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[TinroToBka 3/1cHIOBaJIacs Ha Kadeapi TEIIOBO Ta aIbTepPHATUBHOI EHEPIeTUKH
HapuanbHO-HAyKOBOTO 1HCTUTYTY aTOMHOI Ta TEIJIOBOi eHepreTuku HarionansHOTro
TEXHIYHOT'O YHIBepcUTeTy YKpainu « KuiBChKui MOMTEXHIYHUN IHCTUTYT iMeH1 [rops
CiKOpCBKOTOY.

[Tepen mMpOMUCIOBICTIO Ta EHEPTETUKOIO CTOITh JCKIJIbKAa BAXKIMBHX 3a/ad, SKi
NoTPeOYIOTh SKHAWUIIBUIIOTO BUpimieHHS. OJHIEI 3 TaKuX 3a7a4d € 3a0e3MeueHHS
HAAIMHOTI Ta ePEeKTUBHOI POOOTH BOTHETEXHIYHMX OO0’€KTIB Ha MPOMHCIOBHX Ta
KOMYHAJIBHUX MiIMIPUEMCTBAX, OCOOJIMBO B CYYaCHHX yMOBAaX.

Jusepcudikamis MNaJIMBHOIO TOCHOAAPCTBA PO3MIISINAETHCS  SK  OJUH 13
NPIOPUTETHUX HAMPSAMKIB JUIsl 3a0e3medeHHs HaaiMHOCTI Ta edEeKTHUBHOCTI
¢dbyHKLIOHYBaHHA cucTeM. BoHa cripuse MiJIBUILIEHHIO €KOHOMIYHOCTI Ta CTIMKOCTI
TEXHOJIOTIYHMUX  MPOIECIB, a TakoX 3abe3medye TapaHTii  CTaOIBLHOTO
MaJMBOTIOCTaYaHHsA. 30KpeMa, HasBHICTh MOKJIMBOCTI THMYAacCOBOTO TEPEXOAy Ha
albTEPHATUBHI BHUAM TajMBa € HEOOXIJHOK YMOBOKO [IJIsi MiHIMI3allll PHU3HKIB,
NOB'SI3aHUX 3 MEPeOOsSMHU y MOCTaYaHH1 OCHOBHOTO IMaJIBa.

Y mnepmomy po3aini aucepraiiii ONMMCaHO HUHINIHIA CTaH PI3HUX BUJIIB
BOTHETEXHIYHUX O0’€KTIB, iX MajauBHY Oazy B cBITI Ta YkpaiHi. [IpoananizoBano
TEHJICHIIIT /10 3aCTOCYBAaHHS HOBHUX BHU/IIB MMaJMBa, a TAKOX MPOOIEMHU, III0 BHHUKAIOTh
IIpYU BUKOPUCTAHHI CYYaCHUX OCHOBHUX BHJIB MaJUB, Ta MIAXOJU JO 1X BHUPIIICHb.
[TpoBeaeHo aHamITUYHE JOCIIKEHHS TEXHOJIOT1M CIAIIOBaHHS, C(OOPMOBAHO CITHCOK
BUMOT JI0 TEXHOJIOTIM CHaJIOBaHHS JJIs peaii3aiili Ha HiIH KOMOIHOBaHHX Ta

yHIBEpCaIbHUX MATbHUKOBUX MPUCTPOIB.



3 TOYKH 30py KOHCTPYKIIIT NATbHUKOBUX MPUCTPOIB Ta BOTHETEXHIYHUX 00’ €KTIB
Ta MIAMNPUEMCTB B IIJIOMY, PO3TJSHYTO BILUIMB 3aCTOCYBaHHSI PI3HOMAHITHUX BHJIIB
NajluB Ha PoOOYMIl MPOIEC MaJTbHUKOBUX MPHUCTPOIB. A TaKOX, MPOBEIECHO aHANI3
BIIMIHHOCTEH y (PI3UYHMX Ta XIMIYHUX BJIACTUBOCTSX IUX MAJIUB, MOXKJIMBI 3MIHAMH Y
KOHCTPYKIIi MaTbHUKOBUX MPUCTPOIB 33 15 MiIBULIEHHS €()EKTUBHOCTI CIIaTIOBAHHS
Ta CKOPOUEHHS BUKHUIIB IIKIIIUBUX PEUOBMH. B34TO y BpaxyBaHHS 1HIII cepilo3Hi
npoOJieMHu JiJis OpraHizailii e(eKTHUBHOTO CIaTOBaHHS.

CtpyMeHEBO-HHIIIEB] CUCTEMH 3aiiMalOTh OCOOJIMBE MICIE Cepe/l CHATIOBATBLHUX
TEXHOJIOT1#, 3/JaTHUX MPAIIOBATH 3 PI3HOMAaHITHUMU BUIAMH AJIMBa Y PI3HUX CTAHAX.
3a3HaueH1 TEXHOJIOTIi Ta CTBOPEHI Ha X OCHOBI MaJbLHUKOBI IPUCTPOI BUPIZHIIOTHCS
OaraThbMa BUTIAHUMHM BJIACTUBOCTSIMH, HAIMIPHUKIIAJ, 3a0€3MeUyI0Th CTablIbHE TOPIHHS
B IIIMPOKOMY Jl1alma30Hl HAaBaHTaXEHb Ta MIHIMI3YIOTh TIApaBIIYHUN OMIp TMOTOKY
OKHUCHIOBaya. /{7151 yCIinIHoro po3BUTKY Ta MOMIMPEHHS TaKUX TEXHOJOT1H HeoOXiIHe
JeTalbHE BHUBUEHHS 3aKOHOMIPHOCTEH TOpPIHHS, IO NPOSBISIOTHCA MPH IXHIH
peaiizari.

[Ipotarom KigbKOX JECATWIITH Ha Kadeapl TEemIoBoi Ta albTepHATHUBHOI
eHepretuku [HcTutyTy aromHoi Ta terioBoi eHepretuku HTYY «KIII imeni Irops
CikOpChKOTO» BEAETHCS PO3pOOKa MATHPHUKOBUX MPHUCTPOIB Ha 0a3i CTPyMEHEBO-
HumeBoi TexHosorii. [li po3poOku Big3HAYAIOTHCS 3a0E3MEUEHHSM BHCOKOL
€KOHOMIYHO1 €)EKTUBHOCTI, EKOJIOTIYHOI O€3MeKHr Ta CTablIbHOT POOOTH.

B pamkax npeacraBieHoi poOOTH TOJIOBHUM CIIOCOOOM AUBepcu(iKallii maaTuBHOI
0a3u € BUBUYCHHS, po3poOKa Ta IHTErpailiss HOBOTO TMOKOJIHHS KOMOIHOBaHUX
NaJbHUKOBUX MPUCTPOiB. METOI LHUX MNPUCTPOIB € TMIJBUILEHHS €(EKTUBHOCTI
CIIaJIIOBaHHS K OCHOBHHUX BHJIIB IIaJIMBa, TAK 1 3allaCHUX Ta aBapiiHUX BapiaHTIB, IO
TUIIOBO BUKOPUCTOBYIOTHCS HA OUIBIIOCTI 00'€KTIB TEMIOEHEPTETUKHY.

B nepmy depry, po3risgaeTbcs MOMIMBICTH IMOYEPTOBOrO  CHATIOBAHHS
OpPUPOJIHOTO Ta3y Ta nponaH-OyTaHy, Oe3 3MIHM KOHCTPYKLIi MaJIbHUKOBOTO
IIPUCTPOIO, TA TPUBAJIOL MiATOTOBKH.

Takox MpoBEACHO aHai3 3aCTOCYBAHHS JOMIIIOK BHCOKOPEAKIIMHUX TaJNB,



HaIPUKIJIaJ BOJHIO, JIJIsl IPUBEICHHS PI3HUX BUJIIB MAJKBA 10 CXO0KUX TETUIO(DI3UUHUX

XapakTepucTuk koedimieHta Boboe, TemnepaTypu 3ropaHHs 1 T.1I.

Jlpyruii po3aia aucepTarlii NPUCBIYEHO OMUCY METOIOJIOTTUHOTO MIAIPYHTS Ta

METOJIUYHUX IMIJAXOAIB JO MPOBEACHHS JOCTIIKEHb, SKI peanai3oByBaIHCS SIK B

7ab0paTOpHUX YMOBax, TaK 1 HA MPOMHCIOBUX 00'ekTax. JleTambHO TpenCcTaBiIeHO

CTPYKTYpPY EKCIIEpUMEHTAIIbHUX CTEH/1B, BUKOPUCTAaHI METOJUKU BHUMPOOYBaHb, a

TaKoXX 3JIMCHEHO pPO3paxyHOK MNOXHOOK BHMIpIOBaHb. Po3po0ieHa KoMILIEKCHA

METOJIMKA AOCTIHPKCHHS OXOTUTIOE HACTYITHI €Tallu:

1)

2)

3)

4)

5.)

Pan excriepuMeHTanbHUX OOCHIIKEHb, Ta KOMII IOTEPHUX MOJAEINEH, II0
BUKOHYBAJIMCSA 3a]1J151 BCTAHOBJICHHS 3aKOHOMIPHOCTEHN B poO0OYHX TIpoLiecax
OJIMHUYHMX MaJbHUKOBUX MOJYJIIB, SIKI BAHMKAIOTh MTPH CHATIOBaHHI PI3HUX
BU/IIB MAJIMBA.

JocnimkeHHs, 1 BCTAHOBJICHHS 3aKOHOMIPHOCTEH MPOTIKaHHS poOOUYnX
OpOlLECiB B CTPYMEHEBO-HHUIIEBHX MaJbHUKOBUX  MPUCTPOSX, 3
BUKOPHUCTAHHSM Pi13HUX BUJIIB NAJIMBa, Ta NP iX KOMOIHAII].

[IpoBeneHO JOCHIKEHHS, JJIsI BCTAHOBJICHHS 3 3aKOHOMIPHOCTEH
NOPOTIKaHHA POOOYMX TPOIECIB B CTPYMEHEBO-HUILIEBUX MaJIbHUKOBUX
MPUCTPOSIX, MPHU CHATIOBAaHHI CYMIIIEH PI3HUX BHUAIB MaJIMB Ta JOMIIIOK
BOJIHIO.

®opmyBanna Ha ocHOBI CFD MojentoBaHHs MOnepeHiX XapaKTepuCcTHKU
MaJbHUKOBUX MPUCTPOIB, MPU3HAYEHUX JIJIsl CHATIOBAaHHI JABOX Ta OUIbIIE
BU/IIB MMAJIMBA.

[IpoBeieHHs MOPIBHSUIBHUX aHalli31B OCHOBHUX XapaKTEPHUCTUK POOOUYHX
MPOILIECIB MaJbHUKOBHUX MPUCTPOIB MPHU PI3HUX KOMOIHAIISX MAIUB, Ta PU

CHIATFOBaHHI BOJIHEBHUX CyMIIIIEH 3 PI3HOIO KOHIIEHTPAIIIEI0 BOIHIO.

Tperiii po3ain gucepramii  OPHUCBSIYEHO  pe3yibTaTaM  KOMIT TEPHOTO

MOJICTIIOBaHHS, 3aBIJKH  SKOMY  BCTAQHOBJICHO  Jlalla30HU  PI3HOMaHITHUX

KOHCTPYKIIIHHUX Ta PEKUMHHUX MMapaMeTpiB, K1 HEOOX1THO JeTaabHIIIE JOCHTIIUTH B

HAaTypHHUX E€KCIIEPUMEHTAX.



OCHOBYIOUHCh Ha pe3yjbTaTaX KOMII IOTEPHOTO MOJEIIOBAaHHS pPO3po0JIeHO
7a00paTOpHUN CTEHN, a TaKOX PsA EKCIEPUMEHTAIbHUX CTPYMEHEBO-HUIIEBUX
MOJYNIB 3 PI3HOI KOMOIHAIIIE0 KOHCTPYKIIMHHX mapaMeTpiB  (AiameTpy
NaJIMBONIOAABAJILHUX OTBOPIB, BIAHOCHOTO KPOKY MK HUMH, TJTMOWHU Ta MIMPUHU

HIII 1 T.J1.)

Y d4erBepTOMY PpO3aidi aucepTaIiiHOi poOOTH TPEACTABICHO pPE3yJIbTaTH
OpUTIHAJIBHUX €KCIIEPUMEHTAIBHUX JTOCIIKEHb, III0 OXOIUTIOIOTh HIMPOKUHN Alana3oH
Bapialliii KJIFOYOBUX MapaMeTpiB. Briepie oTpumMaHno eMmipuyHi JIaHi 1010 MPOIECIB
Tedii, CyMIIIOyTBOPEHHS, TEIIOOOMIHY, cTabini3amii moayM's Ta BUTOPSHHS MaluBa
I KOMOIHOBaHMX  CTPYMEHEBO-HHUIIIEBMX  HadbHUKIB. [li  mociimkeHHs
JEMOHCTPYIOTh MOJIUBICTh €(EKTHBHOTO CIATIOBAaHHS TMAjduB 3 PI3HUMH
XapakTepUCTHKaMU 0e3 HeoOXiaqHoCTI Moaudikaiii KOHCTPYKIIii abo pexxumy poOOTH

NaJIbHUKOBOTO MTPUCTPOIO T4 BOTHETEXHIYHOTO 00'€EKTY.

Briepuie BHUKOHAHO TOpPIBHSUIBHUN aHAJ3 XapakTEpUCTHK Ui CTPYyMEHEBO-
HUIIEBUX MaJTbHUKOBUX MPHU pOOOTI HA PI3HUX BUAAX MAJUBa, MiAIOpaHi ONTUMAaIbHI
KOHCTPYKLIHHI XapaKTepUCTUKU Ui €(PEeKTUBHOT POOOTH MaJLHUKOBOTO MPHUCTPOIO

P TIOCTIIOBHINA poOOTI HA PI3HUX BUJIAX aJIUBA.

3HaiiileH0 HaWOUIbIl e(EeKTHBHI PEXUMHI 1 KOHCTPYKLIWHI  [apameTpu
CTPYMEHEBO-HHUIIIEBOTO MOYJISI, ISl OJTHAKOBO €(pEKTUBHOTO CHATIOBAHHS K PONaH-
OyTaHy Tak 1 MpUPOAHLOTO Ta3y. [[iATBEPIKEHO MOXKIIMBICTh CTBOPEHHSI MOJTYJIbHUX
NaJIbHUKOBHUX TMPHUCTPOIB Yy LIMPOKOMY Jiama3oHl MOTYKHOCTEH 3 BUKOPHUCTAHHSIM

HOBUX CTPYMEHEBO-HUIIIEBUX MOYJIIB.

B m’sitomy po3aiai qucepTaliiitHoi poOOTH JOCTIKEHO BIIUB JOMIIIOK BOJHIO
Ha CIAJIOBAaHHS pPI3HUX BHUJIIB MaJUB B HOBOMY KOMOIHOBAaHOMY CTPYMEHEBO-
HUIIEBOMY MoyJsi. OOIPYHTOBAHO MOKJIMBICTh MPHUBEICHHS TMajUB 3 PI3HOIO
KJIOPIAHICTIO 3aBJISIKM JIOMIIIKaM BOJIHIO. JIO OUIBII CXOKOT0 3HAUYCHHS KOE(IIIEHTY

Boo00e.

JlocnipkeHo BIUIMB JOMIIIIOK BOJIHIO Ha IIPOIIECH TOPIHHS Ta CTPYKTYpy (dakena,
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JOBEJCHO MIABUIIEHHS peaKI[iiHOI 3AaTHOCTI ManuB, ckopoueHHs BukuAiB CO, a
TaKOX JOBXKHUHU (PaKesy 3aBIsSKH 3aCTOCYBAHHIO JIOMIIIOK BOJHIO.

3a pe3yJbTaTamMu AUCePTANiHHUX JOCTIIKeHb CPOPMOBAHO sl BUCHOBKIB:

1. Hns  nuBepcudikamii manuBHOi 0a3u  icHyrouux BO edexTuBHUM
1HCTPYMEHTOM € BCTAHOBJICHHS MAJIbHUKOBI PUCTPOT Ha OCHOB1 CTPYMEHEBO-HUIIEBOT
TEXHOJIOTIi CITAJIIOBaHHS, KA BIAIOBIIA€ BCIM BUMOraM €KOHOMIYHOCTI, €KOJOTIUHOT
Oesneku Ta HaiiHOT poboTtn BO.

2. CTpyMeHEeBO-HMIIIEBA TEXHOJOTIS Jla€ 3MOry 3py4yHO MmigOupartu
KOHCTPYKTHBHI TapaMeTpu Ta MapameTpu poOodoro mpouecy, mod MaTh 3MOry
MpaIloBaTy Ha MepeciueHH] ePEeKTUBHUX MEX (TIepeciueHHs KOHIICHTPAI[IHHUX MEX Ta
CTEX1OMETPUYHHX ITapaMeTpPiB) JBOX 1 OUIbIIE BU/IB MMATUBA.

3. CdhopmMoBaHO MiAXOIU 10 CTBOPEHHSI KOMOIHOBAHUX MAJTbHUKOBUX MPUCTPOIB,
3/IaTHUX CIMAJIOBATH JIBa Ta OUJIbIIIe BUIU MajMBa 0€3 BTpYUYaHHS B 1X KOHCTPYKIIIITHY
YaCTHUHY, 3 3aTaJIbHUMH TPAKTAMH Ta CXOKUMHU PEKUMHUMU TTapaMeTPaMH.

4. BuU3HAu€HO MOKJIMBOCTI JOMIIIOK BOJHIO JI0 IJABHUIIEHHS peaKIiiHOo1
3JIaTHOCTI MPOIAH-0yTaHy Ta MPUPOJHOTO raszy, a TaKOX JI0 MPUBEIACHHS IUX JIBOX
MaJIMB JI0 OUIBII CXOXKHUX TEII0(PI3UYHUX XapaAKTEPUCTHUK.

KuirouoBi ciioBa: nanvHuk, cmpymenego-Huuiesa mexnonio2is, 602HemexHiuti
00’ekmu,  800eHb, eHepeopecypCU, eKCNIYAmayitiHi — yMo8u,  aepoOUHAMIKA
CNANO6aHHs, AIbMEPHAMUBHA eHepeemuKa, nponam-oymawu, oxcuou aszomy, 3-D
MOOeNBaAHH S, epeKmuUBHICMb, BMOMHI NOWKOONCEHHS, MeNni08i ma MmMepMiyHi

HABAHMAINCEHHAL.



ANNOTATION

Kunyk A.A. Enhancing the efficiency of combustion facilities based on jet-niche
technology - Qualification scientific work on the rights of a manuscript.

Dissertation for the degree of Doctor of Philosophy in Specialty 144 "Thermal
Power Engineering". — National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute", Kyiv, 2025.

The research was conducted at the Department of Thermal and Alternative
Energy of the Educational and Scientific Institute of Nuclear and Thermal Power
Engineering, National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute".

Industry and energy sectors face several critical challenges that require prompt
solutions. One of these challenges is ensuring the reliable and efficient operation of
combustion-related facilities in industrial and municipal enterprises, especially under
modern conditions.

A key strategy for enhancing reliability and efficiency is the diversification of
the fuel supply. This approach improves the reliability and economic feasibility of
technological processes and ensures fuel availability. The ability to temporarily switch
to an alternative fuel source can be crucial, particularly in cases of supply disruptions
of the primary fuel.

The first chapter of the dissertation examines the current state of various types
of combustion-related facilities and their fuel base worldwide and in Ukraine. It
analyzes trends in the adoption of new fuel types, issues associated with the use of
conventional fuels, and approaches to addressing these challenges. An analytical
review of combustion technologies is conducted, and a list of requirements for
combustion technologies is formulated to facilitate the implementation of combined
and universal burner devices.

From the perspective of burner device design and combustion-related facilities,

the study explores the impact of various fuel types on burner operation. The differences
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in the physical and chemical properties of these fuels are analyzed, along with potential
modifications to burner designs to improve combustion efficiency and reduce harmful
emissions. Other significant challenges in organizing efficient combustion are also
considered.

Among technologies capable of combusting various fuel types in different
aggregate states, jet-niche systems stand out. These technologies and their
corresponding burner devices offer numerous advantages, including a wide range of
stable combustion and low hydraulic resistance in the oxidizer pathway. The
advancement and widespread implementation of these technologies require a deep
understanding of the combustion process dynamics under such conditions.

For several decades, the Department of Thermal and Alternative Energy at the
Educational and Scientific Institute of Nuclear and Thermal Power Engineering,
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute",
has been developing burner devices based on jet-niche technology, characterized by
high economic efficiency, environmental safety, and reliability.

One of the primary approaches to fuel diversification examined in this study is
the research, development, and implementation of a new type of combined burner
devices. These devices enable more efficient combustion of both various types of
primary fuels and reserve or emergency fuels, which are already available at most
combustion-related facilities.

A key focus is the capability of sequential combustion of natural gas and
propane-butane without modifications to the burner design or extensive preparation.
Additionally, the study analyzes the use of high-reactivity fuel additives, such as
hydrogen, to align different fuels with similar thermophysical characteristics, including
the Wobbe index and combustion temperature.

The second chapter presents the methodology and techniques for conducting
research in laboratory conditions and at industrial facilities. The designs and testing
methods of experimental setups are described, along with an assessment of

measurement errors. The research methodology includes:



1. A set of experimental studies and computational models to establish the patterns
of combustion processes in single burner modules operating with various fuel
types.

2. Investigations into the dynamics of combustion in jet-niche burner devices using
different fuels and their combinations.

3. Studies of the combustion process in jet-niche burners when using fuel mixtures
with hydrogen additives.

4. Preliminary characterization of burner devices for multi-fuel combustion based
on CFD modeling.

5. Comparative analysis of burner operation characteristics under various fuel
combinations, including hydrogen-enriched mixtures with different hydrogen
concentrations.

The third chapter is dedicated to the results of computational modeling, which
identified the ranges of design and operational parameters that require further detailed
investigation through physical experiments. Based on these findings, a laboratory test
stand was developed, along with a series of experimental jet-niche modules featuring
different design parameter combinations (fuel injection hole diameter, relative spacing,
niche depth and width, etc.).

The fourth chapter presents, for the first time, a comprehensive set of
experimental data on flow dynamics, mixing, heat transfer, flame stabilization, and fuel
burnout in single jet-niche burner modules designed for multi-fuel combustion without
modifications to the burner or combustion facility.

A comparative analysis of jet-niche burner characteristics for different fuel types
was conducted, and optimal design parameters were identified to ensure efficient
operation when switching between different fuels. The most effective operational and
design parameters for the jet-niche module were determined for the efficient
combustion of both propane-butane and natural gas. The feasibility of developing
modular burner devices with a wide power range using new jet-niche modules was

confirmed.



The fifth chapter examines the influence of hydrogen additives on the
combustion of various fuel types in the new combined jet-niche burner module. The
study substantiates the potential for adjusting the calorific value of different fuels using
hydrogen additives to achieve a more consistent Wobbe index.

The impact of hydrogen additives on combustion dynamics and flame structure
was analyzed, demonstrating an increase in fuel reactivity, a reduction in CO
emissions, and a decrease in flame length due to hydrogen supplementation.

Based on the dissertation research, the following conclusions were
formulated:

1. The implementation of jet-niche combustion burner devices is an effective tool
for diversifying the fuel base of existing combustion facilities, meeting
economic, environmental, and reliability requirements.

2. Jet-niche technology allows for the flexible selection of design and operational
parameters to ensure combustion stability at the intersection of effective
concentration and stoichiometric limits for multiple fuel types.

3. A methodology for developing combined burner devices capable of combusting
two or more fuel types without structural modifications, featuring common flow
paths and similar operational parameters, was established.

4. The potential for hydrogen additives to enhance the reactivity of propane-butane
and natural gas was demonstrated, along with the feasibility of aligning their

thermophysical properties.

Keywords: burner, jet-niche technology, combustion facilities, hydrogen,
energy resources, operating conditions, combustion aecrodynamics, alternative energy,
propane-butane, nitrogen oxides, 3-D modeling, efficiency, fatigue damage, heat and

thermal loads.
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Journal of the Chemical Institutes of the Bulgarian Academy of Sciences and of
the Union of Chemists in Bulgaria. Bulgarian Chemical Communications,
Volume 52, Special Issue F (pp. 14-19) 2020 DOI: 10.34049/bcc.52.F.0002
Google Scholar, Scopus ([lucepmanm onpayroseas pedcumHi Kapmu
soooepiunux komaie KBI'M-20).)
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6. Cipuii O., AGaynin M., Kynuk A., 3pimkeni razu. HoBi MOXIHUBOCTI. «ByeinbHa
menjloeHepeemuKa. Wiaxu peKoOHCmpyKyii ma pozeumkyy. 30ipKa HayKOBUX
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2020. C. 142-146.
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nanuBa. «lIpobaemu exonoeii i excniyamayii o6ekmie enepeemuxuy. 301pHUK
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/ TnctutyT ipomucioBoi exkojiorii M.Kuis, 2020. C. 137-142.

8. AOaynin M., Kynuk A., Illememe#t T., B3aeM03B’s30k BTpar TEIJIOTH 3
BIAXIMHUMH Tra3zamMu Ta emicii NOx B KkoTjioarperatax. «ByeinibHa
menjioeHepeemuKa. WisAXu pPeKOHCMpPYKYii ma pos3sumky» 30ipka HayKOBHUX
npaib: XVII MixxnapoHoi HayKoBO-TpakTU4YHO1 KoHdpepeniii M. Kuis, 19-20
#0BT. 2021p./ IHcTUTYT TemioeHepreTuunux TexHosorii HAHY m.Kuis, 2021.
C.206-210.

9. Abnynin M., Kynuk A., ITopxyn C., [lepciekTUBH BUKOPHUCTAHHS IPOMaH-
OyTaHy B SIKOCTI MajiiBa Ha BOTHETEXHIYHUX 00’ €KTax. «/Ipobnemu exonoaii i
excnayamayii obexkmie eumepeemuxuy  30IpHHK HAyKOBHX Ipaib: XXX
Mixunapoanoi koHpepenuii M. Kuis, 19-20 auct. 2020p./ [HCTUTYT IPpOMUCIOBOI
exoJorii, Kuis, 2021p. C.50-55.

10.Cipuii O., Aoaymin M., Kynuk A., IligBuilleHHS peakiiifHOi 37aTHOCTI
MPUPOJHOTO Ta3zy Ta MpomnaH-OyTany. «lIpobremu exonocii i excniyamayii
obexkmie enepeemuxuy 30ipHUK mpank: XXXII MixHapoaHoi KoHdepeHiii
M.KuiB, 20-21 Bep. 2022p./ InctutyT npomuciioBoi ekonorii, Kuis, 2023p. C.57-
63.
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MEPENIK YMOBHNX MO3HAYEHD, CMUMBO/JIIB | CKOPOYEHb

0 . HIDKYA TEIUIOTA ClIaoBanHs nanusa, KJx/(m°);
F - mioma cideHHs HOBITPAHOIO KaHaly, M%;

O — TOBILIMHA TOTPAHUYHOTO 11apPY;

K - xoedimieHT 3axapaiieHHs! HOBITPSHOTO TPAKTY;

P - tuck, Ila;

& - IHTEHCUBHICTh TypOYyJIEHTHOCTI MTOTOKY, %0;
o337 — Koed. HaAJIMIIKY MOBITPS B 30H1 3BOPOTHUX TOKIB;
Wop — 00TiYHa MIBUAKICTH CTPYMEHIB, M/C;

Wp — MBUAKICTH MTOTOKY MOBITPS, M/C;

Wr— mIBHUIKICTH CTPYMEHIB rasy, M/c;

V —00'em, M>;

L - nosxuna akeny, M;

N - HOTy’XHICTh TATBHUKOBOTO IpUCcTpoo, MBT

W — IIBUIKICTB, M/C;

T - IOBHOTA 3rOPSIHHS MAJIMBA;

Ol - HAJTUIIOK TOBITPS;

¢ - koedilieHT aepoAMHAMIYHOTO OTIOPY;

T - temnepartypa, K;

A KoediieHt TemionposiaHocti, Bt/(Mm-K);

G — BUTpaTH MPUPOJHOTO Tazy, r/c;
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o) - Koe(IIiEHT HAUTUIIKY TOBITPSI B CTYPMEHEBO-HIIIOBIN cucTeMi OalaHCHUM;
Lo — xoediiieHT cTeXioMeTpii;
L - nos>xuHa Hillll, MM;

H - rmubuna Himi, MM;

S - BimmocHwuii KPOK MI>K OTBOPAaMH TMaJTUBOIO/IAY1;

d - giameTp OTBOPIB MATMBOMOAY1, MM;

L, - BizcTaHp Bij 3pUBHOI KPOMKH JI0 OTBOPIB ra30mo/aadi;
q - TIApOAMHAMIYHUN TapaMeTp;

h, - manexoO61iHICTh CTPYMEHIO;

Q - KUIBKICTP TEIUIOTH, JIK;

p - IYCTHHA, KI/M?;

Nors - KUTBKICTh MATMBOPO3/1aBATBHUX OTBOPIB B MOJTYJII, IIT;
Re - xputepiit PeitHomnbaca;

g - TpaBiTaliline IPUCKOPEHHs, M/C?

n - KoeilieHT MacoOOOMIHY;

Vv - Koe(illi€HT TMHAMIYHOI B A3KOCTi, M%/C;

Cpm — CEPENIHS BaroBa TEIUIOEMHICTD, JIK/KT;

Uy —IIBUAKICTH MOMTUPEHHS TIOTYyM sl HOpMaJIbHa;

€ - KOe(IIIEHT TAPABIIYHOTO OIOPY.
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OcHoBHI iHAEKCH:

I1 — manuBo;

O - okuCHIOBaY

I' - mpuponnuii ras;

[1b — nponan-6ytan

CM — cymiu najuBa Ta MoBiTPS;

CC — cTpymeneBa crabimizanis dakemny;

K — xanan noBiTpomnoaaui,

OCHOBHI CKOpPOYeHHS:

[1I1 - manbHUKOBUY HPUCTPIi;
BO - BoruerexuiuyHuii 00’ €KT;
Kp — xoed. pobouoro perynroBaHHS;

HTVY «KIIl» - Hamionanbauii TeXHIYHUMA yHiBepcuTeT YKpainu «KuiBchkuii

MOITEXHIYHUN IHCTUTYTY.

KK/ - koedirieHT KOpUCHOI 1ii;

CHC - cTpymMeHeBO-HIIIOBa CUCTEMA;

CHT - ctpyMeHeBO-HIIIIOBA TEXHOJIOT'1S;
JKKT' - )XHTII0BO-KOMYHAJIBHE TOCIIOAAPCTBO;
33T - 30Ha 3BOPOTHUX TOKIB;

K3 - xamepa 3ropsiHHS;
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Beryn

AKTYaJBHICTb TeMH. Y 3B’S3Ky 3 €HEPreTUYHOIO Ta €KOJOTIYHOIO KPHU30I0 Y
CBIT1 CTPIMKO 3pPOCTA€ 3aIIKaBJICHICTh Y BUKOPUCTAHHI PI3HOMAHITHUX BUJIB MMAJIUBA.
Bixe icHye Oarato BOrHETEXHIYHUX 00’ €KTIB, SIKI MOXYTb IPALIOBAaTH Ha PI3HUX BHUIIB
najrBa, a TAaKOX MaJbHUKOBI MPUCTPOI, Kl MOXKYTh CIAJIOBATH PI3HOMAHITHI BUIU
nanmuBa. OHAK, TOCTa€ MUTAHHS NIPO MOXJIUBICTh BUKOPUCTAHHS IIUX BUJIB MaJIMBa
0e3 momepeAHbOi MIATOTOBKA Ta 3MIHM KOHCTPYKIII MaJbHUKOBHX MPHUCTPOIB. Lls

00CTaBMHA BU3HAYAE aKTyaJ'II)HiCTB MOET pO6OTH, sJgKa IIoJirac B:

- CyTTEBIM €KOHOMIT BUTPAT MIAIPUEMCTBA HA MTOKYIIKY HaJIMBa, 00CIyrOBYBAaHHS

MaJMBHOTO TOCIIOAAPCTBA 1 T.1.;

- IBUIIICHHSI 3araJIbHOI HAJIHHOCTI BOTHETEXHIYHOTO 00’ €KTY, Ta BUPOOHUYOL

JIHIT B3aralii, 3a paxyHOK pO3IIMPEHHS HOMEHKJIATYpH NaJuB Ha 00’ €KTI;
- TMOJIIIIICHH] JIOTICTUYHUX JIAHIIOT1B MaJUBOIOCTaYaHHS;

- M1 IBUIIICHHS 3arajibHOI HAJIMHOCTI EHEProCUCTEMH 3a PaXyHOK JuBepcHudiKaliii

PH3UKIB,;

JlocHmiIKEHHST TOMTKOBUX MPOIECIB BOTHETEXHIYHUX 00’ €KTIB PO3TIISAAIOTHCS B
poboTax Takux y4eHHX, K Xpuctud Bonogumup Onexkcanaposuy, A0 xynin Muxaiino
3arperaunosuy, Copoka bopuc CemenoBuy, Ciran Icaak SAkoBuu, €piHOB AHaTOMI
BepewmiiioBuu, ®ianko Hartamis MuxainiBa Ta ixmi. [Ipote npobiemaTuii
CTBOPEHHSI KOMOIHOBaHUX MaJIbHUKOBUX MPHUCTPOIB OCTAHHIM YacOM NPHUILISETHCS

HCIAOCTAaTHBO yBaru.

MOXIHBICTh 3aCTOCYBaHHS PI3HOMAHITHHX BHJIIB MajJuBa B paMKaxX OJHOTO
BOTHETEXHIYHOTO O00’€KTy € OYeBMAHO BUTIIHOIO. OJHAK, BHHHUKae mpoliema 3
pallioHaIbHUMH 3aTpaTaMd Ha MOJEPHI3allil0 Ta eKCIUTyaTallil0 PpO3MIHUPEHOTO
NAJIMBHOTO TOCMOJAPCTBA, IO MOBUHHO OyTH €KOHOMIYHO BUT1IHUM JJIs BIACHUKIB
nianpueMcTBa. KpimM 11p0ro, 10cCi KOAHA TEXHOJOTIS CHAIIOBAHHS HE CIIPOMOTJacs

CHaJIIOBAaTH J[Ba 1 OUTBIIE BUIM TAJIMBA 3 OJJHAKOBOIO €(DEeKTUBHICTIO.
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B nucepraiiittiii po60Ti poO3rIsSHYTO METOIM CIATFOBAHHS PI3HOMAHITHUX BU/IIB
NaJnBa, 10 O3BOJIATH MaJbHUKOBOMY MPHUCTPOIO MPAIIOBATH MO Yep3i Ha JBOX YU
Ounplie BHIax MajguBa Oe3 HEOOXIAHOCTI y TpUBAiiil MIATOTOBII, Ta 3MiHI B
KOHCTPYKIIIi MPUCTPOIO MK pOOOTOO HA Pi3HMX NanuBax. KpiM boro po3risgaroThCs
CHOCOOM 3MEHIIUTH PI3HUII0 MK PEKUMHUMHU MapaMeTpaMu Ipu poOOTI Ha JBOX

BHUAaXx IIaJIiBa Ta 3HU3UTHU €KOJIOT1YHE HaBaHTaKCHHS Ha HABKOJIMIITHE CCPCIOBUIIIC.

Ornsig AOCHIIKEHb PI3HUX BOTHETEXHIYHHX 00’ €KTIB BKa3y€ Ha Ba)JIMBICTb
PO3BUTKY Ta BIIPOBA/PKCHHS KOMOIHOBaHUX TMaJbHUKIB Ha OUIBIIICTh 3 HHX.
JlocnmimxeHHsT TanuBHOI 0a3u, poOOYOro MPoIecy NATBHUKOBUX MPUCTPOIB, a TAKOK
JIOCBI1J1y 3aCTOCYBaHHS JJOMIIIOK BOJIHIO CBITYUTD, 1110 OJHUM 3 IMOTEHIIINHUX METO/I1B
CTBOPCHHSI ~ YHIBEPCAJIbHUX  TAJbHUKOBUX  TPHUCTPOIB €  BHUKOPUCTAHHSA
BUCOKOPEAKTUBHUX IMAJIUB, TAKUX SIK aMOHIM YU BOJCHB, SIK1 JIO3BOJIIOTH PO30ABISTH
1HIII BUJW TMaJlUBa JIsl PErysiroBaHHS iX koedimieHTiB Bo0OOe, TerioTu 3ropsHHS,

pEeaKIiifHOi 31aTHOCTI, TOIIO.

Le#t MeTox TaKOXK CIPHsiE TOKPAILEHHIO MPOLIECY TOPIHHS B IIJIOMY, OCKUTBKU
BUCOKOpEaKiifHI ManuWBa JONOMAararoTh JONATIOBATH 3aJHIIKA HE3rOpPiBILOTO
HU3bKOPEAKLIHHOTO MajiiBa Ha MeXax (akeia, THM CaMUM 3MEHIIYIOYM HeJIOMal.
Kpim Toro, 11e Moxke MpU3BECTH 0 MOKPALIECHHS €KOJIOTTYHUX MMOKAa3HUKIB TOPIHHS,

OCKUJIbKH HEJI0Ta 4acTO MPU3BOAUTH J0 301IbIIIEHHS eMICli IIKIAJIMBUX PEUOBHH.

3B's130k  podOTM 3 HAYKOBMMH MNpoOrpamMamMu, IUIAaHAMH, TeMaMM.
Hucepramiiina po6oTa BUKOHYBaJach BIAMOBIAHO 10 3akoHy Ykpainu «lIpo
eHepro3oepexxeHHs», 3arBepakeHoro [locranoporo BepxoBHoi Pagu Ykpainu Ne 74 \
94 01.07.1994 p.; «OCHOBHUX TOJIO)KEHb EHEPIeTUYHOT cTpaTerii YKpaiHu Ha Tepioj]
no 2030 p.», npuiinartux KaGinetom MinictpiB Ykpainu 15.03.2006 p. PoGorta €
CKJIQZIOBOIO JIOCHIPK€Hb, MPOBEACHUX B paMKaxX BHKOHAHHS AEP>KOIOJKETHUX
HayKoBO-nochiganx podit 4.01 «Po3pobka wmeTomiB Ta 3aco0iB  ITiIBUIICHHS
e(peKTUBHOCTI 00J1aIHAHHA TEIIOBUX €JIEKTPOCTAHLIN Ta Ta30TypOIHHUX YCTaHOBOKY,

TUp Ne 0116U005215 (2016 — 2020 pp.).
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Mera i 3aBaanHs AocJiqkenHs. Mera g0CiiKeHHS MosaTae y popMyBaHHI
METO/IIB MABUILEHHS €(DEKTUBHOCTI PI3HUX MPOMHUCIIOBUX Ta CHEPreTUUYHUX 00’ EKTIB
3a JIOMOMOTOI0 BCTAHOBIIGHHS KOMOIHOBaHUX CTPYMEHEBO-HIMIOBUX MaJbHUKOBUX
npucTpoiB. B mporieci aHamizy niTeparypHUX JKepen OyJio BHSBIICHO JBa OCHOBHUX
MiIXOMW 10 CTBOPEHHS KOMOIHOBAaHHMX CTPYMEHEBO-HINIOBHX MAJIbHUKOBUX

IIPUCTPOIB:

a) [IpuBegenHst mapameTpiB poOOUYOro Mpolecy rOpiHHA Ta KOHCTPYKIIIMHUX
XapaKTepUCTHK NaJbHUKOBOTO MPHUCTPOIO IO TAKMX 3HAYEHb, L0 3HAXOIATHCS Ha

nepeTrHi epeKTUBHOCTI pOOOTH Ha JBOX PI3HUX BHUJIAX MaJUBa.

0) BukopucTtanHs pi3HOT KIJTBKOCTI JOMIIIIOK BHCOKOAKTUBHUX TAJIMB, TAKUX SIK
BOJICHb 200 aMOHIH, JUIs JOCSATHEHHS HEOOXIIHMX XapaKTEPUCTUK CYMIII MaJuB Ta
MiIBUIIEHHS €(DEKTUBHOCTI MPOIIECIB TOPIHHS 32 PaxXyHOK MIiABUINCHOI peakIliitHOI

3JIATHOCTI.
06 ’exm 00CHiOAHCEeHHA:

e  Poboui npoyecu 6 naibHUKOBUX NPUCTPOSIX,
o  Opeanizayis monkogo2o npoyecy 802HemexHiuHux 00 exmis npu pooomi Ha
PI3HUX 8UOAX NAIUBA,

o  [lanusni cocnooapcmea pizHux udie 602HeMexHIUHUX 00 €Kmis.

IIpeomem Oocnioocenns:

®  3akoHOMiIpHOCMI npoyecié po30ayi namuea, CyMiuloymeopeHHs, SAKOCHI
BUCOPAHHS MA CMIUKOCMI 20PIHHA NPU NOYep2o8ill poOOmMI NAlIbHUKOBO2O
NPUCMPOIO HA PIZHUX 6UOAX NATUBA,

®  3akoHOMipHOCMI  eleMeHmi8  poO0ou020  npoyecy — VHIBEepCANbHUX

NATLHUKOBUX NPUCPOI8 3MOO0ETbOBAHUX 30 PISHUMU NIOX00AMU,

Metoau nocaimkeHHsi. BupimeHHs mnocTaBieHUX 3anad OyJio JOCSATHEHO
3aBJISIKM KOMIT FOTEPHOMY MOJIEJIFOBAHHIO TAPOJAMHAMIYHUX IPOLECIB B MAJTIbHUKOBUX

MOJYJISIX, @ CaMe — SIKOCTI CyMIIIOYTBOPEHHS, TYpOYJIEHTHOCTI MOTOKY TO YTBOPEHb
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30H 3BOPOTHHX TOKIB. Lle 103BosmiIo miaidpatu HeOOX1aH1 71k TPOBEACHHSAM JTOCTiIIB
po0sIeM Ha JJabOpaTOPHUX CTEHAAX MapaMeTpu. A JOCTIAN B IPOMUCIOBUX yMOBaX

JIOTIOMOTJIH Bepu(iKyBaTh OTPUMAaHI JIaHi.

JIOCTOBIpHICTh OTPUMAHUX JaHHMX Ha BCIX €Tamax MOpiBHIOBAJACA MK COOOIO
Ta OKPEMO BpaxoByBaiucsi moxuou. OOpoOKka Ta y3arajabHEHHs eKCIIEPUMEHTAIbHUX,
YHCEIHHHUX Ta MPOMHUCIOBUX PE3yJIbTATIB MPOBOIMIIACS 32 JOTIOMOTOIO BiJIITOBIIHOTO

IPOrPaMHOTO 3a0€3MEUCHHS.
HaykoBa HOBH3HA OTPMMAaHHMX pe3yJIbTATIB.

1. Brmepie 3a I1OMOMOrOI0 OTPUMAHUX JaHUX EKCHEPUMEHTATbHUX IOCHIJKEHb
BU3HAYEHO [1alla30HM OCHOBHUX KOHCTPYKIIMHMX, Ta PEXUMHUX IMapaMeTpiB,
KOMOIHOBAaHHUX CTPYMEHEBO-HIIIOBUX MaJbHUKOBUX MOAYJIIB (mpu poOOTI Ha
nponaH-OyTaHi Ta IPUPOTHOMY Ta3i), 110 3a0e3MeUYI0Th HEOOXIAHY CTPYKTYPY
Teuii, SAKICTh CYMIIIOYTBOPEHHS, TEIJIONEPEHOCy, cTadim3aii mnomym’s i
MOBHOTY BUTOPSIHHS TAJIMBA B 30H1 CTa01I13a111i TOPIHHS.

2. Brmepuie peani3oBaHO CHANIOBaHHS MpPONaH-OyTaHy Ta MPUPOJHOTO ra3y Ha
KOMOIHOBAaHUX CTPYMEHEBO-HHILIEBUX MAIbHUKOBUX MPUCTPOIB HOBOTO TUITY 0€3

HEO0OX1THOCT1 Y BHECEHHI 3MIH B KOHCTPYKIIIIO MMaJIbHUKA YU B PEKUM;

3. TIpoBeaeHO MOCHTIIKEHHS BIUIMBY MacOBO1 YaCcTKH BOJIHIO (710 50%) B mayMBHIN
CyMillll CTPYMEHEBO-HUILIEBOTO KOMOIHOBAHOTO MaJbHUKOBOTO MOJYJIA, Ha

M1BUIIEHHS PEaKIiMHOI 3IaTHOCTI, @ TAKOK 3MEHIIICHHS unciia Boooe;

4. Ha ocHOBI KOMOIHOBAaHUX CTPYMEHEBO-HHUIIIEBUX MOJYJIIB, CTBOPEHO MOJICTLHUM
PAI TAJTLHUKOBUX MPUCTPOIB. Taki MalbHUKOBI MPUCTPOIB 3a0€3MEUYIOTh BULITUN
KoedilieHT podouoro perymoBaHHs (Outblie 6), KopoTmui ¢aken (Ha 5-10%
IIPHU OJTHAKOBHX YMOBaX) Ta 37[aTHI MMyCKATUCS TIPU HUKIOMY TUCKY TanuBa (B 3-
4 pa3u) B TOPIBHAHHI 3 IHIIUMH MOJEISIMH KOMOIHOBAaHHMX MaJIbHUKOBUX
OPUCTPOiB, a TaKoX 3a0e3MeuyroTh CTaOUIbHE TOPIHHS MpPU HAAHU3BKUX

3HAQYEHHSIX KOoe(illieHTy Ha UKy noBitps (a~1,02).
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5. BeayTtbcest poOOTH 1O BCTAHOBJICHHIO BHINE3TaJaHOTO MAIBHUKOBOTO MPUCTPOIO
Ha MIPOMUCITIOBOMY 00’ €KTi, 11 Bepudikailii JaHUX OTPUMAHUX 3 JOCIIIKEHHS

Ha OLIBII HIUPOKOMY MTPOMIXKKY 4Yacy.
IIpakTU4He 3HAYEHHS OJIeP:KAHUX Pe3yJIbTaTiB

1. V pe3ynbTaTi mpoBeAeHHS JOCTIIKEHb Ha €KCIIEPUMEHTAIbHUX CTEHJaX Ta
3aCTOCYBaHHSI KOMIT FOTEPHOTO MOJIETIOBaHHSI CTBOPEHO Ta YCHIIIHO BUIIPOOYBAHO B
naboparopuux ymoBax [IIl HOBOro Tumy 3 KOHCTPYKIIMHHMH MapamMeTpaMu, IO
e(eKTUBHO JTO3BOJISIOTH CIAIIOBATH MMAKMBO 3 AoMimiKkamMu BoaHo. CtBopenuii [111 Ha
OCHOBI CTPYMEHEBO-HIIIOBOI TEXHOJIOT1I Ja€ MOXKJIMBICTh YAOCKOHAIUTH OpTaHi3allio

TOTKOBOTO MPOLIECY B PI3HUX BOTHETEXHIYHUX 00’ €KTaX.

2. Ha ocHOBI gocmiakeHb 0COOIUBOCTEH KOMOIHOBAHOTO CTPYMEHEBO-HHILIEBOTO
najpHUKa po3pooOsieHo mpomucioBi [II1 HeoOXigHOI MOTYXHOCTI ISl BUPIIMICHHS

ICHYIOYUX MPOOJIEM B PSJIi ICHYIOUMX BOTHETEXHIYHUX 00’ €KTIB Pi3HUX BUJIIB .

3. Po3po6unennti 111 OyB 3anaissHuii mpu mpoBeaeH1 MoepHi3allii razudikaTopHoi

ycTaHoBKU B M. Kaiymi.

4. PospobOineHo Tta mnepemaHo nokymeHTtamiro B TOB «HBK»CHT» miono

BHKOPHUCTAHHA KOMOIHOBaHUX CTPYMCHCBO-HUIIICBUX MOI[YJIiB.

5. TOB «HBK»CHT» Bucoko OIIHWIO pe3yJabTaTh POOOTH 1 MPUIHSIIO IX IS

M0J1aJIBIIIOTO BIPOBAHKEHHS B PI3HUX cepax CBOET AisNTBHOCTI.

Oco0ucTuii BHecok 3100yBaya. Yci JaHi, IO CTOCYIOThCS TUCEPTalIHHOI
pobotu, 6y 310paHi Ta 00pobIIeH] 3100yBaueM ocobucTo. Ile Bkimroyano npoBeaeHHS
aHamizy Ta OOpOOKY eKCIEepUMEHTAIbHUX JaHUX, 30KpeMa MO0 CTPYMEHEBO-
HUIIEBUX TaJbHUKIB pPI3HUX THUIIB. Takox 3100yBady CaMOCTIMHO pPoO3poOuB

KOHCTPYKIII1 YHIBEpCaAIbHUX MaJIbHUKIB Ta MOIYJIIB PI3HUX THUIIIB.

VYci acniekTH, MOB's13aH1 3 TUIAHYBAHHSM €KCIIEPUMEHTIB, 0OPOOKOI0 OTPUMaHHUX
pe3yNbTaTiB Ta aHaJII30M JIaHUX, OyJIM BUKOHAHI 37100yBaueM ocoOucto. ABTOp Opas
Oe3rocepeIHI0 y4acTh Y Ja00paTOpHUX BUIPOOYBAHHSX, 3AIMCHIOIOUN 3aMipH BCIX
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HEOOXIHMX TapaMeTpiB IS aHali3y KUIBKOCTI Ta SKOCTI TPOAYKTIB 3TOpPSHHS
JTOCHKyBaHUX 00'ekTiB. Bcl po3paxyHkM TakoX OyJd BHUKOHAaHI aBTOPOM

CaMOCTIHHO.

