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PEDEPAT

Marictepchka IucepTalist Ha 3700yTTS CTYINEHs MaricTpa 3a OCBITHBO-HAYKOBOIO IPOTPaMoOI0
MiATOTOBKM Ha TeMy «3acTOCYBAaHHS 1HHOBAIIMHOI MiKpo(]aKeIbHOI TEXHOJIOTii Tra30CHaltoBaHHS IS
MIJIBUIIICHHS eHepro-ekosoriyHoi edextuBHOoCcTi KoToma KBI'M-20»: 86 c., 31 puc., 26 tabn., 5 gox.,
25 mxepen.

OO’eKT JIOCHi/KEHHS — TpouecH (PakeTpbHOrO CHAMIOBAaHHS MPHPOJHOTO Ta3y Yy TOIKax
BojorpiHux koTimiB KBI'M-20.

Mera poOOTH — Ha OCHOBI KOMILJIEKCHOTO aHAJIi3y Ta MOJICIIOBAHHS MPOIIECIB CYyMINIOYTBOPEHHS
IPUPOJHOrO Ta3y Ta TMOBITPS y IITaTHOMY Ta MiKpo(dakeIbHOMY MalbHUKOBUX MPUCTPOSIX KOTJIA
KBI'M-20 po3poOuTH TexXHIUHI pillleHHs MOKpAIIEHHS €HepreTUYHO1 e(heKTUBHOCTI Ta PiBHS €KOJIOT1YHOT
YUCTOTH pOOOTH KOTJIA.

B po6oTi Ha OCHOBI Pe3yJILTATIB JIITEPATYPHOTO OTIISAY 32 HAIIPSIMKOM JIOCITIPKEHb, MOJICTTFOBAHHS
Ha 3D-Mozem Ta HaTypHHX BHUNPOOYBaHb JIOBEIECHO HEJOCKOHATICTh IPOIECIB CyMIIMIOYTBOPEHHS,
CYTT€BY HEPIBHOMIPHICTh PO3MOALTY IIBUIKOCTEH Ta TEIMJIOBUX MOTOKIB Yy TOIMII KOTJA 1, IK HACIHIJIOK,
HU3BKUH DIBEHb EHEProe(PeKTUBHOCTI Ta EKOJIOTIYHOI YHCTOTH EHEProNepeTBOPEHHS IpH poOOTi
MITATHOTO PETICTPOBOrO MAIBHUKA, PO3TIITHYTO €KOHOMIYHI Ta €KOJIOTIYHI MEepeAyMOBH Ta JOIUIBHICTh
BUKOPUCTaHHS HOBUX ra30CNallOBAIbHUX TEXHOJIOT1H.

3anponoHOBaHO Ul BUKOPHUCTaHHS B JAHOMY KOTEJIBHOMY arperaTi yHIKajdbHY YHi(iKOBaHY i
yHiBepcallbHy 1HHOBAIiliHy MiKpO(aKeIbHy TEXHOJIOTIIO CIaJIOBAaHHs ra30Mo1i0HOTO MajnBa 3 BUCOKHM
piBHEM eHeproeeKTUBHOCTI Ta €KOJOTIYHOI YHCTOTH. 3a pe3yJbTaTaMH MPOBEICHOTO MOJEIIOBAHHS Ta
eKCIICPUMEHTIB OTPUMAHO aHAIITHYHI Ta EMIIPHYHI XapaKTEPUCTUKH aCPOJUHAMIUYHUX 1 TEIJIOBUX
ocobnuBocTeil pobotu Tomku koria KBI'M-20 3 manbHHKOBOIO cucTeMor0 Ha 0asi MikpodakenbHOT
TEXHOJIOT11, Kl CB114aTh MPO HASBHICTh KOMIUIEKCY MO3UTHUBHHUX €(PEKTIB.

OTpumani  pe3yJbTaTH  JO3BOJSIOTH 3  BHUKOPHUCTAHHSAM  MIKpOQaKeIbHOI — TEeXHOJOTIl
ra3oCraalOBaHHs MiABUIIUTH PIBEHb €PEKTUBHOCTI Ta €KOJIOTIYHOI O€3MEeKH eKCIuTyaTallli 3 0JJHOYaCHUM
MOJIOBKEHHSM POO0YOro MOTOpecypcy KOTia 3a paxyHOK 3JIHCHEHHS KOPOTKOCTPOKOBOI 1
MaJIOBUTPATHOI MOJIEpHi3allil HOTo MajabHUKOBOI CUCTEMH.

Ha ©6a3i 3anpomoHoBaHUX PIMIEHH PO3POOJICHO CTApTaI-MIPOEKT, MO0 3aCTOCYBaHHSA
MiKpodakeapHOT TEXHOJIOT1i B yMOBaX YKPaiHChKOT'O €HEPrOPUHKY.

KJIIOYOBI CJIOBA: BoporpiiiHuii KoTed, Ta30BUH MalbHUK, MIKpOoQakelbHa TEXHOJIOTIs

CTaJIIOBAaHHSI, EKOJIOTIYHA Oe31eKa, eHepro-eKoJoriuHa e()eKTUBHICTb.



ABSTRACT

Master's thesis for obtaining a Master's degree in an educational and scientific training program on
the topic: “Application of innovative micro-flare gas combustion technology to increase the energy-
environmental efficiency of the KVGM-20 boiler”: 86 p., 31 figures, 26 tables, 5 appendixes, 25 sources.

The object of study is the processes of micro-flare combustion of natural gas in the furnaces of
boilers KVGM-20.

The purpose of the work is to develop technical solutions for improving energy efficiency and the
level of ecological cleanliness of the boiler operation on the basis of complex analysis and modeling of
natural gas and air mixing processes in standard and micro-flare burners of KVGM-20 boiler.

Based on the results of literature review in the field of research, 3D modeling and field tests, the
imperfection of mixing processes, significant uneven distribution of velocities and heat flows in the boiler
furnace and, as a consequence, low energy efficiency and environmental cleanliness of energy conversion
burner, economic and ecological preconditions and expediency of using new gas combustion technologies
are considered.

A unique unified and universal innovative micro-flare technology of gaseous fuel combustion with
a high level of energy efficiency and ecological cleanliness is offered for use in this boiler unit.
According to the results of modeling and experiments, analytical and empirical characteristics of
aerodynamic and thermal features of the KVGM-20 boiler furnace with a burner system based on micro-
flare technology were obtained, which indicate the presence of a set of positive effects.

The obtained results allow to increase the level of efficiency and ecological safety of operation
with the use of micro-flare gas combustion technology with simultaneous extension of the working motor
resource of the boiler due to short-term and low-cost modernization of its burner system.

Based on the proposed solutions, a startup project has been developed for the application of micro-
flare technology in the Ukrainian energy market.

KEYWORDS: hot water boiler, gas burner, micro-flare combustion technology (MTC),

environmental safety, energy and environmental efficiency.



PE®EPAT

Marucrepckasi AuccepTalysi Ha COHMCKAHHME CTENEHH Maructpa mo oOpa3oBaTellbHO-HAYYHOUN
IporpaMMe NOArOTOBKM Ha TeMy «lIpuMeHeHne HWHHOBAMOHHONM MHKPO(AKEIbHON TEXHOIOTHH
Ta30CKUTAHUS JUTsl TIOBBIMICHHsI YHEPro-3Koyiorndeckoil ¢ dextuBHocTH KoTiaa KBI'M-20»: 86 c., 31
puc., 26 tabmn., 5 nom., 25 UCTOYHUKOB.

OOBeKT wucclaenoBaHUSI - MPOLECCH (PaKETbHOTO CHKUTAaHUS TPHUPOJHOTO Taza B TOMKaX
BoJorpeiHbix KotiaoB KBI'M-20.

B paGote Ha OCHOBe pe3ynbTaTOB JUTEPAaTypHOro 0030pa MO HANpPaBICHUIO HCCIIEI0BAaHUM,
MojaenupoBaHuss Ha 3D-mMojend W HATypHBIX HCIBITAHUNA [OKAa3aHO HECOBEPIIEHCTBO MPOIECCOB
cMeceo0pa3oBaHus, CyIECTBEHHYIO HEPAaBHOMEPHOCTh PacCIpe/IeeHUs] CKOPOCTEH U TEIUIOBBIX MTOTOKOB
B TONKE KOTJIa M, KaK CJEICTBUE, HU3KUI ypOBEHb 3HEProd((HEKTUBHOCTH U IKOJIOTHIECKONH UUCTOTHI
sHEepronpeoOpa3oBaHus MpH padOTe MTATHOTO PETUCTPOBOTO TOPEIIKH, PACCMOTPEHBI SKOHOMUYECKHE U
SKOJIOTMYECKHUE TPEANOChUIKM U  1EeJIeCO0O0pPa3HOCTh HCIOJIb30BAHUSA HOBBIX Ta30CMaIOBAILHUX
TEXHOJIOTHUM.

[Ipemnoxeno Juisi  UCMNONB30BaHMS B JAaHHOM  KOTEJIBHOM  arperare  yHUKalbHYIO
YHU(DUIIMPOBAHHYI0 W YHUBEPCAIbHYI0 WHHOBAIIMOHHYIO MHUKPO(MAKETbHYIO0 TEXHOJOTHIO CXKUTAHUS
ra3oo0pa3HOro TOIUIMBA C BBICOKUM ypOBHEM HSHEProd(h(eKTUBHOCTH U SKOJIOTHUEcKON 4ucTOoThL. Ilo
pe3ynbTataM MPOBEIECHHOTO MOJCIUPOBAHUS M OSKCIEPUMEHTOB TMONYYCHBl AHAIUTUYECKUE U
IMIUPUUYECKUE XAPAKTEPUCTUKHN adPOJUHAMHYECKHX U TEIJIOBBIX O0COOEHHOCTEW pabOThl TOMKH KOTia
KBI'M-20 c¢ ropenkoii cucremoli Ha 0a3e MHKpPO(AKEeIbHOW TEXHOJIOTHUH, CBHICTEILCTBYIOIIHE O
HaJUIMH KOMIUICKCA TTOJIOKHUTEINBHBIX 3P (HEKTOB.

[TomydyeHHble pe3yibTaThl TO3BOJAIOT C HCIOJNB30BAHHMEM MHKPO(MAKETbHOM TEXHOJOTHUU
ra30CKHUraHusl TOBBICUTh YPOBEHb 3(PPEKTUBHOCTH M KOJOTHMUYECKOW O€30MacHOCTH SKCIUTyaTalluu C
OJIHOBPEMEHHBIM yAJIMHEHHEM pabodyero MOTopecypca KOTJIa 3a CUET OCYILECTBICHHSI KPaTKOCPOUHOM U
MaJIo3aTpaTHON MOAEPHU3AIMU €0 TOPEIOYHOU CUCTEMBI.

Ha 0a3e mpemioxeHHBIX pelieHH pa3paboTaH  CTapTam-MPOEKT 1O  MPUMEHEHHIO
MUKpOQaKeTbHONU TEXHOJIIOTUU B YCIOBUSIX YKPAUHCKOTO SHEPTOPHIHKA.

KJIFOYEBBIE CJIOBA: BomorpeiHbIi KOTEN, ra3oBas ropeika, MUKpo(pakeiabHas TEXHOJOTHUS

CKUTaHMS, IKOJIOTHYECKasi 6€301acHOCTbh, SHEPro-dKoIorundeckas 3pGeKTUBHOCTD.
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INEPEJIIK YMOBHUX ITIO3HAYEHb, CUMBOJIIB, CKOPOYEHb, TEPMIHIB

YMOBHI O3HAYEHHA

Q — TerI0BUH NOTIK, KUIbKICTh TEIJIOTH;;
G — macoBa BUTpaTa;

{ — TeMIeparypa;

V' - 06’eMHa BUTpaTa;

W — IIBUAKICTD;
f—moma;

1 — KIJIBKICTB;

d — niamertp;

a - Koe(illi€HT HAUTUIIKY TOBITPS;

C - MacoBa KOHIICHTpAITis;

Ingexkcu
Huxwi: BepxHi:
T — IPUPOTHUH Ta3; K — KIHETHYHA 110a4a;
OB — MOBITPS; 1 — nudysiiina momaya.

Ip. 3T — IPOAYKTH 3TOPAHHS;
MB — MEpEXHA BOJIA;
H — HOPMaJibHI YMOBH.
CxopoyeHHs
KKT" — KUTI0BO-KOMYHaJIbHE TOCOAAPCTBO;
PK — paiioHHa KOTENbHS;
KBI'M — xoten BoAOTpiiiHUIA ra30Ma3yTHHIA;
KTM — KuiBchbKi TEIIOBI MEpexi;;
KK/ — xoedimieHT KOpUCHOT Aii;
PI'MII — potariiiinuii ra3oMa3yTHHI MalbHUK;

MI'TI — mikpoakenbHHI Ta30BUI MATBHUK.



BCTYII

Hama peanpHiCTh monsrae B TOMY, IO B IIEHTPaJIi30BAHOMY TEIUIONOCTaYaHHI BEJIMKHUX MICT
ra3oBi BOJAOTPifHI KOTIM mTpamoBaTUMyTh Ime MiHiMym 20 pokiB. B VYkpaini B cucremax
LIEHTPATI30BaHOTO TETUIONOCTAaYaHHsI BCTAHOBICHO OiM3bKO cOTHI KoTiiB cepii IITBM, i me Oinbire
koTiiB cepii KBI'M. TexHiuHuii cTan 00IaHAHHA € OJHIEI0 3 HAWOLIBII TOCTPUX MPOOIEM Y KUTIOBO-
KOMYHaIbHOMY KoMmIuiekci Ykpainu [1]. IIpakTudHO Bce BHKOpUCTOBYBaHe OOJaJHaHHA JaBHO
BIJIMTPAIFOBAIO CBi TACHOPTHHMA TEPMIiH eKCIUTyaTarlii, i He BIIIOBIJa€ Cy4YaCHHM CKOJOTIYHHM 1
€KOHOMIYHUM BUMOTAM, Ha0arato BiACTaJIO BiJ TEXHIYHOrO PIBHA B Il 00JIaCTi, IO CHPUYUHSE SIK
Ha/JMIpHY NEepeBUTpaTy rasy, Tak 1 HEBUIpPaBAAHI BTPATU TEIUIOHOCIS, 3aBJAIOYM MPH LIbOMY BiT4yTHOI
IIKOJW TIOBITPSIHOMY OaceiiHy HAaceJIeHUX IyHKTIB. Y BEJIMKUX KOMYHQJIbHUX Ta MPOMHUCIOBHX
KOTEJBHSIX eKCILTyaTyIOThCs BojorpiiHi kotiu cepiii KBI'M (10, 20, 30, 50, 100 i 180) i [TTBM (30, 50,
100,180). Born Bumyckamucs i BHITyCKaroThes Ha J[oporoOy3pkoMy KOTETBHOMY 3aBOji, Ha bilickkomy
KOTeIbHOMY 3aBoji, Ha binropoacekomy «Enepromarmn» B Pociticekiit @enepartii, mounrarouu 3 1960 p.
[ToBHUIT TepMiH eKCIUTyaTAallil KOTIiB 3aBOJH JEeKIapyoTh y 20 pokiB.

JlJis mapoBUX Ta BOAOTPIHHUX KOTJIIB BCTAHOBJIECHI BiJIOMiI BUMOTH JI0 MATbHUKOBUX CHCTEM, a
came: yHiBepCaJbHICTh, HaIIHHICTh, CTIMKICTh 3amaJIFOBaHHS 1 cTabimizamis GpOHTY TOPiHHS B MIMPOKHX
pobounx miama3oHaX HaBaHTa)XCHb, 3a0E3MEUEHHS CYMINIOYTBOPEHHS 3aJaHOi 1HTEHCHUBHOCTI,
3a0e3reueHHs] TOBHOTH 3TOpPaHHS Tra3y TMpU MiHIMaIbHOMY Koe(ilieHTI HAJIMIIKY TOBITPS,
PEMOHTOINIPUIATHICTh, BHCOKAa EHEPro-eKoJoriyHa e(eKTUBHICTh, HE3HAYHUH TEPMIH IPOBEICHHS
MOJIEpHi3allii Ta OKyITHOCTI.

BomHowac 3 edeKTHBHICTIO Ta30CHaIIOBaHHS, NMUTAHHS 3aXUCTy JTOBKULISA TaKoX HalOyBae Bce
O1IBIIOT aKTyalIbHOCTI Ta IpiopuTeTHOCTI. OJIHIEI0 3 OCHOBHUX 3a0pyAHIOIOUHUX PEYOBHH aTMOC(HEPHOTO
MIOBITPS € OKCUAM a30Ty. BincyTHICTh B YKpaiHi yCTaHOBOK a30TOOUYHUIIICHHS Ha OUIBIIOCTI MiIPUEMCTB,
JIe Y TEXHOJIOTIYHOMY TIPOIIECi YTBOPIOIOTHCS BiJXiHI Ta3H, [0 MICTATh OKCHUIM a30Ty, IPU3BOIUTH 0
3HAYHUX BUKHUIIB Horo B atmocdepy. Ilin BIiIMBOM BBEIEHHS HOPMATHBHO-TIPABOBUX JTOKYMEHTIB [2]
€BPOIHTETpaLliiiHe CIPSAMYBAaHHSA PO3BUTKY YKpaiHM CTaBUTh 3aj7ady BIAMOBIAHOCTI €KOJOTIYHUM
crangapram €Bporneiicbkoro Corozy (€C), y SKOMy rpaHUYHO JOIMYCTUMI KOHIIEHTPAIil BUKUIIB OKCUIIB
a30Ty Ta IHIIMX IIKI[UIMBUX KOMIIOHEHTIB y BIOXITHUX Ta3aX HOPMYIOTbCA 3TigHO JIMpEeKTHUBU
2001/80/€C [3] mpo mpoOMUCIOBI BUKUIAHN Ta BIPOBAIHKEHHS TEXHOJIOT1H 0€3BIIX0THOTO BUPOOHUIITBA.

ITepepaxoBaHi BUMOT'M Ta HOPMH CTaJM OCHOBHOIO 17I€€10 HAIMCAHHS MaricTepchbKoi aucepTanii 3
PO3POOJICHHAM TMAaJbHUKOBOI CHCTEMH IS Ta30BUX BOJOTPIMHUX KOTIIB, MO ¥ BiIOOpa’keHO B

TEXHIYHOMY 3aB/IaHHI Ha IPOSKTHO-KOHCTPYKTOPCHKY pO3pOOKY (IHB. TOIATOK A).
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1 TPOBJIEMHU TA MIEPCHEKTUBHU I'A3OCIAJIIOBAHHSA OB’€EKTAMHU KOMYHAJBHOI
TEIVIOEHEPTETUKHU YKPATHU 1 3AJAYI JJOCJIIIKEHD

Baxxn1Boro yMOBOIO €HEpPreTM4Hoi Oe3neku YKpaiHM € 3MEHIIEHHS 3aJeKHOCTI KpaiHW BiJ
IMITOPTY eHeproHociiB. ToMy MoOJiTHKA €HEepro30epeKeHHS] B YMOBAaX IMOCTIHHOTO 3pOCTAaHHS BapTOCTI
€HEepPropecypciB € OJHMM 13 NPIOPUTETHUX HAMPSIMKIB PO3BUTKY MICT Ta PErioHiB YKpaiHu. 3HayHa
YacTUHA MOTEHIialy €Hepro30epeKeHHs MPUMAJAE HA KUTIOBO-KOMYHAJIBHUHA CEKTOP, IO 3YMOBIEHO
BIJIHOCHO IIBUKOIO OKYITHICTIO 1 HAJIGKHOKO BIJIaUCIO BKJIAJICHUX B €HEPro30CpeKCHHSI HEBEIIMKHUX 32
00csiroM TporoBux KomTiB. L1 BUTpaTH € 3HAYHO MEHIIIMMHU TIOPIBHIHO 13 3aIPONOHOBAHUMH BUTpaTaMu
Ha HApOIIyBaHHS OOCITiB BHUPOOHUIITBA EHEPrOHOCIiB. 3a BHUCHOBKAMH CHEIIaNliCTiB, MOTEHIiaT
enepro3oepexxernst y 2030 porii ctanoButuMe 0im3bko 60 % Bif HEOOXITHOTO €HEPrOCIOXKUBAHHS Y
CYCIUTLHOMY BUPOOHUIITBI Ta )KHUTIOBO-KOMYHaIBHIN cepi [1].

CroromHi YkpaiHa Boyoi€ JOCTaTHIMA KOMYHaJIbHUMHU €HEPIeTUYHUMH TOTYKHOCTSIMH, OIHAK
BEJIMKY iX YacTKy CKJIaJa€ 3acTapiie, TEXHIYHO 3HOIIEHE 00JIalHaHHA Ta ycTaTKyBaHHs. Lle cnpuunHse
3aroCTPEHHS] KOMIUIEKCY Mpo0JieM Yy >KUTJIOBO-KOMyHanbHOMYy rocnogapctsi (JKKI'), sxi HeraTuBHO
BIUIMBAIOTh HAa PiBEHb €HEPIrETHYHOI Ta €KOJIOTIYHOI Oe3MeKH KpaiHu 1 Ha SKICTh )KUTTS HaCEJICHHS.

Cexrop XKI' B Ykpaini cnoxuBae 44% Bcix eHepropecypciB KpaiHW, JIeBOBa 4YacTKa SKHX
IIPUIIAJA€ Ha IPUPOJHUM ra3. PiBeHb 3a0e3neueHHs YKpaiHu BIaCHUM «OJaKUTHUMY MAJIMBOM CTAaHOBUTh
e 37 %, pemra — ekcnopt 13 Pocii Ta Typkmenicrany. 3 2001-ro o 2010 pik 1iHa Ha MPUPOIHUI ra3
Ui YKpaiHH 3pociia B I'ATEpO 1 CTAaHOBUTH chorojHi 246 mon. 3a 1000 xybomerpis, Bchoro 14 mipn
KyOOMETpiB CIIOKHMBa€ ramy3b IOPoKy [4]. 3a piBHEM CHOXHMBAaHHS TPUPOJHOTO ra3y Hama KpaiHa
nocigae mocte micte y cBiTi micas CIIIA, Pocii, Benuko6puranii, Himeuunan ta Kanagu.

ITutaHHs WiABUIIEHHA €(QEKTHMBHOCTI BUKOPUCTaHHS MaJUBHO-CHEPIeTUYHUX PECYpCiB,
€Heproz0epe)keHHsT Ta HATIMHOCTI TEIUIOBUX MEpEX IKUTIOBO-KOMYHAIBHOTO TOCHOJApCTBA BXKE
TPUBAJIMN Yac € MPEIMETOM JIOCHIDKEHHsI 0araTb0X HAyKOBLIB HE TIIbKHM YKpaiHW, a 1 yChOTO CBITY.
3o0kpema pobotu [4-7] MO3BOJSIOTH OIIHUTH TEPCIEKTUBH PO3BUTKY CHEPIrOCIIOKWBAHHS Ta IUIAXU
pO3BUTKY eHepreTuku B KkpaiHax €C. JlaHi muX IOCTIIKEHb MOXHA 3aCTOCYBAaTH JUIsl TMOPIBHSHHSA
CEKTOPIB LEHTPaJIi30BaHOTO TEIUIONOCTaYaHHs KpaiH €Bponu Ta YKpaiHu JUIsi MOXKIIMBOTO 3aCTOCYBaHHS
€BPOTICCHKOTO  JIOCBiy B  eHepro3OepekeHHi. He3Bakaroum Ha 1e, OUIBIIICTH MpoOieM
TEIUIONOCTaYaHHd B YKpaiHl 3aJMIIAI0ThCS HEBUPILIEHUMH, L0 BUMArae MOJANbIIMX JOCIIIKEHb Y

JaHii ramysi.
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1.1 CtaH Ta 0c00,1MBOCTi p00OTH ra30B0i KOMYHAJILHOI TellJIOEHEPIreTHKHN Y KpaiHu

OcHoBHUMH KepenaMu eHeprii ans BupoOHunTBa TeroBoi eneprii XKKI' B €Bpocorosi €
npupoaauid Ta3 (43%), Byrimis (29,3%), 6iomaca (15,1%), vadra (7,1%), atomua enepris (0,2%), iHmr
mxepena (5,3%) [8]. Cuctemu TeruionocTayaHHs Ha €BPOINEHCHKOMY PHUHKY BUKOPHUCTOBYIOTH PECYpCH
J0CTaTHbO e(peKTUBHO: 81% TemnoBoi eHeprii BUPOOJIAEThCS 3 BUKOPUCTAHHSAM BIJIXOMAIB TEIJIOBOI
eHeprii BiJJ TEXHOJIOTIYHMX TMPOLECIB (HANpUKIad, KOMOIHOBAHOTO BHKOPHCTAHHS TEIUIOBOI U
€JIEKTPUYHOI eHeprii) 1 BIIHOBIIOBAIBHUX JKEpen eHeprii; 19% — 3a paxyHOK NMpSMOTO BHKOPUCTAHHS
Olomacu Ta opraHigyHOro manuBa (i MiKOBHX MOTpeO). 3rimHo 3 [6, 8], yacTku BUPOOIEHOI TEIIOBOL
eHeprii 3a paxyHOK BHKOPHCTAHHS BTOPHMHHOI TEIUIOBOI €HEprii OCTaHHIMU JECATUIITTAMU Oyiu
HanOubmumMu  (68-91,2%) y Pymynii, Himewyuwmni, IlBeiinapii, Cnosenii, Hanii, [Tonpmi, Yeckkiii
PecnyOumini. 3a manumu [6, 8] wacTku BHpOOJIEHOI TEMIOBOI €Heprii Ha MpsIMOMY BUKOPHCTaHHI
BIIHOBITFOBATBHUX JpKepel ckiananm B JlaTsii - 42%, Hopserii - 32%, lIserii - 26%, B ABctpii, EcTonii,
Hanii, JIutsi - Ha piBHI 17-23%. B Icnanzii yactka npsiMoro BUKOPUCTaHHS BIAHOBIIOBAJIbHUX JHKEpeE
€Heprii /Ui TeMIoNnocTayanHs (reoTepMalbHUX BOM) ckiiana 78,9%.

Ykpaina x y 2018 poui 36inblIiIa COKHBAHESA TpUpogHOro rasy Ha 1,3% (0,4 mapa M) B
nopiBastHHAI 3 2017 poxom - mo 32,3 mupn M. [Ipo me ¥meThCs B JaHUX HAIIOHAIBHOI aKIiOHEPHOT
kommadii «Hadtoraz Ykpainn» [9].

VY 3B’sa3ky 3 HaOpaHHAM 4YMHHOCTI mnoctaHoBM KaGinery MinicTpiB VYkpainu Ne867 Ta
BpPaxoBYIOUH, IO 1O CKIaay CTPYKTypu Tapu(iB Ha HEHTpasli30BaHE OMAJIECHHS Ta LEHTpali30BaHE
MOCTAa4YaHHs raps90i BOJW BKIIIOYAETHCS BAPTICTh TEIJIOBOI €HEPrii Ha ChOTO/HI UTOMA Bara BUTpAaT Ha
naauBo (MPUPOAHUIN Ta3), MOKYNHY TEIUIOBY EHEprito, cOoOIBapTICTh BHPOOHHIITBA TEIJIOBOI €HEPTii
BiacHuMH eHeprooO’ekramu JKKI' y cTpyKTypi cepeqHbo3BaKeHOro Tapudy Ha TEIUIOBY €HEpriio AJs
notped HaceneHHs ckianae Outbime 86%, a y BHUMAAKy EHTPali30BAaHOTO ONAJCHHS Ta Taps4yoro

BOZIOIIOCTAYaHHs CKJIaIae, BiAMoBiqHO, 99% Ta 89% (nuB. pucynok 1.1) [9, 10].

CTpyKTypa cepesiHb03BaKEHOTO CTpyKTypa cepeiHb03BaXKEHOT 0 Tapudy CrpyKTypa cepeiHb03BaKEHOTO
TapuQy Ha TEIUIOBY €HEPTIIO JUIs Ha TEIUIOBY €HEprilo Ui NoTped Tapudy Ha TEIUIOBY €HEPTIIO /IS
norped HacesneHHs. roH/I'kan Oro/DKEeTHHX VCTaHOB. TpH/['Kan MOTPeO 1HIMMX croXuBayiB, roH/I'Kan
1264,22 1301,47 133200 1422,59
1293,71
1030,40
1092,97 1099,98 1250,14
§77.23 1116,18 1101,57

2017 2018 2017 2018 2017 2018
BUTpATH Ha MAJIMBO Ta ITOKYIHY TEIJIOBY eHeprito, rpH/['kan M pemwrra Butpar, rpu/I'kan

Pucynok 1.1 — CtpykTypu cepeiHb0o3BaXEHUX Tapu(iB Ha TEIIOBY €HEPTilO 32 KaTEropisMu CII0XKHUBaYiB

y 2017 — 2018 poxax, rpa/I'kan (6e3 mogaTky Ha J10JlaHy BapTiCTh)
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1.2 Anani3 egeKTHBHOCTI i €KOJIOTIYHOI YHCTOTH CHAJIOBAHHS ra30BOro NajauBa y TONKAX
BOJIOTPiiiHUX KOTJIiB

[TuTaHHs peKOHCTPYKLIi Ta MOAEpHi3allii KOTenpHOro oONajHaHHs € 3arpedyBanuM. B Ykpaini
ICHy€e 3Ha4YHa KUIBKICTh OO’€KTIB TEIUIONOCTAYaHHs, sKi JEMOHCTPYIOTh HE TUIbKH (i3uuHe, ane 1
MOpaJIbHE CTapiHHS: BCTAHOBJIEHE TEIUIOGHEpreTUYHe O00JaJHaHHS BIANpaloBalo CBiil pecypc i
notpelye 3aMiHH.

