpPiB.i,
HEeOoOXiAHICTb peMoHTy. BenuuuHu koediuieHTiB TennonpoBiAHOCTI OCHOBHWX
KOHCTPYKTUBHUX LIAPiB KOHCTPYKLIT>.

3o0BHIWHI aOBepi Oygieni — <Martepian [Bepen, Po3Mipy ABepew, X KOHCTPYKLs
(noABifHI, oaMHapHi), JedeKkTn i HeJonikvM, HagBHICTb HellinbHocTen. HasgBHicTb Tamby-
pa. NPUCTPOIB aBTOMAaTMUYHOIO 3aKpMBaHHS, TennoBoi abo noBiTpsaHOI 3aBicu. OuiHka
BENMYMHM KoedilieHTa TennaonpoBigHOCTI>.
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HasBHiCTb cekuinHux gBepewn y kopugopax Oyaisni, ki posainany 6 cxogoBy KriTky
i KOpUZOPW ONS 3HWKEHHS BTpaT TENmoTw.

HasBHicTb TexHiyHOro nacnopta 6yaisenb

Y3aranbHeHy XapakTePUCTUKY KiNbKICHUX MOKa3HMKIB OrOpOAXKYyBanbHUX KOHCTPYKLIN
onantoBarnbHOro Ta HeonantoBanbHOro o6’emiB OyaMHKY HaBedeHo Yy godatky A.

TennoTexHiYHi XapakTepPUCTUKM OroOpOMKYBalbHUX KOHCTPYKUiA OyOUHKY BU3HAYEHO
B gopatky b.

Posnogin po3paxyHKOBMUX TEMMOBUX BTpaT yepe3 OyaiBenbHi KOHCTPyKUii Oyaieni Ta
iHbinbTpauito HaBegeHo y Tabnuui 3. Y pasi BUSHaYEHHS pO3paxyHKOBMX BTPAT TEMMOTU
B UinoMy no OyaiBni 3 BUKOPUCTAHHAM YKPYMHEHMX MOKa3HWKIB noTtpebu Oyaisni y
TEeNnnoTi Ha onaneHHs abo BEHTUNSALi0 NOAalTb BiOMNOBIAHI pe3ynbTaTv po3paxyHKiB.

Tabnuusi 3
CTpyKTypa TennoBux BTpaT OyAiBeNbHUX KOHCTPYKLiN

CknagoBa TenyoBUX BUTpAT BtpaTtu Tennotu, kBt %
CTiHn

BikHa Ta aBepi
Lax

Mipnora
IH(pinbTpauis
Pa3som

4.2 Cuctema onaneHHs

ByavHok obnagHaHo <oaHOTPYOHOW, ABOTPYOHOM, rOpU30OHTaNbHOK, BEPTUKALHOK
CUCTEMOIO ONaneHHa 3 HWKHIM, BEpXHiM po3BedeHHAM. OnantoBanbHi npunagn —
YaBYHHI padiaTopu, KOHBEKTOPW, PericTpu, iHwe. MoaaBanbHuin TpybonpoBia cUCTEMU i
BiArany>XeHHsa BiO HbOrO MPOXOAATb Yepe3 MNPUMILLIEHHS HeonantoBanbHOro ropuila.
niaBany, BepXHbOro, HMKHbLOIO ONanBanbHOro NoBepxy Oyaieni. 3BOPOTHMIA Tpybonpo-
Bil CUCTEMMU i BiArany>eHHs BiJ HbOr0 NPOXoAsaTb Yepe3 NPUMIllleHHA HeonantBanbHO-
ro nmigBany. HWKHLOrO onantoBanbHOro noBepxy Oyaieni, iHwe. [10 30BHILIHLOT ABOTPYO-
HOT, YOTUPUTPYOHOI TENMOBOI MepeXi, 10 aBTOHOMHOIO Y1 MICLIEBOrO [xepena TennoTu
OyOoVHOK MpUEOHAHO MO 3anexHil, He3anexHin cxemi. Tennoey i3onsuito Tpybonposoais
Yy HeonantoBanbHUX NPUMILLIEHHAX 3[AIMCHEHO 33 JOMNOMOIOK MiHepanbHOI BaTu; Tenno-
Ba izonauia BiacyTHA. KK TpybGonpoBodiB CUCTEMW ONaneHHs CTaHOBUTb %.
PospaxyHOK TennoBux BTpaT B TPyOONpoBOAAX CUCTEMW ONANEHHS, WO NPOXOAATb Y
HeonantoBanbHUX NPUMILLIEHHAX, HaBeaeHo Yy aoaatky B. Henonikn y KOHCTPYKLUIT i eke-
nayartauii CUCTEM onaneHHs 3 ypaxyBaHHAM noba)kaHb ekcnnyaTaliiHOro nepcoHany.
HagaBHICTb cxeM i KpecneHb CUCTEM ONnaneHHs>.

Binnyck Tennotu oo Gyaieni 3OiicHIOETLCA 3a TemnepaTtypHuM rpadikom <95 / 70 oC,
105 / 70 °C. 115 / 70 OC, iHwe>. PospaxyHKkoBUii nepenag Temnepatyp y cuctemi ona-
neHHa Gyaisni 95 / 70 OC.

Y Tennosomy By3rni BBOAy OyaiBri BCTAHOBMNEHO Take ObnagHaHHA: <3anipHa apma-
Typa — 3acyBKW [JdiameTpom MM, BiAMYNtOBaYi, iNbTP TOHKOIO OYULIEHHS,
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NiYUNbHUK TENnoTW Ha noaaBanbHOMY, 3BOPOTHOMY TpybonpoBoaax. 3MmillyBanbHUN
BY30/1 Yy BUIMAAI eneBaTopa, 3MilllyBanbHOrO Hacoca; Perynatop BUTPAaT, perynsarop
TemMnepaTtypu BoaW Y CUCTEMI ONaneHHs, TeNNO0OMIHHWK ANS HarpiBaHHS BOAW Y CUC-
TEMi_onaneHHs, TennooOMIHHWK AN HarpiBaHHA BOAW Y CUCTEMI raps4yoro BOAOMNOCTa-
yaHHA. Byanu aBTOMaTUYHOrO peryntoBaHHA BiAMYCKY TENNOTU Ha CUCTEMY OnaneHHs i
CUCTEMY raps40ro BOAONOCTa4YaHHA B iHOMBIAYaNbHOMY TEMNOBOMY MNYHKTI 3anMeXHO Big
Temneparypu 30BHILUHLOIO MOBITPA BIACYTHI, LIO COPWUYUHIOE HAOAMWWIKOBY nodady
TennoTn Ha notpebu onaneHHsa y nepioam 3pidy TemnepaTypHoro rpadika (3a ymoBu
HaABHOCTI B iHAMBIAYaNbHUX TEMNNOBUX MYHKTAX TEeNI00OMIHHMKIB raps4oro BoaonocTa-
YyaHHs). CxeMy iHOMBIAyaNbHOIO TEMIOBOIO MYHKTY Y TENJIOBOMY By3Ni BBOAY HaBEAEHO
Ha puc. 2. HedonikM y KOHCTPYKLII i ekcnnyaTauii TennoBoro NyHKTY 3 ypaxyBaHHAM
noba)kaHb ekcnnyaTauinHoro nepcoHany>.

<PucyHok 2 — lNpuHuunoBa cxema iHOUBiAyanbHOro TEeNJoBOro MyHKTY>
3a HasBHOCTI ueHTpanbHoro TenmnoBoro nyHkTy (LTI) Ha Teputopii BH3 nogatu

npuHuunoBy cxemy LITI 3 ekcnnikauieto obnagHaHHs (puc. 3).

<PucyHok 3 — lMpuHUMNoOBa cxema LeHTpanbLHOro TensaoBoro nyHkry BH3>

4.3 Cucrtema XOfogHOro i rapsa4yoro BogomnoctavyaHHs

ByaouHok nigknto4yeHo A40_<CUCTEMW LEeHTPani3oBaHOro rapa4yoro BoAoNocTavaHHg, 40
MiCLIEBOI CUCTEMMW NPUIOTYBAHHA rapayoi BoaW, 40 aBTOHOMHOI CUCTEMU rapa4vyoro Boao-
nocrayaHHg. B iHAMBiAyanbHOMY TENNOBOMY MYHKTI, LUEHTParbHOMY TEeNnn0oBOMY MYHKTI
BCTAHOBNEHO KOXYXOTPYOHWI, NAacTUHYACTUA TENNOOOMIHHUK, V SKOMY 3iNCHIETLCS
HarpiBaHHA XONOAHOI BOAM 3 MiCbKOrO BOAOrOHY, iHwe. CTanesui, NNacTUKOBUI Noda-
BanbHUN TPyOONpOBiA rapsa4oro BOAOMNOCTAYaHHA cepefHiM AdiaMeTpoMm MM Npo-
KNageHo y nigBanbHOMY MNPUMILLEHHI. LIMpKyNAUinHUin cTaneBuin, NNactukoBuin Tpy6o-
npoBiag AiaMeTpom MM MpoOKNageHo B . XapakTepucrtuka
izonauii TpybonpoBoaiB (TOBLUMHA i30Mn4Lii, BUA TEN0i3onsaLUinHOro matepiany, koedilli-
€HT TennonposiaHocTi). Heponiku isontoBaHHA TpybonpoBoais, 6nmabko % Tpybo-
nposodiB _He isonboBaHi. KK posnoainbHuMx Tpybonpoeoaie cuctemu [BI1 crtaHo-
BUTb %. Onuc cuctemMu peryntoBaHHA Temneparypu rapsdoi Boau, onuc pobotwm
CUCTEMM Tapsy0ro BOAONOCTaYaHHSA. Pexum nogadi rapavoi Boam 3 rog no

rog y pobodyi OHi, Te came y CBATKOBI AHi . Tuck BoAW Ha

BBOAI A0 OYAMHKY 33 NOKa3aHHAMW MaHOMETpPAa Y BY3Ii BBOAY BOAOroHy. Onmnc 0CHOBHUX
CNOXMBaYiB XOMNOAHOT i rapa4oi BoaM — 3MillyBayiB, KpaHiB, 3MUBHUX OadykiB, HacelHiB
TOLLO).

Hepnoniku y KOHCTPYKLIT i ekcnnyarawii CUCTEM XOMOAHOIO i rapa4oro BoAONOCTavYaH-
HSA 3 ypaxyBaHHAM noba)kaHb ekcnnyaTaLinHoro nepcoHany. HasBHICTb cxeM i kpecne-
HWKIB XONOQHOIO i rapa4yoro BOAOMOCTAYaHHA>.

4.4 Cuctema BeHTURNALIT
ByouHok obnalitoBaHO CUCTEMOK <OPUPOAHOI, NPUMYCOBOI BeHTunsAUil. BuaaneHHs
BEHTUIILOBAHOIO MOBITPSA 3 KYXOHb Ta CaHBY3MiB 3/iMCHIOETLCA Yepe3 BEHTUNALIMHI KaHa-
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N, WO 3HaxoOATbCA B OyAiBenbHUX KOHCTPYKLIAX. BuaoaneHHs MNoBiTpsA i3 ayauTopin
BUKOHYETHCA MEXaHIYHUMK cUcCTeMaMu BeHTUNsLi. [MpunnvBHE CBikEe MOBITPS CUCTEM
NPUMYCOBOI BEHTUNALLIT HarpiBaeTbCcsa y kanopudepax NpUniIMBHUX Kamep i NoOaeTbes v
npuMilieHHs. [MpunavBHE NOBITPS CUCTEM MNPUPOAHOT BEHTUNALII HaAXOAUTb 4epes
HELLLINbHOCTi CBITNIONPO30pUX KOHCTPYKLIIN OrOpOXKEeHb i 30BHilLIHI_ABepi. Po3paxyHKoBi
BUTPATX TENNOTK Ha noTpebu BeHTUNAUil Gyaieni cTaHOBNATH kBT. TpuBanicTtb
pPOBOTU MEXaHIYHUX CUCTEM BEHTUNSALLT rog 3a goby y poboui gHi (cuctemu
MEXaHi4YHOT BEHTUNALLIT Y HEPOOOYOMY CTaHi i HEe MPaLOTb, BEHTUNSALINHI OTBOPU CUCTEM
BUTSDKHOI i NPUNNUBHOI BEHTUNALLT BiOKPUTI i NpaLOTb Y PEXMMI NPUPOOHOI BEHTUAALL,
WO CMAPUYMHIOE 3HaYHi BTpATW TENnoTW 3 iHAIAbLTpaUieto, BEHTUNALINHI OTBOPU CUCTEM
MEXaHIYHOT BEHTUNALLIT repMETUYHO 3aKPWUTI, BUTSXKHI OTBOPU CUCTEM MPUPOAHOT BEHTUNSA-
Uil v ayanTopiax BiACYTHIi, 9K HACNiAOK BEHTUAALIS ayauTopii BiACYTHA. HasgBHICTb cxem
i_KpecneHukiB CUCTEM NPUMYCOBOI i NPUPOAHOI BEHTUNSALLIT>.

4.5 Cucrtema ocCBIiTNeHHSA

MpumiweHHa obnagHaHo CBITUNbHMKaMW 3 <pamMnaMy POPKAPHOBAHHA, MOMiHEeC-
LEeHTHUMW NamMnamu, iHwe. 3a YMOBM BUKOPWUCTAHHA Pi3HUX famn BKa3aTW KiMbKiCTb
namn KOXHOro BWAY i X MOTYXHiCTb. HadBHICTb NiYMNbHUKIB 3 AaTtymMkamu pyxy (doTo-
pene). XapakTepuUCTMKa 30BHILLIHLOIO OCBITNEHHSA. HasdBHICTb CUCTEMM KOHTPONO 3a
CNpaLIloBaHHAM aBTOMATUKWM KEPYBAHHA OCBITNEHHAM. 3aranbHa NOTYXHICTb CUCTEM
BHYTPILLIHbOIO i 30BHILLIHLOrO OCBITNEHHA. PiyHa TpmBanicTtb POo6OTU CUCTEM 30BHILLHBO-
[0 OCBITNEHHSA. HasABHICTb BiAOKPEMIEHOro 00MiKYy enekTpuYHoi eHepril i cuctem Kepy-
BaHHSA BHYTPILIHIM i 30BHILLIHIM OCBITNEHHSAM.

Hepnonikn y KOHCTPYKLIT i ekcnnyaraLlii CUCTEM BHYTPILLIHLOIO i 30BHILLIHLOIO OCBIT-
NEHHSA 3 ypaxyBaHHAM nobaxaHb eKkchniyaTauiiHOro nepcoHany>.

XapaKTepucTvka iHLWNX eHeprocnoXmuBarnbHUX cuctem Oyaisni.

4.6 Cuctema obGniky pecypciB

O6nik TennoBoi eHeprii, Ky OTPUMYIOTb i3 CUCTEMW LEHTPani3oBaHOro Tennonocra-
YaHHSA, 30IACHI0ETLCS <TEMNOBUM NiYUNBHUKOM, SKUA BCTAHOBNEHO Ha TpybonpoBoaax
TENNOBOro BBoay B Oyaieni. 3HATTA NOKa3HUKIB NiYnIbHMKA BUKOHYETHCS 3 NEpioanyHic-
THO He YacTillle OHOro pa3y Ha MicsAub, 0AHOro pasdy Ha 10 AHiB, WOAEHHO, iHWwe. Obnik
TENNIOBOI_EeHeprii 3a yMOBW BiACYTHOCTI NiYnbHMKA TENMNOTU 3MiNCHIOETHLCA 32 HOPMO-
BaHMMW MUTOMWMW MOKA3HWKaMWM BUTPAT TEMIOTU Ha onaneHHs abo BeHTunauii Ha
oaonHuU o6’emy Byaieni. HasgBHICTb cnoXumBaydiB TENAOTU, AKi 3AIMCHIOTL BidokpemMe-
HUN 0BNiK TennoBoi eHeprii. O6cArv CNoOXMTOI HUMW EHEpTiT>.

3a HasiBHOCTi aBTOHOMHMX abo MicLueBMX cCUCTeM TemnrnonoctavyaHHsa obrnik Tennosol
€eHeprii 30iNCHI0ETLCA 3a MOKa3aHHSAMU NiYUNBbHUKIB NPUPOAHOro rady abo iHWoro nanwm-
Ba, sIke BMKOPWUCTOBYETLCA ANS OTPUMAaHHA TENMOTK.

O6nik cnoXMBaHHA eneKkTpoeHeprii Ha NoTpebun BHYTPILUHLOIO OCBITMEHHS, 30BHiLL-
HbOIO OCBITNEHHS, MPUIOTYBaHHA XKi, reHepyBaHHSA TEMMOTU, TEXHOJONiYHI NoTpebu B
nabopartopisx 3AIACHIETLCA <OKPEMUMMU NiYUAbHUKAMU (OOHUM NiYNIbHUKOM)>.
3HATTA MOKa3HWKIB MiYMMbHUKA BUKOHYETLCA 3 MEPIOAMYHICTIO <HE YacTille 0OHOro
pasy Ha Micaub, ogHoro pady Ha 10 AHiB, WOAEHHO, iHWe. HasaBHICTb chnoxuBadis,
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AKi_30iMCHIOTb BigokpeMSIeHUn o0nik enekTpuyHoi _eHeprii. Obcarn cnoXmTtoi _HUMMU

eHeprii>.
O6nik cnoXxuBaHHA rapayoi Boan 34iINCHIOETbCA <3riAHO 3 MOoKa3aHHAMMW NiYUIbHUKA

rapsyoi BoaW, BCTAHOBNEHOrO Yy By3ni BBOAY OyaiBni. 3HATTA MokasaHb NiYnibHUKA
BUKOHYETLCA 3 MNEPIOAMYHICTIO He YacTille OOHOro pady Ha MicAllb, OOHOro pasy Ha
10 OHiB, LOAEHHO, iHWe. HasBHICTb CnoXMBaYiB, sKi 3AiMCHIOITH BiAOKpeMNeHun obnik
raps4yoi Boan. O6cArn cnoXmMTol HUMKW BoaAW. 3a YMOB BIiACYTHOCTI NiYnnbHUKA rapayol
BOAWN 00ONiK 3AiNCHIETLCA 32 YKPYMHEHVMW HOPMOBAHUMW NMOKa3HUKaMW BUTPAT rapsayol
BOAW HAa OOHOrO CMNoXWBaya>.