AHani3 pe3ynbTaTiB €KCIEPUMEHTAIbHUX JOCTIIKEHb, IX Yy3arajlbHEHHS Ta
IPOMHCIIOBI BUIPOOYBaHHS YHIBEPCAJIbHHUX MAJTbHUKOBUX MPUCTPOIB 3 BpaXyBaHHIM
OTPUMAHMX PE3yNbTaTIB AUcCEpTaiii Oyiau TpOBEIeHI 3a Oe3MOCepeNHbOI ydacTi

3n100yBaya.

Anpobauia pe3yabTatiB aucepramii OCHOBHI TIOJIOXKEHHSI JUCEpTaIlii
3aCIIyXOBYBAJIUCh Ta oOropoproBaiuch Ha: XVI ta XVII MiXHapogHUX HayKOBO-
NpaKTUUHUX KOH(epeHlisx «ByribHa TerioeHepreTHka: NUISIXU PEKOHCTPYKIIi Ta
po3BuTky» Ta XXX, XXI, XXII Mixxnapoguux koHpepeHiis «[Ipobiaemu ekosorii Ta

eKCIUTyaTallii 00’ €KTIB eHEPreTHKI

Po6ora cknamaeTscsi 31 BCTyINy, II'SIThOX PO3JLTIB, BHUCHOBKIB, CIIHCKY
BUKOpHUCTaHUX Jxepes. O0car poOoTu CTaHOBUTH 161 CTOPIHKY, Y TOMY YHCIIl CIIHCOK

BUKOPHUCTAHUX JIKepen 3 74 HalilMeHyBaHb Ha 8 CTOpIHKaX.
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Posyin 1. JITEPATYPHUI OT'JIA]I.

1.1. Bugn manusa.

Ha cboroanimHiii 1eHb Mepea MPOMHUCIIOBICTIO, 30KpeMa Tiepe]] EHEPreTHKOIO,
CTOITh O€3J11Y 3aBllaHb, IO MOTPEOYIOTh HeraitHOro BUpimieHHs. OJHIEI0 3 TaKUX
HaraJlbHUX MPoOJEeM € JOCTIIPKeHHS Ta BIPOBA/PKCHHS HOBHX BHJIIB TaJIUBA.
[cTopruHO KOXKHHMIA €Tam PO3BHUTKY JIIOJICTBA CYIPOBOKYBABCS BIPOBAIKCHHSIM
HOBHX JDKepen eHeprii. Byrumns BuTicHWIO nepeBuHy, HadTa Ta ra3 NPUAILIM HA

BYTUUIS, a siZilepHa eHepris noyajia MoCTyNOBO 3aMilllyBaTH HaTy Ta ras.

KoxHe BIOKpUTTS Ta 3acTOCYyBaHHS HOBOTO BHIY IajuBa 0OaraTokpaTHO
30UIBIITYBAJIO TIOTEHIlIAN JIFOACTBA. [IpoTe HaBITH KOJU JIFOACTBO OCBOIOBAJIO HOBI
JUKepenia eHeprii, depe3 MecATKH abo COTHI POKIB iX BHKOPUCTAHHS BUSBIISIIOCS

HEJIOCTATHIM JIJI 3aJJ0BOJICHHS TTOTPEO MPOMHUCIIOBOCTI. [1]

[IpomucnoBicTh po3BUBaANAcid HaJI3BUYAHO MIBUAKMMH Temmnamu. [lig dgac
[HnycTpianbHOi peBOMIONIT BUKOPUCTAHHA MApOBUX JBUTYHIB 3 BYTULISM, B SIKOCTI
HaJnBa JO3BOJMIO 3HAYHO 301IBIINTH BUPOOHHUIITBO OJ1ar, OCBOITH HOBI TEXHOJIOTII Ta
teputopii. IIpore 3 wacom pojoBHIa BYTUUIS BHYEPIyBAJIUCS, a 3a0pyaHEHHS
aTMoc(epH cTaBasio Bce OUTbII MOMITHUM. Yepes KiibKa CTOJITh po00Ta y BYT1IBHUX
IIaxTax CTajla HaJ3BUYalHO TSHKKOIO Ta HeOe3MeuHo10. MeToa BIIKPUTOro BUAOOYTKY
BYT1JUISL BUSIBUBCS HETIPAKTHYHUM, 1 JOBEJIOCS MEPEUTH Ha MiA3eMHHI BUIOOYTOK.
3axonauu Bce rmOmle, IiHA Ha BYTUUIA 3pOcTana, a MpoOJeMH 3 €KOJOTIYHHM

3a0pyIHEHHSIM HaBKOJIMIIIHHOTO CEpEOBUIIIA HAOYBaIU BCE OUIBIIOTO 3HAUEHHS. [1]

Tak, y 1952 pori JIoHI0H, OJIUH 13 €KOHOMIYHUX IIEHTPIB €BPOMHU 1 CTOIULIA
Bbputancekoi immepii, cTaB CBIZKOM TyCTOTO CMOTY, SIKHH CIPUYMHHUB CEPiO3HI
npobsemu. [IpoTsarom m'sTu JHIB OLIbIIE CTa THUCSY JIFOJEH 3aXBOPIIM BHACIIIOK

IIOT'O CMOTY, & IECATKH THCSY 3aruHyIu. (IuB. puc. 1.1) [2]
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Pucynoxk 1.1. Benukuii cmor. Benukoopurasis, Jlonaon 1952.

[leit ¢akT cnonykaB bpurtanito 3aKpUTH YaCTUHY BYTIJIBHUX INAXT, MPUUHITH
OUTBII CYpOB1 €KOJIOTIYHI 3aKOHM Ta PO3MOYAaTH UIyKaTH anbTepHaTtuBU. Ha ToM
MOMEHT HAMOUYEBHUIHINIOW 3aMIHOIO CTaB MpUpoaHUl Ta3 [2]. ChOoroHI NpUpOIHUN
ra3 — OJHE 3 OCHOBHUX MaJMB, aj€ ICTOPUYHO HOTO MOKHA Ha3BaTH BIJHOCHO
HEIO/IaBHIM Haj0aHHsAM. [cTopis BKasye, MmO JIOAM 3aMITHJIM BUXIA 3 HaJIp
npupoaHoro razy Ha Kaskasi Ta B Cepenniii A3ii me B 6000 pori 10 H.e. (AUB. puc.
1.2) mpore nuie B cepeanni XIX cTOMTTS NpUpoOIHii Ta3 Mo4Yaau BUKOPUCTOBYBATH
B 1100YyTi. BiibII-MeHI1Ie MMPOKE BUKOPUCTAHHS B IPOMUCIIOBOCTI PO3II0YAIOCh JIUIIIE

B 30ux pokax XX cTomiTTs. [1]

BukopucranHs rasy SK manauBa JO3BOJIJIO CKOPOTUTH Tpare3aTpaTH B
IPOMUCIIOBOCTI, a/DKE€ 3HMKJIA HEOOXIJHICTh B OUIBLIOCTI MPOLECIB MIATOTOBKH,

noApiOHEHHs, PO3MOPOKYBaHHS, 3HAYHO CIIPOCTUIIOCS 30epiraHHs nanusa 1 T.1. [3]
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Pucynoxk 1.2. [lpupoanuii Buxijg ra3y 3 Hajp 3emii.

3acTocyBaHHS PUPOTHOTO Ta3y (i mapaieabHUN PO3BUTOK EICKTPOHIKHA) 3HAYHO
MOJIETIIMJIO TPOLIEC aBTOMATH3alllii TEXHOJOTIYHHUX NPOIECIB B EHEpPreTHlll Ta
IPOMUCIIOBOCTI. BOorHeTEXHIUHMIT 00’ €KT 1110 MPAIFOE HA TPUPOTHOMY a3l MiIIa€ThCs
aBTOMaTM3alii B KyAM OUIBIIIA CTenmeHl Ta 3HA4YHO JIeTIie, YhM TOH Je
BUKOPHUCTOBYIOTh BYTUUISL UM MasyT 1 T.A., TaK K HEMa€ MOTpeOH KOHTPOIIOBATU
IpOIECH  TOCTaBKW, TIEPEBEPTaHHS BaroHiB, pO3Mep3aHHs, MOAPIOHEHHS,
PO3MIITyBaHHS MIJIOBYTUTBHOI cyMimii. B To# 9ac, ik BUKOPUCTaHHS Ta30moaiOHuX
najguB 3a0e3nedye CTaOUIbHYy Iojady TpyOONpOBOJOM 31 CTaJduM THCKOM,
KOHCHCTEHIII€10, TETIOTOI0 3TOPaHHs 1 T.[., [0 3HAYHO 3MEHINY€E KUIbKICTh 3MIHHUX,
SAKUMH HaM MOTPiOHO yMPaBIATH 1 IO CYTi BECh MPOLIEC YIPABIIHHS A0 BIAHOIICHHS

TEeMIIepaTypH 1 BUTPATH MaJIiBa.

Ajxe Ui TOT0, 11100 aBTOMATHU3YBaTH CEPEAHbOCTATUCTHYHUI KOTEN, HEOOXiH]
JWIIe 3acO0M 3HATTSA TMOKAa3HHUKIB (JATYUKH, BUTPATOMIPU, MaHOMETpH, IaTUUK
HOJyM’s1), peryJIroroda apMaTypa (KiarnaHu Ta 3aCyBKH Ha KOJIEKTOP Ta Ha MAJIbHUKN),
MEXaHi3M YIpPaBIiHHSA TATOAYTTHEBUX INPHUCTPOIB Ta ILIUT YNPaBIiHHA, SKHA Ou

00’ eqHYBaB BCI 111 MEXaHI3MH B OJTHY CUCTEMY. [4]
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[Tpo mepeBary ra3y Haj iHITUMHU BUKOITHUMH BUJAMU IMaJUBa, CBIIYUTH TE, IO
caMe€ 3 HUM B SIKOCTI MaJIUBa PEali3yIOThCs OAHI 3 HAMO1IBII BUCOKOTEXHOJIOTTUHUX
CHUCTEM, SK HampukiIaJ - IUKIM 3 Tapora3oBOI0 yCTAaHOBKOIO, Ta30TypPOIHHOIO

YCTaHOBKOIO, MAarHiTOT1IpOJIMHAMIYHUM F€HEPATOPOM.

3riJHO CTaTUCTHKHU, OCTAHHIM 4acOM, HaJ3BUYalHO CTPIMKO 3pOCTa€E HACEJICHHS
3emsii (HE B OCTaHHIO 4Yepry 3aBIsSKM BIJKPUTTIO BHUAIB HOBUX [MajHB, IO
CTUMYJIOBAJIM TEXHIYHMW mporpec), B 1950ux Koam moYaauM  IIUPOKO
BUKOPHCTOBYBAaTH IPUPOJIHUI ra3 HaCEJIEHHs IUIAHETH CKJIafaio OJn3bKo 2,5 Mip/.,
ChOTOJIHI Bke 013bK0 8 MiipA. OKpiM [IHOTO 3HAYHO BUPOCIIA 1 SIKICTh )KUTTS, JIIOJIU B
CEepeIHbOMY IIOYAIM CIHOXKMBATH KyAM Ouiblie Ojar, 110 O3HAdae IOCUJIEHE
HAaBAaHTA)XCHHA Ha MPOMHUCIOBICTh. | XOoua BHKMAM NMPU BUKOPHUCTAHHI ra3y 1 He
HACTUIbKM KPUTHUYHI SIK IPU BUKOPUCTAHHI BYTULIS, Ma3yTy 4Yd JPOB, alie BCE IIE

MOMITHI 0CO0JIMBO Ha (POH1 GAaraTOKPaTHOTO 301JIBIITEHHS TPOMHUCIOBUX MOTYKHOCTEH.

HesBaxkarouu Ha Te, 1110 POJIOBHUINA a3y HabaraTo OUIbII YUM OYiKyBaHi, (SKIIIO
YUTATU JIITEPATypy BUIYLIEHY 3a OCTaHHI CTO POKIB, TO MOXHA IOMITUTH MPOTHO3H,
mo raz/Byruuisi/Hadra 3akiHuuThes uyepe3 50/100/200 pokiB, aje sk MU OadyuMmo,
IIPOTHO30BaH1 3a11aCy HAaBIIAKK 3POCTAI0Th, B OCHOBHOMY 3a PaXyHOK BiIKPUTTSI HOBUX
POJIOBHIIl Ta HOBUX TEXHOJIOTIN MO iX BHAOOYTKY[S]), X0ua mpu I[bOMY I[iHa Ha HUX

CTPIMKO 3pOCTaE.

[{i mpu4rHU 3aCTaBUIIN JIFOJCTBO HE CTOSTH HAa MICII 1 3BEPHYTH yBary Ha IHIII
mxepena eneprii. Bxxe B 1950ux 1101CcTBO 3HANIIIIO 31aBAIOCH OU Maiixke O€3KiHEUHY
saepHy eHeprito. B pexopaHi Temnu OyJd HamvcaHl TEOPETUYHI POOOTH, IPOBEACHI
EKCIIEpUMEHTH, TOOYI0BaH1 PEaKTOPH, a 3r0JIOM 1 IEPIII eIeKTPOCTAHIIII. 3a 110 JyXKe
IIBUJIKO JIFOJICTBO TOTUIATUIIOCH, SIK XOJOIHOK BIMHOIO, TaK 1 PSIJIOM €KOJIOTIYHUX
katactpod. Tpu Maiin-Ainenn, Yopuoouns (nuB.puc.1.3), dykycima Bchoro 3a 50
POKIB 3aCTaBUJIM YaCTHHY JI€P’KaB TOBHICTIO BIIMOBUTHCH BiJl SIIEPHOI €HEPTETHKH, a

1HIIIy YaCTUHY 3YNUHUTHU OyA1BHUIITBO HOBUX 00 €KTIB. [6]
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Hacnigkun aBapii Ha HAEC

4 Tncadi ocib, srigHo 3 gaHumm BOO3,

3arvHynn BHacnigok YopHo6UNbLCBEKOT
| KaTacTpodu | MOXYTb 3arvMHyTH Yy

ManbyTHbLOMY Bifl Il HAcNiaKiB

& 1961904 préTHu,iB nocTpaxganu
& BHacnigok HYHopHobunbCcbKol KaTacTpodu
; (ctaHOM Ha 1 ciuHa 2016 poky)

+ @ ——
i

; 30 KinomMmeTpiB — paaiyc 30HU BiAYY>KEHHS
" HaBkono YAEC. EBakyioBaHi xuteni
/I MicT i ciny Ui 30Hi Ginblue HIKOMU He

NOBEpPHYTbLCA AOA0MY.

200 Tncay KBagpaTHMX KinomeTtpiB —
nnoLia NnolnpeHHsa pagioakTMBHOIO
2abpyaHeHHs. binblwa yacTuHa rWoro
% npuvnana Ha TepUTOPI YKpaiHu,
= binopyci Ta Poci.

Pucynoxk 1.3. Hacnigku YopHOOMIBCHKOT KaTacTpodu.

[le ©He 3aBakae I1HIIMM KpaiHaM pPO3BUBATU CBOI SJEPHI E€JIEKTPOCTAHIIII
n00y0BYBaTH HOBI €HEProOJOKHM a TO 1 HOBI €JIEKTPOCTaHINi. Xo4a BXKE MOHAL
JecATUpIuUsa He BiOyBanocs sKuMX-HeOynb 3HauHux aBapid Ha AEC, 3anmumaerbcs
Baroma TmpoOjemMa yTwWmi3aiii sIepHUX BIIXOJIB, 3apakCHOro OOJaJHAHHSI, Ta
KOHCEpBallli caMHUX CTaHLIA 1 XO4Ya BXKE ICHYIOTh TEXHOJIOTii, SIKi JTO3BOJISLIN OH

MOBTOPHO BUKOPUCTOBYBATH BIAIPAIIbOBAHE SIIEPHE MATHUBO.

CraHOoM Ha CHOTOJHI 3BEpPTAETHCA yBara Ha KyAu OUIbII Oe3MeyHi Kepena
eHeprii. EHepris BiTpy, COHIISA, BOJIU, TEPMIYHA €HEPTii MAarMaTUYHUX TUTACTIB 3€MJI1 1
T.A. AJle i B HUX € psJl CBOiX MiHycCIB. EHeprist Boau nanexko He Oe3kiHewHa 1 1ie J10
novaTky XXI cTOMTTS TiapoeneKTPOCTaHIIIMH OYJId MOBHICTIO 3a0y/10BaH1 HAWO 1T
IpUIATHI PIUKH, 1[0 3HAYHO HAIIKOAWJIO iX ekocuctemi. COHsIUHA €HEeprisd Ta eHepris
BITPY MOTPEOYIOTH JIs CBOIX MOTPEO HAA3BUYANHO BEJIUKI IUIOIT 3eMJIi (muB.puc.1.4.),
a 3 KO’)KHUM POKOM Y 3B’SI3KY 3 TOCTIHHUM 3pOCTaHHIM HACEJIEHHS, BUTBHOTO MPOCTOPY

cTa€ BCC MCHIIIC.
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Pucynok 1.4. TlopiBusinus o, uio 3aiiMaiots CEC, BEC Ta AEC.

Ha 300paxenHi 1.4. moka3ano aromuy enekrpoctanilito «Hinkley point Cy», mo
3HaxoauThes rpadctBi Comepcet, Bennka bpuranis. BctanoBieHa moTyXHICTh TaKO1
enexktpocTaniii — 3200 MBT, 3rizqHo gaHux B pik BoHa 3a0e3neuye Benuky bputanito
26 TBT enextpoeHeprii, mo ckianae 7% Bi BChOTO €IEKTPOCTIOKMBaHHS Bemmnkoi
bpuranii. A nmo miomni ke, 3aiiMae TepUTOpil0 MeHIIe 2 KB. KM. s Toro, mo0
orpumat 26 TBT enextpoeneprii B pik 3a gomomororo CEC, mo mpaiiomTh 3a
npuHIUIIOM (oToedeKTy, He0OXiTHO ToHAT 525 KB. KM, 1€ OLIbIlIe YUM TEPUTOPIS
Bchoro mpaBooepexHoro Kuesa (502 kB. km). IIpu Bukopucranui Mmopcekux BEC
HeoOxinHa Oyae twioma Outemn HiX B 1000 kB.KM. (B 3al€XKHOCTI BiJ MicLs
BCTAHOBJICHHS 1 T.J. Iuiomia BapiroeThes Bia 650 kB.km g0 2000 kB.kM)[7]. A 11e 3%
Bciel ot A3oBckkoro mopsi. [Ipu nbomy eextrBHO BcTaHOBIIOBATH MOpPChKi BEC

BUT1THO JAJIEKO HE BCIOJIU.

«3eneHay eHepreThka Mo (akTy BUSBWIACS HE HACTUIBKH BXKE W E€KOJIOTTYHO
YUCTOI0, TPOBOJUTHCS Oarato po3paxyHKIB, J€ BHUIHO, IO BIJIHOIICHHS eMicii
IIKIJIMBUX PEeYOBHH 0 KioBaTa oTpuManoi eneprii y CEC ta BEC naiimenm cepen

BCIX EJIEKTPOTr€HEPYIOUMX CTaHIi. AJie Taki poO3paxyHKU HE BpPaXOBYIOTb T€
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3a0pyJIHEeHHsI, 10 BiAOyBaeThCs M0 NOOYIOBU CTaHIli, Ta TICHS il 3aKPUTTA.
BurortoBieHHs eleKTpuYHUX Oaraped, 0e3 SKHMX BHKOPHUCTAHHS 1HJWBITyaabHUX
COHSYHHMX TMIaHeNed Maibke HEeMOXIJIHMBE, 3HAYHO 3a0pYJHIOITh HABKOJIUIITHE
cepeoBHIIe KOOAIBTOM II1JT Yac CBOI'0 BUTOTOBJICHHS Ta Micis yTuii3altii. [Tpubnuzno
TaKa ’ caMa CHTYaIlis 1 3 JOMaTsIMH BITPOTEHEPATOPIB, 1X MaiKe He IEpepoOIIIIOTh| 8],
tomy 3rojioM 01t BEC 3°sBASIOTBCSI MOTUIIBHUKH JI€ 3aKOTMaHl COTHI JIOMATeH, 110
BI/IMpaItoBayIv CBiM pecypc. Ekosoriuni opraHizaiiii rocTpo pearyrTh Ha mpobiieMy
3aXOPOHEHHS SAEPHOTO MAJINBa, a OCh HA 3aXOPOHEHHS €IIEKTPOHIKU, OaTapei a TaKoxX
SK HE JUBHO - JIONATEW BITPSKIB, Kl PIAKO NEPEPOOISIOTHCSA, 3BEPTAIOTH Majo
yBaru[10]. Kpim 1iboro, TBRapuHU, KOMaxu Ta NTaxH, siki MaCOBO MOKHUJIAIOTh MICIs
pO3TallyBaHHs BITPSIKIB JalOTh HaM 3pO3YMITH, IO 3a0pyJHEHHS L€ HE JIMIIe

MIKpPOYACTHHKHU B TIOBITP1 UM BIJIXOJ/IM, a B TiH ke Mipi - BiOparlrii ta mym. [11,12]

CraHoMm Ha ChOTOJHI, HE JMBJISYUCh HA TIraHTChKI 1HBECTHINT ajJbTepHATHBHI
BU/IU €HEPTeTUKU BUPOOIIAIOTH JIUILIE HEBEJIMKY K1JIbKiCTh eHeprii [9]. [IpoTe He BapTo
pOOUTH HETPABUIILHUX BUCHOBKIB, SIK T€, 1110 BC1 BUIIC BKa3aH1 BUIM MaJMBa IIKIJIJIUBI,
YU 1110 MOTPIOHO KUJIATU BC1 PECYpPCH HA BIAKPUTTS HOBUX BHUJIIB MMAJIMBA, Y1 HABIIAKH,
SIKITO BC1 ICHYIOUI TTAJIMBA MAlOTh 3HAYHI MIHYCH, 3HAYUTh, IO «iJI€aJTLHOTOY» MaInBa
He icHye€. JIIoJICTBY, BapTO M Jajibllle BECTH 1HTEHCUBHY POOOTY HaJ JOCIIIKEHHIM

HOBUX BHJIIB TaJMBa, AK razorigpatu (AuB.puc.l.5) 4u eHepris TepMOsIECpPHOTO

cuHresy (nuB.puc.1.6). [13,14]

Pucynoxk 1.5. I'azorigpartu. Pucynok 1.6. TepMosnepHuii peakTop.
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Alle, BpaxoBYHOYM OOMEXEHICTh pecypciB, HE MOXKHa ITHOPYBAaTH HaBITh
HACTUIbKY MPUMITHBHI BUIM MAJIUBA, K JIEPEBUHA UM BYTULIA, a TOTPIOHO HAMaraTucs
3HAWTH AJI1 HUX c(pepu 3aCTOCYBaHHS, B IKMX €()EKTUBHICTh iX BUKOPHUCTaHHs OyJa O
MaKCUMaJbHOK0. TOMy TIOKH JIFOJICTBO 3HAXOAUMOCS B TIOIITYKaX HOBUX BUJIiB MAJINBA,
NOTPIOHO BUKOPHCTOBYBAaTH HE TIABKM TPAIuIliiiHI BUAM MajiuBa, aje W Ti, M0 HA

JTAHUH MOMEHT PiJIKO BUKOPUCTOBYIOTHCS.

To6to nuBepcudikyBaTH mNadMBHE TocmogapcTBo. € cdepu e HampUKIA]
BYTJUISI HE BWTJIHO 3aMIHUTH H1 Ta30M, Hi SJICGPHUM I[aJIMBOM, HANpUKIad —
metanypris un KEC. € i 11 chepu e 6e3yMOBHO JIAUPYE ra3 — KOJEKTUBHE TEIIO Ta
BOJIOTIOCTa4YaHHs, MOOyTOBl mpuiaau. Yu smepHa eHepris B SKocTi 0a30BHUX
SJICKTPOTEHEPYIOUNX TOTYKHOCTeH. He BapTO moku Hamaratucs ske HeOyIb 3 IUX

[MAJIMB TTOBHICTIO 3aMIHUTH HA 1HIIIE.

3py4HO, MaTu 3MOTy €()eKTHBHO BUKOPHCTOBYBATH Ha OJJHOMY 00’ €KTI ACKIJIbKA
BUJIB NajuBa. Hampukiaa ras Ha mianmpueMCTBAX, 0 TPATUIIHHO BUKOPHUCTOBYIOTh
ByTUuis, B padoHax Jnae OyBaoTh mepeboi 3 #oro mocrayaHHsM. Yu
JIOMEHHUI/KOHBEPTEPHUH Ta3 B ISAKHUX MpoIecax Ha METaTypriuHuX IMiPHEMCTBAX.

A0o0 iponiaH-0yTaH B pa3i MOJO0POKIAHHS/CKOPOUCHHS TTOCTABOK rasy.

3BICHO y’K€ ChOTOJIHI €JIEKTPOCTAHIIISI MOXE MPAaIIOBaTH HA BYTiJUIl, 3MMOIO Ha
IPUPOTHOMY Ta3i, a y BUMAJKY aBapii Ha Ma3yTi. AJie 3apa3 MpH rnepexoaax 3 OJHOTO
najyBa Ha 1HIIIE, 3HAYHO CTpakaae e(heKTUBHICTh TEXHOJOTTYHUX IIPOIIECIB, a/Ke Ha
CHOTO/IHI MPaKTUKA TOJISITa€ B TOMY, III0 BC1 MPOIIECH HAIAIMITOBAaHI HA MAaKCUMAJIHHO
e(heKTUBHE BHKOPHUCTAHHS OCHOBHOTO IajiMiBa, a NMpo €(EeKTUBHICTh PE3EPBHOIO Ta
aBapiiHOro mnajMBa JyMalTh B OCTaHHIO uyepry. Kirodom 10 auBepcudikarii
najauBHOI 0a3u € CTBOPEHHS KOMOIHOBaHOI (YHIBEPCAIBHOI) TEXHOJIOTIT CIIATIOBAHHS
(muB.puc.1.7), Ta MaJTbHUKOBOTO MPUCTPOIO[ 15], sikuii 0e3 3HaYHUX KOHCTPYKTUBHUX
3MIH 3MIr OM croajgioBaTh JBa 1 Oulbllie BUAM TajuBa 3 Maibke OJHAaKOBOIO

¢()EeKTUBHICTIO.
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Pucynox 1.7. I'azo-ma3ytamil manbHUK. OUH 3 HAMOUTBII TOMWPEHUX BUIIB

KOMOIHOBAHUX ITAJIbHUKIB.

1.2. BorHeTexHiuHi 00’€KTH Ta 00JIaTHAHHA.
[Tepmium  kpokoMm a0 auBepcudikamii majiuBHOT 0a3u, 1 PO3MIMPECHHS
HOMEHKJIaTypy BHUJIB MajlBa B MPOMHUCIOBOCTI Ta E€HEPIeTULl € BUKOPHCTAHHSA

«HECTaHJIAPTHUX» BUJIIB MAJIMBA B IKOCTI PE3EPBHOTO Ta aBapiHOTO MaIuBa.

JIns yHUKHEHHS acoliarlii 3 TEepMIHOM «ajJbT€PHATHUBHI», IO Y OLIBIIOCTI
BUMAJKIB BXXUBAETHCS TUILKU Yy BITHOIICHH! BITHOBIIIOBAJbLHUX BHUJIB €HEPrii, MU
BBOJIMMO TEPMiH «HECTaHAapTHI». [1i1 HECTaHAAPTHUMH BHIaMH MTAJTMBO MAIOTHCS HA
yBa3l Ti1 BUAM NaJMBa sIKi HE MO>KHA BBaKaTH TPAAUIIMHUMU YU OCHOBHUMH (B3arali,

abo 115 KoHKpeTHOTO BUay BO).
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Ha moro AYMKY, PO3IIOYMHATHU IIUPOKC BUKOPUCTAHHA TAKUX BI/I,IIiB ImaJinBa, BapTo

caMe B SIKOCTI aBapiiHMUX Ta PE3E€PBHUX 3 HACTYMHUX MPUYUH:

1. PesepBHe Ta aBapiiiHe MAJIMBO MEHII KPUTHUYHI JJi1 (YHKI[IOHYBaHHS
BOTHETEXHIYHOTO 00’€KTY, YUM OCHOBHE, TOMY iX BIPOBAKCHHIO MOXHA
MIPOBOIMTHU 3 MEHIITMMH PU3UKAMHU TSI PYHKIIIOHYBaHHS 00’ €KTY.

2. TakuMm YMHOM 3a0HO MOYKHA JIOCTIIUTA BUKOPHUCTAHHS YHIBEpCAIbHOI
TEXHOJIOT1i /I CMadIOBaHHS JCKUTBKOX BHIIIB TaJMBa 3a JOTIOMOTOIO
OJTHOTO MAJTLHUKOBOTO MPHUCTPOIO O€3 BHECEHHS] KOHCTPYKTHBHHX 3MiH.

3. Yacro, B AKOCTI pe3epBHOI0/aBapiiiHOrO MajiiBa BUKOPUCTOBYIOTh MEHII
e(heKTUBHI/€KOJIOTTYHO O€3IeuH1 BUIU MajuBa (HaIpUKIIag Ma3yT), TOMY iX
MOJIepHi3aIlis Oy/1e MaTH BITHOCHO OUTBIIT MOMITHHUM €(EKT.

4. PesepBHi Ta aBapiiiHi BUAM MajMBa HAa JaHUH MOMEHT MOTPEOYyIOTh
Oprasizaiiii KOIITO- Ta TMpare- 3aTpaTHUX MaJMBHUX TOCIOAApCTB. A
BUKOPUCTAHHS JESKUX HECTAaHAAPTHUX BUIB IMajuBa MPOTHO30BAHO MOXKE
3HAYHO 3MEHIUTH 00’e€M majuBa sike Oyae HEeoOxigHO 30epirat, ado
TIOJISTTIIUTH MOTO TPAHCIIOPTYBAHHS 1 T. 1.

5. baraTo BuAIB HECTaHJAPTHUX MMAJUB JIETKO TPAHCIIOPTYIOTHCS, A00 MOXKYTh
OyTH BUTOTOBJICHI O€3MocepeHbO Ha TEPUTOPIi MiAIPUEMCTBA.

6. VY 3B’M3Ky 3 HEBEIUKOI0 MAacIITa0OBaHICTIO BHUPOOHUITBA, LIHU Ha
OUTBIIICTh HECTAHJAPTHUX BU/IB MAJIMBa HEJJOCTATHHO HU3bKI (TOMY, IO B
3B’SI3Ky 3 1X HEBEIHMKOIO TOIMYJISPHICTIO PHHOK Ta BUPOOHHIITBO TAaKUX
MaJIMB HE PO3BUHYTI, @ 3HAYUTH 1 I[IHU MMOKH-IIT0 3aBUIIEHI ), 00 1X Ha JaHUI

MOMCHT 6y.]'[0 BI/IFiI[HO BHUKOPHUCTOBYBATH B SIKOCTI OCHOBHOTO ITaJIMBa.

[cHye mommpeHa TOMWIKAa CY/DKEHHS, IO aBapiiiHe Ta pe3epBHE MaJHBO
HEOOX1JHEe JHIIEe Ha BEJIMKHX EJEKTPOCTAHIISIX Ta TEIJIOCIEKTPOLIEHTPAIAX.
[lepenycim 1e 3B’S3aHO 3 TUM, LI0 HaiyacTilne pe3epBHE Ta aBapiiiHE MaJIUBO
3rajly€ThCcsl B HOPMAaTUBHUX JIOKYMEHTAX, 110 MiAHOCATHCS caMme JI0 KOTI0arperaris, K

nampuknang ([AbH B.2.5-77:2014 «KortensHin[16], CHill 11-35-76 «KoTtenbHi
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ycTtaHoBKW»[17]). Ane 1ie He 03Hayae, 110 1HIII BOTHETEXHIYH1 00’ €KTH He MOTPEOYyIOTh

PE3epBHOIO Ta aBapiiHOTO MaIKUBA.

Pe3epBHe un aBapiiiHe MajIMBO HEOOX1THO BUKOPUCTOBYBATH Y pa3i 0OMEKEHHSI
ab0 TPHUNMHEHHS TOCTAYaHHS OCHOBHOTO TaJIMBa, YU HEMOXJIHMBOCTI HOro
cniayfoBaHHs. Pi3HUIS Mi>k HUMH JIMIIIE B TOMY, [0 pe3€pBHE MATWBO MPU3HAYCHE IS
OUTBII-MEHIIT TIepen0adyBaHUX CHUTYyalllid (HAMpUKIAJ, 3UMOI0 Ba)XXKO PO3MOPO3HUTH
OCHOBHE MAaJMBO - BYTULIS, TOMy BUKOPHUCTOBYIOTH ra3 1 T.A., YA HABIAKHU MICIA
3aKIHYCHHS ONATIOBAIBHOTO CE30HY HEOOXITHO pO3MoYaTH 3aKadyyBaHHsS Tazy 0
CXOBHUIII, aJie B HAsIBHOCTI € BYT1JUIA), a aBapiiiHe — AJi Henepea0auyBaHUX CUTyallin
(K HampuKIan KatacTpoda Ha TPaHCIIOPTHOMY Ta30IMpPOBOI, sIKA YHEMOMJIMBIIIOE
MOCTa4YaHHs Ta3y, YW TMOi3M, M0 TMEPEeBO3UTh BYTULIA 3IUIMIOB 3 peloK 1 3poOuB

HEMOXJIMBUM ITOCTaA4YaHHS ByriJ’IJ’IfI).

3 [mBOr0 BU3HAYEHHS 3PO3YMIJIO, IO HE JIMIIE KOTENbHI/€IeKTPOCTaHIIIT
MOTYXXHICTIO OibIe 25 ['kan moTpeOyrTh PEe3epBHOIO Ta aBapiMHOTO MaJMBHOTO
rocrnojapcTBa (SK 1€ BKa3aHO B HOpMaTUBHUX JAokymeHTax)[16]. Tomy, kpaiie
nepea0ayuTH pe3epBHE Ta aBapiiiHe MAJMBO Ha KOTEIBHUX Majloi Ta CepeaHbOi
MOTY>XHOCT1 (0COOJMBO Ha THUX, IO 3a0e3Me4yIOTh OMNAaJCHHs B 3UMOBHMU dYac), Ha

00’€KTax METAIypri4YHOi IPOMHUCIOBOCTI, MPOMHUCIOBHUX MEYax, CylIapKax 1 T.1.

Ha nanomy erami, BaXJIMBO pPO3YMITH, SK€ caMme OOJaAHAHHA HEOOX1THO
posrasgatyd. ToMy po3ryistHEMO Pi3HI BUJIM BOTHETeXHIUHOTO ob6nanuanus (BO), ta ix

pE3epBHI Ta aBapiliHi MaJUBHI TOCIIOAPCTRA.

Jo BO BimHOCATBCS: KOTIH, MeYi, CyIIapKd, MiAirpiBadi, KaMepu 3TOpaHHA.
Koren (puc.1.4) — BO npusnadeHuit ajis reHepariii 4d MiAIrpiBy BOJAW METOJIOM
CIAJIOBAaHHS OpPraHiyHOro TmajguBa (piAlIe 3a JOMOMOTOI  eJIEKTPOEHEeprii).
BukopucTtoByroThes 7151 3a0€3MeUeHHs Tapsy0l0 BOAOIO, TEXHOJIOTIYHUM MapoM YH
TS TI0JIavl Mapy Ha TypOiHY JUIsl BUPOOHUIITBA €JIEKTpOeHeprii. SIBseThCs, HalleBHE

HalnomupeHimum BuaoM BO.
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Puc.1.8 Buau xotiis a.) KBI'M-30 6.) [ITBM-50

BaxnuBo 3HaTH, 110 Ha JaHW MOMEHT ICHY€ Ha/J3BHYailHa BEJMKa KIJTbKICTh
pI3HUX BUIIB KoTioarperatiB (auB.puc.l.8). Takox MOTpIOHO pO3YMITH, IO CAMMX
KOTJIIB B KpaiHl iICHY€ HaJ3BUYailHO Oararo, JUIIe B TEINIOBOMY T'OCIOIAPCTBI KpaiHH
3HaxoauThCs Oibine 100 TUCSY KOTIIB, @ CKUTBKH iX I11€ Y BIACHOCTI MIIPUEMCTB, Ha
TEPUTOPIT KUTIOBUX KOMILICKCIB 1 T.]I.

Kotmu posmoginsitors: [ 18]

1. 3a BUAOM €HEproHoCis Ha:

e TaepnomanusHi (EJETHI, A€PEB’ IHI, BYTUIbHI
9 9

PinkonanuBHi (qu3enb, Ma3yT)
e ['a30Bi
e Enextpuusi
e KomMOinoBaHi
2. 3a THUIIOM TCILIOHOCIS:
e BogorpiiiHi
e [laposi
3. 3a Tunom nepemiiieHHs TeIIOHOCIS:
e JKapotpyOHi
e Bogotpy0OHi
e KomMOinoBaHi

4. 3a NoTy>XHICTIO
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e [loOyToBi (10 4xBT)
e ManonoryxHi (Big 4 10 65kBT
e Cepennboi motyxHocTi (Big 65 1o 1750 kBT)
e Benukoi moryxuocti (Bix 1,8 MBT)
5. 3a BUIOM MaJIbHUKA
e 3 arMoc(epHUM MATbHUKOM

e 3 IpUMYCOBOIO MOJIaY€CI0 MaINBa

[TapoBi KOT/IM 10IATKOBO KIACU(DIKYIOTh 32 TUCKOM TapH:

° Hwusbkoro tucky — o 1 Mlla;

e  Cepennboro tucky ot 1 1o 10 MIla;
e  Bucoxkoro tucky — 14 Mlla;

° Hansucoxoro tucky — 18-20 Mlla;

e  Haaxputnunoro tucky — 22,5 Mlla u Buine.

[Tiy[19] (auB. puc.1.9) — cnopyau ans TemiaoBoi 0OpoOkM MaTepialiB y Oyb-

SIKOMY TEXHOJIOTIYHOMY TIpoiieci (T1aBka, oOmaneHHs KepaMiKu, BUIIKaHHS a0o0 Mpu

JOCIIKEHH1 MaTepiany (HampHKiIaa BOJOTOCTI, 30JIbHOCTI), sIKI Ha3uBalOTh «lleuiy.

B npoMucnoBocTi BUKOPUCTOBYIOTHCSI HACTYIIHI BUAU MEUEH :

1.
2.

JlomeHHa — maxTHa Miv JJisl BUTUIABKY YaBYHY 3 3a130pYIHUX MaTepialliB.

[Tiy xum’sgyoro cimow — MY B SAKIM HOPOIIKONOMIOHHM, 3€pHUCTUIN
(rpaHyJIbOBaHMI{) MaTepiai B3aEMOJII€ 3 TA30BUM MOTOKOM Yy TiBIINIEHOMY CTaHi
«KUTIUTHY». BIIPI3HIE€THCS BUCOKOIO IHTEHCUBHICTIO TEMJIIOMAaCOOOMIHY.
OGeproBa miu — TtpybOuacra, OapabaHHa a00 UWIIHAPUYHOI GopMu MY 3
00€pTOBUM pPyXOM HaBKPYT TMOB3JIOBXKHBOI OCi, MpU3HAYEHA JJid HarpiBy
MaTepianiB 3 U0 X Pi3UKO-XiMIYHOT 00pOOKH.[20]

[InaBunpHa TY — T1Y 7151 IEPETBOPEHHS SIKOT0-HEOYIh MaTepiaay B PIAKUAN CTaH
HarpiBOM HOTO 10 TeMIepaTypH, IO TMEpPEBHUIINY€E TEeMIIepaTypH IUIaBICHHS.

BuxopucToBy€eThCsl B BUPOOHHIITBI CTajIl YaBYyHY, CTall, KOJIbOPOBUX METAIIB.
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5. ABTOTr€HHI Ie4i BAKOPUCTOBYIOTh MPUHITUT aBTOT€HHOTO CIIATFOBaHHS, /I TETLIO,
HEOOX1IHE I TMpOIecy, BUPOOJSAEThCS 3a PAXyHOK €K30TEPMIYHUX PEaKIIii
OKHCHEHHS €JIEMEHTIB, 10 MICTITHCS B 00p0OIIOBAaHOMY MaTepiai.

6. MapreHiBCbKa M4 — TOJyM siHa pereHepaTUBHA MY JIsl BATOTOBJICHHS CTall 3
YaByHY 1 MeTaneBoro jomy.[20]

7.  Enextpuuni meyi.[21]

OkpiM MeTayprigyHoi Ta XIMI9YHOT TPOMHUCIOBOCTI MeUi ITMPOKO 3aCTOCOBYIOTHCS

1 B XapuoBiii npomucioBocti. KoxxeHn xmi0o0ynoynuii, KOHIUTEPChKHM 1 T.A. 3aBOJ

00J1aJIHAHO TIPOMHMCIIOBOIO IMYKOI0, B TaKUX Te€4ax, MiJATPUMKA CTAJIOr0 TEXHIYHOTO

MpOIIECy HareBHE, Ie BaXKJIWBIilIA, a HEOOXIAHICTh YacTO MPAIFOBATH Ha 3HAYHO

HIDKUUX TeMIIepaTypax, poOUTh MIATPUMKY TaKUX MPOLIECIB 3HAYHO BAXKYOIO.

B.) r.)
Pucynoxk. 1.9 Bunu nedeii: a.) nomenHa, 0.) KU STYOTO CIIOTO, B.) 00€pTOBA, T.)

MapTEeHIBChKa.
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Cymapka — ycTaHOBKa U1 BUAAICHHS PIIMHUA 3 TBEPAUX YU PIIKUX PEYOBHUH Ta
ix cymimieit. Sk 1 medi, 3aCTOCOBYIOTHCS y BEJIMKIM KUIBKOCTI pi3HUX Traiy3eit. O6aacThb
3aCTOCYBAaHHSA CYIIApoOK, HaI3BHYalHO IIMPOKA, iX BUKOPUCTOBYIOTH  JUIS
BUCYIIYBaHHS 3€pHa, OYpPSKOBOrO XOMY, Ta JUIsl 3HM)KEHHS BOJIOTOCTI pyAH UM
Byruuist. ToOTO mepeayciM B KIIFOUOBHX cepax st YKpaiHu — arpapHii, XapuoBii Ta
METaIypTrivHii Ta 1HIINX.

Kamepa 3ropsitHHg — 11€ IpUCTPiH 13 3aMKHEHUM 00’ €MOM, y SIKOMY BHACJI1JI0K
3TOPSIHHS MAJTLHOTO BiJOYBAETHCS 3HAYHE T1BUIIECHHS TEMIIEPATypu poOOYOro Tija.
3aJie’KHO BI1J] peKUMY pOOOTH KaMepH 3rOpsiHHS MOAUIAIOTH Ha:

o TMEPIOANYHOI /il — BAUKOPUCTOBYIOTHCS B MOPIIHEBUX JABUTYHAX BHYTPIIIHBOTO
sropsinas (IB3) Ta mynbcyounx noBiTPSHO-PEAKTUBHUX JIBUTYHAX;

o Oe3mepepBHOiI J1i — 3aCTOCOBYIOTBCS B Ta30TypOIHHUX, TypOOPEaKTUBHUX 1
PIAMHHUX PAaKETHUX JIBUTYHAX.

Kamepa 3ropsaust 6esnepepBHOi i [22] € KPUTHYHO BAKIWBHM EJIEMEHTOM
CYYaCHUX EHEPreTUYHHX 1 TPAHCIOPTHUX TEXHOJIOTiH. BoHa BHUKOpUCTOBYETHCS B
aBlalifHUX 1 KOCMIYHUX JIBUTYHAX, a TAKOX y Ta30TypOiHHuX yctaHoBkax (I'TY), mo
3HaXOSATh 3aCTOCYBaHHS B E€HEPreTUYHIN Taily3i, MPOMHCIOBOCTI Ta TPaHCHOPTI.
Kamepn 1p0ro TuIly akTUBHO BHUKOPUCTOBYIOTHCSI B EHEPreTHUHUX CHCTEMax,
XIMIYHOMY BUPOOHMIITBI, 3aJII3HUYHOMY 1 BOJHOMY TPaHCIOPTI (SIK MOPCHKOMY, TaK 1
PIYKOBOMY), a TaKOXK y c(epi aBiallii Ta KOCMOHABTHKH.

Po3pobka Ta MomepHizallisi KaMep 3ropaHHs € HaJI3BUYATHO BAKIIUBOIO, SIK JIJIS
CHEPIreTUKH TaK 1 JJIsI BINCHKOBO-IIPOMHUCIIOBOTO KOMILIEKCY. B KocMiuHiN 1HIyCTpil
MOCTYIIOBO BIJKA3YIOThCS BiJ XIMIYHUX JABUTYHIB (3BICHO B NEpIIIA CTYMEHI Taki
JBUTYHU HE3aMiHHI 1 TaM BOHM HE3aMiHHI) 1 MOCTYNOBO MNEPEXOJsATh Ha SIEPHI,
CJICKTPUYHI, 10HHI YM TINOTeTU4YHI (PoToHHI. TUM YacoM B pakeTax BIHNCHKOBOIO
npu3HauYeHHs1 Kamepu 3ropaHHs (quB.puc.l.10) po3BUBaIOTHCA, 1 3 KOXKHUM POKOM
JIETSATH BCE MIBUJIIE, TAJIbIIE 1 3 OUTHITUM KOPUCHUM HABAaHTAKEHHSM, TIEPEyCiM 3a

PaxyHOK MOJIEpHi3allii KaMep 3ropaHHs.
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Takox BaxIMBUM (HAKTOPOM SIBIISIETHCS Te, IO PaKeTH IMOBUHHI OyTH
MaHEBPEHUMH 1 HE TIJILKH MIHSITH TPAEKTOPIIO, ajie MPH LIbOMY W PI3KO CKUIATH YU

HAaOMPATH MBUJIKICTb.

Pucynok 1.10. Kamepa 3ropanns.

Sx BKa3zaHO BWIIE, MaJEKO HE BCi Il 00’€KTH MarOTh HEOOXiJAHE aBapiiiHe abo
pe3epBHE MAJIMBHE TOCIOAAPCTBO. 3BICHO, OpTaHi3allisi PEe3epPBHOTO Ta aBapiitHOTO
MAJMBHOTO TOCIIOIAPCTBA € JOCUTh 3aTPATHOIO, TOMY BUHHUKAIOTh MUTAHHS YH JIIHCHO
BOHO HeoOxiaHO. Tomy, A BIAMOBIAL Ha 1€ 3aTUTAHH MOXHA PO3TJIIHYTH HACTYTIHI
CUTYyaIlli:

1.) IlpunmHnMiacs monada TalMBa Ha TMPOMHCIOBY 3€pHOCyIIapky. B
pe3yibTaTi MOPYIIEHO TEXHOJOTIYHUN MPOIeC MPUTOTYyBaHHS 3epHa. A
3T0JIOM BiH 1 30BCIM 3yNUHUBCS. BibIlly yacTuHy 3epHa OyJI0 yTHUIII30BaHO
B 3B’A3KY 3 IOr0 HENPUIATHICTIO.

2.) B 3B’sa3ky 3 mpobiiemaMu Ha ra3omnpoBO/ii, NMPOMHUCIOBA KyJIIHApHA MiY
3ayMInmIIacs 0e3 mMajvBa Ha JeKUIbKa JHIB. Bci 3aroToBku Ta TicTo Oyiu
3incoBaHi. dabpuka mpomparroBaia IeKijabKa JHIB B 30MTOK.

3.) Ha Meranypriuny miy, 10 BUITIKaB CTaJIb MPUIIMHWIACK M0J/1aya najauBa. B
pe3yabpTaTi 3arotoBKa 3actuia B medi. [lid moBHICTIO BUBEIEHA 3 Jady 1
BIJIHOBJICHHIO HE MIJUISTAE, a TAKOXK TeTep MOTpeOye MOBHOTO IEMOHTAXKY.

I vactuni BO pesepBHe ab0 aBapiifHe MaauBO J1ACHO HE 3aBXAU MOTPiOHE.
Hanpuxnan wa I'TY mo BcTaHOBIEHI Ha KOpaOisX 4M JiTakax. B 3B’A3Ky 3 ix
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crienudiko0 Ha HUX 3BICHO IepeadadeHe J0JaTKOBE IMajIuBO, ajie HOro He MOXKHA
Ha3BaTH MOBHOIIIHHUM aBapiiiHUM YH PE3EPBHHUM MAJIMBHUM T'OCIIOIaPCTBOM.

[HmWMi mpuKkIam - CBIYKK JOMATIOBAHHS METATypPriYHUX YW XIMIYHUX 3aBOJIB,
BOHU TaKOX IIJMAJa0Th IIiJ KAaTeropito — BOTHETEXHIYHE OOJajHaHHS, ajie He
noTpeOdy€e Pe3epBHOTO UM aBApiHOTO MAJMBHOTO TOCTIOAAPCTBA (MOTPIOHO HEBETUKI
3amacH, ajié He IMOBHOI[IHHE TOCIOJapCTBO), a/pKe MO CyTI B SKOCTI TMaJuBa
BUKOPHUCTOBYETHCS CaMe Ta3/piauHa, YTUII3AIllil AKUX 1 SIBJISIETHCS TOJIOBHOO 33/1a4€H0

TaKo1 CBi4l (B CB14l 32aCTOCOBYETHCS 1 3BUYAITHE MAIMBa, JIJIs PO3MAIy Ta IMiATPUMAHHS

bakeny).

Kosen mianpueMens/TupekTop 3aBO Iy MICIs TOTO, SK BI0YyJIach Taka CUTYyaIlis
HabaraTo cepilo3Hile BiJiHICCSA OM OpraHizailii pe3epBHOTO Ta aBapiitHOTO MajJIMBHOTO
rocrojapcTBa. Ajie HaKallb Hapa3l HaBITh TaM Jie¢ HAsSBHICTh TAKOTO TOCIOJApCTBA
nependadueHa HOPMAaTUBHUMHU JOKYMEHTAMH, TaKe Xa3sSHCTBO 4YAacTO HE JIUIIEC HE

MOJIEPHI3Y€EThCS, ajle i HE peCTaBPYETHCS il MPUXOAUTH B HEIIPUAATHICTb.