Pazom 3 THM, 3aKyIiBis HOBOTO 00JIaHAHHS MOTPEeOy€e YMCIEHHUX TPOIIOBUX BKJIAJCHB, a BUOIP
MaJIOBUTPATHOI PEKOHCTPYKIT a00 MOAEpHi3allli € ONTUMAIBHUM SK 3 €KOHOMIYHOI, TaK 1 3 TEXHIYHOI
TOUYKH 30DpY: MIABUILYETHCS HAIWHICTh, €KOJOTIYHICTh MOKA3HUKIB POOOTH OOIaHAHHS Ta MPOMUCIOBA
Oe3rmeka, KpiM LbOT0 JJOCATAETHCSI BUCOKHUI piBeHb eHepro30epexenHs [11].

B ymoBax po3BUTKY EKOHOMIKH TIpoOiieMa €KOHOMil TajuBa Ta CKOPOYEHHS BHUTpaT Ha
BUPOOHUITBO € HaillOuIpIml akTyanbHO. B kiHmi 20 mouatrky 21 CTONITTS 4acTKa BUPOOHHYMX
HIANPUEMCTB, 110 BHUKOPHCTOBYIOTH NPHUPOJHMN ra3 SK OCHOBHE MAJIMBO JUIl BUPOOHMIITBA 3HAYHO
3MeHmMnack. [Ipote B po3BUHYTHX KpaiHax CBITY 1 B YKpaiHi 30KpeMa IOCTa€ aKTyallbHOIO MpoliemMa
eKoHOMIi mpupoaHoro ra3zy Ha 06’exrax XKKI', a myist nboro HeoOXiAHUI TPABUIILHUN BUOIpP MaThHUKOBUX
npuctpoiB. Came BiJ NMPaBUIBHOIO BUOOPY MaJIbHUKOBOI'O IPUCTPOIO 3aJEKHUTh €KOHOMIsl MajuBa B
TEXHOJIOTTYHOMY TIPOIIECI.

BogorpiifHi KOTIM € HaWNOMIMPEHIIMMH JDKEpelaMu TeIuloBoi moTyxHocTi. [linTpumka
TETJIOBOTO HAaBAaHTAKEHHsS B HaIl KpaiHi 31HCHIOETHCS B OCHOBHOMY 3a JIOIIOMOTOIO BOAOTPIHHMX
KOTJIIB TTOCTPAITHCHKOTO BUPOOHHUIITBA, SIK1 MPOCTi B €KCIUTyaTallii i BiIHOCHO nemnieBi. Bomorpiitai koTim
MPU3HAYAIOTRCS IS MIAICPIBY BOJW, MI0 HAAXOAUTh HA OIAJCHHS, BEHTWIAIII0 Ta Trapsde
BojonocTayaHHs. [cHyI04l BOAOrpiliHI KOTAM po3paxoBaHi Ha mifirpiB Boau Bixm 70°C mo 150°C i
3aJJOBOJIbHSIOTH TOMIMPEHOMY Tpadiky po6oTu TerutodikamiitHoi cucremu [12].

B nanmii yac Ha BOJOTPIHHUX KOTEIBHSIX BUKOPUCTOBYETHCS BEJIMKA KUTBKICTh KOTJIB THITY
KBI'M. Hanwuii Tun kotia BukopuctoByerhes 1 Ha KTM PK «BEPKOH», M. Kuis. Yepe3 BcTaHOBIIeHMIA
Ha HbOMY manbHHMK 3actapimol koHCTpykmii PI'MII-20 kortemsumit arperar KBI'M-20 Ne8 mae psin
HEJIOJIIKIB 1 HE BIAMOBIAAa€ cydacHUM BUMoram. J[o 4uciia TaKuX HEONIKIB, 3HAYCHHS SIKMX HAaBEJCHO B
PEXUMHHUX KapTax poOOTH KOoTia (IuB. 1oaaTtok b), HamexaTs:

- 3HIDKEHUH KOediIieHT KOPUCHOI Jii KOTENBHOTO arperary;

- po0OTa MajabHUKIB 3 MiJBUIIEHUM HAJJIUIIKOM TOBITPS;

- HEeBIIMTOBIHICTH €KOJIOTIYHIM HOPMAaM IIOJI0 BUKUIIB OKCHIIB a30Ty NOx.

Ha PK «BEPKOH» B siKOCTI OCHOBHOTO MaJIiBa BUKOPUCTOBYETHCS MPUPOIHUN Ta3 1 B SIKOCTI

A0JAaTKOBOTO IMaJIMBA BUKOPUCTOBYETHLCS MA3YT.
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ToMy ns yCyHEHHs 3a3Hau€HUX BHUIIE HEJONIKIB 1 MiABUIICHHA €(QEKTUBHOCTI poOOTH
KOTEJIBHOTO arperary HeoOxigHo BcTaHoBHUTH Ha KoTau KBI'M-20 BucOKOepeKTHBHI NabLHUKOBI
MPUCTPOT, IO BiAMOBIAAIOTH CyYaCHUM BUMOTaM:

- epeKTUBHE CMATIOBAHHA TajuBa (MPAKTUYHO TOBHA BIJACYTHICTH XIMIYHOTO 1 MEXaHIYHOTO
HeZonaty Ipu MOMipHOMY Koe(dilli€eHTI HaATUIIKY MOBITPS B TOMII);

- CTIMKICTB TOPIHHS,

- 3pYYHICTh PO3MATy W peryaroBaHHsA (CydacHI MaJIbHWKU IOBHHHI 3a0e3redyBaTH 3MiHY
TETJIONMPOAYKTUBHOCTI B IITUPOKUX MEKaX);

- BIICYTHICTh CUJIBHOTO IIyMy 1 BiOpamii (11 (hakTopu He TiIbKU CTBOPIOIOTH HETATHBHHI BILIWB
Ha 00CIIyTOBYIOUYHH MepCcoHall, @ f MOXKYTh CTaTH MPUYUHOIO PYHHYBAHHS €JIEMEHTIB KOTJa B pasi, SIKIIO
KOJIMBaHHS CTOBIIA TapsiuMX NPOMYKTIB 3TOPSHHS MOTPAIUISIOTH B PE30HAHC 3 BIIACHOIO YaCTOTOIO
KOJIMBaHHS MaJbHUKA);

- Oe3meka 1 JIOBrOBIYHICTH B pOOOTI: BUXIAHI YaCTHMHHU TNAJIHHUKIB HE MOBHWHHI OOTrOpaTH 4depe3
BUCOKY TeMIIepaTypy ¢akena.

BceraHoBieHHS CydacHMX HaJbHUKOBHX HPUCTPOIB JOMOMOXE JOCSITHYTH 3HUKEHHS BUTPATH
MaJMBa, BHUTPAT €JIEKTPOSHeprii, 3MEHIIeHHS IIKI[UIMBUX BUKHUIIB Ta 30UIBIICHHS 3arajbHOTO
koedirienTa KOpUCcHOI i 001aTHaHHS.

Pazom 3 nokpaieHHsIM €eKOHOMIYHOCTI MPOLECIB ra30CNaIloBaHHs OCTaHHIMU pPOKaMH, OCOOJIMBO
micng  yxBasieHHS 3akoHy YkpaiHu «lIpo OXOpoHy arMocgepHOro TMOBITpsS», MICIEBI OpraHu
CaHITApPHO-TITIEHIYHOTO HArMsAy, a TaKOXXK KOHTPOJIIOIOYI opraHizamii MiHicTepcTBa OXOpOHHU
HaBKOJIMIIHBOTO  MPHUPOJHOTO  CEpelloBHIA YKpaiHM IOCWIWIM KOHTPOJIb 33 JOTPUMAaHHAM
HiANPUEMCTBAMH HOPM IPAHUYHO JOMYCTUMHX BUKHUIIB. OKpiM TOro, nounHarouu 3 1992 poky, BBeJeHO
wiaty 3a BUKuau [13]. Lle 3MyIrye KepiBHUKIB MiANPUEMCTB, A0 CKJIaLy SIKHMX BXOJSATh CHEPreTHYHI
YCTaHOBKH, MKITyBaTHUCS HE JIMIIE PO HAIIHHICTD X poOOTH, a i BYKUBATH PUPOTOOXOPOHHUX 3aXO/IiB,
10 3HI)KYIOTh BUKHM/JIM TOKCUYHUX Ta 1HIIMX 3a0pyIHIOBAIbHUX PEUOBHH.

OcHOBHUMM 3a0py/IHIOBaYaMHM JOBKIJUISA € Ta30M0i0HI PEYOBUHU Ta aepo30JIi, TBEPAl YACTUHKHU.
Haii0inpi mommpeHuMy ra3amu, 10 3a0pyJHIOIOTH IOBITPSA, € CIPYUCTHHM Ta CipYaHWN aHTIAPUAH,
OKCHJIM a30Ty, aMiak, 3’ €THaHHs (QTOpY, XJIOPY, CIPKOBOJICHB, OKCHJ] BYTJICIIO 1 HEOpTaHIYHI BYTJICBO/IHI.

Maca TOKCHYHHMX PEYOBHH, 110 BUKHMJA€ KOTeN a00 1HIIMM MPHUCTPIiii, 110 BUKOPUCTOBYE NMAIMBO,
3aJIeKUTh B CKJIAAy NajiuBa, BUIY 1 peXXUMY TOpIHHsS, METOJIB OUMILNEHHS, CTaHy yCTaTKyBaHHS Ta
0e3Ji4i 1HIIKUX YUHHUKIB. 715 KUTbKICHOT OLIHKM BUKH/IIB BUKOPHCTOBYIOTh SIK €KCIIEPUMEHTAJIbHI, TaK 1
PO3paxyHKOBI METOAM.

ITpoTe 3 oHOrO OOKY, OpraHu OXOPOHM JOBKULIS BUMAararoTh BUKOPHUCTOBYBATU PEXXHUMHI KapTH
po0OOTH KOTIIB IpHU PO3poOIl JOKYMEHTIB Ha OOCATH BUKHUIIB, a 3 1HIIOTO — y HAc Ji€ IyXe 3HauyHa

KUTBKICTh HOPMATHBIB 110 HOPMax BUKH/IIB B IKUX BaXKO PO310paTUCH.
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HopMatuBu pomycTMMHX BUKUIIB 3a0pYyJHIOIOYUX PEUOBHH 13 BOAOTPIHHUX KOTJIB paHilIe
BcranoBmoBauch crangapramu: [OCT 10617-83, TOCT 30735-2001, JICTY 2326-93. 1li HOpMaTuBH
HE BIJNIOBI/Ial0OTh Cy9aCHUM BUMOTAM Ta HE BH3HAHI TEXHOJOTIYHIMH HOPMATHBAMH.

Ha pucynky 1.2 mokaszano rpadik, Ha SKOMY NPUBEICHI YMOBHI YOTHUPH 30HHM KOHIIGHTpAIlii
OKCHJIIB a30Ty Ha BHUXOMAl 13 MapOBUX Ta BOAOTPIMHUX KOTJIIB TeruonpoayktuBHicTio Big 0,1 10
4,15 MBT, moka3aHO MaKCHMalbHO JIOMyCTUME 3Ha4deHHS KOHIeHTpamiii NOy a8 IuX KOTIIB,

BIJIMTOBIHO O HOPMATHUBIB, 110 Aisu Ha Toi wac (JICTY 2326-93, TOCT 10617-83).

MaxcumansHo QonNycTUMa KoHUeHTpauia Nox
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TennoBa NOTyXHicTL KoTniB, kBT

I — OGnacTh KOHIIEHTpAIlill OKCUIIB a30Ty B BUKHAAX KOTJIiB, III0 3MOHTOBAHI B TIOTIEPE/IHI TIEP10aU
TI'B, KBI', IKBP, IE, BK-22; II — O6nacTs KOHIIEHTpAIliil OKCHIIB a30Ty B BUKUAAX KOTIIiB, 110
3moHTOBaHi B monepeaHi nepiogn HIICTY-5, daken, Enra, HIKA; I — O6macth KOHIIEHTpAIliii OKCHIIB
a30Ty B BUKHJIaX KOTIIiB, 10 Oyiu BctaHOBIEHI B 90-x — 00-x pokax: BOSCH, Protherm, De Dietrich,
Therm, bornan, ®er Becran, borxkyani ta inmii; IV — CydacHi Bogorpiiini kotiu (Viessman, Buderus,
KOJIBI Ta iH.) 3 ra30BUMH NAJILHUKAMU BiJl IpoBiAHKX cBiToBUX BUpoOHUKiB (ELCO, Weishaupt,
Giersch, Cuenod, Unigas Ta i1, mo MatoTh BUkoHaHHsT Low NOX 3 HU3bKUMU BUKHIaMU OKCHUJIIB a30Ty

Pucynok 1.2 — HopmaTtnBu HONyCTUMHX BHKHU/IIB 3a0pyAHIOIOUUX PEYOBHH 13 BOJOTPIHHUX KOTIIIB

Amnani3z rpadika cBiquuTh Tpo Te, mo KoHmeHTpaiii NOx y BHKHAAaX KOTIIIB, BCTAHOBJICHUMU
paHille BiINOBIAal0Th HOPMATHBaM, IO i Ha TOH Yac. [IpoTe B cCy4acHMX yMOBax Taki HOpPMaTHBU €
TyXe JOSJIBHUMH Y TIOPIBHSHHI 3 €Bponeichkumu [3].

3HayHa KiIbKICTh BomorpiHnx KoTiiB JKKI' B Ykpaini, 001agHaHUX Ta30BUMH NAbHUKAMH, 1110

nepeBuILy0Th BUKUAM NOx B 2-2,5 pasu.
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Ha 3miHy crtapum HopmatuBam npuiimoB Haka3 MiHicTepcTBa OXOpPOHM HABKOJIHUIIHBOTO
NpUpPOJHOTro cepenoBuina Ykpainum Big 27.06.2006 N 309 (3apeectpoBaHo B MiHICTEpPCTBI IOCTHUINT
VYxpaian 1 cepras 2006 p. 3a N 912/12786) «IIpo 3aTBep/pKeHHS HOPMATHBIB TPAHUIHOIOIYCTHMHX
BHKH/IIB 3a0pyAHIOIOUHNX PEUOBHUH 13 CTAI[IOHAPHUX JKepen» [14].

Ha xBuii nparneHHs Ykpainu interpyBatucs B €C y Hamiil KpaiHi cTajd )KOPCTKIIIUMU BUMOTH
710 €KOJIOTIYHHX MapaMeTpiB poOOTH 00’ €KTIB, 10 BUKOPUCTOBYIOTh €HEPTEeTHUHE MAIKBO (Y TOMY YHCIi
i mpupoaHuii ra3) st motped eHepreTuaHoi ramysi B misiomy ta JXKKI 30xpema.

[lin BIIMBOM BBEIEHHS HOPMATHBHO-TIPABOBHX JOKyMEHTIB [15,16] Ta BiamoBigHO 10
HupexktuBu [3] mepen MiANPUEMCTBAMH CTOITh 3aBJaHHS MOJEpHi3allii ICHYIOUMX BUPOOHUITB 13
BIIPOBA/DKEHHSIM YCTAaHOBOK Ha EHEPreTHYHUX BUIAX MalMBa 3 MiHIMAIbHOK KUTBKICTIO BUKH/IIB
3a0pyAHIOIOUMX PEUYOBHH 1 €KOJIOTIYHO YUCTUX JIKEpET eHeprii.

[Tpu crianroBaHHI MPUPOIHOTO Ta3y €IMHUM HAWOUIBII iICTOTHHM 3a0pyIHIOBadYeM aTMOC(HEPHOTO
MOBITPsI € OKCcHI a30Ty (iloro yrtBoproeThcss Ha 20% MeHIIe, HDK MpU cHaloBaHHI Byruwist). Oxcuan
a30oTy Ha 95-98% BU3HAYaIOTh TOKCHYHICTH BiaxinHuX rasiB komiiB JXKI' Ha mpupogHomy rasi, came
TOMYy e(eKTHBHAa OOpOoThOAa 3 HHUMHU JO3BOJMTH MiABHIIUTH EKOJOTiUHY O€3MeKy Ta JOCATHYTH PiBHS
BUKHIIB, 3a3HAYCHIX Y €BPOIEChKIX aupekTruBax 100 mr/m’ [16-18].

1.3 3aBaaHHs A0CHIIKEHHS TA HIJISIXU HOro BUPilIeHHS

Ha ocHOBi aHajii3y BHIIEHABEJCHUX JAaHUX 3 MEPCIEKTUB PO3BUTKY KOMYHAJIbHOI €HEPreTHKH
XKKI Ta 3pocTaHHA I[iH HAa TPUPOIHUNA ra3 1 BUKUIN y BIAXITHHUX ra3zax, O4YeBUJHUM CTa€ TOW (akT, 110
BojorpiitHi kotim cepii KBI'M OyayTh BHKOpPHCTOBYBAaTHCh II€ IOCHTH JOBTHI dYac uis TOTpeO
TEIUIONOCTaYaHHA Ta HAa IPOMMCIOBUX 00’€KTax. Y 3B’A3Ky 3 THUM, L0 Ha BITUYU3HSAHUX KOTEJIbHAX
NePEeBaXHO BCTAHOBJIEHHI KOTJIM 31 CTapuMM MNajdbHUKOBUMH cucrtemMamu Ttumy PI'MII-20, nocrae
norpeba y 3aMiHi ICHYIOUMX MaJbHHUKIB HAa KOHCTPYKIIi HOBOTO THIy Ta MOJUQiKallii, 110 MOKpaIlaTh
€HEePro-eKoJIOTIYHY e()eKTUBHICTh pOOOTH KOTEIHLHOTO YCTATKYBAaHHS 1 JIO3BOJIMTH BUPIIIUTH TIOB’s3aHi 3
UM TIPOOIJIEMH.

B nawniit po6oTi mig yac qocmiakeHb eeKTUBHOCTI poOOTH TOMKHU BojaorpiitHoro kotiaa KBI'M-20
Ta pO3pOOJCHHS TEXHOJOIIM MiABUIIEHHS E€KOHOMIYHOCTI 1 E€KOJIOTIYHOCTI HOro poOOTH MOTPiOHO
BUKOPHCTOBYBATH MOEHAHHS MOJICITIOBaHHS, €KCIIEPUMEHTAIBHUX Ta aHAJITHYHUX METO/IB.

BianosigHo 10 chopMoBaHux pobieM y poOOTi TOCTaBICHO HACTYITHI 3aBAaHHS:

- aHaJII3 TEXHIYHOTO CTaHy, Mpo0seM Ta nepcrneKkTuB po3BUTKy eHeprood’exti KKI' Ykpainu;

- IPOBEAICHHS aHali3y icHyio4oi nanbHuKoBOi cuctremMu PI'MII-20 xorna KBI'M-20 Tta mormryk
IUISIX1B BUPIIIEHHS OCHOBHUX MPOOJIeM, 10 BHHUKAIOTH NpH 11 po0oTi;

- BUKOHATH MOJICJIIOBAHHS aepOJMHAMIYHUX Ta TEIIOBHUX IMPOIECIB B TOMIll KOTJIA 31 IITaTHUM

MATBHUKOM JJIsl BA3HAYEHHS HEJOMIKIB HOTO poOOTH;
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- 3[1MCHUTH aHali3 MEXaHi3My YTBOPEHHS Ta eMicii okcuiB a3oty y tommi komia KBI'M-20 ta
3HAWTH MOKJIMBI IUIIXH BUPIIIEHHS JaHOi Ipo0i1eMu;

- PO3pOOUTH TANBHUK HOBOI KOHCTPYKMIi, IO 3abe3rmedye: TOMOTeHi3amito (OJHOPIIHICTB)
ra30MoBITPSHOT CyMillll, MaJIuidi aepoOJUHAMIYHHMA OIip, TOPIHHSA OJIM3BKE 10 KIHETHYHOTO, MiIBUIIUTH
e(eKTHUBHICTDH CMATIOBAHHS MaJlMBa B MAJIOMY TOITKOBOMY 00’ €Mi;

- eKCTIEpUMEHTAIbHE BU3HAYCHHSI 3MIHM BUKHIIB MIKiJJIMBUX PEYOBUH Y BIAXITHUX Ta3ax,
HA/UTUIIKIB MOBITPS Ta IHIIMX IMOKA3HUKIB B TOMIII 31 CTapOIO Ta HOBOIO MAJILHUKOBOIO CHCTEMOIO;

- PO3pOOUTH CTApTaN-MPOEKT Ha BUTOTOBJEHHS NAJbHUKIB HOBOI KOHCTPYKLIl Ta AaTu Homy
€KOHOMIYHY OIliHKY.

1.4 BucHoBku 3 po3aiay 1

1. Ha miacrasi ananizy pomi TermoeHnepretuku JXKI' B YkpaiHi Ta 3aKOpIOHOM, OCOOIMBOCTEH
eKCITTyaTallii BOJOTPIHHUX KOTJIIB Ta TXHIX MaJbHUKOBUX CHUCTEM, X TEXHIYHOTO CTaHy 1 MAJIMBHOI 0a3u
oOrpyHTOBaHa HEOOXITHICTH MOJIEpPHI3AIlll TaKMX €HEProod’€KTIB HA OCHOBI HOBOI BHCOKOE()EKTHBHOI
MiKpo(dakeIbHOI TEXHOJIOT1] CIIATOBAHHS IPUPOAHOTO rasy.

2. BukoHaHo aHaii3 eeKTHMBHOCTI CHAJIIOBAHHS TA30BOTO MAJIMBA Y TONKAX BOAOTPIHHMX KOTIIB
Ta BU3HAYCHO IUIMH DS HEIOJIKIB, SIKI BILNIMBAIOTh HA €KOHOMIYHICTh Ta €KOJOTIYHICTH IPOIIECIB
CHAJIIOBAHHS MPUPOJIHOTO Tasy.

3. [IpoBeneHo aHami3 HOPM BUKHJIB Ta €KOJIOTIYHOI e(heKTUBHOCTI pOOOTH ra30BUX BOAOTPIMHUX
KOTJIIB BiJl MUHYJIUX POKIB JI0 CHOTOJICHHS Ta BCTAHOBIICHO, IO €MICisi OKCHIIB a30Ty Ha OUIBIIOCTI
€HEeproo0’€KTiB e CMATIOETHCS MIPUPOTHUN ra3 MPUOIU3HO B 2,5 pa3u MEPEBHIILYE JT03BOJICHI HOPMHU.

4. Ha ocHOBI TIpOBEACHOrO aHaJi3y OOTPYHTOBAaHO BHOIp HAMpsIMKY POOOTH, SKWUW TOJIATaE B
KOMIUIEKCHOMY aHali3i Ta BU3HAYEHHI OCOOIMBOCTEH MOJENIOBaHHS TMPOIECIB CYMIIIOYTBOPEHHS
MPUPOHOTO Ta3y Ta MOBITPS B MATbHUKOBUX MPUCTPOsAX KoTiniB KBI'M-20 3 MeTor0 po3poOKH TeXHIYHUX
pillleHb TSI TOKpAIICHHS HOTO €HEpreTHYHOI €(EeKTHBHOCTI Ta PIBHS EKOJIOTIYHOI YMUCTOTH Ha 0asi

MiKpodakeapHOT TEXHOJIOT1T ra30CIaTtOBaHHS.
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2 OCOBJIMBOCTI POBOTH IITATHOI MAJIBHUKOBOI CUCTEMH BOJOT PIMHOT'O
KOTJIA KBI'M-20

Bupimutin npoGieMy miABHINEHHS €(QEKTHBHOCTI H EKOHOMIYHOCTI BHPOOHUIITBA TEIIOBOI
eHeprii 3 MiHIMAJIBHIMHU BUTpPaTaMH J03BOJIMTH MOJICpHI3aIlis MaJTbHUKOBOI cucteMu KoTia KBI'M-20 3a
paxyHOK MaJOBUTPAaTHUX, €KOHOMIUYHUX Ta €(EKTUBHHX TEXHOJOTiH. 3aas LOTO B JAHOMY pO3ZIiIi
Marictepcbkoi poOOTH NOTPIOHO PO3MIIAHYTH HACTYIHI MUTAHHS:

- 03HAWOMUTHCH 3 ICHYIOUOK0 TEXHITHOIO JOKYMEHTAITIEO;

- MPOBECTU PO3PAXYHOK IMOJISI MIBHAKOCTEH 1 KOHIICHTPAIl KOMIIOHEHTIB 10 JIOBXKHUHI (pakeny, a
TaKOX BHU3HAUUTU aepOAMHAMIUHI XapaKTepUCTHKH ITaTHoro mambHuKa PI'MII-20 kotna KBI'M-20 ta
BUSIBUTH MOJKJIMBI HEIOMIIKH;

- PO3TJIIHYTH E€KOJIOTIYHI aCHeKTH pPOOOTH INTAaTHOTO MaJlbHUKOBOTO mpuctporo PIMII-20,
BUSIBUTH HAsIBHI MEPEBHUIECHHS KOHIICHTPAIIl IIKIUIMBUX BUKUIIB 3 BU3HAYCHHSM TEXHIYHUX 3aC00IB Ta
PEXKUMHHUX 3aX0]1iB O0POTHOU 3 HUMH.

2.1 KoHCTpYKTHBHI Ta TexXHOJIOriYHi xapaktepucTuku Kotrjaa KBI'M-20 3i mrarHom
NaJIbHUKOBOIO cucTemor PI'MII-20

Koren Bomorpiitamii razomazytamii KBI'M-20 (muB. pucyHOk 2.1) TemIonpoayKTUBHICTIO
23,26 MBT npusHaueHuil Ay HarpiBy BOJM CUCTeM TemonocradanHs 10 150°C, mae TONKOBY Kamepy 3
TOPU30HTAJIBHUM MOTOKOM TOIKOBHMX Ta3iB 1 KOHBEKTHBHY LIaxTy. JMMOBI rasu, 1o npoxyKyrTbCs B
TOILI KOTJA, PyXaloThCs B 33JHI0 YAaCTHHY, A€ Ha MOBOPOTHOMY €KpaHI 3aBUXPIOIOTHCS 1 3HU3Y udepe3
(ecToH 3alHPOTO €KpaHy TONKH BXOJSATh B KOHBEKTHBHY WIaxy, /1€ MiJHIMAIOThCS BBEPX, a MOTIM IO
CTeNiaJIbHOMY Ta30XO0y OIMYCKaIOThCS IO AUMOCOCA 1 Yepe3 AUMOBY TpyOy BUKHIAIOTHCS B aTMocdepy.
brmokn kotma — TOMKOBHMM 1 KOHBEKTHBHUNW — MAarOTh OMOPH, NMPUBAPEHI 1O HIKHIX KOJIEKTOPIB.
Omnopwu, po3MilleHi Ha CTUKY KOHBEKTUBHOI'O OJIOKY 1 TOKOBOI KaMepH — HEPYXOMi.

XapaKkTepucTUKU poOOTH KOTJIAa HA MPUPOAHOMY T'a3i HaBe/leHO B Tabmmi 2.1.

Tabmuis 2.1 - XapakrepucTuku poO0TH KOT/Ia Ha PUPOAHOMY Ta3i

HaiimenyBanHs (@)i87050700 ¢ 3HayeHHS BEIUYUHU
TemnioBa NpoOAYyKTHBHICTb MBT 23,26
Temmneparypa Bou Ha BXOJi °C 70
Temmneparypa BoIu Ha BUXO/I1 °C 150
Burpara Bonu T/TOJ 247
KK/ xoTna npu HOMiHaIbHOMY HaBaHTa)KeHH1 (OpyTTO) % 91,9
BuTtpara razy M> /rox 2560
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CtiHu TONKOBOi KaMepH TOBHICTIO €KpaHOBaHI TpyOamu miamerpoMm 60x3 MM 3 KpoKoM 64 mMMm.
TpyOu expaHiB MPUBAPIOIOTHCS OE3MOCEepeIHRO 0 KOJIEKTOpiB. B 3aaHiit yacTHHI TONMKOBOI KamMepH €
IIPOMIKHA €KpaHOBaHAa CTiHKa, 110 YTBOPIOE KaMepy JoropaHHs. EkpaHu mpoMDKHOI CTIHKM BHKOHaH1
TakoX 13 TpyO miamerpom 60x3 MM, ajile BCTaHOBIJIEHI y JBa paau 3 KpokoM S1=128 mm i S2=182 mm.
KoHBekTHBHAa TOBEpXHS HArpiBy pO3MilleHa B BEPTHUKAJIBHIM MIaxTi 3 TOBHICTIO E€KPaHOBAHUMHU
CTIHKaMU. 3aJHs 1 epeIHs CTIHU BUKOHAaHI 13 TpyO 60x3 MM 3 kpokoM 64 MM. BOKOBI CTiHM eKpaHOBaHI
BEepPTUKAIBHUMH TpyOaMu AiameTpom 83x3,5 MM 3 kpokom 128 mm. Lli TpyOH ciyryroTh TaKOX CTOSKAMH
Ui TpyO KOHBEKTUBHHX MaKeTiB, K1 HabupatoThes 13 U-noaiOHux mupm i3 Tpyo 28x3 mm.

upmu po3MilieHi TAKUM YHHOM, IO TPyOH YTBOPIOIOTH MIAXMATHHUN MYUYOK 3 KpOKOM S1=64 Mm
1 S2=40 wmwm. Ilepenns cTiHKa MmIaxTH, sSKa OJHOYACHO € 3aJHBOI0 CTIHKOIO TOIKH, BHKOHAHA
CYLLIbHO3BApHOI. B HWXHIN YacTHHI CTiHM TpyOM pO3BENEHI B YOTUPHOXPSAHHM (PECTOH 3 KPOKOM
S1=256 mm 1 S2=180 mm. TpyOu, 1110 yTBOPIOIOTH MEPEaHI0, OOKOBI 1 3a]THI0 CTIHU KOHBEKTHBHOI IIAXTH,
BBapeHi 0e3MocepeIHbO B KOJIEKTOPH.