O0nik cnoXmMBaHHA XONOAHOT BOAM 3AOINCHIOETHCA <33 MNOKa3aHHAMW NiYUMNbHUKA
XONOAHOI BOAW, BCTAHOBMEHOro Y BY3Mi BBOAY OyaiBni. 3HATTA MNokasaHb NiYuUNbHUKA
BUKOHYIOTb 3 MEPIOAMYHICTIO He YacTille OOHOro pady Ha Micdub, OOHOro pasy Ha
10 AHiB, LWoAeHHOo, iHWe. HasgBHICTb cno)uBadiB, AKi 30iMCHIOTL BidoKpeMIeHUn obnik
XonoaHoi Boaun. O6carn cnoXxmtoi HUMK Boaun. 3a YMOB BIACYTHOCTI NiYnAbHUKA X0noa-
HOT BOAW OONiK 3AINCHIOKTbL 33 YKPYNHEHWUMW HOPMOBAHWUMMW MNOKa3HWKaMW BUTPAT
XOOAHOI BOAM BOAW HA OOHOrO cnoXumBada™.

O6nik cnoXxuBaHHS NPUPOAHOrO rasy Ha NoTpebu <NpPUroTyBaHHA rapayoi Boau, ona-
NEHHA | BEeHTUNAUIl B MicLUEeBUX | aBTOHOMHWUX CUCTEMAaX TENNonocTayaHHsA, a Takox
NPUIOTYBaHHA TXKi 3AIMCHIOETLCA 33 BiOOKPEeMAEHWMW By3namu obmiky rasy. Oonik
BUTpAT rasy y MiCLEBUX Kepenax TennaoTU 3AINCHIETHCA 33 NiYUITbHUKOM, SKUN
obnagHaHO MaHOMETpaMW AN BU3HAYEHHS TUCKY rasy vy By3ni obniky, TepMomMeTpamu,
KopekTopoM. [NepepaxyBaHHS 3aMipsHUX BUTPAaT rasy [0 CTaHAApPTHUX YMOB 3iNCHIO-
€TbCA 3a MOKa3aHHSAMW KOPEKTopa-ob4ymcnoBaya, po3paxyHkamu NpencTtaBHUKIB raso-
pO3NoainbHOI opraHisadii, po3paxyHkamu npadisHukie BH3.

3HATTS NOKa3HUKIB NiYMAbHUKA BUKOHYIOTb 3 NEePIOAMYHICTIO HE YacTille OOHOro pasy
Ha Micaub, ogHoro pady Ha 10 AHiB, wiofeHHo, iHwe. HaaBHICTbL cnoxuBayiB raasy,
AKi_30iNCHIOTb BiJOKpPEMNEHU 00NiK NpupoaHoro rasy. O6carM CNnoXMTOro HUMWU rasy>.

4.7 O6cArM cnoXxmMBaHHA pecypciB Ta Tapud
PiyHe cnoxuBaHHS €HeproHoCiiB i Bogu 3a 2..3 OCTaHHi pOKM HaBedeHo y Tabn. 4.

Tabnuuysi 4
PecypcocnoxuBaHHsa 3a 20 ... 20 pp.
T A RS oa. Bum. O6cArn cnoXuBaHHS 3a pokamu
20 20 20
TennoBa eHeprisa i3 LeHTpanisoBaHUX CUCTEM TENMOo- Mk
noctavaHHsl Ha NoTpebu onaneHHs
TennoBa eHepris i3 LeHTpani3aoBaHNX CUCTEM
TennonoctayaHHsa (Fox - 278), aue. Tabn. 2.1 KBT - ron
lapsva Boga m3
XonopaHa Boaa m3
TennoBa eHepris, sika BUTPA4YeHa ANsi NPUroTyBaHHS
rapsi4oi BOAM 32 YMOBW OTPUMaHHS rapsyoi BoAu i3 kBT - rog
LIeHTpani3aoBaHNX CUCTEM TENNONOCTa4YaHHs
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lMpodoexeHHss mabnuui 4

0O6csArn cnoXXMBaHHA 3a pokaMmu

HanmeHyBaHHsA pecypcy Op. BuUM. 20 20 20
MpvpoaHWI ra3 Ha onaneHHs, BEHTUMSALIIO | rapsye
BOJOMNOCTa4YaHHs 3a HasiBHOCTi MIiCLIEBUX | aBTOHOMHMX m3
cuctem
MpupoaHWn ra3 Ha nobyToBi NoTpebu m3
3aranbHi BUTpaTV NPUPOAHOro rasy m3

TennoBa eHepris, sika OTpUMaHa Ha noTpebu
onaneHHs!, BEHTUMSALIT i rapsyoro BogonocTa4aHHs B

ABTOHOMHUX i MiCLIEBMX CUCTEMAX TEeMMonocTavyaHHs, kBT - ron
(m3) - (9,9 kBT - rog / m3)

EnekTpoeHeprisi Ha BHYTPILLUHE OCBITNEHHSA kBT - rog
EnekTpoeHepria Ha 30BHILLUHE OCBITIEHHA kBT - rog
EnekTpoeHeprisi Ha TEXHOMOriYHI NoTpebu KBT - rog
EnekTpoeHepris Ha NpUroTyBaHHs i KBT - rog
EnektpoeHeprist Ha iHLWIi noTpebun KBT - rog
3aranbHi BUTpaTu enekTpoeHeprii kBT - rog
3aranbHi BUTpaTy TENJOBOI i €NEeKTPUYHOI eHepril kBT - rop

Mutome 3aranbHe pi‘-IHe eHeprocnoXxXmBaHHA 6yp,iBnero 3a POKaMn CTaHOBUTb:

- 3220 piKk - KBT - rog / mZ;
- 33220 piK - KBT - rog / M2
- 3220 piK - kBT - rog / m2.

[aHi npo Tapudu Ha eHeproHocii, CMoXMBaHHA SKUX € OO’€EKTOM EeHepreTM4Horo
obCcTexeHHs, HaBefeHo y gopatky [.

MMomicauHi BUTpaTM TENoBOI eHepril Ha NOoTpebu onaneHHs i BoOW, a TakoX 3Ha-
YeHHs1 cepeHbOMICAYHNX TemnepaTyp 30BHILIHLOrO NOBITPS | rpagyco-aid 3a micauamm
onantoBaribHOro nepiogy PoKy HaBedeHo y Tabnuui gogatka [

Ha puc. 4 i 5 nokasaHo rpadikv BUTpaT TeNnoBOi eHeprii Ha NoTpebu onaneHHs i
KifTbKOCTi rpagyco-4ib, a Takox BUTpaT BOAM 3a Micsuamu poky. padiku nobyaoBaHo
3a pesynbratamy aHanisy QiNnCHUX NMOMICAYHMX BUTPAT TEMMOTU Ha MOTPebu onaneHHs,
BUTPAT XONOAHOT i rapayoi Boau, siki Oyny BM3Ha4eHi y Bysnax obmniky BOAW, a TaKoX
aHanisy cepefHbOMICAYHUX TemnepaTtyp 30BHiWHbLOro nosiTps. KinbkicTb rpagyco-aio
BM3Ha4anacb sk AoOYTOK KiNbKOCTI Ai0 3a KOXHMI MicAUb onantoBanbHOro nepiogy Ha
nepenaz Temnepartyp BHYTPILLIHbOrO MOBITPS Ta CepefHbOMICAYHOT AINCHOT 30BHILLHBOIO
noBiTpS:

m=n- (tB_ tcep.)'

ae

[ — xinbkicTe Ai6 y micau;

t, — pincHa cepefHbOMICAYHA Temnepartypa BHYTPiWHLOro nositpsa y Gyaieni, °C;

t.ep. — AifiCHa CepeiHbOMICSYHA TeMMepaTypa 30BHILIHBLOTO NOBITPS, 0C, BM3Ha4a€ETb-
Cs 3a AaHUMW METeOoCTaHUin Ana Micus posTawyBaHHs Oyaisni.
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KinbkicTb rpapgyco-ai6 y micusax

Butpatu xonogHoi Bogu, m3
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PucyHok 4 — Ipadbikm BUTpaT TennoTn Ha NoTpedbu onaneHHsA
i rpapyco-gi6 3a micAuaAMu poky
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Micsaui poky

PucyHok 5 — Npadhik BuTpaT xonoaHoi (rapsa4voi) soaum
3a MicAUusAMU POKY
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BuTtpatu tennotu Ha notpebu onaneHHsa 3anexaTb Big Temnepatypy 30BHILLUHBbOIO
MOBITPS i KiNbKOCTI rpaayco-Ai6. 36inblueHHs KiNbKOCTi rpagyco-Aaib Mae cnpuynHioBaTy
BiQMNOBIAHE 3POCTaHHS BMTPAT TEMMOBOI eHeprii Ha OnaneHHs.

Ak cBiguNTb aHanis3 puc. 4, perynoBaHHS BiAMycKy TEMMOTU Ha NoTpebu onaneHHs
<pignosigae (He BiAnoBiga€) 3MiHi rpagyco-Aib, Wo CBiOYUTb NPO BIACYTHICTb (HasB-
HICTb) MEBHOro (3HAYHOro, HE3Ha4yHOro) MOoTeHUiany eHepro3bepexeHHA 3a paxyHoK
BMNPOBa[MKEHHA 3ax0fiB 3 PerynoBaHHA BiANYCKY TENAOTWM Y TENS0BOMY MYHKTi CAOXMW-
Baya>. Pesynbratv BM3HAYEHHSA [LINCHMX PiIYHUX BUTpAT TEMMOTU BUKOPUCTAHO AJiS
00paxyHKy OINCHMX MOKa3HWKIB BUTPAT TEMOTW Ha OnaneHHs Aoyn, i MOPIBHAHHA X 3
HOPMOBaHMMM MaKCMManbHO MOXNIMBUMMK TennoBuTpatamu OygiBens BH3 3rigHo 3
Bumoramun [BH B.2.6-31:2006 «TennoBa izonsuis 6yaisens»>.

3HayveHHs1 (PaKkTUYHMX NUTOMUX TEMNFOBUTPAT Ha OMNaneHHsa 3a onartoBanbHWUiA nepi-
Of Qg B kBT - rog / M2 abo B KBT - rog / m3 cTaHOBNATL:

- 320 p Qoyn, = ;

- 320 p Aoyn, = ;

- 320 p Aoyn, = .

HopmMatuBHa MakcumManbHO MOXNMBa BenMUYMHa  TennosTpaT  Oyaisni
3rigHO 3 BMMOramu, ski Habynm 4YmHHOCTI 3 2006 poky,
cTaHoBnATL E, . = . lNopiBHAHHA HOPMOBAaHOT BENUYMHKU TENMoBTpaT i giii-
CHMX TENnnoBTpaT Mokasdye, Wo <OyAdiena BiANoBidae, HE BiAMNOBIAAE BMMOraM YMHHOI
HOPMAaTUBHOI_JOKYMEHTaLLii>.

[MOpiBHAHHS OINCHUX NUTOMMX TENMOBTPAT 3 MAaKCMManbHO AOMYyCTUMWMMMW 3rigHO 3
Bumoramn [BH B.2.6-31:2006 gae MOXNMBICTb KOMMJIEKCHOI OLHKA TEMNNO3axnUCHUX
XapakTepucTuk bygisenb i eheKTUBHOCTI NPOLEeCiB perynoBaHHA Bignycky TennoTu Ha
CyYacHOMY piBHi BUMOT.

ButpaTti Boam y rypTOXMTKaxX i HaBYanbHMX KOpNycax 3anexaTtb Bif KiNbKOCTi MeLLKaH-
LiB Yy FypTOXUTKax, po3knagy 3aHAaTb i rpadiky HaB4YanbHOro npouecy. AHania rpadikis
3MiHM BUTpaT BOAM MO MICALSIM POKY MoOKasdye <BiANOBIOHICTb, HE BiAMNOBIOHICTb BUTpaT
BOAM rpadpiky HaBYambHOIO Npouecy>. 3a BigOMUMW BEMUYMHAMMW MICAYHUX BUTPaT BOAM
i BiOOMIM KiNbKOCTI MELUKaHUIB Yy TypTOXUTKaX BWU3HAYEHO MNUTOMI MOKa3HWKM BUTpaT
XOrOAHOT i rapsvoi Boan Ha ogHy ocoby 3a Aoy, siki MOXHa MOPIBHATU 3 HOPMATUBHUMU
BENVYMHAMW CMOXMBAHHSA XOMNOAHOT i rapsyoi Boau Ha ofHy ocoby BignoBigHO 4O BUMOr
CHwul 2.04.01-85 «BHyTpeHHWMIA BOOOMPOBOA, M KaHanNM3aumsa 3gaHumny.

3HayveHHs1 hakTUYHNX NUTOMUX BUTPAT rapsyoi i xornogHoi Bogn B N/ ocoby 3a goby
CTaHOBNATh:

- 3220 p. ;
- 3a20 p. :
- 3a20 p. .
Hopma ButpaT Boam ans 6yaieni CTaHOBUTb

[MOpIBHAHHA HOpMMK BUTPAT BOAW i AINCHUX BEMWYMH BUTPAT MOKasye, WO <OiACHI
BUTPaTU NEepPeBULLYIOTb, HE NEePEBULLYIOTb HOPMOBAHUX>.

[MOpIBHAHHA AINCHMX BUTpaT BOAM 3 HOPMOBAHWMM MOXHa BWMKOHYBaTW TakKoX i 3a
oKpeMuMu Micauamn poky. MNMOpiBHSAHHA Aae MOXNUBICTb OLIHUTK NOTEHLian 3axofiB i3
CKOPOYEHHS BUTPAT BOAMW.
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5 XapakTepucTuka TennoBoro kKomdopTty
Ta BM3Ha4YeHHA 6a30BOI iHii eHeprocnoXXMBaHHA

CnocTepiraeTbCa BigXWMMEHHS TemnepaTypu B NPUMILLEHHSX Bid HOPMaTUBHOIO
3Ha4YeHHsa nig 4vac HanbinblWw XOMOAHUX nepiogiB onantoBafibHOrO CE30HYy —
no + 0C, wo Bianosigae cepenHin Temnepatypi No BYAMHKY Ha PiBHI oC
(3 yBpaxyBaHHAM TemnepaTypu Ha noBepxoBux cxopgax). CepenHs TemnepaTypa B
KiMHaTax (HaB4YanbHWUX ayguTOPisiX) NPOTArOM OnasntoBaflbHOro Ce30HYy CTaHoBUIa
0C ( 0C B cepenHboMy Mo ByauHKY). 3Ha4YHOro posGanaHcyBaHHA OKPEMUX
CTOSIKIB CUCTEMM onarneHHs He Oyno BUSIBNEHO, NPOTe BUSIBNEHe po3banaHCyBaHHS
CUCTEMU ONareHHs, Wo NpuU3BOAUTbL 4O 3HAYHOI HEPIBHOMIPHOCTI Tennosigaadi ona-
noBanbHUX nNpunagie.

MopiBHAHHA 3ad)ikcoBaHMX Ta PO3paxyHKOBMX OBCAriB CMOXMBaAHHA €HEeproHoCiiB
HaBegeHo B Tabn. 5:

Tabnuysi 5
MopiBHANBbHa Tabnuusa 3ad)ikcoBaHUX
Ta po3paxyHKOBUX OOCAriB eHeprocnoXXnuBaHHA
CTtaTTa BUTpAT eHeproHociis Op.Bum. 3adpikcoBaHO PospaxyHok BigxuneHHs
OnaneHHs KBT - rog / pik
[apsiye BogonocTavaHHs kBT - rop / pik
OCBITNEHHS (B T. Y. 30BHILLHE) KBT - rog / pik

lpumimka. Be3 epaxyeaHHs empam y eHympiuwHbLo06yOUHKO8UX cucmeMax.
6 EHeproechekTUBHI 3axoam

6.1 Mepenik eHepro3bepiranbHUX 3axoAiB

3anponoHoBaHoO Taki eHeproeekTUBHI 3axoau:

3axodu Ha iHxXeHepHux cucmemax bydieni (npuknad):

— 3amiHa TennoBol i3onsuii TpybonpoBoAiB cucteMu rapsiioro BogonocTtadanHs (MBI);

— BCTaHOBMEHHSA aBTOMAaTM30BaHOrO iHAMBIAYyanbHOro TENMOBOrO MyHKTY y Bygieni 3
BiZMYCKOM TENMOTU 3 KOPEKLIEHD;

— BCTaHOBMEHHS perynatopa Temneparypu rapsavoi BOAM B TENNOBOMY MyHKTI;

— BCTaHOBMEHHS 3apafiaTOpPHNX EKPaHIB;

— 3amiHa CBITUIbHUMKIB 3 MaMnamun po3XaproBaHHA Ha aHTMBaHOANbHI CBITUINBHUKM 3
eHeprosbepiranbHUMK NamnamMm Afsi OCBITIIEHHS CXOO0BUX KITiTUH.

3axoam 3 TepMopeHoBalii byaieni (npuknaa):

— 3aMiHa BIKOH Y AepeB’ssHUX pamax Ha MeTarnoniacT1KoBi;

— 36inblUeHHS TEPMIYHOrO OMOpPY 30BHILLHIX CTiH OyaiBni;

— 36iNbLUEHHA TEPMIYHOIO ONopy NEPeKpUTTS.
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6.2 OnucaHHsA 3axoniB

6.2.1 3amiHa mennoeoi izonayii mpy6onpoeodie I'BIl, wjo npoxodsmb
Yy HeonasoeasibHUX NMpuMiljeHHsX.