Came TOMy BapTO 3BEpPHYTH yBary Ha HECTaHIAPTHI BUIM PE3EPBHOTO Ta
aBapiiiHoro nanuBa.[23] Amxke HanpukiIaa npornaH-OyTaH Xxo4a i JIeIIo JOpOoKIUH 3a
ra3 4u BYTJUIs, ajie y BUMAJKY 3aCTOCYBaHHS HOTO B SIKOCTI pE3€PBHOI0 YK aBapiitHOTO
najanBa, JO3BOJISIE BIMYYTHO 3€KOHOMHTH Ha TAJIMBHOMY TocmomapctBi. OcoOamBo
BpPaxoBYIOUH, IO I[IHK Ha Pi3HI BUAM MAJIUBO PI3KO 3MIHIOIOTHCS 3QJIEKHO B TUX YU
IHIIMX MOAIM Ha PUHKY YU B CBITi, TOMY 3aBISKU CBOOOJI BUOOPY ManuBa, MOXKHA
HAKOMMYYBaTH TEBHHMM BHUJ MaJWBa, MO HIKYIM I1HI, a BUKOPUCTOBYBATH, IpHU
BHUCOKIM, 4K B3araji Ha 4ac BIJIMOBJISITUCS BiJl IEBHOTO BUJKY MajuBa, JOKHU I[iHA Ha

HBOT'O HE BEPHETHCSI HA HOPMAJIbHUI PIBEHb.

KpiMm Toro y 3B’513Ky 3 TUM, 1110 Ha HaTOEpEepOOHHX 3aBOIaX MOCTIHHO OaXKal0Th
30UTBIIMTH KIJIBKICTh O€H3UHY 3 Oapens HadTH, TO Bce OUIBITY 1 O1IbIIIE MACOBY YaCTy

Ma3yTy CKJIaJIar0Th, apadinu, achanbTeHH Ta i1HIII OaTacTH.
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1.3. ITanuBHE rocro1apcTBO BOTHETEXHIYHUX 00’ €EKTIB

BukopucTtaHHs HeCTaHJApTHUX BHUJAIB TMaJKMBa MOXE JO3BOJHUTHU 3HAYHO
36eKOHOMUTH Ha MaJMBHOMY rocnojapctsi. [lanuBHe TrocmomapcTBO — KOMIIIEKC
TEXHOJOTIYHO T[OB’SI3aHUX TMPWIAiB, OOJaJHAHHS, MEXaHI3MIB Ta CHOPYH 1
pe3epByapiB, 110 3a0e3MedyoTh NMPUUOM ManBa, WOro 30epiraHHs, MiJATOTOBKY Ta
TPAHCIIOPTYBaHHS BCEpeAMHI mNpoMucioBoro o00’ekry. CrTpykTypa, cxema Ta
TEXHOJIOTiSI B TAJIMBHUX TOCIOJAPCTBaX BIAPI3HAIOTHCS B 3aJIEKHOCTI BiJ] BHIIB

najuBa 1 NpuiiMae HaCTyITHUN B,
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Pucynok 1.11. TexnomoriyHa cxema MazyTHoro rocnogapctBa KEC: 1 —
UCTEepHA; 2 — 37MUBHUN NpUCTpiil; 3 — QuIbTp rpyO0i OYMCTKH; 4 — MPUHOMHMIA
pesepByap; 5 — nepekadyBajIbHUM HAcoc; 6 — OCHOBHUH pesepByap; 7, 8, 19 — minii
peLMpKyYJIALii Ma3yTy; 9 — Hacoc mepiioro migiomy; 10 — 3BopoTHHiT KiamaH; 11 —
nigirpisad Masyty; 12 — ¢iabTp ToHKOI 0uuCTKH; 13 — Hacoc Apyroro migiomy; 14 —
3amipHa 3acyBKa; 15 — perynstop Butpatu; 16 — Butpatomip; 17 — 3acyBka; 18 —
dbopcyHKa KoTa.
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OnHuM 3 HAMOUTBII MOIMIMPEHUX BUAIB PE3EPBHOTO MaJMBa HA CHOTOJIHI € Ma3YT,
a 0TKe i pe3epBHE Ta aBapiiiHe NaJIMBHE Ma3yTHE TOCIIOAAPCTBO 3yCTPIYAETHCS YACTO.

Mae BoHo HacTynHui BUrisy (auB.puc.1.11.): [24]

MoskHa 3aMITUTH, 110 CX€Ma JOCUTh CKJIaHa, BKIIOYA€ B c€0€ BETUKY KIJIbKICTh
HACOCIB, 1[0 O3HAYa€ BEJIMKI 3aTpaTd €JIEKTPOCHeprii (a SKIIO 3rajaTd HACKUIbKU
B’SI3KUI Ma3yT, TO 3pO3YMLIO, 1[0 HACOCH OYAYyTh JOBOJI MOTY>XH1). Takox MPUCYTHI
3pa3y JAeKinbka cucteM (pinbTpailii, a puUIBTPH Yac BiJ 4acy NOTPiOHO 0OCIYyroByBaTH

W 3aMIHIOBATH.

Pucynok 1.12 Cxema TerioBoi €JIEKTPOCTaHIIli, sKa MpaIlO€ Ha TBEPIOMY
nanuBi: 1 — eIeKTpUYHUI reHeparop; 2 — naposa TypOiHa; 3 — My bT ynpaBiaiHHS; 4 1
5 — neaeparop; 6 — nunoBuil OyHKep; 7 — cenmapatop; 8 — nukiIoH; 9 — kotem; 10 —
MoBepxHI HarpiBy (TemooOminHuku); 11 — numoBa Tpyda; 12 — npobuibHE
npumitieHHs; 13 — ckinaa pe3epBHOTO nanuBa; 14 — BaroH; 15 — po3BaHTaKyBaIbHUNA
npuctpit; 16 — konBeep; 17 — numococ; 18 — kanam; 19 — 3omoBnoBmoBay; 20 —
BEHTUJIATOD; 21 — Tomka; 22 — munH; 23 — HacOCHA CTaHIlis; 24 — pKepeno Boau; 25 —
HUPKYJSLUIAHUN Hacoc; 26 — pereHepaTUBHUN MiAIrpiBady BUCOKOTO TUCKY; 27 —
KUBWJIBHUHN Hacoc; 28 — KOHJIeHcaTop; 29 — NpUCTpiil XiMIYHOTO OYMIICHHS Boau; 30
— MABMINYBaldbHUI TpaHcpopmaTop; 31 — pereHepaTUBHUI MiAirpiBad HU3BKOTO

TUCKY; 32 — HACOC KOHJICHCATYy.
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HanesHe, cknamHime i AOpoXkde MOXe OyTH JIMIIE BUKOPHCTAHHS TBEPAOTO
najgvuBa (Hampukian BYTriuis). Amke sSK BUIHO Ha cxeMmi (auB.puc.l.12.) [24], TyT
MPUCYTHE HE JIUIIIE CTAaHIaPTHE I KOXKHO1 €JIeKTPOCTaHIlli 00IaiHaHHs (TeHEpaTop,
TypOiHa, KoTen), ajge W Oe3mu oOjagHaHHS, 0 MPU3HAYEHE BUKIIOYHO JIJIs
CHIAJTIOBAHHS, TPAHCIIOPTYBAHHS Ta MIJTOTOBKU BYTUUIA (MAJIOBUN OyHKEp, ITUKIIOH,

JTPOOMIIBHI IPUMIIICHHS 1 T.1T.).

Hagith He BpaxoBylOuM HaJI3BHYaiiHO rabapuTHE OOJaJHAHHS/ MPUMIIIECHHS/
1HQpaCTPpyKTypy: BaroHomnepeBepTalibHl MNPWIAAW, BYTiIbHI OYHKEpH 1 T.O., WIO
3HAXOJUTHCS 330BHI rosioBHOro kopiycy ByruibHOi TEL/TEC, HaBiTh y TO10BHOMY
KOpITyCi 3HAYHY KUIBKICTh MPOCTOPY 3aiiMa€ 101aTKOBE 00IaiHaAHHS, 1110 TPUTAMaHHe
JWIlle TBEPAOMY TMajluBy: MWJIOBHI OyHKep, cemaparop, IHKJIOH, KOHBEEp,

30JIOBJIOBJIFOBAY 1 T.]I.

Pucynoxk 1.13. ByrinsHuii ckia.

3BICHO Take MaJTuBHO TOCMOIAPCTBO 3 IHIIMMHU TIOPiBHIOBATH HE HAITO JOIIHHO,
apke B 3B’SI3Ky 3 TaKOK CKJIQJHOI0 CXEMOIO BYTULIS K pE3epBHE MAaJMBO
BUKOPHCTOBYBAaTH BAKKO, TOMY B OLIBIIIOCTI BOHO BUKOPHCTOBYEThCS SIK PE3EPB HA

TaKuX K€ ByTUIBHUX €JIEKTPOCTaHIAX (AuB. puc. 1.13) — ckiiaa pe3epBHOTO ManBa).
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Pucynok 1.14. Texnonoriuna cxema razoBoro rocnogapcrsa KEC: 1 — razosa
Mmarictpaisb; 2, 3, 9, 10 — 3acyBKH 3 €lIeKTpOonpuBoAoM; 4 — GUIBTP; 5 — perynsaTop
TUCKYy; 6 — 3amoOiKHUM KiamaH; 7 — OaimacHa miHig, 8 - BuTpatomip; 11 —
MIBUAKO1F0UMi KiamnaH; 12 — perymiorounii knanan; 13, 14 — 3amipHi 3acyBKkH Ha JIiHIT
710 3anajibHUKa; 15 — mpoOkoBuit kpaH; 16 — cBiuka; 17 — ropiiku kotia; 18 — momaua

CTHCHEHOTO TIOBITPS JJI MIPOYBKH Ta30MpoBOAY; 19 — 3anaibHuK.

Cepen BCiX IHIMUX, HAWMOPOCTINIE BUISIIAE MAJWBHE TOCIOAPCTBO
ra3ono/1i0HOro najanBa. Xouya Ha CXeM1 MM MOKEMO 0auuTH JOCUTH 0araTo MO3HavyoK,
OUIBIIICT 3 HUX — PETYJIIOI0YA Ta 3aMipHa apMaTypa, K€ BIJIHOCHO JielIeBa Ta Maihke
HE CIIO)KMBA€E EJIEKTPOCHEPTrii Ha BIIMIHY BiJ MOMEPEIHIX CXeM. Benukum mitocom

SIBJISIETBCS T€, 110 JACKOJIM HE MOTPIOHO B3araji HISKUX pe3epByapiB (auB.puc.l.14.)
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[24], B SIKOCTI pE3epBHOTO MAJMBHOTO TIOCMOJAPCTBA MOXKE BUCTyHaTH caMm (akT
MIJKJIIOYEHHS TaJIMBHOTO TOCMOAApCTBa A0 MariCTpajbHOTO ra3onpoBoay (110 HE €

BEJIMKOIO MPOOJIEMOI0 B HAIIIK KpaiHi, sKa Mail>ke MOBHICTIO MPOHU3aHa HUMU).

1.4. TexHonorii conaJIrOBaHHS.

OCHOBHHMM HAaIIPSMKOM ITiJIBUIIIEHHS €()EKTUBHOCTI BOTHETEXHIUHUX 00 EKTIB €

BUKOPHUCTAaHHA BI/ICOKOGCI)GKTI/IBHI/IX Ta Cy4aCHUX TEXHOJIOT1H CIaJlOBaHHS ITaJIuBa.

CTBOpEHHS MATILHUKOBUX CUCTEM JJIS peati3allii BACOKOS()EKTUBHUX TEXHOJOT 1
CHaTIOBaHHS MajJvuBa CTAHOBUTH 3HAYHUI HAyKOBUH 1HTEpec. BUBUEHHS riapo-TepMo-
XIMIYHHUX TIPOIIECIB, IO BIIOYBAIOTHCS B MAJbHUKAX, € HAJA3BUYANHO BAXKIUBUM JIJIS

onTuMi3aIlii iX podoTH. [25]

1.4.1. PoGouwnii mpo1iec najbHUKOBUX ITPUCTPOIB.

Jns BUOOpPY TEXHOJIOTII, IO MIAXOAUTH JJIs 3aj1adi yHiikaiii OCHOBHOTO,
pPE3epBHOIO Ta aBapiHOTO MajKnBa, HOTPIOHO chopMyBaTH OCHOBHI BUMOTH JI0 TaKoOi
TexHoor11. JIJi1 BU3HAaUEHHSI OCHOBHUX BUMOT JI0 MAJIbHUKOBHUX MPUCTPOIB HEOOX1THO
CIIepIITy MpoaHali3yBaTH 0COOJHUBOCTI IXHHOTO poOOYOro mpoliecy. Pe3ynbTaTUBHICTh
TONKOBUX MPOIECIB OOyMOBJIEHA SKICTIO oOprasizaimii poOOTH NaJbHUKIB, IO

nepea0ayae BUKOHAHHS PSATy BaKIIMBHX €TaIliB:
e CYMIIIOYTBOPEHHS Ta 3aliMaHHSI MAJIMBHO-OKUCHIOBAIBHOI CYMIIIIi;
o cTablmi3allis TOPiHHS,
e PO3IMOJILI MAJLHOTO Y MOTOI OKMCHIOBAYA,;
o 3a0e3MeYeHHs YMOB JIJIsl TIOBHOTO BUTOPAHHS MaJbHOTO;

o (opMyBaHHS IOJIB MIBUJIKOCTI Ta TeMIepaTypu, # HEOOXITHUX KOHIICHTpaIlii

IPOAYKTIB 3rOPsIHHS B TOMKOBOMY ITPOCTOPI.

CydacHi HayKOBI JOCIIKEHHS 30CEpeKEHI Ha ONTUMI3alii KOXXHOTO eTairy
I[LOTO MPOLIECY, U0 MiATBEPIKYETHCS 3HAYHUM 00CSIrOM HayKOBOI JIiTepaTypH B JaHii
ramy3i. Y ManbHUKOBUX NPUCTPOSAX I[0Jaya MAJIMBHOI CYyMIIIl peai3yeThCcsl 3a
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JIOTIOMOTOI0 Ta30BUX CTPYMEHIB, CIPSMOBAHUX SK Yy TO3IOBXHbOMY, TaK 1 B
NONEPEYHOMY HANpsSMKax BiJIHOCHO IOTOKY OKHMCHIOBa4Ya, 3 BUKOPUCTaHHAM SIK
00MEXEeHOI KIJIBKOCTI MOTYKHUX CTPYMEHIB, TaK 1 YHCIEHHUX APIOHOIUCIEPCHUX

CTPYMEHIB

KinpkicTh OTBOpIB MMOJaul MajuBa € KIOYOBUM (PAKTOpPOM, IO BHU3HAYAE
PIBHOMIpPHICTh HOTO pPO3MOAULY Ta, BIAMOBIIHO, SIKICTh CyMIIIOYTBOpEeHHs. [l
HiABUIICHHA €(EeKTHUBHOCTI MPOLIECIB MAacCOOOMIHY 3aCTOCOBYIOTHCSI TYpOYJIEHTHI
reHepaToOpy, BKIIOYAIOYM PENITKH, TiIa 3 BHCOKHM KOE(]IIIEHTOM OIOpy Ta

3aBUXpIOBayi. [25]

OmHuM 13 MOMMPEHUX METOIB IHTEHCH]IKAIII TPOIeCy CyMIIIOyTBOPECHHS €
3aBUXPIOBAHHS IIOTOKY OKHCHIOBada. 3aBHXpIOBau BIJIrpae pojb cTabliaizaTopa
TOPIHHS, OCKIJIBKU B LICHTP1 BUXOPY YTBOPIOETHCS 30HA PO3PIIKECHHS, SIKA M1ACMOKTYE
raps4i NpOAYKTH 3rOpsIHHS 3 TOIKOBOTO MpocTopy. BogHouac ciij BpaxoByBaTH, 1110
OpU BHCOKMX IIBUAKOCTSX OOEpTaHHS MNaJIMBHOI CyMIIIl BHHHKAIOTh 3HAuHI
BIAUEHTPOBl CHJIM, IO CHPUYMHSAIOTH pPO3IIAPYBaHHS CyMillll 3a TYCTHHOIO,
YCKJIaJIHIOIOUM mpouec 1i  gopmyBaHHsA. BaxiauBum erarnoM 3a0e3mnedyeHHs
€()eKTUBHOTO TOPIHHS € MOMEPEaHs MiArOTOBKA IMaJMBHOI CYMIIll, OCKIJIbKU BiJ i

napameTpiB 3aJSKUTh MOJIAIbIIIa OPTaHi3allis MeXaHi3My TOpiHHS. [25]
OcHoOBY po6040ro MpoLecy NaJabHUKOBOTO MPUCTPOIO CTAHOBIISTH:

e ACPOAMHAMIUHI MPOLECH, SKI BU3HAYAIOTHCS CTPYKTYpOIO Teuli, 30Kpema
po3MipamMu BUXPOBUX YTBOPEHb, PIBHEM TYpOYJIEHTHOCTI, a TaKOX MOJIIMHU

HIBUKOCTEN MaJIbHOTO, OKMCHIOBAaYa Ta MPOAYKTIB 3TOPSIHHS,

o TPOLECH CYMIMIOYTBOPEHHS, SKI XapaKTepU3yIOThCS KOHUEHTPALIHHUMU
HOJSIMM  Ta MaclTabamMu 30H 3MilllyBaHHSA, IO 3a0e3NnedyloTh IMOBHY

TOMOT€HI3aIl110 TAJIMBHOT CYMIIII;
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e TIPOIECH XIMIYHOT KIHETHUKH, IO BKJIIOYAIOTH €Tald 3aiiMaHHs, BUTOPSHHS
najgpHOro Ta (opmyBaHHS (akenda, a TaKOX PpO3MOJUT KOHIICHTpaIin

KOMIIOHEHTIB, 10 O€pyTh y4acTh y peaxilii TOpiHHS.

Po6ounii mpouec nanbHukoBoro mpuctporo (III1) xapakrepusyerscsi Takumu

KIIFOYOBHMMH ITapaMETpaMu:
IIOBHOTOIO BUT'OpAaHHA IIAJIBHOI'O,

©00’€EMHOIO TEIIJIOHAMPYKEHICTIO;
oT1/IpaBIIYHUM OTIOPOM CHUCTEMHU;

®CTYIIEHEM HEPiBHOMIPHOCTI TOPIHHS.

®poHT moayM’ st GOPMYETHCS B TOYKAX CTPYMEHS MATLHOTO, /1€ 3yCTPidHI TOTOKH
peareHTiB 3HAXOAATHCA Yy CTEXIOMETPUYHOMY  CITIIBBIIHOIICHHI. [HTEHCHBHE
MPOTIKAHHS XIMIYHUX PeakKiliil BiI0OyBaeThCs caMe B 00J1acCTsX, 1€ MOJIEKYJIM pearcHTiB
B3a€EMOJIIOTh MK CO00I0 TpU MIABUIICHUX TemmepaTypax. CTIHKICTh MOIyM’sl €
KpPUTHYHUM (HaKTOpOM, IO BHU3HAYA€E HAAINHICTh 1 OE3MEYHICTh eKCIUTyaTarii
BOTHETEXHIYHUX YCTAaHOBOK. Y pa3l HecTablIbHOIO TOPIHHS MOXKJIWBI HeOakaH1
SBUINA, 30KpEMa «IPOCKOK» IMOIyM’sl BCEpEAHHY MajJbHUKAa ab0 HOTro BIAPUB BiA

PUCTPOIO.

BapTto 3a3HaunTH, 110 MOTIK CyMillli, 0 BUXOAUTH 13 MaJILHUKOBOTO MPUCTPOIO,
Ma€ HEPIBHOMIPHHUI PO3MOILT MBHUIKOCTECH: Y 30HI, TPWICTIIIN 10 CTIHOK (€ TIIOTh

CUJIY TaJIbMyBaHHS ), IIBUAKICTh PYXy CYMIIIIl 3aBKIHM HIDKYA.

Jlns crabimizariii moayMm’st 3aCTOCOBYIOTh Pi3HI KOHCTPYKTHBHI PIIICHHS, SK1

MOXYTh OYTH:

eBOY/I0BaHI B MaJLHUKOBUN MPUCTPINA (HAMpUKIad, MTOTaHOOOTIYHI Tija Ta
KUITBIIEB] cTabimi3aTopn);
eIIPUMUKATH JI0 TaJbHUKA (30KpeMa, KepaMidyHi TyHeNi, CTallioOHapHi

3amajabHUKH);
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®pO3MIIIyBaTHCS B TOMKOBOMY IIPOCTOpI HA TEBHIM BIJACTaHI Bif

MaJLHUKOBOTO MPUCTPOIO (KEpaMidyH1 TpKU, PO3CiKayl, PEIITKHA TOIIO).

1.4.2. Bumoru 10 naabHUKOBUX MPUCTPOIB.

[IpoanamizyBaBmm poOOYMi MpPOLEC NANbHUKOBUX MPHUCTPOiB, a TaKOXK
MEPETIISTHY BTN TEOPETUYHI JOCIIKEHHS Ta 3HAYHUIA 00CST MPAKTUIHUX JAaHUX 010
BUKOPUCTAaHHS PI3HUX BOTHETEXHIYHMX YCTAHOBOK 13 MAJIBHUKOBHMH IPUCTPOSMH,
MOXHa C(OpPMYJIIOBAaTH OCHOBHI BUMOTH JO HHUX, BHUKOHAHHS SIKHUX CIIPHSIE
IMABUILEHHIO I1XHBOI HAJIMHOCTI, E€KOHOMIYHOCTI Ta MIHIMI3aIli HEraTUBHOTIO

€KOJIOTTYHOTO BILTUBY.

Koncrpykuis IIII wmae 3a0esnedyBatd MOXIIMBICTh KEPyBaHHS CTaisiMU

pobodoro mporiecy:
e CYMIIIOYTBOPEHHS MAIBHOTO Ta OKHUCHIOBAYA,;
o 3aliMaHHS MaJUBHOI CYMIIII;

e cTabumi3allito MpoIecy ropiHH Ta GOpMYyBaHHS HEOOXI1THOI SKOCTI MPOIYKTIB

3TOPSHHSL.

bararo BuJIIB MaJlbHUKOBUX MPUCTPOIB HE 3a0€3IeuyIoTh YCIX CTaAiil poOo4oro
nporuecy. Hampukian, KOJUCh NOMyJISpHI MMOA0BI MaTbHUKUA (PAKTUYHO BUKOHYBAJIU
auiie (YHKII0 3MINIyBadbHUX MNPUIAAIB, OCKUIBKM CTIHKICTb TOpIHHS B HHUX
3a0e3meuyBaiacsi OCOOJIMBOCTSIMU TOIMKOBOTO TIPOCTOPY, TaKUMHU SIK poO3MeueHa
HerfsiHa KJIaJKka BOTHETEXHIYHOIO MPUCTPOI0 ad0 BHUXpOBa TeUis B TOMMI. Y TaKUX
BUMAJKaX MaJbHUKOBI MPUCTPOi (PakTUUHO (YHKIIIOHYBAIU SK TOIMKH 3 TOJIOBUM
3MilllyBayeéM, 1 B OLIBIIOCTI BUMNAJKIB BHMarajid Yy3roJDKEHHS iXHbOI poOOTH 3

aepOIMHAMIKOIO TOTIKOBOTO ITPOCTOPY.

[TanbHUKOBI MPUCTPOi HOBITHIX MOJENEH, MOBUHHI OpPraHi3oByBaTH CTaOlIbHE
TOpIHHS HAaBITh 33 YMOBHM pI3KMX KOJMBaHb THUCKY Ta, BIANOBIJHO, BUTpAT
ra3zono/Ii0HOTO MajauBa. 30KpeMa, NaabHUKOBI puctpoi Tuny I'M ta ['MI" nmoBuHHI

JIEMOHCTPYBATH €PEKTUBHY pOOOTY B IOBOJII MIMPOKOMY J1ara3oH1 MOTY>KHOCTEH pu
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3aJlaHuX Koe(lLleHTaX HaJJUIIKY NOBITPpA 3 KoedinieHToM perymtoBanHsa K, > 5 (K,
=Nonr / Nmin) 1 KoebilieHTI HAIIUIIKY TTOBITPs o > 10. Jlo moaiOHKMX cuTyaliii MokHa

BimHecTH: [25]

e  poOOTY KOTJIIB IIPH 3MIHHUX PEKUMAaX T'eHepallii mapu Ha TEXMPOIIECH;
e  3MiHY TeMIEpaTypHUX PEXIB y MeUax;

e  cymka ¢pyTepyBaHHS BOTHETEXHIYHOTO 00’ €KTa i1 YaC PEMOHTHUX POOIT 1 T.1I.

[cHyro4l KOHCTPYKIT TaJhbHUKOBUX TNPHUCTPOIB TMOKA3yIOTh HEJIOCTATHIO
€(EeKTUBHICTh MpPH TJIIMOOKOMY peEryJroBaHHI. 3amiisg 3a0e3MeueHHs] HaBUIIOT
eHepreTuyHoi edekTuBHOCTI ¥ MiHIMI3amii emicii CO, CO2, NOx, cy4acHi nadbHUKA
NOBUHHI 3a0e3mevyBaTd MMOBHE KOHBEPTYBAaHHS MNAJIMBHOI CyMillll B TOINKOBOMY
npocTopi 70 11 OXOJIOJUKEHHSI JI0 TeMIlepaTyp HIDKUYMX HDK TeMIieparypa

camo3aiiMaHHs B 30HaX HaWOLIbIIOT TeTUIOBIAayl (pajaianiiiHii a00 KOHBEKTHBHI).

HeoOxigHi  ¢GyHKLIOHATBHI ~ XapaKTEPUCTUKU  NAJIbHUKOBUX  MPUCTPOIB
BKJIIOUYAIOTh MOXKJIMBICTh PETYJIFOBaHHS JOBKUHU Ta IHTEHCUBHOCTI BUIIPOMIHIOBaHHS
dakena s ONTUMI3AIIT PO3MOITY TETUIOBUX padialliiHUX TOTOKIB y TOIKOBOMY
POCTOPi, IO € KPUTUYHUM JJIA Nedeil pi3HOro mpu3HadeHHs. TakoK HeoOXiaHe
YOPaBIIHHSA aepOAMHAMIKOIO Ta KOHIEHTPAIIMHUM HpodisieM TPOIYKTIB 3TOPSIHHS,
[0 BU3HAYAETHCA THUIIOM BOTHETEeXHIYHOro o0'ekta. Cepen HaWBaXIUBIIINX
XapaKTEPUCTUK MAJIbHUKIB MOKHA BII3HAYUTH iX aepOAMHAMIYHUI OIIp: 3a IUIIXOM

OKHCHIOBA4a Ta 3a IIJIIXOM I1aJINBa.

g Toro, mo06 3MEHIIUTHA BUTPATH HA €IEKTPOCHEPTII0 JIJIS MPUBOJY TATOBHX
3ac001B, a€pOJMHAMIYHUH OIip NOBITPSIHOTO TPAKTY CJIIJI MIHIMI3yBaTH. Y TOMH K€ 4ac
MIHIMi3allisl OTIOPY NUISIXY MPOXOKEHHS MaJIuBa JO3BOJISE MATLHUKY TIPAIFOBATH TIPH

Ha/I3BUYaiiHO HU3bKUX TUCKAX rasy. [25]

[TmrocoM € KoM KOHCTPYKITiS MajdbHUKA 37]aTHA 3a0€3MeYUTH MOJYJIbHICTD, 1€
N03BOJIsIE  3a0e3medyBaT HEOOXIJHY TMOTY>KHICTb, BHUKOPUCTOBYIOUM HEOOXIIHY

KUIBKOCTI aBTOHOMHMX MoayiiB. Takuii miaxin copourye pospaxyHok [T ta ix
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BHUI'OTOBJICHHA, BCAC JO YHUKHCHHA OOAATKOBUX BUTpPAT 34 MiCHCM Ha pCTYJIFTOBAHHA

NaJbHUKOBUX MPUCTPOIB PI3HOI MOTY>KHOCTI.

Ha ocHoBi BkazaHoro Bwuile, MOXHa CGHOPMyBaTH BHCHOBKH, IO HOBITHI

NaJbHUKU MYCSATh 3a0€31eUyBaTH BUKOHAHHS HACTYITHUX BUMOT: [25]

MoxMBICTh BIUIMBY Ha BCl CTagil poOouyoro mporecy (Cymiml majauBa Ta
OKHCHIOBaYa, 3ailiMaHHSA NAJIMBHOI CyMillIi, cTabumi3allis mpolecy TOpiHHSA Ta
dbopmyBaHHs HEOOX1THOT IKOCTI ITPOTYKTIB 3TOPSHHS);

HapniitHicTh 3aiiMaHHS Ta CTaOUIBHICTD TOPIHHSA MPHU MIHIMAJIBHO MOXJIHBOMY
CIIO’KMBaHHI Ta3y;

BiacyTHICTh nepeBUIIIeHb 103BOJICHUX P1BHIB eMicii mKimuBunX pedoBuH (NOX,
CO, SO; Ta in.) V Bcix giama3oHax HaBaHTAXKCHHS 00’ €KTa TOXKEXKi;
MO>XJIMBICTh IIUPOKOTO PETYIIOBAHHS TOBKUHU Ta OCBITJIIEHOCTI NATbHUKA;
MOXIHUBICTP KOHTPOJIIO aepOJAWHAMIYHOI Ta KOHLEHTPALIWHOT CTPYKTypHU
MOTOKY MPOIYKTIB 3rOPSTHHS;

MiHimManpHUNA aepOJAMHAMIYHUNA OMIp SK HA NUISIXY OKHMCHUKA, TaK 1 Ha MIIAXY
NaJnBa;

[IpocToTa Ta HaAIWHICTH PEryJIIOBaHHS BCiX poOOYMX IapaMeTpiB Ta 3MiHA
pEeXUMiIB poOOTH;

CaM00X0JI0/KEHHS MaJTbHUX MPUCTPOIB MOTOKAMU MaJliBa Ta OKMCHIOBAYa;
Husbkuit piBeHb IyMy, ImyJibcalliidi Ta BiOparrii;

MoynbHICTh, TEXHOJOTIYHICTh, @ TaKOX IPOCTOTa BUTOTOBJIEHHS, HHU3bKa
BUTpaTa MeETaly, BIJICYTHICTh NOTpeOM B CHELIai30BaHMX Ta PIAKICHUX

Marepiajax.

1.4.3. CTpyMeHEBO-HUIIIEBA TEXHOJIOT15

Cepen BITUM3HSHHX TEXHOJOTIM CHATIOBAaHHS IMajlBa, CTPYMEHEBO-HUIIIEBA

texHosoris (CHT) Buminsierbest cBOE0 €DEKTUBHICTIO Ta 3AaTHICTIO 3aJ0BOJIBHSATH

HeoOXximHI BuUMOrd. Bona 3a0esnedye HafiiiHy poOOTy B MIMPOKOMY Jiama3oHi

pobounx nHaBantaxxeHb. CHT Oepe cBiii mouatok y mabopatopii ropinas KIII,
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3acHOBaHii XpuctuueM B.A., ska 3aiiMaja MpoBIiIHI MO3UIIIT CEpea AOCTITHUIIBKUX
nentpiB. Ha cporomni, Ha ocHoBi CHT, Oyno wmonepHizoBaHo Oiu3pko 1000
BOTHETEXHIUYHUX 00'€KTIB B YKpaiHi Ta 3a ii MexamH.

Hocnimkenns, nposeaeHi Aoayninum M.3., JIBopiunum ['.P. ta Kynemosum
FO.A., migTBepamWiau, MO TMEPHNEHAUKYISIPHE pPO3TAIIyBaHHS CTPYMEHIB MalliBa
BiJIHOCHO TOTOKY OKHCIIIOBa4a, y TMO€JHAHHI 3 TCHEPAII€I0 BUXPOBUX CTPYKTYp 3a
JIOTIOMOTO0 HIIIOBUX MOPOXKHUH ab0 BHUCTYIB, 3a0e3neuye (HOpMyBaHHS CTIMKHUX
BUXPOBUX MOJIIB 3 aBTOMOJIEJIbHUM PO3IOILJIOM KOMIIOHEHTIB MAJIMBHOI CyMIIIl B 30H1

cTalbii3alili ropiHHS P 33JaHUX IMBUAKOCTSAX 3HOCY MOTOKY. [26,27]

JlaHa KOHCTPYKIIis MOETHYE BCI CTalli poOOYOro MpoIecy najabHUKIB:

®  PO3MOJICHHS MajJNBa B MOTOIl OKWCHIOBAYA,;

e CIHUIbHAa po3dadya 3 TMOTPIOHUMM PIBHSAMHU KOHIIEHTpaAIlli MajuBa B
OKHCHIOBAUI;

e  IIIJIrOTOBKA ITAJINBA;

®  CaMOOXOJIOKCHHSI €JIEMEHTIB MAJIbHUKOBUX MPUCTPOIB;

Crorogai CHT mmpoko BHpOBaIKYEThCS B 0araThOX THIAX BOTHETEXHIYHUX
00’exTiB. Hanpukinii 90-x BUKOpUCTaHHS Ta MaJbHUKOBI MPUCTPOIB (AuB. puc. 1.15-
16.) 3amarenToBani B YkpaiHi Ta €Bpazii. Ha BiaMiHYy BiJ IHIIMX TEXHOJOTIH,
BHBUAJIOCS CKPYYyBaHHS TOTOKY OKHCHIOBada Ta TiIa 3 TMOTAaHUM IOTOKOM SIK

cTal1113aTOPIB TOPIHHS, a TAKOX PI3HI BaplaHTH MOJadl pEaKTUBHOTO majunBa [28].
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Puc. 1.15 IlpunnunoBa cxeMa rojadi razy 1 HoBiTpsl B CTPyMEHEBO-HIIIIEBOMY

NaJbHUKY.

Puc. 1.16 Koten KBI'-6,5 moniepHi3oBaHMii 3 BUKOPUCTAHHSAM CTPYMEHEBO-HUIIIEBUX

[AJIBHUKOBUX IIPUCTPOIB.
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Kpim Toro, Bcymnepeu icCHY0OUIM TyMIll, MPUPOTHUMN Ta3 JOBOJI BAXKKO CIIAIUTH
BHUCOKOC(EKTUBHO, aJ[)KE BIH Ma€ BUCOKY TEMIIEpaTypy 3aliMaHHsI, BY3bKHU Jiama3oH
rOpIOYMX 00'€MHUX KOHIIEHTpAIiil 1 y>Ke HU3bK1 3HAUE€HHS HOPMAJIbHOT IIBUKOCTI
nomupeHas noiaym's. Lle, mopsa 31 CKIamHICTIO aepo-TePMO-XiMii JaHOTO MPOILECy,
YCKJIQIHUJIO CTBOPEHHSI yHIBEPCaJbHOI TEXHOJIOTIi CHAIIOBaHHSI, KA 3aJOBOJIBHSIE
BCIM BHMOTaM €KOHOMIYHOCTI, €KOJOTI4HOi Oe3meku 1 HamaiHHOCTI pPoOOTH

BOTHETEXHIYHOTO 00'€KTA.

Ha ocHOBi CTpyMEHEBO-HUIIIEBOI CHUCTEMH, SKa IOEIHYE B COOI CHUCTEMY
NAJIUBHUX CTPYMEHIB, MI0 30UIbIIy€e TMOTIK OKHUCHIOBAYiB 1 MOPOXKHUHY HiIIi,
pO3TAIlIOBAaHUX HUXKYE 3a Tedi€w, Baalocs cTBopuTH [Y 31 cTablIbHOIO
aepoauHaMiuyHOO CTpykTyporo. Ha cworogui CHT - me enuHa yHiBepcalbHA

TEXHOJIOT1sl TOPIHHSA, IIMPOKO MepeBipeHa Ha Beix tumnax BO [29].

Bnepmie konnemniro mMikpoaudy3iiHOTO MexaHi3My ropinas cdopmyBaB J[.A.
Opank-Kamenpkuit. Mikpoaudy3iiHUI POIECOM TOPiHHA - 1€ TaKUM PEXHUM, 3a
SKOTO TIAJTUBO JUCIEProBaHEe HAa OKpemi JpiOHI 00'eMu, MmO € PIBHOMIPHO
PO3MOIIJICHUMH Yy TIOTOLI TOBITpsA. JlaHuW MexaH13M, 10 € crenudigyHow (HopMoro

TypOyJIEHTHOT'O TOPiHHS, JE€TaJBLHO PO3TIIAIAEThCS Y npalrsix [39-44].

MexaHi3MH CHIATFOBAaHHS Ta3y MOKHa BI3yalbHO CIIOCTEpITaTH, HANPHKIAA, Y
noBriil TpyOi (muB. puc. 1.17). [Ipu BuUXO/1 Ta30MOBITPSAHOI CyMillli 3 KOJEKTOpa y
MOTIK  HAOIrarouoro TOBITPS  BIAOYBa€TbCsl  MaKpoMaciiTaOHE  3MIIIyBaHHS
KOMIIOHEHTIB, IO CYIPOBOKYETHCSI BUPAKEHOIO HEPIBHOMIPHICTIO IXHBOI I'YCTHHH.
VY 1 30H1 cTaOULMI3yeThCA pexUM AU(DY31HHOTO TOPIHHS, JJIA SKOTO XapaKTepHE
3HAYHE MEePEeBUIIECHHS Yacy Audy3ii HaJ YacoM XIMIYHOI peakiii (t_aud > T X.K).
[Tonanpie momupeHHs MpoLecy CynpoBOKYETHCS MIKPOAUPY31HHUM 3MILTYyBaHHSIM,
IO CTpHsi€ BUPIBHIOBAHHIO TYCTHHH TMOTOKY. Y I[bOMY BHIIAJIKy YacOBi MacmiTabu
nudysii Ta XIMIYHOTO NEPETBOPEHHS CTalOTh MOPIBHAHHUMH (T_mud = T x.K). Ha

biHaNBHINA cTaaii TOPIHHS Ta30BOT0 MHajvBa y TpyOi mIpolec MoXe MeperTdH B
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KIHETHYHUN PEXHM, KOJM XiMiyHa peakilis BiOyBAa€ThCS 3HAYHO IOBUIBHIIIE

MOPiBHSIHO 3 TIpoiiecoM audysii (t_aud — 0).

Mos Manuso

T

/\/‘/—/4 . 2
o g©° o
coo Cpo oo ° CDDD EC?POOOQ: c;

e © %0 o s o %6 o

OKWCHIoBaY 1‘%‘3{:}3;_&-2 g%oo N 8: o :‘ S
— V\—\_‘\ o © ‘?g = fo _

T T T = s = = O s ===
ObnacTtb O6nacTtb
O6nactb adysiiHoro | MikpoaudysiiHoro KiIHETUYHOIO

rOPiHHS ropiHHSA rOpiHHSA

Puc. 1.17 MexaHi3M# ropiHHS

Jnisa  MikpoAuQy31iiiHOTO TOpIHHS BH3HAYAIbHUM (AKTOPOM € MIBUAKICTH
MIKpO3MIIIIyBaHHS, sSIKa BIUIMBAE HA KIHETUKY XIMI4HOT peakiii. TpuBaiicTh B3aeMOIT
rOpIOYOro KOMIIOHEHTA 3 OKMCHIOBAYEM MOpPIBHAHHA 3 YaCOM JOCSTHEHHS TOPIOYUX
KOHIIeHTpaIliii. KimrouoBy posib y 1IbOMY TpoIieci Bigirpae Macmrad pparmenrartii (9),
[0 BHU3HAYA€ CEpPElHIM po3Mmip o00’e€MiB, Ha SKI JUCHEPTYEThCS MAJIUBO B
OKHCHIOBaJIbHOMY cepeoBHILi. [[luHamika moToKy (GopMyeThCs y BUTTISAL KOMIpUYacTOl
CTPYKTYpH, WIO CKIAJA€TbCI 3 OKPEMHUX 30H TOPIOYOrO Ta OKHCHIOBaua, SKi
OiAal0ThCS BIUTUBY TypOYJEHTHHX TyJbcariii. ®poHT MoiayM’ss MOUIHMPIOETHCS

y37I0BK MOBEPXHI IIUX KOMIPOK.

Peanizamis  mikpoaugy3iiHOrO MexaHi3My TOpIHHS BHMAara€ KOHTPOJIO
CIIIBBIIHOIIEHHSI TIBUJKOCTI AU(Y31HHOrO 3MIIIyBaHHS Ta IIBUIKOCTI XIMIYHHUX
NEePEeTBOPEHb. PeryiroBaHHS IHOTO MapamMeTpa J03BOJISIE 3a0E€3MEeUUTH TOPIHHS Y
peXUMax, XapaKTepHHUX SK I audy3iiiHoro, Tak i I KiHETHYHOTO IIPOIIeCy,
IPUYOMYy y TPAaHUYHOMY BHWIIQJKy 3POCTAHHS IHTEHCHUBHOCTI TOPIHHS MO>KJIMBHMA

nepexiJ 40 KIHETUIHOI 00JI1acTi.
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1.5. Peakmiiina 30aTHICT I1aJIMBA.
Konu roBopuMo mpo pi3Hi BUIW TajKMBa, KOPIM OCHOBHHMX IX XapaKTEPUCTHUK
HaMpUKJIAJ TEIJIOTH 3rOpaHHA, BApTO 3BEPTATH yBary TaKOK HAa HE MEHII BaXKJIUBY

0COOJMBICTD - peaKIiiHy 37aTHICTh TaauB. [30-32]

BractuBocTi manmBa, 1m0 BU3HAYAIOTh WOTO 3[ATHICTH A0 PEaKIlii, BKIFOYAIOTh
XIMIYHHUM CKJIaJ, CTPYKTYpYy Ta CTYIiHb OKUCHEHHS. [lanuBa, 6arati Ha eJIeMEHTH, SIK1
JIETKO BCTYMalOTh B XIMIuHI peakiii, Taki sik Byriaens (C) ta Boaens (H), 3a3Buyait

MAalOTh BUCOKY peakUiiHy 34aTHICTh. [33]

PeakuiitHa 31aTHICT, TajlMBa € JOBOJI BaXJIUBUM  (DAKTOPOM, SIKHM
ONPUALTIETHCA (Q13UKO-XIMIYHUMH PEAKITISIMH, 10 BiJI0YBAaIOTHCS B MPOILIECI TOPIHHS:

[33].

1. TemmoTBOopHa 3AaTHICT: UMM BUINOIO € peakiliiiHa 31aTHICTh MaluBa, TUM

OibIIIe TETIOTH (BIAHOCHO MacH TajuBa) BUAUBIETHCS B MPOIIECI TOPIHHS.

2. IBuakicte TopiHHA: PeakiiiiHa 31aTHICTh BHU3HAYA€ IIBUJKICTH MPOTIKAHHS
XIMIYHHMX peakuiid ropinss. [lanua, M0 MalOTh BUIY PEAKIIIITHOIO 3/IaTHICTIO

3rOPSIOTH MIBU/IIIE, 1€ 3a0e31euye OUTbI CTa0lIbHE Ta MOBHE CIIATIOBAHHS.

3. CriiikicTh TOpiHHS: BUIMii piBeHb peakiiifHol 3JaTHOCTI CIIPUSE MMiABUILICHHIO

CTIAKOCTI1 IIPOIIECY TOPIHHS.

4. Exosoriuawmii BIUMB: Peakiiiiina 37aTHICTh MajiiBa Ma€ MPSIMUMA BILTUB Ha CKJIA]l
NPOAYKTIB 3ropsiHHA. BHCOKOpeakiliiiHi manuBa CHPUSAIOTH IHTEHCHU]IKaIii
OKHCITIOBAJIBHUX TPOLIECIB, IO MOXKE 301IbITYBAaTH BUKUAM OKCUMIIB a30Ty Ta
IHIIMX IIKIJIMBUX PEYOBHH, ajie BOJHOYAC 3HIDKYBAaTH PIBEHb 3a0pyIHEHHS,

MIOB’SI3aHOTO 3 HETIOBHUM 3rOpsiHHAM [33].

[Tig 9ac eKCIepUMEHTIB Ha CTPYMEHEBO-HUIIICBHUX MaTbHUKOBUX MPUCTPOSIX OYII0
BUSIBJICHO, 1110 NPH CHATIOBaHHI HU3BKOPEAKIIMHUX BUJIB manuBa (AuB. puc. 1.18)
yTBOPIOIOTHCS 30HU HEJOMAay, TOOTO 00jacTi, e manuBo He 3aropseTscs. Lle crano

Hi,ZITPYHTHM HJA IIPOBCACHHA CKCHepI/IMCHTiB, CIIpAMOBAHUX Ha Hi,ZIBI/IHIeHH}I
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peakIiifHOl 3aTHOCTI MajvBa IUIAXOM JIOJaBaHHS JOMIIIOK BHUCOKOPEAKIIIMHUX

KOMIIOHEHTIB, 30KpeMa BOJTHIO.
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Puc. 1.18 KpuBi piBHOMIpHUX IIBUIKOCTEH. 1-BOJIeHb; 2-BOJSHUM Ta3; 3-OKCH]T

BYIJICIIO; 4-€TUJIEH; 5S-KOKCOBUH ra3; 6-eTaH; 7-MeTaH; 8-reHepaTOpHbIil ras.

Peakriiina 37aTHICT MalvBa € BH3HAYAIBHUM (DakTOpoM mpu po3poOdir Ta
BIIPOB/KEHHI MaJMB, M0 3a0e3MeuyoTh CTAIUN pO3BUTOK. [HXKeHepu, HaAyKOBII Ta
IPOMUCIIOBICTh NPALIOIOTh HAJ CTBOPEHHSM IMajuB, 10 MIHIMI3YIOTh €KOJOTIYHE

HABAaHTA)XEHHSA Ta ONTUMI3YIOTh TEXHOJIOT1] 3TrOPSIHHS.

[linBuIeHHA peakliiHOI 3JaTHOCTI TMajuBa MOXe€ OyTH JIOCATHYTO 3a

JIOTIOMOTOI0 PI13HUX TEXHOJIOT1H 1 METO/IIB, 110 BKJIFOYAIOTh: [32]

1. Karani3: BuxopuctanHs KaTajai3aTOpIB MiJBUIIYE IIBUIAKICTh XIMIYHHX
peakuiii ropinHa. KartamizaTopu 3HWKYIOTH €HEpril0 aKkTHBallli peakilii,
JTIO3BOJIAFOYM 1M BIIOYBATUCS MPU HIDKYUX TeMIepaTypax Ta eeKTHUBHIIIIE
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BUJUISITH €HEPrilo, MPU IbOMY CaM KaTalli3aTop HE BUTPAYAETHCA B XOJi
peaxiii.

301bIIE€HHS KUCHEBOTO BMICTY: 301IbIIIEHHS BIJICOTKOBOTO BMICTY KHCHIO B
MaJuBHIN CcyMilr, a00 BUKOPUCTAHHS OKHUCHIOBAYiB, sIKI 3a0€3IeuyloTh
OUIBIIIe KMUCHIO IS PEaKIliif, MOXKe MiABUIIUTH PEAKIHY 31aTHICTb.
3MminryBaHHS 3 IHIIUMH naauBamu: KoMOiHyBaHHS MaiuBa 3 IHIIMMH O1IbIII
PEaKTUBHUMHU TMajJMBaMH MOXKE CTBOPUTH CHHEPreTHYHUN e(dekT i
1BUIITUTH PEAKIIIAHY 37aTHICTb.

[linBumieHHs TeMmreparypu: 3OUIBIICHHS TeMIepaTypu TajuBa, 3a
JIOTIOMOTOI0  TIONEPEHBOI0  MIAIrPiBY, MOXKE MIABUIIUTH pPEaKIiiiHy
3/1aTHICTh MaJIMBa Ta CIPHUATH MOBHIIIOMY CHAIIOBaHHIO.

VY 10CKOHAJIEHHS TEXHOJIOT1H 3ropsiHHs: BukopucTaHHs BUCOKOS(DEKTUBHUX
CIoco0IB  3TrOpsiHHS, TakWX sK €QeKTHUBHIIIA po3Jaya TMajuBa Ta

CYMIIIOYTBOPEHHS, MOKE MOKPAIIUTH €(PEeKTUBHICTh MPOIIECY CHATIOBAHHS.

CraHOM Ha CHOTO/HI, B paMKax CTPYMEHEBO-HUIIEBOI TEXHOJIOTIi MPOBOAATHCS

poOOTH MO MOJAJBIIOMY TOKpPAIICHHIO PEakKIiiHOT 3710HOCTI MajauBa, IUIIXOM

3MINTyBaHHS OCHOBHOTO TMaJIMBa 3 BOJHEM Ta IHIIMUMH BUCOKOPEAKITIHHUMHU BUIAMHU

nanusa. [IpoBeaeH1 peTenbHi JOCIIKEHHS CyMIIIOYTBOPEHHS Ta cTa0UIi3a1lii TOPIHHS

B CTPYMEHEBO-HUIIIEBIN CHCTEMI1 JO3BOJIMIIN JCTAILHO JOCHIIUTH CTPYKTYpPY (pakemy

(muB.puc.1.19.) [14]

o myaeder
[T

Pucynox 1.19 Po3noBcromkeHHs oyM’st y CUCTEMI 3 HIIIIETO.
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[TpoGiemMu ropiHHS, CIPUYMHEH! HU3BKOKIO PEAKIIHHOI0 3JaTHICTIO MaiuBa, 3
JIETKICTIO BHUPIIIYIOTBCA IIJISXOM YTBOPEHHS CyMIIIEH HU3BKOPEAKIINHUX 1
BHUCOKOPEAKIIMHUX TMajuB, 30KpeMa MPUPOAHOrOo Ta3y Ta BOAHKO. KioyoBum
aCTIEKTOM BHUKOPHUCTAHHS TaKMX CyMIilllel € BU3HAYEHHS ONTUMAJIbHOI YaCTKH BOAHIO.
Ile muTaHHA YacTO CTa€ KOMIIPOMICOM MIX MiJBHMIIEHHSM pEAaKIIIHOI 31aTHOCTI
nanuBa, 3a0e3MEYeHHSAM HEOOX1IHOI TEIJIOTH 3TOPSIHHS Ta JOTPUMAHHSIM BHMOT

Oe3IeKu.