Koren mae monermeny HatpyOHy oOMypiBKYy, Hecydoro kapkacy Hemae. llermsna kmanka €
TUIBKHU i TpyOaMu MoJA0BOTO eKpaHy 1 Ha (POHTOBIH CTiHI, B AKil BUKIIagaeThcsi aMOpa3ypa naibHHKa.

HwxHi kaMepu BKa3zaHUX €KpaHiB MaioTh omnompu. Omopa, po3MilleHa MOCepearHi HUKHBOI
KaMepH MPOMIKHOTO €KpaHa € HEPyXOMOI0, TeMIepaTypHe PO3MIMPEHHS €KPaHiB CHCTEMH HaIlpaBJICHE

3HU3Y BBepX. KOHCTPYKTHBHI XapaKTepUCTUKHU KOTJIa HaBeAEHO B Tabimi 2.2.

Ta6mums 2.2 — KonctpykTuBHI XapaktepucTtuku koTiia KBI'M-20

3HavYeHHS
YacTuHa KOTJIa XapakTepucTUKa Onuuuns
BEJIMYMHA
1 2 3 4
O0’eM TOIKHU M 61,2
[ToBepxHs cTiH M’ 114,2
Tonka PaniamiitHa moBepxHs HarpiBy M 106,6
Hiametp Tpy6 MM 60x3
Hiametp Tpyo MM 60x3
[Tonepeunuii Kpok TpyO MM 256
DectoH (Po3MilIEHHS [ToB310BKHIN KPOK TPyO MM 180
Tpy6 maxose) [ToBepxHs HarpiBy M 10,3
Yucino psniB Tpyo mT 4
[TepeTun ans npoxomdy rasiB e 4,03
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[TponosxenHs Tabmuii 2.2

Hiametp TpyO MM 28x3

Yuco psanis Tpyo LT 64
KOHBEKTHBHMI Ty4OK

[Tonepeunwuii kpok TpyO MM 64
— maxTta (po3MileHHs

[ToB310BKHIM KPOK TPYO MM 42

TpyO 1maxoBe) 5
[ToBepxHs HarpiBy M 406,5
[lepetun g nmpoxoay rasis M 2,57

TexHiyHa XapakTEPUCTUKA TATOMYTTHOBUX MPHUCTPOiB 3akpimieHuX 3a Kotiaom KBI'M-20 Ne§ B

PK «BEPKOH», m. KuiB HaBenena B Tadmmiti 2.3.

Tabmuus 2.3 - TexHiyHa XapaKTEpPUCTHKA TUMOCOCA Ta BEHTHIIATOPA

Ob6nagHaHHsS XapakTepucTuka OnuHuLS 3HaueHHS BEIMYUHU
[TpoxyKTHBHICTB M /Tox 73000
Tusococ Hamip ITa 2824
JH-17 [ToTy>XHICTh €IEKTPOIBUTYHA kBt 55
YacToTta o6epTaHHs 00/XB. 750
[IpoayKTUBHICTH M /ron 39100
Besrmnsrop Hamip k] 5217
BJIH-12.5 [ToTy>XHICTB €JIEKTPOIBUTYHA kBT 37
Yacrora obepTaHHA 00/XB. 950

Koten KBI'M-20 o0aTHaHUN OJTHUM ra3oMa3yTHUM HAJIEHAKOM PI'MII-20
(muB. pucyHOK 2.2) mpomyktuBHicTIO 2560 HM’/rom rasy a6o 2360 kr/rom Masyry. IlampHHK
BCTAaHOBIIEHUH Ha MOBITPAHOMY KOpOOi KOTJa, SIKUH KPIMUTHCSA HA (POHTOBOMY €KpaHi O BEPTUKATIHLHUX

KosIeKTOpiB. OCHOBHI XapaKTepUCTUKHU MaJbHUKA HaBEJCHO B TaOmuIll 2.4.
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#13
1 — razomnpoBia; 2 — NOBITpsiHUIA KOpOO; 3 — KuIblle pamu; 4 — razoBa TpyoOa;

5, 6 — Tpy0a BCTAaHOBJICHHS 3aMalIbHOTO 3aXUCHOTO MPUCTPOIO Ta (OTONATINKA;
7 — ra3oBa Kamepa; 8 — nepeJHe KUIblie MOBITPEHANPABIIAIOUOTO IPUCTPOIO;

9 — KOHIUHUH KepaMiuHUH TyHeb (aMOpasypa); 10 — 3aBuXproBaui MOBITPEHAMIPABISAIOYOTO MPUCTPOIO;
11— porauiiina ¢popcyHka; 12 — ra3oBi BUIyCKHI OTBOpH; 13 — pamKa AJisi IEHTpyBaHHS 3aBUXpIOBalia
BTOPUHHOTO NMOBITPs; 14 — onopHa Tpy0Oa; 15 — migIMIMIHUK HAMPaBIAOY0i paMu; 16 — HampaBisoda
pama; 17 — noBiTpstHul rbep; 18 — BIKHO IS TiABEICHHS MOBITPS 10 3aBUXpIOBaya; 19 — KpuIika

HaJIbHUKA

Pucynoxk 2.2 — KoHeTpykiiis poTamniifHoro razoMasytHoro naabHuka PIMIT-20

Tabnuus 2.4 — OcHoBHI xapakTepucTHky nainbHuka PI'MII-20 Ha HOMiHaNBHIM MPOAYKTUBHOCTI

3HaYeHHS
XapakTepucTHKa (@)is7080%00¢:
BEJITMYUHU
1 2 3

TermoBa NOTY>XHICTh MaJbHUKA MBT 23,26
Butpara nanusa:
Masyt mapku M-100 o 'OCT 10585-75 KI/ToA 2360
[Tpupoauwmii ra3 M /Tox 2560
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[Tponorxenns Tabmmmi 2.4

B’s3kicTh MazyTy BY 6,0-8,0
Tuck MazyTty nepen GopCyHKOIO klla 156,8
Tuck npupoAHOro ra3y nepes najabHUKOM klla 33,32
AeponuHaMIYHU OITip MaJbHUKA TT0 TIEPBUHHOMY TTOBITPIO klla 7,16
AepoarHaMIYHHHN OITip MaJbHUKA 10 BTOPUHHOMY IMOBITPIO klla 1,47
[ToTy>XHICTh €EKTPOABUTYHA (OPCYHKH kBT 2,2
Temmeparypa moBiTpst °C 10-50
[ToTy>XHICTB €IEKTPOIBUTYHA BEHTUJIATOPA MIEPBUHHOTO TOBITPS kBT 10
Maca nanpHHKa KT 635

XapakTepHOI0 OCOONMBICTIO TAJbHUKA € HAsBHICTh ABTOHOMHOTO PETYJSITOpa IEPBUHHOTO
TOBITPS 1 6€33aBUTKOBE TiIBEICHHSI BTOPUHHOTO TTOBITPS.

OCHOBHMMH BY3JaMH MalbHUKOBOTO TMPHUCTPOIO SIBISIOTHCS: poTalliiiHa ¢opcyHKa, Tra3oBa
yacTuHa mnepudepiifHOro THIY, MOBITPOHANPABIAIOUUN NMPUCTPI MEPBUHHOTO MOBITPS 1 MOBITPOBIJ
nepBUHHOrOo TOBiTps. [loBiTpOoHampaBisAlOUMi TPUCTPIA BTOPUHHOTO TIOBITPS  CKIIQHAETHCS 13
MOBITPSHOTO KOp00a, 3aBUXPIOBAJIa aKCIaIbHOTO THUITY 3 MPOQIIEHUMHE JIONATKaMH, BCTAHOBICHUMH ITi[|
KyToM 40°, 1 mepeqHpOr0 KUIBIIS, 0 YTBOPIOE THPJIIO MaThHUKA.

l'azoBa wacTuHa majdbHUKA TEPUPEPIHHOTO TUITY CKIANAETHCS 13 Ta30po37arouoi KUIbIEBOT
KaMepu 3 OJTHOPSITHOIO0 CUCTEMOIO Ta30BUAAI0YMX OTBOPIB OJHOTO AlaMETpy.

Yepe3 BcranoBieHuit Ha kotiai KBI'M-20 3acTapinoi KOHCTpYKIi MajJbHUK, KOTEIbHUN arperar
Mae€ psiI HeJOJIIKIB 1 HE BIIMOBITAE CyYacCHUM BEUMOTaM. []o 94uciia Takux HETOIKIB HAJIeKATh:

- 3HWKEHUH Koe]IIieHT KOPUCHOT i1 KOTEIHLHOTO arperary,

- po©oTa ManbHUKIB 3 MiABUIIICHUMHU HAJIUIITKAMU TOBITPS;

- HE3aJIOBOJICHHS €KOJIOTIYHUX HOPM IIOA0 BUKHAIB OKHUCIIB a30Ty NOx.

Po3paxyHOK OCHOBHUX MapaMeTpiB mTaTHOro najabHuka PI'MII-20.

3
O0’eMHa BUTpaTa rasy, m; /c

V!
Vo=—, 2.1
" 3600 @1

ne V! - 06’eMHa BUTpaTa ra3y Ha HOMiHAIbHiH MPOXYKTUBHOCTI, M / TOJ .
Bepy 3 Tabmuui 2.1 V' =2560 M’ /Tox.

K:@:O,ﬂl M /c.
3600
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[L011a MONEPEYHOro NepePi3y Mk NPOXOIKEHHS Tasy, M

d2
f=n, ”4f , 2.2)
1€ 1, — KUIBKICTb T'a30BUX OTBOPIB, IIT;
d_ — niameTp ra3oBUX OTBOPIB, M.
Jns nanoro naneHuka d, = 0,015 m Ta n, =20 mrT.
3,14-0,015°
f.= 20+ =0,00353 M>.
[IBUAKICTh BUXOAY Ta3y 3 OTBOPY AJIs HOTO MiABOIY, M/C
w, = IJ/;F , (2.3)
w=—T 014w,
0,00353

[TpoxigHuil nepepi3 najabHUKA O MOBITPIO CKIAJAETHCS 3 MONIEPEUHOr0 Mepepi3y B PETICTpi Ta B

LeHTPANBHEIH TPYOi, M*

-ﬁms = -fper + f]‘_lT 4 (24)
ie f,, — IUIOLIA NPOXiJHOrO Iepepisy perictpa, M7

. . . 2
f.., — TIOTIEPEYHUH NIEPEPI3 LIEHTPAIBHOI TPYOH, M~

2 2
S =FEZE) ad )y son,, 25)
4
ne d — BHYTpILIHIN qiaMeTp pericrpa, M;
d, — 30BHIIIHIN AlaMeTp naTpyOKy NEPBUHHOIO HOBITPS, M;
O, — TOBII[MIHA JIOMATOK, M;
1, — KUIBKICTb JIONATOK, IIT.
2
fro = Tl (2.6)

4

ne d,. — BHYTPILIHIA JlaMeTp LEHTPAIbHOI TPy OKH Il MPOXOJKEHHS MOBITPS, M.

2
fmzwzo,osg .

_3,14-(0,596% —0,28?)

S = . ~(0,596-0,28)-0,003-18 = 0,2 m’.
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[MpoxiaHuii mepepis majabHUKA 110 TOBITPIO
foon =0,058+0,2=0,258 M.

TeopeTHuHHii 06°€M TOBITPS JUTA CHIATIOBAHHA | M’ IPHPOIHOTO Ta3y, M’ /M
Vo -0, 0476[0,5(C0 +H)+1L5H,S+Y (m +%)CmHn - 02]’ 2.7)

ne CO, H,, H,S, O,, C, H, - BMICT MOHOOKCUAY BYIJIELO, BOAHIO, CIPKOBOJHIO, KHCHIO Ta
BYTJIEBOJIHIB y MajuBi, %.
m,n - YACIIO aTOMIB BYTJICLIO 1 BOAHIO B ByTJIEBOJAHEBOMY 3’ €THAHHI.

Jlnst po3paxyHKy Oepy HACTyIHHMI CKJIaJ Ia30MOAI0HOr0 ManuBa:

CH, = 98,9%,
C,H, =03%,
C,H, =0,1%,
C,H,, =0,1%,
N, =0,4%,
CO, = 0,2%.

& =0,0476((1+%)-98,9+(2+§)-0,3+(3+%)-0,1+(4+¥)-0,1J=9,52 YSRAT

Butpara noBiTps 4epe3 NalbHUK, M°/C

Viw = V"V, LB ), (2.8)
273
1e o - Koe(ilieHT HAJJIUIIKY TOBITPS HA NAJIbHUKY;
t.. - TEMIIepaTypa MoBiTps, 110 ITOJA€ThCS Ha NanbHUK, °C .
bepy mns mrratHoro manehuka o =1,08, ¢, =20 °C.
v =1,08-9,52.0,711.C8120 _ 565 e,
273
[IBuKICTH BUXOAY MOBITPSI 3 OTBOPY MiABOIY, M/C
W = Vion , (2.9)
ion
7,85
=——=30,43 m/c.

W,
0,258
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2.2 Mojae/iloBaHHSI aepOJAMHAMIYHMX Ta TeIUIOBUX MpoleciB B TONUi KOTJAa 3i IITATHUM
NaJbLHUKOM
bepy 3a ocHOBy HasBHI JaHi Ta 3a JONOMOror mporpamHoro 3abesmeueHHs «Solid Works»

Oyayt0 TPhOXBHUMIPHY F€OMETPUYHY MOJIEINb MTaTHOro nanbHuka tTumy PI'MII-20 (quB. pucyHok 2.4) ta

TOTIKH (JIUB. pUCYHOK 2.5).

Pucynok 2.3 — I'eomerpryna Mmoens mratHoro nansHuka PI'MII-20

Pucynok 2.4 — I'eomerpuuna mozeinsb Tonku kotia KBI'M-20

Jis moOynoBaHOi MOJeNi TONKM 3 IITaTHUM IAJBHUKOM 33Jaf0 HACTYIHI TPaHUYHI YMOBH

(nuB. pucyHok 2.6), a came:
- BuTparta razy — 0,711 m’/c;
- BUTpaTa moBitps — 7,85 M°/c;
- TUCK Ha Buxomi 3 Tonku — 101 325 I1a.

ITpu upomy Gepy, 110 KoedinieHT HaUIMIIKY noBiTps o = 1,08.
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B Micisx Bxomy MOTOKIB (TTOBITPSI 1 ra3y) Ta IHTEHCUBHOTO CYMIIIOYTBOPECHHS 33/1al0 YTOUHEHY

PO3paxyHKOBY CITKY (MB. pUCYHOK 2.6), sika 3HU3UTh IOXHOKY PO3pPaxyHKY.

Pucynok 2.5 — Mopenb TONKY KOTIA 31 IITATHAM ManbHUKOM Ty PIMII-20

PucyHnok 2.6 — YTOoYHEHHS pO3paxyHKOBOI CITKH

PesynbraTn  MOAENIOBaHHSA ~ aepoOAMHAMIYHMX 1  TEIUIOBUX  HPOILECIB  MpeJCTaBleH]

Ha pucyHKax 2.7 - 2.9.
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65.000
60.000
55.000
50.000
45.000
40.000
35.000
30.000
25.000
20.000
15.000
10.000
5.000
1]

Ulenakictb

[m/c]

Pucynok 2.7 — Tpaekropii pyXy HOTOKiB

[ToBiTps, sike MPOXOIUTH KPi3b IIEHTPATLHUN OTBIp NATbHUKA, MA€ MPSMOJIIHIHHUAN XapakTep Tedil
1 HaiOuibury 1mBHAKICTh. IloBiTps, sKEe NPOXOAUTH uepe3 MOBITPOHAIPABIAIOYMNA HPUCTPIH,
3aBUXPIOETHCS 1 CHPUYMHSIE PyX Trapsyoro MOTOKY MPOAYKTIB 3rOpaHHS B HANpSAMKY €KpaHiB, IO
BUKJTUKA€E TIEPETOPaHHS EKPAaHHUX TPYO Ta mepedyacHe iX 3HOMICHHS.

[Tone mBHAKOCTEH ra30MmoBITPSIHOI CyMIllll IITATHOTO MaJbHUKA MAa€ HEPIBHOMIPHHUMA PO3IOALT Y

TOTIII KOTEIHHOTO arperary (IuB. pUCYHOK 2.8).

[enasicr] 350790 /c] [ Memasier] 41 833/

|Wsnapicre] 5.0360/c| |Wenasiere] 2 5271/ c|

60.000
55.385 | Wemanicrs] 34557 1/c]
50.769
46.154
41,538
36.923
32.308
27692
23.077

18.462
13845  |Wemawicrs] 52.32001/C
9.231 |

;'61 > | Wenanicrs] 45 33024/c]

Wewuagicts [m/c]

.

L

[ieiaviere] 11.495 14/ d]

|w|13.?usﬂfﬁ1yhmn|15.nsufﬂl

|Wemagiers| 35 557 11/ c| [Mevaen] 26 1700 /c|] [ Msmawicne] 17.9550/c] [Wenawicrs| 0.94321/¢]

Pucynok 2.8 — Po3nojin mBuAKOCTEH B TOMII
PesynbraTi MaTeMaTHYHOTO MOZCTIOBAHHS a€POJMHAMIYHHX MPOLECIB Y TOIII MiATBEPIKYIOTHCS
po3paxyHKaMu. 3HAUEHHS CEpPEeIHBOI IMIBUIAKOCTI Ta30MOBITPSHOI CyMIIIl Ha BUXOJl 3 MaJbHUKOBOTO
IIPUCTPOIO, OTPUMAHOI 3 MOJIENII 1 pO3PaxyHKOBE 3HAUCHHSI LIBUIKOCTI Maibke oiHaKoBi. L{e cBinuuTh mpo

aJICKBaTHICTh MOJEI.
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(0% rorerrgan eran]

(05 romsermpaua neran]

03000
0.2769
02538
0.2308
0.2077
01846
D615
01385
0.1154
0.0923
D.0692
D.0462
0021
o

0OB'emua
KOHUEHTpaWia
[meTaH]

i

05 ronermpatin ivevar]

08 vomuerrpatin reren]

Pucynok 2.9 — Po3nonin 06’€MHOI YaCTKU METaHy B TOIIIII

Sk BUIHO 3 pHCYHKY 2.9, mpu poOOTi KOTJIa HA IITATHOMY MaJbHUKOBOMY MPHUCTPOi Ma€ Micie
HEPIBHOMIPHHMI PO3MOAiN KOHIEHTpAIlid Ta3y Ha BXOJl y TOINKY KOTEJbHOro arperaty. LleHTpanbHumii
MOTIK TOBITPS CTPIMKO PYXaeThCs 1 MOraHo mepemimyerbcss 3 razoM. IloBiTps, 10 3aBUXPIOETHCA,
BIIHOCHTh Ta3 BiJ] OCHOBHOTO MOTOKY. TakuM YMHOM ra3 HIOM Oroprae MOBITPSHUHN TMOTIK, HE
MOCTYTIAI0YU B IEHTP MOTOKY. TOMY JJisi IITaTHOI MaJhbHUKOBOI CHCTEMH XapaKTepHi BUCOKI 3HAUCHHS
koedirienTiB HamUIIKy moBiTps. lle npuzBoaWTH M0 30UIBIIEHHS BTpPAaT 3 BIAXIIHAMH Ta3aMH.
OntuMarnbHa KOHIEHTpALlisl TOCSAraeTbcs Ha BIACTaHI 2 M BiAg aMOpa3ypu nanbHHUKA. HepiBHOMipHUI
pO3MOAiN TeMmMIepaTyp Ta JIOKajbHI TiABHMIIEHHA TEMIEPAaTypd B 30HI TOPIHHS CHPUYMUHSAIOTH
iHTeHCH(DiKaLil0 yTBOPEHHS B IIUX MicIsX okcuiB a30Ty (NOx).

AHa3y0un pO3MOIia MIBUAKOCTEH Ta30MOBITPSHOI CyMIIIl Ta KOHIEHTpAIlid ra3y y TOTII
kotnoarperaty KBI'M-20 MoHa 3poOMTH BUCHOBOK, 1110 32 PaXyHOK HESIKICHOI'O CyMIIIOyTBOPEHHS Ta
HEPIBHOMIPHOTO TEMIIEpaTypHOro TOJS y 30HI TOpiHHA po0OOTa KOTJa HA LITATHOMY MAJTbHUKOBOMY
MPUCTPOI XapaKTEPU3YETHCS BHCOKUM KoedimieHToM Hammumky moBiTps, Hu3bkuM KKJI, Bucoxumu
3HAQYCHHSMH TMHUTOMHX BHUKHAIB IIKIIJIMBUX PEUYOBUH Yy aTMochepy, HEPIBHOMIPHUM TETUIOBUM
HaBaHTAKEHHSIM Ta HAsIBHICTIO PI3HUX 30H, SIK IEPErpiBYy, TaK 1 HEJAOTPIBY NOBEPXOHb TOIKHU KOTJIA.

Otxe, cTae 3p03yMUIMM, 1110 BUPILIUTH 111 MPOOJIEMH MOKHA JIM L€ 33 paX YHOK BIPOBAJLKEHHS HOBOT

BHCOKOC(l)CKTPIBHOI 1 €KOJIOTIYHO «YHMCTOI» TEXHOJIOTI ra30CHaIOBAHHS.
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2.3 AHaJjii3 yMOB YTBOpeHHs Ta eMicil okcuaiB azory y Tonui koriaa KBI'M-20

[HmycTpiamzanisi CycnijibcTBa MPHU3BOANUTEL 10 30UIbIICHHS 3a0pyAHEHHS atMocepr B OCHOBHOMY
NPOIYKTAMH CIAIIOBAHHS OPraHiYHHMX IMaJMB: 32 BHHATKOM BOJSIHOI TapH, BCi 1HII TPOXYKTH 3rOPSHHS
aKTUBHO BIUIMBAIOTH Ha JOBKULIA. OKCHAM a30Ty € HaHOUIbI HEOE3NEUHNUMH cepell YCiX MPOIYKTIB 3TOPSHHS,
SKi 3a0pyTHIOIOTH aTMOCc(epy, TOMY I 3MEHIIICHHS! HETaTUBHOTO BIUIMBY HEOOXITHO BXKMBATH 3aXOJIH MO0
3MEHIIICHHs yTBOPEHHS OKCHJIIB a30TY B IIPOIIEC] TOPIHHSI.

B Toi1 ke yac, 3a TaHUMHU JiF0YOro Ha CHOTO/IHI Haka3y MiHicTepcTBa €KOJIOTii Ta MPUPOJHUX PECYPCiB
VYpainu Ne62 Bin 16.02.2018 p. «TexHonoriuHi HOpMaTUBH JOIYCTUMHX BUKHIIB 3a0py/IHIOIOUYMX PEUOBHUH 13
TETUIOCHJIOBHX YCTAHOBOK, HOMiHAJIbHA TEIUIOBA MOTYKHICTh SKUX mepeBuiirye S0 MB» (Ha 3MiHy Hakasy Bij
22 xoBtHs 2008 poky No541) [16] macoBi KOHIGHTpaIlii OKCHIIB a30Ty (OKCHI Ta JIOKCHZ a30Ty) Yy

nepepaxyHKy Ha JIOKCH a30Ty INiJ] Yac CHATIOBAHHA a30MOMI0OHOr0 MalkBa IS iCHyIOYMX YCTAaHOBOK HE
MatoTh repeBuIIyBat 500 Mr /M i3 nocaranmam 1o 2034 poky 3Hadenns y 100 Mr/ M .

JInst OCSTHEHHS TAaKWX HU3BKUX BHKWAIB OKCHIIB a30Ty [15] mpomoHye 2 Tumm 3axomiB.
Y nocKoHaJIeHHS TIPOIIECY TOPIHHS (TIEPBUHHI METOAN) a00 OYUITICHHS MPOAYKTIB 3TOPSIHHS (BTOPHHHI METOTH).
Jlo mepBUHHMX HAJIEKATh HACTYITHI METOJIH: IONAITIOBAHHS, CTaliiHa M0/1a4a TIOBITPS, PELMPKYJISLIS IUMOBUX
rasiB, MOJICpHI3allisl MaJbHUKIB, BIOPCKyBaHHSA BoAM abo mapu. CeNleKTMBHE HEKAaTaJiTUYHE 1 CeJIEKTUBHE
KaTaJIITUYHE BIJIHOBJICHHS TPEACTABIISIOTH TPYITy BTOPUHHUX METOAIB. [H(opMariis mpo TeXHOIOTIUHI METOIH

3HIKEHHS OKCHJIIB a30Ty HaBe/ieHa Ha pUCYHKY 2.10.

TexHonoriudi METOIU

/ \

PexnMHO-HanaropKyBaibHi MonepHi3allisi TOIKOBOTO IPOIECY
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Pucynok 2.10 — TexHONOT14HI METO/IM 3HUKEHHS BUKHIIB OKCHUIIB a30TYy
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IcHye KinbKa MPUYMH YTBOPEHHS OKCUJIIB a30TY:

- YTBOPEHHS «TEPMIUHUXY (TIOBITPSIHI) 3 MOJICKYJISIPHOTO a30Ty MOBITPs Tpy Temneparypi Bute 1500°C
(MexaHi3M 3ebI0BHYA);

- YTBOPEHHS «IAJIMBHUX) 31 3B’S3aHOT'0 a30TY, 110 MICTUThLCS B MAJIHBI;

- YTBOPEHHSI HEBEIMKOI KUTBKOCTI «IIBHIKKX» IUIIXOM PEAKIil MOJICKYJISIPHOTO a30Ty TMOBITPS 3
BYTJICBOTHEBUMH pajiuKaiaMu (MexaHi3Mm DeHiMopa).

Ilpn HM3pKOTEMIEpaTypHOMY cnamoBaHHl naimuBa < 1500°C tepmiuni NOx MoXHa B3arajiai He
BpaxOBYBaTH 4Yepe3 iXHIO Maly KUIbKICTh. Lle MOXJIMBO, MpHM BHCOKIM YacTIl PELMPKYJLi rasiB, IO
TIOIAOTHCS Yepes3 MATBHUKH, 00 TIPU BUCOKOMY KOS(ILIEHTI HAJUTUILIKY TTOBITPSI B TOTILI.

YTBOpEHHS MAIMBHUX OKCHJIIB a30Ty MPH CIATIOBAHHI T'a3y MPAKTUIHO HE BiIOYBAETHCS, OCKUIBKU 1X
KUTBbKICTb 3aJIEKHUTH Bifl BMICTY a30Ty B MaJIHBI.

«IIBHIKI» YTBOPIOIOTHCS HA MOYATKOBIN AUTAHII (hakena B 30H1 pO3IrpiBy MaJMBO-TIOBITPSIHOI CYMIllIi.
TyT BU3HAUaNBHUM € TIPUCYTHICTH PAJMKAJIB, IO YTBOPIOIOTHCS NMPH TEPMIYHOMY PO3KIaJIaHHI MajBa B
pe3ybpTaTi aHOMAITLHO IIBUIKUX PEAKITIN MOJICKYJISIPHOTO 30Ty 3 BYTJICBOHSAMH, IO MICTSITHCSI B TIAJIHBI:

N,+CH— HCN + N,
N+OH—NO + H.

i peakiii akTiBHO MpoTiKarOTh Bxke Tpu Temreparypi 1300°C, komu yrBopeHHst Tepmiuaux NOx 111e

He Bi10yBaeThesl. YacTka pisHUX BUIB OKCHIIB a30Ty Y 3arajbHIi KUTBKOCTI OKCHIIIB a30Ty B 3aJICKHOCTI BiJ

TeMIepaTypH (akeny Ta HaIJIMIIKY TOBITPS I/ pI3HUX BU/IIB MaJMBa HaBEIeHA Ha pUCYHKY 2.11.

Taz Mazvrt Byruwan
100%
«llIemari» «llammeHl»
NO | I
« T epnidmi
0%

[
o

Temmepatvpa dakeny spoctae

&

Hagmumox mogiTps 3pocTae

Pucynok 2.11 — YacTka pi3HHX OKCHIB a30Ty y 3arajibHiil KUIKOCTI MPH CHIANIOBAHHI PI3HUX BHIIB

ImajanBa
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OcHoBHI (akTOpH, SKi BIUIMBaIOTh Ha yTBOpeHHs NOx:

- TeMIepaTypa B 30H1 TOPIHHS MaJINBa;

- Koe(ilieHT HAATUIIKY MOBITPS;

- yac nepeOyBaHHS KOMIIOHEHTIB B 30H1 BUCOKHUX TEMIIEpaTyp.

Lli ¢axTopn BHU3HAYAIOTH OCHOBHI HAmNpsSMKH OOpOTHOM 3 BHKHIAMH a30Ty, OJHAK TPYIHOII
peaizailii MeTO/IIB MPUTHIYEHHS OKCUIIB a30Ty MOJSATAIOTh B TOMY, 11O OUTBIIICTh TEXHIYHUX/PEKUMHUX
pilieHb, Mo 3HUXKYIOTh yTBopeHHs! NOx, MOTipIIyIOTh MPOLeC TOPiHHA, 1 HABMAaKu — Maiike BCl 3aX0[H,
0 MOKPallylOTh TOPIHHSA MajiBa, OJHOYACHO CIPUYUHSIIOTH 3pocTaHHs TreHepanii  NOx

(nuB. Tabmuio 2.6).