MepenbadeHa 3amiHa Tennoi3onsuii i3 CKMOBOMNOKHA Ha TENNOI30M0BanbHi LNiH-
Opu 3 Gas3anbToBOro BOMOKHA, SKi ABMATbL COOOK roTOoBY [0 3aCTOCYBaHHS KOH-
CTpyKLUito. Bupobu cknagatoTbCs i3 Lapy XOPCTKO hopmMoBaHOro 6asanbty Ta nokpi-
BENbHOMO Lapy asntoMiHieBOT oNnbru, WO apMoBaHa CKIOCITKOK. 3ursaronogibHui
npopi3 B3QOBX BUpOOY Jae MOXMMBICTb MOro MOHTaxy ©OeanocepegHbo Ha Tpybo-
nposig. TennonpoBigHicTe matepiany cknagae 0,04 BT / m - rpag. Tennoy i3onsuito
3anipHoi apmaTypu Ta KpinneHb TpyOOMpoBOAIB MPOMNOHYETLCA BUKOHATU 3 TOrO
camoro MmaTtepiany. PekomeHgoBaHa ToBLWMHA TENMoOBOI i3on4auii Ana gaHoro gdiame-
Tpa TpybonpoBogis — 40 MM. YNpoBafXXeHHs TaKoro 3axody YMOXIUBUTb 3HU3UTU
TEenmnoBi BTpaTn Ha kBT - rog / pik (abo Ha % MOPIBHSAHO 3 HasiBHOMO
cuTyauieto). EKOHOMIYHMI cTpok cnyx6u obnagHaHHA Ta maTtepianiB — 25 pokis.

6.2.2 BcmaHoeJsieHHs1 pea2yrissmopa Crio)XueaHHsl mernsa
3 N0200HOK KOpeKuieto.

Ha TenepiwHin cTaH y TennoBoMy By3ni BBoaoy OyAUHKY BiACYTHI Oyab-ski 3acobu
perynioBaHHs i BigNycKy TennoTm Ha noTtpebu onaneHHs 3anexHo Big Temneparypu
30BHILIHBOrO MOBITPs. Y Takux yMoBaxX €AMHUM CMOCOOOM peryntoBaHHSA BigMycKy
TENNOTM Ha onaneHHs OyAWHKY € 3MiHa TemnepaTtypu TensioHOoCis Y KOTenbHi, sika
30INCHIOETBCSA pPerynioBaHHAM BUTPAT nanuea.

AHani3 gincHux Temnepartyp TENMOHOCIS Ha BBOAI 4O OyAMHKY NpPOTAroM onanto-
BanbHOro nepiogy CBiAYUTb, WO TemnepaTtypHuin rpadik He BignoBigae 3ageknapo-
BaHMM napameTtpam. Lle npu3BoguTb OO0 3HaYHWX MepeBMTpaT TennoTn y nepiogm
NiABULLEHHA TemnepaTypu 30BHIWHLOrO MOBITPS i AediunTy Tennotu y nepiogu
3HWXKEHHSA TemnepaTypu 30BHILHBbOro NOBITPA (Nepiogu NOXOnoJaHHs).

B HasBHI cucTemi onaneHHsa ByauHKy BiACYTHI BanaHCyBanbHi KpaHW siKk Ha CTO-
sIKax CUCTEMM ONareHHsl, Tak i Ha OKPEMUX PO3rany>XeHHAX CUCTEMMU MO OKPEeMMUX
dacagax i HanpamKax, Wo Npu3BoAMTb OO0 TEMMOBOro i rigpaBniyHoro posbanaHcy-
BaHHS CUCTEMU OMarneHHsi, ocobnMBO B YMOBaXx KiNlbKICHOrO peryntoBaHHs.

OpHum i3 pacagis GyaiBna 3opieHTOBaHa Ha NIBAEHHUN CXif, a iHWUM — Ha niB-
HiYHUI 3axig. Lle cnpuunHse pi3Hi 3Ha4eHHsS CymMapHOl COHSYHOT pagiauii Ha BepTu-
KanbHi NOBEpPXHi OropofXeHb, L0 Yy CBOK 4Yepry npuM3BoguTb A0 OGinbll iHTEHCMBHUX
TennoHagxoaXeHb MpuUMIlLeHb, €Ki po3MilleHi no ofHin i3 cTopiH dacaay.
Mpn ubomy BioGyBatOTbCA BIAMNOBIOHI 3MiHM TemnepaTypu BHYTPILHLOrO MNOBITPS:
neperpiBaHHA OOHUX MpUMIilleHb | HegorpiBaHHA iHWWX. BignosigHO BWHMKaOTb
HEenpoOAyKTMBHI BTpaTuM TennoTu. Tak, SKWO cymapHa COHA4YHa pagiauis (npsma i
poscisiHa) Ha 1 M2 BepTuKanbHOT NMOBEPXHi OrOPOAXKYBaNbHUX KOHCTPYKLINA MiBAEHHO-
cxigHoi opieHTauil y rpyaHi npu 6eaxmapHomy HeGi ctaHoBuTb 305 MOx / M2, TO Ha
BEPTUKamnbHi NoBepXxHi 1 M2 OropomkeHb MiBHIYHO-3axiAHOT OpieHTauii — TinbKu
27 MOx / M2, [Ina civyHA Ue cniBBigHOLWEHHA cTtaHoBuUTL 371 i 32 MOx / M2, a gns
nmotoro — 424 i 41 MIOx / M2, signosigHo (3rigHo 3 CHulM 23-01-99).
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O6nawTyBaHHA y TennoBomy By3ni BBOAYy OyAMHKY aBTOMAaTM30BaHOrO By3na
nocpacagHoro BignycKky TeNnoTWM Ha NoTpebu onaneHHs 3 NOrogAHWM PerynoBaHHAM
i KOpekuie No TemnepaTtypi BHYTPILWHLOMO MOBITPA B MPUMILLEHHAX NiBAEHHO-CXIia-
HOro i NiBHiIYHO-3axigHoOro dacadiB g4acTb MOXMIMBICTb 3a6e3neynT EKOHOMI0 Tenso-
BOI eHeprii i ypaxyBaTu TeNroHaaXoMKEHHS Bid COHSAYHOT pagiauii. Kpim Toro, BcTa-
HOBMEeHHA OanaHCcyBanbHMX KManaHiB [acTb MOXMMUBICTb YHUKHYTU TEMMOBOrO i
rigpaBniyHOro Po3perynoBaHHA CUCTEMMU, LLO TAKOX MiABULLYE eEeKTUBHICTb TeNno-
BigOaui cuctemu i Mae eHeprosdepiranbHun edekxT.

3 ornsAgy Ha 3HauyHy TennoeMHicTb OyaiBni nicns 36inblUEHHA TepMiYHOro onopy
30BHILLHIX OroOpoAXeHb B aBTOMaTU30BaHUX By3rax BBOAY CTae MOXMUBO pearisa-
Lis nepepuB4acToro onaneHHsi i3 3MEHLUEHHSIM KiNbKOCTI TennoTu, sika noJaeTbes
Ha onaneHHsa y BWXiOHi, CBATKOBI AHI i nepiod kaHikyn, Ao 50 % po3paxyHKOBOI.
3aranbHa KinbKicTb Takux AHIB 3a onantoBanbHUI Nepiog cTaHoBMTb Ao 60 paib.
PyHKUIO NepepmnB4acTOro onaneHHs MOXHa TaKoX peanidyBaTu npoTarom 4...5 Hiuy-
HUX Hepobo4ymx roguH y pobodi gHi. Lle we 4 - (189 — 60) = 516 rog, abo 21,5
nosHoi gobu. 189 #i6 — TpuBanicTb onantoBanbHOro nepiogy. Becboro Tpusanictb
nepiofy BNpoBamKeHHs MYHKLIT 3MeHLeHOoT nodaYi Tennotu Ha onaneHHs: T, = 60 +
21,5 = 81,5 gi6 = 1956 rog.

BnpoBagxeHHsi aBTOMaTM30BaHOroO iHAMBIOyanbHOro TEMNMOBOro MYHKTY 3 dOYHKLi-
€10 MOroAHOro PEerynoBaHHA AacTb MOXIUBICTb 3anobirTn HagMipHOMY CMOXUBAHHKO
Tenna, sike OOYMOBIEHE HEeniHiNHICTIO rpadika TemnepaTyp BiANycKy TennoTu i3
KOTerbHi, WO noB’A3aHe 3 HeobxigHiCcTo 3abesnevyeHHs HOpMaTUBHOI TemnepaTypu
rapsiqoi Bogu ONna CaHiTapHo-ririeHiyHux notpeb. ABToMaTtm3auisa npouecy Bianycky
Tennotu go Oygisni B iHAMBiAyanbHomy TennoBoMy nyHkTi (ITI) gae moxnuBicTb
onepaTMBHO pearyBaTtu Ha 3MiHy nNoTpebu OyanHKy B TEMMOTi HA onaneHHs, wo oby-
MOBMEHEe 3HAYHOK AMHAaMIKOK TeMnoHaAXOo4XeHb Yy OyAMHKY Bif ntoaen, oCBiTNeHHS,
obrnagHaHHA Ta COHAYHOT iHconALil.

Ona 6yaisni npopi3iB Taknin 3axig Jae MOXIUBICTb OTpUMa-
TV eKOHOMI TennoBoi eHeprii B obcarax ao 25...30 % iCHyt4Oro piBHS, WO CTaHo-
BUTb kBT - rog 3a onantoBanbHU nepioa.

Ha puc. 6 nokaszaHo NpMHUKUMNOBY CXeMy ObnaliTyBaHHS aBTOMATM30BaHOrO iHAW-
BiflyanbHOro TEMMI0OBOrO MYHKTY i3 3MillyBaNlbHUM HAacCOCOM Ha Nepemuyli.
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PucyHok 6 — lNpuHUMnoBa cxema aBTOMaTU30BaHOro iHAUBIAYyanbHOro
TENMOBOro NYHKTY i3 3MiWyBaNbHAM HacCOCOM:

1 — TennoBui NIYUNbHKK; 2 — pPerynaTop Temnepartypu ; 3 — gatyuk Temneparypu
30BHILUHLOrO MOBITPS; 4 — AaT4MK TEMNepaTypu rapsayvoi BoAM y nopgaBanbHOMY
TpyOONPOBOAI CUCTEMU OMarneHHs; 5 — ynpaBnstounin NpucTpin ; 6 — nigMilyBanbHUNA
Hacoc; 7 — perynsatop BuTpaTt Boau; 8 — cucTemMa OnareHHs

EkoHOMIYHMI CcTpoK cnybu obnagHaHHA Ta matepianis — 10 pokiB. YNpoBamKeHHs
3axoay notpebye nepiogM4HoOro (He MeHL ik OAMH pas Ha pik) obcrnyroByBaHHSA Ta Npo-
BEOEHHS HanarogKyBarnbHUX pobiT.

6.2.3 BcmaHoeJsieHHs1 peaysismopa memriepamypu 2apsiyoi eodu.

3a BIACYTHOCTI perynioBaHHs Temnepatypu nopadi rapsyoi BoAM CnocTepiraeTbes
NigBULLIEHHA TeMNepaTypu Boau y HaWbinbLL XONo4HUIA nepiof onantoBanbHOro nepioay,
Konn Temnepartypa TEnnoHOCIA Ha BWUXOAi 3 KOTErNbHOI i B TEnnoBin mepexi focsarae
HanBINbLIMX 3Ha4YeHb BIAMOBIAHO A0 TeMnepaTypHoro rpadika BiAMYyCKy TenmnoTu.
Lle cnpuunHse BignosigHi nepeBuTpaTy TEMMOBOI €Heprii Ha rapsvye BOOOMNOCTaYaHHS.
[na 3anobiraHHs 3a3Ha4YeHUM siBULLLAM NMPOMOHYETLCA 34iNCHIOBATM aBTOMAaTUYHE pery-
NOBaHHA TemnepaTtypu rapsqoi Bogu, sika NOL4aeTbCsA CNOXMBavaM, 3a paxyHOK BCTa-
HOBMNeEHHS perynsaTopa Temnepatypu. OpIiEHTOBHE CKOPOYEHHS CMOXWUBAHHS TEMnoBOi
eHeprii Ha NoTpebu rapsa4oro BogoMocTa4yaHHs CTaHOBUTMME Orn3bko 5 %.

EkoHOMiYHMI TepmiH crnyxbu obnagHaHHa Ta matepianie — 10 pokiB. YNpoBamKeHHs
3axody notpebye nepiognyHoro 06CNyroByBaHHs Ta NPOBEAEHHS HanaroMKyBasnbHMUX PoOiT.

6.2.4 BcmaHoeJsieHHs1 ceimusibHUKIe 3 JIDMiHeCUeHmMHuUMu siamnamu.

PekomeHayeTbCA MPOOOBXUTM MOAarnbLly 3aMiHy fnamn po3xaptoBaHHS AN OCBIT-
NeHHs <CXOAOBMWX KMiTWH, XWUTNOBWX KIMHAT, ayauMTOpin> Ha NIOMIHECUEHTHI namnu.
EKkoHOMISi enekTpu4HOT eHeprii 3a YMOBM BMNPOBaKEHHS LIbOrO 3axody CTaHOBUTMME
©6nmn3bko 50 Y% HasfABHOrO PiBHS CMOXWMBAHHS €MNeKTPOeHeprii Ha OCBITMEHHS, WO cknage

KBT - rog npotsirom poky.

EKOHOMIYHMIA CTpOK cnyxbu obnagHaHHA Ta maTepianiB — 10 pokiB. MoTpibHi ekc-

nnyaTauiiHi BUTpaTh Ha 3aMiHy [Xepern CBiTna — OAMH pa3 Ha TPWU POKW.
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6.2.5 BcmaHoeJsieHHs1 3apadiamopHux eidd3epKasitoeasibHUX eKpaHis.

3 METO 3MEHLLEHHS BTpaT TEMMOTU y AOBKINMAA Yyepes AiNsHKU OropogKyBanbHUX KOH-
CTPYKUIN, SKi MICTATbCS 32 KOHBEKTVMBHO-pagiauiiHMK onantoBarnbHUMKW npuragamu cuc-
TEM onarieHHs, cnig nepeadaynti 3apagiaTopHi BigasepKarntoBarbHi eKpaHu i3 Tennoisons-
uinHoro martepiany 3aBTOBWKM 5...10 MM, BKPUTOro LIAPOM antoMiHieBOI ¢onbru.
BcTaHOBREHHs Takoro ekpaHa BigbyBaeTbCs 3a [[OMOMOrol Krew ©OesnocepedHbo Ha
OiNsIHKY CTiHW, L0 3HAaXO4MTbCS 3a onantoBanbHUM Npunagom. Takuin 3axig, 3anobirae BTpa-
Tam TennoTu y AOBKINMA i nepeButTpatam TENNOTU onantoBanbHUMK npunagamn 3a yMoBU
[ofepXXaHHsS YMCTOl A3epKarnbHOT NOBEpPXHi ekpaHa NPOoTAroM YCbOro TePMiHy ekcrnnyaTawi.

KinbkicTb TennoTn, fdka BigAaeTbCs NpuUnagoM Yy MNPUMILLEHHS ONS CTBOPEHHS Y
HbOMY HeOoOXiOHWMX TEeNnoBMX YMOB, Mae OyTu PiBHOK po3paxyHKOBMM BTpaTtamu TEMNo-
TW i3 TAKOro NpUMILLEHHS. BukopucTaHHa TOro 4m iHWoro npunagy i cnocié moro BcTa-
HOBMEHHSA He MOBWHHI MPU3BOAUTM OO NepeBuTpaT TennoTu, NOPIBHAHO 3 ii po3paxyH-
KOBMMW BTpaTamu y LOBKINMs.

BigHoLWeHHA KinbKOCTI TENnoTn, dka BigaaeTbCca npunagom, 4o BTpaT TensoTu Hasu-
BalOTb oOnantoBanbHUM edekToM. HalimeHwa BenuuvMHa onantoBanbHOro edekTy y
naHenbHO-NMPOMEHEBUX MNpuUNagdiB, SKi BCTAHOBMIOKTLCA Y BEPXHIN 30HI MPUMILLEHHS.
3a gaHuMun geskux aBTopiB BoHa ctaHoBuTb 0,9...0,95. To6To Tennosiggada naHenbHUX
onanoBanbHUX NpuragiBe Moxe OyTW HaBiTb MEHLLOK 3a BENWYMHY BTpaT TENOoTW Npu-
MiLLeHHAIM 6e3 noripleHHs YMOB KOMJOPTHOCTI. Y HarpiToi noBepxHi «Tennoi nignorn»
onantoBarnbHUI koedilieHT gopiBHoe npnbnmsHo 1,0.

Haiibinblw pos3noBclogKeHi onantoBarnbHi Npunaan — pagiatopy 3asBuyai posTallo-
BYIOTb 0insi NOBEpPXHi 30BHIWIHBbOT CTiHM abo y Hiwax. [NoBepxHs 3a pagiatopom nepe-
rpiBaeTbCA i TennoTa MOCUMNEHO BTPaYaeTbCA yepe3 LU AiINSHKY 30BHILUHBOT CTiHW.
OnantoBanbHWI KoedilieHT pagiaTopis ouiHoTE BenuynHow 1,04...1,06. OnantoBanbHuin
KoediuieHT koHBekTopa nuwe 1,03. BrnawTyBaHHA 3apajiaTopHOro BigasepkarntoBarb-
HOro eKkpaHa fae MOXMMBICTb 30iMbLIMTK KOPUCHY Tennosigdady pagiatopa Ha 3...4 %
i 3anobirT BignNoOBigHMM BTpaTaM TEMSOTK.

3aranbHa nnoLua 3apagiaTopHUX ekpaHiB cknagae ( WT.). EKOHOMIYHMI
CTPOK cnyxbu obnagHaHHA Ta MatepianiB — 25 pokiB. EKOHOMIisi TennoTu cTaHOBUTb

kBT - rog npotarom onantoBanbHOro nepioay.