1.6. BogneBa enepreruka. 3arajibHi XapaKTEpPUCTUKH

Po3poOku B cdhepi BOAHEBOI €HEPreTUKU € aKTyaJbHUM HAIPSIMOM Yy Cy4YacHii
HAYKOBIM [iSJIBHOCTI, CHOPSMOBAaHUM HAa BHUKOPUCTAHHS BOJHIO SIK YHCTOTO Ta
e(peKTUBHOTO JKepena eHeprii Ay pi3HOMaHITHUX noTped. Boaens, sk Bigomo, €
HAWMOIIMPEHIUM XIMIYHUM €JIEMEHTOM Y TMPUPOAl Ta BOJOMIE BEITUYE3IHUM
TOTEHIIANOM SIK TanuBo. Moro edexTHBHE CHAIOBAHHS MPU3BOIMTH B OCHOBHOMY
JWIIe A0 YTBOPEHHS BOIM, 10 pOOUTH HOr0 HaA3BMYAWHO YUCTHM Ta €KOJOTIYHO

OE3IEYHNM.

Bonenbr Moxxe OyTH BUKOPUCTAaHMUM Il JKUBJICHHS PI3HOMaHITHUX BHJIIB
TPAHCTIOPTY Ta MPOMUCIOBUX IMpoieciB. OAHAK HOTrO 3HAXOMKEHHS y MPHUPOIL Y
BUIBHOMY BUTJISI/II € TOCUTH P1IKICHUM SIBUIIIEM, TOMY HOTO MOTPiOHO BUpoOIsITH. [{7151
BUPOOHUIITBA BOJIHIO YAaCTO BUKOPHCTOBYIOThH €JIEKTPOJII3 BOJH, ajie ICHYIOTh 1 1HIII
METOJM, Takl fK naporasudikamis Oiomacu um rasudikamis Byruuis. Baxmauso
BiJ3HAYNTH, 10 BHUKOPUCTAHHSI BOJHIO, BHPOOJIECHOTO 3 BUKOPHCTAHHSIM
BITHOBJIIOBAJIBHUX JKEPET €HEPTii, J03BOJSE YHUKHYTH BUKUIIB MApPHUKOBUX Ta3iB.
[33] OxpiM 1OTO TIPU BUPOOHUIITBI BOJHIO TAKUM IUIIXOM, Jie-(pakTo HOro MOXKHA
BUKOPHCTOBYBATH, SIK «aKyMyJISITOpP» €JeKTpoeHeprii. B yacu KoM CIOKWBaHHSA
eJIEKTPOCHEPTii CMOXKMBAaYaMU HIKYE€ HDK BHUPOOJIEHHS EJNEeKTpOEHeprii, MO>KHa
CIIPSIMOBYBATH €JICKTPOCHEPTir0 BupoOJsieHy Ha BiTpsikax Ta CEC Ha enexkTposi3

BOJIHIO, TAKUM YHMHOM J00aBIISIIOUYH €JIEKTPOMEPEKi O1IbIIIE MAaHEBPEHOCTI.
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Y BUKOpHUCTaHHI BOJHIO K MaJMBa MOXKHA BUOKPEMUTH JIB1 KIIFOUOBI CTpaTerii.
[Tepma mependayvae WOro CHaltOBaHHS 3a aHAJOTIEI0 3 IHIIMMU BUAAMH TaJHBa,
TaKUMH SK MPUPOJHUNA Ta3 4d JU3ebHE ManuBo. [[pyra crpareris rpyHTY€EThCS Ha
3aCTOCYBaHHI BOJIHEBUX TIQJJUBHUX €JIEMEHTIB, fKI (PYHKIIOHYIOTh Ha OCHOBI
eJIEKTPOXIMIYHOI peakilii Mi BOJHEM 1 KHCHEM, y Pe3yJbTaTli 4Oro YTBOPIOIOTHCS
CJICKTpPOCHEpTiss Ta BoAa. Taki eIeMEHTH € eKOJIOTIYHO Oe3lMmeyHuM 1
BHUCOKOC(EKTUBHUM JIKEPETIOM €Heprii, 10 MOXKe 3HAXOJUTH IUPOKE 3aCTOCYBAaHHS

B pi3HUX c(hepax MPOMHUCIOBOCTI Ta TpaHCOPTY. (auB.puc.1.20.)

EXTERNAL ELECTRICAL PATH-WAY
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Pucynok 1.20. BogHeBuUil naauBHUMN €JIEMEHT Ta KOT0O cxema.

BukopucTtands BOIHIO CIIpUsi€ MIABUIICHHIO €HEPreTUIHOI OE3MEeKH, OCKUIBKU
HOro MOXKIIMBO OTPUMYBaTH 3 pIi3HUX TMEPBUHHHUX JDKEpeN eHeprii, 30KpemMa
BIIHOBJIIOBAaHUX. BOJIeHh Ma€ TOTEHIIal CTaTH IMOBHOI[IHHOK aJbTEPHATHUBOIO
HAa(TOBUM HPOAYKTaM. Moro MoxHa BUPOOISTH 3 PisHOMAHITHHX pecypciB, 30KpeMa
MPUPOJIHOTO Trazy, BYTULIs, OPraHIYHUX BIJXOJIB, OlomajavBa Ta arpornpoMHUCIOBUX
sanumikiB [34]. Lle 3a0e3neuye MOXIMUBICTh HOTO BUPOOHUITBA Yy PI3HUX pErioHax

CBITY.

OcHoBHa mepeBara BOJHIO MOJSTa€ y KWOro BHUCOKIM €HEpPreTU4HId TyCTHHI.
30KkpeMa, JBUTYH BHYTPIIIHBOTO 3TOpSHHS, L0 Mpaioe 3a nukioM OTTo Ha

BOJIHEBOMY IaJIUBI, IEMOHCTPYE MaKCUMaJIbHUN KOE(III€EHT KOPUCHOT 11T Ha piBHI 3§
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%, 1o npubau3HO Ha 8 % mepeBully€e ePEeKTUBHICTh aHAJOTIYHOTO JBUTYHA, SIKUN

BUKOPUCTOBY€E OCH3HH.

Ha cporogni mnpuOIuM3HO TMOJOBUHA BCHOIO BHUPOOJICHOTO Yy CBITI BOJHIO
OTPUMYETHCS 3 IPUPOTHOTO Ta3y, MPOTE OUIKYETHCS MOCTYOBE 301IBIIICHHS] YaCTKH
IHIIUX JpKepesl. 3 oIy Ha OOMEXKEHICTh €KOHOMIYHO BHWTITHUX 3amaciB
BYTJICBOJHEBUX PECYPCIB Ta MOCTIHHO 3pOCTalOUM MOMUT HA TAJINBO, OCOOJIMBO B
KpaiHax, M0 IBHUJIKO PO3BUBAIOTHCS, Takux sk Kwutait Ta IHmis, mepcnexkTtuBu
BIIPOBA/PKCHHS aJbTEPHATUBHUX METOJIIB BUPOOHMIITBA BOJHIO HAOyBarOTh Jedaui

OUTBIIOT aKTyaIbHOCTI.

1.6.1. Punok Ta 3acTOCYyBaHHS BOJHIO.

BupoOHUIITBO BOAHIO — II€ MIBUIKO 3pocTatoua raimys3sb. Y 2004 porii cBiTOBE
BUPOOHUIITBO focsTiio 50 MIH TOH, IO €KBiBaJIeHTHO 170 MIH TOH Ha(pTOBOTO
eKBiBaJI€HTa, 13 WIOPIYHUM 3pocTaHHsAM Onus3bko 10%. Y CHIA Ha Tol uac
BUpOOIsLTOCs 11 MITH. TOH BOJHIO, a Horo piuHa Bapticth y 2005 pomi csrama $135

MJIPA.

CyyacHe BUKOPUCTaHHSI BOJHIO 30CE€pe/LKEHE Y JIBOX HampsimMax: 0su3bko 50%
e Ha BupoOHuuTBO amiaky (NHs) y mpomeci ['abepa, 1mo 3acTOCOBYETHCS Y

CUICHKOMY TOCIIOJIAPCTBI, a pelTa — JJIsl IepepoOKu HaPTH.

3pocTaHHs I[IH HAa BUKOITHE IMAJMBO CTUMYJIIOE 1HTEpEC 10 adbTePHATUBHUX
METO/IB BUPOOHMIITBA BOJIHIO. Hapasi OUIBIIICTh BOJHIO BUPOOJISAETHCS HA MiCII
CIIOKWMBaHHS, WOrO BapTicTh cTaHOBUTH $0.7/Kr, TONI SK PIAKUN BOJCHB, IO

TPAHCIOPTYEThCS, KomTye $2.2—-3. 1/kr.

1.6.2. BupoOHUIITBO BOJIHIO.

Ha 3emui MonexkynsapHUil BOJIEHb Maif>ke HE 3yCTPIUa€eThCsl y BUIBHOMY BUIJISI,
OCKiJIBKM TIEpPEBAXKHO 3B’ A3aHMUI i3 KCHEM y CKIafi Bou. MOro OTpEMYyIOTh MIISXOM
nepepoOKH  BOJHIOBMICHHX  CHOJYK, IO MOTpedye eHeprii Ta  MOXe

cynpoBokyBatucs BukuaaMu CO2. OCHOBHUMH METOAaMHU BUPOOHUIITBA €:

61



1. KsapHep-npouiec — poO3IIEIUICHHS BYIJIEBOJHIB, TaKUX SK MeETaH 1
MpUpOHUI ra3.[38]

2. bionoriyHe BUpOOHHUITBO — (pepMEHTATUBHE YTBOPEHHSI BOJIHIO OAKTEPIsSIMHU.

3. Enexrtponi3 13 OilokaTtanizaTopaMl — BUPOOHHUIITBO BOJHIO Y MIKPOOHHX
MaJUBHUX eJieMeHTax.[35]

4.  Enextpomni3 Bogu — noaiut H>O mij ai€ro eneKTpuyHOoro CTpyMmy, BKIIIOUAI0UU
BHUCOKOTEMITEpaTypHUH eIeKTpoi3.[35]

5.  ®oToenekTpoxiMiuyHe PO3MICTUICHHS — BUPOOHHUIITBO BOJIHIO 32 JOTIOMOTOIO
COHSIYHOI eHeprii.[36]

6. KoHieHTpallis COHSIYHOI eHeprii — TepMIYHE PO3KJIaJIaHHS BOJU MiJ JI€I0
BHUCOKHX TEMITEpaTyp.

7. @DOTOCNEKTPOKATAIITUYHUM METOJ — BHUKOPUCTAHHS HAHOYACTOK IS
YTBOPEHHS BOJIHIO MiJ 1i€10 CBiTia.[39]

8. TepMoximiuHI ITUKIIN — OTPUMAHHS BOJHIO 3 BOJIM 3a JOTIOMOTOO TETUIOBOI

eHeprii, 6e3 eneKTpoizy.

TepMoxiMIuHI MPOIIECH MOXKYTh OYTH €(DEKTUBHIIIIMMU 3a €JICKTPOJII3, aje MOKH
HE BUKOPHCTOBYIOTHCS Y IPOMUCIOBOCTI. JlOCHIIXKEHHS CIPSIMOBaH1 Ha ITiIBUIIICHHS

€(hEeKTUBHOCTI Ta 3HWKEHHS BapTOCTI BUPOOHUIITBA BOJIHIO.

1.6.3. 36epiranHs BOJIHEBOTO IaJKBa.

30epiraHHs BOAHIO 3MIMCHIOETHCS y (OPMI CTUCHYTOTO Ta3y npu Tucky 350—700
Oap ab0 y BUTJISIA1 XIMIYHUX T1IPHUIIB Ta TBEPIUX MaTEPialliB, [0 MOTJIMHAKOTH BOJICHb.
JI71st mpOMUCIIOBUX MacITa0lB MOKIIUBE MiA3eMHE 30epiraHHs B COJITHUX CKJICTIIHHSIX
ab0 BUUEpIaHUX POJOBHINAX, 1110 3a0e3Meuye JOBrOTpHUBaie 30epiranHs 0e3 3HaYHUX

BTpart.[37]

TpancnopTyBaHHS BOAHIO YCKJIAaJHEHE 4epe3 Horo BUCOKY AMDY3iHHICTH, L0
CIOPUYHUHSE CKPUXUYEHHS cTajeBuX TpyOompoBoaiB. ToMy HeoOXiaHiI cHeliaibHi

HOKpUTTA a00 HOBI Marepianu A Oe3MeYHOro TPAHCIOPTYBaHHSA. XOda BOJHEBI
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TpyOONPOBOJM € HaWJEUIEBUIUM CIIOCOOOM TPAHCIOPTYBAHHS, BUTpPATH Ha iXHIO

MOJIEPHI3aIlil0 3HAYHI.

[Ilopoky y CBITI PO3MOBCIOJKYIOTHCS MUIBMOHM TOHH BOJIHIO, MPOTE MOro
JOCTYMHICTh JJIs1 KIHIIEBHX CIIOKMBAUiB 3aJIMIIAE€TbCI OOMexeHoro. MaitbyTHe
BOJHEBOI €HEPreTUKHU Iepeadavae HOoro BUKOPUCTAHHS SIK PE3EpPBY €HEPrii Jyis

IPOMUCIIOBUX CEKTOPIB, 110 CIPUATUME 3MEHIIICHHIO BUKU1B TAPHUKOBUX ra3iB.[40]

EdexTuBHE BUPOOHUIITBO BOJHIO 3 adbTEPHATHUBHUX JKEPEN (BIIHOBIIIOBAHUX
a00 aTOMHHUX) BUTIHIIIEC peaTi30BYyBaTH uyepe3 JOKajJbHE BUPOOHUIITBO, YHUKAKOUH
BTpaT TNpU TPAHCHOPTYBaHHI. JleneHTpanizoBaHa MOJAETh BHPOOHHUIITBA BOJHIO HA
MICIIEBHMX 3aBOjaX a00 3aMpaBHUX CTAHIIISIX 13 BUKOPUCTAHHIM €IEKTPOCHEPTil MOXKeE
crath  OuIbII  €(pEeKTUBHOK, HDK  IIEHTpali30BaHE  BUPOOHUIITBO  Ta

TpaHCHOpPTyBaHHA.[41]
1.6.4. Excrutyarartis.

[ToGoroBaHHS MO0 3aHMHUCTOCTI BOJHIO € CYTTEBOIO MEPENIKOOI0 I HOTO
BIIPOBAKCHHS, X04a JOCIKEHHS JOBOJATH, IO 32 HAJIICKHUX YMOB BOJIEHb MOXE
Oyt Oe3reuyHuM. 3aBASKM HU3BKIM MOJEKYJSPHIA Maci BiH HIBUJIKO PO3CIIOETHCS B

MOBITPI, 1[0 3MEHIITY€ PU3UK BUOYXIB Y 3aKPUTUX MpOCcTOpax.[44]

BaxnuBy poiib y 6e3merli BiiirparoTh BiAMOBIIHI HOPMH Ta CTaHAAPTH, 30KpemMa
BUKOPHUCTAHHS JETEKTOPIB JJii BUSBICHHS BUTOKIB. JlOCHIIKEHHS, BKJIIOYAIOYU
Kananceky mporpaMy BOAHEBOI O€3MEKH, CBIiTYaTh, 110 BOJACHb MOXE OyTH HE MEHII

Oe3MeYHUM 3a IPUPOJHUM Ta3.

€Bpomneiickka KOMICisl HAaroJIONIy€e Ha HEOOX1THOCTI OCBITHIX TIPOTpaM 1 po3pOOKH
3ac0o0iB Oe3mneku, o0 BOJAHEBI TEXHOJOTIl CTajdud TaKUMH K JOCTYITHUMH Ta

O€3MEeUYHNMHU, K TPAJUIIIHI EHePreTUYH1 PIIlICHHS.

1.6.5. ExoHoMiuHUM (hakTop.
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[lopiBHSHHS BUTpaT Ha BOJAEHb 1 BHUKOIHE IMAJHBO YCKIATHIETHCS PI3HUMHU
acrieKTaMu BHPOOHMIITBA. BHPOOHMIITBO BOJHIO €JEKTPOJIi30M MOTpedye 3HAUHUX
eHepreTUYHuX BUTpaT — TmoHaa 35 kBT/rog Ha kinmorpam, IO MiJBUILY€E HOTO

BapTICTh.

JlomaTKOBI BUTpATH CIIPHUMHSIE TPAHCTIOPTYBAHHS Ta 30epiraHHs: TpyOOmpoOBOIU
JUTSL BOJHIO JOPOKYl 3a EJIEKTpOMepexi, a Horo OuThnui 00’€M TMOPIBHSHO 3

MPUPOIHUM Ta30M 30UIbIIIY€E BUTPATH HA IHPPACTPYKTYPY.
1.6.6 BonHeBa eHepreTuka B YKpaiHi.

BonneBa enepreTmka mMae BENMKWN MOTEHINAT JJII 3MEHIIECHHS €HEePreTHYHOT
3aJIEKHOCTI YKpaiHM Ta PO3BUTKY BHYTPIIIHIX pecypciB. IlepeTBopeHHs ByTULIA,
Topdy, O6lomMacu Ta 1HIIUX PECYPCIB Y BOJICHh MOXE 3aJ0BOJIBHUTU €HEPreTUYHI

noTpeOu Ta 3MEHIIUTH BUKUIA MAPHUKOBHX Ta3iB.

[asudikamis Byruwis, 30KpeMa MiJ3€MHA, € TEepPCHEeKTUBHUM METOJIOM
BUPOOHUIITBA BOJIHIO, OCKUIBKM YKpaiHa Mae 3HauyHl 3amacu Byrunis. Kpim Toro,
OTPUMAaHHS BOJHIO K MOOIYHOTO MPOAYKTY B XIMIYHUX 1 HAQTONEpepoOHUX MpoLiecax

MIJBUITY€ €(PEKTUBHICTD 1 €KOJOTIYHICTb.

[le onHUM DKeperoM BOAHIO MOKe OyTH CIpKOBOJIeHb y BOI HopHOTO MOps, 1110

BIJIKpMBA€E HOB1 MOKJIMBOCTI JIJISI PO3BUTKY BOJIHEBO1 EHEPTETUKU B Y KpaiHi.

1.6.7 BosieHb Ta CTpyMEHEBO-HHUIIIEBA TEXHOJIOT 141.

SAx Oyno 3a3HaY€HO y PO3MiJi, MPUCBSIYCHOMY PEAKIIWHIA 37aTHOCTI IMaiuB,
EKCIIEPUMEHTAIbHI  JIOCHIKEHHS B CTPYMEHEBO-HUIIIEBUX MOJIYJISIX MMOKa3aJIH
YTBOPEHHS 30H 13 HAIJIMIITKOBOIO KUIBKICTIO HE3ropiJIOro MajruBa Ha MepeH1i YaCTHHI
dakena. lle sBuUIE MOB’sI3aHe 3 HU3HKOIO PEAKIIIMHOO 3IaTHICTIO MPUPOTHOTO Ta3y,
SAKO1 HEJOCTAaTHLO JJISl MiATPUMAaHHS CTaOlIbHOI peakilii rOpiHHS y BIIJAJICHUX BiJ

BHUCOKOTEMITEpaTypHUX o0JsiacTsX. B Takux 30Hax CIIOCTEPITa€ThCs «3PUB TOPIHHSY,
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BUKJIMKAHUW BUCOKUM CTYIIEHEM aepallii MajJMBHOI CyMillll Ta MOPYIIEHHSIM TEMI0BOrO

Oamancy 3aliMadHs. [33]

Tabmui 1.1. XapakTepuCTUKHU CyMiIel TPUPOIHOTO ra3y Ta BOJHIO. [33]

Ha3Ba xapakTepuCcTHKH CyMili Omununy | Hy y cymimi, % 00.
i 10 30 50
IlinbHicTD Kr/m? 0,65 (0,52 |04
Temiora 3ropanus MJTx/m® | 33,38 | 28,36 | 23,33
Ingexc Boo0e M]Dx/v® | 46,95 | 44,37 | 41,81
BigminnicTs iHgexkcy Bo00e cymimi Bix | % 2,6 8,0 13,2
ingexcy Boo0e npupoanoro rasy (48,22)
Me:ki cnajiaxyBaHHS: % 00. 4.9 4.6 4.4
-  HWKHSHA
- BepXHA 16,3 |19,7 25,0
HIBuakicTh moaym’st Mm/c 0,19 10,26 0,37
I'pannyHuii koed. HANJIMIIKY MOBITPS Ha 0,21 0,19 0,17
MeXi YTBOPEHHSI KOBTHX HPOOJIHCKIB
nmoJiyM’st
IloTpeda y moBiTpi /st MOBHOIO 3ropanus | M>/M° 8,8 |74 5,9
(cTexioMeTpUYHA KiJIBKICTh MOBITPS)
O6’cM MNPOAYKTIB MOBHOIO 3ropaHus | M>/M° 11,1 |93 7,6
(0=1,15)
CxkJy1a NpOAYKTiB NOBHOI'O 3rOPAHHS: % 00. 16,1 |18,2 19,8
- BojasiHa mapa, H,O
- asort, N2 723 | 71,8 71,2
-  KHCeHb, O 2,5 2.4 2.4
- miokcua Byrienw, CO» 8,1 7,5 6,6

3Bakalouu Ha I, Y BUITaJKy CTPYMEHEBO-HHUIIIEBOI TEXHOJIOTIT Hapa3i mpooieMy
HaMararoThCs BUPIIIATH MUISIXOM 3MINTyBaHHS HU3bKOPEAKIIIIHOTO MaJiiBa 3 BOJTHEM.
OCHOBHHMM BUKJIMKOM 3aJIUIIAE€THCS BH3HAYCHHS OITHMAJIbHOI YacTKHW BOJHIO. Lle
3aBJIaHHS MMOTPEOYE KOMIPOMICY MIXK TIJIBUIIEHHSM PEaKIiiHOT 3JaTHOCTI MaJIUBHOI
cyminri, 3a0e3nmeYeHHsIM JOCTAaTHBOI TEIUIOTH 3TOPSHHSA Ta JOTPUMAaHHSM BHUMOT

Oe3IeKu.

Ha gymky Benukoi KiIbKOCTI JOCHITHHUKIB, IIIKOM PEAIbHUM € 3aCTOCYBaHHS

cymilei 3 BMICTOM BOJIHIO HaBiTh oHaa 50% (nuB.Tab.1.1.)
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VY poboTax IiHIIMX IOCHIJHUKIB 3a3HAYAETHCS, IO BUKOPUCTAHHS IMaJTUBHUX
cyMiiei 13 BMicToM BOJHIO moHaA 20-25% Ha peaqbHUX BOTHETEXHIYHUX 00'€KTax
YCKIIQIHSIETHCS YePe3 PUBHK MEPEX0y TOPIHHSA B PEKUM JI€ BIIOYBAETHCS MTPOCKOK

MOJIyM'sl B 30HY CyMIIIOYTBOPEHHS Y 1HKEKIIHHUX MaTbHUKOBUX MPUCTPOSIX.

BonHowac, J0CBig eKcIUTyaTalli CTpYMEHEBO-HHUIIEBUX TMaJbHHUKIB, SIKi
OpallTh Y  MIKpoau(y3iiHOMY pPEXuUMI TOpPIHHS, a TaKOX pe3yibTaTu
eKCIIEPUMEHTAJIbHUX JOCTIKEHb CBIAYaTh NP0 IXHIO 3AaTHICTh (DYHKLIOHYBAaTH
cTallJIbHO HaBITh MIPH MIABUIIEHUX KOHIIEHTpalisiX BogHI0. Ha puc. 4 mpeacrasieHo
¢dotorpadii mporecy ropiHHS CyMilli NPUPOAHOTO razy 3 BOJHEM y CTPYMEHEBO-
HUIEBIM cuctemi. Sk BHAHO, 3aliMaHHS TIAJUBHOI CyMIlll  BiI0yBa€ThCs
0e3nocepelHbO Ha BUXOI Ta30MOAaBaJIbHUX OTBOPIB KOJEKTOPY, IO BIAPI3HIETHCA

BIJI XapakTepy TOpIHHA TPaaUuLIHHOTO manuBa. [33]

1.7. IIpoGyieMu eHepreTUKH Iij] 4ac HaJA3BUYaMHUX CUTYaIlIN.

Cnuparoyuch Ha JIOCBiJ OCTaHHIX POKIB, 32 BIHHOIO, KOJMBAaHHSIMHU Ha PUHKY
BYIJICBOJHIB 1 T.JA. HEOOXITHO IOAATKOBO pO3I0OpaTH CHUTYyaIlll0 3 TOYKUA 30Dy
CHEPIreTUKH, Ta PUHKY €Hepropecypcis, Ta 3poOUTH BHCHOBKU. Hacammepen, mayxe
BaXXJIMBUM [JIsI CHCPICTUKU € pOBYMiHHH TOIrO, 10 H&,Z[BBPI"I&IZHO KpalH 3HAXOJUJINCS B

MOBHIM 3aJIEKHOCTI Bl OJJHOTO MocTadanbHUKa ByriieBoH1IB (Pocii). (muB. puc. 1.21.)
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MO E N

Pucynok. 1.21. 3anexHicTh Kpain €Bpomu Bijl pOCIACHKOT0 razy cranoMm Ha 2022 pik.

[Tpu 11bOMY HaBiTh OPYIITYBAINCS TUPEKTUBU €BPOCOIO3, PO HEOMYCTUMICTh
iMropty Ounbiie 30% MEeBHOTO pecypcy Bil OMHOTO mocTadaibHuKa (0mm3bko 40%

ra3zy Ha MOMeHT nouatky 2022 poky nocrtauanocs 3 Pocii).

I 3maBanocs Ou, 110 1€ HEe €AMHUIN MOCTAYaIBHUK Ta3y, Ha(QTH Ta ByTULIA, aJKe €
HaJ3BUYailHO OaraTo IHIIUX KpaiH #AKI eKCIOPTYIOTh HAJA3BUYAHO Oarato
eHepropecypciB. Tak 3BicHO mocTtaBka 3 bmmwkaporo Cxomy um AMepukd He
HalJIelleBINa, a YyacTuHa Kpaid sk Ipan un Benecyena monpu Haa3BUYaliHO BEJHKI

MOKJIaIM €HEPTOPECYPCiB cami 3HAXOMSITHCS M1 CAHKITISIMH.

Ane pobneMa B TOMY, IO HEJOCTATHHO JIMIIE 3HANTH MOCTavYaIbHUKA BYTUILIA,
HahptH um razy. Jusg OUIBIIOCTI MIANPUEMCTB, KOMYHAJIBHHX TOCIIOJAPCTB,
MEeTaJTypTriHUX 3aBOIB 1 T.J1. HEOOX1JHO Ta3 MEBHOI KaJIOPIHHOCTI, HaTa MOTPIOHOT
MapKH 1 KOHKPETHUH BUJI BYTULIs. ToMy, Iesiki KpaiH, siKi B)KEe BUPIIIUIA BIIMOBUTHCS
B IMIOPTY IIUX EHEPropecypciB 3asBISIOTH, IO IOBHICTIO BiAMOBHUTHCS Oyje
MOXJIMBO Y€pe3 POKH, MICIs MOJIepHI3aIlli BCIX MIMPUEMCTB IMiJ HOBlI BUJIM MaJIKBa

(a0 mig HOB1 XapaKTEPUCTUKH 3aCTOCOBYBAHUX TTAJIHB).
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Takoxx mpoOiemoro € Te, Mo HaPTONPOMYKTH Ta MPUPOTHUIN Ta3 HabaraTto
BUT1JIHIIIIE TIOCTA4aTH TPyOONPOBOJIOM, YUM OYIb-IKUM I1HIIUM CIOCOOOM, TOMY
abTEpHATHBA B SKOCTI MpomaH-OyTaHy, SKHI IMOCTadyaTH MOpPEM HE HadaraTto
JIOpOKYe, YUM TPYyOOTPOBOIIOM, JO3BOJISIE BUOWpATH TOCTadalbHWKA 3 Habararo

OUTBIIIOTO CITUCKY.

binbmocti mpobnem ynanocs 0 yHUKHYTH, sIKOHM 3a3/1ajeriap Oyna nependadyeHa
MOKJIMBICTh BUKOPHCTAHHA pI3HUX BUAIB mnanuBa (abo xoua O pi3HUX
Mapok/copTiB/kasiopiiinocti). uBepcudikaiis mnanuBHOi 0a3sm Morma O OyTu
BUPIIIEHHSAM ITi€1 mpobseMu. AJKe, SIKIO HEMOXKJIUBO 3aKYyIUIATH ra3 4d HadTy 10
NPUHAHATHUM I[IHAM Yy PI3HUX IMOCTAYaJbHUKIB, TOJI IMOTPIOHO 3aJyMaTHCS HaJ
3HIKEHHSIM CTHIOXXUBAHHS TAKUX PECYPCIB 3aB/ISKH MEPEBOLY YaCTUHH MOTY>KHOCTI Ha

CIIO’KWBAHHS 1HIIUX BUIIB I1AJINBA.

Ha 3puByBaHHA Haa3BUYaiHO MpOOJEMATUYHOIO BHUSABHIAcCS 1 sAepHa
eHepretuka. Ile Oyna mepia BifiHA Ha TEPUTOPIi JEpkKaBU 3 HACTUIBKU BEIMKOIO
KUTBKICTIO SiZIEpHUX 00’ €KTIB, B1/l HAYKOBUX 1IHCTUTYTIB 3 sIIEPHUMHU J1a00paTOpISIMU Ta
€IUHOT B CBITI 30HM siiepHOI KaTacTpodu, n0 HainoryxHimoi B €sporni AEC. B
JaHOMY BHUMAJAKY, SJEpHA €HEpPreThKa IMokKas3aia cebe 3 He HaWKpamoi CTOPOHH.
MOXITUBICTh €KOJIOTIYHOI KaTacTpodu y BHMAIKY OOCTPIITYy €HEepProcTaHIlii, 3Mycuiia

BIJICTYIIaTH 3 OKOJIMIIIHIX TEPUTOPIH.

[HIII0T0 TPOOIEMOI0 € HAATUIIIKOBA KOHIIEHTPAIlis OTYKHOCTEH. Tak HanmpuKia
BinkmoueHHs: 3amopizbkoi AEC mos6aBuB kpainy 6000 MBT enextpoeneprii. 1llo
CTaJIO HA/ICEPHO3HUM YIapOM IO €HEepreTHIll Kpaiau. B Tol ke Jac, AKIIo po3IiaTuTH

TaKy MOTYXHICTh MiXk 2-3 CTaHIIISIMH, 11€ JO3BOJUTh TUBEPCUDIKYBATU PUSUKH.

OkpiMm Toro momii oceHi-3umu 2022 T10OKa3aid, IO IEHTPai30BaHICTh
CHeproCUCTEMH TaKOXK MOXeE cTaT mpodiemoro. Tak BUXiA 3 Jaay €HeprocTaHiii 4u
OCHOBHUX JIIHIN eJleKTporiepeaay Ha 3aX0/11 KpaiHu MIT CIPUYMHUTH BIAKIIOUCHHS Ha
Cxoni Ta HaBNaku. A TIPH MONTKOKEH] HA3BUYAHO BUCOKOBOJIBTHHX JIiHIH Bim AEC

He OyJI0O MOJIMBOCTI MEpEHANpPaBUTU MOBHY MOTYXHICTh HeylkomkeHux AEC B
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eHeprocuctemy. Yoro He Oys0 6 Mpu po3MOICH] 1€l MOTY>KHOCTI HA BUPOOHUIITBO
Ha JEKITbKOX MEHIIUX 00’ekTax. TomMy B MalOyTHROMY MOMKIIMBICTH aBTOHOMHOI
pobotu ob6nacTeil/palioHIB BiJl HU3KH MAJIONOTY)KHUX €HEProo0’€KTIB MOXKE CTaTH

HAJIIHHOIO TapaHTIEI OE3MEKU EHEPTrOCUCTEMH.

He menm neb6esneunnmu Bussunucsa ['EC, apke 3HUIIEHHS YM ITOIIKOIKECHHS

JTaMOUM MOJK€ TTPU3BECTH JI0 3aTOTUICHHSI MICTa UM HaBITh 00J1ACTi.

3 He HallKpamioi CTOPOHM TaKOX MOKazajgo cebe rasomocradanHsa. [lix yac
pPaKeTHUX yJ1apiB Ta boMOapayBaHb 6arato MicT 0yJI0 3aJIUIIIEHO O€3 ra30MoCTavYaHHsl,
Oarato Marictpainei Oynu BuBeJeH1 3 naay 1 HaBiTh ['PII Bcepenuni micta Oynu mij

aTaKoIO IMBEPCAHTIB.

3 ycix nux mpobsieM, MOKHA 3pOOUTH BUCHOBOK, IO MiJA Yac (opc-MakOpHUX
oOCTaBWH, Kpallle MaTH SKOMora OiJbIlle 3alacHUX BapiaHTIB, pE3EpBIB Ta
MOJKJIMBOCTEH B JIFOOMH MOMEHT 3MIHUTH BUJ MajuBa, YU MPOCTO, 00 Ha Pi3HUX
00’exTax OynM pi3HI BUAM NanuBa (HAIPUKIAI: OJHA pallOHHA KOTEJIbHS MpaIloe Ha
MPUPOJHOMY Ta3i, a CyCIJIHS Ha MpoIaH-OyTaHl YW reHepaTopHOMYy Tasl 1 T.a.) I

J03BOJIUTH AUBEPCU(IKYBATH PUSHKHU.

1.8. HusbkokanopiiiHl Ta HU3BKOpEaKIliiiHI BUAM mnanauB. biorasw,

3BAJIMIIHI, METaTypridHi, TEHEPATOPHI 1 T.1. Ta3Hu.

Baxxko mpezacTaBuTH, 110 €Ch MOXKE iICHYBaTH JelieBe, abo B3araji MpakTUIHO
OE3KOITOBHE MAJIMBO, SKE MH HE BHKOPHUCTOBYEMO. Alle caMe Taka CHTYyalis
croctepiraeTecsi B MeTanyprii. IcHye Oarato ra3iB — MOOIYHUX pE3yJIbTaTIB
METaJypPT14HMX MPOIIECIB, K1 X0Ua 1 € HU3bKOKAJIOPIHHUMHU Ta 3a0pyAHEHUMH, IPOTE

BCE K MalOTh €HEPTeTUYHY I[IHHICTb.

Cepen Takux rasiB: KOHBEpTEPHHIA, JOMEHHUN Ta KOKCOBUU Ta 1HIIIL.
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Pucynok 1.22 KonBepTtepHa mid.

Ha sxanp, nns Toro, mo6 iX BUKOPUCTOBYBAaTH, HEOOX1AHO MPUCTOCOBYBATHUCS /10
CKJIQJTHUX TEXHOJOTIYHUX MPOIIECIB 3aBOJIIB, TaK SIK JIEAKl 3 IUX Ta3iB MOCTYIAIOTh
JUIIe Ha MEBHUX MPOMDKKAX TexHigyHOTro mpoiecy. [45] KpiMm 1poro, SKIo HaBiTh
npornaH-OyTaH Ta IPUPOIHUMN Ta3 BBAXKAIOTHCS HU3bKOPEAKIIMHUMHU, TO TaKi rasu, €
HaJ[3BUYalHO HM3bKOPEAKIIMHUMHU, a TUM OuIbIlIe HU3bKOKaJIopiiHUMU. Bce 11e B
CBOIO YEPTy 3MYIIY€E 3aMHUCIIMTHCS HaJ JT0OaBKaMH BHCOKOPEAKTUBHUX JOMIIIIOK JI0

TaKUX MAJIUB, I IIPUKITAAy — BOIHIO.

TakoX JOCHUTH CKJIAQgHO BCTAHOBHTH HEOOXigHE HOBE OOJIagHAHHS,
TpyOONpPOBOAM Ta 1HIINI MPHUCTPOIB, HA ICHYIOUOMY 3aBOJi, IO YK€ IIiJI 3aB’s3KY
3alI0BHEHUH 1CHYIOUMM OOJIaJHAHHSM 1 JIe TI0 IPOEKTY He nepeadadanocs Micus Mija

Moudikarii.
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Pucynoxk 1.23 a.) Kokcosa miy. 0.) JlomeHHa midy.

Came ToMy, 3apa3, KOJM METaTypridyHa MPOMMCIIOBICTh MOCTPAXIANU, a TO U
MOBHICTIO 3HUIICHE, 3’ IBISETHCS MIAHC, PU BIOYAO0B1 BIPOBAAUTHA HOB1 TEXHOJIOTIT 1
MOJIEpHI3yBaTH Mpolecu.[46] Amke HabaraTo mpocTilie nepeadaynTH Takl 3MiHU B
HOBOMY IMPOEKTi (2060 xoua 0 3aKJIaCTH TaKy MOXKJIMBICTD B MPOEKTI JJIsl BCTAHOBJICHHS

B MallOyTHROMY), YUM YK€ Ha ICHYIOUOMY OOJIaTHAHHI.

1.9. 3amaui qucepralliitHoi poOOTH.

Tenep, komu HamMu Yyxe Oyna cdopMoBaHA KOHIEMINS pPalliOHATLHOTO
BUKOPUCTAHHS TMajuBa, PO3TJSHYTI NPUHIUANHA POOOTH MAIWBHUX TOCIOIAPCTB,
MpoaHaIi30BaH1 TEXHOJIOTII CalroBaHHs, Po310paHo PoOOYMi MPOIEC MATbHUKOBUX
MIPUCTPOIB, @ HA OCHOBI BChOT'O BHUIIE CPOPMOBAHO OCHOBHI BUMOTH JI0 MaJIbHUKOBUX
IPUCTPOIB Ta BUOpaHa SIK HAHOUTBII MiIXO/AIIa CTPYMEHEBO-HUIIIEBA TEXHOJIOTIA. 3
JiTepaTypHOro orjisay, copMoBaHi 3a7adi JucepTaiiitHol poOoTH. Ski BUTIIAIaI0Th
HACTYyITHUM YHHOM:

e BusHauuth HaMOUIBII BaXKJIMBI KOHCTPYKIIMHI Ta PEXUMHI (HaKTOPH,

HEOOX1IH1 JJIs1 CTBOPEHHSI KOMOTHOBAHOI'O MAJIbHUKOBOTO MOJIYJIS;
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e JlochmiauTd BCl €JIEMEHTH pOOOUYOro MPOIEeCYy CTPYMEHEBO-HUIIEBOTO
MaJbHUKOBOTO MOJYJISI Ta MPUCTPOIO NpH poOOTI Ha mpomaH-OyTaHi Ta
IPUPOTHOMY Ta3i;

e [Ipoectu nOCHIIKEHHS BIUIMBY JOMIIIOK BOJHIO Ha poOOYl Mpolecu
TOpIHHSA B KOMOIHOBAaHOMY CTPYMEHEBO-HUIIIEBOMY MaJbHUKOBOMY MOYJII

Ta IPUCTPOI;

1.10. BUCHOBKH 10 MEPIIOTO PO3ALTY.

[Ticns mpoBeneHoTO aHami3y, JOCIIHKEHb Ta HAITMCAHHS JIITEPATYPHOTO OTJISTY MHOIO

Oysu chopMoOBaHi1 HACTYITHI BUCHOBKH:

1. PesepBHe Ta aBapiliHe MAIMBO MOTPiOHE MHUPOKOMY KOJY BOTHETEXHIYHUX
00’ €KTIB HE3aJIEKHO BiJ 1X pO3MIpIB;

2. [lanmuBo BaxaMBO MiOMpaTH OIVISIIAIOYMCHh HA MICLIEBI YMOBHU (JIOKaJIbHI
MTOKJIQIN T1aJIMBa, JIOTICTHKA 1 T.1.);

3. TlepeBary moTpiOHO HaJaBaTH BUAM ITAJIMBA, 1110 BiANOBIAAIOTh HACTYITHUM
BUMOTaM:
A. HaniiiHicTh TOCTaYaHHS (HAasBHICTH MaJIMBA, JIOTICTHKA 1 T.1.);
b.  ExosoriuHicTh (HU3bKI BUKHIH Ta 3a0pYyIHCHHS );
B. ExoHomiuHicTh (K pHHKOBA BapTICTh TajuWBa, TaK 1 HEOOXIJHI

KaIiTaJOBKJIAICHHS JIIsl IEPEBOY BOTHETEXHIYHOTO 00’ €KTY Ha TaHUN

BU/I MTAJIUBA).

4. Haii0inbpll NEepCNeKTUBHUM pE3EPBHUM NaJIMBOM Ha JaHUH MOMEHT €

CKpaIuIeHuil nponaH-0yTaH;

5. Tlpupomnmii ra3 Ta mnpomaH-OyTaH MarOTh BEJIMKY PI3HUIIO B TEIUIOTI
3ropaHHs, ajie 00UIBa SBIISIOTHCS HU3bKOPEAKIIHUMU BHIaMH MTAJIUBA, 1110
HAIITOBXY€ Ha JyMKy MpPO HEOOXITHICTh AO0ABISATH AOMIIIKK OLIbII

BHCOKOPEAKIIMHUX MAJINB, Ta IPU LILOMY YCEPEIHIOBATH TEINIOTY 3TOPaHHS;
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6. Cy4acHi «yHiBepcalabH1» MaJbHUKOBI MPUCTPOIB MAIOTh PSJT HEIOTIKIB:
A. CxyagHy KOHCTPYKIIIIO;
b. Po3aiapH1 TpakTH Moj1avi MajiuBs;
B. HeedextuBHuit poOoumii mpoliiec Ha OJTHOMY 3 MMaJIUB.

7. HaOyBae BeqIMKOro 3HaU€HHS BOJHEBA eHepreTuka. Bogens Mmae 0co0IMBOCTI
— HEBEJIMKHUH PI1BEHB TEIJIOTH 3TOPaHHs, ajie B TOH e 4ac BUCOKY peakLiiHy

3JIATHICTb.
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Poznun 2. METOHOJIOI'TA ITPOBEJJEHHA JOCJI I KEHbD.

Jns BupimeHHs 3amad cOPMOBAHUX B TOMEPEIHBOMY PO3AiT, HEOOX1THO
MPOBECTU 3HAYHY POOOTY MO MiATOTOBII. JJIs movaTKy, moTpiOHO YiTKO chopMyBaTH

MOCIIJOBHICTh KPOKIB, 1110 OYAyTh BUKOHYBAaTHCS.

dizuynomy excrnepumenty nepenyBano CFD MopenioBanHsa, MomyiniB 3a
nonomororo cucteM SolidWorks (ta HanOynosu SolidWorks Simulations) Ta Ansys.
OckibKH (p13UYHUM EKCIIEPUMEHTOM IIPOCTO HEMOKIMBO OXOMUTH HACTIIBKHU IIUPOKI
Jiana30HU P13HUX MapaMeTPiB 1 yMOB, SIK IPU KOMIT IOTEPHOMY MO/JIEIIOBaHHI, a TAKOX
BIJIMOBIHO 3aTpaTu 4acy Ta komtiB Ha CFD MozentoBaHHs Oyle MEHIIUM HIXK MIPU
BEIUKIN KUTHKOCTI (pizuuHux exkcnepumeHTiB. 3a momomoroto CFD mMopemroBaHHS
MPOCTIIIE Y TOPIBHSIHHI 3 (DI3UYHUM YU MAaTEMAaTUYHUM €KCIIEPUMEHTOM MIPONTHUCS T10
IIMPOKOMY Jiana3oHi KOHCTPYKTUBHUX Ta (I3MUHUX XapaKTEPUCTHK, Ta BU3HAYUTU
B3a€MO3B’A3KM MDK PI3HUM TapaMeTpamH, TMpOTE€ BaKkye NEPEKOHATUCST Y
JIOCTOBIPHICTh PE3yJIbTaTIB OTpuMaHux 3a jgornomMorord CFD MopemtoBaHHSA HIXK y
pesynbpTaTax oTpuManux 3 ¢izumuHoro excrnepumeHnt. Tomy CFD mopemtoBanHs B
HAIIOMY BHUMAJKy MOTPIOHE B MEPILY YEPTy, 100 BUSHAUYUTU TE€ B IKUX MEXKaX € CEHC
pO3TIsiaTH TPOBEJACHHS psAxy GI3UYHUX EKCIEPUMEHTIB I MIA00pY pAdy

HEOOX1IHUX mapameTpiB. [47]

[Ticns mpoenennst CFD monentoBanHs Ta po30opy AaHUX OTPUMAHUX 3 HHOTO
HACTYIIHUM JIOTIYHUM KPOKOM € I0YaTH MPOBEJAEHHS (PI3MUHUX EKCIIEPUMEHTIB.
[Touatu cmig 3 HAWUOUIBII HU3BKOPIBHEBHX — HA MOJYJI HAJIbHUKOBOIO MpUIaLy.
Monyib nanabHUKOBHUX MPUCTPOIB 11€ OJIHA 3 CKJIAJIOBUX MallbHUKA, OCHOBHA YaCTHHA
SKOTO CKJIQJAEThCS 3 CHCTEMH MOJIYJIIB PO3TAIIOBAHUX B TPAKTi. TOMY Mepel TUM, K
MEePEUTH IO TOCHIKEHHS MaJbHUKOBOTO MIPHIIATy, BAPTO PETEIHHO JOCIITUTH Came
NaJbHUKOBI MOAYJil. J[Is 1bOro MiArOTOBAaHO EKCIEPUMEHTAJbHUN CTEH], 10
po3paxoBaHUii caMe Ha PoOOTYy 3 MATHPHUKOBUMH MOIYJISIMH, Ha SIKOMY TPOBEIECHO
EKCIIEPUMEHTH TI0 CTIAIIOBAaHHI PI3HUX BUIB MajauBa (IpUPOAHUI ra3, mpomnaH-OyTaH,

Ta MOTEHI[INHO 1HII), BU3HAYEHO MEPECIYE€HHsI KOHCTPYKTUBHHUX XapaKTEPUCTHK, Ha
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AKUX e(EKTUBHO TOpSATh OOHMBA MajiuBa, Ta MiAIOpaHO (i3WYHI XapaKTEPUCTHKU

(BUIKICTH MOTOKIB MaJIMBa Ta OKUCHIOBaYa, KOSHIIEHT HAJIUIIKY TOBITPS 1 T.1.).

HacTynmHuM KpoKoM, € mepexii 1O eKCINEpUMEHTY — BHUKOPHUCTOBYIOUH [aHi
OTpUMaHi 3 EKCIEPUMEHTIB Ha MaJbHUKOBUX MOMAYJSIX, BHOpaTH HaMOLIbII
ONTUMAaJIbHI KOHCTPYKTHUBHI PO3MIpH, a TAaKOXK (DI3UUHI XapaKTEPUCTUKU — YTOUHECHHS
pe3ynbTaTiB Ha CHUCTEMI MOIYJIB, I HAWOUTbII OnTUMadbHUX KoMOiHarii. Ile
BQXUJIUBO JJIS1 PO3YMIHHS TOTO, SIK B3a€EMOJIIOTH MDK €000 Momymi. 3 #oro
JIOTIOMOT'OI0 TIPOBE/ICHI BCE Ti XK JOCIHIPKEHHS Ha PI3HUX BUAAX NAJMBA, IPOTE YKE 3
BIIKOPUTOBAaHUMH BIJIOpaHUMHU KOHCTPYKTHUBHI Ta poOOYMMH MapameTpamu, 3
BpaxyBaHHs B3a€MOJIII B cUCTeMi 3 JBOMa (Ta OlIbllle) MaTbHUKOBUMU MOYJISIMHU.
KpiM TOro, Ba)X1MBUM €I€MEHTOM € MiA0Ip KOHCTPYKTUBHUX XapaKTEPUCTHK CaMOTO
NaJIbHUKOBOTO TMPUCTPOI0 — KUIBKICTh PSJIIB MAJbHUKOBUX MOJIYJIB, KOEQIIIEHT

3axapanieHHs TPakTy 1 T.J.

Hactynmaum nociimkeHHsM, MICas MPOBEICHHS EKCIIEPUMEHTIB Ha MOJIYJ Ta
CUCTEMI MOJIyJIiB, Ta OOpPOOKH OTPUMAHUX PE3yJbTaTIB, € Bepu(iKallis JOCTIIKEHb B
MIPOMUCJIOBUX yMOBAax, Ha INITaTHOMY BOTHETEXHIYHOMY 00’€kTi. Taki IOCTiIKEHb
MIPOBOISITHCS 32 TI€I0 K METOJUKOIO Ta 3 BUKOPHUCTAHHSIM TOYHO Ti€l K MPUIaT0BOI

0a3u.

2.1 Onuc ¢i3uyHOi MojeN poOOYOTO MPOIIECY CTPYMEHEBO-HUIIEBOI

CUCTCMMU.