Tabmums 2.6 - BrmB 3MiHM mapamMeTpiB  NaJMBHOTO TIPOIECY Ha EHEPro-eKOoJOTiuHy

edekTuBHICTh podoTu KoTiia KBI'M - 20

Bruus
[TapameTp mporiecy B MajuBHi Ha HeJonal
Ha NOX
CcO

3MEHIICHHS Ha UIUIIKY MOBITPS 3MeHIye 301nb11Yy€E
[TigBUIIIEHHS TEMIIEpaTypy OBITPSI 30ibIy€e 3MeHIye
3HWKCHHS! HABAHTAKCHHS MMAJIMBHI 3meHIIye 30umbI1y€E
3MEHIICHHS! CTEXIOMETPUYHOIO CIIBBiHOIIEHHS B 30HI MEPBHHHOTO | 3MEHIIY€ 30inb11yE
3TOPSTHHS

Cryminuacte BBeIeHHS TmanuBa (abo #oro mepepo3moAil MK | 3MEHIIye 301b11y€E
MaJbHUKAMH )

3HMKEHHS TEIJIOBOTO CIIPUMHATTS €KpaHiB 3011b1Iy€e 3MeHIye
Penupkysmis AMMOBUX Ta3iB 3MeHIye 30inb1ye
BriopckyBaHHs napu (BOJIOIH) B 30HY FOPiHHS 3MeHIye 301b11YyE
CryniH4yacte BBEICHHS MOBITPA 3MeHIye 30u1bIIy€e

Hamnpuxrnan, BropckyBaHHS BOAM a00 Mapy B (haken MPU3BOMUTH J0 3HIDKEHHS YTBOPEHHSI OKCHUJIIB
a30Ty 1, SIK HACMIZIOK, CyMapHOi emicii (muB. Tabmuiis 2.7). [IpurnideHHs reHepaiiii OKCHIIB a30Ty BIIOYBAETHCS
B pe3y/bTaTi He TUIbKM 3HIKEHHS TEMIepaTypyd B aKTHBHIN 30HI TOpIHHS MaluBa ajie W BiI po30aBlIeHHS
JiIOYMX KOHLIEHTpauiii peareHtiB. IIpuyomy nepumii (akrop Mae nepeBakatouuMii BIUIMB Ha 3MEHILICHHS
YTBOPEHHS OKCHIIB a30Ty. ToMmy st HOCATHEHHsS HaHKpamoro e(eKkTy YNpUCKYBaHHS BOJIOTH CIIi

3IIIFICHIOBATH OE3ITOCEPETHBO B SAPO TOPIHHS (JIOKTBHUM JO30BaHUI METO/I BIOPCKYBAHHS).
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SIK JpKEperio BOJIOTH MOXKYTh BUKOPHCTOBYBATHCS HACTYITHI PEUYOBUHU:

- TEXHIYHA BOJA;

- HaCHUEHA Mapa;

- Bozia 6e3nepepBHOI IPOIYBKH (TIpH YMOBI TAPOBOT'0 KOTJIA);

- TTapa MPOMDKHUX BiIOOPIB (TIpY yMOBI ITAPOBOTO KOTJIA);

BriopckyBanns Bogm abo mapu npu3BoauTh 110 3HmwKeHHs KK/ kota Ha 0,5...3%. Yacro nanuii meTon
3aCTOCOBYETHCS Pa30M 3 METOAaMH MOIEPHI3allii MATBHUKIB 1 PELUPKYJISLi TUMOBHX Ta3iB.

Jlanuii MeTosi B OCHOBHOMY PEKOMEHIYETHCS BHUKOPHCTOBYBATH SIK KOpoTKouacHMHM 3axia. [lpum
CTIAJTIOBAHHI TIPHPOTHOTO Ta3y MM METOJOM MO)KHA JIOCSTTH 3HIDKEHHS BHKWAIB OKCHAIB a30oTy Ha 20%.
Kinpkicte Bomu ab0 mapu 0OMEKY€eThCsl YMOBOIO 3al00iraHHsT KOHJICHCAITlil Ha XBOCTOBUX IMOBEPXHSIX HATPIiBY.
BriopckyBanust Bogu a6o mapu npusBoauTh a0 3HIKeHHS KK/ korna na 0,5..3%. Yacto nmanumit meron

3aCTOCOBYETBCS PA30M 3 METOJIaMU MOJICpHi3allii MaJbHUKIB 1 pELUPKYIIALIT TMMOBHUX Ia3iB.

Tabmuus 2.7 — BigomocTi po BOPOBaKEHHSI BIIPUCKYBAHHS BOJIOTY HA PI3HUX KOTIIaX

Tum xoTna ITamiBo Bwict Bomoru % 3umkenas NOx, %
TI'MII-31411 Maszyt 6,0 20-40
bK3-320-140I'M Maszyt 6-8 30
TI'M-84 I'a3, ma3yT 10,0 25
TI'M-94 I'a3 8,0 20

[lepeBaru it HEIOTIKK BIPUCKYBAHHS BOJIOTH:

- TIEpEBarol0 METOIy € HEBENMKI KOHCTPYKTHUBHI 1 €KCIUTyaTalliiiHi BUTPATH, a TAKOXK HOTrO MPOCTOTA 1
nerkicte apromarmzaiiii. [logada Bomoru 3ilcHIOEThCS Yepe3 (POpCyHKH, SIKi, SIK TPABUIIO, BCTAHOBITIOIOTHCS B
MAJTBHUKOBUX TPUCTPOSIX, TSI IIBOTO YaCTO BUKOPHUCTOBYIOTH MAPOBI KAHAIN Ma3yTHHUX (POPCYHOK.

- JI0 HenomikiB MoxkHa BimHecTu icrotHe 3HmkeHHA KKJI xorma (0,5..3%) 3a paxyHOK BTpar 3
BIIXITHUMH Ta3aM{ 1 MiJBHIICHHS 1HTEHCUBHOCTI HU3BKOTEMIEPATYPHUX KHCIIOTHOI 1 KHCHEBOI KOpO3il
MOBEPXOHb HArpiBy. OCTaHHE ICTOTHO 3MEHILYE TEPMIHH CITy>KOHM XBOCTOBHX IOBEPXOHb HarpiBy 1 ra30X0/IiB.

Perupkynsmis TMMOBHX Ta3iB, 110 BBOIATHCS B A1po (hakedy, Moxke BIUTMBATH Ha emicito NOx 3a
PI3HUMU HANIPSIMKaMHU:

- PO3AiJIsi€ MATMBO 1 OKUCIIOBAY, 0 TAIEMYE CyMillIOyTBOPEHHS;

- 301IHIO€ OKHUCITIOBAY 32 PaXyHOK 3HMKCHHSI KOHIIEHTpAIlii KHUCHIO;

- 3HIKY€ TeMIIEpaTypHHA PiBEHb MAJIMBHOTO MPOIIECY .
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IcHye Kinbka cioco0iB BBEICHHS Tra3iB PEUUPKYJIALI] B MAITHBHIO:

- B o1 (HWOKHIO YaCTHHY ) TTaJIMBHI;

- 0Oe3nocepeHbO B MaJbHUKOBUM MPUCTPI B OAMH 3 MOBITPSHUX MOTOKIB 200 MiX MOTOKAMH
MOBITPS;

- B TAJIGHUK B TIOTIK NaJINBA;

- B TIOBITPOIIPOBI] TapsYOro MOBITPS.

[Tpu ciantoBaHHI MIPUPOAHOTO Ta3y HAHOLIbIIE 3HIKEHHS BUXOLy OKCHIIB a30TYy CIIOCTEPITaeThes
IIpU BBEJCHHI ra3iB perupKyJsLii O0e3rnocepeHb0 B MalIMBO, X04a 1€ € HANCKIAAHIIINN METOA, TOMY
Kpaile 371iCHIOBATH PEIPKYIIALII0 JMMOBHX Ta3iB y BTOPUHHE MOBITPS NIepe MaTbHUKAMU.

Penmpkynsmist BianpanboBaHUX ra3iB (TpU BapiaHTH BiAOOPY PEHHMPKYJIOYHMX Ta3iB) HaBeJIcHA

Ha pUCYHKY 2.13.

Coocif 1

3K -
1
L] o=

|
L i | | fﬁ‘\ Ia oo
AFT {"‘) i ’] |_"' OEMOBOL
I t I —

l Crocif 3
Cmoeif 2 Binfip
‘ a— armochepEoro

moBiTpA

IB

JPI" — mumococ penupkyssiii ra3is; J|B — 1yTThOBHil BEHTHUIISATOD;
AT — mumotsr; PIII — perenepatuBuuil nosiTpomiairpisay, 3K — 3mimryBansHa kamepa.

Pucynok 2.13 — [IpuHuunoBa cxema peuupKyJsmii JMMOBUX ra3iB

Henonikamu nepmioro crocody € Bucoka BapTicTh JIPI', migBUIEHI €HEProBUTPAaTH HA TPUBIL
JPI" 1 BuTpat Ha WOro TEXHIYHE OOCIYTrOBYBaHHS Y 3B’S3Ky 3 MIABUIICHUMH TEMIIEpaTypaMH Ta3iB
PELUPKYIISALIII.

Hpyruii cnoci6 peamnizye BiaOip rasiB Ha perupkyssuito 3 razoxony micas PIIIL. Yepes menmri
temneparypu ra3iB (3a3suuaii 130-160°C) Butparu Ha oOciyroByBanHs [IPI' i Bapricth camoro JIPT
MEHIIIE B TOPIBHSHHI 3 MepmuM crocobom. HemomikamMu 1aHOi CXeMH € JOBT1 Ta30XOAH, JOJATKOBE

HaBaHTakxeHHd Ha JIT.
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Tpertiii cnoci6 opranizamii penupKyJIALMii ra3iB MOIATae B MPUCTPOI MEPEMUYKH MIXK Ta30XoJaMH
oesnocepeHbo 3a TUMOTAToM J[T 1 OBITPOIPOBOAOM TEepes] Iy TTHhOBUM BEHTHIIATOPOM.

B npomy BUmMamky JAMMOBI ra3u 3 BHUXJIONY JAUMOTATY (3 HAQJIUIIKOBUM THCKOM) CaMOIUTHBOM
HaJXOASATh Ha BCAaC JYTTHOBOTO BEHTWIATOpA (IO 3HAXOAUTHCS TiA pPO3pimkeHHsM). KinbKicTh
PELMPKYIIOI0YNX Ta3iB PEryJIOEThCS 3a JOMOMOTro0 ImOepa, BCTAHOBJICHOro Ha mepemuuni. lanuii
croci0 BIPI3HAETHCS HAWMKOPOTIIMMHU razoxomamu 1 BiacytHicTio (JIPI'), wepe3 mo BiH Habarato
JIELIEBIIE 1HINNX.

Jlo mepeBar Takoi CHpOIIEHOI CXEMHM CIIiJl TAKOX BITHECTH XOpOILIe NMepeMillyBaHHsS MPOIYKTiB
3TOPSTHHS 3 MOBITPSM B Iy TTHOBOMY BEHTHJISTOPI.

Henmonikamu criporieHoi cxemMu € 0OMEXEeHHsST MaKCUMAJIBHOTO CTYTICHSI PEIUPKYJISIIT, SIKUH, SK
npaBmiio, He mepeBuiye 12-15% (BU3HAYa€eThCS 3amacoM MPOAYKTHUBHOCTI TATOMYTTHOBUX MAIIIKH),
MO>KJIMBICTh TOCHJIGHHS KOpO3il 1 3aHECeHHs NOBITPOMiAirpiBaya BiAKJIAACHHSIMHU TPU HOYEPTOBOMY
CHaJTFOBaHHI ra3/Byriuis, foaarkose HaBantaxenss /IB 1 JIT.

EdexT 3HMWKEHHST BUXOIy OKCHIIIB a30Ty IMPH OpraHi3amii perupKyJIsiii ra3iB TpOXHU BHUIIE MPHU
CHAIIOBaHHI MPUPOIHOTO Ta3y, HiX MPHU CHATIOBaHHI Ma3zyTy. B naHuii yac 3aKopJOHOM OLUIBIIICTD
JiI0YMX 1 HOBI  ra3oMasyTHi KOTJIM  MalOTh  PEHHMPKYJALII0 B SKOCTI  €(EKTUBHOTO
BHYTPIIIHBOIIAJTMBHEBOTO 3aX0y.

2.4 BUCHOBKH 3 po3aiity 2

1. Yepe3 BcranoBinenmii Ha koTimi KBI'M-20 3acrapinmoi koHctpykmii mamsHuk PI'MII-20,
KOTEJbHUI arperat Mae psj HEJOMIKiB 1 HE BIAMOBIJA€E cydacHUM BUMoOram. Jlo umcia Takux HEAOTIKIB
HAJIeKATh!

- 3HIKEHHUN KOe(ilieHT KOPUCHOI [ii KOTEIBHOTO arperary,

- poboTa nmajgpHUKA 3 MABUIIICHUMHU HAUIUIIKAMU TTOBITPS;

- HEBIAMOBIHICTh €KOJOTIYHIUM HOPMAaM L1010 BUKUAIB OKCHIIB a30Ty NOx.

2. OTpumaHa Mojedb CBITYUTH MPO HEIOCKOHAIICTh MPOLECIB CyMIIIOYTBOPEHHS, TPAEKTOPIi
PYXy NOTOKIB, PO3MOALTY IIBHIKOCTEH Ta TEIJIOBOTO PO3MOALTY B TAJWBHI 31 INTaTHOI CXEMOIO
nanpHuka PI'MII-20. Bognodac, HEAOCKOHANICTh IMITATHOI CXEMH CHPHYMHSIE 30UTBIIEHHS 3aTpaT Ha
PEMOHT €KpaHHUX TPYO KOTIIA.

3. IlponioHyeThcs 3aMiHAa INTAaTHOTO TMajbHMKA Ha TMalbHUK Ha 0a3l po3poOiieHOi B
HHII «EKOTE3» mikpodakenbHoi TEXHOIOTIi CIIaTOBaHHS ra30BOT0 MaJMBA, OCKUTBKU ISl TEXHOJOTIsS
TOBHICTIO YCYBa€ BCl 3a3Ha4€HI HEIOJIKH, 32 PaxyHOK: MPSIMOTOYHOCTI PyXy Ta30MOBITPSHOI CyMiIli,
KOMOIHOBAHOTO CYMIIIOYTBOPEHHS (TIONEpeaHboro i nudy3iiHOro), CTaaiMHOCTI 1 MiKpOo(daKeIbHOCTI

CHaJIIOBAaHH:, BUCOKiH TypOy:i3alii i BHYTPIIIHIN perUpKyIIALii HOTOKY, HU3bKii eMiciii OKCHIIB a30Ty.
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3 TEXHIYHI PIINEHHSA OO0 NIOKPAINEHHA EHEPI'O-EKOJIOT TYHUX
IMOKA3HUKIB EKCILTYATAIII KOTJIA

J1o manbHUKOBHUX MPUCTPOIB BOJOTPIMHHUX KOTJIIB BCTAHOBJICHI BiZIOMi BUMOTH, a CaMe:

- YHIBEpCAJIbHICTh (MOXIJIUBICTh 3aCTOCYBAaHHS B PI3HUX NATUBHSX);

- HaIiiHICTh (0OOMEKeHe TEIUIOBUIIIICHHS TOOMU3y MaJbHUKA MPU MiHIMAJIBHOMY MPOCKaKyBaHHI
TOJTyM ' 51);

- CTIAKICTb 3aMalifOBaHHs 1 cTa01Ii3alis PPOHTY TOPIHHS B IIUPOKUX MEXKAX;

- IPOCTOTa KOHCTPYKIIii;

- MiHIMJTbHO MOYJIMBHIA aepOJUHAMIYHUN OITip TIO TOBITPSTHOMY TPaKTY;

- SIKICHE CYMIIIIOYTBOPEHHS 3a/1aHO1 IHTEHCUBHOCTI, IOCTATHE JIJIs1 3aBEPIICHHS TOPIHHS,

- 3a0e3mneueHHs] TOBHOTH 3rOpaHHs razy npu MiHIMaJbHOMY KOE(IIIEHTI HAIJIUIIKY TTOBITPS;

- 3a0e3nedeHHs 0e31ryMHOCTI poOOTH 1 BiICYTHICTH BiOpalliii B apMaTypi 1 BCIX €JIeMEHTax;

- 3a0e3nedeHHs 30epekeHHs yHi(iKaii 00iaaHaHHs UTsl IHIINX BHIIB AJINBA;

- PEMOHTONPU/IATHICTb.

[TpuponHuii Ta3 BBaXKAE€ThCS HAWOUIBII «YUCTHM» 3 EKOJIOTIYHOTO TMOTIISAY OpPraHidYHUM
OPUPOJHUM  TAJIMBOM, SIKE BUKOPUCTOBYETHCS y TOTYXHHMX HiANPHUEMCTBAX BHUPOOHMIITBA
eHeprii — y MPOMHUCIIOBIM Ta KOMYHAJIbHIH €HepreTuili. ¥ TOW e 4Yac HOro CHajroBaHHS Yy BBEICHHUX
paHile cucTeMax He BIJIOBIJAE CyYaCHUM KOPCTKUM BUMOTaM 3a €(DEKTUBHICTIO Ta €KOJIOTTYHICTIO.

IcHyroui MeToau 3HIKEHHS TOKCHYHOCTI IPOAYKTIB 3TOpaHHS BYIJICBOJHEBUX MAJIUB
XapaKTEePU3YIOThCS BEIMKHMHU BHUTPAaTaMU IPH IXHBOMY BIPOBA/DKEHHI 1 JUIA BCIX BiJOMHUX METO/IIB
XapakTepHa CEJEeKTHBHICTh Ta HEOJHO3HAYHICTh BIUIMBY HA Pi3HI TOKCHYHI CKJIAJ0BI MPOIYKTIB
3ropanHsa. Hanpukiaza, BCi TEXHOJIOTIYHI PUHOMU 3HMKEHHS eMicii okcuaiB a3oty (NOx) mpuBoIsThH 10
30UIbIIEHHS KOHIIEHTpAIlii B MpoayKTax 3ropaHHs okcuay Byriemo (CO) Ta mpoayKTiB XIMIYHOTO
Henonany (CcHy). Kpim Toro, B OLIbIIOCTI BUNAJKIB HE BJAE€ThCS €(DEKTUBHO 3aCTOCYBATH OAHI U TI Xk
METOJM Ta 3acO0M 3HMKEHHS TOKCHYHOCTI MPOAYKTIB 3rOpaHHS B MaJbHUKOBHUX CHCTEMax pPi3HOTO
npu3HayeHHs. Ha3pina 00’ ekTuBHA HEOOXIAHICTH CTBOPEHHS 1 peasi3allii HOBUX TEXHOJIOTIH CHaIOBaHHS
MIPUPOTHOTO Ta3y, sika O BiAMOBigaa OKpiM c(hopMyIbOBAHUX BHIIE, 1€ 1 HACTYITHUM BUMOTaM:

- BCOKA €HEPro-eKoJoriyHa e()eKTUBHICTbD;

- JOCTYIIHICTh MaTepialiB Il BUTOTOBJICHHS.

3acrocyBaHHS MIKpO(haKEITbHOTO TOPIHHS € MEPCIEKTUBHUM HAMPSIMKOM ITiIBUIICHHS €HEepro-
€KOJIOTIYHOT e()EKTUBHOCTI IMKOBUX BOJOTPIHHUX KOTJIIB, ajie €(PEKTUBHICTh WMOTr0 3aCTOCYBaHHS

3aNIeXKHUTh Bl METO/IIB peatizallii MikpoAauQy3iiHOro ropiHHS.
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B o00cs3i ngaHoi wmarictepchkoi poOOTH TPOIMOHYIO MOJEpHI3AIlI0 TATFHUKOBOI CHCTEMH
BojorpiiiHoro kotia KBI'M-20 peanizyBatu Ha 6a3i texHoisorii, mo po3podiena HHI[ «EKOTE3y, a
caMe MiKpo(aKeIbHOI TEXHOJOril OpraHizalii TOpiHHS Tra3oBOrO NajluBa, OCKUIbKM L TEXHOJIOTISA
BINOBiJa€ BCiM mocTaBieHUM BuMoram [19]. OcCHOBHMM €JIeMEHTOM B HiM BHUCTymae TpyO4acTuit

MOMYJb (AUB. pUCYHOK 3.1).

Ipupoamuii ras —

HoriTps

&

T T T T T T T T Ty

AT smRh yehheenwewe
\ \

1 — mepenHs TpyOHA A0MIKa; 2 — MaTPyOOK Moavi MPUPOIHOTO ra3y; 3 — KOPIyC NaTbHUKA;
4 — (pmanenp; 5 — 3aaHsA TpyOHA JOIITKA; 6 — BOTHETPUBKHM TyHENb (a00 xapoBa Tpy0a);
7 — noBiTpsiHI TpyOKH; 8 1 9 — oTBOPH JUIsl Mojiadi ra3y; 10 — rpaHuLs CTpyMeHS;
11— sapo cTpyMeHio.

Pucynok 3.1 — Cxema nanbHuKa Ha 6a3i MiKpogaKeIbHOT TEXHOJIOT 1]

TpyOuacTuit MOy Ib Ma€ OUTBINT HU3BKUN aepOAMHAMIYHUH OTIpP Y MOPIBHSIHHI 31 CTPYMEHEBUMH 1
BUXPOBHUMH €JIEMEHTAMH, XapaKTePU3YETHCS aepOAMHAMIYHUM OMOPOM MPAKTUYHO OJHAKOBOTO PIBHSA 3
KOHIYHUMH €JIEMEHTaMU 1 IIOCKUMU CTab1Ii3aTopaMy 1 HE3HAYHO MEPEBUIIYE PIBEHb OMOPY ILIOCKOTO

MO IyJIsI (UM ITUJTOHA) 13 3aKPYTIIEHUM BXOZOM i camoro Hacazaka bopma [20, 21].
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KpiM 3HauHOrO MEHIIOrO0 aepoAMHAMIYHOTO OIOpPY, MOKHAa BUAUIMTH HACTYIHI TepeBaru
TpyOUYaTUX MOJTYJIIB:

- MOXXJIMBICTh BUKOPHCTaHHS SIK 130JIbOBAHOTO MOJIYJS, TaK 1 CUCTEMH TPyOuUacTUX MOJYIIIB,
CTHOJIY4YEHUX MapajieabHo B 3arajbHii TpyOHIH O 3 BU3HAUEHUM KPOKOM;

- MOYJIMBICTh BUKOPHUCTaHHS HE TUIBKH PI3HHMX CXEM MoAayi nanuBa (Iudys3iiHO1, TonepeaHboi i
KOMOIHOBAHO1), ajie 1 TOAaTKOBUX KOHCTPYKTHBHUX BIUIMBIB Ha YMOBH PO3BUTKY (hakena.

3.1 MoaeqOoBaHHA AaepoAMHAMIYHHX Ta TeIUIOBHX IMpoueciB B Tommi KoTja 3
Mikpo(dakeJbHUM NAJbHUKOM

[TpoexToM MmaricTepchkoi poOoTH TmependadaeTbes 3aMiHa iCHYIOYOTO MaTbHUKOBOTO MPUCTPOIO
Ha MaJbHUKOBUH NPHUCTPid Ha 6a3l MikpodaKeIbHOI TEXHOJIOTIT 6€3 3MIHM KOHCTPYKIlii Ta KOMIIOHOBKH
TonkoBoi kamepu koriia KBI'M-20. Tomy it mpoBeIeHHSI MOJICIIOBaHHS aePOJMHAMIYHUX Ta TEIUIOBHX
IpoIeciB B TOMII KOTJa 3 MIKpOo(aKkeIbHUM IMaJbHUKOM NpUHMAl0 3HAYEHHS JiaMeTpy amOpasypu

MaJIbHUKOBOTO MPUCTPOI0 630 MM (IMB. pUCYyHOK 3.2).
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Pucynok 3.2 — AmOpasypa naigpHuka y ppoHTOBI# cTiHli Tonku koTia KBI'M-20

Ha migctaBi po3po0neHOl METOOUKM BH3HAYal0 OCHOBHI KOHCTPYKTHBHI XapaKTEPUCTHKHU
NMaJbHUKa Ha 0a3i MiKpoQakelbHOI TEXHOJIOTrii Ta BHKOHYIO NMOOYIOBY TPHOXBHMIPHOI I€OMETPUYHOT
MO TaTbHUKA JJI MOAATBIIOT0 AOCIIKeHHA. BuxigHi qaHi 10 po3paxyHKy OCHOBHHX IapaMeETpiB

HaJIbHUKA HaBeaeHo B Tadmumi 3.1.



Tabmuus 3.1 — Buxiani gani 10 po3paxyHky maasauka MITI-20

3HaueHHs
HaitmenyBaHHs Ilo3znauenns | O UL
BEJIMYMHHU
HiameTp manbHUKa y 300pi d... MM 630
HiameTtp TpyOHOT nOIIKH Ao MM 626
JIoBXHMHA NOBITPSIHUX TPYOOK I MM 180
Buctyn noBitpsiHuX TpyOOK 3a MeXi TpyOHOT TOIIKK h,, MM 5
Burpara razy |4 M’ /ron 2560
KoedinienT HagmuIKy noBiTps a - 1,04
Po3nonin razy (kinetuka/nudy3is) - % 50/50
BryTpimHii giaMeTp MCTOHIB Y MOBITPSHUX TPyOKax d.. MM 2
Hiamerp nudy3iiftHUX OTBOPIB d, MM 3
1. Burtpara noBiTpst uepe3 NaabHUK, M’ /c
273+t
Vg =y 1, EE ), a1
273
1€ o - Koe(illleHT HaUIUIIKY TOBITPS;
V° - TeopeTHYHHUI 00’ €M HOBITPS, M’ /M. ;
V. - BUTparta IpUPOJHOrO ra3y Ha OHH HAIBHUK, M, /C .
t., - TeMIlepaTypa HOBITpsl, IO TO1a€Thest Ha ropinHs, °C .
3a pe3ysbTaTaMi po3paxyHKy ra3onoAibHoro manusa V° =9,52 M’ /M.
Bepy mis nmansauka MITI-20 ¢ =20°C Ta a=1,04.
293
V..=104-9,52.0,711-—=7,56 wm’/c.
273
2. Kpok po3srtamryBaHHsI OTBOPIB ITiJ] MOBITPSIHI TPYOKH, MM
d
o fma (3.2)
(1+2-n)

Je 1 - KUIBKICTD IIUKIIIB, IIT.
3rigHO PO3p0oOIEeHOT METOAUKH 71 = 6 TIT.

0,626

t=———=48,15 Mmm.
(1+6-2)
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3rigHO peKOMEH/ Al BUKOHYIO CXeMYy KOMITOHOBKHU TPYOHOI PEIIiTKH (UB. pUCYHOK 3.3).
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Pucynok 3.3 — KomnoHoBka TpyOHOI IOILIKH 32 pe3yJIbTaTaMU PO3PaxXyHKY

B otBopu 1o noBiTpro BcTaHOBMOW TpyOku d, /d, =40/36 mm/mMM.

3. [IIBuaKiCTh TIOBITPS HA BUXOJI 13 TpyOOK, M/C

v

_ " nos
Wl'IOB - 3ar (3'3)
fl"lOB
. . 2
pi(S] f:;: — 3araJibHa 1Jiomia Hepeplsy JJIA HpOXOI[)KeHH}I HOBlTpH, M.
3ar __ cer
fnos - f;w:; + -f;[OB b (34)

ne f,., - IUIOIIA TIOMEPEYHOro nepepizy TPyOoK Ui MPOXOKEHHs MOBITPS, M
. . . 2
- IJI0MIA TIepepizy OOKOBUX CETMEHTIB ISl IIPOXOKEHHS TIOBITPS, M™.

2
w-d,

‘f;'IOB = nHOB ’ 4

(3.5)

ae 7, - KUIBKICTb MOBITPSHUX TPYOOK, IIIT;
- BHYTpIIIHIN AiaMeTp TpyOKH O MOBITPIO, M.
3a pe3yabTaTamMu nipaxyHky #, . =135 mr.

3,14-(0,036)°
4

f... =135 =0,137 m*.

39
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BukopucroBytoun iHcTpymMeHT «Bumipstn» B mporpamHoMy cepemoBuini «Solid Worksy,
OTPUMYIO

£ %0,011 M.

OB
3arasibHa MJI01a JUIsl MPOXOKEHHS MTOBITPS

3 =0,137+0,011=0,148 m°.

OB

Ockinbku BiiomMa 00’€eMHa BUTpaTa MOBITPS Ta 3arajbHa IUJIONIA MONEPEYHOro Mepepizy Io

MOBITPIO, 3HAXO/XKY IIBUAKICTH TOBITPS HA BUXO/1 3 MabHUKA

7,56

W, =51,08 m/c.
0,148
4. IlIBuaKicTh Ta3y HAa BUXO/I1 13 OTBOPIB Y TPYOHIi pertiTii (audys3iiiHe TOpiHHA), M/C
Vﬂ.
w=—L (3.6)
A
ae V* - 00’emHa BUTparta rasy Ha qudysiiiHe TOpiHHs, M/c;
[ - mola nepepizy Ui MPOXOAXKEHHS rasy Ha qudysiiiHe ropiHHs, M.
Vi=0,5-V, 3.7
w-d
Sl =i —=, (3.8)
4
1€ 7 - 3arajibHa KiJAbKICTh IU(Y31HHUX OTBOPIB, ILT.
3a pesy/bTaTaMu MiApaxyHKy 7 =300 1T, a 3HAYE€HHSA BENM4IUHU d, Oepy 3 Tabmumi 3.1.
0,5-2560
=220 =0,36 M,
3600
14- 2
1 _300.2:14:0.003 2,12:107 %,
0,36
W =—"——-=169,8 m/c.
2,12-10
5. HIBuaKicTh Ta3y Ha BUXO/I 3 MICTOHIB (Ha KIHETUYHE TOPIHHS), M/C
VK
W= (3.9)

AN
T

ae V. * - 00’eMHa BUTpaTa ra3y Ha KIHETUYHE TOPiHHS, M/c;

. . . 2
S - uioa nepepisy A1 MPOXOIKEHHS ra3y Ha KIHETUYHE FOPIHHS, M.
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Bianosixuo no tabmuui 3.1 VX =V*=0,5-V. =0,36 m’/c.

2 2
.ﬂ-'dm 4 .ﬂ-.dnT

“=pn® .6 +n' -4 , 3.10
fl‘“ Jile):} 4 0B 4 ( )

6

TIOB

1€ n - KUIBKICTh HOBITPSHUX TPYOOK 3 6-Mi MICTOHAMHU, IIIT;

4
nHOB

- KUTBKICTh TMIOBITPSHUX TPYOOK 3 4-Ma MiCTOHAMH, IIIT;
4, 6 - KUTBKICTh MICTOHIB HA OJTHY TPYOKY, IIT;

d__ - BHYTpIIIHIN JlaMeTp MICTOHA, M.