6.2.6 3axodu 3 mepmopeHosauil.

3 meTo 3abe3neyeHHst Cy4yacHUX BMMOT LOAO TEMNMOTEXHIYHUX XapaKTepUCTMK Oro-
POOXKyBarnbHUX KOHCTPYKLiN OyaiBni HeobxigHO Take:

—  YTennuTW 30BHILLHI CTiHM ByaiBni wapom MiHOMOMNICTUPONY LWiNbHICTIO He GinbLu
aK 25 kr / M3 3aBTOBLUKM MM 32 METOAOM CKpinfeHoi Tennoizonauii. 3 meTor
3MEHLLEHHS BMAMBY TEMMOBMX MICTKIB Ta 3anobiraHHs pynHYBaHHSI KOHCTPYKLUiA Oyaisni
3a paxyHOK HepiBHOMIpHUX TennoBux gedopmauii npu 3MiHi TemnepaTtypu HaBKONMWULL-
HbOrO CepefoBMLLa YTEMMEHHIO TaKoX MNignsaratoTh:

—  BokoBi oropomxyBaribHi KOHCTPYKUIT 1TOOXin;

—  HecCBiITNONpo30pi oropomKyBarnbHi KOHCTPYKLIT TEXHIYHOro MOBEpPXY.

3aranbHa nnowa noBepPXOHb, WO MNigNAraloTb YTEMMEHHI0 3a 3a3HavyeHo MeToau-
KO, ckrnagae M2;



156 EHEPIrO3BEPEXEHHA B YHIBEPCUTETCBbKUX MICTEYKAX

—  BUKOHATU YTENNEHHS TOPULLHOrO nepekpuTTa OyAiBni MiHepanbHOK BaTo
3aBTOBLUKM HE MEHL $SK MM. KoediuieHT TennonpoBigHOCTI MiHepanoBaTHUX
NuT He MeHw Ak 0,046 BT / m - rpaf, wWinbHicTb — He meHw sk 110 kr / m3 (Bignosia-
Ha MIUHICTb Ha CTUCHEeHHs — 60 klMa), Wwob maTn MOXnMBICTbL NepebyBaHHs NoAen Ha

TeXHIYHOMY noBepci. [ToBepxHS NoKpuTTS M2;
—  30iNblUNTM TEPMIYHMI ONip OrOPOMXKEHb LOKOSO MOBEPXHED M2 3a
paxyHOK HaHECEHHS Ha HWX eKCTPY4OBaHOro MiHOMOMICTUPONY 3aBTOBLUKM MM;

—  YTENNUTW TOpULUHE nepekpuTTA. [ns yTenneHHs 3acTocyBaTu MiHEparoBaTHI
nnuTn 3aBToBLWKM 50 MM TennonposigHicTio 0,046 BT /m - rpag Ta wineHicTio 110 kr /
m3 (BiOMOBiAHA MILIHICTb Ha CTUCHEHHs — 60 kMa) 3 meTow 3abe3nedyeHHs] MOXKIMBOCTI
nepebyBaHHsl NtoAeN Ha TEXHIMHOMY noBepci. [ns MOHTaxy yTenmnoBaya chnig 3HATK
Lap Kepam3uTOBOrO rpagito 3 OiMsiHKM FOPULLIHOTO MOKPUTTS, 3acrnaTtu wap napobap epy,
YKNacTu Ha HbOrO yTensoBay;

—  3aranbHa nroLa NoBepXOHb, WO MiANAraloTb YTENNEHHIO 3a 3a3Ha4YeHo MEeTo-
OVKOIo, cKragae M2

—  3aMiHa BIiKOH Yy epeB’ssHMX paMax Ha Cy4acHi MeTanonnacTtukoBi. [IponoHyeTbCA
BCTAHOBMOBATM [BOKaMepHi CKMonaketTu 3 M'SKMM eHepro3bepiranbHum
MOKPUTTSM, LLO BMOHTOBaHI B 3-kaMepHOMY MeTanonnacTMkoBoMy npodini 3aBTOBLU-
KW He MeHW K 24 MM. PekoMeHOoBaHe 3HayeHHs TePMIYHOro Ornopy KOHCTPYKLUIT
BikHa cknagae 0,6 M2 - rpag / BT. BikHa MawTb GyTu oGnaaHaHi MiKpOLiNbOBUM
npoBiTptoBa4yeM 3 MeTow 3abesnevyeHHs HEOOXiAHOI KpaTHOCTI NOBITPOOOMIHY B XUT-
noBMX MpUMIWEeHHAX ByauHky. 3asHavyeHa HOpMa He MOLUMPIETLCS Ha BikHa MoBep-
XOBUX CXOfiB.

3aranbHa nnowa BIiKOH, WO NignararoTb 3aMiHi, CTAHOBUTb M2 Ta mMae ByTu
YTO4HEHa nepeq 3aMOBMEHHSM LUMASXOM iHAMBIQyanbHUX 3aMipiB.

EkOHOMIYHMI TepMmiH cnyxbun obnagHaHHA Ta maTtepianis — 25 pokiB.

3axogun 3 TepMopeHoBaLii 4alTb MOXMMBICTb OTPMMaT EKOHOMIKO TENNOTU Y MexXax

KBT - rog 3a onantoBanbHUn nepioq,.
3aranbHa €KOHOMIsl eNneKTPUYHOT eHeprii 3a paxyHOK BMPOBAaMXEHHS1 eHepro3bepi-

ranbHUX 3axofiB CTaHOBUTb kBT - rog 3a pik ( % HasABHOrO
PIBHSA CMOXMBAHHS E€MNEeKTPUYHOI eHeprii), WO eKBiBaNeHTHO 3MEHLUEHHI0 BUTpaT npu-
pogHoro rasy Ha M3 Ha piK (3 ypaxyBaHHAM KoedillieHTa nepeTBopeH-

HSA nepBUHHOT eHeprii ana TELL).

3aranbHa ekoHOMIsi TENOBOT eHeprii 3a paxyHOK YNpoBaaXeHHs eHeprosbepirans-
HUX 3axofiB CTaHOBUTb kBT - rog Ha pik ( % HasiBHOrO piBHS
CMOXMBaAHHS TENMNOBOI eHepril), WO eKBIiBaneHTHO 3MEHLUEHHIO BUTPaT NPUPOLHOro rasy
Ha M3 Ha pik (3 ypaxyBaHHAM KoedilieHTa NepeTBOPEHHs NEePBUHHOI
eHeprii onsa KoTenbHi).

3aranbHa eKOHOMis XONnoAHOT BOAW 3a paxyHOK YNpPOBa[KEHHS 3axofiB 3 eKOHOMIT
BOOW CTaHOBUTb M3 Ha pik ( % HasiIBHOro pPiBHA CMOXWBAHHS
XOMNOAHOI BOAMW).

3a ymoBu peanisauii pecypcosbepiranbHuX 3axodiB Ha CUCTEMax rapsiioro BogornocTa-
YaHHa OyaiBni MOXIMBE 3HWKEHHS PiYHMX BWUTPAaT rapsyoi Bogu Ha m3
Ha pik (% HasBHOrO PiBHSA CMOXMBAHHS rapsivoi Boau).
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BnpoBagxeHHs eHeprosbepiranbHMX 3axofiB Aa€e MOXMUBICTb CKOPOTUTU PiYHi

BUTpPaATM MEPBWHHOIO nanuBa Afs OAEepXXaHHA TEensioBOi i enekTpU4YHOi eHeprii Ha

M3 NMpUPOAHOro rasy 3 TEennoTol 3ropsiHHSA kBT - rog / m3

( kx / m3), abo T YMOBHOrO nanuea (nanvea 3
Tennototo 3ropsaHHs 8,1 kBT - rog / kr, abo 29400 k[x / kr).

Peani3auis eHeproedekTuBHMX i pecypcocbepiranbHUX 3axofiB Ha OropoaxyBarlb-
HUX KOHCTPYKLISX i IHXEHepHUX cuctemax Oyaisni CNPUYUHUTE 3HUKEHHS PiYHUX BUTpaT
3a eHeproHocii i Bogy Ha TPH B pik (___ % HasBHOro piBHSA).

CKopoYeHHs BUTpaT NEpPBUHHOT eHeprii i nanuBa fa€e MOXMMBICTb AOCAITU TaKoro
€KOJOrYHOro edekTy:

—  3MEHLUEHHS pivyHMX BUTpPaT nNOBITPA Ha npouecu TrOpiHHA nanMBa Ha

m3 ( % MNOPIBHSAHO 3 iCHYIOYMM PIBHEM CMOXWBAHHS MOBITPSA Ha
npoLecu ropiHHSA);

—  CKOPOYEHHS PiMHUX BUTPAT KUCHIO, KU BUIYYaETbCA i3 NOBITPS AN BUKOPUC-

TaHHSA MOro y npouecax ropiHHS Ha M3 ( % HasiBHOro piBHSA);

—  3MEHLLEHHA pivHMX BUKMAIB B aTMocdepy Aiokenay syrneuto CO, (napHUKOBOTO
rasy) Ha T ( % HaasHoro pisHaA Bukmais CO,);

—  CKOPOYEHHS PIYHMX BUKMAIB Y aTMOcdepy LUKIANUBUX IHFPEMIEHTIB 3aranomMm Ha

T ( % HasiBHOrO PiBHA BMKWAIB) y TOMY YMChi:

—  oKcuaiB asoTy Ha T;

—  MOHOOKCMAY BYIMEeu Ha T;

—  piokenay Cipky Ha T;

—  AucnepcHoi asn Ha T;

—  iHWWX peyoBMH 3anexHo Bif BuOy nanuea Ha T.

3anobiraHHsA WKOAM OOBKINO Y pesynbTaTi CKOPOYEHHS LWKIAMMBUX BUKMAIB Y aTMOC-
depy Moxe OyTu OUiHEHE BENMUYMHOK FPH Ha pikK.

7 OCHOBHI 3acagn eHeproMOHITOPUHTY

[Ona 3abe3neyeHHsa NpaBunbHOI ekcnryaTtauii BCTaHOBREHOro obnagHaHHsA npo-
TArOM TepMiHy 1oro poboTu i MiHiMi3auUil BMTpaT Ha ekcnnyartauito (BKIHoYaw4un
BUTPaTK eHeprii) pekoMeHOYeTbCA BNPOBAAUTU HaneXxHi npoueaypu onga ekcnnyara-
uii i obcnyroByBaHHA obrnagHaHHSA Ta iHXEeHEepPHUX cucTeM. Taki poboTK BUKOHYHOTbLCS
cneuianisoBaHMMK opraHisauigsmu BignoBigHO 00 cneundikn obnagHaHHA (KOHTPOrb-
HO-BMMIpIOBasnbHi Mpunagu, nanuMBocnantoBanbHe obnagHaHHs, TenroMexaHidHe
obnagHaHHs TOLLO).

HeobxigHO TakoX ynpoBaguTu 3axogu 3 MOCTIMHOrO MOTOYHOrNO KOHTPOSK 3a piB-
HEM CMOXWBAHHA MaNMBHO-EHEPreTUYHUX pecypciB Ha 00’ekTi. Ona BMpIEHHSA Uiel
npobrnemu cnig ynpoBaguTu CUCTEMHI NpoLeaypy eHEPrOMOHITOPUHTY.

EHepreTM4yHMIN MOHITOPUHT — Lie CUCTEeMHI npoueaypu NOCTIMHOT peecTpauii i KOHTp-
ONI0 €HEeproCrnoXMBaHHA Ta YMOB eKkcnnyaTauii obnagHaHHS i iHKEeHepHUX cuctem y
OymiBnax. OTpumaHi gaHi Npo CNoXUBaHHA NarMBHO-EHEPrETUYHUX PECYPCIiB MOPIBHHO-
I0TbCSA 3 HOPMAaTMBHUMW | y pasi BigxuneHHsa Big HopmatueiB Ginbw sk Ha 10...15 %
HeobXigHO BMSIBUTU MPUYMHM TaKOi HEBIAMOBIQHOCTI Ta YCyHyTH Ti.
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[nsa BnpoBagXeHHS CUCTEMW EHEPrOMOHITOPUHIY Yy 3BiTi MO4alTbCA rpadivHi pos-
PaxyHKOBI 3aneXHOCTi ANS BU3HAYEHHS HOPMAaTUBHWX BENWYWMH BUTPAT NanuBHO-eHep-
reTdYHMX pecypciB (TennoBoi eHeprii abo NpUpoAHOro rasy) 3anexHo Big dakTopis
BNNMBY (Hanpuknag, Temnepatypu 30BHILLUHbOrO MOBITPSA ANSA KiNbKOCTi Tennotu Ha
notpebu onanexHs). Ha puc. 7 nogaHo npwuknag nobydoBu Takoro rpadika.
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Temnepamypa 30BHiwHE020 nobimps ts, °C

PucyHok 7 — Npadiku ButpaT Tennotu: 1 — Ha onaneHHs; 2 — Ha rapsiye Bogo-
nocrtavyaHHs; 3 — cymapHuit. MoxnuBi pe3ynbTaTv NOTOYHUX CNOCTEPEXKEHb:

a — AifcHa KinbKicTb Bignyckaemoil TensioTu MeHLa 3a HeoOXigHy HOpMOBaHy
(oediumt Tennotu); b — AilcHa KinbKiCTb TENMOTU, KA BiANYCKAETLCA CMNOXWUBa-
yam, Ginbwa 3a Heo6XiAHYy HOpMOBaHy (NepeBUTpPATU TEMJIOTU); C — BiANYCK
TEensoTM CrnoxuBayam BignoBigae HopmaTMBaM B YMOBax iCHYHUMX Tensio3axuc-
HUX XapaKTepPUCTUK OropoaXKeHb

padikn BUTpaT TEnnoTM LakTb MOXMAMBICTb KOHTPOMOBATM BigMyck Tennotu Ao
CMOXMBaYiB 3anexHO Big TemnepaTypu 30BHILUHBOrO NOBITPs. [MepiognyHun KOHTPOnb
OIVCHMUX BATPAT TEMMOTK 3riAHO 3 MOKa3aHHSAMU TENMOBUX MiYWUMBbHUKIB JAE MOXIUBICTb
KOHTPOMOBATU BiAMOBIOHICTb TaKMX BUTPAT PO3PaxyHKOBOMY rpadpiky BMTpaT TEMOTU.
Y pasi BigXuneHHsa NoTouHMX AaHuX Big rpadhika HeoOXigHO NPUHATK BiANOBIOHI 3axoaun
i cKkopuryeBaTtu Bignyck TennoTu. 3HIMaHHS MOKasaHb MiYUIBHUKIB TennoTu HeoOXxigHo
30iACHIOBATM 3a YMOB, MakCUMarbHO HabnmxeHux OO cTauioHapHux, abo ycepeaHioBa-
TN pesynbTaTi BUMIpHOBaHb NPOTArom 5...6 AHiB.

[na koOHTpoOmMto 3a BENWUYMHOK NapamMeTpiB TEMMOHOCISA, AKUA OTPUMYHOTb i3 LieHTpa-
Ni30BaHUX CMUCTEM TensionocTayaHHs abo MiCLEBMX MKepen TennoTu, NogaeTbes rpadik
pO3paxyHKOBUX TeMnepaTyp TensioHocis. Takuii rpadik gouinbHo nobyaysaTu, i B XoAi
eKkcnnyaTauii KOHTpositoBaTU MOro OAEPXKaHHA SK ASfS TEMSOoHOCIH, WO HagxoauTb i3
Tennosoi Mepexi (A0 By3na 3MillyBaHHSA), Tak i ANA TENNOHOCIA, WO HaAXOAUTb Y CUC-
TeMy onarneHHs (micns By3na 3MillyBaHHS).
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KoHTponb 3a TemnepaTypol TennoHoCis HeobxigHO noegHyBaTW 3 KOHTpoONem 3a
BEJIMYMHOK BUTPAT MEPEXHOI BOAMW, SKa HAOX0oAUTb B aDOHEHTCbKi CUCTEMMW OManeHHs.

PospaxyHkoBa BenuuuHa BUTpaT BOAM B cucTeMi onaneHHa O6ygieni ctaHo-
BUTb m3 / rod i noBMHHa Byt cTanok. 3MiHa 3asHadYeHol Benmuu-
HW BMTPAT TEMMOHOCIA Y Yaci CBiAYMTb NPO PO3PErynboBaHICTb LEHTPanbHUX TENNOBUX
Mepex abo 3acToCyBaHHS KilTbKICHOTO peryntioBaHHA Bignycky TtennoTtu. [incHi Butpatu
BOAM BU3HAYaKOTbCA 3a MOKa3aHHAMW TENnoBMX MiYUNbHUKIB. 3HIMaHHS MOKa3aHb
NiYNNBHUKIB PEKOMEHOYETLCS BUKOHYBATW He pidwe ogHoro pasy Ha 7...10 gid.

Pesynbrat KOHTPOMIO 3a napameTpamy TEMSIOHOCI peKOMeHOYETbCS 0dopMIoBaTh Yy
BumMsAi Tabn. 6. MNMpuknag nobygosu rpadiika TemnepaTtyp TEMNSIOHOCIA NogaHo Ha puc. 8.

AHanoriYyHMM KOHTPOIib PEKOMEHOYETbCS BMKOHYBATWM 3a MOKa3aHHAMU MiYUMbHUKIB
XONOAHOI i rapsivoi BOAW.