[lepen moYaTKOM MOJETIOBAHHS BAXJIMBO O3HAWOMHUTHCS 3 MPHUHIIMIIOM
(GYHKIIIOHYBaHHSI CTPYMEHEBO-HUIIEBOI cucTeMH. BoHa posramoBaHa Ha IUIOCKIN
MAJMBOIIOIABANIbHINA KOHCTPYKIIii, sIKA TaKOXX BUKOHY€E POJb MiJIOHA, i1 € OCHOBOIO
OJTHOMMEHHUX MaJIMBOIOAaBaILHUX MPUCTPOIB (puc. 2.1). Ha imroctparii 300pakeHi
TeOMETPHUUHI Ta PEeXKUMHI MapaMeTpu i€l cucteMu. [48]

[Tapametrpu L Ta L1 BigmoBijgaioTh 3a €(PEKTUBHICTh CYMIIIIOYTBOPEHHS,
cuiBBigHomeHHs: L/H XapakTepusye BUXpOBY CTPYKTYpYy IpOLECYy aepOTepMIYHOI

craOumizanii ropinus. Halikpaimii pe3ynbTraTé JOCATalOTHCS 32 YMOB BUKOPHCTaHHS
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BIIKpUTUX TIPSIMOKYTHUX KaBepH 3 mapamerpoM L/H y mexax 3-4,5. Jliamerpu
OTBOpiB, mo3HaueHi K d—G; BHU3HAYAIOTh TEIUIOBY IMOTYXKHICTh CHUCTEMH Ta
0o0MparoThCsl  BIAMOBIAHO A0 cTexiomeTpii manuBa. I[lapamerp S/d Bu3Hauae
rigpoauHamMidHy cTalinpHICTh mporecy ropinHs (S/d=f(Lo)); a manpHOOIMHICTS
cTpyMeHiB he 3anexuts Bia Benuunau S/d, niametpa d Ta kyta q. Takox hc Bu3Hauae

KUIBKICTh TIJIOHIB Yy TaJbHUKY Ta 1iX MPOCTOpOBEe po3TamryBanHs [1-3].

L L2

Ly

Puc. 2.1 — CtpyMeHeBo HilllOBa cUCTEMa Ha IJIOCKOMY CTaO1113aTopi-MiI0HI.

OnTUMamTbHUM PEKUMOM POOOTH CHCTEMH € JOCATHEHHS Oy = 1, 110 3a0e3medye
CTaOUTBHICTH 0€3 3pUBIB 1 MPOPUBIB MOIyM’sl. KpUTHUYHI peXUMH CHOCTEPIraloThes
IpY KpalHIX 3HAYCHHSX BUTpATH rasy, 110 BHU3HAYAKOTh MEXI CTIMKOTO TOPiHHS.
Ominka HaAIMHOCTI POOOTH CHUCTEMHU 3IIHCHIOETHCA Yepe3 TiApOIUHAMIYHUI

napaMmeTp, KUl € yHiBepcaJIbHIUM KpPUTEPIEM CTa01IbHOCTI.[49]

[TonepeaHi IOCHIPKEHHS TOKa3aiM, 0 Y CTPYMEHEBO-HileBi KoH]iryparii
IpOIEC CYyMIIIOYTBOPEHHSI MAa€ aBTOMOJEIbHUN XapakKTep y LIMPOKOMY Jiama3oHi

3HaueHb q. [Ipu q < 1 nposiBiseTsesa epext Koanza, 1o 3MyIiye CTpyMiHb, BUXOASYH
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3 OTBOPY, IPUTHUCKATHUCA T0 CTIHKK. MakcuManbHe 3HaUCHHS (J 3aJICKUTH BiI[ CTYIICHA

3aTIHEHHS KaHay Ta (P13UKO-XIMIYHUX BIACTUBOCTEH maynBa.[50]

2.2 CFD mopentoBaHHsS KOMOIHOBAHOTO MAIbHUKOBOTO MOIYJIS.

Jlyia cTBOpEHHA MepIoi iTepaiii MOAelNi NalbHUKOBOIO MOAYJIO, OOpaHO yxKe
ICHYI0U1 CTPYMEHEBO-HUIIIEB1 MOYJI1, TPU3HAYCHI JJIsI CTIaJIFOBAHHSI IPUPOJIHOTO Ta3y.
Takumu x BuOpaHO 1 MapaMeTpu pPoOOYOro TPOIECy MaTbHUKOBOTO MPHIIATY:
MIBUKICTh MOTOKY MajnBa, OKUCHIOBaYa, THCK 1 T.O.. OUiKyBaHO IO TPH TaKUX
napamMeTpax, Mnpoiec TopiHHs BiA0YBa€eThCs MPaBUIIbHO, BCl TapaMeTpH MiAXOsATh, a
NAJIbHUKOBUM TPUCTPIM TMOKa3ye XOPOUIM pe3yJbTaT, NpU BUKOPUCTAHHI B

MOJICTFOBaHH1 MIPUPOJTHOTO Ta3y, sIK MaJIMBa, JIs SKOTO 1 CTBOPEHHH 11el MOy Jib.[S1]

AJle y BUIAJKy MOJCIIOBaHHS aepoJWHaMIYHUX xapakTtepuctuk B SolidWorks
Simulations mpu mponax-OyTaHi pe3yIbTaTH BUAATUCS KyAH Tipuumu. s Toro, mo0
MOKPAILUTH Pe3yJbTaTH, B IMEPIILy Yepry CiiJ CKOPUTYBaTH ACsKI MapameTpu, siKi
MOJKJIMBO PpETYJIIOBaTH MPHU TMEpexoai 3 OJHOr0 BHJY NaiMBa Ha iHmie, 0e3
HEOOX1IHOCTI B JOBrOTPUBAJIOMY 0OCIyrOByBaHH1 UM TUM OLIbIIIE BHECEHH1 KOPEKTUB
B KOHCTPYKIIl0O MoxaytiB. Ile Taki mapamerpu, SK IIBUIKICTH IOTOKY
OKHCHIOBa4a/IlajnBa, Ta BIAIIOBIIHOIO 1X KIJIBKICTE 1 BIIHOIIEHHS NAJIMBO/OKHUCHIOBAY,
a TakoXX TMapaMeTpu sKI BHUIUIMBAIOTh 3 ILHMX 3HA4Y€Hb — THUCK B TpakTax
OKHCHIOBaua/manuBa, 1 T.1. [lepebuparoun 111 nmapamerpu, (3aIUIIUBIIN HE3SMIHHUMHU
napaMeTpH npu poOOTI Ha MPUPOJHOMY Tas3i) MOMIMBO MiAIOpaTH ONTUMAaNbHI, a0o

OJIN3BKI O HUX 3HAYCHHS.

[licns 1pOro, mpoaHaNi3yBaBIIM BapTO IMEPETJISHYTH BXKE€ KOHCTPYKTHBHI
napaMeTpu, 3MiHa LHUX MapamMeTpiB, 3BICHO X HE 3MOXKE BiJOOpa3UTHCS JIMIIE Ha
po0oTi Ha pomnad-0OyTaHi, TOMy €EeKTUBHICTh pOOOTH Ha MPUPOTHOMY Ta3l HE3MIHHO
3MCHIIUTHCS, TaK SK MPHU MOTMEPEIHIX MapaMeTpax BOHA ByKe OyJia ONTHUMAaIbHOIO, a

OyIb-sIK1 3MIHU BIABEAYTh ii BiJl 30HK ONTUMYMY. [51]

Sx Oyno BKazaHO paHille, 100 OTPUMAaTH MaKCUMajbHY IOCTOBIPHICTb, HE
MO’KHA MOBHICTIO CIHMPATUCS Ha pe3yJbTaTh KOMII IOTEPHOTO MOJCIIOBaHHS, TOMY
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OTPUMABIIM 3HAYCHHS TMapaMmeTpiB poOOUoro TpoIrecy Ta KOHCTPYKTUBHUX
0COOJIMBOCTEM MAJbHUKOBOTO MOJYJS, MOXHA MEPEeBIPUTH iX, UM CHOpPaBAl Taki
TIMOTETHYHI MapaMeTpy JTO3BOJISTH MPAIIOBATH HA JIBOX BUJAX MaJIMBa IiIi0OpaBIIH
3HAUEHHS MI0 MAaKCHUMAaJbHO TIEPeCiKaloTh B MeXaxX €(PEeKTUBHOI poOOTHM Ha IUX

ImajauBax.

[TpoBeneHHs (i3MUHUX EKCIEPUMEHTIB, JOTIOMOKE HE JUIlIe Bepu(IKyBaTU YU
JiiCHO poOOTa Ha TAKWX MapamMeTpax € ePeKTUBHOIO, aje i MepeBIpUTH e(PEKTUBHICTD
py MiHIMAJIBHUX 3MIHaX IUX MapaMeTpiB B Pi3HI CTOPOHU (30UIBIIUTH/3MEHIITUTH
JiaMeTpU YM KPOK ra30mo1aBajJbHUX OTBOPIB, 3aIyCTUTH BEHTUISATOP Ha OUIBIINX YU

MEHIINUX 00epTax 1 T.1.) [52]

[Ticns Toro, sik OyJI0 3MOJIEIbOBAHO MAJIBHUKOBUN MOJYJIbh Ta WOro poOOUMii
IpoIlec, BapTO 3pOOMTH Tay3y Ta CIOYaTKy NpOBEeCTH (PI3UYHUN EKCIIEPUMEHT 3
MOJIYJIEM, a JIUIIIE TOI1 MEPEXOTUTH 10 KOMIT I0TEPHOTO MO/ICIIOBAHHS MAIbLHUKOBOTO
npuiagy, amke B pe3ysbTaTi came (I3MYHOrO0 EKCIEPUMEHTY MOKHA IMOBHICTIO

BIIEBHUTHUCS, B TOMY YU BIpHO OYyB 3MOJI€JIbOBaHUH MAIbHUKOBUN MOJTYJIb.

2.3 JlaboparopHe [JOCHIPKEHHS MaJbHUKOBOTO MOJYJS MpH
MOYEProBOMY KOMOIHOBAaHOMY CHAJIFOBAHHI PI3HUX BUJIIB MajvBa (IIpomnaH-
OyTaH Ta IpUPOHIiH ra3).

OTpuMaBmIM 3 KOMIT' FOTEPHOTO  MOJCIIOBaHHS pedepeHTHI  3HA4YeHHS

napaMeTpiB, SIK 1 TUX IO BIJHOCSATHCS 10 KOHCTPYKIIT MOAYJiA, TaKk 1 poOOYoro

IPOLECY, IEPEXOUMO JI0 MMPOBENECHHS (I3UYHOTO EKCIIEPUMEHTY.

2.3.1 ExcnepuMeHTaIbHUNA CTEH]I.

JocnipkeHHsT CKJIaianucs 3 eKCIEPUMEHTAIIbHUX 1 PO3paxyHKOBHX pOOIT,
npoBeeHNX Yy JabopaTtopii ropiHHsS HallloHaJTbHOTO TEXHIYHOTO YHIBEPCUTETY
Vkpainn «KuiBchkuil momiTexHiyHud 1HCTUTYT» 1M. [. Cikopchkoro. BuBdeHHs
CTPYKTypH (akemna 3AiiCHIOBAIN CIIOYATKY JIJIsl OKPEMOTO CTPYMEHSI, a 3TOJIOM — JJIS

CHUCTEMH CTPYMEHIB.
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Jlns ekcriepuMeHTIB OyJI0 po3po0JIeHO CHeliaibHUN Ta30BUM KOJEKTOp, IO
JIO3BOJIAB 3MIHIOBaTU KOH(irypariro mnomadi rasy. JlocmimkyBaHa CTpyMEHEBO-
HUIIEBA CHCTEMa MOJyJiB 300pa)keHa Ha pUCYHKY 2.2. Bwutpara mnoBiTps
BUMIpIOBajacsi aHeMOMETpaMu pI3HUX THIIB, BCTAaHOBJIEHMMH BIJAMOBIIHO [0
pexomeHgamii [4,5], Tomli SK KOHTPOJb BUTPATH NAIBHOTO 3MIMCHIOBABCS 3a
nonomoroto niadpparm. TemnepaTypHi BUMIpIOBaHHS Ha IUX AUISHKAaX MPOBOIUIHUCS

TepMonapaMu 3 XpOMeIb-aatoMento.[ 53]

1 2 ﬁ 4 5

Puc. 2.2 —bnok BCTaHOBJIEHHSI €JIEMEHTIB CTPYMEHEBO-HIILIEBOTO MOAYJISL:
1 — xopmyc; 2 —IIBUAKO3MIHHUM ra30BUN KOJIEKTOP; 3 — cUCTEMa KPYTJIUX OTBOPIB
U1 ajauBoIoAayl; 4 — HUIIA; 5 — HamiB(UIaHELb OIJISI0BOTO CKIIA.
TemnepaTypHi peXUMH pEECTPYBAM 3a JOMOMOTOI0 CHCTEMHU IUIATHHOBO-
IUIATUHOPOMAIEBUX 1 XpoMenb-aJioMeNneBux  Tepmomap.  [a3zoanami3  Ha
BUIIPOOYBAJIbHOMY CTEHJII Ta KOTEJIbHOMY arperaTi 3/A1MCHIOBAaBCS 3a JIOIOMOIOIO

razoananizaropa mozem OKCHU-5M.

MeTtonuka JOCHIKEHHS KOPUTYBAJIAacs BIAMOBITHO JO THUITY MOAYJSA, 3
ypaxyBaHHSM MEX CTaOLIbHOI POOOTH MalbHUKA, SKI BU3HAYAIOTHCS KOe]illleHTOM

HAJTMIIKY TOBITPS MU 3amaiioBaHHi (pakena ta kpurepismu "0igHoro" i "Gararoro”
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3puBiB. L{i koediieHTH 3a1eXaTh BiJl IIBUIKOCTI MIOTOKY MOBITPS, HAIPUKIAI: o’ =

f(Wp), amaxWn) | omin(Wn) i gy3pauaroThess HACTYITHAM YHHOM:[54]
ETany BuU3Ha4YeHHS:

1.3anmyck kommpecopa Ta BCTAHOBJICHHS MIHIMAJbHOI BUTpPATH TMOBITPS uepe3

NaJIbHUK;
2.3anaaoBaHHs CyMillll Ta BUKOHAHHS BIJIOBIHOI MPOTpaMH 3alallOBaHHS;

3.ITogava ra3zy 10 MOMEHTY MOSIBH MOJIyM'st 3a CTa01113aTOpaMK 1 BCTAHOBJICHHSI

BUTPATH ra3y HA NAIBHUK (Olsan);

4. ITonryk MOMEHTY O1THOTO 3pUBY - 3MEHIIICHHSIM BUTPATHU ra3y 110 3puBY (hakesna

(amax) ;

5. MomMeHT 0araToro 3puBYy, 110 HACTYTIAE 31 30UIBIIEHHAM BUTPATH T'a3y J0 3pUBY

dakena (Omin).

J7i BU3HAYEHHS XapaKTEPUCTUKH 0araTtoro 3puBY (Omin), CIIEPILY 1HIIIFOETHCS
3amajeHHs OCHOBHOTO (pakesna 31 cTabuIi3aTOpOM, MICIS 4Oro 00’€M ra3y MmoCTyIOBO
301bIIy€eThes. baratuii 3puB peecTpyeThes y BUMAAKY TOBHOTO MPUITMHEHHS TOPIHHS
a00 BUHUKHEHHS CHJIbHUX IyJIbCalliil 13 BIAOKPEMJICHHSIM MOJIyM sl Bi cTabinizaTopa.
dikcyeTbes JOCATHYTHI MaKCUMaJIbHUI 00'€eM MOAHOTO razsy.

[lepeBipka xapakTepHCTHK 3alajoBaHHs (pakena y najabHUKY 3/1CHIOBajIacs 3a
yMOBH CTa0UIbHOI Moaaul noBiTps. [licns koxHoro "baratoro" Ta "6iaHOr0" 3pHUBY
B110yBasiocss 000B’SI3KOBE MPOBITPIOBAHHSAM CTEHJIy MPOTATOM IIIOHAMMEHIIe TPhOX
xBwIMH. Omnepariii 3amagioBaHHA Ta KOHTPOJb 3pPHUBIB JOCIIKYBAIHUCA LUIIXOM
MOCTYIOBOTO 301JIBIIICHHS TTOAa4l MOBITPS YEPE3 MOYJIb.

Koed. napnmuimiky moBiTps 3anaitoBaHHs (o), «01THOro» Ta «0araToro» 3puBiB
MOKYTh OYyTH BU3HAUEHUMH 32 HACTYIMHUMH (HOPMYJIAMU: Olsan 5 Olmax 5 Olmin — @ TAKOXK

BU3HAYAETHCS 3aJI€KHICTh Bl IIBUIKOCTI MOBITPs AaHuX KoedimienTis a’* = f(Wy),

amax(Wn), a,mln(Wn).
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CxoHcTpyHoBaHuUM J1abopaTopHHil cTeH 1 (puc. 2.3) 3 KOMIUIEKTOM HEOOX1THOTO
obsianHanHs. B X011 (hi3uuHOro eKCepuMeHTy OYJI0 TOCTIKEHO BCl €Tary poOodoro
npolecy ropinas (mojaya najauBa, CyMIIIOyTBOPEHHs, 3aiiMaHHs 1 T.Jl.) HA OKPEMOMY

MOJIYJIi Ta CUCTEM1 MOJTYJIIB.

_ — — :ﬂza 8
_ v llpodykmu
[ToBimps o \ I 320pSHHA
% —

X

E ﬂuﬂu&a
K ? ﬁ/ 10 13 14

Pucynok 2.3: Cxema eKCIEpUMEHTAILHOTO CTEH/Y:

1 — mpucTpiii moxayi MOBITPS (BEHTUIATOP); 2 — MPUIIAJ AJISl BUMIPIOBAHHS
TeMIeparypu (TepMOMeTp);3 — MOYaTKOBa CEKIIis CTeHY; 4 — BUMIpIOBajbHa TpyOKa
[lito; 5 — perynror0unii YaCTOTHUM MEPETBOPIOBAY BEHTUIIATOPA; 6, 7 — MpUiaau s
BHUMIPIOBAHHS TUCKY (MAaHOMETPH);8 — crucTeMa MoJ1avi MajJTbHOTO [l TONEPETHBOTO

3MIlTyBaHHs; 9 — KaHaJ 1Mojiayl MajyMBa B OCHOBHUM KoJieKTop; 10 — Moy
CTPYMEHEBO-HUIIIEBOTO TUMY; 11 — 3amantoBagbHUI TPUCTPil (CBIUA 3amaItOBaHHs);
12 — mrryuepu uist B3STTS Opod 1 TEMIEPATypPHOTO KOHTPOJIIO ra30BUX MOTOKIB; 13 —

nudy3op 11 onTUMizallii moToky; 14 — pyrepoBanuii BorueBuii Bijcik; 15 —

1HTErpaNbHUN MIPUCTPIH AJIs BIZOOPY Mpoo.

81



2.3.2 MeToarka MpoBeICHHS TOCIIIKEHHS Ta 3aMipIOBaHH] 3HAYCHHS.
TepmoanemomeTpu (uB.puc.2.4.) 3 HarpiTOK HUTKOIO MEPETBOPIOIOTH EIECKTPUUHI
CUTHAJU y TIAPOJAMHAMIYHI MMapaMeTpH IMOTOKY, a iXHS YYTJIMBICTb BU3HAYAETHCS
KOHBEKTUBHHUM TEIUIOOOMIHOM MIXK NHOTOKOM 1 JaTYMKOM. BiamoBigHO, TOYHICTH
BUMIPIOBaHb 3HAYHOIO MIPOIO 3aJICKHUTh BiJ KOPEKTHOTO BH3HAYCHHS TapyBajbHOI

XapaKTEPUCTHUKHU.

Puc. 2 - AepoIMHAMIYHHI CTEH]T 3 BUMIPIOBAJILHOIO arapaTyporo

[TonepenHi 1oCaiHKEHHS 3a JOTIOMOTOI0 aHEMOMETpa-TEPMOMETPa MiATBEPIUIU
OJIHOPIJIHICTh MIBUJIKICHOT'O TIOJISI y 30H1 pO3TallyBaHHs AaT4uKiB. [IIBUAKICTE MOBITPs
BU3HAYAJIM 32 JIOMOMOTror0 anemMomMeTpiB. OTpuMaHa TapyBaJlbHa XapaKTEPUCTHKA B
JiHeapu30BaHUX KOOpJIMHATaX IMOKa3aja JIHIMHUN XapakTep y Aianazoni 2—12 m/c 13
MakCUMaJabHUM BigxuigeHHsM He Oinemre 0,01%. Bona crama ocHOBOIO ISt
BU3HAYCHHS TPaaylOBabHUX KOHCTAaHT Eo> Ta B, HEOOXimHHMX ISl PO3paxyHKY
IIBUIKOCTI TTIOTOKY Ta CEPEeIHbOKBAIPATUYHOI ITyJIbCaIllii.

Metonuka TEpMOAHEMOMETPUYHHX BHUMIpIOBaHb 0a3yeTbCsi Ha  Teopii
KOHBEKTHBHOI'O TEIJIO0OOMiHY. BBakarouu HUTKY HUJIIHIPOM HECKIHYCHHOT JIOBXKHUHH,
TEIUIOOOMIH OMHUCYIOTHh PIBHSHHAMH TMOAIOHOCTI, OTPUMAHMMH IS IONEPEUYHOIO
oOTikaHHs NOBITpAM. lle BUmpaBgaHO THM, IIO MiJ Yac BUMIPIOBAHHS MO3I0BXKHIX

KOMIIOHEHT MyJIbCallil HUTKa PO3TAIIOBYETHCS MEPIICHIUKYIISIPHO JI0 TOTOKY. [55]

82



Tabmumg 2.1. 3acoOu BUMIPIOBAILHOT TEXHIKHM, 10 BUKOPHUCTOBYBAIMUCS TMPH

JTOCJTIIKEHHI.
BHMIpHOEAIRHHE IPHIAT
Knac
Hazea napamerpy, mo TOTHOCTI
BHMIpHBARCA Hazea, THI, Mapka, zae Ne, HiamazoH Iiga
1HE. Nz EHMIPHOEAHHA | DOTIT0K abo
ZOTYCTHMA
noXHOKA
1 2 3 4 5
ATnochepruii THCK e DA o 1a 80-106 xI1a | 100TIa | =200TIa
BomnoricTs mosiTpa ggcﬁffgﬁiﬁiéﬁ 30-80% 0.2% +£3%
. Cexyvrgomip COITP-20-9-000
1ac pocmizy 35 Na7602 _ imB No10 2741 0-30 x= 0.2¢ K2
JligEnsHEK razoeEd PII-20-2.0 0.2
BaTpara razv 0.,5-20 m¥/rog 3 =2 5%
3ae.Ne3086, iHE.N210.2677 wron
Temmneparvpa noeiTtpa v | TepMoMeTp PTVTHHH CEIIHHHA o o o
MpHEMIITEHL TII-4 ige N=10.3770 0-30°C 0.1°%C +0.2°C
TemmepaTtyvpa razy mepen | TepMoMeTp PTVTHHEE CETIHHA 0-50 °C 0.1°C =0.2 °C
MITHIEHHKOM TII-4 1me Ne10.6765
LATZHANQROMIR,

Trcx rasy nepen TITH 2x2500
ITTHIEHEROM 0-2500 IIa 50 Ila Kn 1.5
3ag. Nz 43071, ims Ne10.1835

2.3.3. Meroauka 00poOKH €KCIIEpUMEHTAILHUX JTJAHUX

Po3paxyHKH  BHUKOHYIOTBCS ~ BIAMOBIMHO g0  (OpMyJ, HaBEACHUX Y
CIIelliai30BaHiil TEXHIYHIM JiTepaTypl Ta HOpPMAaTHUBHHUX JjJdokymeHTax [6-10]. B
yMOBaX HOPMaJIBHOTO eKCIIepuMEeHTy Hukda TermoTa 3ropsiHHs MajuBa, BUpakeHa B
kJ[>x/M?, BU3BHAYaE€THCS 3a JOIMIOMOIOI0 KajlopumeTpa ado, SKIO CKJIaja ra3y BiIOMUMH,

OOYHUCITIOETHCS 32 BIAMOBIIHOO (PopMyInoto.[54]

Qb =126,4-CO +107,9 - H, + 358,8 - CH, + 643,6 - C,Hg + 931,8 - C3Hg +
+1227,8 ° C4,H10 + 1566,3 ° C5H12 + 594‘,0 ° C2H4 + 876,1 ° C3H6 + (21)
+176,2 ° C4,H8 + 1487,4‘ ° C5H10 + 1556,7 ° C6H6 + 233,7 ° HzS (25)
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Burpara ra3y V., M*c, BUMIpoBaHa 3a JIOMOMOIOI0 3BYXYIYOT0 MPHUCTPOIO, Ta

pO3paxoBaHa 3a HaCTYMHOIO (POPMYIIOLO:

,AP"
V=K, p—;{, (2.2)

H
Pospaxosana Butpara razy V, , m/c,:

g 273:(P/”"+Pp)
I ™ 101325-(273+t2)

m/c, (2.3)

KOJl .
[, € TeMIepaTyporo rady, BUMIpPIOBaHOIO MEPE Ia30BKM Kojekropom, °C.

P.” € - mapmumkoBuii THCKOM ra3sy mepes HUM ke, I1a;
Ktp — KO€(. reoM. XapakTepUCTUK TPYOKH;

AP}’ - numamiuma cknamoBoio THCKY TOBiTps, I1a;

Py 1ie - TyCTHHA OKHCHIOBAYaA (IIOBIiTPs) B P.y., KI/M>.:

o _ _(Po+Ph)
P = Toor273)Ryy (2.4)

y : : .
t; - TeMIepaTypa HOBIiTps 3aMipaHa mepes Tpyokoro Ilito, °C;
R, - 281,53 Ix/(xr-K) — ra3oBa crana s HOBITpS;
iy : . .
ne P;7 - e Tuck TOBiTps TIepen iHTerpyodoro TpyOKOI0, HaITHINKOBHIA [1a;

: H
Butpata nositpsa V,; , M¥/c :

273-(P51C+p;) 2.5)

VH — VCHC .
1 T 101325-(273+t5HCY’

CHC y : .
P;™ nme - THCK HAaJIMIIKOBUI MOBITPS INEpel CTPYMEHEBO HIIEBOKO
cuctemoto, I1a;
11 .
!, e remmeparyporo nositps nepen CHC, °C.

TennoBa notyxHicTh Ny, KBT :
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Ny =VH - o (2.6)

Koed. Hapnumiky noBiTps o Moxe OyTH po3paxoBaHHi 3T1THO 3 (HOPMYIIOL0:

_ i
a = s
L()V]"

2.7)

ne Loy - € crexiomeTprudHUM 00’ €MOM TOBITPSI B MPOILIECi TOPIHHS MPUPOTHHOTO

rasy, M>/m>:

1
Vo = ﬁ[O,SHZ + 0,5C0 + 2CH, + 3,5C,Hg + 5C3Hg + 6,5C,H, o + 3C,H, +

+4‘,5C3H6 + 6C4H6 - 02] (28)

2.3.4 MeToauku Ta MPUHIMIIOBI CXEMH €KCTIEPUMEHTAIBHOTO CTCHIY

JUISL JOCHIKEHHS po6odoro mporiecy. Onuc eKCnepuMeHTATBHOTO CTEHY
[TpunHuMnI poOOTH EKCIIEPUMEHTAFHOTO CTEHIy 3aCHOBAHUH Ha MOAayl MOBITPS
BEHTHJISATOPOM | 13 YaCTOTHUM PETYJIATOPOM, IO 3a0e3reuye KOHTPOJIb BUTpaT 0e3

mOEpHOI 3aCTIHKY.

[ToTik TOBITPS CHPSAMOBYETHCA A0 '"3aCMOKOIOIOYOI" IISHKH 3, OCHAIIEHOL
3BY)KYIOUHM TIPUCTPOEM 4 IJIsi BUMIPIOBaHHS BUTpAT, a Jajii — A0 poOodoi 30HU 7,
00KJTaIecHOT BOTHETPUBKUM MatepianoM. [lepeman THCKy y CTpyMEHEBO-HIIIIEBOMY
MoayJi 6 GikcyeTbes TuHMaHOMETPOM, a KOHCTPYKIISI CTEH/IAa JO3BOJISIE 3MIHIOBATH

111 MOJTYJT1 3aJIEXKHO BIJl TUITY BUIPOOYBaHb.

TemmepaTypa KOHTPOTIOETHCS TEPMOIIapaMu 8 I €JIEMEHTIB Ta TEPMOMETPOM
2 nist moBiTps. ["a3oBuii TpakT oOJIamHAHWK MAaHOMETPOM 1 JU(HMAHOMETPOM IS
BUMIPIOBaHHS THCKY Ta TMepenaay THUCKY. 3alalioBaHHS CyMIlli 3iHCHIOETHCS

€JEKTPUYHUM 3aaIbHUKOM 3 Harpyrorwo 27 B. [56-57]
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2.3.5 Meroauku JOCHIIKEHHSI CYMIIIOYTBOPEHHS B CTPYMEHEBO-
HIIIOBOMY MOJTYJIi.

JIns OLHKM CTYIEHsI CyMIIIOYTBOPEHHS Ta aHali3y MeXaHI3My TOpiHHA IpHU
rOMOTeHi3allii aJuBHOI cyMmil Oyia po3pobiieHa METOANKA Ta eKCIIEPUMEHTAIbHUI
cTeHJ. IXHS KOHLENLis TIPYHTYeTbCS Ha 3B’S3Ky MiX pIBHOMIPHICTIO
CyMIIIOYTBOPEHHSI Ta CTIHKICTIO TOpIHHSA Ha Majux cTabum3aropax MoOayMm’s,

PIBHOMIPHO PO3TAIIOBAHUX Y MOTOLIl MaIUBHOL cyminmi.[58]

Y KOHCTPYKTMBHOMY IUIaHI II€ pEaTi30BaHO HACTYIHUM YWHOM: TIICIISA
TOMOT€HI3aTOpa, /1aji 3a MOTOKOM MOBITPS, BCTAHOBJIIOETHCS TJIACTUHA 3 PIBHOMIPHO
pO3TaIIOBAaHUMHU OTBOpaMH. SIKIIO BiCTaHh MK HEIO Ta TOMOTEHI3aTOpOM €
JIOCTaTHBOIO I YTBOPEHHS OIHOPIAHOI TMaJMBHO-MOBITPSIHOI CyMillli, MpOIleC
TOPIHHS 3aJUIIAETHCI CTAOUIBHUM, a 32 OTBOpaMH (OPMYIOThCS PIBHOMIPHI (POHTH
nojaym’s y BUIIAAlI KOHyciB. OnHaK, Mpu 3MEHLICHHI IIi€l BIACTaHI O MEBHOIO
KPUTHUYHOTO 3HAYCHHsS TOYMHAETHCA HEPIBHOMIPHUN PO3MOILNT CKIALy CyMIlIi: y
YaCTHHI OTBOPIB MOJIyM sl IEP10JIMYHO 3Tacae, 10 HEraTUBHO BILIMBAE HA CTAOUIBHICTh
mpoiiecy TOpiHHA. Bu3HaueHa MiHIMQJIBHO JOMYCTUMAa BIiJACTaHb BBAXKAETHCA

KPUTHYHO HEOOX1JHOO JJIsl TOBHOT TOMOTreH13allii cyminri. [59]

ExcriepuMeHTanbHi JOCTIKEHHS MiITBEPIXKYBAIIH 111 pe3yIbTaTH 3a JOTIOMOT 010
ra3zoBoro aHajizy B 130TepMiyHUX yMoBax. OIliHKa MpoIecy CyMIIIOYTBOPECHHS
3MIIHCHIOBAJIACS MIJITXOM BiIOOpY Mpo0 METaHy 3a JI0MOMOTOIO0 30HAa-ra30aHajizaropa

«I"az3oxpomy.

AHayli3 MacooOMiHYy MK HIIIOBOI TOPOKHUHOK Ta OOTIYHUM ITOTOKOM
POBOJMBCS 32 MeTouKor Jledenpa, ska mepeadadae MOPIBHSIHHS BUTpPATH Ta3y B
HIIIOBY MOPOXHWHY MPH 3pHUBI TOPIHHS Ta MPH PIBHOMIPHOMY HOIro PO3MOALT B
noToIli. BuropanHs maJMBHOI CyMIIl JOCTIIKYBAIOCS K Ha €KCIIEPUMEHTAIbHUX

CTeHJaX, TaK 1 Ha MPOMHUCIOBHX YCTAaHOBKax 13 3aCTOCYBAaHHSAM Tra3oaHalli3aTopa

«OKCH-5M».[60]
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2.4 Po3poOka mpOMHUCIOBOI MOJENl MaJbHUKOBOTO TMpUIaAy MOpH
MOYEProBOMY KOMOIHOBAHOMY CIAJIFOBaHHI PI3HUX BUJIIB MaJinBa (IpONaH-
OyTaH Ta IpUPOAHiH ra3)

[Ticns mpoBeeHHS PO3paxyHKIB, Ta €KCIEPUMEHTI 1 BU3HAYEHHS MIAXOASIUX

KOHCTPYKTHUBHUX TMapaMeTpiB CTPYMEHEBO-HUIIEBOTO MOJIYJiA, CTOITh 3ajayda

CTBOPEHHS Ha Oro OCHOBI TPOMUCIIOBOT MO/IENI MaJTbHUKOBOTO MPUIIALTY.

[{s 3amaya 3HAYHO OONETUIYETHCS THUM, IO OTBIIICTh MAIBHUKOBUX TMPHUIIAJIIB
CKOHCTPYHOBAaHHX Ha OCHOBI CTPYMEHEBO-HHUIIEBOI TEXHOJIOTii ONMUPAIOTHCA Ha
OPUHLIUI MOAYJbHOCTI. TOOTO Al CTBOPEHHS MAJbHUKOBOTO MPHUCTPOIO HAa OCHOBI
NaJbHUKOBOTO MOJYJIS HEOOXIJHO JHIIe MiAiOpaTH NMpaBUiIbHY KUIBKICTH PSAIB Ta
CTOBIIIIIB MOJYJIB, Ta Iepepi3 CiUeHHS TPAKTy TMOBITPS BPAXOBYIOUM KOEDIIIEHT
3axapalleHHsl MOTOKY. 3BICHO, 115 33aJa4a KyJu Bakua HIK 3BYUYUTh, aJKE B yMOBax
pearbHOr0 BUKOPHCTAHHS TAaKWX MaJbHUKIB HAa MPOMHUCIOBUX 00’€KTax, HEOOXiIHO
OpaTH 10 yBaru i aBTOMaTH3allilo, 1 OE3MeKy, a TAaKOK MPOXOJUTH CepTH(IKaLI0 Ta

MiTBEPKYBATU €KOJIOTO-€KOHOMIYHI MOKa3HUKH.[61]

[Ipote Ha erari MPOMHUCIOBUX BUIIPOOYBAHb ITUM MO>KHA 3HEXTYBATH.

2.5 ExcriepuMeHTaIbHUI TPOMHUCIIOBHI 00’ €KT.

Jjis mociIKeHHs TAIbHUKOBOTO MPUITATy B yMOBaX OJMM3bKUX JI0 IIPOMUCIOBHUX,
Oy70 0OpaHO TPOMHKCIIOBY YCTAaHOBKY 1m0 razudikarii B Micti Kamymr. Bona migxonuts
JUIS 3aad TaKoro THUIy, TaK 5K, eKCIepuMeHTaIbHUW cTeHna. llampHuK OyIo

BUPOOJICHO 3 ypaxyBaHHSM, MABUILIEHOTO PIBHSA HEOE3MeKH MpHU BUNPOOYBaHHSIX.

Taxi YCTaHOBKH BCC yacrTile BUKOPHUCTOBYIOTBCA 3a4JisI BUI'OTOBJICHHSA

alIbTEpHATUBHUX Ta31B B paMKax AuBepcuikaliii naJiuBHOI 0a3u.

B sxocTi maapbHUKOBOTO TIpUIamy JJISI €KCIIEPUMEHTY B MIPOMHUCIOBUX YMOBAX
OyJI0O BHUKOPHUCTAHO EKCIIEpUMEHTAJIBHUN CTEHJ 3 JEKIJIbKOX MOJIYJIB, SKi Oyiu
miaiopani Jyisi MaKCUMaIbHO e(PEeKTUBHOI pOOOTH Ha MPOMaH-OyTaHi Ta MPUPOTHOMY

rasi. [{i mogysni 6ynu 06’ €1HaHI B CTPYMEHEBO-HUIIIEBY CUCTEMY, B SIKil OyJIH B3SITI 10
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yBaru, CKOPUTIOBaHI KOHCTPYKTHBHI TMapamMeTpu MAJIbHUKOBUX MOIYJIIB, a TaKOX
BUOpaHO BIJICTaHh MK MOJYJISIMH Ta IMapaMeTpu poOOYOTOo MPOIECY TOPIHHS, K

H_IBI/II[KiCTB IIOTOKY IIAJIMBA Td OKMCHIOBA4aA.

KpiM 1poro, excriepuMeHTaIbHUN MaJbHUKOBUN MPHUCTPIA OyB CHOPSIKEHUIN
BCIM HEOOXITHUM JJIsi BUIIPOOYBaHb — 3aMaJIbHUKOM, PETYJIOIOYUMHU Ta 3alipHUMHU

KJIalTaHaMH, PSAOM BUMIPIOBAILHUX NMPWIAIB 1 T.4. (quB.puc.2.4)

3amipu OLTBIIOCTI TIApaMeTpiB, MO CTOCYIOThCS BJIACHE YCTAHOBKH, a HE

MaJdbHHKA, IIPOBOAUIIMCA 3a JOIIOMOI'OI0 IITATHOI'O O6J'Ia,I[HaHH51 YCTaHOBKH.

602

¢ ¢ ¢ ¢ ¢ 9 !

368
3 >
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802

Puc. 2.4. ExcriepuMeHTaabHa MOJIETTh KOMOIHOBAHOTO CTPYMEHEBO-HHUIIIEBOTO

MaJIbHUKOBOIO MPUCTPOIO.

2.5.1. MeToauka nMpoBeIeHHS JOCIII)KEHb

Ha ocHoBi mocraBieHux 3aBiaHb, MPOBEACHO PSJI JOCHTIIIB 13 3aCTOCYBaHHIM
Cy4acHOi METOAOJIOTIT JOCTIIKEHHS T1APO-TePMO-XIMIYHUX TporeciB. OCHOBHA MeTa
i€l METOAUKH TIOJsITa€ B JOCIHIDKEHHI CYMIIIOYTBOPEHHS Ta aepoAUMHAMIKU B

130TEepMIYHMX YMOBaX Ha BCIX e€Tarax po0o4oro mpoiiecy NaibHUKOBUX IIPUCTPOIB, 1110
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BUKOPUCTOBYIOTh TMpONaH-OyTaH Ta MPUPOJHUN ra3, B IMPOMHCIOBUX yMOBax Ha
peajbHOMY MPOMHUCIOBOMY 00’€KTi. JlOCHIIKEHHS NPOBOIWIKMCS y UIUPOKOMY

Jiana3oHi 3MIH PeXUMHHUX 1 KOHCTPYKTUBHUX ITapaMeTpiB.

OcobnuBa yBara MpUAUIATIAcS BHUBYEHHIO CTPYKTYp Tedli 3a CHCTEMOIO
CTPYMEHIB, OCOOJIMBO B 30H1 OJMKHBOTO CHiAy 3a MOTraHOOOTIYHMMH TiIaMH, IO
BIUIMBAIOTh HA PIBHOMIPHICTh TEMIIEPATYPHOTO W IIBUIKICHOTO TMOJIB, CTIHKICTDH
TOPIHHS Ta T1IpaBIivYHUIN Omip poOOUYOro mpoiecy. 3MIHIOIOUYN PEXXUMHI TapaMeTpH,
CIIOCTEpIraI B3aEMOJIII0 CTPYKTYPH Tedii 3 MpoliecaMu TOPIHHS Ta TEIJI000MIHY, 1110

BH3HAYAJIO TOBHOTY 3TOPSHHS Ta CTIMKICTH TOTYM!'sl.

2.5.2 Metoauka oOpoOKHU €KCIIEpUMEHTAILHUX BUMIPIOBaHb €KOJIOTO-

€KOHOMIYHUX MTOKA3HUKIB POOOTH BOTHETEXHIYHUX 00’ €EKTIB

O111HKa TEXHIKO-€KOHOMIYHHMX XapaKTEPUCTUK KOTJIA 3/11MCHIOBAIACS BIIMOBIIHO
70 3arajJbHONPHUHATOI METOAMKU TECTYBaHHS KOTEJIIbHHX YCTaHOBOK [52,62,63].
3nauenns koedimienta kopucHoi mii (KK/[) y Opyrro-dopmari po3paxoByBajocs

IIUISIXOM 3aCTOCYBaHHSI METO/IY 3BOPOTHOIO OalaHCy.
Neop. = 100 — g, — q3 — gs. (2.9)

(- - BTpaTH TEIUIOTHU 3 ra3aMHu, IO BIAXOAATH Yo:

q, = 2T (04 (h— 1) x K x B, (2.10)

Tmax
ne T,;, - TemnepaTypa rasis, 1110 BIIXOISITh B TOUIIl OaJlaHCYy,
°C; T,

. - Temreparypa nositps, °C; 4 - koedirient 06'emy a1uMoBHX rasis, %.

qz =3,12-CO - h, (2.11)
CO - KoHIEHTpAallisl OKCUAY BYTJIELIO B 00’ emi, %o.

J— 'ZZHOJW
qs = qSHOMﬂqbaKJ (212)
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1€ (s,,,,, - BATpATa TeIia Ha HoOMiHaMi, %;

y/|  ~ HABAHTAKEHHS KOTIA JHCHE.

Exkooriuna gacTiHa BUKOHAHA 3T1HO METOIMKH. [65]
MacoBa KOHIIEHTpaIlisi OKCHIIB a30Ty B BIIXIIHHUX Tra3aX, siKa BHUpPaXeHa Yy
nepepaxyHKy Ha BHU3HAUCHUW mapameTp, OOYHCIIOEThCS 3a  HACTYITHOKO

dbopmyor:[63]
Cv = Cos * Lppup (2.13)
ne Cop - konnentpaiiis CO, 1110 BU3HAYAETHCSA 3a aHAII3y JUMOBHX Ta3iB.

MacoBa KOHIEHTpallis IIKJIMBUX PEYOBMH Yy BIAXIAHUX JUMOBUX Traszax,
npuBeneHa 10 HopMaiabHUX YMOB (0 °C, 760 MM pT. CT.), BU3HAYAETHCA 3 YpaxyBaHHIM

KoedilieHTa HaUIUIIKY TOBITPS. @ = 1:[62]

CCOa_1 =446,4-M-Y - h, (2.14)
ne Y — o0'eMHa KOHIIEHTpalis OKCHAY BYIVIEHIO B IPOLEHTHOMY
chiBBifHOMIEHH]; h — KoedilmieHT po30aBleHHS MPOAYKTIB TOpiHHSI; M —

MOJIEKYJISIpHA Maca OKCUAY BYTJICI0.[63 ]

[lutomi BukuAM OKCHAIB Ha onuHUIO BupoOieHoro Ttemia (1 I'Kam)

00YHUCITIOIOTHCS 32 TAKOK (POPMYIIOLO:

_3,6:Cq_,-100

a-Mgp.

B (2.15)

ne ngp - KK]I kotnoarperara, %; a - BIHOILIEHHS KaJIOPIHHOCTI ajauBa 10 00'eMy
IPOJYKTIB 3rOpaHHs, KKkaa/m>. [54]
HaiiGinpIie MOXKIMBE 3HAUYCHHS BUKHUIIB OKCH/IIB BiJ] arperary, r/cex:

BpaxQr
Cex = —/———,
3600

(2.16)

ne Qp — Tero, 1mo 0yJsio BUupobieHe KoTiom, [ kan/ros;

B4~ Mak. emicis okcuaiB, mr/I'kai.
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ne TT/P. - TeMIepaTypa JMMOBHX Ta3iB, Kl BUXOJSTh 3 TpyoH, °C;
AT7p - 3HMKEHHS TeMIlepaTypu ra3iB Ha 1 M numaps, °C/m;
ATy — pi3HULA B IaIHHI TEMIIEpATYpy Bi qumococa 1o auMaps, °C.[63]

[TagiaHs TEeMOepaTypu rasis:

T/ _ Bri-aux1 Teux1+Brz-Apuxz Teuxz 2.17)
"p Br1-@pix1tBrz-apixz--

ne By - BUTpaTa HAaTypalbHOIO MAMBa, M>/TOJ; (gyy - HAUIMIIOK TIOBITPS 3a

AUMOCOCOM KOXHOT'O KOTJIa, TBHX - TCMIICpaTypa rasiB 3a JAUMOCOCOM KOKHOT'O KOTIJIA,
°C

[TapinHg TemnepaTypH Bii AUMOCOCA A0 AUMAPS:
ATrp = Atrp - Hrp, (2.18)

ne Atyp - maaiHHS TeMmmeparypu rasiB mo BucoTi aumaps, °C; Hrp - BHcOTa
TpyOHu, M.

[TaginHs TemmepaTypu IO BUCOTI TUMaps pPO3PaxoBY€EThCs MO HopMyi:

Atrp = 0,4/, (2.19)

ne [l - ekBiBaJeHTHA BeIMYMHA!

I = e (2.20)

822

Busnauennss o0'eMy JMMOBHUX Tra3iB Ha BHXOJl 3 THpJia JUMOBOI TpyOH 3a

CEeKyHAy, M’/C:

% BV +V(ahyx—1)|xpu y 273+T101, s 760
3600 273 P;’

VTP == (221)

ne V2, V) - o6'eMu mpoaykTiB 3ropaHHs i 00'eMH NOBiTps HOTpPiOHI U
cramoBaHHA | k2 manmBa, HMY/KT; Py - TyCTUHA OPUPOAHOro rasy (6e3 Booru) H.y.,
3
KF/ HM .
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[IBUAKICTH €MiCiT IIKIIJIMBUX PEYOBHH 3 1UMaps :[63]

V
wl = 2 (2.24)

)
frup

e fryp «KMBUID TIEPETUHY TUpIIA AUMAps, M2.

KonnenTpariio komnorentis CO ta NO, y pospaxysky Ha BMicT Or=a (% 00.) B

IPOYKTaX 3rOPSHHSA X (g, —q) PO3PAXOBYIOTh 3a (popmyioro (2.24) [54]
Xo0,=a) = K- X, (2.25)

ne 3amicTh X MiACTaBIsAOTh BianosigHo CO , NO,.