T

3a pe3ynbraTaMu mapaxyHky n° =139 mr, n' =12 mT.

OB

3nauenns d, = 0,002 m Oepy 3 Tabmami 3.1.

2 2
A :135.6M+12.4M:0’00%9 M2,
=230 13 4 e
0,00269

[TonepeaHs momava ra3y 3MIHCHIOETBCS 3a JOIMTOMOTOO TICTOHIB, IO 3arJIMOJIIOIOTHCS B MOBITPSHI

TpyOKH (ZIMB. PUCYHOK 3.4).

6)

a) — MOBITpsiHA TpyOKa 3 MIicThbMa MICTOHAMU; 0) — MOBITPsiHA TPYOKa 3 YOTUPMA MICTOHAMU;

1 — moBiTpsiHa TpyOKa; 2- MiCTOH

Pucynoxk 3.4 - [loBiTpsiHi TpyOKH 3 TICTOHAMU
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BukopucroByroun oTpuMaHi gaHi Ta gaHi 3 Tabmmmi 3.1 3a J0OMOMOTrO0 MPOrpamMHOTO
3abe3neyeHHss «Solid Worksy Oyayro TphOXBUMIpHY TE€OMETPHUYHY MOJEIb TNaJbHUKAa Ha 0asi

MikpodakenbHOI TEXHOJIOT11 (IUB. pUCYHOK 3.5).

Pucynoxk 3.5 — 'eomerpuuna mozens nansHuka MI'TI-20

Busnauenns BTpaT THCKy Ha nanbHUKYy MITI-20 a1 BCTaHOBIEHOTO peXUMy poOOTH MPOBOIKY
y mporpamHoMy 3abe3nedenHi Flow Simulation, BUKOpHUCTOBYIOUM OTpUMaHy T'€OMETPUYHY MOJEIb

MajJbHUKA (IUB. PUCYHOK 3.6).

Pucynok 3.6 — Mogenb 7151 BU3HaUEHHS BTpAT TUCKY Ha nanbHuky MI'TI-20
3a pi3HUIIEIO THCKIB Ha BXO/I 1 BUXO/II 13 €KCIIEPUMEHTAIBHOI YCTAHOBKY BU3HAYHMB BTPATH THUCKY

Ha MaJIbHHUKY, 110 ckianaoTh 1251 Ila.
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Jlns MonenroBaHHS IPOIECIB CYMIIMIOYTBOPSHHS B TOMI 3aMmiHWB mnanbHUK PI'MII-20 y

noTiepeIHii HasiBHIM Moeni (AuB. pucyHoK 2.5) Ha manbHUK MI'TI-20 (1uB. pucyHok 3.7).

Pucynok 3.7 — Monens Tonku kotia KBI'M-20 3 MikpodakeTsHIM MaTbHUKOM

s oTpuMaHoi MozieNl TONKH 3 MIKpO(aKeIbHUM MajlbHUKOM 3a/1al0 HACTYIHI I'PaHUYHI YMOBHU
(nuB. pucyHok 3.8), a came:

- BuTpara rasy — 0,711 m’/c;

- BUTpAaTa MoBiTps — 7,56 M°/c;

- TUCK Ha Buxo0zi 3 Tonku — 101 325 Ila.

B wMicisx Bxoy moTokiB (HOBITPs 1 ra3y) Ta iIHTEHCUBHOT'O CYMIIIOYTBOPEHHS 33/1al0 YTOYHEHY

PO3PaxyHKOBY CITKY (JIMB. pUCYHOK 3.9), sika 3HU3UTh MOXUOKY PO3PAXYHKY.
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Pucynok 3.8 — I'pannyni yMoBH 1j1s1 00paxyHKy 3 nanpHukoM MI'TI-20
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Pucynoxk 3.9 — YTounena po3paxyHKoOBa CiTKa

PesynbraT MOJeniOBaHHS aepoAMHAMIUYHUX IPOLECIB Yy TOMII KOTJoarperaty mnpu poOoTi

MAJIBHUKOBOT'O PUCTPOIO Ha 6a3i MikpodakenbHOi TEXHOJIOT1] MpeicTaBieHo Ha pucyHkax 3.10 - 3.12.
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Pucynok 3.10 — Po3moin mBuaKoCTe| y TOII KOTJIa pu podoTi nanbanka MI'TI-20 y

MOB3/I0BXKHHOMY PO3pi3i

Sx BumHo 3 pucyHky 3.10, manpHHK Ha 0a3i MikpodakeabHOI TEXHOJOTii Mae pPIBHOMIpHUM
PO3MOALT IIBUAKOCTEH Ta30MOBITPSIHOT CyMilN y TONIiI KOTelabHOro arperaty. CepeqHe 3Ha4YeHHs
IIBUAKOCTI Ta30TOBITPSHOT CyMIllli HA BUXOI 13 MaJbHHUKOBOTO MPHUCTPOIO, OTPUMAHE 3a JOMOMOTO0
MOJICTFOBAaHHS, MiITBEP/IKY€EThCS po3paxyHKamu. e cBITUUTh Mpo aAeKBaTHICTh MOJIETII.

Ha pucynky 3.11 y 30inblieHOMy BUTTISAI 300paskeHUN PO3MOMALT IMIBUIKOCTEH ra30mOBITPSHOL

CyMiIlli Ha BUXO/ 3 MAJIbHUKA Ta HAa BXOJI1 y TOMKY KOTJIOArperary.

Pucynok 3.11 — Po3noain mBuaAKocTe Ha BUXO/II 3 MIKPO(aKeIbHOTO MajJbHUKA Y

MOB3/I0BXKHBOMY PO3pi3i
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Sk BumHO 3 pucyHKy 3.11, ra3 BUXOAHUTH 3 OTBOPIB MiABOJY MapajelibHO PyXy MOBITpsA. Takum
YUHOM HE BUHHUKAE JOJIATKOBUHN a€pPOMHAMIYHHUM OIIp MO TPAKTY PyXY MOBITPA.
[IBuaKicTh BUXOYy a3y OUIbIIA 32 MIBUAKICTH BUXOXy NMoBiTps. OqHak Bxke Ha BijacTtaHi 0,25 m

IIBUIKOCTI MOBITPS 1 ra3y BUPIBHIOIOTHCS, TA30MOBITPSIHUIA MOTIK CTAE OTHOPIIHUM (IUB. pUCYHOK 3.12).

Pucynok 3.12 — Po3nois mBUAKOCTEH y TOMIN KOTJIa MpH poOOTI MaTbHUKA

MI'TI 20 y nonepeyHoMy po3pi3i Ha BifcTaHdi 0,25 M Bi aMOpa3ypy NalbHUKOBOI'O PUCTPOIO

TpyOHOIO CHCTEMOI0 MaTbHUKOBOTO MPHUCTPOIO, KA BUCTYMA€ y POJi cTabimizaropa MOTOKY
MOBITPsI, 3a0€3MeUy€eThCSI PIBHOMIPHUN PO3IOALT MOBITPS MO MOBITPSAHUX TpyOKax. 3aBAsIKH TMiIBOAY
raszy J10 MDKTPYOHOTO TIPOCTOPY TPYOHOI CHCTEMHU MAIbBHUKOBOTO MPUCTPOIO JOCATAETHCS PIBHOMIPHICTD
pO3MoAlTy Ta3y y ra30BOMy IpOCTOpI MajbHUKA Ta BUXOAY a3y 3 OTBOPIB MiJABOAY. PIBHOMIpHICTb Mmos
HIBUJIKOCTEH Ta30IMOBITPSHOI CyMIilll y TOMI[l KOTJIOArperary JOCSITaeTbCs 3a paXyHOK BHKOPHCTAHHS
MPSIMOTOYHOCTI PYXY T'a30MOBITPSHOT CyMiIlIi.

Ha pucynkax 3.13-3.15 300pakeHuil po3MOAUI KOHIIGHTpAIliMl Ta3y y TOMIl KOTJoarperary i3

NaJILHUKOBOIO CUCTEMOIO Ha 0a31 MiKpo(akeIbHOT TEXHOJIOTI].
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OB6'emua
KOHLLEHTPALLIA
[meTan]

Pucynok 3.13 — Po3noain KoHIEHTpalii ra3y y Tomui KOTJa Ipu poOoTi MiKpo(haKeIbHOro

NaJIbHUKA y MOB30BXHBOMY PO3pi3i

Sk BumHO 3 pucyHKy 3.13, manpHUKOBa cHCTeMa Ha 0a3i MiKpoQaKeIbHOI TEXHOJOTIl
XapaKTEePHU3YEThCS PIBHOMIPHUM IOJEM KOHIIEHTpAIiil ra3y Ha BXOJI y TONKY KOTEIBHOTO arperary
Ta, SK HAaCIiOK, SKICHUM CyMIilIOyTBOpeHHsAM. lLle no3Bonse manpHUKy Ha 0a3i MikpodaxenbHOl
TEXHOJIOTil 3a0e3rmedyBaTd HU3bKI BUKUAM IIKIJJIMBUX PEUYOBHH B aTMOC(epy IMpU 3HAYCHHIX
Koe(ilieHTy HAITUINKY MOBITPSI OJIM3BKUX 10 oauHUI [22]. TakuM YMHOM BHKOPUCTAHHS MaTbHUKOBOL
cucteMu Ha 0a3i MikpodakenbHOI TexXHONOTii Ha KoTenbHOMY arperati KBI'M-20 mo3BoMuTh 3HU3UTH
BTpaTW 3 BIAXIJHUMM Tra3aMH (32 PaxyHOK 3MEHILEHHS HAJUIMIIKy IMOBITPs) NPH OJHOYACHOMY
MOKPAIICHHI €KOJIOTIYHUX MOKA3HUKIB pOOOTH KOTI0arperary.

Ha pucynky 3.14 y 30UbmeHOMY BHIIISIII 300pakKeHHIA PO3MOJIUT KOHIIEHTPAIIIH ra3y Ha BUXO/I 3

NaJIbHUKA Ta Ha BXOJIl Y TOIIKY KOTJI0arperary.
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Pucynok 3.14 — Po3nofin KOHIEHTpawiid a3y Ha BUXO/I 3 MiKpO(]aKeIbHOro NalbHUKA Y

MOB30BXHBOMY PO3pi3i

Ak Oaunmo 3 pucyHky 3.14, onTtumandbHa KOHIIGHTpallis Tra3y TMpPH BUKOPCUTAHHI
MiKpo(aKkenpHOTO MalbHUKA JOCATaeThcs Bke Ha Biactani 0,3 M Bim amOpasypu mnanpHuka. Lle
3abe3rneuye cTabiIbHUM PeXUM TOPIHHS Ta HAJilHY poOOTY HaJbHUKOBOTO MPHUCTPOIO [23].

Ha pucynky 3.15 300paxkeHuii po3IMmoIisl KOHIICHTPAIlIl ra3y y MOMepEeYHOMY po3pi3i Ha BXOML y

TOIKY KOTJIoarperary mpu poooTi MikpogakeJIbHOTO MajTbHUKA.
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Pucynok 3.15 — Po3nonin KoHIEHTpalliii a3y y TOIIII KOTJa Mpu poOoTi Mikpo(haKkeIbHOTO

naJbHUKA y MOTIepeYHOMY po3pi3i Ha Bijacrani 0,1 M



49

3 pucysky 3.15 BuIHO, 110 Ta3 y Ta30MOBITPSAHIN CyMillli B IONIEPEYHOMY Iepepi3i Ha BUXOl 3
MajJbHUKA MIKpO(haKEeTbHOTO THITY PO3MOIIISETHCS PIBHOMIPHO [24].

SIKicHe CyMIIIOYTBOPEHHS MallbHUKA MIKpO(paKeTbHOTO TUITY 00yMOBIIIOE KOPOTIINA (aken, HixK
y IITAaTHOTO NaJbHUKA. TakuM YMHOM 10 KOHBEKTHBHOI YaCTHHH KOTJIOArperaTy HaaXoJsATh MPOAYKTH
3ropaHHsl, 0 MOBHICTIO 3TOPUIN Ta JEII0 OXOJOIWINCH, IO MPU3BOIAUTH A0 30UIBIICHHS MOTOPECYPCY
KOHBEKTHUBHHUX TPYO.

3MEHIIIEHO HEPIBHOMIPHICTh PO3MOALIY TeMIeparyp Mo 00’e€My TOINKH KoTjioarperary. Takum
YMHOM 3MEHILIUTHCS JIOKAJIBHUH MeperpiB eKpaHHUX TpyO, 110 30UIBIMIMTE TEpMiH iX eKcIulyaTamii Ta
3MEHIIUTh 3HOUICHHS.

Kpim Toro, take CymimoyTBOpEHHsS Ta Takui (akena COpuse 3MEHIICHHIO 30H 3 JIOKATbHUM
NJBUILEHHSAM TeMIIEpaTypH B 30H1 TOPIHHS, B IKUX YTBOPIOIOThCsA okcuan a3oty (NOx) [25].

3anponoHoBaHa Ta po3paxoBaHa KOHCTPYKLiS NaJbHUKOBOTO MPUCTPOIO Ha 0a3i MiKpodakeIbHOI
TexHoyoTii st Kotnoarperatry KBI'M-20 3abe3neuye MakcHMMajibHO IOBHE 3TOpaHHsS NalWBa IPU
MiHIMaJIbHOMY KOe(DiIlieHTI HaIIUIIKy MOBITpsA. KpiM TOro, aepoauHaMivHHil omip MiKpodakeabHOTro
najgbHUKA MEHINE HDK aepoJMHAMIYHUI OIip LITaTHOTO MajdbHUKOBOIO MPUCTPoI0. Lle nae MOXIMBICTh
eKCIUTyaTyBaTU TyTThOBUI BEHTHJIATOP 1 JUMOCOC Ha MOHMIKEHIN MOTY>KHOCTI, 110 3a0IIAUTh BUTPATH
€JIEKTPOCHEPTIi Ha 1X MPUBIi.

JUIs MOJENIOBaHHS MPOILECIB CYyMIIIOYTBOPEHHS Y TOILI KOTJa BUKOPHCTAHO MaTeMaTHYHUI
anapat «Flow Simulation» koMIuiekty nporpamuoro 3abesneuenns «Solid Worksy.

AHanizyloun po3moJiT MIBUAKOCTEH Ta30MOBITPSHOI CyMilll Ta KOHIEHTpAIiil rasy y TOmmi
koTnoarperaty KBI'M-20 moHa 3p0oOUTH BHCHOBOK, 11O IIPY BUKOPUCTAHHI MaTbHUKOBUX MPUCTPOIB
Ha 0a3i MikpodakeabHOI TEXHOJIOTIi Mae Micle PIBHOMIPHUM pPO3MOMALN MIBUAKOCTEH Ta30MOBITPSIHOT
CyMIiIIIi, MPSIMOTOYHICTh TTOTOKIB Ta3y 1 MOBITPs. 3aBASIKU I[bOMY MPH MiHIMAJILHOMY aepoJAMHAMIYHOMY
OTopi 1 HE3HAYHOMY HAJIUIIKY MOBITPS 3a0€3MeuyeThCs IHTEHCUBHE CyMIIIOYTBOPEHHS, 1 SIK HACHIIOK
SKICHE 3ropaHHs NajiuBa. SIKicHe CyMilIOYTBOPEHHS MPH POOOTI KOTIa Ha MIKpO(haKeITbHOMY MaTbHHUKY
0o0yMOBITIO€ KOpoTmnid (aken, HIX y ImTaTHOTO mnanbHUKAa Pesymbratom € migBumienns KK/
KOTJIOarperary, 3HWKEHHs MIKIIJTMBUX BUKUIIB B aTMochepy 1 MOJOBKEHHS MOTOPECYpCy MOBEPXOHb
HarpiBy.

PesynpTaTil 3 piBHOMIpHOCTI MiKpO(]aKEIbHOTO CHANIOBAHHS y pealbHUX MpoIlecax € Ie OuIbIn
JOCKOHAJIMMHU 3 PIBHOMIPHOTO PO3MOAUTY IIBHUIKOCTEH Ta KOHLEHTpAIii ra3omoBITPSAHOI cymimi y
po6ouiii 30H1 criagoBaHHA Ta3zy. ToMmy il pe3ynpTaTy cnanroBadHs y nanbHuky MITI-20 MaroTh CyTTEBi
nepeBaru nepeq nanbHukoM PI'MII-20

3a pesynbTaTaMH NPOBEIECHOTO MOJICIIOBAHHS Ta YHCEJIBHUX PO3PAXYHKIB OyJO CTBOpEHE

CKiIagaJlbHE KPCCJICHHA IMAaJIbHUKA, 3a AKHM B IIOJAJTBIIOMY HOTr0 BHTOTOBHIIM Ta BCTAHOBHTH Ha KOTEN

KBI'M-20.
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3.2 OcHOBHI aepogMHAMIYHI, TEIUIOBI Ta KOHCTPYKTHBHI mepeBarn MiKpo(aKeJbHOro
NaJIbHUKA

Bubip nacanka bopma sk 0a30Boro ejgemMeHTa HOBOI TEXHOJIOTIl oOprasizaifii TOpiHHS
BYTJICBOJHEBUX MaJIMB OOYMOBIEHHMH THM, IIO TiApaBIiYHI 1 aepoJMHAMIUHI XapaKTEPUCTHKH TAaKOTO
€JIeMEHTa CHPUSIOTh peami3aiii «KaHOHIYHUX» WPUHIMIIB MiHIMI3aIil TOKCHYHOCTI IaJbHUKIB
(momepeiHe CyMIIIOYTBOPEHHS, CTaIITHE TOPIHHSA, MPSIMOTOYHA aepoIMHAMIYHA cxema). [HTeHcudikaris
MPOLIECY CYMIIIOYTBOPEHHS 1 cTabimi3aiisi Mpolecy TOpiHHS BigOyBaeThCS 3a PaxXyHOK ICHYBAaHHS
KUTBIIEBOI UPKYJISILIHHOT Teduii (BUuXopy-crabdinizaTopa), sika BUHUKA€E y HacaaKy bopaa (30Ha BTOpMHHHUX
Tedil Ha pUCYHKY 3.16).

3 4

——

, OO

==

1 — OKMCHUK; 2 — TATUBO; 3 — JIiHISA HYJIbOBUX IMIBHIKOCTEH; 4 — €MIOp IIBUIKOCTI;
5 — BUXOp-cTabdinizaTop

Pucynok 3.16 — Cxema TpyOuacToro moaysist Ha 6a3i Hacaaku bopaa

TpyOuacti Momymi, SIK i KyTOBI CTaOuLTi3aTOpy 1 IMIJIOHH, YTBOPIOIOTH TaK Ha3MBaHI PETYISAPHI
MaJUBOCIIATIOYl CHUCTEMH, IO JOAAIOTh YHIBEPCAIBHOCTI KOHCTPYKIi mnaibHHKIB. OpHaK, mpH
BUKOPHCTAaHHI TPyO4acTUX MOAYNIIB y TMOPIBHSHHI 3 TUIOCKMUMHU CTabillizaTopaMy BUHUKA€E JOAATKOBHM
«KOMIOHOBOYHMI» €(DeKT, 110 CIpUsie IHTEHCU]IKAI] Ter10-Maco0OMIHHUX MPOIIECIB.

TpyOuacti mMomymi MOXyTh OyTH BHKOHaHI 0e3 Ta 3 BHYTpIIIHIM 1 30BHIIIHIM HacaaKaMH
(mmB. pucyHok 3.17), € MOXKJIUBICTD 10/1a4l TAJKMBA JIJIs1 TIOTIEPETHBOTO, MU(]y31iiHOTO Ta KOMOIHOBAaHOTO
CYMIILIOYTBOPEHHS.

[Tpu BukopucTanHi TpyOuacToro Moayis 0e3 Hacaaka (IuB. pUcyHOK 3.17, a) Mae micue CHIIbHA
aeparisi KopeHs Qakena (3a paxyHOK €XeKIil HaBKOJHUIIHBOTO MOBITPs), y pe3ylbTaTi doro (akemn
BIIPMBAETHCS BiJ] 3pi3y MOBITPSHOTO KaHAIY 1 3aBUCA€E HA JCSAKiM BiFCTaH1 BiJ TpyOHOI TOIIKH 8.

[Tpu HasiBHOCTI BHYTPIIIHBOTO Hacajaka (IuB. pucyHOK 3.17, 0) piBeHb €KeKIIil 10 KOopeHs ¢akena

3MEHIIYEThCS, OJJHAK BiIpHUB (pakemna BiJ 3pi3y BHYTPIIIHBOTO HACAIKA 3aIMIIAETHCS.
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MMoBiTps a) ‘ Mosirpsa 60)

a) — TpyOuacTtuii Moayns 6e3 Hacaaka; 6) — TpyOyacTuil MOy b 13 BHYTPIIIHIM HACAIKOM;
B) — TpyO4acTuii MOAYJb 13 30BHILIHIM HAaCaJAKOM: | - €Mop MIBUIKOCTI;
2 — eXeKIis MOBITPs; 3 — BICh Ta30BOTO CTpyMeHSs; 4 — 001aCTh TOPiHHS;
5 — BHYTpIIIHIN Hacago0K; 6 — TOpOiTaIbHUN BUXOP-CcTadimizaTop dakeny;
7 — 30BHIIIHIN Hacal0K; 8§ — TpyOHA JOIIKA.

Pucynok 3.17 — Cxemu po3BUTKY au(y3iiHUX (akediB y TpyOqacToMy MOAYJIi

VY BUMaaKy 3acTOCYBaHHS 30BHIIIHBOTO Hacajaka (IWB. pucyHOK 3.14, B) edekT exekiii moBiTps
10 KOpeHs (pakesia MPaKTHYHO 3HUKAE 1 MPU IIBOMY peai3yeThCsl NOAATKOBUU €eKT, Yy pe3yibTaTi mii
SIKOTO ICTOTHO PO3LIMPIOIOTHCS TPaHMILI MOBITPSHOIO CTPYMEHS B MOYaTKOBMX NepeTHHax (akena. Y
bOMY BHUNAJKy BHUHHUKAIOTh BTOPHHHI Teuii 6 (TopoimanbHi BUXOpW) Yy mnepudepiiiHii vacTuHi
30BHIIIHBOTO Hacajaka 7, 110 BUKOHY€E (QyHKLIi popKkamepu 1 MiBUILY€E CTIMKICTh TOPIHHSA Ta CTa0LIi3ye
(hakenu CriaFOBaHHS.

BaxxnuBoro 0coOMUBICTIO € Te, IO MPU OJTHOCTPYMEHEBiH Moadi MoBIiTps 1 OaraTocTpyMeHeBld
Hojayi MajmBa peanizyeTbesi eheKT «0OropTaHHs» ra30BUMH CTPYMEHSIMH LIEHTPAIBHOTO MOBITPSHOTO
CTpyMEHs. Y pe3yjbTaTi IHTEHCHBHOTO MEPEMIIIyBaHHS B MPHUKOPIOHHOMY IIapi IMOBITPSHOTO
CTpYMEHSI BUHHKAIOTh OTOPTA0Ui JIOKAIbHI TUQy3iiiHi (akenu, 0 yTBOPIOIOTH MPAKTUIHO OJHOPIAHY
IHTETpaJIbHY CUCTEMY (haKeiB.

[Ipu OGaraToMOoAyJIHbHOMY BHMKOHAHHI TAaJbHUKIB BIJCYTHS HEOOXIOHICTH B YCTaHOBI Ha
KO>KHOMY MOJYJIi 30BHIIIHBOT'O HACaKa, TOMY 110 B IIbOMY BHUIAJKY ICHY€ IPUPOIHA 30HA PO3ALTY MIXK
CYCITHIMH MOJTyJISIMH, SIKa BUKOHY€E YCi IIO3UTHBHI (PYHKIIiT 30BHIITHHOTO HACAJIKA.

Onni€ero 3 0cOONMMBUX BIACTUBOCTEH (haKEIbHHX CHUCTEM Ha 0a3i TpyO4acTHMX MOMYJIIB € iX
KOHCTPYKTHBHA Ta TEXHOJIOTIYHA MPOCTOTAa B TMOETHAHHI 3 MOKJIMBICTIO 3aCTOCYBaHHS Pi3HHX METOJIB

CYMILIOYTBOPEHHS B TOMY YMCII: JU(PY31HHOr0, HONEPEIHHOI0 Ta KOMOIHOBAHOTO.
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3.3 Enepro-exoJioriudi nokasauku podoru korjaa KBI'M-20 3 nansaukom MI'TI-20

OI1iHKy BUKOPHUCTaHHs TAaJbHUKIB Ha 0a3l MikpodaKenbHOI TEXHOJIOTII MPOBOKY Ha OCHOBI
TIOPIBHSIHHS €HEPro-eKOMOTIYHUX MOKA3HUKIB POOOTH KOTJIA 0 Ta Micis MOAepHi3aii Ais 3-X PeKUMiB
poboTH.

3HATTS eKCIUTyaTaliiHUX XapaKTEPUCTHUK KOTIA JJIsi KOKHOTO pexxuMy (Ipu poOOoTi KOTia 3
MTAaTHUMUA TAJbHUKAaMHU 1 TpH poOoTi 3 MIKpoQaKeTbHUMH TaJIbHUKAMH) TPOBOKY B 00Cs31
oJlep>kaHHs HeoOXiaHo1 iHpopMmaIlii A pO3paxyHKY.

KoHTpos 3a poO0TOI0 KOTJIA 3/1IHCHIOETHCS 10 IITATHUM TPUIIATaM.

[Ting gac mpoBeneHHs BUNPOOYBaHb (IKCYIO Ta 3alKCYI0 HACTYITHI mapameTpu (IO INTaTHUM
npuIazgam):

- BUTpATy MEPEKHOI BOJIH;

- TeMIIepaTypy Ta TUCK MEPEKHOI BOAM Ha BXOJIi B KOTET;

- TEMIIEpaTypy Ta THCK MEPEKHOI BOIM Ha BUXO/I 3 KOTJIA;

- TEMIIEpaTypy XOJIOAHOTO MOBITPS;

- TUCK HOBITpY Nepe] najabHUKaMHU;

- PO3pIIXKEHHS B TOIIII],

- BUTpATy rasy;

- TUCK Ta3y 3a PeryJoBajIbHUM KJIAllaHOM;

JloAaTKOBO 3a IOMOMOT00 IEPEHOCHOT0 ra30aHai3aToOpa BUMIPIOIO:

- BMmicT Oz, NOx, CO, CO; y BiaXiAHUX rasax;

- TeMIepaTypy BiAXIJHHX rasis,;

- KOeiIEHT HAJTUILKY TTOBITPSL.

TennonpoayKTUBHICTh KOTJIa, MBT

0, =G, ¢,(tl, ~1.,)-107, (3.11)

MB
ne G,, - BUTpaTa MepexXHOI BOJH, KI/C;
c, - TeroeMuicthb Boau, KJx/(kr °C);

" . . [Fa
¢ - TeMIepaTypa MepeKHOI BOAM Ha BUXOJI 3 KoTia, C;

M

t' - TemrepaTypa MepeKHOI BoIu Ha BXofi B kotel, "C.

MB

KK/l xoTs1a 6pyTTO 3a 3BOPOTHIM OanaHcoM, %
ey =100-2 " ¢q, (3.12)

Jie » g - CyMa BTpar TEIIoTH, %.
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Zq:q2+q3+Q5’ (3.13)

1€ ¢, - BTpaTu TEIUIOTHU 3 BIAX1IHUMHU Trazamu, %o;

¢, - BTpaTH TEILIOTHU Bl XIMIYHOTO Helonaty, %;
gs - BTPaTH TEIJIOTU B1Jl OXOJIOAKEHHS 30BHIIIHIX NOBEPXOHb KOTIA, %.

Benuuuna BTpaTu TEIOTH 3 BIAX1THUMU T'a3aMu (MIPU CHANIOBAaHHI MPUPOIHOTO Tazy), %o

q2:(3’53'asinx+0,6)'( —At

Biax xnoB) (0, 9805+0, 00013-¢
Ay +0,18

Bi;[x)'lo_z) (3.14)

ne o, - - Koe(QilieHT HaUIMILKY IOBITPA y BIAXIJHUX ra3ax 3a OCTAHHLOK IOBEPXHEIO HArPiBY

KOTJIa;

tin - TEMIIEPATypa BiJIXiJHHX ra3iB 32 OCTAHHBOIO IOBEPXHEIO HArpiBy koTia, °C.

: )
t, .0s - TEMIIEPATYpA XOIOAHOTO MOBITPs, C.

tx OB = 13 0B + At}:ua s (315)

ne t, .., - TeMIepaTypa 30BHIIIHBOTO MOBITPs (BU3HAYAETHCS MUIIXOM BUMipy), °C;

At - HarpiB MOBITpS B JyTTOBHX BEHTHIATOPAX, "C.

Benuunnaa BTpaT Temsia 3 XiMiuHMM HexonanoM (MpU BiACYTHOCTI B MPOIYKTax 3rOpsHHA
Mmerany), %

35.C0 1
%= corco, (3.16)

ne CO - KOHIEHTpAIllis OKCHIY BYTJICHIO B MPOIYKTaX 3rOPSHHS (BUMIPIOETHCS 32 OCTAHHBOIO
MIOBEPXHEIO HArpiBy KOTJIA, UISIXOM BUMIpY, Ta30aHallizaTropom), %o;
CO, - KOHLEHTpalis IBOOKCHIY BYIJIELHIO B MPOJYKTaX 3TrOpPSHHS (BUMIPIOETbCA 332 OCTAaHHbOIO
MOBEPXHEIO HATPiBY KOTJA, IIJISIXOM BUMIpY, Fa30aHANI3aTopoMm), %o.