Tabnuysi 6
Pe3ynbTatv eHeproMoHITOPUHIY BUTpPaT TEeNnoTu Ha noTtpebu onaneHHs

Temnepatypa . Temnepartypa
Cepennn 'rennor?ocilg)a MoTouni Tennosoci);pB Burparyn
TeMneparypa sl noka3aHHs tmonoct 3a nepioa
Dara 3°BH'.L"Hb°r° A NiYUNBLHUKIB 0 cnocTepexeHb
noeiTps 3a mepexi, °C onaneHHs, °C
BU3HAYeHHSA nepion
nokKasHuKiB p mepex- | o nno- Mepex- | Tenuo-
cnocrepe- nopa- | 3BOpoT- HOI ™ nopa- | 3BOpoT- HOI ™
XeHb, ya Ha BOAM, i ya Ha BOAOM, Q...
MH)K nep.
oc m3 m3 MOx
1 2 3 4 5 6 7 8 9 10
100

95

301
207

Temnepamypa 6odu 6 mennobiiu mepex, °C

8 5 +2 0 -2 -b -6 -8 -10 -12 -14 16 1§ -20 -22
Temnepamypa 30Briwrbo20 nobimps t;, °C

PucyHok 8 — Npadhik TeMnepatyp TennoHocCis NpuU LeHTpanbHOMY sIKiCHOMY
perynioBaHHi 3aKpUTOI TENJIOBOI Mepexi 3a onantoBalibHUM HaBaHTaXXEHHAM
i HassBHOCTi NoTpe6Gu B TennoTi Ans rapA4Yoro BogonocTavyaHHs
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3a nogaHummn B Tabn. 6 nokasaHHAMW By3na obniky BUTpaT Tennosoi eHeprii Ha
onarneHHs BM3Ha4aloTb ycepedHeHy B Mexax nepiogy BUMIpOBaHHS BENUYUHY TENIoBo-
ro NOTOKY Ha onaneHHs, gKy HaHOCHATb Ha rpacdik 3anexHoOCTi BUTpaT TennoTu Big Tem-

nepaTtypu 30BHILUHBOro MOBITPA.
BusHavyeHHs1 ycepeaHeHOi BenuuMHM TEMNNOBOrO MOTOKY 3A4INCHIOETBCS 3rigHO 3

3arnexXHicTio:
- . 103 .
Q = Qpp - 10°/ (T, - 3600), KB,
ne
Qnep. — BUTpaTK TENNOTU 3a nepiog crnocTtepexeHb, MIX;
Thep, — MEPIOA HaCy MiX BU3HAYEHHAM MoKasaHb NiYUMbHUKIB, roj.

nep



OOOATKU

Hodamok A
KnimatnyHi napameTtpu xonogHoro nepiogy poky
ANA OesaKUX HaceneHuxX NyHKTIB YKpaiHu
HaceneHui nyHkT Temnepatypa Po3paxyHkoBa TpuBanictb CepegHsi
NoBITPA HaNGiNbLW TeMmnepartypa nepiopy i3 TemMneparypa
XonopHoi ANA cUcTeMm TemnepaTyporo onanoBanbLHOro
MATUOEHKN — BeHTUNAUIT, °C <8 9C - nepiogy, °C
po3paxyHKoBa TpuBanicTb
ANA cUcTem onantoBanbHoO-
onaneHHs, °C ro nepiony, Ai6
BiHHUMUSA -21 -10 180 -0,7
JTyubk -20 -8 179 -01
[HinponeTpoBCbk -24 -10 172 -0,6
Kpusuin Pir -17 -7 170 -0,2
[oHeubk -22 -9 176 -0,9
XKutomup -22 -9 182 -0,8
Yxropog -18 -7 154 +1,5
3anopixoks -21 -7 166 +0,3
IBaHO-PpaHKiBCbK -22 -8 178 0
Knis -22 -10 176 -0,6
KipoBorpag -22 -10 175 -0,7
JlyraHcbk -25 -10 172 -0,8
JlbBiB -19 -9 179 0
Mwukonais -20 -7 160 +0,9
Opeca -18 -6 158 +1,7
MontaBa -23 -1 177 -1,3
PiBHe - 21 -9 181 -0,5
Cymu -25 -13 185 -1,9
TepHoninb -20 -9 183 -0,7
Xapki -23 -1 179 -1,5
XepcoH -19 -7 163 +1
XMenbHULbKNIA -21 -9 181 -0,5
YMaHb -20 -8 177 -0,8
YepHiris -23 -10 185 -14
YepHiBui -20 -9 173 0
Cimdepononb -18 -3 153 +2,6
deopocis -17 -2 140 + 3,4
Anta -7 +1 119 +5.1

KnimatnuHi napametpu npuiaHati 3rigHo i3 CHull 23-01-99 «CtpouTenbHas KNumaTtonornsy,

2000.
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Jlodamok b5

Tabnuuys b.1
Hopmu winbHOCTI TennoBoro NOToKy 4Yepe3 i30NboOBaHy NOBEPXHIO TPyOonpoBo-
OiB ABOTPYOHUX BOOAAHUX TEMSIOBUX MEpex, 3a YMOBMU iX po3TallyBaHHA B
HenpoXigHUX KaHanax npuv KinbKocTi roaMH po6oTtu 3a pik 5000 i meHwe,
BT / m, 3rigHO 3 BUMoramu
CHwuI1 2.04.14-88 «TennoBasi usonsauMa ob6opyaoBaHus U TpybonpoBogoB»

YMoOBHUM Tpy6onpoBia
npo;ip, MopgaBanbHui | 3BopotHui | MogaBanbHUM | 3BOpPOTHUM | MopgaBanbHUM | 3BOpPOTHUM
n;‘;‘;oo‘q;, CepenHLOpivHa TeMnepaTypa TensnoHocis, °C
MM 65 50 90 50 110 50
25 18 12 26 11 31 10
30 19 13 27 12 33 11
40 21 14 29 13 36 12
50 22 15 33 14 40 13
65 27 19 38 16 47 14
80 29 20 41 17 51 15
100 33 22 46 19 57 17
125 34 23 49 20 61 18
150 38 26 54 22 65 19
200 48 31 66 26 83 23
250 54 35 76 29 93 25
300 62 40 87 32 103 28
350 68 44 93 34 117 29
400 75 47 109 37 123 30
450 77 49 112 39 135 32
500 88 54 126 43 167 33
600 98 58 140 45 171 35
700 107 63 163 47 185 38
800 130 72 181 48 213 42
900 138 75 190 57 234 44
1000 152 78 199 59 249 49
1200 185 86 257 66 300 54
1400 204 90 284 69 322 58
lMpumimku.

1. BennunHu cepeaHbOpiYHOT TemnepaTypu TENSIOHOCITB Yy NodaBaribHii | 3BOPOTHIN MaricTpa-
nax BM3HavalTbCA 3a rpadikom Temnepatyp BiAMycKy TEnfIOHOCISs Npu cepefHii Temnepartypi
onantoBanbHOro nepiogy (Metoamky nobyaoBu rpadpika TemnepaTyp BUKNageHo B po3fini 6
nocibHnka «EHepro3bepexxeHHs B YHIBEPCUTETCbKUX MicTedkax»). [ns MeTeopororiyHux ymoB
m. MonTasu i rpadika Temnepatyp 95 / 70 °C cepegHsa 3a onanioBarnbHuWii Nepioa Temneparypa
y nogasanbHoMy Tpy6onpoBofi ctaHoButk 58 °C, a y sBopoTHOoMy 46 OC.

2. 3aranbHi NMUTOMI BTpaTy TENNOTK 3 NOBEPXHi TPyOONPOBOAIB TENMOBUX MEPEX BU3HAYAOTLCS
3a Cymolo BTpaT TEnnoT B nodaBarnbHOMYy i 3BOPOTHOMY TpyGonpoBoaax.

3. Y 1abnuui 3a3HayeHO MiHiManbHO JOMYCTUMY BEMWUYMHY MUTOMUX BTPaT TEMNnoTu Ha Tpybo-
npoBodax TennoBux Mepex. BHacnigok TpmBanoro TepmiHy cnyx6u Tennosoi izonsauii Ta 1
3BOMOXEHHST AIACHI BENUYMHKU BTPAT TENNOTU MOXYTb MEpeBuLLyBaT HOPMAaTUBHI.
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lMpodoexeHHs dodamka b

Tabnuysi 6.2

Hopmu winbHOCTI TennoBoro NOToKy 3a yMOBU po3TallyBaHHA TpybonpoBoaiB
TENMOBMX MepPex y NPUMILLEHHAX Ta TYHensaX npu KinbKocTi roguH pobotu 3a
pik 5000 i meHwe, BT / M, 3rigHO 3 BUMOramu
CHwuI1 2.04.14-88 «TennoBas u3onauua obopyaoBaHusa U TpybonpoBoaoB»

YMO_BHMﬁ CepefHs TemnepaTypa TensnoHocis, °C

Sonposomy, 50 100 150 | 200 | 250 | 300 | 350
MM Hopmu niHiHOT WinbHoOCTi Tennosoro noToky, Bt / m
15 9 20 31 44 57 72 87
20 10 22 35 49 64 80 97
25 11 25 39 54 70 87 106
40 13 29 46 64 83 103 124
50 15 32 49 68 89 110 132
65 17 37 57 78 101 124 149
80 20 41 62 84 108 133 160
100 22 45 69 93 119 146 175
125 25 51 77 102 135 165 196
150 28 56 85 114 149 181 215
200 36 70 103 137 179 216 256
250 42 81 118 155 201 242 287
300 48 92 133 174 225 270 319
350 53 103 147 193 248 299 350
400 60 113 162 210 269 324 379
500 71 132 183 243 314 373 435
600 81 152 215 277 357 423 492
700 91 170 239 309 394 467 541
800 102 190 265 342 436 515 596
900 114 209 292 375 478 563 650
1000 125 229 318 408 519 611 704

TMpumimku.

1. BenuuuHu cepegHbopiyHOT TemnepaTypu TENNOHOCIIB Y noAaBarbHiil i 3BOPOTHIN MaricTpansx
BM3Ha4alTbCcs 3a rpadikom TemnepaTyp BigmnycKy TEMMOHOCIA Mpu CepeaHin Temnepartypi onanio-
BanbHoro nepiogy (Metoamky nobyaoBu rpadika Temnepatyp BuknageHo B po3gini 6 nocibHuka
«EHepro3bepexeHHs1 B yHIBEPCUTETCHKMX MicTeudkax»). [Insa meTeoponoriyHux ymoB M. lNonTaBu i
rpacpika Temnepatyp 95 / 70 °C cepenHs 3a onantoBarbHuWii Nepiog Temneparypa y nogasarb-
Homy Tpy6onposoai craHoBuTb 58 OC, a y 3BopoTHoMy 46 OC.

2. BaranbHi NUTOMI BTpaTy TENMOTU 3 NMOBEPXHi TPyOONPOBOAIB TENMOBMX MEPEXK BU3HAYAOTH-
CA 3a CyMOlo BTpaT TEnsioTu B nogaBanbHOMY i 3BOPOTHOMY TpybonpoBogax.

3. Y 1abnuui BkazaHo MiHiManbHO AONYCTUMY BEMUYMHY MUTOMUX BTpaT TENNoTu Ha Tpybonpo-
BOax TENNoBMX Mepex. BHacnigok TpuBanoro TepmiHy cryx6u TennoBoi isonauii i ii 3BoNoXeHHs
LiNCHI BENWUYMHM BTpaT TEMMOTM MOXYTb MEepeBuLLyBaTh HOPMAaTUBHI.
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Jlodamok B

Tabnuysi B.1
Hopmu WwinbHOCTI TennoBoro NOToKy 4epes i3onboOBaHi NOBepXxHi TpybonpoBoaiB
npu p[BOTPYGHOMY Nig3eMHOMy Ge3kaHanbHOMY NpoknagaHHi BOAAHUX Tenno-
BUX MepexX NMpu KinbKocTi roguH po6otu Ha pik 5000 i meHwe, BT / ™,
3rigHo 3 BumMoramu CHull 2.04.14-88 «TennoBasa usonsauus ob6opyaoBaHus
M TpybonpoBogoB»

. TpyGonpoBia
y")'::'_"r:; 6"0'2°' MopaBanbhuit | 3Bopothuii |  MopaBanbHuii 3BOPOTHMIA
npoBoAy, MM CepegHbopiyHa TeMnepaTypa TennoHocis, °C

65 50 90 50
25 36 27 48 26
50 44 34 60 32
65 50 38 67 36
80 51 39 69 37
100 55 42 74 40
125 61 46 81 44
150 69 52 91 49
200 77 59 101 54
250 83 63 111 59
300 91 69 122 64
350 101 75 133 69
400 108 80 140 73
450 116 86 151 78
500 123 91 163 83
600 140 103 186 94
700 156 112 203 100
800 169 122 226 109

lMpumimku.

1. BenuuuHu cepeaHbOpiYHOT TeMnepaTypu TENMOHOCIIB Y NoaaBarbHii i 3BOPOTHIN marictpa-
NsX BM3Ha4valoTbCa 3a rpadikom Temnepartyp BiOnycKy TEnnoHoCis nNpu cepefHin Temneparypi
onanioBanbHoOro nepiogy (mMetoauky nobynoBu rpadiika TemnepaTtyp BUKMaZeHO B po3aini
6 nociGHuka). [ns mMeTeoponoriyHux ymoB M. MonTasm i rpadpika Temnepatyp 95 / 70 °C cepepn-
HA 3a onanioBasibHUI Mepiog TemnepaTypa y nogaBaiibHOMy Tpybonposoai cTaHoBuUTb 58 OC,
a y 3BopoTHomy 46 OC.

2. 3aranbHi NMTOMi BTpPaTV TENNOTU 3 NMOBEPXHi TPybONpoBOAiB TEMNOBUX MEPEX BU3HAYAOTb-
CA a CymMolo BTpaT TensoTu B nofaBarnbHOMY i 3BOpPOTHOMY TpybonpoBoaax.

3. Y 1abnuui BkasaHO MiHiManbHO OOMYCTUMY BEMUYMHY MUTOMUX BTpaT TennoTu Ha Tpybo-
npoBofax TENNoBux mepex. BHacnigok TpuBanoro TepMiHy cryx6u TennoBoi idonauii i i ywwine-
HEHHA nig Aieto rPpyHTY, AINCHI BENMMYMHM BTPaT TEMMOTU MOXYTb MepeBuLlyBaTU HOPMaTUBHI.
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lpodoexeHHs dodamka B

Tabnuuysi B.2
BenuuuHa koediuieHTa K,, wo BpaxoBy€ 3MiHy HOPM LWiNLHOCTI TeNnmoBOro

MOTOKY NMpPMW 3aCTOCyBaHHi Tensnoi3onsuinHoro wapy 3 niHononiypetaHy, nosnivep-
0eToHy, cheHonbHOro noponnacty ®J1 srigHo 3 Bumoramu CHwull 2.04.14-88
«TennoBasa n3onsauua odéopyaoBaHus U TpybonpoBoaoB»

Marepian YmoBHUI npoxip Tpybonposoay, MM
TennoisonsuinHoro 25... 65 | 80...150 |  200..300 |  350...500
wapy

KoedpiuieHT K,

[MiHononiypetaH,
eHonbHUN 0,5 0,6 0,7 0,8
noponnact ®J1
MonimepbeToH 0,7 0,8 0,9 1.0
lMpumimka.

YTOYHEHI po3paxyHkM BTpaT TENoTu B TEMJIOBUX MEpeXax PeKOMEHOYETbCS BUKOHYyBaTW 3a
dopmynoto:

Q=q,-1-B-10%.7.36

ne

Q — BTpatn Tennotu, X Ha piK;

g, — Hopma Tennosux BTpart, BT / m;

| — npoTskHicTb TpyGonpoBoais, M;

T — KinbKicTb roguMH poboTu, rog;

B — koediuieHT, siknii BpaxoBye BTpaTy TENNOTM Onopamu, apMaTypol Ta KOMMeHcatopamu,

Lo NpuiMaeTbcs 3a GeskaHanbHoOro npoknagaHHs — 1,15; B TyHensx Ta kaHanax — 1,2; 3a Hag-
3eMHOro npoknagaHHs — 1,25.
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Lodamok I

JoBigHUKOBI AaHi ANA BM3HA4YeHHA BTpaT TEMJIOTU B TENNOBUX Mepexax

3 OXonogXeHHAM BOOU B TPY6OI'IpOBO,D,aX

Mutomi BUTpaTn Tennotn 1 MeTpom nonepeaHLO i30NMbOBaHOro TpybonpoBoay
TennoBux mepex, BT / M, npu cepegHiin TemnepaTtypi onantosanbHoro nepiogy -1 °C

MNutomi BTpaTn Tennotn 1 meTpom TpyGonposoay

TennoBux mepex, Br/m

60

55

50

45

40

35

30

25

20
100

150 200 250 300 350 400 450 500 550

AiameTp TpyGU YMOBHUI, MM

Mutomi BTpaTtn Tennotu 1 MeTpoM TpyGonpoBoay TennoBuUX mMepex, BT / M,
npu pi3sHUX TeMnepaTypax 30BHiWHbOro noBiTpA. HagsemHa npoknagka

Mutomi BTpaTn Tennotn 1 MeTpom TpyGonposoay

Tennosux mepex, Br/m

1800
1600
1400
1200
1000

800

600

1667

1176

1121

238 226 214 202 188 177 164 156

—25 —20 —15 —10 —5 0 5 10

TeMnepaTypa 30BHILLUHBLOrO NOBITPs, °C

=&~ [1TOMi BTPaTV TENNOTM 1 METPOM i30/1bOBAHOIO TPYGONPOBOAY TEMNNOBMX Mepex, BT / M
<= TuTOoMi BTPaTV TENIOTW 1 METPOM HEi30/1bOBAHOIO TPYBONPOBOAY TEMIOBUX Mepex, BT / M
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LHodamok []

BusHavyeHHs BTpaT TennoTu Bif Hei3onboBaHUX i i3onboBaHUX TpybonpoBoais
CUCTEM oOMnaneHHs, rapA4oro BoAonocTavyaHHa i LMpKynauinHux TpybonpoBogis,