J1y1st MpOAYKTIB TIOBHOTO TOPIHHS

21-a
=1 o) (2.26)
J1j1s IpOyKTiB HEMOBHOTO TOPIHHS [54]
21d (2.27)

- 21-(0,-0,5:C0'-0,5-H,—2-CH,)’

2.6 JlocmipKeHHs MaJIbHUKOBOTO MOJYJIIO, TIPU pOOOTI HA MaiuBi 3
JIOMIIIKaMH BOJHIO.

Jlns mpoBeJeHHS JaHOrO0 EKCIEPUMEHTY OyJI0 MOJCPHI30BAaHO CTEHJ, IO
nepeadadye BUKOPUCTAHHS BOJIHIO B HbOMY. BUKOpHCTaHHS BOJIHIO CYTTPOBOKYETHCS

3HaYHUM [IJBUIICHHAM BUOYXOHEOE3NeKH B TMPHUMILICHHI, /€ BUKOPHUCTOBYETHCA

EKCIIEpUMEHTAJIbHUM CTEH/. [65]

Uepes 1ie Oys0 BUpINMIEHO BIAMOBHUTHCS BIJ BIJMOBIJIHOTO EKCIEPUMEHTY B
IPOMHCIIOBUX YMOBAax, a TaKOX OyJI0 MPUMHSITO JOJATKOBHX 3aXOMdiB O€3MeKH B

Jaboparopii, 1110 3HAYHO YCKJIAIHUIIO JJA0opaTOpHU cTeH . (IuB.puc.2.5-6.) [66]
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36ipka poboyoi AinaHKH
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Puc. 2.5 Cxema po0O0o40i TUISTHKY €KCTIEPUMEHTAIILHOTO CTEHTY 31 CIIAJIFOBAHHS MMAJIMBA

3 TOMIIIKAMH BOIHIO.
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Puc. 2.6 Kpecnenns PizuyHoi Mojemi MOAYJsS NaIbHUKOBOTO  IpUIIATy

CKCIICPUMCHTAJIbHOI'O CTCHIY 31 CIIaJIlOBaHHS ITaJINBa 3 ,Z[OMiIHKaMI/I BOJHIO.
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B xoai excnepuMeHTIB MpH CHAJIIOBaHHI TNajduBa 3 JIOMIIIKAaMHU BOJIHIO,
NEepPIIOYEPTOBOI0 33/1a4YCI0 € CaMe BHU3HAYECHHS IMPOLEHTHOTO BiAHOIIECHHS CYMIIII.
[Tpu BHOOpPI KOHCTPYKTHBHHUX MapaMETpiB, a TaK0X XapaKTEPUCTHK pPOOOYOTro
nporecy, OyJn0 NpUIHSATE PIIIEHHS ONMUPATUCS B OCHOBHOMY Ha MapaMeTpu Ta
XapaKTepUCTHKH, OTpUMaHl 3 TomepeAHiX (I3UUHUX EKCIEpUMEHTIB Ta
KOMII IOTepHUX Mojieneil. Tak sik mepes M OyJio MPOBEIEHO 3HaYHY KIJIbKICTh TaKUX
CKCIIEPUMEHTIB Ta MOJCIIOBaHb, pPE3yjbTaTH OyAyTh OUIBII HAOIMKEHUMH 0
IIYKaHUX, HaBiTh BPAxXOBYIOYHM 3arajbHe YCKIQJHEHHA cXeMa (yHKIIOHYBAHHS

npuiaay, 3aBIsSKH OKpEeMiil CUCTEMI 1ojiaul BOJHEBOTO NajauBa. [66]

2.7 PobOora 3 moxuOxamu.

2.7.1 Iloxubka BUMIpIOBaHHS TEMIIEPATYPHU MOBITPS

[Tig wac mocmiKeHb 171l OKUCHEHHS BUKOPUCTOBYBaacs aTMocepHa MoBiTpsiHA
cymimi, 1o Oyna goctynHa B jaboparopii. Temmneparypa moBiTpsi BUMIpIOBajiacs 3a
JIOTIOMOTOFO PITUHHOTO CKIITHOTO TepMOMeTpa. TOUHICTh BUMIPIOBAaHHS TEMIIEpaTypH
BU3HAYAJIACA 3 YpaxyBaHHSIM JOCIITHO-IHCTPYMEHTAIbHOI MOXMOKM Ta TMOXHUOKH

3UUTYBaHHA, SIK1 OOYHMCITIOBAINCh OKpEMO.

o(T) = \/(g‘f + (%)2 +02(T) = J7 (‘g‘)2 +02(T), (2.28)

ne, 4 — moxinka tepmomertpa, ska ckmagae 0,5 °C; 6(T) — e BuUmagKoBOIO
oXHOKOIO TEeMIIEpaTypH, 3 BpaxyBaHHAM Koedimienta CtproneHTa mio ckiazgas 0,1. B
TaKOMY BHIIaJIKy, [OXHOKM BuMiproBauHs Oyayts piBaumu: o(T) = 0,26 °C 3

BEJTMYMHOIO T0Bip4oi iMoBipHOCTI P=0,95.[54]

2.7.2 Tloxubka BUMIpIOBaHHS aTMOC(EPHOTO TUCKY
B nocnimxenHni BukopuctoByBanmcs Oapometrpu BAMM-1, ski MawTh HU3BKY
tounicth (§(P) < 500 I1a). Yepes 1ie, IpaBKu B pO3paxyHKax HE BHECEHI. 3 OISy
Ha Te, IO TPUJIANOBa MOXHOKAa I[LOTO OapoMeTpa 3HAYHO TEPEBHINYE MOXUOKY

3YUTYBAaHHA, MO’KHA IMUCATH!
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o(P) = 50071a (2.29)

2.7.3 [loxuOka BU3HAYCHHS BUTPATH NaJUBa

Po3xia pinvHu nponopiiiHuii repernay TUCKY Ta BUXOAUTH 31 CIIBBIIHOIICHHS:

m = abF,2pAP,< V = abF, |22~ (2.30)
c pAP " ¢
ne m iV, y BIIMOBIAHOCTI 10, MacOBOI Ta 00’ €MHOT BUTPATH;
p - TyCTHHA, & - TIOMPABOYHUN MHOXXHUK Ha PO3IIUPECHHS BHUMIPIOBAHOTO
CepeIOBHIIIA;
a - KOe(DIIEHT, 110 3aJICKUTH BIJl KOHCTPYKIIT 3BYKYHOYOTO IPUCTPOIO. [22,23]
B yMOBaxX BUMipIOBaHHS, IPUAMAETHCS, IO BeIMUnHA O crana. ToMy BHpa3 s

00’€MHOT Ta MacOBOI BUTPAT 3alUCY€ETHCS:

V= c\/A_?P;m = c'\/pAP (2.31)

[ToxnOka BUMIpIOBaHHS BUTPATH BKIIIOUA€E MTOMUJIKM BU3HAYEHHS C, p 1 AP.
3HayeHHA C BHUPAXOBYEThCA, MPHU MPOBEACHHI TapyBaJbHHUX JOCTIAIB 3

BUKOPHUCTAHHAM coIia BiTomuHCHKOTO 3 moxXuokoo 3-4%.
: : P :
['yctuna TOBITpS BHM3HAYAE€TBCA 1O PIBHAHHIO CTaHy p = —. TouHicTh

BU3HAYECHHS T'YCTUHHM 3aJIeKUTh B1Jl TOUHOCTI BU3HaueHHs THCKY P, temneparypu T 1

ra3zonoi ctayioi R:

=R L e

1e BiAmoBigae GopMyti s JOCIITHO-IHCTPYMEHTATBHOT ITOMUJTKH:

s =p [ + 2L S e
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5®) _ otk)

Tak six = 0,0001, 6(P) = 400 [la nna 6apomerpa BP-52 1 a(T) =

0,24 K (najmBO BUKOPHCTOBYBAJIOCH 3 MApaMETPaMU HABKOJIUIIHBOTO CEPEAOBUILA)

IIPY BUKOPUCTaHHI pTYTHOTO TepMoMeTpa 3 1iHoto noaiiku 0,5 K, to:

6(p) = J(4-1073)2 + (4,8-1073)2 + (1-107%)2 = 6,2- 1073 (2.34)

a TIOBHA MOXMOKa BU3HAYCHHS BUTpATH CTAHOBUTHUMC!

5(V) _s(m _ la(c)l (5(p)> +<6(AP)>2 _

V m P

= Jo,042 +1 [(6,2 .10-3)2 + (i)z] = 0,041. (2.35)
4 240

2.7.4 Tloxubka BUMIpIOBaHHS TEMIIEpaTypHu y axesi

[lin dvac pgochipkeHHs TeMmiepatyp y (¢aken Ta MalbHUKIB CHCTEMH
3acTocoByBaBcs TepmonapHuil enemeHT (TEIT) 6e3 3axucHOro KoxKyxa Ta KaMepu st
rasibMyBaHHs. HeoOXi1HO BpaxoByBaTH BC1 MOXJIMBI MOXHOKH, 1[0 BUHUKAIOTH MPU

BUMIPIOBAaHHI TEMIIEPATypU B YMOBAX BUCOKOIIBHIKICHOTO Ta30BOT0 MOTOKY.[54]

O,Z[HiGIO 3 BaXKJIMBUX MOXHOOK € BIUIMB TEILJIOBOTO BI/IHpOMiHIOBaHHH Bi,[[ craiB

TEPMOIAPH, K1 PO3PaXOBYETHCS 3a CIELIAIEHOI METOIUKOIO.

AT = 22 (Th, — T4), (2.36)

men

OCKIJIbKM BHUMIPIOBAHHS NPOBOJWIIMCH IPU PEXUMaX 3 HU3bKOK INIMOMHOMO
BUTOPSTHHS MAJIMBa, BOHU CYIIPOBOKYIOTh YTBOPEHHSM 11apy caxi Ha kopoabky TEII,
MO’KHa BBa)KaTH Koe(d. YOPHOTHU CHAK0 &,,, =~ 1 . Bapro 3a3HauuTty, 1110 B yMOBax
HeJonaxy NOXHOKa BUMIPIOBAHb 301IbIITY€THCS.

KoedoiuienT Ternosiggadi npu oOTIKaHHI TOTOKOM POOOYOro Crar TepMoNapH,

BUKOHAHOT0 Y hopMi chepruIHOro KOpObKa JiaMeTPOM [3HAUEHHS | MM, BUBHAYAETHCS
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. . . A Nu
3a JIOTIOMOTOK0  KpHUTEplaIbHUX PIBHAHBb TEIUIOOOMIHY: (., = — Nu =
K

0,216 Re%62, (2.37)

dc

w :
—~, & BCl MAPaMeTpH MOTOKY

ne: unciao PeliHonbaca oOYHCIIOETHCS, SIK Re =

BIJTHOCSITHCS JIO TOYKM BUMIPIOBAHHS 1 BU3HAYAIOTHCS 110 TAOJUIISM.

AJDKe MIBHIIKICTh IOTOKY € J03BYKOBOIO, B TOH Yac, sik poOounii crai TepMonapu
pO3TaIllOBaHO Ha BiICTaH1 25 MM Bij JiepKaka JaTurka (110 BIAMOBIAa€ MPUOIU3HO 55
JiaMeTpaM  TEpPMOENEKTPUYHUX TMPOBOIB), MOXHA 3HEXTYBaTH MOXUOKaMH,
MOB'I3aHUMH 3 HEMOBHUM TajJbMyBaHHSIM IIOTOKY Ta BTpaTaMH TeIUla depes
TEPMOCIICKTPOAH. Y PaxOBYIOUYN MOXUOKY KaTIOPOBKH Ta Ti MOXUOKH, 110 BUHUKAIOTh
qyepe3 MiAKITIOYeHHS TepMONapu J0 CXEMHU BUMIPIOBaHb, B TO W 4ac sIK BUIMAJKOBA
noxu6xka nopiBHtoe 3 K. [Toxubka, 1110 3aHmKye TemmnepaTtypy, ctaHoBuTh 80K, a oTxe,

10 5%, 1110 € JOMMYCTUMUM PE3YIIHTATOM.
2.7.5 IloxuOka BUMIPIOBaHHSI €KOJOTTYHUX XapaKTEPUCTUK

EMiciitHuii aHaii3 CTpyMEHEBO-HIIIEBUX MOJYJIIB MPOBOJUBCS B J1a00OpaTOPHUX
yMOBax 3  BHUKOpHCTaHHsAM rasoaHamizatopa OKCHU-5M.  Merponoriyni
XapaKTEPUCTHKHU MOXHOOK Bu3HaueHHs KoHIreHTpaii CO, NOx ta O2 BiNOBIIal0Th

TEeXHIYHIN IOKYMEHTAIlli pUIay.

[Toxub6ka BumiptoBanuss CO cranoButh 10% B mianmasoni 0...200 ppm ta 5% B
niama3oni 201...2000 ppm, 3 po3ainsHOIO 31aTHICTIO 1 ppm. [ToxuOka BUMiptoBaHHs
NOx cranoButh 5% B aianazoni 0...2000 ppm, 3 po3auibHOI0O 3AaTHICTIO 1 ppm.
[Toxu6xa BumiproBanHs O2 cranoBuTh 0,2% BiJl BUMIPSIHOTO 3HAYEHHSI, 3 PO3I1IIHHOIO

3patHicTIO 0,1%.

2.7.6. OuiHKa NOXMOKM BMMIpPIOBAHHA (EKCMEPMMEHT 3 MNaJbHUKOBUM
NPUIAL0M)

Mertpooriyia OIliHKa MOXHOOK BUMIPIOBAHHS OKpeMUX (DI3MUYHMX BEITUYUH

npoBoJguiiacsas 3 MCTOKO BHU3HAYCHHA I[OCTOBipHOCTi CKCIICPUMCHTAJIbHUX HOaHUX.
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[ToxuOKku BUMIpIOBaHHS IMyJIbCalliil HANPyTH € Ta Hanpyru Mocta E ckimanu £0,5% Ta

+0,2% BI1AMOBIAHO.

[Toxubka BUMIpIOBaHHs omopy natuumka craHoBuia 0,05 Owm, 110 BiAMOBiAa€e

MaKCHUMAaJIbHINA BIAHOCHIN moxuomi erw +0,8%.

3nauennss E20 Oyno oTpumaHO HUIAXOM NOOYIOBH KamiOpyBadbHOI KpPUBOI

HACaJIK! 3 BIITHOCHOIO MOXUOKOIO He OuthIe +2%.

[igpoanHaMivHI XapaKTEepPUCTHKH ITOTOKY, a caMe 4ncio PeifHounb/ca Ta CTymiHb
TypOyJIE€HTHOCTI, OyJaM BH3HAuU€HI 3 BIAHOCHMMH moxuOkamu +2,7% Tta +3,3%

BIIIIOBIIHO.

TakuM YMHOM, BiJHOCHa MOXHMOKa BUMIPIOBAHHS CTYIIEHS TYpOYJICHTHOCTI

cranoBuia +3,3%, a cepenHboi MBUAKOCTI — +2,4%
2.7.7. NNoxnbKa BM3HAYEeHHSA TemnepaTypu. (NabHUKOBMA Npmuaaa,)

Tak, sIK BiICTaHb J0 rapsiuoro Criaro BiJ Kopiycy Tepmomnapu L, € Benukoro (Ly/d;
>10), BigBIM Temya 3a JOMOMOTOIO TEIUIOMPOBIAHOCTI B TEPMOEIEKTPOIU HE
BpaxoByBaBcs. [loka3HMKM TepMomap KOPEKTYBAJIWCS JIMIINE HAa BTPATH TeIia Bif
rapsyoro Crar 3a JJOMOMOTOI BHUIPOMiHIOBaHHs. TemrepaTypa TOTOKY Tasy

BUPaxXOBY€EThCA 3a popmyrioro [33]:
T:T1+C(T2—T1), (23 8)

ne: T, 1 T, - temmeparypw, IO BIAMOBIMAIOTH IMOKAa3HUKAM TEpMOIap i3

niameTpamu cnaiB dy 1 dy, K;
C - KoeillieHT, 1110 BPaXOBY€E BIUIMB BUIIPOMIHIOBAHHS TEPMOIIap.

Ct BU3HAYA€THCA:

1

Ce = 1-(dy/d)t—™

(2.39)

B ymoBax mociimkennst m ckinagaio 0,04, a mompaBku 10 Temmepatypu - 70-90K.
[33]
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[ToxnbOka y BU3HAUYCHHI TCMIICPATYPH I'a30BOT'0 IMIOTOKY 3a ITOKA3HUKAMHU JABOX

TepMomnap BU3HAYAETHCS POPMYIIOLO :
AT =2-C+1+04-(T, —T,), (2.40)

1 cCKIazae st 1poro meroay oimst 25K.

2.8 BUCHOBKH J10 JIpyroro po3aiiy.

Ha ocHoBI mpoBeieHOr0 JOCTIIKEHHSI MOKHA C(OPMYITFOBATH TaKi BUCHOBKH:

1. Po3poOnennii MeTo[ Ha/lae MOXIMUBICTH OOYHCIIOBATH MapameTpu poOodoro
npoliecy MajJbHUKOBOTO MPHUCTPOIO B IIMPOKOMY Aiara3oHi peXuMiB, a TaKOX
aHaJli3yBaTu JaH1 €KOJIOTO-TeINIOTEXHIYHUX BUMPOOYBaHb KOTIIB, MPOBEACHUX

B ITPOMHUCIIOBUX YMOBAX.

2. AHami3 MoXuOOK eKCIIepUMEHTAILHUX BUMIPIOBaHb MMOKAa3aB, 110 BU3HAYCHHS
BUTpaTU Ta TEMIIEpaTypd TMOTOKIB NalWBa W OKHUCIIOBaYa, MapaMeTpiB
TypOYJIEHTHOCTI Ta CEepeIHBOI MIBUIKOCTI B KaHAJ1 31HCHIOBATIOCS 3 TOYHICTIO
He MeHIe 95% npu noBipuiit iMoBipHOCTI P = 95%. KoHuenTparlisi OkCuiiB y
MPOyKTax 3TOPSTHHS BUMIpIOBajacs 3 MOXUOKOI0, 0 He mepesuiye 5%, Tomi
AK TIOXMOKa HEMPSAMHUX PO3paxyHKIB OanmaHCOBOTro KoedilieHTa HaJIUIIKY

noBITps He nepepuiyBana 13%.

3. Merogosoris TOOYyIOBH pErpeciiHUX 3aJIeKHOCTEH, IO Oa3yeThcs Ha
pOTabebHOMY LIEHTPAJIbHOMY KOMITO3UIIHHOMY IJIaHYBaHHI €KCIIEPUMEHTY,

rapaHTye::

e JlochmipkeHHST BIUIMBY TapaMeTpiB  Ha  poOoul  XapaKTEepPUCTUKH
NaJbHUKOBOTO MPHUCTPOIO, 3 OILIHKOI BHECKY KOXKHOTO MapameTrpa 3a

JIOTIOMOTOFO TIOJIIHOMIB.

e  Bu3HaueHHs MOXXJIMBOCTI CTBOPCHHSI MAJILHUKOBUX MPUCTPOIB 13 3 JaHUMH
XapakTepUCTUKaMH B  JIOCHIKYBaHOMY  (akTOpHOMY TIpOCTOpi Ta

peatizailiro He0OXiTHUX €KCILTyaTalliiiHUX BUMOT.
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e BcraHoBieHHS  MOXIMBOCTI  BUKOPUCTaHHS  METOMAIB  IUJIAaHYBAaHHS
EKCIIEPUMEHTY U1l BU3HAUYEHHsS 3pUBHUX 1 IYCKOBUX XapaKTEPUCTHUK
ra3onajbHUKOBUX TMPUCTPOIB, MI0 CHpPHUSE BUOOPY ONTHUMAIBHUX

T€OMETPUYHUX MapaMeTpiB MaIUBOPO3MOILTY.

Po3ain 3. TPUBUMIPHE KOMM'KOTEPHE MOE/TFOBAHHA CTPYKTYPU
TEYIl TA CYMILWOYTBOPEHHA CTPYMEHEBO-HILLIOBMX KOMBIHOBAHMX
MAJTbBHNUKOBMX MOAY/IB.

CTpyMeHeBoO-HIllleBa CHCTEMa, IHTETPOBaHA Yy KOHCTPYKIIIO IUIOCKOTO
NAJIMBOIOIABAILHOTO KOJIGKTOPY-IIJIOHA, € Oa30BUM €JIEeMEHTOM OJIHOWMEHHUX
nanmuBHux npuctpoiB (III1). YV mnomepeanix nociipkeHHAX OyJi0 BHU3HAYEHO, IO
KOHCTPYKTHBHI XapaKTEPUCTHUKHU CUCTEMH CYTTEBO BIUTMBAIOTh HA KJIFOYOBI MapaMeTpu

poOOYHX MPOIIECIB TATHHUKIB.

3.1  Buau cTpyMeHeBO-HilLOBUX MOAYANIB. KOHCTPYKLUIMHI MapameTpu

CTPYMEHEBO-HNLLIEBOIO MaJbHNKOBOIo MOoAynA.

[lepen TuM, SK TPUCTYOUTH A0 O€3MOCEPETHHOTO MPOBEACHHS (HI3UUHOTO
EKCIIEPUMEHTY, I10 paHilie chpopMoOBaHiit METOIUII, HEOOX1AHO MONIEPEAHBO MPOBECTH
KOMII'IOTEpHE MoOJentoBaHHs. Lle 103BONUTH EKCTparoiioBaTH KOHCTPYKTHBHI
po3Mmipu  MaiilOyTHROTO CTEHAY a TaKoX Taki T[apamMeTpu sK BHUTpara

poNaHy/IPUPOIHOTO rasy, MOBITPSI, IX MIBUAKICTD 1 T.J. [68]

3a OCHOBY JUIsl KOMIT'IOTEPHHX MoOjeiell OyJio B3STO YyKe€ ICHYHYl Mojaen
CTPYMEHEBO-HIIIOBUX MaJIbHUKOBHUX MpuiaAiB. HailOimbpImii iHTEpeC npeacTaBisioTh
co0010 MaTbHUKOBI MOMYJi, SIKi € OCHOBHOIO CTPYMEHEBO-HHIIEBHUX IMaJbHUKOBUX

IIPUCTPOIB.

Ha pucynky 300paxeno (muB.puc.3.1.) onuH 3 6a30BUX CTPYMEHEBO-HUIIEBUX
momymiB. Kepyroun [MMH KOHCTPYKTHBHHUMH 3HAa4CHHSIMH, MOJXKHA 3HAYHO
BUJIO3MIHIOBATH KOHCTPYKIIFO MOJYJISI, THM CaMHUM CTBOPIOIOYHM HOBI BapiaHTH, IO

Kpallie maxoJuTUMYTh IT1]1 TOCTaBJIeHY 3a1auy. Buxoasuu 3 10CiiKeHb KOHCTPYKIIT
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ITAJIbHHUKOBHX MO,IIYJIiB Ta pO60‘IOI‘O npouecy CTpyMCHCBO-HUIICBUX ITAJIBHUKOBHUX

npuctpoiB, npoeaeHux Ao6ayninuMm M.3. 1 Cipum O.A. chopMoBaHi 3aJ€KHOCTI

OJTHHX TIapaMeTpiB Bif iHIMX (AuB. Tabm. 3.1)[25,54]

1%

L L2

Pucynok 3.1. Cxema cTpyMeHeBO HilieBoro Moy, ae C — mupuna moayJs; d-

JiaMeTp OTBOPA, IO MOJA€ MAIUBO, S — KPOK MiX OTBOpamu, L- BiacTaHb MIXK

oTBOpamu 10 Huii, L — qosxkuHa Hutn, He — maneko6iiiHicTh Moaysis, B — BucoTa

MOJTYJISI.

Tabmuig 3.1 HaiiBaxnuBiii KOHCTPYKLIMHIA Ta PEXUMHI XapaKTECPUCTUKH

CTPYMEHEBO-HUIIEBUX MOJYJIB Ta iX BIUIMB HA PEIITY MOKA3HHUKIB.

najuBHOI cymiri (1 )

Wn - IBuakicts | Wr - llIBuakicts maausa | L - llupuna Hinni
OKHCHIOBa4a

[aTEHCUBHICTD JlanexoOiHICT cTpyMeHs | Po3mipu 30H 3BOPOTHOTO
TypOymizauii  1moToky | (hc), 06’ €M MUPKYAAIAHUX | TOKY (Lysr)

(e) 30H (Vi3r)

L1 - Bincranb |d - J[liamerp otBopiB |s/d - BigHocHMH KpoOK
NAJUBONOAABAILHUX | MAJHBOIOIAYI OTBOPiB

OTBOPIB 10 Hili

I"'omoreHi3amii Tennosa moryxwuicte (Q_) | Cepennst MacoBa

MOy JIsI

koHUeHTpauisd nanusa (Co)
B 30H1 3BOPOTHHUX TOKIB
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KoHCTpyKllis NaJbHUKOBUX MOJIYJIIB MOKE€ 3HAYHO BapilOBATUCS 3aJIEKHO Bij
THUITy TAJIMBA, [ SKOT'0 BOHU MPU3HAYEHI, IXHBOT IOTY>KHOCTI Ta IHIIMX MapaMeTpiB.
VY neskux BUMaAKax BIIMIHHOCTI MK MOAYJISIMHU € CYTTEBUMH, TOJI SIK B 1HIIMX BOHH

MEHIII BUPQKEHI.

3 pucyHky (auB. puc. 3.2) MOXXHa MOOAYUTH, IO JJIA 3MIHU aepOJUHAMIYHUX
XapaKTePUCTUK MAJIbHUKOBOTO MOJYJIS HE 3aBXAM MOTPIOHO MOBHICTIO 3MIHIOBATH
fioro KoHCTpyKIito. JlocTaTHRO MOAU(DIKYBaTH OKpEMi €IEMEHTH, HaNpUKIIaJ Hilly,
1110 MOXe€ BIUTUBATH Ha €(PEKTHUBHICTH CAMOOXOJIOKEHHS MOy ISl 200 pO3TalllyBaHHS
30H 3BOPOTHUX MOTOKIB. Hilll MOXXyTh MaTH pi3HY T'€OMETpiI0, 0 0e3MocepeTHbO

IMO3HAYAETbCA Ha MapaMeTpax pO6OTI/I CHUCTCMU.

Pucynok 3.2 — Pi3HOBU/IU HIIIEBOT MOPOKHUHH.

Sk mokazanu TpoBeACHI JOCIIKEHHs] KOHCTPYKIIIHHI Ta PEKUMHI MapaMeTpu
TICHO TIOB’513aH1 B OJIMH CKJIAJHUH KOMIUIEKC 1 3MiHA B OJTHOMY 3 HUX MPU3BOJUTH 10
JIOBOJI1 3HAUYITUX 3MiH B 1HIIHX.

3.2 Pexumui napamerpu poOOTH MaTbHUKOBOTO MOIYJISL.
3minu mBuakocti (W,) Ta Butpatu okucHioBava (G,), mBuakocti (W) Ta BUTpatu
nanuBa (Gy), tucky (P,) Ta Temmneparypa mamuB (T,) ¥ okucHroBaya (T,) 1 T.m.
IPUBOJATH 70 BIAYYTHHUX 3MiH B PEXHUMI pOOOTH MaIbHUKOBOTO MPUIALy, 10 TAaKOX

MIOMITHO Ha PiBHI OKPEMO B3SITOTO MOYJIsl. (IUB. puc. 3.3)
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Puc. 3.3 Burnsin dakeny cTpyMeHEBO-HUIIEBOTO NATbHUKOBOTO NPTy MPU

OJTHAKOBUX 3HAYCHHSIX 0=1,5, ane 3 pi3HUMH 3HAYCHHSIMU IIBUIKOCTI TIOBITPS,

Wi=11,16 Ta 25 m/c. [82]

OnTuMaaIbHUM PEKUMOM POOOYOTO MPOIIECY CTPYMEHEBO-HUIIIEBOI CUCTEMHU €
CTaH, 3a SIKOTO JIOCATAETHCS Oz ~ 1. KpUTHUHI peKMMU BUHUKAIOThH MPU TPAHUIHUX
BUTpaTax rasy, 110 BHU3HAYAIOTh MEX1 CTIHKOCTI MOJyM’s g OiqHUX 1 OaraTmx
cymimeid. Came 11 Mexi 3a0€3Me4yI0Th CTa0IBbHICTh POOOTH CUCTEMH, 3aM00Iraroun

3puBYy a00 MPOCKOKY MOJIyM 1.

po Wo
pn Wn

[NppoauHamiuHuii mapameTp q= € YHIBEpCaJbHUM KPUTEPIEM OIIHKHU

cTtabinpHOCTI  (QyHKI[IOHYBaHHS Tipuctporo. lleit mapameTp € yHIBepCaJbHUM
KPUTEPIEM OIIIHKH CTa0LIbHOCTI (YHKIIIOHYBAHHS IPUCTPOIO. BiH CYyTTEBO BIIMBAE Ha
XapakTep Teuii, OCKUIbKM BHM3HAuYa€ CIIIBBIJHOLICHHS IMITYJbCIB MOTOKIB PI3HUX

KOMIIOHEHTIB, TaKUX SK MAJIMBO Ta OKMCHIOBAY B TJIpOJAMHAMIYHUX Tporiecax. [54]

3HaueHHs HOTO TapaMeTpa BU3HAYAE PEKUM Tedii: IPH HAATO BEIMKOMY abo
MaJIOMy CITiBB1IHOIIECHHI IIBUIKOCTEH 1 TYCTHH MOKJINBE BUHUKHEHHS TypOyJIEHTHUX
30H, HecTa0UIbHOCTeH ab0o HeepeKTUBHOTO 3MilllyBaHHS MOTOKIB. Hesnae
CITIBBIJIHOIIIEHHSI MOJK€ CIPUYMHHUTH PO3IIAPYBaHHS KOMIIOHEHTIB 1 HecTaOuIbHE
ropigasa. B aeponuuaminil Ta TigpoAMHaMinl LEeH HapaMeTp TaKoX BIUIMBAaE Ha
BUHUKHEHHSI LUPKYJIAIMIAHUX Teuidd, (popMyBaHHS BHUXOpPIB 1 CTIWKICTh IMOTOKIB Yy

KaHajax ado coruiax.
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Tabmuis 3.2 — OCHOBHI peXXHMHU POOOTH CTPYMEHEBO-HIIIEBOI CUCTEMH [ 54 ]

Pexxvmu ropiHHS [Tapametpu | XapakTepucTUKu
Yy i s<<Oluom PosnasmoBanbuuil pexxkum. Lleln pexum
Gires Gy OMHACYEThCS  MIHIMATBHO  JOTyCTHMOKO
W, BUTPATOI0 TMajMBa, HEOOXITHOWO IS
e 0<q<Qup’ 3allyCKy ~ BUIATIOBAILHOTO oOnasHaHHs
(BO). Bin JTIO3BOJISIE 3HU3UTHU
Osse1 HABaHTAXXCHHS Ha CHCTEMY JIO TPaHUYHO
HU3BKOTO  piBHA 0e3 moTpedu y
BIIKJTFOYCHH1 OKPEMUX MMAJTbHUKIB.
os=a"™ HominanbHuuii pexxum po6oru. B nipomy
Gr=Grom p.exq/IMi“ Q)yHKHiOHyBaHHH. CTPYMEHEBO-
uimoBoi cucremu (CHC) BinOyBaeTbes 3a
Qep' <q<qip"" | YMOB Koe(dirieHTa HaIITUIIKY MOBITPSI, 0
. nopiBHioe oguHuLi. [Ipu nbomy crpymeHi
1@ Olsse=1 pozsnBaIOTLc;IyHa&rg}or{OMy MOTOII1, 10
l Q | hee h v 3abe3neuye cTabilbHy — BUXpOBY
) CTPYKTYpPY, HEOOXiIHY s MiATPUMKH
Iporecy ropiHHS.
ax<glioM Pe:xxuM i3 moBHOIO cTaoOimizamicio Ha
MAJIMBHHUX CTPYMEHSIX. Y IIbOMY BHITAIKy
Gr>Gr™” crabimizamisi mporecy TOpiHHs MOBHICTIO
e MEePEXOUTh 13 HIMIOBOI TMOPOKHWHU Ha
naiMBHI  cTpymeHi.  lled  pexum
Olze=1 CYIPOBOIUKYEThCS ~ TMOSIBOIO  ITyJIbCAITi
MoNlyM’sl, IO € WOro XapakTepHOIO
03HAKOIO.
A A oz<<q/oM PexxuM npu MakcMMaJIbHid BHTpAaTi
: G M5 G oM naJjuBa. Heﬁ. Pe.}KI/IM BinzHaqagTLCﬂ THM,
W, - aE r " | mo manekoOiHICT CTPYMEHIB 3HAYHO
_; P quE>>qHoM MEPEBUIIYE HAIMMBBHUCOTY TOBITPSIHOTO
o KaHamy. 3oHa cralimizamii mporecy
Olsse<1 TOpIHHS 3MIIIYEThCSA Ta Mae crenudivni
XapaKTePUCTHKU  3aJIEKHO Bl yMOB
poOOTH CHCTEMU.

Takum yuHOM, MpaBUIBHUI BUOIp 1 KOHTPOJIb MapamMeTpa = BaXXJIUBUM JIs
3a0e3neueHHs] €(peKTUBHOI pOOOTH CUCTEM, ONTHUMI3AIlli BUTPATHUX XaPAKTEPUCTHUK 1
3ano0iraHHsl HeOakaHUM JUHAMIYHUM siBUIIAM. J[oCIipKeHHsT MiATBEPIKYIOTh, 1110
ctpymeHeBo-HimoBa cucrema (CHC) 30epirae aBTOMOJAENBHICTH  IPOLECIB

CYyMIIIIOYTBOPEHHS B ITUPOKOMY Jiana3oHi 3HaYeHb (.
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IIpu g< 1 cnoctepiraerscs edekt Koanma — siBuiiie, 3a sIKOTo CTPYMIiHB ITICHSA
BUXOJy 3 OTBOpPY MpUJISATAE A0 CTIHKU. | paHWYHE 3HAYEHHS ( BU3HAYAETHCS PIBHEM
3aTIHEHHS TPOXIJHOTO TMepepidy KaHaly Ta BIACTHBOCTSMU BUKOPHCTOBYBAHOTO

najguBa (IuB. Tabi. 3.2).

[Iporec TEXHIYHOTO TOPIHHSA € OJHUM 13 HAWCKIATHININX JUIT MAaTEMaTHIHOTO
MoaemtoBanHs. [1i1 9ac 3ropsiHHS OpraHIYHOTO TATMBA BiI0YBAETHCS B3aEMO/IiST HU3KH
G13UYHUX 1 XIMIYHUX MPOIIECIB, 10 MPOTIKAIOTh OJJHOYACHO, 110 3HAYHO YCKJIAIHIOE
iXHIA aHATITHYHUN omUC. Y 3B’S3KY 3 IIUM MPOBEJICHHS HATYPHUX CKCIICPUMEHTIB Ha
PI3HHX eTamax MUKy TaJTUBHUX MMPUCTPOIB MOXKE CYyTTEBO 301LITBIITYBAaTH BUTPATH HA iX

PO3pOOKY Ta BUPOOHUIITBO.

3.3 CTBOpEHHA ekcnepumeHTanbHOI MOAei.

CydacHUil  pO3BUTOK OOYHCHIOBAILHUX TEXHOJOTIA y TIOEMHAHHI 3
HAKOTIMYEHHSM BEJIMKOTO MACHBY €KCIIEPHUMEHTAIbHUX JaHUX CTBOPUB MEPEIyMOBU
JUTSL BACOKOTOYHOTO YHCEIHbHOTO MOJCIIOBAHHS KOMIUIEKCHUX CHUCTEM BIAMOBITHO JI0
1H)KEHEepHUX CTaHJapTiB. Take MOJIeOBaHHS MOJJIMBE SK Y JBOBUMIPHIN, TaK 1 y
TPUBUMIpHill OCTAaHOBI. IOr0 OCHOBY CTAHOBHTH MAaTEMATHUHMI OMUC (i3HUHHX
MPOIIECiB, SIKI TPOTIKAIOTh B JOCIIHKYBaHUX 00 €KTax (HAMpUKIAA, MaJTHBHUX
MPUCTPOSX), YePe3 CUCTEMY PIBHSHB, SKi XapaKTEPU3YIOTh Ta30IMHAMIKY, TEIJIO- Ta

MacoOOMiH, a TAKOX XIMIYHY KIHETHKY.

Po3paxynok mapamerpiB poOOYMX TIPOIECIB 3HIMCHIOETHCS YHCEITHHUMH
MetonamMu. HaitHoBIIII —cheriani3oBaHl MPOrpaMHi  KOMIUIEKCH, JalOTh 3MOTY
MOJIEJIIOBATH HE JIMIIE Ta30MHAMIYH1 IPOIECH Ta TEIJI000MiH, ajie W XIMIYHI peakii
B JiamiHapHHX 1 TypOyneHTHuUX motokax. Cepen HaWOIIBII PO3MOBCIOIKEHUX
nporpaMHuX pimeHb MoxHa BigHecTH «Fluenty, «Ansys», «TASKflowy,

«FlowVision» Ta iamm.[51]

MeToo MoOJenoBaHHS B Tepury yepry OyJio TEpeBIPUTH BHU3HAYAIBHI

acpoJIMHAMIYHI TMapaMeTpU CHCTEMH, SAKICTb CYMIIIOYTBOPEHHSI Ta HAsSBHICTH 30H
105



3BOPOTHHMX TOKIB B PI3HHUX BapiaHTIB MOJYJIB, Ta MpOpaxyBaTH MOXJIMBI Jliarla30HU
pI3HUX MapaMeTpiB ISl MOJAJBIIOTO JOCHIDKEHHS B YMOBaxX HATypHOTO
eKCIIepuMEeHTy. B mepiry depry MOCTIIKYyBaTUCS aepOAMHAMIYHI TPOIECH TpH
«XOJIOIHOMY TIYCKYy», TOOTO ©0e3 Tporecy TopiHHA. SIK paHimie 3raayBajnocs,
KOMIT FOT€pHE MO/ICTTIOBAHHS MTPOIIECIB TOPIHHS € JTOBOJI1 BUMOTJIMBUM JI0 00JIaTHAHHS

Ta 3aiiMa€ BEJIMKY KiTbKICTh Yacy. [68]

Came TOMY, B KOMII'FOTEPHOMY MOJACIIOBaHHI (quB.puC.3.4) BU3HAYAIOTHCS
J1alma30Hd  KOHCTPYKIIMHUX Ta PEKUMHHUX I[apaMeTpiB MNaJIbHUKOBOTO MOIYJIsS
3BaKAIOYW yBary JUIIE Ha TMPOIECH CYMINIOYTBOPEHHS, YTBOPEHHS 30H 3BOPOTHHUX
TOKIB Ta KOHIIEHTpPAIlIiHI MEXI1 IMAJINBA, X HAABHICTh B HEOOX1THUX MEKaX CUTHAIIZYE
PO Te, 10 MOJICIUTIO € aJIEKBATHOIO Ta MOXE OYTH NIEPEBIPEHOIO IETATBHIIIE BXKE 1T

Jac HaTypHOI'0 CKCIICPUMCHTY.

Pucynox 3.4 Komm’rorepHa MoOAENb MaJbHUKOBOIO NPHUIALy 3 OJHUM

CTPYMEHEBO-HIIIIOBUM MOJIYJIEM.

JlaGopaTopHi AOCHIPKEHHS JIETaJbHO OXOIUTIOBAIA aHAMI3 IIBUAKICHHUX,
KOHLIEHTpAIIHHUX 1 TEMIIEpaTypHUX MOIB y cTpyMeHeBo-HimoBux cuctemax (CHC)
Ta MpU OOTIKaHHI IJIOCKHX MUIOHIB. B ymMoBax moOBITPSHOrO MOTOKY, LIO OTHMHAE

cTab11i3aTOp, YTBOPIOETHCS IUPKYJAIIMHA 30HA 31 3BOPOTHUMH TedisiMU B 1l
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HEeHTpaJbHIM YacTuHi. Ha Mexi mpsMoro Ta 3BOPOTHOTO IOTOKIB (POPMYETHCS
MPUKOPAOHHUHN TIap i3 BUCOKUMH TPAJI€HTAMHU MIBUAKOCTEH, IO CIPHIE 3HAYHOMY

MOCWJICHHIO TypOYJEHTHOTO OOMIHY BHACHIJIOK BHCOKOTO pIBHSA I1HTEHCHBHOCTI

. w' . .o .
TypOYJIEHTHOCTI € = /7' Bucoka TypOysneHTHICTh y Wi 30HI OOYMOBIIOE

IHTEHCHBHE TIEPEMIITyBaHHS IMOTOKIB, 110 3HAYHO BIUIMBAE HA TPOIECH MEPEHOCY
IMITyJIbCy, Terjla Ta Macu. TypOyJIeHTHI BHUXOpPH Pi3HOro MacumTaly CHpHUSIOTH
IIBUJIKOMY BUPIBHIOBAaHHIO MTApaMETPiB MOTOKY, OJHAK MPHU IIbOMY MOXYTh BUHHKATH
3Ha4yHl1 JIOKaJdbHI (IyKTyalii MBUAKOCTI Ta TUCKY. KoedimieHT TypOyJleHTHOTro
HIepEeHOCY MOJKE MEPEBUIIYBATH aHATIOTTYHIH MOKa3HUK Y 30Hi 3BOPOTHOTO CTPYMY 110

JIECSATHU pa3iB.

B xoxi cepiii MojaentoBaHb, JOCIHIKyBalvcs OaraTo BapiaHTiB MoOAyJiB. B
OCHOBHOMY BIJPI3HSUIMCA iX JlaMETpU MaJMBOIOIaBATLHUX OTBOPIB, iX KIJIBKICTH Ta
BIJIHOCHHMU KPOK MK HUMH, HE MEHIII BOXJIMBUM OyJi0 BUOpaTH HEOOX1AHY BIJICTaHb
BiJl OTBOPIB JI0 HIillll, @ TAKOK TeOMEeTpU4HI po3Mipi Himm. Lo cTocyeThest pexxuMHUX

napaMeTpiB, TO HalBaKJIMBIIIUMH € HIBI/II[KiCTB Ta BUTPATa OKHCHIOBA4Yad 1 IMajuBa.

VY BUOOpP1 K PEKUMHUX TaK 1 KOHCTPYKTHBHHMX IapaMeTpiB B IEpIIy Yepry
BiJIIITOBXYBAJIUCS BiJ] YK€ ICHYIOUMX NaJIbHUKOBUX MOJYJIB MPU3HAYCHHUX IS
CHATIOBaHHS NMPUPOAHOTO ra3zy. KOHCTpyKTHBHI MapaMeTpu MalOTh OyTH CXOKUMH Ha
Ti, IO TOTPIOHI ISl CHAIIOBAHHS TMPUPOIHOTO raszy, 100 HE IOHU3UTH PIBEHb
e(pEeKTUBHOCTI HOr0 CHAaJIOBaHHSA, @ OChb PEXUMHI MOXYTbh 3HAYHO BIJIPI3HATUCS B

3aJI€KHOCTI B1JI BU/IIB I1aJINBA.
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Pucynoxk 3.5 KonnenTpariiiHi Mexi maausa.

OpnHoro 3 HAaWBaXIMBIIIKUX XapAaKTEPUCTUK NpPU MiIOOpi, K PEeKUMHUX TaK 1
KOHCTPYKTUBHHUX TMapaMeTpiB € KOHIICHTpAIIHI MeX1 3aiiMaHHs MPOIMaH-O0yTaHOBOI
cyminn (nuB.puc.3.5) B 3aJIeKHOCTI BiJ ii Ckjaay Ta 30BHIMHIX yMoB 1,5-10%,
HAsSBHICTh TaKWUX KOHIIGHTpaIlii B Oe3mocepenHiii OMM30CTI O MOIYJsI, JIETKO
3aMITUTH NIPU MOJIENIOBaHH1. Yepes 11e, po3MillleHHs] KOHLIEHTPAIIHHUX MEX Ta 30HU
3BOPOTHUX TOKIB B Oe3mocepenHiid OJIM3KOCTI A0 MajJbHUKOBOTO MOJIYJIS € MEPIIUM

IPU3HAKOM MPABUIBHOTO HAIPSIMKY MPH Mi100p1 mapaMeTpiB MOTYJIS.
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Vorticity [1/5]

Puc. 3.6 YTBOpeHHs 30H 3BOPOTHUX TOKIB — a.) 31 3HAYEHb IIBUIKOCTEH Ta 0.)

0e3rmocepeTHbO BUXOSYH 31 3HaUYEHb 3aBUXPEHHOCTI.
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[HIIIMIM 000B’SI3KOBUM aCIEKTOM CTa01ILHOTO MPOIIECY TOPIHHS B CTPYMEHEBO-
HUIICBUX MAJIBHUKOBUX MPUIAJIaX € HAsBHICTh 30H 3BOPOTHOTO TOKY B HilllaX, Ta 3a
monyneM. Ha pucynky 3.6 a.) BUIHO 3HaYEHHS JI€ MIBUIKICTD MO BIC1 Z € OJU3BKOIO 710
HYJIs (a TO 1 BiI’ EMHOIO), IO CBITYUTH PO HASBHICTH MPOIIECIB 3aKPyIyBaHHS ITOTOKY
Ha TOpUEBiM HImI (3a Momyiem), a Ha puc.3.6 0.) BUAHO BEJIMKI 3HAYCHHS

BUXPOYTBOPEHHS B HilllaX.

Buxonsuun 3 70CBily MPOBENEHHS EKCIEPUMEHTANIBHUX JOCHIIKEHb, IpHU
«rapsuux» IMycKax MICLIEpO3TalllyBaHHs 30H 3BOPOTHUX TOKIB HE 3MIHIOETHCS, KPIM
[HOTO BOHU JI0JJATKOBO CTa01II3yIOTHCS Yepe3 PO3PIIHKEHHS, 1110 BUHUKAE B 1X IIEHTpaxX
B Ipolieci ropiHHsa. TuM camMuM 3a0e3neuyeTbesi cTabimi3alis TOPIHHS 32 PaxyHOK
CTIHKMX BHCOKOTEMIIEPATypPHHUX 30H, IO CKJIQJAOThCS 3 HATPITUX JUMOBHX Ta3iB,

MOBITPS Ta NAJIMBA.

[Ticas po3rnsay erarmiB, 3a0€3MEUYECHHS SIKUX € OOOB’SI3KOBHM MJI MPOIIECY
CTIMKOTO TOPIHHS pO3MISAacThes pemrta mnapamerpiB. [llnsxom iX mopiBHAHHS 3
ICHYIOYUMMH HOpPMaMH{ 1 TMOKa3HMKaMHU 3BUYAHUX CTPYMEHEBO-HMILEBUX MOJYJIIB

BepU(PIKyeThCsl aJCKBaTHICTh MOJIECN, a TaKOXX MOMXJIMBICTh POOOTH Ha TaKUX

149594
13.642
12240
10438
5586
8234
£.882
5530
4.178
2828
1474
0.122

Welocity [mfs]

rnapameTpax B peajlbHUX yMOBaX.

Cut Plot 1; contours

Puc. 3.7 MoaentoBaHHs IIBUAKOCTI MOTOKY B CUCTEMI 3 OJHUM KOMOIHOBAaHUM

CTPYMEHEBO-HUIIEBUM MOJTYJIEM.
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Acoustic Power Level [dB]

Puc. 3.8 3HaueHHs aKyCTUYHOIO PiBHA LIyMYy NPU CyMIIIIOYyTBOPEHHI B

KOMOIHOBaHOMY CTPYMEHEBO-HHUILIEBOMY MOJIYIII.

OnHuM 3 3aBepIIAIBHUX €TalliB, € aHajl3 B3a€MO3B’SI3KIB MDK IMPOIECAMH Ta
napamMeTpamu, IO TMPOTIKAIOTh B CTPYMEHEBO-HUIIEBUX MOAYJSAX. K yxke
3raJyBajiocsl paHillle TPOIEC TOPiHHSI, € HaA3BUYAWHO CKJIQJHUNA aepo-TEepMO-
XIMIYHHMNA TIpOIeC, HaWMEHIII 3MIHH B OJIHOMY acCIeKTI SKOr0 MOXYTb MPHU3BECTH 10
OLTBII 3HAUYHIUX 3MiH B 1HIUX. s 1bOro MOTPIOHO PO3MJISJATH iX 3HAYEHHS
oaHouacHo (auB. puc. 3.9) Ta MOpIBHIOBATH 3MIHM TOXIAHUX IMapaMeTpiB BiJ

OYATKOBUX MapaMeTpiB 3aJlaHUX MPU MOJICIIIOBAHHI.

127168
1186.20
1040.73
925.27
808.80
B84 .33
578.87
463 .40
347 .04
23247
117.00
1.54

Worticity [1/5]

Cut Plat 1: contours
Surface Plot 1: contoursy

0.1100
0.1009
0.0918
0.0827
0.0736
0.0645
0.0555
0.0464
0.0373
0.0282
0.01a1
0.0100

“olume Fraction of Prop

Puc. 3.9 B3aeM03B’ 130K MiCII€3HAXO0/PKEHHS 30H 3BOPOTHUX TOKIB Ta 30H BUCOKOI

KOHIICHTpAIlli MaJTUBHOT CYyMIIIIi.
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[Ticns ompairoBaHHs OIIBIIOCTI OTPUMAHUX Ccepli MOJIECNIOBaHb JaHUX Ta
BU3HAUECHO HAMOUIBII MIAXOJAINI JJis 3a7ad KOMOIHOBAaHOTO CIAJFOBAHHS IMPOIaH-
OyTaHy Ta TPUPOAHOTO Ta3y BapiaHTH CTPYMEHEBO-HHIIIEBHX MOIYJIIB HEOOX1THO
NepPEeBIPUTH, SK MPAIIOBATUMYTh Il MOJYJ B CTPYMEHEBO-HUIIEBIM cuctemi. [Ipu
CTBOPEHHI CTPYMEHEBO-HHIIIEBOTO MATHLHUKOBUX MPUJIAIIB 3aCTOCOBYETHCS TIPUHITHIT
MOJIyJIBHOCTI, TaK I CTBOPEHHSI MAJIbHUKIB PI3HOI MOTY>KHOCTI B OJHY CHUCTEMY
3’€IHYIOThCA B 4 10 90 cTpyMEHEeBO-HUIIIEBUX MOJIYJIiB (3a3BUYail B PIBHY KIJIBKICTh

PSAIKIB TO CTOBIIIIB). [69]

CaMe TOMY BaXJIMBO JOCHIKYBaTd, K BIUIMBATUMYTh OJIMH Ha OJHOTO JBa
MOMyJIl 3’€HaHI B cucTeMy. [Ipy [IbOMy BXKJIHMBUM MapamMeTPOM € JajeKOOIMHICTh
CTPYMEHIO TNajbHOro. BaxknuBo, mo06 cTpyMeHi 3 pi3HMX MaJbHUKOBUX MOIYJIB HE
MEepeTUHANINC 1 He PyHHYBaJIM CTPYKTYpY OJIMH oaHOro. Tomy Bci HalOUIbII
e(eKTHBHI BapiaHTH MOJAYJIB OTPUMAHHUX Mi Yac JOCHIIKEHHS TaKOX J0JIaTKOBO

nepeBipsii Ha €PeKTUBHICTh pOOOTH B cucTeMi MOAyiB. (AuB.puc.3.10)

Puc. 3.10 KoM roTepHa Mo/iesib NAJIbHUKOBOTO MPUJIAAY 3 CUCTEMOIO 3 IBOX

CTPYMEHEBO-HIIIOBUX MOJTYJIB.
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0.3392

0.3014
0.2636
- 0.2258
0.1880
- 01502
- 01124
0.0746
0.0367
-0.0011

Puc.3.11 MacoBa KOHIIEHTpaIlis MPOIaHy B 3MOJICIbOBAHIA CUCTEMI 3 JIBOX

MaTbHUKOBUX MOJIYIIB.

Puc.3.12 30Hu 3aBUXpEHHS B 3MOICJIbOBAHIN CHCTEMI 3 IBOX MaTbHUKOBHX MOJYJIIB.

3.4. Pe3ynbTaT¥ KOMN' IOTEPHOIO MOAENOBAHHS .

B pesympTaTi cepiii NpoBEeNEHUX MOJIEIIOBaHb OTPHUMAHO pE3yJIbTAaTH
(muB.puc.3.11-13), mo cBimuaTh, MO0 Yy BHUMNAAKY KOMOIHOBAHOTO CTPYMEHEBO-
HUIIIEBOTO MOAYJIA, 0 €(heKTHUBHO MPAIIOBATUME Ha MTPOIMAH-0yTaH1 Ta TPUPOTHEOMY
rasi npu 30epekeHHI BCIX KOHCTPYKLIMHUX XapaKTEPUCTUK Ha PiBHI HE HAATO

BIJIPIHSAETHCS BiJl CTAHJAPTHOTO MOYJIS, IO MIPAITIOE HA TIPUPOTHOMY Ta3i.
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Puc.3.13 lllyMoBi XapakTepUCTUKU B 3MOIeIbOBaHii cucteMi 1b

(6e3 mporiecy TOpiHHSA)

[Ipu upomy npu CTBOpeHHI KOMOIHOBaHOI MOM(]IKaIlll CTPYMEHEBO-HUIIIEBOTO

NaJbHUKOBOTO  MPUCTPOIO,

30epiraTuMyThcsi  TabapuTHI

po3mipu, KoedimieHT

3axapalieHHs, 3HaUeHHs aepOIMHAMIYHOTO OTOPY Ta OLIBIIICTh MepeBar CTpyMEHEBO-

HUIICBUX TMaJbHUKOBUX MPUJIaaiB. BIIBIIMX 3MiH 3a3HABAaTUMYTh CaMe€ PEKHUMHI

napaMeTpH (B OCHOBHOMY 4Yepe3 BEITUKY PI3HUIIO B TEIJIOTI 3ropaHHsl). (1uB.Tabm.3.3)

[70-72]

Tabn. 3.3. Jliama3oH 3Ha4eHb BU3HAYAIBHUX PEKUMHHUX Ta KOHCTPYKTHMBHUX

napamMeTpiB CTPYMEHEBO-HUIIIEBUX KOMOIHOBAHUX MAJLHUKOBUX MOJYJIIB, MPU SKUX

3a0e3neuyeThes epeKTUBHA podoTa.