[Ipu HasiBHOCTI B MPOIYKTaX 3rOPSIHHS METaHy

g, =(3,02-CO+2,58-H,+8,55-CH,) - h, (3.17)

ne H, - KOHIEHTpalLis BOAHIO B MPOAYKTAaX 3TOPSIHHS (BUMIPIOETHCS 32 OCTAHHBOIO IIOBEPXHEIO

HarpiBy KOTJa, IIJISIXOM BUMIpY, Fa30aHaIi3aTopom), %o;

CH, - KOHIIEHTpAIlisl METaHy B NMPOAYKTaxX 3TOPSIHHA (BUMIPIOETHCS 32 OCTAHHBOIO MOBEPXHEIO HATPIBY

KOTJIa, IUISIXOM BUMIpy, Ta30aHali3aTropom), %;

h - xoediuieHT po30aBIeHHs IPOAYKTIB 3ropsaHHs, Y.
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~ RO™
RO, +CO, +CH,’

(3.18)

ae RO;™ =11,8% - MakcuMajbHUM 00 €MHHUM BMICT TPbOXaTOMHHX Ta3iB B CyXUX IPOIyKTax

3rOpsiHHS TIPU BiJICYTHOCTI XiMi4HOI Ta MexaHiuHOi HenmoBHOTH 3ropaHus Ta A =1,0;
RO, - 00’eMHUii BMICT TPhOXaTOMHUX I'a3iB B CyXUX NMPOAYKTaX 3TOPSHHS (BUMIPIOETHCS 32 OCTAHHBOIO

MOBEPXHEIO HArpiBy KOTIa, IIJSIXOM BUMIpY, Fa30aHali3aTopom), %o.
Brparu TemioTH BiJ OXOJIOJKEHHS 3O0BHIIIHIX IOBEPXOHb KOTJA BU3HAYAETHCS ILIIXOM
IHTEPIOJIALI] B yChOMY Jliania30HI HAaBaHTAXKEHb.

Burpara najmBa 3a 3BOPOTHAM OanaHcoM, M°/c

5 O
' Q}I[’ .776p

3
ae QF - HUK4a TeIioTa 3ropaHHs nanusa, MJbx/m”.

, (3.19)

[Turoma BuTpara yMoBHOTO nanuBa Ha BupoOaeHHs 1 I'JIx remtortu, xkr/l'J{x

10°

=, 3.20
29,33-7,, (320

ne 29,33 — HirKua TemIoTa 3ropaHHs YMOBHOTO naiauBa, M/J[x/kr.

BumMipu 1 po3paxyHKH KOHIIEHTpALii IKIJTMBUX PEYOBUH MTPOBOIXKY BIAMOBIAHO /10 [16].

MacoBa KOHIIEHTpallisi OKCHIIB a30Ty (OKCHIIB BYTJICII0) y BiIXiHUX Ta3ax Mpu Koe]imieHTi
HAJUIMIIKY TOBITPS PIBHOMY OJXMHUI, MI/M’

C,.,=C-h, (3.21)

ne C - MacoBa KOHLEHTPALIisSI OKCHJIB a30Ty (OKCH/IB BYIJICLIO), MI/M’;
h - koedirieHT po30aBICHHSL.

[TuToMi BUKHIM OKCHIIB @30Ty (OKCHUAIB ByTJIeI0), Mr/(kBT roxm)
_ 3,6-C,_ -(100—gq,)

L- Msp

b , (3.22)

A€ ¢, — BTpAaTH TCIJIOTH 3 MeXaHIYHUM HCOO0IIaJI0M, %;

L - HIKYa TEUIOTa 3TOPSIHHS MAlNBa, BiAHECEHa 10 00’ €My CYXHX MPOIYKTIB 3ropaHHs, MK/ .

CekyHaHUI BUKU], T/C

b'-
C:,__éég. (3.23)
3600
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Ha koXHOMy 3Ha4eHHI BMICTY KHCHIO, Ticisi cra0imizamii Temreparypu BIIXiIHUX Ta3iB,

MPOBOIKY HEOOX1aH1 3amipu npoTsarom 60-90 xB mpu cTabiabHINA BUTPATI razy.

Komnsanus TUCKY I'a3dy B ra30r1p0130z[i nepea peryjaroBajJbHUM I'a30BUM KJIAIIAHOM KOTJIa IMOBUHHI

OyTu He 6inbuie 10 % poboyoro.

BuxinHi gaHi 10 po3paxyHKy MITaTHOTO MAJILHUKOBOTO IPUCTPOIO HaBEJICHO B TadmuIi 3.2.

Tabmus 3.2 — BuxigHi BenuyuHu 1)1 po3paxyHKy nanbHuka PI'MII-20

3HaueHHS BETUYUHA
HaiimeHyBaHHS BETMYUHU Tlo3Hauenus OnuHuns
Pexxum 1 | Pexxum 2 | Pexum 3
TemnepaTtypa MepexHO1 , o
Lys - C 69 70 70
BOJH 10 KOTJa
Temmneparypa MepeKHOI ) o
. Lus C 94,6 105,6 116
BOJH IiCJA KOT/Ia
Temneparypa BiIXiTHHX .
. Lyinx C 108,9 124,8 146,3
rasis
Temnepatypa X0I0AHOTO .
, o C 13 13 13
MOBITPS
Burtpara MepekHOT BoIu G,, Kr/c 68.6 68.6 68.6
BwMicT KHCHIO B BIAX1IHHUX razax 0, % 5,61 4,62 3,09
Bwmict NO, B BigxigHux 3
C(NOy) MI/M 147,82 | 166,68 190,85
rasax
Bwmict CO B BigxigHUX 3
C(CO) Mr/M 10,00 15,00 23,75
rasax
Kanopiiinicts ra3y o MTx/m 34,32 34,32 34,32
Hmxua Tennora criamoBaHHS,
BIJIHECEHA /10 00’ €My CyXHUX L MJx/m 4,187 4,187 4,187
IPOYKTIB CHATIOBaHHS Ipu & = |
Hagnuiok moBiTps B
. . aBi}:[X - 1,38 1,26 1,19
BIJIX1JHUX Tra3ax

PesynpTaTi poO3paxyHKY IITaTHOTO MAajJbHUKOBOTO TMPUCTPOI0 3a pPEKMMaMU HaBEIACHO B

tabyumi 3.3.



Tabnuug 3.3 — Pe3ynapTaTl po3paxyHKy 3a pekxuMaMu nanbHuka PI'MII-20

3HaYeHHS BEITUYNHA

HaiiMmenyBaHHsI BETUYMHU ITo3nayenus Oauuuis
Pexuml | Pexum 2 | Pexum 3
TennonaBaHTaXEHHS KOTJIa 0. MBT 7,344 10,24 13,22
Brpatu Tennoru 0 .
. 9 /o 53007 | 57067 | 6,4763
3 BIIX1THUMU razamMu
Brparu rennoru
. 4 %o 0,00381 0,00484 | 0,00689
BiJl XIMHEIOTIATTY
Brpatu Tennoru
gs % 0,04 0,04 0,04
B HABKOJIUIIIHE CEPEIOBUIIIE
KK/ kotia «GpyTT0» e % 94,66 9425 | 9348
IIuToma BUTpaTa yMOBHOTO
nanuBa Ha BupoOieHHns 1 ['/Ix b;i'iI kr/T"[Ix 36,02 36,18 36,47
TEIUIOBO1 eHeprii
Butpara nanusa no 3B0poTHOMY 3
B, m/c 0,226 0,32 0,41
OamaHcy
Koedinient pozdasneHHs h - 1,39 1,32 1,21
Macoga kormentpartiss NOx 3
B C(NOx) Mr/m 205,46 220,02 | 230,93
npu o = 1
Macosa koHuentpauis CO 3
~ C(CO) MT/M 16,43 20,91 29,74
pu o = 1
/T 53,71 57,95 54,95
ITutomuii Bukng NOx ,
b (NOx) r/Txan 22506 | 242,82 | 23024
mr/(kBrrox) | 19337 208,63 | 197.82
r/T"JIx 430 5,51 7,86
[Tutomwmii Bukug CO b (CO) r/T'kan 18,00 23,08 32,93
mr/(xBrron) | 1546 19,83 | 28,294
Cexynanuit Bukug NOx M(NOx) r/c 0,110 0,165 0,202
Cexynanuii Bukug CO M(CO) r/c 0,009 0,016 0,029
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[Ticnst BcTaHOBJICHHS NMaJbHUKA Ha 0asi MiKpodakembHOi TEeXHOJIOTIT MPOBOIKY BUIIPOOYBaHHS
kotsia KBI'M-20 B TphOX pexuMax Ta OTPUMYIO JIaHl IJI1 PO3pPaxyHKy (IuB. TaOuIs 3.4).

Tabnuus 3.4 - Buxinxi Beau4uHU U1l po3paxyHKy nansHuka MI'TI-20

3HaueHHS BEIUYNHA
HaitmenyBanHs [To3na-
OnuHunA
BEJINUHUH YEHHS Pexnm 1 Pexxum 2 | Pexum 3
TemnepaTypa MepexHOi , o
Ly C 69 69 70
BOJIM JI0 KOTJIa
Temneparypa MepeKHOI " o
. A C 95,1 105,6 1171
BOJIIM IIICJIST KOTJIA
Temneparypa BiaxigHUX .
. Lyin C 104,2 121,7 140,1
rasis
TemnepaTtypa X0I0AHOTO o
, !y o C 13 13 13
TOBITPS
Burpara MepexHOi Bou G, Kr/C 68.6 68.6 68,6
BwMicTt KHCHIO B BiAX1THUX
0, Yo 5,1 4,01 2,2
rasax
Bwmict NOy B BigxigHux 3
C(NOx) MI/M 56,53 62,82 74,16
razax
Bwmict CO B BigxigHux 3
C(CO) MI/M 3,76 4,07 5,79
razax
Kanopiitaicts razy o’ M Jx/m> 34,32 34,32 34,32
Hwuxua Temmnora
CIIAIIOBAaHHA, BIIHECEHA 10 5
) L MTx/m 4,187 4,187 4,187
00’eMy CyXUX NMPOIYKTIB
CIaJIIOBaHHA pH & = 1
Hapnumok nositps B
. Cinx - 1,32 1,21 1,125
BIAX1THUX Ta3ax

3araipHi pe3yiabTaTH PEKUMHUX BHUMPOOYBaHb MaJIbHUKA MIKpO(AKEIHHOTO THUITy HaBEICHO B

tadiumi 3.5.



Tabnuns 3.5 - Pesynbrat po3paxyHKy 3a pexumamu mansanka MI'TI-20
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3Ha4YeHHS BEJIUYNHU

HaiimenyBaHHs ITo3na-
OnuHnIs
BEJIMYUH YEHHS Pexxum 1 | Pexum 2 | Pexxum 3
TennoHaBaHTa)XE€HHA KOTJIa 0. MBrt 7,495 10,51 13,55
Brpatu Termoru . .
L % /o 4,8498 | 53573 | 5,8844
3 BIJIX1IHUMH razaMu
Brparu ternmotun
o 4 Yo 0,00117 | 0,00204 | 0,00379
BiJ XIMHe 0TIy
Brpatu Ternoru
ds % 0,04 0,04 0,04
B HAaBKOJIMIIIHE CEPEIOBUIIIE
KK/ xotna «6pyTTo» e % 95,11 94,60 | 94,07
[TuToma BUTpaTa yMOBHOTO
nanuBa Ha BupoOseHns 1 T'/Dx b;l';I kr/T [Tk 35,85 36,04 36,24
TEIUIOBOI eHeprii
ButpaTa nanuBa 1o 3B0poTHOMY 3
B: M/c 0,230 0,322 0,415
OanaHcy
KoeoinieHt po3daBieHHs h - 1,331 1,286 1,178
MacoBa konreHTpariist NOx 3
B C(NOx) Mr/m 75,24 80,78 87,36
npu o = 1
Macosa konnenrpauis CO 3
C(CO) Mr/mM 5,00 5,24 6,82
npu o = 1
/T bk 18,89 20,39 22,18
IInTommii BHUKUJ NOx b, (NOX) r/T'kan 79’ 16 85,45 92’94
mr/(kBt rom) | 68,02 73,42 79,85
/T 1,26 1,32 1,73
[Muromwuii Bukug CO b (CO) r/Tkan 5,26 5,54 1,26
mr/(kBrrox) | 452 4,76 6,24
Cexynanuit Bukug NOx M(NOy) r/c 0,039 0,060 0,083
Cexynnuuit Bukug CO M(CO) r/c 0,003 0,004 0,007




59

3.4 BucHOBKH 3 po3ainy 3

OTpumaHi pe3yJabTaTH TOCHTIKEHb aepOJUHAMIYHUX 1 TETUIOBUX OCOOIMBOCTEH pOOOTH KaMepu
3TOpsSIHHA 3 TaJbHUKOBOIO CHUCTEMOI0 Ha 0a3l MikpodakeabHOi TEXHOJOTIi CBiAYaTh MPO HASBHICTH
KOMIUIEKCY TMO3UTHUBHUX €(EKTiB, AKi JO3BOJSIOTH HiJABUIIUTH PiBEHb €(PEKTHBHOCTI Ta EKOJIOTIYHOI
0e3neKkn eKcIuTyaTamii 3 OJHOYaCHUM ITOI0OBXKEHHSM POO0YOr0 MOTOPECYpPCY MaTMBOBUKOPUCTOBYIOUHX
YCTAaHOBOK 3a PaXyHOK 3IIHCHEHHS KOPOTKOCTPOKOBOI 1 MaJIOBUTPATHOI MOJIEpHi3allii MaJbHUKOBOI
CHCTEMH 3 BUKOPHUCTAHHSAM MiKpO(aKeIbHOT TEXHOJIOT] ra30CIalOBaHHs, a caMe:

- MOXKIIMBICTh KOMIUIEKCHOTO BUKOPHUCTaHHS KJIACHMYHUX Ta JOJATKOBUX METOJIB 1 CIOCOO0IB
MiABUIIEHHS E€KOJIOTIYHOCTI CIIaJIOBAaHHS Ta30MOMIOHOTO MalMBa 32 PaxyHOK: MPSMOTOYHOCTI PyXy
ra30MoBITPSHOT CyMilli, KOMOIHOBAHOTO CyMIIIOYTBOPEHHS (MOTIEPEIHBOTO 1 TU(dy31iHOr0), CTaAIHOCTI
1 MiKpo(aKeIbHOCTI CIaIOBaHHS, BUCOKOI TypOyi3alii 1 BHYTPIIIHBOT peHUPKYIIALIi MOTOKY;

- BUCOKH piBEHb PIBHOMIPHOCTI TEMIIEPATyPHOTO IOJISl B 30HI CHAJIIOBAHHS;

- TIOJIMIIEHHST TEXHIKO-eKCIUTyaTalliiHUX IMOKa3HUKIB poOOTH 00NajHaHHS (3MEHIICHHS IIyMY,
BiOpartii), Skl MO3UTUBHO BIUTMBAIOTh HA MOTOPECYPC YCTAaHOBKH;

- MOXITUBICTh CTBOPEHHS MAJbHHKIB HEOOMEXKEHOI TEIJIOBOi MOTYXKHOCTI 3 HE3MIHHO BHCOKUM
piBHEM €HEpreTUYHO1 ePEeKTUBHOCTI Ta €KOJIOT1UHOI Oe3MeKH;

- IIMPOKHH CIIEKTpP PETyJIIOBaHHS HaBaHTaXeHHs ycTaHOBKH 10 ... 100% mpu HE3MIHHO BUCOKOMY

PIBHI €KOJIOTTYHOCTI CIIATIOBaHHS MATNBA;

- MOXKJIMBICTh TPOBEJICHHS IBHAKOI 1 HEJOPOTOi MOJEpHi3alii YCTaHOBKHM 3a PaxXyHOK

BUKOPHUCTAHHA JOCTYTHUX MaTepiajiB i He CKJIaJHUX TEXHOJOTTYHUX OTepalliii;

- He3HAUHUH TePMiH OKYITHOCTI MOJICpHI3aMii 5 ... 8 MiCAIIiB.
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4 PO3POBKA CTAPTAII-ITIPOEKTY

4.1 Pe3ome npoeKTy

["0110BHOIO 1/1€€10 TPOEKTY € po3poOKa Ta BUTOTOBJIEHHS MAJIbHUKIB HOBOT'O MOKOJIIHHS HA OCHOBI
MiKpo(dakeIbHOI TEXHOJIOT1] ClIaTIOBaHHS Ia30BOT0 MAaJIKBa, K1 MAIOTh TPUBAINI TEPMiH eKCILTyaTamii Ta
BUCOKI TIOKa3HUKH €HEePro-eKOoJIOTriuyHOi eeKTHBHOCTI, po3p0oOKa TOTOBUX PIllICHb 13 3aMiHM ICHYIOUHX
3aCTapiIMX NaJbHUKIB Ta BCTAHOBJIEHHS HOBUX HA ra30BUX Ta TBEPJONAIMBHUX KOTJIOArperaTax.

Jlani manpHUKKA MAalOTh 3HA4YHI TEXHOJOTIYHI, eKCIUTyaTaliiiHi Ta EeKOHOMIYHI MepeBaru y
MOPIBHSAHHI 3 IHIIMMM TEXHOJIOTIIMU MalMBOCHaNioBaHHS. Ha BiAMiHY BiJl CBOiX KOHKYPEHTIB, BOHHU
MAaIOTh PsIJI TIEpeBar 3a paxyHOK TOTO, IO y MiKpo(aKenbHIl MaJbHUKOBIA CHCTEMI HAOLIBIIO MipoIO
MOPIBHAHO 3 IHIIMMH THUIAMU TMaJbHUKIB peami3yloThcs NPUHIMNM YHidikamii (oJHaKoBa cxema
KOMIIOHYBaHHS TpyOuacTUX MOJIyNiB B TPYyOHHX [OMIKAX [JIsl yCiX PI3HOBHUIIB MaJIbHHKIB),
yHiBepcanizauii (MiHIMaJIbHUNA «HaOlp» CTAaHAAPTHUX EJEMEHTIB — TpyOa Ta JMCTOBUH MeTan) Ta
MAJIOBUTPATHOCTI (MiHIMaJdbHa METAJIOEMHICTh, MPOCTOTA TEXHOJOTII BHUTOTOBIICHHS, MOHTaXy U
eKCIuTyaTallli, MO>KJIMBICTh BUKOPUCTAHHS JOCTYITHUX ¥ HEAOPOTUX MaTepialiB Ta pEMOHTONPHUIATHICTD).

[ManpHuku ©Ha 06a3i  MikpodakenbHOT TEXHOJOTIi, 34aTHI CHATIOBATH MPUPOAHUN Ta3
(Ta iHII THNHX ra30MoAI0HOTrO NanKuBa) e(EeKTUBHO W €KOJIOTriyHO YUCTO. Yepes sKiCHEe CyMillleyTBOPEHHS
Ta CIAJIOBAHHS MPUPOHOTO Ta3y YTBOPIOETHCS 3HAYHO MEHIIA KuTbKicTh BUKHIIB NOy, CO, a 3’eqHaHb
CIPKH 1 TBEpJIUX YaCTUHOK HEMAE.

J171st IPOMHUCITOBOTO CIIOKMBAaYa - 1€ MMPOCTOTa B 00CIYroByBaHHI 1 HAAIMHICTh, BUCOKHH Jiana3oH
peryJioBaHHs Ta MOBHA aBTOMATH3allisl TEXHOJIOT] ra3ocnaitoBaHHs. TepMiH CiIy>kKOM Takoro najbHUKA -
He meHuie 10 pokis. Lle OunblI HIXK B /Ba pa3u JIOBIIE, HIX Y HOro KOHKYPEHTIB, 110 3HAYHO 301IbILIyE
MO>KJIMBOCTi BUXOJy Ha PHHOK.

OcCHOBHUMH CIIOXKHBadyaMu € OarartonpodinbpHi mignpueMcTBa (Oyab-sSKi 3aKiaay, 10 MalTh B
rOCIoAapcTBl MapoBi abo BOJOrpiifHI KOTIM Ha PI3HMX TUIAX NaJKMBa; OpraHizaiii, M0 MJIaHYIOTh
OHOBJIIOBATH 1 OCYYaCHIOBAaTH ICHYIOYi MaJbHUKOBI CHUCTEMH Ui €KOHOMii MaJuBa TH 3HIKEHHS
cobiBapTocTi mpoaykKiiii) Ta GaraTocTopoHHi TuIarGopmu (MANPHEMCTBA Ta 3a0yIOBH; ITiIITPHEMCTBA
TEIJIONOCTaYaHHs Ta BUPOOHMIITBA TETUIOBOI €HEPTi).

KonkypeHTHOIO mepeBaroro € Te, 10 B YKpaiHi Jif0Tb €KOJIOTiyHI HopMmH, K 1 B €C, a
MiANPUEMCTBA TOBUHHI MTPOXOAUTH KOHTPOJIb €KOJOTIYHOT Ciry:k0H. Takox eHeproeeKTuBHI TEXHOOTIT
CTAJIIOBAaHHS 1 PEKOHCTPYKIIi ICHYIOUMX CHCTEM 3a0XOUYyIOTBhCA 3 OOKY JepiKaBH, TOMY TaKi NMPOEKTH

OyIyTb KOPUCTYBAaTUCh MIOMUTOM.
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4.2 Oprani3anisi IPoeKTy

Januit MPOEKT peanizoBy€EThCS Ha TEOPETUUHIN Ta TEXHOJIOTTUHII 6asi
HTVYYVY «KIII im. Irops Cikopebkoroy. Ilepion crBopenns —01.09.2019 —31.12.2020.

L{inp maHOTO MPOEKTY MOJSArae y CTBOPEHHI HAyKOBO-AOCHigHOro Biaaury mpu kadeapi TIIT
HTYY «KIII im. Iropst Cikopcbkoro», mo Oyae BUKOHYBAaTH €HEPTrOayIHT KOTIIEIBHOTO O0JIaJHAHHS
MIMPUIMCTB Ta HAJaBaTH TOTOBI MPOEKTHI PIMICHHS 3 €HEeProe(EeKTUBHOCTI Ta €KOJOTIYHOI YUCTOTH
cUCTeM TraszocnamioBaHHs. Takoxx Biagin Oyzae Oe3mocepelHbO CHIBIOPALIOBATH 3 BUPOOHUKAMHU
MaTHbHUKOBOTO OOJIaJHAHHS Ta MIAPSIHAMHU OpraHi3alisMH 3 MOHTQXY Ta eKCIUTyartaiii KOTeIbHUX
YCTaHOBOK, CTBOPIOBATH TPOEKTH BCTAHOBJICHHS Ta 3aiiMaTHUCh HAIAro/DKEHHSM POOOTH TajJbHHKIB
BJIACHO1 PO3POOKH.

HampsiMok [iSIbHOCTI CTBOPIOBAHOTO BIJIUTY — CTBOPEHHS TOTOBUX PIlI€Hb 13 MOJEpHi3amii
MAJIbHUKOBOI CUCTEMHU EHEPreTMYHHMX KOTJIB; CIIBIpAls Ta 3aKJIIOYEHHS JOTOBOPIB 3 BUPOOHHUKOM Ta
MOHTa)KHO-EKCILTyaTalliiHUMH OpraHi3allisiMH.

Jlst peamizamii IpoeKTy IJIaHY€E€ThCsl BUAUICHHS KIMHATHOTO MPUMIIIECHHS 13 Oailancy kadeapu
TIIT HTYVY «KIII im. Irops Cikopcbkoro», B skoMy OyzAe HpallOBaTH KOMaH/a CHELIaliCTiB, TAKOXK
IUTAHY€ETHCS 3aKYMIBJIA BHUMIPIOBAJIBHUX MpPUJIAiB PI3HUX THUMIB Ta MEPCOHATBHUX KOMII IOTEPIB 3
HEOOXiTHUM MPOTPAMHHUM 3a0€3MEeUeHHSIM JUIsi HaJaHHS IIOCIYr MOJEIIOBaHHS Ta MPOCKTYBaHHS
MaJIbHUKIB.

Takox cmig BiA3HAYWTH, IO ASUTBHICTH BIAAUTY 3acHOBaHa Hacamrepell Ha HAyKOBUX
JOCIIDKEHHSAX PI3HUX TEXHOJOTIH CIaliOBaHHS ra30BOro MajiBa B TPYOUaTHX MOIYJSX i3 3aiy4eHHSIM
CTYJCHTIB Ta BHKJIAJAIbKOrO CKiany kadenpu. HeoOXiqHO Hajami mpaifoBaTl B HAYKOBOMY HANPSMKY
3a/UId TIOIIYKY IUISXIB BIOCKOHAJIEHHS CHCTEM CHANOBaHHS Tra3y. B momanbioMy IUTaHyeThCS
3aCHYBaHHSI HaAYKOBO-JIOCIIITHOTO BiITy (pakynbTeTy, a0 yHIBEpCUTETY, 3 OKpeMUM (iHAHCYBaHHSM,
IUIS1 pO3POOKH CTCHJIIB Ta 1HIIMX EKCIEPHUMEHTAIBHUX YCTaHOBOK.

[IpoekT Oyne sABIATH COOOI0 HAYKOBO-JOCHIIHUM BIIIUI 3 HaJaHHS IMOCHYT, 1m0 Oyae crapramn
MIPOEKTOM, Yepe3 HU3bKHUW PiBEHBb KBaTi(iKalii aHATOTIYHAX KOMITaHIi B YKpaiHi Mo 3a7aHiil TeMaTuIl,
Ta BUKOPHCTAHHS HUMH 3aCTaplinX METOAIB aHali3y ICHYIOUHMX CHCTEM Ta30oClaitfoBaHHSA. TakoX B
VYkpaiHi OMHUII KOMIaHIi NPONOHYIOTh KOMIUIEKCHI PILlIeHHs, sIKi Iepea0adaroTh NPOEKTyBaHHS BCI€l
MaJTbHUKOBOI CHCTEMH B IMIJIOMy, Ta TOBHUH TEXHIYHUH CYIPOBiA pOOIT 3 PEKOHCTPYKIN 13

3aCTOCYBaHHSAM HayKOBUX PO3PAaxXyHKIB Ta HOBUX, BUCOKOTOYHHX MPHUIIAIIB.



4.3 KanBa Mopei cTapTan-npoexkTy
Y tabmnumi 4.1 3Be1eHI OCHOBHI TO3UIIIT, 3 SIKUX ()OPMYETHCS MOJIENH TAHOTO CTAPTA-TIPOSKTY.

Tabnuns 4.1 — KanBa mozieni crapramn nNpoeKkTy
KJIFOYOBI KJ/IIOYOBI HIHHICHI B3A€EMOBIJITHOCHUHM 31 CIIO’KUBYI
INAPTHEPH BUIU AIAJIBHOCTI MPOIIO3UIIIT CITO’KUBAYAMU CEI'MEHTH
KirouoBumu 3anpoBayKeHHs MaHneBpeHiCTh Ta JETKIiCTh Koxxen cioxxuBumii cermeHT | CriokuBadi — MiAMPUEMCTBA 1

naptHepamu € HTYY 1HHOBAILIHOT yIpaBIiHHS NaJbHUKOBOIO OYiKy€e CTaOlIBHOCTI y HiApAIHI Oprasizaii, 1o
«KITII im. Irops KOHCTPYKTOPCBHKOIL CUCTEMOIO; CKOPOUYEHHS MocTavyaHHi MPOIYKIIii Ta ii NIPOBOJATH MOHTAXHO-
CiKOpCchKOroy, IPOEKTHOT TOKYMEHTAllii. BUTpATH ra3y Ta emicii BUCOKY sIKiCTh. Pa3om 3 ium | OyaiBenbHI poOOTH; BETUKUH 1
MAIPUEMCTBA BuUroTOBNEHHS MANBHUKIB | BHKHIIB, a, OTXKE, 1 BApTOCTI CTOKHMBaYi pO3PaXOBYIOTh cepenHiii O6i3Hec, 00’ €KTH

BUPOOHUKHU Ha Ta30BOMY BH/Ii MAJIHBA, BUPOOJICHOT IPOAYKIIii Ha Ha/I1MHICTb, OIOPKETHUX 1 KOMyHAIIbHUX

puOyTKOBICTH Ta HiAPUEMCTB; Oy Ib-5Ki

o0nagHaHHA Ta
MIPOEKTHI OpraHizaii,
KOHKYpYIOUi Ta
HEKOHKYpYIoUi
HiAPHEMCTBA, 10
3aITy4eHi 10 TaJTMBHO-

Ta peaisaiis JaHOTO
MNPOAYKTY M0 YKpaiHi.

KJIFOYOBI
PECYPCHU
OCHOBHUM pecypcom
MaJILHUKIB TOOYTOBOTO Ta

T IITPUEMCTBAMH.

€KOJIOT1YHICTh
3aMpONIOHOBAHOI TEXHOJIOT1.

KAHAJIN
3BYTY
MosxnuBi KaHau 30yTy: BiJ
perioHaTbHUX

OyIiBil Ta CIOPYIU, B SIKUX

HEOoOXiHO 3a0€e3meunuT
TEIJIONOCTAYaHHS.

CHEPreTUYHOTO
CEKTOPY a TaKOX KOMEPIIHHOTO CETMEHTA, CKCKJIFO3UBHUX JHJICPIB 10
Oe3nocepeHi SIK1 JIO3BOJISIIOTH TIPOIIECH BJIACHOT'O IHTEPHET-
CTIOXKHBAYi. TOPIHHS €: IPUPOTHHIA, MarasuHy.
KOKCOBHM, JOMECHHHI Ta
1H. TUTIM Ta30BOT0 MMAJIMBA.
CTPYKTYPA BUTPAT MNOTOKU HAAXOAXXEHHSI 10XO1B

biznec monensb nepenbavae iHBECTHUIIIIHI Ta BUPOOHUY1 BUTPATH,
3 SIKUX MPUI0aHHS YCTATKyBaHHS € HAHOUIBII JTOPOTHM
KJIFOYOBUM pecypcoM. HaltOinbInumx 3atpar cepe KIo40BUX
BUJIIB JISUTBHOCTI BUMAarae opraHizarlis JisuTbHOCTI, peKJIaMa Ta
3aITyCK MPOCKTY.