AKi npoknaaeHi y npumilLleHHi

IsonboBaHi Tpy6onpoBoan HeizonboBaHi Tpy6onpoBoau
30BHilLHIN Aia- XapakrepucTuka TennoBoi NininHun koedpi-| 3oBHiWHIA | JliHiMHKUA Koedi-
MeTp cTaneBoro isonsauir uwieHT Tennone- | giameTp cta- | Wi€HT Tennone-
TPYy6onpoBoAy | ToswwmHa, | KoediuieHT Tenno- pepavui Ki, nesoro pepavi K,

d, Mm M npoBiaHOCTi, Br/m-rpap | Tpybonposo-| Bt/ m:-rpaa
Bt/ ™ - rpag Ay, MM
15 10 0,07 0,513 15 0,68
20 20 0,07 0,500 20 0,86
25 20 0,07 0,590 25 1,08
32 20 0,07 0,712 32 1,38
40 30 0,07 0,653 40 1,56
50 30 0,07 0,779 50 1,96
65 30 0,07 0,929 65 24
80 40 0,07 1,07 80 2,94
100 40 0,07 1,99 100 3,57

[na BU3HAYeHHs1 BEMUYMHM NUTOMMX BTpaT Tennotn 3 1 M i3onboBaHoOro abo Heizo-
NbOBaHOro TpybonpoBoady HeOOXiAHO BKadaHy y Tabnuui BeNMYMHY NiHINHOrO KoediuieHTa
Tennonepegayi MOMHOXMTM Ha Pi3HWLIO MK cepeaHbOpiYHO0 abo cepedHbOoo 3a onarnto-
BanbHWIA Mepiog TemnepaTyporo TENMOHOCIA y TpybonpoBoai teep. i cepeqHbOO Temnepa-
TYPOIO 30BHILLHLOIO MOBITPA MPUMILLIEHHS t,, Y AKOMY MpoKnaaeHo TpyGonposia:

q =K - (tcep_ -t), BT/ m,

e

q,— nuTomi BTpatn Tennotn 3 1 m Tpy6onposoay (Ana Tpybonposoais BOAAHUX CUC-
TeM onaneHHsa Tennosigaavy 1 M HeizonbosaHux Tpybonposodis g,y BT / M HaBeaeHo
B «CnpaBoYyHUKE MPOEKTUPOBLLMKA. BHYTpEeHHUE caHUTapHO-TEXHUYECKME YCTPOWCTBA.
Y. 1. Otonnenue. lMog pepakuuen W.I. CrapoBepoBa», c. 264). Tennosiggady
i30MboBaHNX TPyOOMpPOBOAIB HaBedeHO Ha C. 268 TOro camoro AOBILHUKA;

K, — miHinHMI KoediuieHT TennonepeadYi i3 agopgatka [l 3anexHo Bif HasBHOCTI i30-
nauii i giametpa Tpybonposoay;

t.ep. — CEPEAHS TEMMepaTypa TEMNOoHOCIS Y Tpy6onposogi, °C;

t, — cepenHs TemnepaTtypa NoBITPA NPUMILLEHHS, Y AIKOMY NpoknaaeHo Tpybonposia, °C.

BTpatn TennoTtu AinsiHkow TpybonpoBody AOBINbHOI JOBXWHM L, M, giametpom d,
BM3HA4aloTbCs 3a AOOYTKOM BENUYUH LOBXMHU Tpybonposoay L Ha nutoMy BenuuyuHy
BTpaT TENnomu q;

AQ = L- g, Bt.
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LHodamok E

Tabnuuysi E.1
Bu3HavyeHHs nuTOMUX 06’emiB BOAM AN HaNnoBHEHHA TpybonpoBoAiB TennoBux
Mepex,V M3/ KM (maHi HaBegeHo Ha oguH Tpy6onpoBia —
nopaBanbHUA abo 3BOPOTHUMN)

nur.?

30BHILlLHIN giameTp Tpyou, Mm | BHyTpilWwHin giameTp Tpyou, Mm Mutomuin 06’em Boau, M3/ KM

46 41 1,3

57 50 1,963
76 69 3,739
89 80 5,153
106 100 7,854
=8 125 12,21
159 150 17,67
219 203 32,35
273 257 51,9
325 309 74,99
377 357 100,1
426 412 133,3
478 462 167,6
529 509 203,5
630 610 294,2

Butpat Bogu ans HanoBHeHHs TpyboNpoBOAiB TEMNOBUX MEPEX BU3HAYalThCcA 3a
Benu4mMHolo nutomoro ob’emy V. i gosxuHol L TpybGonpoBsoais nesHoro Aiamertpa B
KM 3rigHo 3 3anexHictio: M., ™ = Z(V,,,.; - L;) B M3 (). [YCTUHY BOAM NPUIAHSTO OpieH-
ToBHO 1000 Kr / M3,

Tabnuysi E.2
Mutomunin o6’em Boau Ansi HanoBHEHHA aOOHEHTCbLKUX CUCTEM oOrnaneHHs,

V.,.°", m3/ [x 3a ron, abo (m3/ Mkan 3a rop)

Bua onantoBanbHUX npunaais MNMuTomnih 06’em Boan ANA HaNnOBHEHHS,
CUCTEMM OnaneHHs V,.,..°™ Npn nepenaai Temnepartyp y cuctemi, °C
95...70 110...70
Cwuctema onasneHHs 3 pagiatopamu 3aBBULLIKM

500 mm 4,66 (19,5) 4,2 (17,6)
1000 mMm 7,4 (31) 6,64 (38,2)
3 pebpucTumu Tpybamm 3,39 (14,2) 2,99 (12,5)

3 pericTpamu i3 rmagkux Tpyo 8,84 (37) 7,6 (32)

BuTpat BoaM ANS HanNOBHEHHS abOHEHTCbKUX CUCTEM OManeHHs BU3Ha4yaloTbCH 3a
sanexHictio Mo = Q, - V.o, B M? (1), Ae Q, — po3paxyHKoBe Ternnose HaBaHTa-
XeHHs1 cucTem onaneHHs Ik / rog abo kan / rog.

3aranbHi BUTpaTy BOAM Ha HaMOBHEHHS TPpyOonpoBodiB TENNOBUX Mepex i abOHEHTCb-
KWX CUCTEM oOnarieHHsi BU3Ha4aloTbes 3a 3anexHictio M, = M. °" + M, ™, T ( m3).
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rpacbikom 95 / 70 °C npu Temnepatypi 30BHilWHBbOro no.iTpa t,, °C
Ta Temnepatypi B npuMilieHHi t, = +18 °C

[odamok K

Ta6nuus XK.1
Temnepatypa Boau, WO NOAAETLCS B CUCTEMY OMNMasieHHsl 3a TemnepaTypHUM

PospaxyHkoBa Temneparypa ®dakTM4Ha TemnepaTypa 30BHIlWHLOro NoBiTps t,, °C
30BHIilWHLOro NoBiTps, °C 10 5 0 -5 -10 -15 -20 -25 -30
-10 452 | 58,7 | 713 | 834 | 950 - - - -
-1 445 | 576 | 698 | 815 | 928 - - - -
=12 43,7 | 56,5 | 684 | 79,7 | 90,7 - - - -
-13 431 | 554 | 670 | 781 | 887 - - - -
-14 42,4 | 545 | 657 | 76,5 | 869 - - - -
-15 418 | 535 | 645 | 750 | 852 | 950 - - -
-16 412 | 52,7 | 634 | 736 | 835 | 931 - - -
-17 40,7 | 518 | 623 | 72,3 | 82,0 | 913 - - -
-18 401 | 511 | 613 | 71,1 | 80,5 | 89,6 - - -
-19 39,6 | 50,3 | 60,3 | 69,9 | 791 | 88,0 - - -
-20 39,2 | 496 | 59,4 | 68,7 | 77,7 | 865 | 950 - -
-21 38,7 | 489 | 585 | 676 | 76,5 | 850 | 934 - -
22 383 | 483 | 57,7 | 66,6 | 752 | 836 | 918 - -
-23 379 | 47,7 | 56,9 | 656 | 741 | 823 | 903 - -
-24 37,5 | 471 | 561 | 64,7 | 730 | 81,0 | 888 - -
-25 371 | 465 | 554 | 638 | 719 | 798 | 875 | 950 -
-26 36,8 | 460 | 54,7 | 629 | 70,9 | 786 | 862 | 935 -
-27 36,4 | 455 | 54,0 | 621 | 699 | 77,5 | 849 | 921 -
-28 36,1 | 450 | 533 | 61,3 | 690 | 764 | 83,7 | 90,8 -
-29 358 | 445 | 52,7 | 60,5 | 681 | 754 | 825 | 895 -
-30 355 | 441 | 521 | 59,8 | 672 | 744 | 814 | 883 | 950
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rpacbikom 105 / 70 °C npu Temnepatypi 30BHilWHBLOro noBiTps t,, °C

lMpodoexeHHs dodamka XK

Tabnuuysi XK.2
TemnepaTtypa BoAM, WO NOAAETLCA B CUCTEMY OMarieHHA 3a TeMnepaTypHUM

Ta TemnepaTtypi B npuMmilleHHi t, = +18 °C

Po3paxyHkoBa Temneparypa

®dakKkTUYHa Temnepary|

pa 30BHiLWHLOrO NOBITPA t,, oc

30BHiWHBLOrO NoBiTps, °C 10 5 0 -5 -10 -15 -20 -25 -30
-10 48,5 | 63,7 78,1 91,8 | 105,0 - - - -
-11 476 | 62,4 76,3 89,6 | 102,5 - - - -
-12 46,8 61,2 74,7 87,6 100,1 - - - -
-13 46,0 60,0 73,2 85,7 97,9 - - - -
-14 453 58,9 | 71,7 83,9 95,8 - - - -
-15 44,6 57,9 | 70,3 82,3 93,8 | 105,0 - - -
-16 44.0 56,9 69,0 80,7 91,9 102,8 - - -
-17 43,3 56,0 67,8 79,2 90,1 100,8 - - -
-18 42,8 55,1 66,7 77,7 88,5 | 989 - - -
-19 42,2 54,2 65,6 76,4 86,9 | 97,0 - - -
-20 41,7 53,5 64,3 75,1 85,3 95,3 105,0 - -
-21 41,2 52,7 63,5 73,9 83,9 93,6 103,1 - -
-22 40,7 52,0 62,6 72,7 82,5 92,0 101,3 - -
-23 40,2 51,3 61,7 716 | 812 90,5 99,6 - -
-24 39,8 | 50,6 60,8 70,5 | 79,9 89,1 98,0 - -
-25 394 50,0 60,0 69,5 78,7 87,7 96,4 105,0 -
-26 39,0 49,4 59,2 68,5 77,5 86,3 94,9 103,3 -
-27 38,6 | 48,8 58,4 | 67,6 | 76,4 85,1 93,5 | 101,7 -
-28 38,2 | 48,2 57,7 | 66,7 | 754 83,8 92,1 | 100,2 -
-29 37,8 47,7 57,0 65,8 74,3 82,7 90,8 98,7 -
-30 37,5 47,2 56,3 65,0 73,4 81,5 89,5 97,3 105,0
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Jlodamok 3

MinHiManbHO gonycTumi 3HayeHHA ofnopy Tennonepenadvi oropoaxyBanbHUX
KOHCTPYKUIN AN )XUTNOBMX Ta rpoMaackkux 6yauHkis R, , m2 - rpag | BT
(AnsA rypToxXMTKIB | HaBYanbHUX Kopnycis BH3)

3HayeHHs R, ANA TemnepaTyp-HOi 30HU
Ne B oropomkyBanbHOi KOHCTPYKLT Ykpainu
| Il 1] \")
1 B0BHILLHi CTiHM 2,8 2,5 2,2 2,0
28" MoKpUTTA 1 NepeKpUTTS HeonantoBanbHUX ropu 4.95 4.5 3.9 3.3
26 i i . 33 3.0 26 2.2
3 MepekputTa Hag, NPOi3famy Ta XONoAHMMM Miaga- 35 33 3.0 25
namu, Lo MEXYHTb i3 XON0AHUM MOBITPSIM
4 MepekpuTTa Hag XonoAHUMK MigBanamu, 26 29
LLO pO3TalloBaHi BULLE PiBHS 3emni 28 ’ ' 20
5a* MepekpuTTa Haf HeonarnoBanbHUMK Niasanamu, 3,75 3,45 3,0 2,7
56 LLIO pPO3TaLlOBaHi HUXYe piBHA 3emri* 25 2.3 2,0 1,8
6a* BikHa, 6ankoHHi ABepi, BITPUHW, BITPaXxi, CBITMNO- 0,6 0,56 0,5 0,45
66 npo3sopi dacagu 0,5 0,5 0,39 0,2
7 BxiaHi aBepi B 6araT0|<Bap'r|{|pH| XKUTNOBI BYANHKM 0.44 0,41 0,39 0,32
Ta B rpomMagchki 6yauHku
BxigHi ABepi B ManonoBepxoBi OyavHKKM Ta B KBap-
8 TUPMW, WO PO3TALLOBaHi Ha NEPLUNX MOBEpXax 0,6 0,56 0,54 0,45
BaraTtonoBepxoBux OyAUHKIB
9 BxigHi ABepi B KBApTUpW, WO PO3TaLLIOBaHi BULLE 025 025 0.25 0.25
NepLIOro NoBepxy

* Ana 6yamHkiB cagnbHoro Tuny i 6yauHkie A0 4 NOBEPXiB BKIHOYHO
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Lodamok U
TennoTexHi4yHi xapakTepUCTUKN AEAKMX MaTepianis
XapakTtepucTuku matepiany B XapakTtepucTuku matepiany B
%: CYyXOMy CTaHi yMoBax ekcnnyartauii b
Q M i - -
o arepian LWinbHicTb TennoemHicTb Koed_). renno W DY
cC «r /w3 c I (xr - °C) MPOBIAHOCTI A, 3aCBOEHHS
i » Kl Br/m-°C S, BT/ m2-°C
BeToHn Ha NpUPOAHMX LLINbHMX 3anoBHIOBa4ax
1 | 3anizobeToH 2500 0,84 2,04 16,95
2 | beToH Ha rpasii um LwebeHi 2400 0,84 1,86 17,88
3 | TycpobeToH 1800 0,84 0,99 12,79
4 | Nem3obeToH 1600 0,84 0,68 9,3
5 | Mem3o6eToH 1400 0,84 0,54 7,76
6 |Mem3obeToH 1200 0,84 0,43 6,41
7 | Nem3obeToH 1000 0,84 0,34 52
8 | Kepamaurobeton Ha 1600 0,84 0,79 10,77
KepamauT. nicky
9 KepaM3MT06_eTOH Ha 1200 084 0,52 7,57
Kepam3auT. nicky
10 | KepamauToGeToH Ha
; 800 0,84 0,31 4,77
Kepam3auT. nicky
11 KepaM3MT06_eTOH Ha 500 0,84 023 325
Kepam3uT. Micky
12 | Ma3o- Ta niHO6eToH 1000 0,84 0,47 7,09
13 |lMa3o- Ta niHo6eToH 800 0,84 0,37 5,63
14 | l'a3o- Ta niHOGEeTOH 600 0,84 0,26 3,36
15 | Ma3o- Ta niHO6eToH 400 0,84 0,15 2,42
16 |la3o- Ta niHo6eToH 300 0,84 0,13 1,95
LlemeHTHi, BanHsiHi Ta rincoBi po34nHu
17 | UemeHTHO-NiWwaHmmn 1800 0,84 0,93 11,09
18 | BanHsiHO-NiWaHui 1600 0,84 0,81 9,76
19 | LleMeHTHO-LwnakoBmmn 1400 0,84 0,64 8,11
20 |MnuTtu 3 rincy 1200 0,84 0,47 6,7
21 J';LlI/ICTVI rincoBi anst o6LwmnB- 800 0,84 0.21 3,66
LlernsiHa knagka
22 | MuHsHa NoBHOTINA Lerna
Ha LEMEHTHO-NILLaHOMy 1800 0,88 0,81 10,12
PO34KHiI
23 K(?paN!NHa I'IyCTOTHaa uerna 1600 0,88 0,58 756
WinbHicT01400 Kr/m
24 Kgpaw!qua I'IyCTOTHaS uerna 1400 0,88 058 7.56
WwinbHicTo1300 kr/m
25 Ke_palv!lt-lHa nyCTOTHa3 uerna 1200 088 0,52 6,62
WinbHicTio1000 kr/m
26 | CunikaTHa uerna Ha
LleMeHTHO-MiaHoMy 1800 0,88 0,87 10,9
PO34UHI
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lMpodoexeHHss dodamka U

XapakTtepucTuku matepiany B XapakrtepucTuku matepiany B
2 CYyXOMy CTaHi yMoBax ekcnnyartauii b
o Martepia . o
Ig Tepian LWinbHicTb TennoemHicTb Koed.). 'renn_o M
wr | M3 C, kI / (kr - °C) NpoBiAHOCTI A, 3aCBOEHHSA
b : Br/wm-C S, Br/m2-9C
LlernsaHa knagka
27 | lWWnakoBa uerna Ha
LeMEHTHO-NILLaHOMY pO3- 1500 0,88 0,7 8,76
YMHi
28 | KepamivyHa nopoxHucra
Lerna Ha uemMeHTHo-nila- 1600 0,64 0,58 8,481

HOMY PO34MHi

29 | CunikaTHa 11-nopoXxHuCTa
uerna Ha uemMeHTHo-nila- 1500 0,88 0,81 9,63
HOMY PO34UHi