Wn -  HIsuakicts | Wr-IIBuakicts nanusa | L-IIupuna Hinxi
OKHCHIOBa4Ya

5-20 m/c 5-50m/c 10-20 mm

L1- Biacranp manauso- | d-Hiametp oTBOpiB | s/d-BinHocHuUii KPOK
NMOJAKYUX OTBOPIB 10 | NAJUBO-NOAAYI OTBOpiB

Hili

5-10 mm 1,5-4 mm 3-4
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BI/IXOI[H‘{I/I 3 OTPUMAHHUX HNAaHUX HACTYIIHUM KPOKOM € CTBOPCHHA 00MEKEHOTO

pAly BapiaHTIB CTPYMEHEBO-HHUIIIEBUX KOMOITHOBAHMX MOMAYJIIB JUISl IX BUKOPUCTaHHS

B HATYpHOMY €KCIEPUMEHTI. (IuB. Tabm. 3.4.)

Tabmuns  3.4. Bapiantn xomOiHOBaHUX

CTPYMEHEBO-HIIIIOBUX  MOTYJIiB

CTBOPCHUX B paMKax BH3HAYCHUX ,Z[iaHaSOHiB KOHCTPYKTHUBHHUX 3HAYCHbL, IJIA

BUKOPHUCTAHHA y HATYPHOMY €KCIIEPUMEHTI.

1 BapianTt 2 Bapiant 3 Bapianrt 4 Bapiant S BapianT
d=4mm d/s=3 | d=3mm d/s=3 | d=3,5mm d/s=3,5 | d=3mm d=3mm d/s=3
L1=8mmMm L1=9mmMm L1=8mmMm d/s=3,5 L1=5mMm
L=16mm L=18mm L=18mm L1=6mm L=10mm
L=12mm
6 Bapianrt 7 Bapiaunrt 8 Bapiaunr 9 Bapianrt 10 BapianT
d=2.5mm d=2mmMm d=2mm d/s=4 | d=2mm d=1,5 MM
d/s=3,5 d/s=3,5 L1=8mmMm d/s=3,5 d/s=4
L1=7MMm L1=7MMm L=16MMm L1=9mm L1=6MmMm
L=14mm L=14mm L=18mm L=12mm

3.5. BUCHOBKMW 40 TPETbOro po3ainy.

B xomi miaroToBku M0 MPOBEACHHS KOMIT FOTEPHOTO MOJICTIOBAHHS, BIIACHE

MOJICTIOBaHHS, a TAKOXK aHaJli3y pe3yJbTaTiB 0yyi0o cpopMOBAHO HACTYIHI BUCHOBKH:

l.

[Ipouiec ropiHHS, € HaA3BUYAHHO CKJIQJAHUM aepo-TEPMO-XIMIYHUM

MPOIIECOM, ISl TIOBHOTO KOMII IOTEPHOTO MOJICTIOBAHHS SIKOTO HEOOXigHa
JIOBOJII MPOAYKTHBHA OOUYMCIIIOBaJbHA TEXHIKA, a TaKoXX Oararo dacy Ha
onpairoBanHa. Kpim Toro, HaliMeHII 3MIHM B OJHOMY acCMEKTi IbOTO
MPOIIECY MOKYTh IPU3BECTH JO OLIBIIT 3HAYYIIMX 3MIH B 1HIIUX.

be3 mpoBencHHS HATYPHOTO EKCIIEPUMEHTY, HEMOXKJIMBO YIIEBHUTHUCS B
€(hEeKTUBHOCTI IHIIOTO  BapiaHTy

TOro 4Yu CTPYMCHCBO-HHUILICBOI'O
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KOMOIHOBAHOTO MAJTBHUKOBOTO MPHIIATY. AJle KOMIT FOTEpHE MOICTIOBaHHS
METOJIOM «XOJIOJHOI MPOJYBKW» JO3BOJISIE BU3HAYUTH BY3bKHH Jiama3oH
BU3HAYAIbHUX KOHCTPYKTHBHHUX Ta PEKHUMHHUX THapaMmeTpiB. Buxonsum 3
SIKOTO MO>KHA CTBOPHUTH JIOCIITHI MOJTYJIi JJII HATYPHOTO €KCTICPUMEHTY.
Haii6inpm eeKTHBHUM METOIOM BH3HAUYE€HHS €(EKTUBHOCTI TOT Y 1HILIOI
MOJIeJIl MaJTbHUKOBOTO MOAYJS MPU METOMAl «XOJOAHHMX IYCKIB» € aHaji3
YTBOPEHHS 30H 3BOPOTHHUX TOKIB Ta €(EKTUBHOCTI CYMIIIOYTBOPEHHSI
(KOHLIGHTpAIIMHUX MeX). SIKII0O BOHM HAKIAJaIOThCSl Ta 3HAXOIATHCS
0e3nocepelHbO TOpYY 3 MOJYJIEM, II€ CBIIYUTH MPO Te, L0 MapaMeTpu
mi1i0paHi MpaBUIBHO.

BaxxnuBuMm € He nuIie nmokasHUKU e(EeKTUBHOCTI pOOOTH OTHOTO MOJYIIIO,
ale ¥ Moro B3aemMoAis 3 IHIIMMU B CKJIaJl CTPYMEHEBO-HHUIIIEBOTO

MaJbHUKOBOTO MPUCTPOIO.
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Pospin 4. JOCNIAAREHHA KOMBIHOBAHWX CTPYMEHEBO-HILLOBNX
MOZLYIB 3A AONMOMOTIOKO HATYPHOTIO ERCIEPUMEHTY.

OmnpartoBaHHsl  pe3yJbTaTiB  KOMIT IOTEPHOTO MOJIETIOBAHHS CTPYMEHEBO-
HUIIEBUX KOMOIHOBAHUX MaJbHUKOBUX MOJYJIB JO3BOJHJIO BHU3HAUUTH Miara3oHH
e(pEeKTUBHUX KOHCTPYKTHBHHX Ta PEXKUMHHUX MapaMmeTpiB poOOTH MaIbHHUKOBOTO
monaynsa. CdopmoBano 10 BapiaHTIB KOMOIHAIM KOHCTPYKTHBHHX IapaMeTpiB
MOIyJiB. 3 SKUMH HPOBEACHO EKCIIEPUMEHTAJIbHI JOCHIHKEHHS 32 OIHCAHOIO
METOMKOI0. Mo1y1i, 1110 TOKa3ajiu CBOIO Hee()EKTUBHICTD B Jiala30H1 PO3MATIOBAHHS
Ta HOMIHAJIBHOT POOOTH (CIIocTepiranocs yacTe 3aryxaHHs ¢akeny, Horo BIIPUB Ud
HABMAKU MPOCKAKYBAHHA MOJyM’sl 1 T.A.) HE MiJUISAraid MOAAJBIIOMY aHaJi3y Ta
npu3HaBaIKUCA Hee(heKTUBHUMHU. TaKuM YHMHOM, 3aIMIIAINCS MOAYJI, SIKI IPALIOBaIN
B HOMIHQJILHOMY PEXHMI1 3 Mai’ke 0JIHaKOBOIO e(peKTUBHICTIO. OCHOBHI BIIMIHHOCTI
MK HUMHU TIOJIATANIN SIK pa3 B TOMY, HACKUIbKU €()EKTUBHO BOHHU IMPALIOBATUMYThH B
IIMPOKOMY Jliana3oHi, MPH KPUTUYHO HU3BKUX Ta MAKCHUMAaJbHO BUCOKMX 3HAUYEHHSX

Koe(ilieHTY HAJJTUIIKY TTOBITPS.

4.1 EkcnepumeHTanbHUI CTEHA.

Jlisg CcOpolleHHS eKCHEpUMEHTy, Ta 30epekeHHs uacy W MarepialiB, Npu
NIPOBEJICHHI €KCIIEPUMEHTY, CKCIIEPUMEHTAIBHUN CTEH]I CXEeMY SKOTO TPUBEJICHO B
po3aim 2, Oylo BUTOTOBICHO  po30ipHMM. A #oro poOoda AiUISTHKA, TO CYTi
CKJajanacs, 3 JBOX OCHOBHHUX Je€Tajiel, CTaTHYHOI YaCTUHU — YMOBHO TPAaKTY
JMMOBHX Ta3iB Ta KOpoOa MajbHUKOBOTO MPHUJIATy, A€ BCTABJICHI BCl BUMIPIOBAIbHI
MpWIaan 1 T.A., @ TaKOXX YaCTHHA MaJbHUKOBOTO MOJYJIsI, a caMe Topellb Ta Hima. B
TOW camMHil Yac, iHIIA YacTHWHA CTCHIYy — 3MiHHAa YacTHHA MOMYJSI, a caMe TPaKT
MaJMBOIIO/ayi 3 TATMBOPO3JaBAIbLHUMHU OTBOpPaAMHU PI3HOTO JlaMeTpa Ta BIJICTaH1 MiXkK

HUMH H 10 HIII.

3a pe3ysabTaTaMu MOJIETIOBaHHS OyJI0 pO3pO0JIECHO KPECICHHS pOoO0Y0i TISTHKH,

a pfcuiTa KOHCTpYKHﬁ CTCHOY € BI/I,ZIOBMiHeHI/IM CTCHAOM, IO 3HAXOIHUTLCI B
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naboparopii ropinus KIII, ta Bxe BuxopuctoByBaBcs y poborax Ciporo O.A. Ta

AOnynina M.3.[25,54]

20 OTBOPH CKPIi3Hi

35
29
Y s
Q- - + — +*0—-0—0—0-—0-—0—+ — —+
o

Iy 7.0

| 72 39

Pucynok 4.1. 3MiHHa 4acTHHA AOCTIKYBAHOTO MOAYJISI MaJbHUKOBOTO MPUIIATY 3

BHUPI3aHUMH OTBOPAMHM PI13HOTO JIIaMETPY Ta BIJCTAHHIO MK HUMH.

Ha pucynky 4.1 300pakeHO OAWH 3 TaKUX MOMYJIB, SIKHW 3a pe3ysbTaTaMu
CKCIICPUMEHTIB BHUSBUBCA HaWOUIbII yCmiImHUM. ToO0TO KoMOiHAIls JiaMeTpy
NaJIMBOPO3/1aBAILHOTO OTBOPY @ — 2MM Ta dy — 7MM emmipudyHO Oyina BHU3HAHA

HaWOUIBII YCIIIIHO.

Ha pucynky 4.2 300pakeH0 poO0o4y TUISHKY €KCIIEpUMEHTaIbHOTO cTeHIy. Ls
YaCTUHA, € CIPOIICHOI MOJCIUII0 KOPIMYCY MAJIBbHUKOBOTO MPHUIady. 3TIAHO CXEMH
EKCTIIEPUMEHTAJILHOTO CTEHY, sIka BKa3aHa B PO3/ii 2, A0 Hi€l AUISHKH Hae Kopoo

nmojayvi OKMCHIOBAua, a MicJisg — 130JIbOBaHUN KOPOO TMMOBUX Ta3iB.
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Pucynoxk 4.2 Cxema po0040i JiIsTHKA €KCIEPUMEHTAIBHOTO CTEHTY.

Ha nanuii MOMEHT BOHM HE PO3IIIAJAIOTHCS TaK, IK HECYTh HaliMEHIIE BIJIMBY Ha
EKCIIEPUMEHT, a 1X KOHCTPYKIlS 3aJUIIAETHCS HE3MIHHOI HE3aJIeKHO BIJ
JOCHIJKYBaHOTO BapiaHTy KOMOIHOBAHOTO CTPYMEHEBO-HMIIEBOrO Moayis. B
poOouy AUISHKY BCTaBISIOTHCS Ha BUOIP MOIYJi 3 Pi3HUMH KOHQITYparisiMu Micis

YyOro MiJIKJII0YacThCs M0Ja4a MajarBa.
4.2 ObpobKa pe3ynbTaTiB eKCNepMMEHTIB

3a3HaunMo, 1110 BapiaHT NAJIbHUKOBOTO MOJTIYJIS 3 OTBOPOM @ — 2MM Ta BiJICTAHHIO
MDK HUMH ds — 7MM, ¥ KUIBKICTIO OTBOPIB M — 7mT. OyB HailOUIbll BaanmuM. Takuii
BUCHOBOK 3pO0JICHO Ha OCHOBI 3aMipiB Ta pO3paxyHKYy HaHOIIBIIT BaXJIMBUX
MOKAa3HUKIB, SIK TEMIIEPATyPHOTO MOJIsI, €KOJIOT14HI XapaKTePUCTUKH, TOBXKHUHU (paKena
(K po3paxyHKOBOi Tak 1 BizyanpHOi). Ilpu 1npomy BpaxoByBaiacsi €(pEeKTHBHICTb
poOOTH HA BCHOMY Jiama3oHl MOTYXKHOCTEH, TOOTO HE IuWIe Ha ONMM3BKUX [0

HOMIHAJIFHOTO PEXHUMY 3HAYEHHSX, ajleé ¥ NpHU HaI3HU3BKUX Ta HAJBUCOKHUX
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3HAQYEHHSAX KOe(QILIEHTY HQWIUIIKy NOBITpsA. JlaHui  eKcrnepuMeHTaIbHUN

KOMOIHOBaHUM CTPYMEHEBO-HUILIEBUH MOIyJIb TTOKa3aB CTa0lJIbHY pOOOTY B Jiana3oHi

HaamMmIKy nositps (e = 1,02 — 7,58).

Pucynok 4.3 ®oT0 1a00paTOPHOTO CTEHY.

Buxogsun 3 gocBigy poOOTH 3 CTPYMEHEBO-HUIIEBUMU MMaTbHUKOBUMU
MpUIalaMy, MOXXHA POOUTH BUCHOBKH, IO TaKi Jianma3oHu poOOTH 30€pexyThCs 1 Ha
pIBHI KOMOIHOBaHOTO CTPYMEHEBO-HUIIEBOTO NaJIbHUKOBOTO IMpWiIaay, 110
CKJIAJITATUMETHCS 3 TAKUX MOJYJIB. 3 JOMAATKOBUMHU TEXHIYHUMU JOOTPAIFOBAHHIMH,
IIJTKOM MOXJIMBO M PO3UIMPUTH JAilania3oH B CTOPOHY MOMKIIMBOCTI poOOTH Ha IIIe
BUIIMX 3HAYEHHSX 0, 10 JIO3BOJIUTH OLIBIIT €PEeKTHBHO 3a0e3leuyBaTH CTaOLIbHY
po6oTy 00’€KTiB, J¢ HEOOXIMHUN TEMIIEpPaTypHHUH PEXHUM Ha BUXOAl 3 TOIMKOBOTO

npocTopy, He nepesuirye 100-200 C°
4.3 CnantoBaHHA nponaH-byTaHy 3a [A0MNOMOrot  CTPYMEHEBO-
HMLWLEBOro NasibHUKOBOIO MOAYNA.
Emmipuaanm MetomoM Oyiio BU3HAYEHO MapaMeTpH, MPHU SKUX pOOOUYUH MpoIiec

MaJbHUKOBOTO TPHUCTPOIO BiAOYBAETHCA MAKCUMAIBHO €(PEKTHMBHO Ta 3 HaWOLIbII

1 IXOIAITUMH €KOJIOTO-€KOHOMIYHIMHU XapakTepamu. B manoMy po3aiii IpUBOIATHCS
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pe3yJIbTaTH TaKUX EKCIIEPUMEHTIB, TAKOX 3 IBOMA BapiaHTaMu (piHAIBLHOT OTY>KHOCTI

ycranoBku 20 ta 30 kBT. (1uB.Ta61.4.1.)

B rtabnuui HaBeneHO JaHI EKCIEPUMEHTY TMPOTATOM SIKOTO IMOCTYIOBO
npUOIKAIICS A0 PO3PAXYHKOBHUX PEXKUMHHX MapaMmeTpis, cepen skux 0=1,02 1 T.1.
TyT npuBeeH1, TEMIIEpaTypHi JaH1 Ha PI3HUX JUISTHKAX €KCIIEPUMEHTAILHOTO CTEH/TY
(&=900Mmm, t,=700mMm_ t;=500mMM_t;=300MM, tsizx.ra3), TEMIIEpATYpa NATUBA (tuponan) TA
OKUCHIOBaYA (tuopirpn). HacTymHumu #ayTe gaHi 3 BuTpaToMipHuX Mmaiid (Ah
noirps/nponany T& N nositpsimponany). OKpeMuii 0JIOK JaHUX — 3HAYEHHS CKJIAy IIPOIYKTIB

criaTroBaHHS 3 Tazoananmizatopa — (3HaueHHss NOx, CO, 02,CO»).

BaxnuBumMu 3 TOYKM 30py MOBHOTH 3TOpaHHS € TEeMIIepaTypHI MOKa3HUKHU
MPOAYKTIB CHATIOBaHHsA, aJike 0e3 3a0e3rnedueHHs: HEOOX1THOTO PiBHS TeMIIepaTyp B
TOMY Y 1HIIOMY BOTHETEXHIYHOMY 00’€KTi BIH HE 3MOKE €(EKTUBHO BUKOHYBAaTH
cBoi (QyHkuii. B Xoal aHamizy eKCHepUMEHTAlIbHHUX [aHUX, aHANI3yBaJlUCs JaHl
TepMoIiap, 1o posramoByBaics Ha Biactadi 300, 500, 700, 900mmM, Ta Ha BUXO1
nuMOBUX Ta3iB B atmochepy (1200mm). (muB.puc.4.4.) ExcriepumeHTanbH1 JaHl 1amu
ySIBJIEHHS, MPO PIBHOMIPHICTh TEMIEPATYpPHOTO MO, Ta JOBXKUHY (akeny, SKHUM

3a0e3neuye gJaHui BapiaHT KOMOIHOBAHOTO CTPYMEHEBO-HUIIIEBOTO MOTYJIS.
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Tabmuus 4.1 Pe3ynpTatu ekcrepuMEHTY MpU CHATIOBAaHHI MpoOMaH-OyTaHy Ha
KOMOIHOBAaHOMY CTPYMEHEBO-HHILIEBOMY MaJbHUKOBOMY MOJYJI MPU MaKCUMAaJbHIH

noTy>HOCTI 30kBT.

27.08.2024 Ps 100300ITa LOcn4 29 n 7t
S 30KBT 4] 2MM
4ac 19:32 19:35 19:37 19:38 19:39 19:40 19:42
tuponan °C 20,00 20,1 20,2 19,8 20 19,7 19,8
tuositps °C 20,00 19,8 19,7 20 20 19,7 19,9
Coinxinnnx rasis °C 453,00 451 605 645 759 772,7 826,5
tx=900 °C 493 474 617 679 781 933 865,1
tx=700 °C 621,5 621 821 862 946 954,5 964,8
tx=500 °C 773 755 1013 1012 1001 1001 992
tx=300 °C 882 891 1087 1139 1158 1155,3 1129,6
Ahnositps MM 20 13 8 4 3 2 1,5
hnosirps MM 100 80 60 40 20 8 7
Ahuponan MM 360 355 360 355 370 375 375
huponan MM 540 525 525 520 540 540 540
Nox (okcn) ppm 12 17 30 44 61 72 68
CcO ppm 789 703 500 175 18 10 794
02 % 17,1 16,4 14,4 12 7,3 3,7 0,3
CO2 % 2,5 29 4,2 5,7 8,8 11,5 13,3
o 5,38 4,5 3,18 2,53 1,52 1,19 1,01
Gprop Kr/c 0,00062 0,00061 0,00062 0,00061 0,00063 0,00063 0,00063
Pprop Kkr/m? 2,17 2,17 2,17 2,17 2,17 2,17 2,17
Puositps Kr/m3 1,204 1,203 1,201 1,197 1,195 1,195 1,194
Waair(za kucnem) m/c 7,36 6,21 4,37 3,19 2,14 1,71 1,43
Wair M/c 8,07 6,51 5,11 3,62 3,14 2,56 2,22
AWairra % 8,81 4,63 14,59 11,94 31,78 33,42 35,71
Gair Kr/c 0,049016 0,03949 0,03095 0,02185 0,0189 0,0154 0,0133
Gupon m3/ron 1,03 1,02 1,03 1,02 1,04 1,05 1,05
Aa % 9,66 4,85 17,08 13,56 46,59 50,19 55,55
N KBT 28,63 28,45 28,66 28,44 29,02 29,20 29,21
Wrc 5,79 5,75 5,79 5,75 5,87 5,90 5,91
q 1,11 1,55 3,18 5,89 13,64 21,77 31,14
Jac 19:43 19:44 19:45 19:46 19:46 19:47
tprop °C 19,8 20,1 20,1 19,8 19,7 19,8
tuponan °C 20 19,6 19,7 19,9 20 20,2
tuositps °C 828,7 834,5 844.9 846,2 8493 858,3
tainxizuux rasis °C 879,2 888 892,2 897,5 900,6 910,3
tx=900 °C 9724 971,7 973,3 9772 978 9754
tx=700 °C 1022,1 1032 10379 10414 1042 1050,3
tx=500 °C 1143,8 1142,6 1142,5 1143,6 1143,6 11328
tx=300 °C 1243,5 1242,1 1242.0 12432 12432 1230.8
Ahnositps MM 1,25 1,2 1,1 1 1 1
huosirps MM 6 5 4 4 3 2
Ahuponan MM 365 375 375 375 375 375
hnponaﬂ MM 530 540 540 540 540 540
Nox (okcmy ppm 75 72 74 75 74 75
Nox oxcm ppm 75 72 74 75 74 75
CO ppm 25 107 54 36 22 19
02 % 1,3 2 1,6 1,2 1,4 1,4
CO2 % 12,7 12,2 12,5 12,7 12,6 12,6
[} 1,06 1,1 1,08 1,06 1,07 1,07
Gprop Kr/c 0,000626 0,000634 0,000634 0,000635 0,000635 0,000635
Pprop Kr/m3 2,17 2,17 2,17 2,17 2,17 2,17
Puositps Kkr/m? 1,193 1,195 1,194 1,194 1,193 1,192
Wair(za KHCHEM) Mm/c 1,48 1,55 1 ,52 1 ,49 1,5 1 1 ,51
Wair M/c 2,03 1,99 1,90 1,81 1,81 1,81
AWairra % 26,94 21,68 19,87 17,67 16,83 16,78
Gair Kr/c 0,012198 0,011959 0,011448 0,010911 0,010909 0,010904
Ghpon m3/ron 1,04 1,05 1,05 1,05 1,05 1,05
N KBT 28,83 29,22 29,22 29,21 29,20 29,21
q 28,16 26,23 27,33 28,48 27,91 27,87
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Pucynoxk 4.4. I'padik 3a1€KHOCTI TEMIIEpaTyp BiJl TOYKHA BCTAaHOBJICHHS TEPMOIIApH,
a TaKOX B1J1 KOE(DIIIEHTY HAJIUIIKY MOBITPS (a1).

Crnocrtepiraerbcsi J0BOJII BHCOKHH PIBEHb PIBHOMIPHOCTI TeMIIEpaTypHOTO
MOJIs, @ TAKOXK MOXJIMBICTh POOOTH B HMIMPOKHUX Jiama3zoHax KOeQIie€HTY HaATUIIKY
noBiTpsA. PosmmpeHHs [lama3oHy IO Omax J03BOJA€ IANbHUKOBHM IIPUCTPOSIM
IpaloBaTH Ha 00’ €KTax 3 HU3bKUM TEMIEPATypHUM PIBHEM NPOAYKTIB CHATIOBAHHS.
Tak y nesikux cymapkax notpioHo 3abe3nedyBatu TemnepaTypHuil pexum 80-100 C*

1o BUMarae pO6OTI/I Ha I[OBOHi BCIIMKHUX 3HAYCHHAX .

He mMeHI BaxxJIMBUM B Ooprasizaiiii po604oro nporecy nNaTbHUKOBHX MPUCTPOIB
€ piBeHb eMicii mKigBUX pedoBrH, Takux K NOx Ta CO, B miporieci TOpiHHS TyxKe
BXKJIMBO 3 TOUKH 30PY €KOJIOT1i 30epiraTu npaBmiibHUM 6atanc Mixk BUKugamMu NOy Ta
CO, ajxe mpu HU3BKOTEMIIEPATYPHOMY T'OPiHHI, 1110 3a0e31euye HU3bKU piBeHb NOy
BHACJIIOK HeIomany BUAUIAIOTHCS KpuTHuHi 3HaueHHs CO. A mpu BUCOKHX
temneparypax (Outbmie 1300 C°), BHachigoK OUIbII aKTUBHUX XIMIYHUX PEaKIIiH,

YTBOPIOIOTHCS TOBOJII IIKIAJUBI CIIOTYKU OKCHJIIB a30Ty.
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Pucynok 4.5. 3anexHicTh piBHS BUKH/IIB UIKIJUTMBHUX T'a31B BiJ Koe]ilieHTy
HAJJTUIIKY TTOBITPS (a1).

Sk BuIHO 3 rpadikiB, KOMOIHOBaHI CTPYMEHEBO-HHUIIIOBI MAJbHUKOBI MPUIAIU B
MeKax HOMIHAJbHOTO (DYHKIIIOHYBaHHs 3a0e3neuytoTh BUKHAM K CO Tak 1 NOy
Hwkue 100 ppm. (nuB.puc.4.5.) Taki piBHI BHKUAIB MPU CTBOPEHHI 3 MOJIYJIIB
CTPYMEHEBO-HHUILIEBOTO MAJbHUKOBOTO TPWIaAy BIAMOBIAATUMYTh  OlIBIIOCTI

HOPMAaTUBHUX JIOKYMEHTIB, III0 BapPiFOBATUMYThCS Y BIAMOBITHOCTI B/l TUITY 00 €KTY.
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BIACTAHb Bl NAJIbBHUKOBOIO MOAY /A

Pucynok 4.6. JloxkuHa (axeiny Ta piBeHb JOTOpaHHS 3a NAJIbHUKOBUM MOJTyJIEM

noTy>xHicTio 30k BT nipu po60Ti Ha TponaH-OyTaHy.
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Tako BaXIMBOIO XapaKTEPUCTUKOI poOOYOro Mpolecy MalbHUKOBUX
NPUCTPOIB € NOBXKMHA Ta ¢dopma (akeny, SKUNA CTBOPIOE TaHWH MOJIYJb. 3aHAATO
NOBrui  (paken mNPU3BOAUTH A0 PSAY HEraTMBHUX €(eKTiB, SK HampukKiajg
NpONaiOBaHHS TPyOHOI YacTMHM KOTJIA, a 3aHAATO KOPOTKHHA TIpPO3UTH
IPOCKAaKyBAaHHSAM IOJIyM sl BCEpEIUHY MalbHUKA Ta MOro meperpiBy. YacTo 3aHaaTo
MOBrUM (hakell € HacHiIKOM HeedEeKTUBHOTO TPOIECY CYMIIIOYTBOPEHHS, Ta

Heqonany. (nuB. puc.4.6.)

Tabmuus 4.2 Pe3ynbpraTi eKCIepUMEHTY MU CHANIOBAHHI IPOMaH-0yTaHy Ha
KOMOIHOBaHOMY CTPYMEHEBO-HHILIEBOMY MaIbHUKOBOMY MOJYJIl IPU MaKCUMAabHIN

noTy>xHocTi 20kBT.

27.08.2024 Ps 100300 | Ila LOcha 29

S 20KBT n 7T [4) 2 MM
qac 18:39 18:46 18:55 18:57 19:00 19:02 19:03 19:04 19:04 19:05
tprop °C 20 19,7 19,9 20,5 20,2 20,2 20,5 19,2 19,5 20,1
tair °C 20 20,2 20,6 20 20,2 20,2 20 20,5 20,2 20,3
tout °C 413 477 442 533 610 623 633 632 646 644
tx=900 °C 452 515 497 593 690 723 735 745 755 755
tx=700 °C 606 697 672 784 875 893 903 905 901 900
tx=500 °C 857 949 690 1023 981 992 971 960 947 939
tx=300 °C 1045 1104 1096 1160 1147 1120 1106 1105 1086 1094
tx=300(uiiiena) | °C 1130,1 11978 1188,6 1262,0 1247,1 1216,1 1200,1 1198,9 | 1177.1 1186,3
Ahnosirps MM 13 4 3 2 1,5 1,25 1,1 1 0,75 0,5
hnosirps MM 50 30 20 10 10 10 9 8 7 5
Ahuponan MM 163 160 160 163 170 167 165 165 165 165
hnponan MM 240 250 235 235 245 240 240 240 240 240
Nox (okcwy | ppm 8 33 29 47 61 67 71 67 67 68
Nox (okcwy | ppm 8 33 29 47 61 67 71 67 67 68
CO ppm 590 307 316 142 17 4 5 509 1212 173
02 % 17,8 14,4 14,6 11,7 6,8 3,3 2.2 0,9 0,2 0,7
CO % 2 4,1 4,1 6 9,1 11,4 12,1 13,3 13,5 13,1
o 6,56 3,23 3,28 2,25 1,48 1,18 1,12 1,01 1 1,03
Gprop Kr/C 0,00041 | 0,00040 | 0,00040 | 0,00041 | 0,00042 | 0,00041 | 0,00041 | 0,0004 | 0,00041 | 0,00041
Pprop 2,11 2,11 2,11 2,11 2,11 2,11 2,11 2,12 2,11 2,11
Prositps 1,199 1,195 1,193 1,194 1,193 1,193 1,194 1,192 1,193 1,192
Wair(za
KHCHEM) 6,15 2,96 3,06 2,13 1,42 1,13 1,06 0,99 0,96 0,98
Wair 6,52 3,62 3,14 2,56 2,22 2,03 1,90 1,81 1,57 1,28
AWairra % 5,69 18,30 2,50 17,01 35,95 44,20 44,32 4545 39,13 23,51
Gair 0,0394 0,0218 0,0188 0,0154 0,0133 0,0121 0,0114 0,0109 | 0,0094 0,00771
Ghpon M /rog | 0,70 0,70 0,70 0,70 0,72 0,71 0,71 0,71 0,71 0,71
N, kBt 19,54 19,34 19,36 19,56 19,95 19,78 19,67 19,63 19,64 19,66
Wre 3,95 3,91 3,91 3,95 4,03 4,00 3,98 3,97 3,97 3,98
q 0,73 3,09 2,89 6,09 14,22 22,09 2491 28,54 30,56 29,04

3aBASKH I[bOMY €KCIIEPUMEHTY Ta JaHUM OTPUMaHHUM 3 HbOTO, a KOHKPETHO —
JIOBXKHHI TEMIIEpATypPHUM pPEKHUMaM, PIBHSIM BUKHU/IIB, JOBXHUHI (pakey 1 T.11., MOXKHa

3pOOUTH BUCHOBOK, IO MOJYJIb CTPYMEHEBO-HHUIIEBOTO MaJbHUKOBOTO MPUIATY
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pO3pOOJIEHUH ISl CHAIOBaHHS MPUPOAHOTO Ta3y, JAOBOMI JIETKO aamTyeThCs [0
CHIATIOBaHHS MpoMaH-OyTaHy, Ta MOTEHIIMHO JO3BOJIsI€ HAWTH Ti KOHCTPYKTHBHI Ta
pPEXKUMHI Jliama30Hy JIe¢ MOKHA OyJie CrafoBaTH 1 mpomnaH-OyTaH 1 MPUPOIHIN Ta3 3a

JOIIOMOI'OIO OJHOTO 1 TOT'0 7K MaJTLHUKOBOTO MOAOYIJIA.

Ta mpu 1mpoMy 30epiraeTbCsi NPUHIUI MOAYJIBHOCTI CTPYMEHEBO-HHUILIEBUX
NaJTbHUKOBHUX MPUJIANIB, TaK K 3 rpadikiB BUIHO, IO SIK Mpu NOTyXHOCTI 20KkBT
(nmuB.puc.4.7-9 Tak 1 pu NOTYKHOCTI NadbHUKI0r0 MOAyJs B 30kBT 36epiratoTscs Bei
T1 %K 3aKOHOMIPHOCTI (IUB. puc. 4.4 — 6), 110 YMOXKJIUBIIFOE KOMOIHAII10 TTAIbLHUKOBUX

MOJYJIiB I1i€1 MOIEJI B MIOBHOIIIHHI MATbHUKOBI TPUCTPOT.
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Puc. 4.7. I'padik 3aneKHOCTI TeMIIepaTyp BiJl TOUKH BCTAaHOBJIEHHS TEPMOIIApH,
a TaKOX BiJ KOe(IIIEHTY HAJJIUIIKY MOBITPs (0) IPU HOMIHAJIBHIN MOTY>KHOCTI

najgbHUKOBOTrO Moyt 30 kBT.
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Puc. 4.8. 3anexHicTe piBHS BUKHIIB IIKIJJIUBUX Ta3iB BiJl  KOe]illi€HTY

HA/UTMIIKY TOBITPS (0) TPU HOMIHANBHIM MOTYKHOCTI MaJbHUKOBOTO MOy s 30 kBT.
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Puc. 4.9 JlosxuHa (akeny Ta piBeHb JOTOPAaHHS NATHbHUKOBOT'O MOIYJISI MOTYXHICTIO

20xBT npu po60Ti Ha MporaH-OyTaHy.
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4.4 BWCHOBKM 00 YETBEPTOro po3Aainy.
B mnporeci npoBeneHHS HATypHUX €KCIIEPUMEHTIB Ha JJA0OpaTOPHOMY CTEHI,

MiTBEPPKEHO BUCHOBKHM, 3pOO0JICHI i 9Yac KOMIT FOTEPHOTO MOJICITIOBAHHS, OKPIM

ObOTO:

1. YTouHEeHO [ianma3oHM KOHCTPYKIIWHUX Ta PEXKUMHHUX MapaMeTpiB B
MEXax SKUX MOXJIMBE OJHAKOBO e(EKTUBHE TOpPIHHS SK MpoIaH-OyTaHy Tak 1
IPUPOJIHBOTO razy.

2. OcCTaTo4HO BH3HAYEHO KOHCTPYKTHBHI Ta PEKHUMHI MapaMeTpu poOOTH
CTPYMEHEBO-HIIIEBOT0 KOMOIHOBAHOTO MAJTbHUKOBOTO MOJYJISL.

3. [TinTBepKeHO 30€peKeHHs BU3HAYAIBHUX OCOOJIMBOCTEN CTPYMEHEBO-
HUIIEBOi TEXHOJIOTii sl epeKTUBHOI pOOOTH B YMOBax MOYEPrOBOTO CIATIOBAHHS
JBOX BHJaX NaiMBa. A caMme: HH3bKOIO CYNpPOTHBY IO TpakTaM [ajuBa Ta
OKHCHIOBaua, OJM3BKOr0 J0 MIKpoAu(dy31HHOTO THUIY TOPIHHS, MPUHITUITY

MO/TYJIBHOCT1, HU3bKOTO PIBHS €MICIi IIKIJIMBUX PEYOBHUH 1 T.I.
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Posain 5. AOC/TIAXKEHHA BINJIMBY AOMILLOK BOAHKO HA POBOM 1%
[MPOUEC TOPIHHA B KOMBIHOBAHWX CTPYMEHEBO-HILLOBMX MOY/1IB
3A 1IOTNOMOIOKO HATYPHOIO EKCINEPUMEHTY.

VY na"nomy po3ain JOCIIKYETHCS BILUTUB BOJHEBHUX JOMIIIIOK Ha pOOOYHii TTpoIIec
TOpiHHS y KOMOIHOBAaHUX CTPYMEHEBO-HIIIOBUX MOAYJISX. [[71s1 1iporo Oys10 npoBeneHo

CEepil0 HATYPHUX EKCIEPUMEHTIB Ha MOIM(IKOBAHOMY J1a00OpPaTOPHOMY CTEHI.

3aBepiraJbHIM €TaloM JOCIIKEHb B paMKaX JaHOi AUCEPTAIiiHOI pOOOTH €
JOCHTI/DKEHHST III€ OJIHOTO IMMAXOAY JI0 CTBOPEHHS KOMOIHOBAaHMX MaJlbHUKOBUX
OpUiadiB, B SKUX JJIS IEPEXOy 3 OJHOTO BUIY MajuBa Ha 1HIIE HE MOTPEOYIOThCA

3MIHU B KOHCTPYKILIMHUX po3Mipax Ta TPUBAJIOrO Yacy Ha MiATOTOBKY.

Tpeba BIAMITUTH, 110 PEKUMHI IMapaMeTPHU XOUY 1 3MIHIOIOTHCSA Y BIJIMOBIAHOCTI
JUTsE BAOPAHOTO BUAY MANKBA, JUIsl TOKPUTTS PI3HULI Y MPOIIEcax iX CIalIOBaHHS, ajie
CYTTEBO HE 3MIHIOIOTHCS. TakKoro pes3yjabTaTy MOXKHA JOCSIITH 32 JIOINOMOTOIO
JIOJaBaHHs PI3HOI KIIBKOCTI JOMIIIIKO BOJIHIO JIO TOTO YH IHIIOIO MajuBa. Takum
YUHOM B JOCIIKYBAaHOMY KOMOIHOBAaHOMY CTPYMEHEBO-HHUIIIEBOMY MPHUCTPOI

nepeadadyeHa mojaayva K mpomnaH-0yTaHi 1 IPUPOIHBOTO a3y, TaK 1 mojava BOIHIO.

[leir mMeTox He auIIE JO3BOJISAE CIPOCTUTH IIOYEPrOBE CIIAIIOBAHHS JIBOX Ta
Olnpllie BHJIIB MMajHBa, 32 PaXyHOK MPUOIMKEHHS X TEIUIOTH 3TOPaHHS BHACIHIJIOK

100aBOK Pi3HOT YaCTKH BOJTHIO.

5.1. EKCnepuMEeHTaNbHMA CTEHA.
Bci exciepuMeHTanbHi JOCTIHKEHHS, IO MOJISATAId Y BUBYEHHI BIUIUBY PI3HOI

MacoOBO1 YaCTKH JOMIIIIOK BOJHIO Ha TPOIECH TOPIHHS MPOBOIMIKCS 32 TIEK CaMOIO
METOJIMKOIO0, IO 1 TMOTEPEIHI SKCIIEPUMEHTH IO CIAJIOBAHHIO TPOINaH-OyTaHy Ta
npUpoIHOTO razy. JlJabopatopHuii cTeH 3a3HaB JIUIIIE PSAAY HEBEIUKUX MOaUDIKaIlii,
[0 TMOJIATIM B IMiJABEJACHHI TPAKTy IOJiauyl BOJHIO B KOMOIHOBaHMI CTPYMEHEBO-
HIIIEBUH MOAyJdb. BuUMIprOBaJIbHI NpuWiaayd 3aJUIIAIACS TaKUMU K, 1O 1 B
MOMEPEIHBOMY EKCIEPUMEHTI, KpiM LbOro Oyja BCTaHOBJIEHA HOBa CHCTEMa

BUMIPIOBaHHS BUTPATH BOJAHIO HA OCHOBI BUTPATOMIPHUX AiadparM 1o Horo Tpakry.
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5.2. ObpobKa pe3ynbTaTiB eKCNEPUMEHTY.
OpmHuM 13 3aBIaHb EKCIIEPUMEHTAIBHUX JOCIIJPKEHb 3 3aCTOCYBaHHIM JIOMIIIIOK

BOJHIO, OYJIO JOCTIAWTH iX BIUTMB HA PEaKIiiHY 3[aTHICTh MAJIUB, OCOOJMBO TAKUX
JIOBOJII HU3bKOPEAKIINHUX, K MponaH-0yTaH Ta NpUpoHii ra3. Buxoasuu 3 aHamizy
pAAy JTiTepaTypy CTOCOBHO CIIAFOBAHHS BOJIHIO, I1€ € 3aKOHOMIPHUM PE3yJIbTaTOM IIPH
nonaBanHi 20-40% BoaHIO B MaauBHY cyMill. CX01 JOCTIIKEHHS BXKE MPOBOIUITHCS
Ha CTPYMEHEBO-HHUIIICBUX MaJbHUKAX Ta MOYJIsIX, a came Cipum O.1, Ta KoOousHCbKOi
0.0 [32]. 3 BpaxyBaHHSM JOCBiy HHUX JOCIIDKCHb, MPOBOIUIMCS BIMOBIIHI

JOCTIIKEHHS 1 Ha KOMOIHOBAaHUX CTPYMEHEBO-HUILEBUX MATbHUKOBUX MOAYJISX.

[HIIIOF0O METOI0 OCHIKEHHS € aHaii3 e()EeKTUBHOCTI NMPHUBEACHHS JBOX BHU/IIB
nanuBa (MpormaH-0yTaHy Ta MPUPOIHBOTO ra3y) A0 CXOKUX 3HAYCHb TETIOTH 3TOPAHHS
ta KoedimientiB Bob66e. Ile crae MoxnIMBUM, HampuKiIad y BUNAAKY 3 MPOIMaH-
OyTaHOM Ta IPUPOTHUM ra3oM. BojeHh Ma€e TEIIOTY 3ropaHHS 3HAYHO HUXKYIY HIXK 1
nponaH-O0yTaH 1 MPUPOAHiH ra3, TOMy CyMII MPOINaH-0yTaHy 3 BOAHEM OyJie OJIUKIOI0
IO TEIUIOTI 3TOPSIHHS 0 MPHUPOAHBOTO Ta3y HLK YHCTUH mponaH-OyTaH. Panime B
JYcepTallii TOBEICHI 3aJeKHOCTI TaKMX KOHCTPYKIIMHHUX TMapaMeTpiB, SIK JTlaMeTp
MaJIMBOTIOIABAILHUX OTBOPIB (uB. Ta0a. 3.3) Ta BIAHOCHHMMA KPOK MK HUMHU BiJ
TEIUIOTBOPHOI 37aTHOCTI. Lle cTtamo miaArpyHTsSM TOro, IIO Jiala3oH PEeKMMHUX Ta
KOHCTPYKTUBHHUX MTapaMEeTPiB B IKOMY JOCATAEThCS €()eKTUBHA pOOOTH Ha IBOX BUAX
HaJuBa MOXKHA PO3LIMPUTH 32 PAXYHOK MPUBEACHHS 1X J0 CXOXKHUX TerIo(iKariiHuxX

XapaKTEPUCTHK.

JlaHi oTpuMaHi B XOJ1 JOCIHIJPKCHHS, JOBOAATH, IO IMIJABUIIEHHS pPeaKIiiHOT
3IaTHOCTI TaJMB, MPH 1 CHATIOBaHHI B KOMOIHOBaHOMY CTPYMEHEBO-HHILIEBOMY
NaJIbHUKOBOMY MOJYJI 3 BUKOPHCTAHHSM MacoBOi uacTku BojHIO (10 50%)
MPU3BOJANUTH IO HU3KHU MO3UTUBHUX edekTiB. Cepea HUX: OlIbla MOBHOTA BUTOPAHHS
nanuBa (y), CKopoueHHs AOBXMHM (Qakeny (Ly), MABUILEHHS TeMIIEpaTypHOro

pexumy, 3meHmeHHs BukuaiB CO 1 T.1.

B xoxi mpoBeaeHUX MOCTIKEHb, MIATBEPKEHO, 110 MIABUIICHHS peaKiiiHOT

3ATHOCTI MajuBa, HAMpsIMy Ta 3HaYHO BIUIMBA€E Ha CTPYKTypy (akemy. Sk MokHa
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0aunTH Ha PUCYHKY 5.1. B CTpyMEHEBO-HIIIEBUX CHCTeMaxX IpH poOOTI Ha MporaH-
OyTaHi, NPUPOAHHLOMY Ta3l YM IHIIOMY HHU3BKOPEAKI[IHHOMY TMajKMBi, MOXHAa
CIOCTEpIraTd 30HU 3 BHCOKOIO KOHLEHTpali€lo naiauBa 5-15%, manuBo B SIKUX HE
3aiiMaeThes. HaBiTh He 3Ba)karoyw Ha Te, IO PO3TAIIOBaHI BOHHU TMOPYY 3 30HAMH
iHTeHCUBHOTO TOpiHHA. lle € pe3ynbTaroM OXOJIOMKEHHS MajlvMBa B IUX 30HAX

Ha0IraroYuM MOTOKOM OKHMCHIOBAYA.
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OpiHHA +H2 rOpIHHS

'Wr
Pucynok 5.1. BrumB nigBUIIeHHS peakiliiiHOT 3/[aTHOCTI B CTPYMEHEBO-HUIIIEBIM

CHUCTEMI Ha CTPYKTYypy (pakeny.

[IpoTe, micist foaBaHHS IEBHOT YaCTUHU JOMIIIIOK BOAHIO (110 50%) 10 mamuBHOT
CyMiIIi, MaJuBO B IHMX 30HAaX 3alMa€ThCS BHACTIZOK IMJABUIICHHS peaKIiitHOI

3/1aTHOCTI.

B pesynbTaTi, manuBo 1o He 3ropano y dakesi, OiabIe He 3HOCUThCS Jajl 1Mo
TOIMIIi, @ JOropae 0e3MocepeHh0 B HAMOMIMKYUX 30HAX [0 CTPYMEHEBO-HIIIEBOTO
MoayJis. BrnacHe, ik MO)kHA OaunTH 3 pUCYHKY 5.5 TICIIS J0JaBaHHS TOMIIIOK BOJHIO,
JI0 TIponaH-0yTaHy, hakes po3NOUYMHAETHCS O€3MocepeIHBO 3a MATUBOPO3/1aBaAIbHUMU
OTBOpaMH, CTIHKICTb TOPIHHS MiABHUILYETHCA, @ OITHUIN 3pUB HACTyNAaeE Mi3HilIe, HIK
0e3 gomimok BoaHIO. [liABUIIYyEThCS MIBUIKICTE (PPOHTY MOJIyM s BHACHTIJAOK YOTO

(aken crae OUIBLI CTINKUM JI0 BIAPUBY NMPU BUCOKHUX MIBUAKOCTSAX OKHCHIOBAYa 1 T.JI.
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Pucynok 5.2 Burnsin ¢akeny npu cniaqtoBaHHI YUCTOTO pOMNaH-OyTaHy Ta HOro

CyMIIII 3 TOMIIIIKAMH BOJIHIO.

EdexTrBHa pob60Ta KOMOIHOBAHOTO MAJIBHUKOBOTO MOJYJISI 3 KOHCTPYKIIIHHUMH
peKMMaMH PO3PaxOBaHMMH Ha €(QEKTUBHE CHANIOBAaHHS IMpOINaH-OyTaHy Ta
IPUPOAHLOTO Ta3y, MPH iX PO3MIINITYBaHHI 3 BOJAHEM JO03BOJISIE TPHUIYCTUTH, IO
MOXJIMBO IIe OUIbIle PO3IMIUPUTU Aiana3oHu €()EeKTUBHOI POOOTH Ha JBOX PI3HUX
BUJIaX TaJMBa MPU HE3MIHHUX KOHCTPYKTHBHHX IapamMerpax MoAyJs. B manomy
BUIIAJIKy MOXHA BIUIMBATH Ha POOOUYMIA MPOIEC TAKOTO MaJbHUKOBOTO MOMIYJIS, HE
JIUIIE 3a JIOTIOMOT'OK PEXUMHHX IMapaMeTpiB (IIBUIKICTh MajiiBa Ta OKHUCHHKA, iX

BUTPATH 1 T.1.), aJie ¥ 3MIHIOBATH TaKi MapaMeTpPH, SIK TEIUIOTY 3rOpaHHsl, TyCTHH, 1 T.1.,

Ile no3Bossie KOMIEHCYBATH HEBIIBOPOTHE 3MEHIICHHS €()EeKTHBHOCTI poOOTH
TaKuUX MaJbHUKOBUX MPHJIAAIB, B IMOPIBHAHHI 3 MpUJaJaMd NPUCTOCOBAHUMH JIO

CIIaJIFOBAHHS JIMIIIE OAHOTO BUy nanusa. [30]

JlochipkeHHsT TPOBOAMIIMCS B THUX K€ Jlama3oHax KOHCTPYKTUBHUX Ta
PeKUMHUX TapaMeTpiB, MO0 W MmomepenHi, g OUIbIl 3PYYHOrO TOPIBHSHHS.
JocnimkyBanucs BCl T1 )k OCHOBHI ITOKa3HUKH, 110 1 MPY CHATFOBaHHI MPUPOJTHOTO Ta3y
Ta nponaH-Oyrany. B Tabmumi 5.1. mpuBedeHi 3Ha4Ye€HHA [UIsi KOMOIHOBAHOTO
CTPYMEHEBO-HUIIIEBOTO MOJYJIsA, MPHU LiTbOBiM moTyxHOCTi — 20 kBT, a Takox B
poIIeci po3naity i 10 MOMEHTY OaraTtoro 3puBy. B Tabmwmii 5.2. mpuBeneHi Bce Ti XK

MOKAa3HUKH, ajie MpH NoTykHocTi MoayiB 30kBt. [30]

Ak 1 B mTOmepenHiX eKCIEepUMEHTaX, B JaHUX TaOMUIAX HABEICHO JaHi

CKCIICPUMCHTY IIPOTATIOM HAKOI'0O IIOCTYIIOBO HpI/I6J'II/I}KaJII/ICH A0 PO3pPaXyHKOBHUX
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PEKUMHHUX TapaMeTpiB, cepell SIKUX BUILISETHCS HAJIHU3bKI 3HaUYCHHS KOCQIIIEHTY

HaJTUIIKY TIoBiTps a=1,02!