VY npoekTi reHepyoThCs MO3UTUBHI TOTOKU Aox0iB (NPV = 1510 > 0). Innexc
PEHTa0eIbHOCTI IHBECTHIIIN B TIPOCKT € PUBAOIUBHUM 1 CKIIA/1a€
ROI=6,84 >1.

29
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4.4 Kiiro4oBi BUIH JisIBHOCTI MPOEKTY

Bua npoekTy 3a xapakTepoM iHHOBAIIi:

- IOCITTHO-KOHCTPYKTOPChKa poO0Ta — po3po0Ka Ta BIPOBAKEHHS KOHCTPYKTOPCHKOT MMPOSKTHOT
JOKyMEHTAIlll Ta TOTOBUX PIllIeHb 3 MUTaHb €HEPrOCKOJIOTTUHIX CXEM Ia30CIaIlOBaHHS;

- 3aIpPOBAPKEHHS] HOBOI TEXHOJIOTII: CTBOPEHHS J0CI HEICHYIOUOi CHCTEMH MiKpO(aKeIbHOTO
CIIAJTIOBAHHS Ia30BOTO MAJINBA;

- opraHizaliiiHi 1HHOBAIlii — BIPOBAHKCHHS MIA0JIOHY CIIBIpAIll 3 3aMOBHHKOM, IO mepeadadae
Ha/IaHHS TOCIYT BiJ MEPILIOrO CHIKYBAaHHS 3 3aMOBHHMKOM JI0 BCTAHOBJICHHS 1 peajtizallii CIpOeKTOBaHUX
BIZIIJIOM pillleHb; CIHIBIpamsl KOJEKTHBY BIIIUTy B HAmpsMKy pO3pOOKH HayKOBHX I1HHOBAIIHHX
TEXHOJIOTIH;

- iHIIE — TIPOEKT BHUKOPUCTOBYE EHEPrOCKOJIOTIYHI METOIM BIOCKOHAICHHS ICHYIOUHX CXEM
ra30CHaJIfOBaHHS, 110 MOKPAIIY€E SIK EHEPreTUYHY TaK 1 €KOJOTIUHY CKJIAZIOBY €(EKTHBHOCTI ICHYIOUHMX
cucreM. Taki pillIeHHS 320X0UYIOThCS Ta YACTKOBO (DIHAHCYIOTHCS IEPIKABOIO.

CrpsiIMOBaHICTh IPOEKTY:

- OHOBJICHHSI BITYM3HSHOI TEXHOJOTIYHOI 0a3u (BIPOBAKEHHS KOHCTPYKTUBHHMX pILICHb B
ICHYI0Y1 CUCTEeMH ra30CaIOBaHHs JJIs MIBULIICHHS €HEPreTUYHOI Ta €KOJIOT1YHOT epeKTUBHOCTI pOOOTH
KOTJIIB);

- EKOHOMISI €HEpropecypciB (BIPOBAHKEHHS METOMIB MIKpO(haKeIbHOTO TOPIHHS MJIs ICHYIOUHX
KOTJIB J03BOJUTH €KOHOMHTH KOIUTH HAa BHUTpPATI ra3y Ta OIUIATH 3a BUKUAW y AOBKLIA, IO, B CBOIO
4yepry, IpUBEIe 0 3HIKEHHS BUTpPATH MEPBHHHUX CHEPropecypciB i, SIK pe3yibTaT, A0 COOiBapTOCTi
BUT'OTOBJICHOI TPOYKIIiT);

- IOJINIIEHHS! ~ CTaHy  HABKOJMIIHBOTO  CEpelOBHINA  (BIPOBAHKCHHS  BHKOPHCTAHHS
MiKpo(akeTpHUX TaTbHUKIB JO3BOJIUTH 3HU3UTH BUKUIW IIKIJIMBUX PEYOBHWH, IO BUAULIIOTHCS TPH
CHAJIIOBaHHI ra30BOTO MauBa).

JlaHi mpo OCHOBHI 6i3HeC MPOIeCH POEKTY HaBEACHO B Tabuuili 4.2.

BHCHOBOK 111010 HAYKOBO-TEXHIYHOTO PiBHS i/€1:

- Ha pIBHI KpaluxX CBITOBHX aHAJIOTIB: JaHl 3a/Jadl peami3yloThCs Ha TEOPETUYHOMY pIiBHI B
HaYKOBO-JIOCJi THUIIBKUX IIEHTPaX.

- Kpaiua 3a icHy1o4i B YKpaiHi aHaJIOTH 32 OCHOBHUMH MTOKa3HUKAMH.



Tabmuus 4.2 - OcHOBHI Gi3HEC-TIPOLIECH MTPOEKTY
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Cryninb onpaunoBaHHa Oi3Hec-npouecy

I'pyna
. bizHec-npouec ‘ Gyme
npouecis € peastizoBaHUM _
peani3oBaHUM
Po3pobka i KOHCTpYIOBaHHS +
POIYKIIIT
Po3poOka . T
Po3po6ka 1 KOHCTpYIOBaHHS MPOIIECY
MPOIYKIIi1
TexHosoriuga maroroska +
BUPOOHUIITBA
JlocaimKkeHHs! pO3BUTKY PUHKY +
Bumoru — - -
_ Opranizailisi MapKETUHTY 1 IPOJaXKiB +
CTIIOYKUBAYIB
TengepHe po3MIIICHHS 3aMOBIICHb +
3abe3mneueHHs 1 MaTepiaabHO- +
TEeXHIYHUHN 30yT
[InanyBaHHS 1 yrpaBiIiHHS
BukoHaHHs
BUPOOHUIITBOM
3aMOBJICHb
Bupo6uuntBo npoaykiii T
. e +
Po3zmoain npoaykuii i JoricTrka
- -
[TicasimponakHe 00CTyroByBaHHs
OO6cnyroByBaHHS
CIIOXXHMBaya +
IToBepHeHHs poayKIil

Buninus cykynHICTh nepeBar, siki IpOeKT MOXKE 3alIPONIOHYBATH CIIOKHUBAYY.

3micTy iel mpoeKTy moka3zaHo B Tabmmii 4.3.

Xapakrtep (GopMyBaHHS CITOKHBYOI IIIHHOCTI MPOCKTY:

— MOKpAalICHHA  3aJ0BOJICHHS iCHy'IO‘{I/IX

notped (BUKOpUCTaHHS  MiKpodaKkeTbHUX

TEXHOJIOT1} ra30CMalIlOBAHHS CYTTE€BO MOKPAIIUTh SKICTh Ta JIETKICTh YIPABIiHHS CHCTEMOIO TOPIHHS Ha

KOTJIax);
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— 3MCIIEBICHHS 3a/I0BOJICHHSA ICHYIOUMX T1OTpe0 (BUKOPHUCTaHHA MiKpOo(aKeIbHUX
TEXHOJIOT1 Ta30CTaIIOBAaHHS YCYBa€ HEMONIKH CTApUX MAJIBHHUKIB 3 €HEPro-eKOJOTIYHOI TOYKHU 30py Ta
CYTTEBO CKOPOTHTBH BUTPATH Ha CIIOKUBAHHS ra3y);

— 3MEHIIEHHS EKOJIOTIYHOTO BIUIMBY Ha JOBKULISA (OJHUM 13 HaIlpsMiB IepeBar JaHUX
MAJBHUKIB € 3MEHIICHHS BUKUIIB MapHUKOBOTO Tazy okcuay a3oTy NOx, Ta BIiANOBiJHE 3MEHIIEHHS

BHILIAT 32 HAJIHOPMATUBHI BUKU/IU TT1ITPUEMCTBA).
4.5 HinnicHi npono3uuii Ta cno:kuBayi

Tabmuis 4.3 - 3MicT i€l TPoeKTy

Hanpsmku CermenTn HinnicTh
3mMmicT igel
3aCTOCYBAHHS CMOKUBAYiB JJIs1 CTIOKUBAYiB
Po3po0Oka ta
xepeno 3a/10BOJICHHS TTOTPEO y
BUTOTOBJICHHS ) )
MPOAYKYBaHHS TeIuia KomyHnanbHi Ta TEIUIONOCTaYaHHI
NaJTbHUKIB HOBOTO . i
B KOMYyHAaJIbHIN Ta MIPOMUCIIOBI (omaneHHs, rapsue
MTOKOJIIHHS HAa OCHOBI . )
NpUBATHIN HiANPUEMCTBA BOJIOTIOCTaYaHHS,
MikpohakeTbHOT . o
TEIJIOCHEPTeTHUII TEXHOJIOT14HI OTpedH),
TEXHOJIOT1i
CHIAFOBaHHS Ta30BOTO
NaJIMBA, SIKi MaIOTh BupoGiienns ‘
. . JLy1st TEXHOJIOTIYHHUX TOTpeO,
TpHBATIMH TCPMIH HacuueHoi abo [TpuBaTtHi OyauHKH,
CUCTEMHU ONAJICHHS,
CKCIUTyaTatyl Ta [IEpEerpiTol apu ta MaJui 1 cepeiHIN )
. BEHTWJISLIIT Ta rapsyoro
BHCOKI TTOKa3HUKH rapsie 6isHec
PR BOJIONIOCTAYaHHSI.
€HEProeKOoJIOrYHOT BONOIOCTAYARHS
e(eKTUBHOCTI.

AHani3 i1ei crapTan-npoeKTy HaBOIUTHCS B TaOuIl 4.4.



Tabmuus 4.4 - AHaii3 i1ei crapTan-npoexTy

TexHiko- IIpoaykuis KOHKYpeHTiB
W N S
eKOHOMIYHi ) Kon-t
Miit (ca1abka (HeiiTpajibHA (cuibHa
XapaKTepUCTUKHU TOB «Cnen-
MPOEKT CTOpPOHA) CTOpPOHA) CTOPOHA)
inei ra3npom»
BiacytHicTb
npobisieM 3
Po3ramyBanus bnusbke binspke - -
TpPaHCIOPTYBaH
HSM
Exomnoriunicth Hu3bK1 BUKuH
Bucoxka Cepenns - - :
CHCTEMI OKCH/IIB a30Ty
15% Ha erami
(BU3HAYEHO 32 CTaHOBJICHHS
Jlons puHKy . 25% - -
MonepeaHIM JIOJISl PUHKY
aHaJi30M) Oy 1e HU3BKOIO
Busnaueno 3a
pe3yJbTaTaMu
Sxictb Bucoka Cepenns - -
pe MIONEPEAHBOTO
aHaITIzy
[ina HrKya 3a
TaKy X B
‘ 2000 2500
Ilina - - a”ajorax
rpu/I'kan rpu/I'kan

TexHonOTriuHMIA ayIUT 111e1 cTapTan-nmpoeKTy HaBeACHUH B Ta0uIi 4.5.




Tabmuus 4.5 - TexHONOTIYHAN ayJUT i71eT TPOEKTY
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Inen TexHoJorii HasBHicTh JocrynHicTh
MPOEKTY il peamizamii TEXHOJIOTi i TeXHOJIOTiH
Eneproayaur o0’ekTa BUIIOMY,
Bukonanns _
BpaxyBaHHS BCiX IepeBar Ta
KOMIIJICKCHUX o + +
. HEJIOMIKIB CUCTEM
pillIeHb
ra3oCMaatOBaHHA
CympoBiz Ta CTBOPEHHSI yMOB
CniBnparngs 3 JUISL 3AMOBHHUKA, B IKMX
3aMOBHHUKOM «BIJ] 3a0e3nevyyeThesl MiHIMaIbHA + +
‘a’ mo s’y HOro y4yacTb B IIpolecax
peatizariii TOTOBHX pillicHb
Marouu naHi eHeproayaury
BUKOPHUCTOBYIOTHCSI TEXHOJIOT11
BukopucranHs | KOMILJIEKCHOTO MEPEOCHAIICHHS
SHEProola HuX KOTEJIbHUX YCTaHOBOK Ta + +
pilIeHb ra3ocnagoBajJbHUX CUCTEM 3
METOI0 €KOHOMIi MaNuBa, Mo €
PO3pOOKOIO BiAILITY
Bukopucranss MikpodaxkersHIX
3MEHILIEHHS '
‘ TEXHOJIOT1H ra3ocnaitoBaHHs
€KOJIOT'TYHOTO ‘
CIpHsI€ 3MEHIIEHHIO BUKHU/I1B + +
BIUIMBY Ha
‘ MApPHUKOBOTO Ta3y OKCUIY a30Ty
JOBKUILJIS
NOx
OO6pana TexHOJIOTis peami3alii 1€l MPOeKTy: METOH, MO OyayTh BUKOPUCTAHI B MPOCKTI
OyIoyThb peanizoBaHi 3a pPaXxyHOK TEXHOJOTIH, pO3pOOJIEHUX Ui KOHKPETHHX BHUIAJKIB
PI3HUX THIIIB KOTEJIBHOTO yCTAaTKyBaHHs. JlaHa TEXHOJOTIA € JOCTYIHOIO uepe3 HayKOBO-
texHonoriuny 6a3y kadenpu TIIT HTYY «KIII im. Irops Cikopcbkoro» ta po3poOky ii
BCEepEINHI BIIILTY.

AHami3 CHIBHHX Ta CTA0KHUX CTOPIH, @ TAKOK MOMJIMBOCTEH 1 3arpo3, CTapTar-nmpoeKTy 3BEJICHO B

Tadymi 4.6.



Tabmurg 4.6 - SWOT-anHaui3 crapTan-rnpoeKTy

CuibHi ctoponu (S):
- 3MEHIIIEHHS BUTPATH ra30BOT0 MaJNBa;
- CKOpOYEHHS BUKHU/IIB TAPHUKOBUX T'a3iB;
- BUCOKHH TEPMIiH CITy X Ou;
- BICOKa SIKiCTh Ha/IaHHSI IOCIYT;

- I_IiHa HHIKYA 3a TAKY K B aHaJlorax.

Caaoki croponu (W):

- moTpeda B JOAATKOBUX IJIOMIAX JJIS

TEXHIYHOT'O BUPOOHULITBA MAJIbHUKIB;

- [1IHA HE € 3HAYHO HIKYOIO 32 IIHY

KOHKYPEHTIB Ta aHAaJIOT'iB;

- Ha eTaIll CTAaHOBJIEHHS 101 PUHKY Oyze

HU3BLKOIO;

- MaJa KibKicTh (DiHAHCOBUX YCTaHOB, II0
IPOMNOHYIOTH (DIHAHCOBI MOCIYTH IS
PEKOHCTPYKIIiT TEIJIOCHEPTETUKH Ta

OroKeTHOT chepH.

MoxkauBocTi (0):
- BUPOOHUIITBO KOHKYPEHTHOCTIPOMOKHOT
MPOTYKITii;
- MOHOIIOJTI3alli;
- PO3BUTOK €HEPro-eKOJOTTYHUX TEXHOJIOTIH;
- 3aJTy4eHHsI 3aKOPIOHHUX 1HBECTOPIB IS
CTBOPEHHS JOCIITHUIIBKUX IICHTPIB;
- CTBOPCHHS IHHOBAIlIMHUX TEXHOJIOTIH y TaHii
cdepi, iX maTeHTYBaHHS,
- y9acTh B TCHIACPHHUX 3MaraHHsX 110

MIPOEKTYBAHHIO CYYaCHHUX CHUCTEM.

3arpo3su (T):
- HECITiBIIa/IiHHS PO3PaxOBaHMX JaHHX 3
TAaKMMHU X B peaIbHUX YMOBAX;
- IIOJIOMKAa O0JIaTHaHHS — 30UIbIIEHHS
IPOCTOIB 1 3aTPaT HA PEMOHT;
- HOBM3HA TE€XHOJOT1i — 30UIbIICHHS 3aTpaT Ha

OCBOEHHS, 3HWKEHHS 00’ €MiB BUPOOHUIITBA;
- HEIOCTATHA HAAIWHICTE — 301IbIIIEHHS
aBapiHOCTI TEXHOJIOTII;

- BIICYTHICTh PE3€pBY MOTYKHOCTEH —

HEMOXJIUBICTh MIOKPUTH MIKOBI MOTPEOH.

68
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4.6 B3acMOBiZHOCHHH 31 CIIO)KMBAYAMH Ta KaHAJIHU 30yTy

B3aeMoBimHOCMHN 31 CHOXKMBadYaMH Ta KaHaldu 30yTy JaHOTO CTapTal-NPOCKTy 3BEACHO B

3aranbHy TabmuIo 4.7.

Tabnuus 4.7 - B3aeMOBITHOCHHH 31 CIOKMBauYaMH Ta KaHAIHU 30yTy

CermenT OcobauBocTi Bumoru Kanann Inmi acnekTn
CIOKNBaviB NOBeiHKH CIOKNBaviB 30yTy B32€MOBITHOCHH
- HasABHICTb

PerionanpHi [IBUAKICTB, aNbTePHATUBHUX [IpuBatHi Ta
€KCKJIFO3UBHI | ONEPAaTUBHICTb,| JPKEpEs CHPOBUHU KOMYHaJbHI -
nuiepu TOYHICTD - CTaOUIBHICTD I[IHU Ha| MiJNPHECTBA
MIPOTYKITIO
- CTaOLIBHICTh ‘
) bynp-sxi
MoxBiCTh BUPOOHUIITBA o
Bnacuuii ) OymiBmi, AKi
) 10 TETUIOBOI €Heprii _
IHTEpHET- o ) HEoOX11HO -
onTuMmizaiii, | - ekosjoriuyHa Oesneka
MarasuH L ) 3a0€3MeYnUTH
Mo udiKarii BBEJICHHS JaHO]
. TEIIOM
TEXHOJIOT11

4.7 OOrpyHTYBaHHS pecypcCiB Ta BUTPAT MPOEKTY

OOrpyHTYyBaHHS PECYpPCIB Ta BUTPAT MPOEKTY HaBeeHO B Tabmui 4.8 — 4.12.

Tabmuis 4.8 - BusHaueHHs LiHA

PiBenn 1in PiBenn nin PiBenn noxonis BepxHsi Ta HUKHA Po3paxyn-
HA TOBapH- HA TOBApH- HiIbOBOI IPYNH | Me:Ki BCTAHOBJICHHS KOBA I[iHa
3aMiHHHKH, aHaAJIOTH, CIOKHBAYiB, HiHM HA MPOAYKUilo, NMPOAYKILi,
THC. TPH/0] THC. TPH/0] THC. TPH/0] THC. TPH/0] THUC. TPH/0
40-60 40-250 2500 40-500 40




Tabmuus 4.9 - BuzHaueHHs 00cATY BUPOOHUIITBA MTPOAYKIIii

70

3Ha4YeHHsA MO poKax

IToka3Huk OauHnus
2020 2021 2022 2023 2024
3aranpHa noTpeda B MpOLyKIil oJ/pik 8 9 10 11 12
Mo>JHBi piuHi 0OCSATH BHITYCKY )
on/pik 8 9 10 11 12
B HATypaJIbHHUX MOKa3HUKAX
[{ina oaquHUII TpOAYKLIT THUC. TPH/OJ 40 44 48 53 58
PiuHi oOcsiru BUITyCKYy B
. TUC. I'pH 320 396 480 583 696
BapTICHUX MOKa3HUKAX
Ta6muis 4.10 - Po3paxyHOK 3arajibHUX MOYaTKOBUX 1HBECTUIIIMHUX BUTPAT
Tepminu BUKOHAHHS, Ob6csirn (pinancyBanns,
Ha3zsa eramy o
MicsiiiB THC. TPH
[IpoBeneHHs OCTIIKEHB 1 Micsub 15
[IpunbanHs ycTaTKyBaHHS 0,5 micss 130
Peknamui BuTpatu 0,5 mica1b 10
Butparu Ha ynpaBiiHHS 0,5 micsms 10
[H1m1 BUTpaTH - 2
Pazom 2,5 micsiiB 167
Tabmuus 4.11 - Po3paxyHOK BUPOOHHYUX BUTPAT
CyxkynHi BUTpaTH 3a nepiojg
Crarrs BUTpAT Onuuunsa
2020 | 2021 | 2022 | 2023 | 2024
3arabHOTOCIIOIAPCHKI BUTPATH THUC. TPH 3 4 5 6 7
ButpaTu Ha opeHy Ta yTpUMaHHS IPUMIIIEHb,
TUC. I'pH 5 5 5 5 5
oOaHaHHS
KomyHnaneHi BUTpatu THUC. TPH 36 36 36 36 36
Butpatu Ha 30yT, IPOCYBaHHS Ta PEKJIAMY THUC. TPH 24 24 24 24 24
Butpatu Ha omnaty mpairi THUC. TPH 10 8 6 4 2
Ini BuTpatH (KO €) THC. TPH 120 | 120 | 120 | 120 | 120
Pazom 0 0 0 0 0
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Tabmuus 4.12 - Po3paxyHOK 3aralbHUX BUTPAT HA peaji3allilo CTapTan-mpoeKTy 3a pOKaMu

3Ha4YeHHS MO poKax
Hokaznuk OnuHuus Pazom
2020 2021 2022 2023 2024
[HBecTHIIIHI BUTpATH THUC. TPH 167 152 137 122 107 685
BupoOuudi Butpaty TUC. I'pH 195 193 191 189 187 955
OO6csr 3aralbHUX
BUTPAT, B TOMY YHCJIi 33 | THC. IPH 362 345 328 311 294 1640
paxyHOK
— BJIACHHX KOIIITIB TUC. TPH 0 345 328 311 294 1278
— KOIITIB iHBECTOPA THUC. TPH 362 0 0 0 0 362

4.8 Il;1an podiT Ta NapTHEPH CTAPTAIN-TIPOEKTY

[Inan nocraBneHuX poOIT, a TakoX HapTHEPH, L0 OyIyTh 3alydeHi OO0 CTapTam-IpoeKTy,

HaBeneHO B Ta0muni 4.13.

Tabmuus 4.13 - [Tnan poOiT Ta mapTHEPH CTAPTAI-TIPOCKTY

Tepmin BuxoHnaBenb,
BbizHec-npouec npoexkry PesyabTar
BHKOHAHHS CNiBBUKOHABILI
Po3poOka Ta KOHCTpYIOBaHHS CruieHI TATPUEMCTBA Po3pobnennii Bua
MPOYKIIIT TS 3aITyCKY TIPOCKTIB MPOAYKIIIT
Po3poOka 1 KOHCTpYIOBaHHS o ChinbHi nianpueMcTBa |  Po3poGnenuii nporec
5 MmicsaiB ) )
nporecy JUIS 3aITyCKY MPOEKTIB | BUTOTOBJICHHS MPOMAYKLIi
TexHomOriyHa maroToBKa CrinpHI miATPUEMCTBA ITigroroBiene
BUPOOHUIITBA JUTSI 3aITyCKY TIPOEKTIB BUPOOHUIITBO
‘ o ChinbHi mignpuemcTBa | Pesynbraté puHKOBUX
JlocmiuKeHHS. pO3BUTKY PHHKY 2 micsui . .
JUTS 3aITyCKY TIPOEKTIB JIOCITiIKEHb
o ‘ CniBpoOITHULTBO MIXkK ‘
Oprasi3ariist MapKeTHHTY 1 o Pexnamua kamnasis,
. 3 micsni HEKOHKYPYIOUUMHU .
NPOIaXiB . yroJi 31 CIIO’KMBaYaMu
KOMIIaHIIMU
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4.9 I'pomioBHii MOTIK TAa €eKOHOMIYHA OLIHKA CTAPTAN-NIPOEKTY

BuzHnauenHs kpanku 6€330UTKOBOCTI MPOEKTY.

Kpanka 6e330uTKOBOCTI BimoOpaxkae o0O0cCsIr BHUPOOHUIITBA I1HHOBAILIMHOI MTPOAYKIii, NpU
JIOCSATHEHH1 SIKOTO BHpPYYKa Bij peaji3alii HOKpUBae CyMapHi BUTpaTu Ha ii BUpoOHHLTBO. Po3paxyHok
TOYKH 0€330UTKOBOCTI MPOBOIKY 32 (HOPMYIIOIO

C
T=——, 4.1
P-V &1

ne C — MocCTiiiHI BUTpaTH Ha BeCh 00CST MPOAYyKIii (Ti, IKi HE 3aliekaTh BiJ 00cATy BUPOOHHUIITBA

NpOAYKLIi — 3arajlbHOrOCNOAApPChKI BUTpaTHM Ta BUTPAaTH Ha OIUIATy I[pali, BU3HAYeHI B

tabn. 4.11), Tuc. rpH;

P — miHa oMHUII TTPOIYKIIi1, TUC. TPH/OJI;

V' — 3MiHHI BUTpaTH Ha OJWHUIIIO MPOMYKII (Ti, K1 MPOMOPIIMNHO 3ajeXaTh Bl 00CATY BHPOOHHUIITBA
MPOIYKIIiT — BUTPATHU HA MaTepiaibHl pecypcH, BU3HaUeHi B Tabnuii 4.11), Tuc. rpH.

PesynbraT BU3HAYEHHS Kpanku 0e330MTKOBOCTI MPOEKTY 3BEJCHO B Tabnuili 4.14.

Tabmuus 4.14 — BuzHaueHHs Kpanku 0€330MTKOBOCTI TIPOEKTY

CyxkynHi BUTpPaTH 3a nepioj

CrarTs BUTpAT Onunnus
2020 | 2021 | 2022 | 2023 | 2024
3arabHOrOCMOAPCHKI BUTPATH THUC. TPH 3 4 5 6 7
Burparu Ha omnaTy mparti THUC. TPH 5 5 5 5 5

IlocTiiiHi BHUTpPaTHM Ha Bechb O0CHT

THC. I'DH 120 120 120 | 120 120
npoxaykuii (C)

Hina opmanui npoayxuii (P) THUC. TPH/0] 125 125 125 | 125 125

Butpatn Ha wMarepianpHI pecypcu

. THUC. I'DH 40 44 48 53 58
(KOMIUIEKTYIO4i. CHPOBHHA)

MoxnuBi  piuHi  OOCATH  BHIIYCK] .
oJ1/pik 50 40 30 20 10

B HAaTypaJIbHUX IMOKA3HUKAX

3minni BUTPATH Ha OJUHMIIK

THC. TpH/OA| 8 9 10 11 12
npoaykuii (V)

Touxka 6e330utkoBOCTI, 1 - 0 0 0 0 0
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PiBeHp 0€330MTKOBOCTI 3a MPOEKTOM MOXKE OyTH NOCSTHEHMH y TEpIINA K€ piK BBEICHHS
MPOCKTY B JIiIO.

dopmyBaHHS IPOLIOBOTO IMOTOKY Bifl peati3alii IpOeKTy.

Uucrtuii quckonroBanuil noxin (NPV, Net Present Value) — 1ie pi3HUIS MK HAJAXOKEHHSIMU 32
BECh I€pioj] IHHOBALIWHOTO TPOEKTY Ta IHBECTHIISIMH B TPOEKT. Pe3ynpraté po3paxyHKy

aKyMyJIbOBaHOTO TPOIIIOBOTO MOTOKY HaBeACHO B TaOmuili 4.15.

Tabmuis 4.15 - opMyBaHHS TPOILIOBOTO MOTOKY BiJl peaiizallii mMpoeKTy

3HaYeHHH M0 POKaX
IToxa3sHuk Oauannga Pa3zom
2020 | 2021 | 2022 | 2023 | 2024

HanxomxeHHs BiJ IPOEKTY

(BMpy4Ka BiJ peanmizauii mpomyKiii, THC. TPH 320 | 396 | 480 | 583 | 696 | 2475

MOCITYT)

3aranbHi Butpatu (1),
THUC. I'pH 195 | 193 | 191 189 187 1613

B TOMY YHCII1

I'pommoswmii notik (3 =1 —2) (CF) THUC. TPH 125 | 203 | 289 | 394 509 1520
AKyMyJIbOBaHHUI TPOLITOBUI TIOTIK
THUC. TPH - 1 2 22 -
(ACF) 70 0 98 05 3
NPV = 1520 > 0 mnpoTaroM poO3paxyHKOBOTO TIEpioy — IHHOBAIIMHUN NPOEKT IOUUIBHO
NPUAHSTH.

Po3paxyHok iHaekcy peHTtadensHoCTi iHBecTuIlii B mpoekT (ROI).
(ROI, Return On Investment) xapakTepusye piBeHb TPOILIOBOIO IMOTOKY, IO MpPHIALa€e Ha

OJIMHHMIIIO IHHOBALIHHUX BUTPAT 1 00UHCITIOETHCS 32 GOPMYIIOI0 (1HBECTHIIIS 311HCHIOETHCS OJTHOPA30BO):
ROI=Y"D,/I, (4.2)
T

ne D; — HaIXOJKEHHS y BIJMOBITHOMY IE€pi0i, THC. TPH;

I — pa3oBa iHBeCTHIIis, TUC. TPH.

2475
ROl =——=06,84 .
362
ROI = 6,84>1 — iHHOBAIIWHUN TPOEKT AOUIILHO MPUUHATH. UMM OUIBIINM € 3HAYEHHS IbOTO
MOKa3HWKA, THM BHIIOK € BiJyiada KOXKHOI TPOIIOBOT OJWHMUII, IHBECTOBAHOT B 1HHOBAI[IHUN MPOEKT.