MpupoaHuit KaMiHb

30 |MpaHiT 2800 0,88 3,49 25,04
31 | Mapmyp 2800 0,88 2,91 22,86
32 | BanHsik 2000 0,88 1,16 12,77
33 | Tyd 2000 0,88 1,05 12,92
[epeBo, BUpo6M 3 AepeBa Ta iHIWIMX NPUPOAHUX OpraHiYHMX MaTepianis
34 | CocHa Ta sanuHa Brnonepek 500 23 0.18 454
BOMOKOH
35 | CocHa Ta sinunHa B3AoBX 500 23 0,35 6,33
BOOKOH
36 | dy6 Bnonepek BONOKOH 700 2,3 0,23 5,86
37 | Oy6 B3goBX BONMOKOH 700 2,3 0,41 7,83
38 | ®aHepa kneeHa 600 2,3 0,18 4,73
39 | KapToH obnuutoBanbHui 1000 2,3 0,23 6,75
40 | Mnwutn OBM Ta ACN 1000 23 0,29 7,7
41 | MNnutn ovepeTsiHi 300 2,3 0,14 2,99
TennoisonsauiiHi maTepianu
42 | Matn miHepanoBarTHi
NPOWMBH i(125kr/m3) 125 0.84 0.07 0.82
43 |Matun MIH.epaJ'IOBe;THI 75 0,84 0,064 0,48
NpOLMBHI (75kr/m3)
44 | Matun MiH_epanosaTHi 50 0.84 0,06 0.48
npoLwmeHi (50kr/m3)
45 | TnuTn M’aKi Ta XKOpCTKi
MiH-BaTHi (350kr/m3) 350 0,84 0.1 172
46 | MnuTn M’aki Ta XKOPCTKI
MiH-BaTHi (300kr/m3) 300 0,84 0,09 1.44
47 | MnuTn M’siki Ta XKOPCTKi
MiH-BaTHi (200kr/m3) 200 0,84 0.08 wm
48 | Mnutn M’'siki Ta XKOPCTKi
MiH-BaTHi (100kr/m3) 100 0.84 0,06 0.48
49 rlf1I/ITI/I M’AK Ta OpCTKi 50 0,84 0,076 1,01
MiH-BaTHi (50kr/m3)
50 | MnuTwu i3 cknoBonokHa Ha 50 0,84 0,064 0,50

CUHTET. B’SHKYy4OMY
51 | Matu i3 cknoBonokHa 150 0,84 0,07 0,9
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lMpodoexeHHss dodamka U

XapakTtepucTuku matepiany B XapakTtepucTuku matepiany B
S CYXOMY CTaHi yMoBax ekcnnyartauii b
o M i o o
|<:> areplan LWinbHicTb TennoemHicTb Koed'). renno Koed. Tenno
wr | w3 c I (kr - °C) nNpoBiAHOCTI A, 3aCBOEHHA
Y, » Kl Br/m-°C S, BT/ m2-°C
52 | MiHononictupon (150kr / m3) 150 1,34 0,06 0,99
53 | MiHononicTupon (100kr / m3) 100 1,34 0,052 0,82
TennoisonsuinHi maTepianu
54 | MiHonnacT 125 1,26 0,064 0,99
55 | MiHononiypetaH (80kr / m3) 80 1,47 0,05 0,7
56 | NiHononiypeTaH (40kr / m3) 40 1,47 0,04 0,42
Cunyui matepianu
57 | [paBin kepamauToBUi
(800Kr / M) 800 0,84 0,23 3,6
58 | [paBin kepamanToBUI
(600Kr / M) 600 0,84 0,20 2,91
59 |lpaBii kepam3nToBuii
(400Kr / M) 400 0,84 0,14 1,99
60 |lpaBi kepam3nToBuii
(300Kr / M) 300 0,84 0,12 1,66
61 | MpaBiit kepam3nToBUIA
(200Kr / M) 200 0,84 0,12 1,3
62 | Micok ans 6yaiBenbHuX 1600 084 058 791
pobiT ’ ’ ’
MokpiBenbHi MaTepianu, AnA 03406nOBaNbHUX POGIT Ta iHWe
63 | MNiHOCKNO Ta rasockno 400 0,84 0,14 1,94
64 | Jluctn asbecToleMeHTHi
nocKi 1800 0,84 0,52 8,12
65 | bitymun HadTOBI ByaiBenbHi 1400 168 027 6.8
Ta MNOKpIB. ' ' ’
66 | AchansTobeToH 2100 1,68 1,05 16,43
67 | Pybepong 600 1,68 0,17 3,53
68 | NNiHoneym nonisiHinxnopuna- 1800 147 038 856
HUA ’ ) )
69 |Te came Ha TKaHMHHil 1800 1,47 035 8.22
OCHOBI

MeTtanu Ta ckno

70 | Ctanb cTpuxHeBa apma-

TypHa 7850 0,482 58 126,5
71 | YyryH 7200 0,482 50 112,5
72 | AntomiHin 2600 0,84 221 187,6
73 | Migb 8500 0,42 407 326
74 | CKkno BiKOHHE 2500 0,84 0,76 10,79
lMpumimka

TennoTexHivyHi MokasHvku OyaiBenbHUMX MaTepianiB i KOHCTPYKLUii HaBedeHO AN BOMOFiCHUX
ymoB ekcnnyatauii «b». MoBHMIN nepenik TennodisnyHNX xapakTepucTuk OyaiBensHUx Matepianis
ovB. y gopatky Jl

[OBH B.2.6-31:2006 «Tennosa izonsuis Oyaisenby.
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Jlodamok K

MuTomi onantoBanbHi Ta BEHTUNALUIMHI XapaKTepUCTUKU HaB4YanbHUX oyaisens BH3

Ao 9, Y Kk / M3 - rop - rpaa; (kkan / m3 - rop - rpap)

06’em GyauHKIB 3a OnantoBanbHi XapakTepucTuKM q, Mutomi BEHTUNALINHI
30BHilIHIMK ONSA PanoHIB i3 30BHILLHBLOIO XapaKTepucTuKm q,
o6Mipamu, Temnepartypoto -30 °C
Tmc. M no 1980 p. nicnsa 1980 p. no 1980 p. nicnsa 1980 p.
no 10 1,46; (0,45) 1,55; (0,37) 0.42; (0,1) 2,13; (0,51)
10...15 1,38; (0,33) 1,42; (0,34) 0.42; (0,1) 2,13; (0,51)
15...20 1,25; (0,30) 1,3; (0,31) 0,33; (0,08) 2,22; (0,53)
noxag 20 1,01; (0,24) 1,13; (0,27) 0,33; (0,08) 2,22; (0,53)
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Lodamok 1
HopmaTtuBHi makcumansHi TennoButpatu oyaisens BH3,
E,.xc KBT - roa / mM?; (kBT - roa / m3) craHom Ha 2006 p.
MoBepxoBicTb ByaNHKY 3HadeHHsa E |, Ana TemnepartypHoi 30HU
1 2 3 4
1 (44) (38) (32) (26)
2 (40) (34) (29) (24)
3 (39) (33) (28) (23)
Bin 4 10 5 94; (35) 81; (31) 69; (26) 56; (21)
Bin 6 40 7 89; (33) 77; (29) 65; (24) 53; (20)
Bin 8 10 9 83; (31) 72; (27) 61; (23) 50; (19)
Big 10 no 11 79; (29) 69; (25) 58; (21) 48; (17)
12 i GinbLe 77; (28) 67; (24) 57; (20) 46; (17)
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Hodamok M
OnuTtyBanbHi nucTu gns obctexeHHA oygiBens BH3
3aranbHi BigoMocTi
HaiimeHyBaHHs napameTpa | om.Bum. |  3HaueHHs
Apgpeca 6yaieni (MicTo, Bynvus, HoMmep 6yanHKy)
Mpu3HayeHHs

BrnacHuik 6yaisni
Pik 3BegeHHst OyaiBni i pik OCTaHHBOrO KaniTanbHOr0 PEMOHTY
HasiBHicTb TexHiYHOT JOKyMeHTaUii Ha OyaiBnio: € BifC.
[MpoekTHa AOKyMeHTaLis, pik BUKOHAHHS NPOEKTY
Mnanu BT i nacnopt Ha Gyaisnto
ByaiBenbHi nnaHW No okpemux noBepxax
Ecki3Hi 6eamaclutabHi KpecneHukn no okpeMmx noBepxax
KpecneHuku iHxeHepHUX Mepex (onaneHHsi, rapsyoro Bo4ONoCTavyaHHs,
XOSI0QHOrO BOAONOCTaYaHHs, BEHTUMALIT, TENNOBMX BY3MiB BBOAY)
HasBHicTb AoKyMeHTaLii Ha iHXXeHepHi cuctemu dyaieni: € Biac.
[Macnopta cuctem BeHTUNAUIT
MacnopTa Ha obnagHaHHsA KyxHi
MacnopTa Ha iHWe obnagHaHHs
MpoekT By3na obniky TennoBoi eHepril
MacnopT TennoBoro nNiYnnbHUKa i NiYMNBHUKIB 06NiKy BOAM
MacnopTa Ha iHwe obnagHaHHS TENSIOBOrO By3na BBOAY
MpoekT By3na obniky eneKkTpu4Hoi eHeprii
MpoekT By3na obniky raps4oi Boam
[MpoekT By3na obniky xonogHoi Boau
[MpoekT By3na obniky NpupogHoro rasdy
3aranbHa xapaktepucTtuka OyaiBni Ta ii BAKOPUCTaHHA

KinbkicTb CTyaeHTIiB / BUuknagadis ocio

KinbkicTb roguH BUKOpWUCTaHHS ByAaiBni Nicns 3aBepLUEHHS 3aHSATb rog, / pik

KinbkicTb 06cnyroBytoyoro nepcoxany y éyaisni oci6

CepeaHbomicsuHMA doHA poboyoro Yacy Ans nepcoHany ocoba - rog

Pexum paboTtu Gyaieni y pobodi aHi noyat. | saBep.
1-wa 3miHa

2-ra 3miHa

Pexxmm poboTy NpoTArom TUXHS

Pexxmm poboTy NpoTAarom poky (KaHikynspHUiA nepiof)

KinbkicTb noBepxis

O6’em byaiBni 3a 30BHiLIHIMKM 06Mipamu m3

OnantoBanbHa ninowa dyaisni m2

OpieHTauis ronosHoro dacagy 6yaieni 3a CTOpoHaMu ropU3oHTY
KnimaTtuyHi gaHi

[MoyaTok i 3aBepLUEHHSA onantoBaribHOro nepiogy

PospaxyHkoBa TemnepaTtypa 30BHILLHbOIO MOBITPS C
CepepHsa HOpMOBaHa TeMmnepaTypa onantoBanbHOro nepiogy oC
[NepeBaxHui Hanpsm BITpY

KinbkicTb rpagyco-gib onantoBanbHOro nepiogy (TemnepatypHa 30Ha) rp.- Oi6

IHWIi gaHi




178 EHEPIrO3BEPEXEHHA B YHIBEPCUTETCBbKUX MICTEYKAX

lMpodoexeHHss dodamka M

HanmeHyBaHHA napameTpa of. BUM. 3Ha4YeHHs
DaHi npo mxepeno onaneHHsA

CucTtema LeHTpanisoBaHOro TenmonocTayaHHs
ABTOHOMHE abo MicueBe axepero TensonoctadyaHHs (Bua nanvea)
Ipadik Temnepatyp BignNycKy TENOHOCIA B4 AxXepena Tennotu

[aHi npo axepeno TennoTn Ans NPUrotTyBaHHsA rapsa4voi Boau
Cuctema LeHTpanisaoBaHoro TeNNonocTayaHHs
EnexTpunyHui BogoHarpisad
HarpisaHHsa Bogu B 1T un LT

[aHi npo mxepeno TennoTu Ans HarpiBaHHsA NOBITPs
CUCTEM MPUNIIMBHOI BEHTUNALIT

Cuctema LeHTpanisoBaHoOro TenionocTayaHHs
ABTOHOMHE abo MicLeBe Axepeno TennonocTayaHHs
Enextpokanopudep
Ipadik Temnepatyp BignycKy TenmnoHOCIA Big Axepena Tennotu oC |
BisyanbHe oLiHOBaHHA CTaHy BiKOH

Bci y 3a0oBinbHOMY CcTaHi
lMepeBaxHO B HE3aA0BINIbHOMY CTaHi
Benwiki HewinbHOCTi y npuTynax i 6insa ckna. EdekTnBHe yLinbHEHHS
mMarnosiporigHe
3HayHa KinbKicTb po3outux WwWndok. HeobxigHu peMoHT
MoBHicTio 3HoWeHi. [ligndaraloTb 3amiHi
IHWIi BapiaHTn

EkcnepTHa oLjiHka po60TV cUCTEMU OnarneHHsA
3apoBinbHa poboTa
Oediunt TennoTn, napaMmeTpu BHYTPILLUHBOrO NOBITPS - HE AOTPUMYIOTLCS
Hagnuwkn Tennotu, nigsvwieHa Temnepartypa, BiA4MHEHI KBaTUpKM

Ekcnnikauia npumiweHb

Mo3HaueHHsA a6o Homep | HalimeHyBaHHA leomeTpuyHi posmipu, M Mnowa 3ackniHHA
3riAHo 3 nNnaHom anIMiu.leHHﬂ ﬂon(uHa |_|Jv|pv||-|a Bucora m2
1 2 3 4 5 6
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lMpodoexeHHss dodamka M

[aHi npo reomeTpuUHi po3mipu dygisni

HaiimeHyBaHHsI napameTpa Ciek — . Cexuiﬂ. 1 .
BUM. MiBHiY | Cxig | MNMiBaeHb | 3axig

3aranbHi AaHi

3aranbHa nnowya M2

OnantoBanbHa nnotia M2

Bucota nosepxis Gyaisni

nigsan M

1-11 nosepx M

2-11 noBepx M

3-11 noBepx M

4-11 noBepx M

5-i noBepx M

Tex. noeepx (ropuiue) M

FeomeTpis oropoaxyBanbHUX KOHCTPYKLN

3aranbHa nnowa 30BHiLW. CTiH pa3oM 3 BiKHamW i

M2
asepuiMa

[oBxunHa M
Bucora (6e3 Lokons i ropuwa) M
Bucota uokons M

BikHa i oBepi

3aranbHa nnota BIKOH, Y T.4: M2
Tun 1 M2
Tun 2 M2
Tun 3 M2
Tun 4 M2
lMnowa 30BHiLLHIX ABepen, y T.u: M2
Tun 1 m2
Tun 2 m2
Tun 3 M2
Tun 4 M2
MokpiBnsa i ropuwe
Tun nokpieni:

lMnacka, CyMiLLl,eHa 3 NepekpuTTAM OCTaHHbOIo
noBepxy

[Mnacka, ane € TeXHiYHUI NOBEPX 3aBBULLKMK. .. M
CkaTHa nokpiens (BKasaTty NioLLy MoKpisni) m2
Mnowa ropuwHOro NepexkpuTTs m2

MoaBanbHi NpUMILLEHHSA

Oynieni Big piBHA 3emni

[Mnowa nignoru 1-ro noBepxy m2
[nowa nignorn onantoBanbHOro niaBany pa3om i3 W2
CTiHamu A0 PiBHA 3eMni

BynisenbHuii 06’em byaisni

BynisenbHuii 06’eM Hag3eMHOT YacTUHK m3
OnantoBanbHWin 06’eM 3a 30BHILLHIMW 0OMipamMu "l
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lMpodoexeHHss dodamka M

exuniondaredex

eHaueleg

dem nited)

dem ywiAdy

dem unmday

1g / ded1 . ;W ed. . W/ 1g ‘y 1LOOHTE . .
. ¢ / DI ‘9LOIHTUIM | W ‘eHumaoL eidatew
Y 1LooHMgoduovrual diuo -oduoLrual LHaInicaox MHILO BIMIADLOHOY
qHaxTodolio minitondaviedey
IHMIHEO0E UHIL)
nimiAdLoHoy xuHawreakrodolo mintondaiedey
6 8 L 9 S 4 € 4 3
IHHaM KBHHaLreuo e IHHam
-1nmdu A ed sdiigou MW3L1oMD Xerogoduog -ndu A ed sdLiigou -inndu Aed | xid ‘ansoin
-Atedaunal | ojogHmHE0E |-Adi AwoHiodoae | An Kredounay | C10THMIHEOE -Atedaumwal | ‘quad ‘oeh BHHOM WOHELL BE
sHO'adao edAiredoauna] | -oHdueseou A BIOOH enegondo edAiedsuna) | BHIDadao :qHesaoid -1andu BH BHHOhBHEOL
eHouig -ouual edAredauws) H eHouiy -lINME BHHaD | -HeaAHanwueH danwoH
3, ‘Toidau MMHALIREOILIELOBH -egodu eveff

K aHesoidinma nielquhead

9o Mod Toideu umHAalresoieuo A qHesoidinma nielquhead

sdiigou oloaHmidiAHEa aidisnwedeu qHaxIILUo0T nielqrAead
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lNpodoexeHHss dodamka M

exvLondaliedex
eHdaueleg
dem uvited)
dem yviAdg
dem uumda]
oeds - W/ 1g ‘y
. L] iz dl e 1Lo0HTIgaoduoLuaL W / D1 ‘9LOIHAUIM [ W ‘eHumEoL weidatew
Y 1Lo0HTIgoduourual diuo LHaMIheoN MHILD BIMIAdLOHOY
qHaxodolo minrondaiedey
wourea’iu WUHALregoilreuoaH TeH sLrindyadaly

exnLondaiiedex
eHdaueleg
dem yited)
dem wniAdg
dem yumday |

Q] LG ] 55D e 0 7 2] T [ ¢W / 1 ‘9LOIHAUIM | W ‘eHumaoL weidatew

“d 11o0Hmgoduowual diuo

-oduowrual 1tHalnicaoy

qHaxTodolo minrtondaiedey

MHILO BIMIAdLOHOY

suaidiol]
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3oBHiWHI aBepi

lMpodoexeHHss dodamka M

MapameTpu ABepen Oga. BuM. Tun 1 Tun 2 Tun 3 Tun 4 Tun 5
Bucora M
LnpuHa M
Mnowa M2
KinbkicTb ABEpPEN 0AHOro TUNY LT,
OcHoBHUI MaTepian
ToBLLIMHA OCHOBHOIO Matepiany M
Bug ytenntosaya
ToBwwMHa yTennioBaya M
BikHa
MapameTpu BikOH Opa. BUM. Tuvn 1 Twun 2 Tun3 | Tun4 | Tun 5
LUnpwuHa BikHa M
Bucorta BikHa M
Mnowia BikOHHWUX NpopisiB M2
KinbkicTb BikOH ogHOro tuny y 6ygisni LUT.
MepumeTp CTynok, siKi BiAKp1BaOTbCS M
BikHa y AepeB’siHUX pamax:
ofVHapHe CKMiHHs
[MoaBiriHe CKMiHHA Y cnapeHux pamax
[MoaBinNHe CKMiHHA Y po3ainbHUX pamax
BikHa y MeTanonnacTMkoBUX pamax
KinbkicTb ckna y cknonakeTi LIT.
KinbkicTb kamep y ckronakeri LIT.
BigcTtaHb MiX CKNOM y nepLlin kKamepi MM
BigcTtaHb MiX CKnom y apyrin kamepi MM
3anoBHEHHS Kamep CKIOMNakeTy:
iHepTHUM rasom (Bkas3aTu BMA rasy)
iHepTHUM razom (BuA rady HeBigomui)
noBiTpam
3aMoBHEHHS HE BU3Ha4YeHe
HasBHICTb TENI03axmMCcHOro NOKPUTTS CKna:
€
BiJCYTHE
He BU3HaYyeHe
HasBHIiCTb cepTudikaty Ha npodinb
Onip TennonposigHocTi npodinto BT/ M2 - rpag
HasBHicTb cepTudikaty Ha cknonaket
Onip TennonpoBigHOCTI  CKNOoMNakeTy Bt/ M2 rpag
3aranbHuil onip TeNNoNpPoBiAHOCTI BikHa Bt/ M2 rpag
KoediuieHT NoBITPONPOHUKHOCTI BikHA Kr/ M2 - roa

lMpumimka.
Y pasi BigcyTHOCTI

™ HOpMaTI/IBHi napamMmeTpu 3rigHO 3 Tabnuuelo HaB4anbHOro MNoCciGHUKa,

CHul 1I-A. 7-79* «CTpoutenbHas TEMnoTEXHMKaY.