Ta6muis 5.1 PesynabTaTi eKCIEpUMEHTY TIPH CIIaIFOBAHHI CYMIIIIl MPOIIaH-
OyTaHy Ta BOJIHIO HA KOMOIHOBAaHOMY CTPYMEHEBO-HHUIIIEBOMY MAIbHUKOBOMY

MOJTyJI IPU MaKCUMaIbHIM TTOTY>XHOCT1 20Kk BT.

Cymim nponaH-0yTaHy Ta BOJAHIO
25.09.2024 Ps 100300 | /la LOn2+cus | 16,09 | n 7

S 4,5 4 2 MM
gac 17:51 17:55 17:58 18:00 18:02 | 18:04 | 18:05 | 18:09 | 18:10
tprop °C 21,6 21,5 21,5 21,2 21,1 21,5 21,1 21,3 21,3
tH2 °C 22,2 22,2 22,1 22,6 22,4 22,2 22,5 22,2 22,2
tair °C 22 22,2 21,9 22,3 22,4 22,1 22,6 22,3 224
tout °C 255 306,7 416,9 512,8 574,6 | 610,1 | 618 647,6 | 649
tx=900 °C 283 341,3 461 5614 6353 | 708,1 | 722,7 | 749,3 | 750,7
tx=700 °C 362 4714 6104 745,6 830 892,8 | 889,2 | 850,1 | 906,7
tx=500 °C 442 7379 890,7 975 988 969,7 | 973,8 | 981 977,2
tx=300 °C 779 919,7 1123 1186,5 1220 1197 1198 1178 1181
Whositps Mm/c 10 8,2 5,5 3,6 2,4 1,7 2,3 2 1,6
huosirps MM 95 70 45 32 22 22 22 18 15
Ahnponan MM 130 135 135 135 155 140 140 140 140
hnponan MM 310 320 320 320 295 320 320 320 320
Ahgonens MM 32 34 33 35 35 33 33 35 35
hsozxens MM 218 225 220 210 210 215 21 21 21
Nox ppm 3 7 21 45 71 88 75 86 92
CO ppm 549 428 300 236 25 6 5 461 46
(0)) % 18,5 17,7 16 13,3 9,5 3,6 8,2 1 2,4
CO2 % 1,6 2 3,2 5 7,4 11,1 8,1 12,8 12
a 8,4 6,56 4,2 2,72 1,81 1,2 1,65 1,06 1,15
Goprop r/c 0,368 0,376 0,376 0,376 0,402 |0,383 | 0,383 | 0,383 | 0,383
Pprop kr/m’ 2,11 2,12 2,12 2,12 2,11 2,12 2,12 2,12 2,12
PH2 Kr/m’ 0,084 0,084 0,084 0,084 0,084 | 0,084 | 0,082 | 0,083 | 0,083
Geym mYrog | 1,65 1,69 1,67 1,71 1,75 1,69 1,70 1,73 1,73
ProsiTps Kr/m’ 1,196 1,192 1,189 1,186 1,186 | 1,186 | 1,185 | 1,186 | 1,186
Wair (kuc) 12,27 9,54 6,24 4,13 2,84 1,81 2,47 1,61 1,73
W air 10,00 8,20 5,50 3,60 2,40 1,70 2,30 2,00 1,60
AWairra % 22,73 16,32 13,40 14,65 18,26 | 6,20 7,32 19,57 18,10
Gair 0,060 0,04927 | 0,0329 0,0215 0,0143 | 0,0101 | 0,0137 | 0,0119 | 0,0095
o 8,18 6,52 4,41 2,82 1,83 1,35 1,81 1,55 1,24
Aa, % 2,57 2,48 4,89 3,44 0,26 11,72 | 1043 | 47,45 | 9,67
N, kBt 20,84 21,26 21,21 21,31 22,60 | 21,54 | 21,56 | 21,67 |21,67
Wrc 8,42 8,063 8,55 8,71 8,96 8,61 8,66 8,82 8,82
q 0,43 0,76 1,74 4,13 9,24 21,11 | 11,43 | 2791 | 24,14

B Tabmumi 5.1. mpuBenmeHi, TeMiepaTypHi JaHlI Ha pIi3HUX AUISHKaxX

eKkcrepuMeHTanbHOro creHay (6&=900mm, t:=700mm t:=500Mm t:=300MM, tsizx.ras),
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TeMrepaTypa naauBa (tuponan / teonens ) T OKUCHIOBAYA (tuositps). TAKOXK, IPUBE/ICHI JaH1
3 BI’ITPaTOMiPHI/IX mano (Ah nosiTps/mponany/soanio Td h HOBiTpﬂ/l‘lpOl‘laHy/BO}JH}O)- OKPCMI’Iﬁ 0JI0K

JAHUX — 3HAYCHHS CKJIaTy MPOMYKTIB CIIAIOBAHHS 3 Ta3oaHalizaTopa — (3HAYCHHS

NOx, CO, 0,,CO).

Sk 1 ouikyBajocs, B pe3yibTaTi 10AaBaHHs BUCOKOPEAKIIIHOTO MaInBa, BUPOCIH
MOKa3HUKH TEMIIEPATypH MPOIYKTIB CHATIOBAHHS MO BCii TOBXHMHI poO0YO0T AUISHKH.
B xomi anamizy ekcriepuMEHTaIbHUX MaHUX, aHAIIZYBAIMCS JaHI TepMomap, IO
posramoByBanucs Ha Bifacrani 300, 500, 700, 900mMm (auB. puc.5.3-4), Ta Ha BUXO/II
nuMoBUX Ta3iB B arMmochepy (1200mm). ExcnepumenTtanbHi maHi TiATBEPIWIIH,
M1JIBUIIICHHS PIBHOMIPHOCTI TEMITIEPATYPHOTO TI0JIsI, Ta CKOPOUCHHS JOBKHUHY (paKey.
BaxxnuBo, 110 y mopiBHAHHI 3 MOKa3HUKaMU TOPiHHS 06€3 AOMIIIOK BOJIHIO, (IHB. pUC.
4.4.) Temneparypa OUTBIIT TOMITHO POCJIa B 30HaX OJMKYMX 10 MOAYJIsS, @ HA BUXO/II 3
eKCIIEPUMEHTAJIBLHOTO CTEHY, TEMIIEpaTypa AUMOBUX ra3iB MaiKe HE BiIpi3HSIIACA.
B mepmy uepry me 3B’s3aHO 3 TUM, IO (akena CKOpOTUBCS (IuB. puc. 5.7), Ta

NPUOIU3UBCS 0 MOy, [29]

B cBoro uepry, TemrepaTypa TMMOBHX ra3iB Ha BUXO/II @ aTMOc(epy, Maike HE
BiJIpi3HsJIacs, 00 CTPYMEHEBO-HUIIEBI MaJIbHUKOBI MOAYJI, SIKI 1 3 JOJAaBaHHIM
JIOMITIIOK BOJHEM, TaK 1 0€3 1X 3aCTOCyBaHHsI 3a0€3MeUyI0Th BUCOKE 3HAYCHHS IOBHOTH
BUTOpaHHA IMajguBa. ToMy B 000X BHITaJIKaX, J0 KiHIS TPAKTy JOXOJWJIHN JIUIIE HOTO

CITIIN.
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Ta6nuis 5.2 Pe3yiabTaT €KCIEPUMEHTY TIPH CIIaIFOBaHHI CYMIlIll MpOIIaH-
OyTaHy Ta BOJIHIO HA KOMOIHOBAaHOMY CTPYMEHEBO-HUIIIEBOMY MAIbLHUKOBOMY
MOJTYyJIl IPU MaKCUMaIbHIM TTOTY>XHOCT1 30KBT.

Cymim nponan-0yTaHy Ta BOJAHIO

25.09.2024 | Ps 100300 Ila LOu2+cn4 | 16,09
S 4,5 %) 2 MM n 7
qac 18:24 18:33 18:34 18:37 18:38 18:39
tprop °C 20,8 20,6 20,7 20,6 20,7 20,5
tu2 °C 22,6 22,1 22 22,1 22,2 22,1
tair °C 22,3 22,1 21,8 22 22 22,2
tout °C 4113 531,2 5674 766,3 775,4 781,2
tx=900 °C 466 519,7 615,8 813,8 820,6 841,9
tx=700 °C 600,5 675,7 769.,9 988,8 996,5 928
tx=500 °C 803.,3 956,4 1013,6 1024,1 1025,3 1006,3
tx=300 °C 1038,1 1190,7 12228 1251 1251,4 12334
Wrositps M/c 9,3 8,4 5,5 2,7 2,5 2,15
hnogirps MM 95 70 45 32 22 22
Ahuponan MM 304 290 280 280 280 270
huponan MM 470 620 620 640 640 640
Ahgonens MM 70 60 65 68 68 68
hsogens MM 460 415 420 425 425 425
Nox (okcuy | ppm 13 19 42 87 92 101
CO ppm | 446 390 300 11 7 14
02 % 17 3,1 13,7 5,5 42 1,1
CO2 % 2,5 3,1 4,7 10 10,8 1,8
o 5,25 4,37 2,91 1,35 1,25 1,08
Goprop Kr/C 0,000568468 | 0,000559 | 0,000549 | 0,00055 | 0,00055 | 0,00054
Pprop kr/m® | 2,15 2,18 2,18 2,19 2,19 2,19
pH2 kr/m® | 0,086 0,086 0,086 0,086 0,086 0,086
Geym m/ron | 2,44 2,31 2,35 2,38 2,38 2,36
Prositps xkr/m® | 1,194 1,192 1,190 1,188 1,186 1,187
Wair (kuc) 11,38 2,40 5,98 2,86 2,64 2,21
Wair 9,30 8,40 5,50 2,70 2,50 2,15
AWairra % 22,33 71,44 8,80 5,79 5,44 2,77
Gair 0,055997921 | 0,05049 |0,03299 |0,016169 | 0,014952 | 0,012863
Aa % 2,36 317,54 9,36 12,29 12,53 15,49
N, kBt 31,40 30,24 29,98 30,06 30,07 29,61
Wre 12,27 11,42 11,62 11,75 11,76 11,67
q 1,09 21,56 3,59 16,20 19,06 26,71
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Pucynok 5.3 Temnepatypa B pi3HUX ydacTKax poOo4oi AUISHKH Ja00paToOpHOTO
CTEHJTy TIPH CHaJIOBaHH1 CyMIIlll MPOTNIaH-0yTaHy Ta BOJHIO HA MaJbHUKOBOMY

MOy MOTYyX)HicTio 20kBT.
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Pucynok 5.4 Temnepatypa B pi3HUX ydacTKax poOo4oi AUISHKH Ja00paTopHOTO
CTEH]ly NpH CHAJIFOBaHHI CyMilIl MPOMaH-0yTaHy Ta BOJHIO Ha NAJIbHUKOBOMY

Moy moTyxHicTio 30kBT.
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Bnacninok pocty temmnepatypa y (akeini 3a paXyHOK IMiJIBUIIEHHS peakIiiHO1
31aTHOCTI MaJIMBHOI CYMIIIll, 3aKOHOMIPHO B110ys0cs 3pocTaHHs piBHs emicii NOx
(muB. puc. 5.5-6.) lle € noriYHUM MOOIYHMM HACTIAKOM ITiJIBUICHHS CEPEIHHOTO
TEeMIIEPATYPHOT'0 PEXKUMY B 1aOOPATOPHOMY CTEH/I1, B1Jl SIKOTO 3aJICKUTh PIBEHb eMicCii

OKCHJIIB a30Ty. [29]
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Pucynok 5.5 Pieenb BukuaiB (NOx ta CO) npu cniajiroBaHH1 IponaH-0yTaHy 3

JOMIIIIKaM{ BOJHIO Ha CTPYMEHEBO-HUIIIEBOMY NAJIbHUKOBOMY MOYJIl MOTY>KHICTIO

20kBT.

B Toii sxe camuii yac, 3 pOCTOM TEMIIEPATYPH 1 MABUIIIEHHSIM PiBHS BUKUIAIB NOX
(sike BapTO BIAMITHUTH € JOBOJI HEBEIUMKHM, Ha PiBHI 2-3%) BiAOYBa€ThCS 3HAUHE
3MmeHmeHHs piBHA BUKUAIB CO B atmocdepy. ILlo € me omauM 10Ka30M MO3UTUBHOTO

BIIJIMB ,Z[OMiHIOK BOJHIO Ha SIKICTB AOTOpPAaHHA.

[{i dakTopu TakoX 3HAYHO BIUIMBAIOTh Ha 3MIHY CTPYKTypu (akeiy, a came
CKOpPOYEHHSI Horo JOBXWHH. [laqnBO sKe HE BCTUIJIO B3ATH y4acTh B peakIlii Ta
3alHATHUCS, BIIHOCUTHCS B KiHEIb TPakTy, a MOTIM 1 B armcodepy. Y BHUOAAKY
T1IBUIIEHHS PEAKIIHHOT 3JaATHOCTI MMaJIMBa, a SIK HACJII0K TEMITIEPATypU B TOITKOBOMY
mpocTopi, BimOyBaeThes edexTuBHIimEe aoropanHs mamuBa 1 chmigun CO craroTh

HE3HAYHUMU. [29]
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Pucynoxk 5.6 Piens BukuaiB (NOx ta CO) npu cniairoBaHH1 ITpornaH-0yTaHy 3

I[OMiI_HKaMI/I BOIHIO Ha CTPYMCHCBO-HHUIICBOMY INAJILHUKOBOMY MOI[y.TIi HOTY)KHiCTIO

30xBT.

3 pucynky 5.7 Ta 5.8. BUOHO, IO NpHU 3aCTOCYBAHHI JOMIIIOK BOJHIO B
KOMOIHOBAaHUX CTPYMEHEBO-HUIIEBUX MAIbHUKOBUX MOAYJISIX, MOTYKHicTiO 20 Ta 30
kBT, 3HIKa€eThes piBeHb eMicii B HaBKoIUIIHE cepenoBuiie CO (sikuii 1 Tak OyB 10BOI
HU3bKKUM). [lo TOMy, SK TOCTYNOBO BIAJAJSIOYUCH BiJ MOJIYJSI 3HUKYIOTHCA 1

nokazauku CO 1 cepemHst Temneparypa AMMOBHUX Ta3iB, MOKHA CYJUTH TIPO JOBKUHY
baxemy.

Sk ye 3rajyBanocs paHillie, IpH1 3aCTOCYBaHHI IOMIIIOK BOJIHIO, X0 1 CepeHs
TEeMIepaTypa BHpOCIA, aje Hacammepel 3a paxyHOK IMIJBUIICHOI TeMIlepaTypu

Oe3nocepeIHbO OISt MOJTYJIS.
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Pucynok 5.7 JloxkuHa ¢akeny Ta piB€Hb JOTOPAHHS MaJIbHUKOBOTO MOy IS

notyxHicTio 20kBT npu po6oTi Ha mponaH-0yTaHi 3 JOMIIIKaMU BOJHIO.

Sk 1 Bunaaky 3 nonepeaHiMu rpadikaMu, Ha puc. 5.7 Ta 5.8. BCl 3aKOHOMIPHOCTI

30epiraroThCs, HE3aJeKHO BiJl MOTYKHOCTI MaJbHUKOBOTO MOAYJA. ToMy, SIK 1y

BUMAAKY, KOJIM JIOMIIIKA BOJHIO HE 3aCTOCOBYBAJIMCA, MpPU IX 3aCTOCYBaHHI

30epiraeThbCsi MPUHIIUAI MOTYJIBHOCTI CTPYMEHEBO-HUIIICBUX CUCTEM.
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Pucynok 5.8 JloBxkuHa ¢akemny Ta piBeHb JOTOPAHHS NAJIbHUKOBOTO MOJTYJIs

noTy>xHicTio 30kBT nipu po6oTi Ha TponaH-OyTaH1 3 AOMIIIIKaMH BOJIHIO.
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B xomi nmocmimkeHHsS TIOMIYEHO JOBOJI BHUCOKHMM pPiBEHb PIBHOMIPHOCTI
TEMIEPaTypHOT'O TMOJS MPOJIYKTIB CHAIIOBAHHS B poOOYOMY CTEHIi. PIBHOMIpHICTB
¢bikcyeThCs, SIK TpU CHATIOBaHHI MponaH-OyTaHy, Tak 1 WOTO CyMilll 3 BOJHEM, HE

JIUIIIE TI0 IOBXHHI1 (hakeny, ajie i B MOMEePEeUYHUX po3pizax podooUoi AIISTHKH.
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Pucynox 5.9 3wmina posmoaury TemriepaTyp B TomepedyHOMY 3pi3i dakery

NAJIBHUKOBOTO MOJYJIA MOTYXHICTIO 20kBT B 3a1e€XHOCTI BiJ HasBHOCTI JOMIIIOK

BOJIHIO.
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Pucynok 5.10 3miHa po3mojuly TemIepaTryp B IOINEpeuyHOMY 3pi3i dakery
NaJIbHUKOBOTO MOYJA MOTYyXHICTI0O 30kBT B 3a1€XHOCTI Bl HasBHOCTI JOMIIIOK

BOJIHIO.
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Pucynok 5.11 3naduenns temnepaTyp y IolepeuHoMy rnepepisi paxerny B HApsKy

HOPMAJIBHOMY JI0 CTPYMEHEBO-HUILIEBOTO MOYJIA. [54]

5.3. BuWCHOBKM 40 N'ATOro po3ainy.

[IpoBeneHi ekcrepruMEHTalbHI JOCHIPKCHHS BIUIMBY BOJIHEBUX JOMIIIIOK Ha
pobouuii Tmpoliec TOpiHHA B KOMOIHOBAaHMX CTPYMEHEBO-HHUIIEBHX MOIYJISX
3aCBITUMIIM HHU3KY BaKJIMBHX 3aKOHOMIPHOCTEH, IIO MAlOTh SK TEOPETHYHE, TaK 1
NpakTUYHE 3HAYECHHS JJIs BJOCKOHAJCHHS TEXHOJOTIM CHalIOBaHHSA Ta30BUX
NAJIMBHUX CyMille. AHalli3 OTpUMaHUX pE3YyJbTaTiB JI03BOJIAE CPOPMYJIOBATU

HaCTyrIHi BHCHOBKMU:

1. BcraHoBieHo, 1110 BBEJCHHS BOJHIO y MAJMBHY CyMilll y MacoBiif yacTIi
10 50% 3abe3mnedye MABUINECHHS PEAKI[IHHOI 3JaTHOCTI HU3BKOPEAKIIMHUX TaJIHB,
TaKUX SIK MpOMaH-OyTaH Ta MPUPOAHMUN ra3, IO CIpHUsie 1HTEHCU}IKalii MpoIeciB
TOPiHHS, 3pDOCTAHHIO CTYIICHSI TIOBHOTH 3TOPSHHS Ta CKOPOUEHHIO TOBXUHU (paKeiry.

2. JloBeneHo, IO BUKOPUCTAHHA BOJHEBUX JOMIIIOK HPUBOAMUTH JO
30JIM>KEHHS TETUIOTH 3ropssHHS Ta kKoedirienTiB Boo0e npomnan-0yTaHy Ta IpUpOIHOTO
razy, IO [JO03BOJIAE€ EKCIUTyaTyBaTH KOMOIHOBaHI MaJbHUKOBI MPHUCTpoi 0Oe3
HEOOX1THOCTI 3Mi1HU KOHCTPYKTUBHUX IapaMeTpiB, 30epiratouu iXHi0 €PeKTUBHICTD Y

[IUPOKOMY JIialla30H1 MAJIMBHUX KOMITO3HIIIN.
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3. BusiBieHo, 110 BBEIEHHS BOAHIO y TaJIMBHY CYMIII CHpHUSE
NEePEePO3NOLTY TEMIEPATYPHOTO MOJISI BCEPEANH] KaMepH 3rOpsSHHS, 110 NPU3BOAUTD
70 3MIIIEHHS 30HM MAaKCHUMaJbHHUX TeMIleparyp y OIK MHaJbHUKOBOTO MOMYJI,
3a0e3Mmeuyroun OLTbII JIOKATI30BaHEe 3TOPSHHS MaJIMBa Ta MIHIMI3YyIOUM BTPATH €HEprii
B KIHIIEBUX 30HaX TOMKOBOTO MPOCTOPY.

4. VYCcTaHOBIEHO 3aKOHOMIPHICTH MIXK MIABUIICHHAM TEMIIEPaTypHOIO
pexuMy Ta 301IbleHHSIM KoHLeHTpalii NOX y NpoiyKTax 3ropsiHHS, 1110 00YMOBJIEHO
BUCOKOTEMIIEPATYPHUMH MEXaHI3MaM{d YTBOPEHHS TEPMIYHHMX OKCHIIB a30Ty.
Boanouac, ekcriepuMeHTaNbHO MIATBEPIKEHO CYTTEBE 3HIXKEHHSI PIBHS €MICIT OKCUITY
Byrieio (CO), 1o CBIIYUTH MPO MPUCKOPEHHS IMPOIIECIB OKUCICHHS 3JIMIIKOBUX
IPOAYKTIB HETIOBHOTO 3rOPSIHHS Ta 3MEHILIEHHS YaCTKU HE3ropiIoro najiuBa.

5. BceranoBneHno, 1o mopsia 13 KIACHYHUMHU PEKUMHUMH TapamMeTpamu
(BUTpaTH TayvBa, MIBUAKICTH IMOJa4l OKHUCHUKA, KOCQIIIEHT HAJJIUIIKY TOBITPS)
JOJJaBaHHs ~ BOJHIO  JIO3BOJIsIE  €(EKTUBHO  perymoBaTH  (I3UKO-XIMIYHI
XapaKTePUCTUKU MAIMBHO1 CyMIII, 30KpeMa ii TeTIOTBOPHY 3/IaTHICTH 1 T'YCTUHY, 1110
BIJIKpUBAE MOKJIMBOCTI JJISI THYYKOI ajamTarlii mpoiecy TOpiHHSA 10 PI3HUX BUIIB
najuBHOI 0a3u 0€3 BHECEHHSI KOHCTPYKTUBHUX 3MiH Y MaJIbHUKOBI MPUCTPOI.

6. OTpumaHi pe3yibTaTd MiIATBEPAKYIOTh MEPCIEKTUBHICTh 3aCTOCYBAaHHS
KOMOIHOBAaHUX CTPYMEHEBO-HUIIEBUX TMAJIBHUKOBUX MOJIYJNIB 13 BOJHEBUMH
JOMIIIKaMU JJig 3a0e3nedyeHHs] CTabUIbHOrO Ta €(EeKTHUBHOTO MPOIECY TOpPIHHS B
yMOBaxX BapiaTUBHOCTI MAaJUBHUX PpECypCiB, IO CTBOPIOE TEPEIYMOBU IS
MOJAJbIIOTO BJAOCKOHAJICHHS EHEPrOTEXHOJOTIYHMX CHCTEM 3  IiJBUIICHOIO

THYYKICTIO TaJIMBO3a0€3MEeYEHHS.
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BNCHOBKW

BiamoBimHO 10 MeTH Ta 3aBAaHb MOCHIKEHHS MPOBEACHO aHaJi3 JITepaTypu
OPUCBSYECHUN TpoOJieMl MiABUILEHHS PIBHSA €(PEKTUBHOCTI OpraHizailii TOMKOBOTO
MPOIIECY B PI3HOMAHITHUX BOTHETEXHIYHMX 00’€KTax, IO MPAIIOIOTh y IUPOKOMY
Jiama3oHl TeMIepaTyp 3a paxyHOK CTBOPEHHS KOMOIHOBaHHMX MajJbHUKOBUX
MPUCTPOIB, IO Peali3yl0Th NPUHIUIIM CTPYMEHEBO-HIIIEBOI TeXHOJorii. HaykoBo-
JOCTIAHI IIEHTPU 3 BUBYEHHS MPOIIECIB TOPIHHS MPAKTHUYHO Yy BCIX KpaiHax CBITY
IPOJIOBXKYIOTh JTOCHIIPKEHHS Ta HOBI pO3pOOKY B chepi KOMOIHOBAHOTO CIATIOBAHHS

ra3onoalOHuX IMaJIuB.

3po06eH0 OISl BHUJIIB BOTHETEXHIYHMX 00’ €KTIB, PO3IJISHYTO 3 1CTOPUYHOT
TOYKH 30py BHKOPUCTAHHS JIIOJICTBOM pI3HMX BHJIB TMaJlWUB, IPOAHATI30BAHO
PI3HOMAaHITHI TEXHOJIOTIi CIaJIOBaHHS Ta MPOBIBIIM HEBEJIWKUN OTJISJ BOIHEBOI

CHEPIreTUKHU 1 T.]I..

[IpoananizoBaHo  0COOJMBOCTI  (PYHKIIIOHYBaHHS  CTPYMEHEBO-HIIIEBOI
TEXHOJIOT1i, SKi Ja€ 3MOTY CTBOPUTH KOMOIHOBaHI MaJbHUKOBI MPHUCTPOI 37aTHI 3
0/IHAKOBOIO €(PEKTUBHICTIO CHAJIOBATH JiBa Ta OlIbIle BUIU MaiunBa, 0€3 BHECCHHS
KOHCTPYKTUBHHUX 3MiH B poOOTY 00’€KTi Ta maJbHUKA 1 HE MOTPeOyI0Yl JOJATKOBOTO
yacy Ha MIAroToBkKy. OmMHMCaHO OpPTraHi3aililo TOIMKOBOIO MPOIECY 3a JOIMOMOTOIO

KOMOIHOBaHUX CTPYMEHEBO-HUIIEBUX MAJIbHUKOBUX MPUCTPOIB.

Jlst BupilIeHHS 3aBAaHb JUcEpTallii BUPOOJEHAa METOJOJIOTiSI Ta METOIHMKA
IPOBENICHHS JTOCHIDKEHb, sKa TMepeadadaia eKCIepUMEHTaIbHl JOCHIHKEHHS Y
1a00paTOPHUX yMOBaX, KOMIT IOTEPHE MOJCITIOBAHHS Ta MPOBEICHHS JOCIIHKCHb Y
IPOMHUCIIOBUX YMOBax. MeTOAMKN MPOBEACHHSI TOCHTIKEHb HA €KCIIEPUMEHTATbHUX
CTEH/aX Ta METOJUKH OOPOOKH EKCIIEPUMEHTAIbHUX JTaHKX, 110 BUKOPUCTOBYBAIUCH
IpU TMPOBEACHI JOCHIIKEHb, 0arato pOKIB pO3poOJsUIMCS, anpoOyBaaucs Ta
BJIOCKOHATIOBANIUCS y JlabopaTopii TOPIHHS TEIUIOEHEPTeTUYHOTO (aKyJIbTETY

KuiBCHKOTO MOJMITEXHIYHOTO IHCTUTYTY.
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[IpoBeneHO OIIHKY MOXMOOK MPHJIAJIOBUX BHUMIPIOBaHb: MOXMOKA BU3HAUYEHHS
BUTPATH Ta TUCKY MaJliBa, MOXMOKAa BUMIPIOBAHHS TEMIIEPaTYpHUX XAPAKTEPUCTUK,

noxuOKa BUMIPIOBAHHS €MICIHHUX XapaKTePUCTHUK.

B pe3ynbTaTi KOMIT' IOTEpHOTO MOJICTIOBAHHS aepOIMHAMIKA TEUiid, Ta MPOIIECIB
CYMIIIOYTBOPEHHS B KOMOTHOBAaHOMY CTPYMEHEBO-HUILIEBOMY MaJIbHUKOBOMY MOTYJIi
Ta MPOBEACHUX TOCIIIKEeHb Ha ekcrniepuMeHTanbHuX creHaax TOB«HBK «CHT» Ta
nabopatopii KIII BemyThcs momanpimi poOOTH HAA THUIOPSIOM KOMOIHOBAaHUX

CTPYMCHCBO-HUIICBUX ITAJIBHUKOBUX HpPICTpOTB.

[Ipu mpoBeaeHHI TOCTIKEHb OpraHi3allii TOMKOBOTO MPOIECY BOTHETEXHIYHUX
00’€KTiB OyJO BHUSBICHO, II0 CTPYMEHEBO-HHINIEBI MAaJbHUKOBI MPUCTPOI MOXKYThb
e()EeKTUBHO MpPAIIOBATH B PEKHMI 3MIHHOTO HaBaHTa)XCHHs, HABITh MPHU MEPEXOAl 3
OJTHOTO TIAJIMBA Ha 1HIIIE, IO JTOJIaTKOBO J03BOJISE ONTUMI3yBaTH CIIOKUBAHHS TTAJTHBA.
BusiBneHo, 1mo mpu HEY3rOJKEHOCTI PEXUMIB POOOTH MOXKYThb CIIOCTEPIraTHCS

H&,Z[HOpMaTI/IBHi BUKHUAW YaJHOT'O Ia3y COra HCBI‘OpiJIOI‘O IIaJanBa.

B pesynbrari nmpoBeneHUX MOCIHITKEHb MPOMUCIOBUX MaJbHUKOBUX MPUCTPOIB
Oy7no BIEpIIe EKCIEPUMEHTAIFHO OTPUMAHO JaHl MO0 POOOTH KOMOIHOBAHOTO
MOJTYJISI CTPYMEHEBO-HiIIeBoi TexHoJorii. [IpoBeneHo anani3 eeKTUBHOCTI MOMKIIMBOT
MOJIepHi3allii ICHyloUuX OO'€KTIB IUISAXOM BIPOBAIKEHHS CTPYMEHEBO-HIIIEBOI
TEXHOJOTr1l. 3amponoOHOBAaHO I1HXEHEPHO-TEXHOJOTIUHI MIAXOAU A0 MOJAEpHi3amii
BOTHETEXHIYHUX OO0 ’€KTIB HAa OCHOBI KOMOIHOBAaHOTO BUKOPHUCTAHHS PI3HUX BU/IIB
nanuBa. BUKOHAHO momnepenHid po3paxyHOK KOMOIHOBAaHUX CTPYMEHEBO-HUIIEBUX

MaJbHUKIB HA OCHOB1 0a30BOT0 CTPYMEHEBO-HIIIIEBOT'O MOTYJIS.

[Ipu mpoBemeHi MOCHiIHKEHb OpraHizailii TOMKOBOTO MPOIECY MPOMHUCIOBOT
ra3u(ikaToOpHOi YCTaHOBKU MIATBEPHKEHO pPe3yjbTaTH OTPUMaHlI B JucepTallii, a
TaK0X €()EeKTUBHICTh KOMOIHOBAHUX CTPYMEHEBO-HHILIEBUX MaJbHUKOBUX MPUCTPOIB
Ha TpakTHii. BunpoboByBaHHS €()EKTUBHOCTI JAHOTO MaJIbHUKOBOTO MPHUCTPOIO B

YMOBAaX JIOBFOTPUBAJIOI €KCIUTyaTallil 10Ci MPOBOAATHCA.
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BunpoOyBaHHs 103BOJIMIN BU3HAYMTH Jl1ala30H CTIHKOI poOOTH KOMOIHOBAHUX
CTPYMEHEBO-HIIIEBUX MMaJbHUKOBUX MPHUCTPOIB Ta MPOBECTH iX TOPIBHSAHHA 3i

3BUYAHUMU CTPYMCHCBO-HUIICBUMH INAJIbHUKAMU Ta MITATHUMU ITAJIbHUKAMU.

B nmanux manbHUKOBUX MPUCTPOSAX MOMEPEAHBO (PIKCYIOTHCS HACTYIMHI MpeBaru:
B1I0YBa€ThCsl CTAOIILHUN TPOIIEC TOPIHHS HABITH MPHU HU3BKUX 3HAYCHHSIX THCKY Ta
KPUTHUYHO HU3bKHUX 3HAYEHHSX KoedimieHTy Haanmumky noBiTps (a=1,02); daken He
BUXOJWUTH 3a JIOMYCTHMI MEXi; BIJCYTHI NEPEBUIICHHS IOMYCTUMHUX HOPM eMicii
HIKIJJIMBUX PEYOBMH HA PEXMUMAaX ONM3BKUX 1O HOMIHAJIBHOTO Ta B IMpoIeci
pO3MANIIOBAHHS, IIMPOKI MOMJIMBOCTI JI0 PETyJIOBaHHS Temmeparypu ¢akena
JI03BOJISIFOTh BUKOPHCTAHHS MaJbHHUKIB Ha BOTHETEXHIYHMX 00 €KTaxX 3 MIMPOKUM
niama3oHOM HeoOxigHux Temmeparyp B Tomui. Koucrpykuis IIIT  mo3Bosse
NepPEeMUKATHCS MDK BHUKOPUCTAHHSM MPUPOJHOrO ra3y 1 mpomnaH-OyTaHy, 0e3

BTPYUYaHHS B KOHCTPYKIIIFO CAMOT0 NaJIbHUKOBOTO IIPUCTPOIO.
B pe3ynbraTi BUKOHaHOI poOOTH Oyiia OTprMaHa HACTYIHA HayKOBAa HOBU3HA!

1. Bmeprie 3a 1OMOMOToOl0 OTPUMAaHHMX JTaHUX EKCIIEPUMEHTATBLHUX JOCITIIKEHB
BU3HAUYEHO J11alla30HU OCHOBHUX KOHCTpYyKuiHHuX (d=2.5...3.5 mm, L=12...18
MM, s/d=3...4), Ta pexxumuux napamerpis (Wn=10...15 m/c, Wr=10...20 m/c,
a=1,05...3), koMOiHOBaHUX CTPYMEHEBO-HIIIOBUX MaJTbHUKOBUX MOJIYJIB (JJIs1
po0OOTH Ha TIpoIaH-0yTaHi Ta MPUPOJHOMY Ta3i), IO 3a0e3MeUyI0Th HEOOXITHY
CTPYKTYpY Tedii, SKICTh CyMIIIOYTBOPEHHS, TEIUIONEPEHOCYy, cTabumi3alii

OJIyM sl 1 TOBHOTY BUTOPSIHHSI TTAJIMBA B 30H1 CTa0OLII3aI1il TOPIHHSL.

2. CTBOpPEHO CTPYMEHEBO-HMILEBHI MAJIBHUKOBUH MOAYJb 3JaTHUH /10
e(eKTUBHOI pOOOTH Ha MpOMaH-0yTaHl Ta MPUPOTHOMY Ta3l MPU HATHUZBKUX

KoedilieHTax HAJJTUIIKY TOBITPS (Okp ~ 1,02)

3. IIpoBeneHo gocmiKeHHS BIUTMBY MAacOBO1 4acTKu BOAHIO (10 50%) B maymBHIN
CyMIIIl CTPyMEHEBO-HUIIIEBOTO KOMOIHOBAaHOTO MAJILHUKOBOTO MOJYJIsI, Ha

MIJBUIIICHHS PEaKIiiHOI 3JaTHOCTI, a TaK0XX 3MeHIleHHs uuciia Bo6oe W =
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Q
\Pr/Po

KKaI/M>> Woonem ~ 10,5 kxan/m?

3 3
WHpOHaH-6yTaH ~ 20,7 KKaH/M > WH6+B ~ 15,6 KKaH/M > WHpHpOIIHHﬁ raz3™> 12,6

4. Ha ocHOBI KOMOIHOBaHHUX CTPYMEHEBO-HHUIIIEBUX MOAYJIB, CTBOPECHO
MOJAEIBbHUA PsIT TATBPHUKOBUX TMPHUCTPOiB. Taki TaTbHUKOBI MPUCTPOL
3a0€3MeuyoTh O1JII11e 3HaYeHHS KOedIIIEHTY poO0voro perystoBaHHs (Olibie
6), xopotmuii aken (Ha 5-10% npu 0JHAKOBUX YMOBAaxX) Ta 3[]aTHI TyCKaTUCA
IpU HIOKYOMY THCKY nanuBa (B 3-4 pa3u) B MOPIBHIHHI 3 IHIIMMH MOJAEISIMU

KOMOIHOBaHUX MaJIbHUKOBUX MPUCTPOIB. [74]

5. Beaytbcss poboTH 1O AOCHIIKEHHIO JTOBFOCTPOKOBOTO (PYHKIIIOHYBaHHS
BUILIE3ra/laHUX MaJbHUKOBUX TMPUCTPOIB, Ta BHUTPATH IX pecypcy Ha

MIPOMUCIIOBOMY 00’ €KTI.

PesynbTaTu JIOCIIKEHHS 1ITBEPIUIIN 3pOCTaHHSI €(heKTUBHOCTI
BOTHETEXHIYHUX OOEKTIB 3 BIPOBAKEHHSIM 3alpOTNIOHOBAHOI TEXHOJIOTIi, IO
JI03BOJIIE 3HAYHO TMIJBUIMUTH EKOHOMIYHI Ta €KOJIOTIYHI TOKa3HUKH pOOOTH
BOTHETEXHIYHUX OO0'€KTIB 0€3 CYTTEBUX 3MIH Yy iXHIM KOHCTPYKIi, CHPHUSIOYU
MBUIIEHHIO €HEPTeTUYHOT OE3MEeKH Ta TEXHOJOTIYHOI THYYKOCTI TMaJIMBOCTIATIOIY

CHCTCM.

TakuM 4YKMHOM, OCTaTOYHI BUCHOBKH JHCEPTALIHHOT pOOOTH MAarOTh HACTYMHIA

BUTJISLI:

1. CdopmoBano psan pexkomenaamid (pyHmamMeHTaTbHUX, EKOJOTTYHHX,

eKOHOMIYHHX 1 T.J1.) 10 AuBepcudikaiii naauBHO 6231 BOTHETEXHIUHUX 00’ €KTIB.

2. OnHuUM 3 HaWOUIBII MEPCHEKTUBHUX TMAIKMB, HA JaHUH MOMEHT € CKparuieHui
npornaH-OyTaH, BIH EKOJIOTIYHO YHCTIIMK 3a OUIBIIICTh MaJMB, Ma€ BHIIY
TEIUIOTBOPHY 3JaTHICTh, @ TAKOX CIIPOILIY€E Ipoliec aBToMaTu3ariii. Moro 36epirants B
CKpaIlJICHOMY BUIJISIII JO3BOJISIE 3MEHIIYBATH PO3MIp MAJMBHOIO TOCHOAApCTBA B

JeK1IbKa pasiB.
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3. ¥V 3B’s3Ky 3 THM, 1110 BOJICHh MA€ HE HAJITO BEIMKY 00’ €MHY TEIJIOTY 3TOpaHHS,
aJle BHCOKY peakiliiiHy 3/1aTHICTh BAKOPUCTAHHS HOTO JIOMIIIOK B TAJIMBHUX CyMiIIax
€ 10BOJ1 e(heKTUBHUM (0COOIMBO B CTPYMEHEBO-HHUILIEBUX MaJbHUKOBUX MPUCTPOSX,
0 3a0e3MnevyroTh JOCTaTHIA piBEHb IMepeMillyBaHHs maymBa 1 T.1.) Lle BogHOYacC
JI03BOJIsIE 3MEHIIUTH KoedimieHT Bo0O6e mpomaH-OyTaHy, MPUBECTH HWOTO TEIUIOTY
3rOpaHHs O OUTBINI CXOXKUX Ha MPUPOIHUN ra3 3HaUYeHb. KpiM 1bOTo 3aCTOCYBaHHS
JIOMIIIIOK BOJIHIO TaKOX MPHU3BOAWTL JO IIJABUIICHHS PEaKIiAHOI 3JaTHOCTI, SK

nponaH-OyTaHy Tak 1 MPUPOJHOTO rasy.

4. Pe3ynbpTatd AOCHIDKEHb TMOKa3ald, M0 3aBASKU MIJBUIIEHHIO pPEaKLiiHOT
3IaTHOCTI MAJMBHOI CYMIIlll, OCOOJMBO MEPCHEKTUBHUMH JIOMIIIKKA BOJHIO € TIPU
CHAIOBaHHI TMajMB 3 HHU3BKOIO TEIUIOTBOPHOIO Ta PEAKIIIHOI0 3JaTHICTIO —

JIOMEHHUI-, TeHEpaTOPHUN-, 010-Ta3 1 T.1.

KpiMm TOro, mpoBeeHO NOPIBHAJIBHUIN aHall3 KOMOIHOBaHHMX CTPYyMEHEBO-
HIIIOBUX MAJIbHUKOBUX MPUCTPOIB, TPAAULIHHUX CTPYMEHEBO-HIIIOBUX MAJBHUKIB Ta

NaJbHUKIB 1HIIMX CyYaCHHUX THIIB.

CTpymeHeBO-HULIEBNI

[ManbHUKHK Cy4aCHUX ™nis

Koed. Hag/muwky nositps (a) ~1,15..1,25
Koed.pobouoro peryntoanhs (Kp) ~3..5
MiHimanbHuiA TUCK npu nycky (Pwin) ~1000
MuToMa Bara nanbHuka (kr/ MBT) ~20

MuToMi BUTPaTH en.eHeprii (KBT/Tkan) ~20

KombiHoBaHMI cTpyMeHeBO
HULLEBMIA NaNbHWK

Koed. Hagmwky nositps (a)  ~1,05..1,1

Koed.pobouoro peryntosakhs (Kp)  ~6..8
MiHiManbHWA TUCK NpW NycKy (Pmiv) — ~75

MuToMa Bara nanbHuKa (Kr/ MBT) ~15

MuTomi BuTpaTH en.eHeprii(kBT/ Tkan) ~19

NaNbHUK NP1 poboTi Ha
NPUPOAHLOMY rasi

Koed. Hagmwky nositps (a)  ~1,05..1,1
Koed.pobouoro peryniosaHHa (Kp) ~10
MiHiMa bHWI TUCK NpK nycky (Pmi)  ~100

Mutoma Bara nanbHuka (kr/ MBT) ~12

Mutomi BuTpaty en.eqeprii (kBt/ Tkan) ~18

B TabGnuii npuBeaeHi nonepeani JaHi BUpoOyBaHb KOMOIHOBaHHX CTPYMEHEBO-
HUILEBUX MaJbHUKOBUX TMPUCTPOIiB. 3 HEI BUJHO, IO B IIJIOMy KOMOIHOBaH1
CTPYMEHEBO-HIIIOBI MaJbHUKK 3a0€3MeuyloTh JEMI0 Tipiil 3HAa4YeHHS TaKuX
napaMmeTpiB, sk kKoedimieHT podoyoro perymoBaHHs (K,), muToMa Bara najabHHUKa Ta

IMUTOMI BUTPATH €IEKTPOEHEPrii, HXK CTPYMEHEBO-HIIIOBUN MAJIbHUK PO3PaxOBaHUN
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Ha CIIAIFOBAaHHS OJHOTO BHJA nanuBa. [IpoTe 11e € HEBEIMKOO I[IHOK 32 MOXKIIMBICTh
CTIJIIOBATH JIBa Ta O1JIbIIIE BUIM MAJIMBa 3 BIIHOCHO OJTHAKOBOIO e(heKTHUBHICTIO. BapTo
BIJJ3HAUUTH, 110 MOKA3HUKU KPUTUYHOIO KOE(DILIEHTY HAUIMLIKY MOBITPS (Okp), TA
MIHIMaJIbHOIO TUCKY MNpU NYCKY (Puycc) OLIbIII a0 pIBHI HUM XK€ Yy BUIAAKY
KJIIACHYHOTO  CTPYMEHEBO-HMINIEBOTO TaJbHUKA. A pemTa MpoaHaIi30BaHUX

napaMeTpiB Bce Il IEPEeBEPIIYIOTh PIBEHb NAJIbHUKIB 1HIIKUX THITIB.

3 nocBiny MozepHi3alii BOAOTPIMHUX Ta TApOBUX KOTJIIB HA OCHOBI CTPYMEHEBO-
HUIIEBOI TEXHOJOTii, 3a0e3MeueHHs] MPEACTaBICHOIO0 PIBHSA TIOKAa3HUKIB Ja€
MOKJIMBICTH 3a0e3neunT Bucokuil piBeHb KK/ (Buile macmopTHOT0), MOXIMBICTD
e(eKTUBHOI POOOTH B IIMPOKOMY Jiana3oHi MOTYKHOCTEeW Ta Oe3neky mycky. Kpim
TOTO, TEXHOJIOTiS O3BOJIE 3MEHIIYBAaTH €MICII0 LIKIJIMBUX PEYOBHUH JO PIBHIO
€BpOINEchKUX HOpMaTuBIiB (Hacammepenq NOX) 3a 10mOMOTor e€(GEeKTHUBHOTO

BUKOPUCTAHHS PEUUPKYJISIIT AMMOBHUX ra3iB.
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JOJATOK A. Crniucok myO:ikariiii 3m100yBaya 3a TEMOO JUcCepTaIllii.
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MeniomexHiumi npoyecu u YCMAmKY8aHHsl, (1-2), 47-54.

https://doi.org/10.20998/2078-774X.2022.01.08 (/[ucepmarnmom nposedenuii 02asa0
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EeKCnepUMeHmanbHux 00CII0HCEeHHSIX.)

3. Kynuk A., A6aynin M., OcoO6aMBOCTI CTBOPEHHS OJHO- Ta OaraTomaJMBHUX

NaJbHUKOBUX TpuianiB. Bueni sanucku THY imeni B.l. Bepnaocvkoco. Cepis:

Texniuni Hayku Tom 36 (76) Ne 4 2024 ctp.1-5 https://doi.org/10.32782/2663-

5941/2024.5.2/01 ([{ucepmanmom BUKOHAHO 0218008y HACMUHY NYOIIKAYi,

CcPOpMYIbOBAHO NOCMAHOBKY 3A0AYi MA OKPECIeHO OCHOBHI 0COOIUBOCMI MEXHIYHO20

8NPOBAOINCEHHS DA2amONAIUSHUX NATbHUKIE ) NPOMUCTIO8E GUKOPUCTNAHHSL.)

4, Kynuk A., A6aynin M., Cipuii O., Tkauenko C., Kynuk A., Boilers
modernization due to energy-ecological improvement technology of burning. Journal
of the Chemical Institutes of the Bulgarian Academy of Sciences and of the Union of
Chemists in Bulgaria Bulgarian Chemical Communications, Volume 52, Special Issue

F (pp. 14-19) 2020 DOI: 10.34049/bcc.52.F.0002 Google Scholar, Scopus

(Hucepmanm onpayrosas pesxcumui kapmu ooo2pitinux komuie KBI'M-20.)
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9. AGnynin M., Kynux A., [Topxyn C., IlepcriekTuBH BHUKOpPUCTaHHS MpPOIaH-
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2021p. C.50-55.

10. Cipuit O., Abaynin M., Kynuk A., IligBuIineHHs peakIiiHOI 31aTHOCTI
MPUPOIHOTO Ta3y Ta mpomnaH-OyTany. «/Ipobremu exonocii i excniayamayii 06ekmie
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JNOJATOK b IopiBHssIbHA XapaKTEPUCTHUKA MPUPOTHOTO Ta3y Ta BOJTHIO.

Ha3zBa roproudoi XxapakTepucTuKu On. Bum. | Benuunna | Bennuuna
XapakTepu- | XapakTep-
ctuku CHy | uctuku Hy

Hipkua Temiora 3ropaHHs MJIx/M® | 335,88 10,79

Inpexc Bo66e (HroKyiii) MJx/m® | 13 39

Mexi cnamaxyBaHHs y cyMimi 3| %00

MOBITPSIM:

- HIWXK4Ya, Xy 5,0 4,0
- BHIIA, Xy 15,0 75,0

Teoperuuni BuTpaTH MNOBITPS Ha | M/M> 9,52 2,38

TOpIHHSA

Temneparypa ropinus | °C 2043 2235

(>KapoNpOTyKTUBHICTD)

O6’em npoaykTis 3ropanns (a=1) | M3/ 10,52 2,88

MakcumanbrHa IBUAKICTE | M/C 0,37 2,67

PO3IOBCIOKEHHS

(DOIMIMpPEHHS) TOJIYM sl

KoedimienT HaAIMIIKY MOBITPS 0O HA

MeXKax crajaxyBaHHS:

- HWKHIN MEeXI criaJlaXyBaHHS 1,8 9.8
- BUIIIA MEXI CrTaJlaXyBaHHsI 0,65 0,15

Teopetnuna norpeba y mositpi mms | m>/m 9,52 2,38

MOBHOTO 3TOpaHHs (CTEX1OMETpUYHA

KITBKICTB MOBITPS)

[linpHIiCTH Kr/m> 0,71 0,089
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JOJATOK B - XapakTepucTHKU TOPIOYHX Ta3iB

BnactusicTts rasy Ommmus | 133
Bonaenb [Ipomnan byran Metan CO AneruiieH

I'yctuna Kr/M3 0,091 2,003 2,702 0,716 1,251 1,172
Mexa NOmUpEeHHs MOTyM s

-amk4a Cy 00. % 4,11 2,21 1,91 5,0 12,55 2,55

-suia Cpg 00. % 75 9,5 8,5 15,0 74 81
Temnepatypa 3ananeHHs t3an

°C 530-595 530-565 490-565 645-850 610-655 | 335-500

HopmanbHa mBHAKICTh PO3TOBCIOI-
JKEHHS I0TYM’ST UHax cM/cC 315 39,1 37,91 29-33,1 - 171
CrexioMeTpUYHHIN KOEDIIIEHT:

-Ly M3 /v 2,39 23,91 31,02 9,51 2,39 11,9

-Lo KI'/KT 34,52 15,71 15,47 17,24 2,48 13,26
Hixua temora sropsans Q' M)/ m> 10,77 96,1 118,6 35,7 12,57 56,02
Temneparypa ropiHHS Trmax C 2241 2154 2117 2041 2379 2665
Enepris 3anamtoBanus, Qsan M/JIx 0,018 0,38 0,37 0,47 - 0,012
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JNOIAATOK . Axt BipoBamxents HTL] «Dnoricton

TosapcTRD 7 OfMENERTI BUTICORLTAMERICTIO
«HAYKOBO-TEXHIYHWI LJEHTP

«@AOTICTOH»

gux Nt 2-2025K 04.02.2025 POKy

AKT
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