Kpurepiit ROI BukopucTOBYIOTH IIpH BHOOpPI MEBHOTO MPOEKTY 13 AEKIIBKOX albTePHATUBHUX, Y SKHX

NPV npubiu3HO 0THAKOBI.
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Ilepiox oxymHOCTI iHBeCTUIIH (o).
Ile po3paxyHKOBHI TEPMiH BiJl TOYATKY peati3allii MpoeKTy, MOYMHAIOYH 3 KO aKyMyJIbOBaHUI
rpomwoBuii moTik (ACF) mpuiiMae crilike MO3UTHBHE 3HA4YeHHA. [HIIMMM cioBaMu, e — MEpiof,
MOYMHAIOUM 3 SKOTO MEPBMHHI BKJAQJEHHS 1 IHII BHUTPAaTH, MOB’S3aHI 3 1HBECTUIIMHUM IPOEKTOM,
MOKPUBAIOTHCS CYMapHUMH Pe3yJIbTaTaMH HOTO 3/1iHCHEHHSI.
TepmiH OKYMHOCTI, POKiB, PO3PaXOBYIO 32 (OPMYIIOI0
|ACF, |
1, =t+
|ACF, | +|ACF,,

(4.3)

Je ¢ — OCTaHHIM mepio peanizailii IPOEKTy, NpU SKOMY aKyMyJIbOBaHMH TPOIIOBHM MOTIK
(pi3HMI HAKONMWYEHOTO MJO0XOAYy 1 BWUTpar) mnpuiimMae Bix'emHe 3HaueHHS (ACF) — y dopmyni

3a3HAYa€THCS MOPAIKOBHI HOMEP MEpioAy Bij MovyaTKy (iHaHCYBaHHS);

‘ACFT7| — OCTaHHS BiJI’€MHa Pi3HUIIT HAKOIMUYEHOTO JIOXOY Ta BUTPAT, TUC. TPH;

|ACF,| - neplua nosutiBHa pisHHLS HAKOIHYEHOTO J0XO/Ly Ta BUTAT, TUC. TPH.
70 -
T,.=1+=————_=1,88 POKIB.
or =1+ 25770 P

[Tepion okymHOCTI iHBeCTHINIH ckianae 1,88 pokis.

4.10 BucHoBku 3 po3ainy 4

3a pO3MNIAHYTHMH IyHKTAaMM MOKHA [00AaYMTH, [0 JaHUW NPOEKT € NPUOYTKOBUM, a
HaliroyoBHie, — e)eKTUBHUM PIILICHHSIM MUTAHHS €HEPro-€KOJIOTIYHOTO CIATIOBAHHS Ta30BOr0 MallnBa
Ha MIAMPUEMCTBAX TEIIOGHEPTeTUKN B YKpaini. Kpim 1mporo peanizaiist JaHOTO IPOEKTY MOXe ITOKIACTH
MOYaTOK MAacOBOMY IIEPEBEJICHHIO KOMYHAJIbHOI TEIUIOCHEPIeTHKH YKpaiHM Ha MIiKpodaKkeIbHy
TEXHOJIOTII0 CHATIOBaHHS B Ta30oBUX MaimbHUKax. [l peamizamii mpoekTy HeoOXiHO iHBECTyBaTH
362 tuc. rpH. llepion OKymHOCTI IHBECTHIIHMX BiJpaxyBaHb CKJaga€e Bchoro 1,88 pokiB, IHIEKC
PEHTa0eNbHOCTI 1HBECTHUIIIN B MPOEKT 3a 5 POKiB CTaHOBHUTH 6,84 ONWHUII, a piBEeHb 0€330MTKOBOCTI 32

MMPOEKTOM MOKE OyTH JIOCATHYTHI BXKE Y TIEPIIHIA PIK BBEJECHHS MMPOCKTY B JIIFO.
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BUCHOBKHA

OTtpumaHi B JaHId MaricTepChKiil aucepTarii pe3yiabTaTH JOCHIIKEHb aepOAMHAMIYHUX 1
TeroBux ocobiuBoctei podotu kotia KBI'M-20 Ne§ KTM PK «BEPKOH», M. KuiB 3 najasHMKOBOIO
cucTeMoro Ha 6a3i MikpodakeabHOI TEXHOJIOTIi ra30CraiiOBaHHHS CBIYaTh MPO HASBHICTH KOMILIEKCY
MO3UTHUBHUX €(EeKTiB, sKi JO3BOJSIOTH MIJABHUIIUTA PIBEHb EHEPreTHYHOI e()EeKTUBHOCTI Ta piBEHb
€KOJIOT1YHOT O€3MeKH eKCIuTyaTallii, a came:

- MOJKJIMBICTh KOMIUIEKCHOTO BUKOPUCTaHHS KJIACMYHUX Ta JOAATKOBUX METOMIB 1 CHocoOiB
MiABUILEHHS E€KOJIOTIYHOCTI CIAJIOBAaHHS Ta30MOJIOHOTO MalMBa 3a PAaxXyHOK: INPSIMOTOYHOCTI PyXy
ra30MoBITPSHOI CyMillli, KOMOIHOBAaHOTO CYMIIIOyTBOPEHHS (TIONEPeaHbOTO 1 JUQY31iHHOT0), CTaIiHOCTI
1 MIKpOo(aKeTHbHOCTI CITaIIOBAHHs, BUCOKOI TypOymi3aliii 1 BHYTPIITHBOT peIUPKYJIALIL TOTOKY;

- IIMPOKHH CIIEKTpP peryJitoBaHHs HaBaHTaXeHHs ycTaHOBKH 10 ... 100% mpu HE3MIHHO BUCOKOMY
PiBHI €KOJIOT1YHOCTI CIaJIIOBAaHHS MAJIKBA.

- IOJITIIEHHS TEXHIKO-eKCIUTyaTalliiHUX TMOKa3HUKIB poOOTH 0O0NajHaHHS (3MEHIICHHS IIyMY,
BiOpariii), Skl MO3UTUBHO BIUTMBAIOTh HA MOTOPECYPC YCTAaHOBKH;

- MOJKJIMBICTh CTBOPEHHS NaJIbHUKIB HEOOMEXEHOI TeIUIOBOi MOTY>KHOCTI 3 HE3MIHHO BHCOKHM
piBHEM €HepreTUYHOI ePEeKTHUBHOCTI Ta €KOJIOT1UHOI Oe3MeKH;

- BUCOKHH piBEHb PIBHOMIPHOCTI TEMIIEPATyPHOTO IOJISl B 30HI CHIAIFOBAHHS;

Po3paxoBanuii crapram mpoekT 3 BUTOTOBJICHHS MAJBHUKIB Ha 0a31 MiKpo(]akeaIpHOT TEXHOJIOTII €
MpUOYTKOBUM, a HAWrOJIOBHIMIE — €(QEKTUBHUM PIMICHHSIM 3 TIOKPAIICHHS EHEPro-eKOJIOTIYHUX
MOKa3HHKIB CIAJIOBaHHsS Ia30BOTO MajMBa Ha TEIUIOGHEPTeTHUHUX MiANpHeMCTBaX B YKpaiHi. Kpim
LBOTO pealizallis JaHOTO IPOEKTy MOXKE TIOKJIACTH IOYaTOK MAacOBOMY IIEpEBEICHHIO 00 €KTIB
KOMYHAQJIBHOI TEIUIOCHEPTreTUKH YKpaiHu Ha MIKpo(dakeIbHy TEXHOJIOTIIO CIaIIOBaHHA B Ta30BHX
nanpHUKax. Jms peamizamii mpoekTy HeoOximHo iHBecTyBaTH 362 Tuc. rpH. Ilepiom oxymHOCTI
IHBECTHUIIIHUX BipaxyBaHb CKJIaJa€e BChOro 1,88 pokiB, iHIEKC peHTA0EeNbHOCTI IHBECTHIIII B MPOEKT 3a
5 pokiB craHoBHUTH 6,84 OAMHHUII, a piBeHb 0E€330MTKOBOCTI 3a MPOEKTOM MOXe OyTH NOCATHEHUH Y

MIEPIIHIA e PiK BBEJACHHS MPOEKTY B IiIO.
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KepiBuuk potoru Bukonaseusb
3ae.xad TIIT TE®, KIII im. Irops Cikopcbkoro Crynment rp. _TII-81mu
TE®. KIII im. Irops Cikopebkoro
I'ennaniit BAPJIAMOB Muxaitno MYXIH

«13» Gepesus 2020 p. ' «13» Gepesus 2020 p.
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3ATBEPIXKYIO
3acT. rooBHOrO iHXeHepa

eKCIUTyaTauii Teriomrepen
- —~CITWUIBCBKIAEIUIOBI MEPEXI»

Oner LIEJIECT
TpasHsa 2020p.

AKT BITPOBA/I’KEHHS

pe3ysbTaTiB MariCTepchbKoi AucepTalii cTyAeHTa JApYTOoro (MaricTepchkoro)
pisHs Buwoi ocBith TED, HTVY «KITI im. Irops Cikopcskoro»

Myxina Muxaiina CepriiioBuua

Pesynbrat maricrepeskoi mmceprauii marictpa  HTVVY «KIT im. Irops
Cikopcekoro» Myxina M.C. 3a Ttemoi0: «3acTrocyBanusi iHHOBamiHHOT
MiKpodakensHOT TeXHOJOrIY ra3’ocmaNIOBaHHA A8 NiABHINECHHS €Hepro-
eKOJIOTIYHHX MNOKa3HHKIBE poborn koraa KBI'M-20» BIPOBAJKEHO
BHKOHYBAHCh Ha pealbHOMY OOJajHaHHI. MiJ Yac MPOBENEHHS MOJepHi3aLii
NAJTbHUKOBOI CHCTEMH KOTIIA.

MaricTpom BHKOHaHi MONEpPeAHBO AOCHIKEHHS T4 aHATI3 CHANIOBAHHS Ta
Temnonepeaadyi y TOMII KOTIA 3i IUTATHAM  NAJIBHUKOM, PO3paxyHOK
aepO/IMHAMIYHMX  XapaKTePHCTHK MAlIbHMKIB, Ha OCHOBI  MOJENIOBAHHS
CYMIllIeYTBOPIOIOYMX ~TIPOLECIB Yy MNaTbHHKAX OBGIPYHTYBaHO JOLLIBHICTE
MPOBENIeHHs MOJEpHi3allii MaJlbHUKOBOI CHCTEMH, BH3HAYEHO KOHCTPYKTHBHI
0cobNMBOCTI  MiKpO(AKeNnbHOrO MNalbHUKA Ta OO MOHTAXKHI po3Mmipu y
ambpasypy KOTNa, NMPOBEIEHO aHANI3 eHEepro-eKONOTIYHHX MOKAZHHKIB pobotu
KOTJIa 3 BUKOPUCTAHHAM MiKpogaKeIbHOro najbHHUKa.

TexuiuHe 3aBaHHA BUKOHAHO y NOBHOMY 06Cs3i.

Hawanbuuk L[T-5 IMTanacrok [1.M.

[ VPHWM NIAPO3AI

CkKl TERROBI MEPEXI»
L_'I'l'"' INPUEMCTBA

«KWIBTENNOEHERPIO»

iannTrdisaubnnwn non 40538421

iz

| UEHTP TENMONOCTAYAKHS Ne5 |
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Jonmatox B

Pexumni kaptu pobotu kotia KBI'M-20 Ne8 KTM PK « BEPKOH)» 31 mtatHO0 MalbHUKOBOIO CUCTEMOIO

PEXWMHA KAPTA (3umoswuin nepiof)
BOACIPIAHOIO KOTNA KB-TW-20 cT.Ne B PK "BEPKOH"
NPUPOAHWA MA3)

(nAanBO -

"3ATBEP£1>:M0-. -
d“ |H3KEH

Fono

B KOTEN i Ha BUXOAI 3 HBOTO

2. [l03BONAETLCA BIAXUMNEHHA NapaMeTpiB B Npoleci ekcnnyarayi + 2.5%

3. PexvwMHa kapTa cxnageHa npn Qp—3201 KRan/Hm3, ryctrni raay pr =0,7323 ki/m3, TemnepaTypi xoNOAHOIO NOBITPSA 25°C..
4. PoBoty xoTiha aecTh no

PexumHy xapTy cknae: B [
TpoBiAHKA iHxeHep KO UHIB KI&7'
“KonTpons Ta aglarHocTuka'

i

in kapTi Ta ip

P

ILo N, Ocumaurin

"Manueo-nosiTpst”

HauansHuk BTG KI'M
HauansHuk BTE

HavansHik PK "Bepkon™ ‘

O.6b. AnexcaHapeHKko
B.M. MaxypeHko

. —71.B. BepaeHcukni
/

= n - - NOBE HABAHTAWEHHA (%) :
: HANMMEHYBARHA FIARAMET IS L.‘Zfﬂ?a PI-?IZMI':: 75 e 30T e = a0 aa a8 53 55 57
TennonpoAyKTUBHICTb KOTNa (=T lkanfroa | 4,97 5,20 6,09 698 | 742 8,08 8,78 | 966 10,33 | 1098 11,42
[Butpara mepextoi soan D, T/ron 2a7 | 247 247 247 247 247 | 247 | 247 | 247 247 | 247
BOOA Trck MepenHol BOAW Ha BX. B KOTeN ) P clom® 100 | 100 10,0 10,0 | 100 10,0 10,0 100 | 100 | 100 10.0
Tuck MepPeXHOT BOAW Ha BUX. 3 KoTna Pos. xlclom’ [l 74 ||} 7.4 7.4 74 | 74 7.4 7.4 74 | 7.4 7.4 74
TemnepaTypa MepexHoi BOAW Ha BX. B KoTen Tis oC _70 =70 ] 70 | 70 70 70 70 70 70 70 | 70
TemnepaTypa MepexHoT BOAN Ha BUX. 3 KOTNA oy oC 20,1 91,0 94,7 98,3 100,0 | 102,77 | 1055 | 1091 1118 | 1145 | t162
| Tuck rasy B Konekropi . Pk i ki clem? 0,310 0,310 0,310 0,310 0,310 0,310 0,310 | 0,310 | 0,310 0,310 0,310
NARMBO TUCK ra3y Ha NansHWK ( TP) N P, | x10xNa 0,25 0,30 0,40 0,50 0,60 0,70 0,80 0,50 1,00 | 1,10 1,20
' BuTpara raay no 3sopoTHoMy GanaHcy — Vras Hm>froa 643 671 780 894 952 1039 1130 1248 1337 1425 1479
Butparu rasy Vv, HM/roa 750 875 980 1140 1210 1320 1430 1600 1715 1810 1890
MNOoBITPA TUCK NOBITPA Ha KOTen Pas kMa 0,09 0,11 0,15 0,19 0,22 0,26 0,30 0,34 0,38 0,41 0,45
Poapif)XeHHA B Tonui s, kle/m® 0,2 0.2 0,2 02-03| 0203| 0203 0203 02-03| 0203 | 02-03] 0203
. MpveescHa TeMnepatypa BIAXIAHUX rasis ter.np oC 102 103 106 | 111 | 115 120 124 130 136 140 | 143
BIAXiIgHI Bmict RO2 y BiaxigHwx rasax RO, % 8,5 7.0 8,7 9,1 9,3 94 95 9,7 9,7 9,7 10,3
rA3W Bmict O2 y siaxianux rasax 0, % 95 8.6 55 48 | a5 | a2 4.1 3.8 38 | 38 | 27
HaanvLoK NoBiTPA v BiAXiAHNX rasax o = il 78 162 | 1,32 127 | 125 | 123 | 122 | 120 1,20 1,20 | 113
Macosa koHueHTpauia CO npu a=1 Ca= 1CO Mrfm 64,0 64,4 55,6 557 | 573 | 588 821 659 73.3 76,9 81,5
| Macosa koHUeHTpauia NOx npw a=1 Ca=1NO, mrfm’ 230 222 184 187 191 193 196 199 203 208 202
Mutomui sukua CO B beo n‘rxan 67.8 68,0 58,3 58,5 60,2 61,8 85,0 69,7 TT.T 81,7 86,4
Muvomuit Brkna NOX - [ orean | 2440 | 2343 | 193.4 | 1959 | 2006 | 2026 | 2070 | 2104 | 2149 | 2205 | 2143
CekyHAHWA BUkna CO Mco ric 0,08 0,10 0,10 011 | 0,12 0,14 0,16 0,19 :0,22 0,25 0,27
CekyHgHWA BUKnA NOX Muyox rlc 0,34 0,34 0,33 0,38 0>41 0,45 0,50 0,56 0,62 0,87 0,68
TEXHIKG- BrpaTa Tenna 3 BIAXiAHWMY rasamu npusegeHa onp % 5,484 5,265 4,544 4,635 4,770 4,938 5,105 5,359 5,638 5,824 5,684
EKOHOMIY- |BrpaTa Tenna Bia ximHegohany qs % 0,016 0,016 0,014 0,014 0,014 0,[55 0,016 0,017 0,018 0,019 0,021
HI Brpara Tenna B HABKOMWLLHE cepeAcBuLLe qs % 0,050 0,050 0,050 | 0,050 0,050 0,050 0,050 0,050 0,050 0,050 | 0,050
NOKA3HWKKW |KKA. kotna "6pyTro” Nip Lz % 94,450 | 94,669 | 95,392 | 95,301 95,166 | 94,998 | 94,830 | 94,575 | 94,293 | 94,107 | 94,245
MuToma BUTP. YMOB.Nanvea Ha snpob. 1 MNkan by, kr/Tkan 1513 150,9 149.8 149,9 150,1 150,4 150,6 1511 151,5 1518 151,86
i[IPMMITKA. 1. TennonNpoayKTHBHICTL KOTNA BUIHAUSHA POIPaXyHKOM NO BATPATI MEPEeXHOT BOAYK Ta Il TeMnepaTyph Ha BXofi
i s

I8



“"3ATB o .
PEXMMHA KAPTA (NlitTHin nepion) Fonomhian ik ﬁap/CBﬂ KTM
BOAOIPIMHOINO KOTHA KB-T'M-20 cT.Ne 8 PK "BEPKOH" £ P —,, /??’P,';LA.i.BaenhbeB
(MANVMBO - NPNPOAHWA I'A3) - co X ) Y 2017p.
A MNO3HA- PO3MIP-
HAMMEHYBAHHA NAPAMETPIB YEHHS HICTH 310 11 13 i 17 — ¢
TennonpoAyKTMBHICTEL KOTNa Q5 kanfron 2,06 2,26 2,67 3,08 3,49 . 3,80
BuTpara mepexHoi BoaAn Duw Tiroa 247 247 247 247 247 247
BOOA TucK mMmepeXHOoT BoAK Ha BX. B KOTenN Pm' wlcl/cm” 10 10 10 10 10 10
Trnek MepexHol BoAKM Ha BUX. 3 KOTHa P kFcfom 7.5 7.5 7.5 7.5 7.5 =
TemnepaTypa MepeXHOoi BoOAK Ha BX. B KOTes b oC 70 70 70 70 70 70 -
TemnepaTypa MepexHO! BoAW Ha BUX. 3 KOTNa T oC 78,3 79,2 80,8 82,5 84,1 85,8
nANnBO TWeK razy Ha nansHMUK (MaHomeTp) P, x10kia 1,3 1,5 2,0 2,5 3,0 3,5
BwutpaTta rasy 1o 3BopoTHOMY BanaHcy V3B HMm>/ron 265 290 342 393 444 495
NOBITPA TWCK NOBITPA Ha kKoTen Pas Klla 0,050 0,053 0,063 0,075 - 0,087 0,095
PospiakeHHa B Tonui '8, KlrG/m™ 0,2 0,2 0,2 0,2 0,2 0,2
MpueegeHa TeMmnepaTypa BiaXiaAHWX rasis ter.np oC 89 89 91 92 o5 96
BiaOXiaH Bmict RO2 y BiaxigHWxX rasax RO, % o7 6,5 6,9 =3 8,7 9,0
FrA3wvi BmicTt O2 v BiaxiaHmx rasax O, % 10,8 9,4 8,8 7.7 5,5 5,0
Haanumwok noiTpa y BiaxiAHMx rasax Clyy = 1,95 1,72 1,64 1,52 1,32 1,28
Macosa koHeHTpauisn CO npn a=1 Ca= 1CQO Mr/m> 28,8 32,4 39,5 40,9 42,1 45,9
Macoea koHUeHTpauia NOx npu a=1 Ca=1NO, mr/m’ 136 142 165 170 156 161
MNurommnia smkmug CO beo /T kan 30,4 34,0 41,4 42,8 43,9 47 .8
Mutomuner Bukma NOXx buox r/lkan 143,2 149,3 172,6 177.6 162,7 1868,1
CexyHAHWIA BUKa CO Mco rfc 0,02 0,02 0,03 0,04 0,04 0,05
CexyHaHnin Bukng NOX Mnox rfc 0,08 0,09 0,13 0,15 0,16 0,18
TEXHIKO- Brparta Tenna 3 siaxiaHuM rasaamMmm nNpueBeseHa Ganp % 5,089 4,547 4,544 4,279 3,946 3,927
EKOHOMIY- |Brparta Tenna sia ximHeaonany qs % 0,007 0,008 0,010 0,010 0,010 0,011
Hi BTpaTa Tenna B HABKOSIMLLHE cepenoBuLLe qas % 0,050 0,050 0,050 0,050 0,050 0,050
NOKA3HMKW-|K. K.O. xoTna "GpyTTo” nmp°” % 94,854 95,395 95,396 95,661 95,983 96,011
MuToma BUTP. yMos.nanmea Ha smpo6. 1 Nkan by K/l kan 150,68 149,8 149,8 149,3 148,8 148,8

OPKMITKA: 1. TenNoNpPoAYKTHBHICTE KOTNA BUZHAUYEHa PO3PaxyHKOM FIO BUTPaTi mepexnol BoAK Ta il Temnepartypu Ha BxoAl

B KOTEN | HAa BUXOA} 3 HbOTO
2. [loaBoNAETHLCH BIAXMNEHHA NapameTpis 8 Npoueci ekcnnyaTauirl + 2.5% e
3. Pexumna kapTa cknagena npn Qp=8190 kkan/nmM3, rycTuHi raay pr =0,7365 Kr/M3, TeMmnepaTypi XONOAHOID NOBITPA 25°C.. /

4. PoBOTY KOTNa BECTH N0 A0AAHIR pexumiii kapTi Ta rpadsiky cnissignowerna "Nanuec-nositpn”

S HauaneHwk BTC KTM
‘. HauansHwk BTE YT .,-/L;,_r.f!
Hauanbruk PIK"Bepkon™

O.B. AnekcaHapeHKo
8.M. MaxypeHko
1.B. BepaeHcbknia

PeXXnMHY KapTy cknai:
MpoesigHwmii ikenep KO Ll.l‘%lg;g

"KonTpons Ta AiarHocTniaE 17 < ©.N. CcuMmaukin
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Honarok I'

CIIMCOK HAYKOBHUX ITPAIlb_ Myxina Muxaiina CeprifioBuya

(npi3BHuLIe, iM’s1, MO-0aTHKOBI CTYZEHTA)

MIPUPOJIHOTO Ta3zy

BIZIKPUTHI KOHKYPC
MOJIOINX BYCHUX Ta
EHEPreTHKIB»

Kine-
KICTh
Pyxo- HasBa BUIaBHUIITBA, ApYKO-
Ne HailimenyBanHs HHCHI KypHaity (Homep, piK) }Zalliw_( [Tpi3BumIa
/3 mpamb abo abo HOMEP aBTOPCHKOTO IIJ)_Ii]}; CIIBaBTOPIB
JpyKo- CBI/IOLITBA, HOMEP 6o npatb
BaHi JUTIIIOMA Ha BUHAXI] .
CTODI-
HOK
pa3oM
1 2 3 4 5 6
1. OcnoBHi oco0nuBocTi | [pyk CyuacHi npo6iiemMu 1 crop. | Bapnamos I'. b.
nepeBeICHHS HAYKOBOT0 3a0e3MeueHHs
BYTUILHOTO KOTJIA HA EHEepreTHKU: Marepianu
CHATFOBAHHSA XVI MixxnapoaHoi
MPUPOJIHOTO Tazy HAYKOBO-MIPAKTHUYHOT
KoH(epeHIIil acmipaHTiB,
MaricTpaHTiB, CTyJeHTIB, M. KuiB,
24-27 xBitHs1 2018 p. Y 2 1. —
K.:KIII im. Irops Cikopcekoro,
2018.—-T.1.—c.214
(24 - 27 xBitHS 2019 p.)
2. [ToBbIIEHUE 3HEPTO- Hpyx VI Mexaynapoanas HayuyHo — |4 ctop. | Bapnamos I'. b.
HKOJIOTHUECKUX NpaKkTU4YecKass KOH(PEPEHIIHS:
rokazareneu «AKTyallbHBIE TIPOOIIEMBI
JKCIUTyaTaluu TPAHCIIOPTA U YHEPTETUKU: ITyTH
YTOJIBHOTO KOTJIA 32 WX UHHOBAIIMOHHOTO PEIICHUD)
CYET IEpEeBOJIa HA Acrana, 16 mapra 2018 p.
MIPUPOJHBIN ra3 /Moarot. I'.'T. Mep3anuHoBa,
T.b. Cyneiimenos, T.T.
CynranoB — Acrana, 2018. —
768c.
3. PekoncTpyxkiis Ha Po6ota na XVIII 36 |Bapmnamos I'.b.
BYTUIFHOTO MAPOBOTO | TpaBax Bceykpaincbkuii KOHKYpC CTOD.
KOTJIa 3 TIEPEBEACHHAM | pYKO- «Momnoap - eHepreTHi
Ha CIIAJIOBAHHSA IUCy VYkpainu — 2018-2019:
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AepoauHamivHi Ta Hpyx Haykoswuii xxypHain 8 crop. | Bapnamos I'.b.
TEILIOBI IIEpeBaru «EHepreTyuka: eKOHOMIKA, Pomanogsa K.O.
po0oTH Kamep 3ropaHHs TEXHOJIOT11, eKOJIOT1s» -
ra3oBUX TypOiH MpH 2018. -Ne4.—c.67-75
3aCTOCYBaHHI
MikpodakeapHOT
TEXHOJIOT1]
ra30CHatoBaHHs
OcobmuBocTi Hpyx CyuacHi ipo0iemMu 1 crop | Bapmamos I'.b.
acpoIMHAMIYHHX Ta HAYKOBOT'O 3a0€3MeUeHHSI
TEIUIOBHUX MPOLIECIB Y eHepreTuku: Marepianu
Tonui kotiia KBI'M-20 XVII MixkuapoaHoi
Mpu poOOTI MITATHOTO HayKOBO-TIPAKTUIHOL
nanbHuka PI'MI-20 KoH(epeHIIiT acmipaHTiB,
MaricTpaHTiB, CTyJeHTiB, M. KuiB,
23-26 xBiTHZ 2019 p. YV 2 1. —
K.:KIII im. Irops Cikopcbkoro,
2019.-T. 1. —c. 254
(23 - 26 xBiTHa 2019 p.)
[TpoGnema koedimienta | Ipyk Cy4acHi npoOiemu 1 crop |Kynmens ILIL.
kopuchoi aii (KK]I) B HayKOBOTO 3a0€3MeYeHHS
CHEPreTHII eHepreTuku: Marepiainu
XVII Mixnapoaoi
HayKOBO-IIPAKTUYHOL
KOH(EpeHIIii acipaHTiB,
MaricTpaHTiB, CTyAeHTiB, M. KuiB,
23-26 xBiTHA 2019 p. YV 2 1. —
K.:KIII im. Iropst Cikopcrkoro,
2019.-T. 1. —c. 255
(23 - 26 xBiTH 2019 p.)
Cy4acHi BUKJIUKA Hpyx 30ipHUK HAyKOBUX CTaTel 5 crop. | Bapnamos I'.b.
TEXHOTEHHO- «Ekosoriyna Oesrnexa: mpodiaemMu Pomanosa K.O.
€KOJIOT1UHIN Oe3merti 1 IUISIXYA BUPIMICHHSD) - Kosanenko I'.JI.
TEIJIOCHEPTETUKH 2019. —c. 46-51
VYkpainu — HOBI
TOPHU30HTH
Brockonanenns Hpyx 30ipHUK HAYKOBUX CTaTeH 4 crop. | Bapnamos I'.b.
METO/I0JIOTIT EHEPTO- «Ekosoriyna Oesrnexa: mpodiaemMu Pomanosa K.O.
eKOJIOTIYHOTO aHaNi3y i 11X BUPIIIEHHSD - Y Li3yHsHbp

E€HepreTHYHUX 00’ €KTIB
1IeHTH(IKAIIEIO0 X
(akTHIHUX
eKCIUTyaTaIlliHAX
XapaKTEePUCTHK

2019. —c.251-255
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9. Pesynbrarsl Hpyx VII MexnaynapoaHas HayuHo — |4 ctop. | Bapnamos I'.b.
MOJIEPHU3ALUU IPaKTUYeCcKast KOHPEPEHIIHsL:
TOPEJIOYHON CUCTEMBbI «AKTyaJibHbIE TIPOOIEMBI
komiia KBI'M-20 TPAHCIIOPTA U SHEPTETUKU: ITyTH
MX UHHOBAI[MOHHOTO PEUICHUS)
Acrana, 16 mapra 2019 p.
/Moarot. I'.'T. Mep3anuHoBa,
T.b. Cyneiimenos, T.T.
CynranoB — Acrana, 2019. —
768c.
10. | Texuuueckue pemenus | pyk | VIII Mexnynapoanas HayuHo — |5 crop. | Bapnamos I'.b.
IO YJIy4IICHUIO SHEPTO- HpaKkTHYeCKast KOH(EpeHIHs: V 1I3yHSIHB
9KOJIOTHUECKUX «AKTyallbHbIE MPOOJIEMBI
nokasartesei KOTJIOB ¢ TPAHCHOPTA U SHEPreTUKU: ITyTH
MCII0JIb30BaHUEM MX WHHOBAI[MOHHOTO PEUICHUS)
MUKpO(haKeTbHBIX Acrana, 20 mapta 2020 p.
TOpEJIoK /Moarot. I'.'T. Mep3aauHoBa,
T.b. CynelimeHoB,
T.T. CynranoB — Acrana, 2020. —
735c.
ABTOD M.C. MyxiH

(inimiany, Tpi3BUILE)
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