NacnopTHUX LaHUX TEMM03axMCHUX XapaKTEPUCTUK OropoKeHb npunma-

CHul [I-A. 7-71 abo
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KoHcTpykuis cTiH i nignora Ha rpyHTi B onantoBanbHUX NPUMILLLEHHAX

XapakTepucTrka KOHCTPYKLi/, 30BHILLHA NOBEPXHA AKUX
KOHTaKTY€ 3 FPYHTOM MO 30Hax
1-wa 30Ha 2-ra 30Ha 3-T4 30Ha 4-Ta 30Ha,
& g & 3aBLUMPLLKA 2 M, | 3aBLUMPLUKU 2M, 3aBLUMPLLKA 2 M, pewTa nnowyi,
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lMpumimka.

[latn xapakTepuCTuKm1 yTennioBaya, Wo 3aCTOCOBYETbCS Y KOHCTPYKLUIT CTiH i nignoru, 30BHiLL-

HA MOBEPXHSA SAKMX KOHTaKTye 3 I'PYHTOM: BUA YTEnnoBaya, Noro TOBLUMHY i KoediuieHT Tenno-

NPOBIAHOCTI.
Tapudcum Ha eHeproHocit
Tapud
HaiimeHyBaHHs oL BuM Wo ovikyeTbesl, a6o
eHeproHocis A. . —— YMHHWI paHiwe, npo- Aara BBe-
TArom nepiopy obcre- LEeHHA
XEHHSA

Tennota Ha NoTpebu onaneHHs rpH / Tkan

EnektpoeHepris rpH / KBT - roa

MpupogHuin ras rpH / Tuc. m3

XonogHa Boga rpH / m3

BoposiaBeaeHHs TPH / M3

MigirpiBaHHs rapsivoi Boan rpH / M3

DaHi npo npunagu o6niky

HainmeHyBaHHSs
eHeproHocis

O6G’ekT
BUMIpIO-
BaHHsA*

Tun npuna-
[y o6niky

Knac Ttou-

Mexi BUMiproBaHb

HOCTi HWXXHSA

BEepPXHSA

on.
BUM.

Tennota Ha noTpebu
onarneHHs
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. OG’ekT Mexi BumiptoBaHb
HainmeHyBaHHSs BUMIDIO- Tvn npuna- | Knac Touy-
€HeproHocis pto Ay obniky HoCTi HWKHS | BepxHs ©OA-
BaHHSA BUM.

EnekrtpoeHepris

[apsaya Boga

XonogHa Boga

MpupogHuin ras
IHWe (3a3HaunTK)

*O6’ekT BUMIpIOBaHHA — BCA OyaiBnsa 4ym i yactuHa (Hanpuknag, iganbHs).

[aHi npo Tpy6onpoBoau
TpybonpoBoau onaneHHA y HeonanBarbHUX MPUMILLEHHAX

Tvn isonsauii OuiHKa cTaHy isonsauii 3anipHa apmartypa
mag; ® .Elom;mla, 6e3 i30- MI:?pn:jL?rI:laT 3aA0Binb- Mi.c Sl aiameTp |  Kinb-
nauii 3aBTOBLUKM, HUN B'F:‘;VT- SBonoxeHa Oy KicTb
MM
MiaBanbHi NpuMilLeHHsA
15 %
20 %
25 %
32 %
40 %
50 %
70 %
100 %
125 %
150 %
lFopuue i TexHiYHi noBepxu
15 %
20 %
25 %
32 %
40 %




[IOAATOK M

185

lMpodoexeHHss dodamka M

Liametp
Oy M

[oBxuHa,

Tun isonauii

OuiHka cTaHy isonsauil

3anipHa apmaTtypa

6e3 i3o-
nauii

miHepanoBart-
Hi nnuTKn
3aBTOBLUKM,
MM

3ag0Binb-
HUN

Micusamum
BigcyT-
HS

3BOJ10XeHa

aiametp
Oy

Kinb-
KicTb

Fopuwe

i TeXHiYHI noBepxu

50

%

70

%

100

%

125

%

150

%

Tpy6onpoBoau MBIl y HeonantoBanbHUX MPUMILLEHHSAX

Liametp
Ay M

[oBXuWHa,

Tun isonsauii

OuiHka cTaHy isonsauii

3anipHa apmartypa

6e3 i3o-
nauii

MiHepanoBaT-
Hi nnuTH
3aBTOBLUKM,
MM

3a40BiNnb-
HUNA

Micusimu
BigCyT-
HS

3BOJ1OXEeHa

AiameTp
Ay

Kinb-
KicTb

MigBanbHi NpuMilLeHHsA

15

%

20

%

25

%

32

%

40

%

50

%

70

%

100

%

125

%

Fopuwe

i TeXHi4YHi noBepxu

15

%

20

%

25

%

32

%

40

%

50

%

70

%

100

%

125

%
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[aHi npo KinbKicTb CTyAeHTIiB, BUKnagayiB i o6cnyroByro4oro nepcoHany

2008 2009 2010
Mepiop CTYAEH. nepcoHan CTyAEH. nepcoHan CTyAEH. nepcoHan
oci6 - rog | ocib - rog | oci6 | oci6 - rop | oci6 - rog | oci6 | oci6 - roa | oci6 - rog | oci6

CiyeHb
noTNn
bepeseHb
KBiTEHb

TpaBeHb

YepBeEHb
nvnexb
cepneHb
BepeceHb
XXOBTEHb
nucrtonag
rpyoeHb

CnoXuBaHHsI NaniMBHO-eHEPreTUYHUX pecypciB

TennoBa eHeprisi, | EnekTpoeHepris, TUC
Mepiog |lkan abo nanueo, m3 kBT - ropg

2008 | 2009 | 2010 | 2008 | 2009 | 2010 | 2008 | 2009 | 2010 | 2008 2009 | 2010

Bopa xonoaHa, m3 Bogaa rapsiva, m3

ciyeHb

noTUN
bepeseHb
KBITEHb
TpaBeHb
YepBeHb
nnNeHb
cepneHb
Bepec.
YKOBTEHb
nuicTonag,
rpyaeHb
yCbOro

MomicAvyHa pincHa cepegHsi TeMnepaTtypa 30BHIlWWHbOrO NOBITPA MPOTArom
onanwBanbHoro nepiogy, °C

Mepioa poky 2008 p. 2009 p. 2010 p.

CiveHb

TOTUN

6epeseHb

KBITEHb (NULIe 3a OHi onanoBanbHOro nepioay )
TpaBeHb
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Mepioa poky

2008 p.

2009 p. 2010 p.

YepBeHb

nnneHb

cepneHb

BepeceHb

XKOBTEHb (M1LUe 3a AHi onanoBanbHOro nepioay)

nucronag

rpyaeHb

CepepgHs 3a onantoBanbHUIN Nepiog

lMpumimka.

Mig Yac BM3Ha4YeHHs1 cepefHbOl TeMnepaTypu onasntoBanbHOrO Nepiogy BpaxoByBaTU LiNCHY
KiNMbKICTb AHIB 3@ KOXHUIN MiCSLb | BENUYMHY TemnepaTtypu BU3Ha4YaTu SK CepefHbO3BaXKEHY.

XapakTepucTuUKa caHiTapHO-TEXHIYHUX Npunaais,
fIKi BUKOPUCTOBYIOTb XOJIOAHY i rapsavy Boay

MpumiweHHs

CaHiTapHO-TeXHi4Hi Nnpunagu, Aki BAKOPMCTOBYOTb BoAY

Mo3Ha4yeHHsA
3a nnaHom

HaimeHyBaHHSs

HanmeHyBaHHA npunagy
(KpaH MUIKKM, KPaH yMuU-
BarnbHUKa, 3millyBay Aylua,
3MmilyBay yMuBanbHUKa,
YHiTa3 Ta iH.)

KinbkicTb roguH
BUKOPUCTaHHA
3a o6y

Kinbkictb

EnektpoobnagHaHHA ipanbHi

HalimeHyBaHHSAI enekTpoobnagHaHHsA

MoTyXHicTb,

KinbkicTb roguH po6otu 3a

KBT

8oy

EnekTtpoobnagHaHHsA npanbHi

HanimeHyBaHHS enekTpoobnagHaHHsA

MoTyXHicTb,

KinbkicTb roauH po6otu 3a

kBT

Aoby
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XapakTtepucTuKa efieKTpoBofoHarpiBayiB AnsA NpuUroTyBaHHSA rapsiyoi Boau

MpumiweHHA EnekTpoBoaoHarpiBa4
Mo3Ha4yeHHA 3a o . . KinbkicTb roguH po6otun
HanmeHyBaHHsA | MoTyXkHicTb, KBT | €MHicTb, n
nnaHom 3a foby
XapakrtepucTuka o6rnagHaHHs KyXOHb
MpumiweHHA O6nagHaHHA KyXHi
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XapakTtepucTuka nabopaTopHOro Ta iHWOro eHeproBMKOPUCTOBYBaNbHOIO
obnagHaHHA (BKNO4Yak4u nepcoHanbHi Komn’oTepu)
MpumileHHA EHeproBukopuctToByBanbHe o6nagHaHHSA
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O6nagHaHHA TENMOBOro By3na BBOAY
HanmeHyBaHHA Ta xapakTepucTuka obnagHaHHs | Oa. Bum. | BenunuuHa Mpumitka
EneBatop
Tun (Homep)
MixdnaHueBa foBXMHA MM
[iameTp ropnosuHmn MM
[iameTtp conna MM
BigmynioBay
HasBHicTb (e/BigcyTHIN)
Liametp MM
Bucora (HasiBHiCTb ApeHaxHoro Tpybonposogy i 6annacy) MM
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HalimeHyBaHHs Ta XapaKTepucTuka o6nagHaHHs | Oa. BUM. | BenuuuHa | Mpumitka

®DinbTp ciTyacTum
[y (OiameTp yMOBHOrO Npoxoay, po3mip KOMIpKu CITK) | MM | |
Tennoo6bminHuk NBC
Koxyxompy6Huti weudkicHul meninoobMiHHUK:

Tun

[MoBepxHs HarpiBaHHA M2
LiameTtp kopnycy MM
KinbKicTb cekuin i oBXUHA OAHIET cekuii M

KinbkicTb Tennoo6MiHHUKIB
Cnoci6 nigknioyeHHs Ao Tennosmx mepex (napan.,

nocnigoBHWN)
TennoBa NOTYXHICTb kBT
EmHicHUU mennoobMiHHUK
Tun
EMHicTb
TennoBa NOTYXHiCTb kBT
[Inacmuxyacmud mennooGMiHHUK
Tun
TennoBa NOTYXHiCTb kBT
[MoBepxHs HarpiBaHHSA M2
TennoobMiHHUK cucmeMu onaneHHs (Orisl He3aneXXHol cxemu MiOKMoYEeHHs] cucmeMU OnaneHHs)
Tun
TennoBa NOTYXHiCTb kBT
MoBEPXHS HarpiBaHHs M2

IHWwe oGnagHaHHA
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P93yl1bTaTVI 06cTeXeHHs MicueBoro abo aBTOHOMHOIO Axepena TennoTtu

Appeca koTernbHi i nepenik onantoBanbHUX yaiBernb

XapaKTepVICTVIKa TennoreHepyBarnbHOro o6nagHaHHA

TennoBa .
K 0,
Ne e KO (3a pexxumHolo KapToto), % TpuBaanh.. Pik

Twun koTna po6oTu 3a pik,

KoTna (3a nacnopTom), . o o 3anycky
MiHiManbHUM | MakcMManbHUI rop,
kkan / rog (kBT)
CnoXxunBaHHA narMmBHO-eHepreTU4HUX pecypciB 3a micauamm POKY
Bupa pecypcy Ta Micaub 200 p. Micaub 200 p.
of. BUM. 10 1" 12 01 02 03 04

ras, m3
Bona, m3
EnekTtpoeHeprisi, kBT - rog
BupobneHa tennota, MNKan*

Bua pecypcy Ta Micaub 200 p Ycboro

oA. BUM. 05 06 07 08 09
ras, m®
Bopa, m®
Enextpoenepris, kBT - rog
Bupobnena tennota, Kan*
03aTN CNOCIO BU3HAYeHHS BMPOOneHoi TennoTu:
3a NiYnnbHUKOM TennoBoi eHeprii y KOTenbHi Po3paxyHkoBui
PiyHe cnoxuBaHHSA nannBHO-eHepreTUu4YHmNX pecypciB
Bupn pecypcy Oga. BUM. 2008 2009 2010
ras e, m3
Bopa T™C. M3
EnektpoeHepria aktuBHa Tuc. kBT - rog
EnekTpoeHepria peaktneHa kBap - rog
BrpobneHHsa Tennotu lkan
Mpadik BigMycKy TenmnoTu oCc/ oc
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OGcTexxeHHA o6nagHaHHa LT (ITM)

LTI (ITM) Ne

1. 3aranbHi gaHi.
[>xepeno oTpMMaHHs MNEePBUHHOIO TEMMOHOCIS:

MpriegHaHe po3paxyHKoBe TEMNOBE HABaHTaXKEHHS Ha onarneHHs!
(MBT)

3a agpecoro

lMpuvegHaHe cepedHe TeNOBE HaBaHTaXXeHHs Ha cuctemy MBI

(MBrT)

padik TemnepaTyp NEPBUHHOIO EHEProHOCIS

lpadbik TemnepaTtyp TennoHocis Ha NoTpebu onaneHHs

oC
°C

Kan / rog

Kan / rop

2. TennoobmiHHe obnagHaHHsA
Cnoci6 nigknoveHHs TennooOMiHHMKa [0 BHYTPILWHIX KOMYHIiKaUii KOTENbHI
Tun Tennoo6- KinLKicTs
Mo3Ha4yeHHs | Mpu3HayeHHs MiHHWKa, M_oro_ Tennoo6MiHHU- G EE TSR iy KKA, %
noBepxHs, iHLWi «ig KKan 3a rog (kBT)
XapaKTepuUCTUKU
HacocHe obnagHaHHSA
Hacoc OBuryH
Mo3HauyeHHs | MpusHaueHHs Butpartu Linpkynsiuiitimi | NoTyxHicTs Kinbkictb
Twvn, mapka BOAM, TUCK. aT BT ’ | obepris,
m3/ rog ’ 06. / xB
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HaeyanbHe BMAaaHHA

Cadiynina Kagpis PawwuTiBHa
KaHA. TEeXH. HayK, AOLEHT XapKiBCbKOro AEPXaBHOMO YHIBEPCUTETY XapvyBaHHS
Ta TOpriBni, AMPEKTop AenapTaMeHTy COLoNOoriYHMX OOCHiMKEeHb Ta 3B’A3KIB
3 rPOMaACLKICTIO |HCTUTYTY MICLEBOrO pPO3BUTKY

KonieHko AHatonin MpuropoBu4
KaHA. TexH. Hayk, npodecop [lonTaBcbKOro HauiOHaNbHOrO TEXHIYHOrO YHIBEPCUTETY
imeHi HOpis KoHapaTioka, KOHCYMbTaHT 3 TEXHIYHUX NUTaHb
IHCTUTYTY MiCLEBOro pPo3BUTKY

TopmocoB PycnaH KOpinoBuy
KaHA. €KOH. HaykK, AoueHT KuniBCbKOro HauioHanbHOro yHisepcutety OyaiBHMUTBaA
Ta apXiTeKTypu, KOHCYMNLTAHT 3 MUTaHb MYHILMMNANbHOMO EHEPreTUYHOro NilaHyBaHHS
IHCTUTYTY MiCLEBOro po3BUTKY

EHEPITO3BEPEXEHHA
B YHIBEPCUTETCbKUX MICTEYKAX

36ipHMK 3aday ona CTYOEHTIB BMLUMX 3aknagiB OCBITK

PepakTop: Jto6oB [podaHb

BigomocTi npo gpykapHto
CeigouTtBo cy®’ekTa BUOABHUYOT OisiNIbHOCTI Big




