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Opnechka AepkaBHa akaaeMis OyAIBHULITBA Ta apXiTEKTYpH

MATEMATHYHHUM AHAJII3 1 MOAEJIOBAHHS
3HUKEHHSI KOHLEHTPALIL PAJOHY B IPUMILIEHHI

Anomayia: Ompumano  AHANIMUYHI  3ANEHCHOCMI  WOOO  BU3HAYUEHHS
konyenmpayii Paoony 222 (*’Rn) y noeimpi npumiujenv pizHo2o npusHauenus, oe
Mae micye npocoyy8anHs 2a3y uepe3 HewiibHOCmi ab0 MPiuUHU 8 020P00IHCYBAILHUX
KOHCMPYKYISX (bombocxosuwa, nio8anvhi, HANi6NioOBaAIbHI HeHCUMI08L MA HCUMILOB]
NPUMIWEHHST Nepuioco-mpemvpoco nosepxieé oOyodieenrv 1 cnopyo). Ha ocHosi
OMPUMAHUX QOPMYTL CMAB8 MONCIUBUM PO3PAXYHOK 3MIHU KOHYeHmpayii 2a3y 6
00CTIOAHCYBAHOMY NPOCHOPIL.

Po3pobrnena mamemamuyuna mooens, Wo UKOPUCMOBYE YUCETbHE MOOETIOBAHHSL
ANSYS CFD (Computational Fluid Dynamics) niomeepouna pesyismamu
PO3PAXYHKY 3a OMPUMAHUMU AHATIMUYHUMU 3anedchocmamu. Ha ocnosi pieusams
HepospueHocmi ma ycepeonenux 3a Petinonvocom pisnanvs Hae'e-Cmokca "RANS"
(Reynolds-Averaged Navier-Stokes) ompumarno pezyromamu wo0o 3MiHU CMAHY
NOGIMPAHO20  cepedosuwa Yy  BEHMUIbOBAHOM)Y  NPOCMOpI:  2pagik  3MiHU
konyenmpayii “Rn  cnouamky 3a6pyonenozo npumiwenns (500 Br/m’) 0o
HOPMAMUBHOI 8eIUYUHU 8 YACI NPU HAOXOONCEHHI ITHEPMHO20 2a3y 00 NPUMIWEeHHS |
pobomi cucmemu 3a2aibHO0OMIHHOI 6eHmuaAYil; Mmacoeoi yacmku “*Rn y uaci no
O00CSACHEHHIO BeIUYUHU OONYCMUMOI HOPMAMUBHUMU OOKYMeHmamu YKpainu, niHii
meuii *’Rn (Velosity Stream Line). Ompumano inoicenepmi Gopmynu Ol po3paxyHKy
3HUdICEHHA Konyenmpayii *>Rn npu pobomi cucmemu 3a2aibH00OMIHHOL 6eHMUNAYIL.
Pexomenoosana cxema nogimpooominy 6 NpUMilyeHHAX 3 Ha0xXo0dcenHam “**Rn uepes
HewinbHocmi abo mpiwunu 6 niono3i - "mooawa NpunIUBHO20 NOBIMpPsL 36epx)y -
BUOANIEHHS BUMANCHO20 NOBIMPS 3HU3)Y".

Knrouoei cnosa: xonyenmpayis (*’Rn), padioakmuenuti po3nad, padioakmueme
3a0pyOHeH s NPUMILeHb, NPUNIUBHO-BUMSANCHA 8EHMUTIAYIA.

Beryn. Panon — e pajgioakTuBHUM 1HEPTHHI ra3 0e3 3amaxy, KoJbopy Ta CMaKy.
Jlist 3a0e3neuenHs paoHOBOI Oe3MeKkr HeoOX11H1 BJOCKOHANIEHI METOAN PO3PAXYHKY
Pal0aKTUBHOCTI MOBITPSHOTO cepeaoBuia [1], 1mo MoxyTh OyTH CTBOPEHI Ha OCHOBI
¢bi13uKO-MaTeMaTUYHUX MOJENEH MPOIECiB BUAUICHHS PaJoHy Ta HOro MPOHUKHEHHS
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B npuMminieHHs. Panon HeOe3neuyHu palloaKTUBHUMH MPOIYKTAMU CBOTO PO3MALY.
Bin yTBOproeThcsi KuibkoMa nuisxamu. OJMH 13 HaWMOIIUPEHINHNX — Yy MpoIeci
MIPUPOTHOTO PATIOAKTUBHOTO PO3May ypaHy, IO MPUCYTHIN y TIPChKUX MOpoaax i
rpyHTax. PajgoH eauHuil 13 OnaropogHuX Ta3iB, IO HE Ma€ CTAOUIBHUX 1 JOBIO
YKUBYUYHX 130TONIB. BiH pO34YMHSETHCA B KPOBI, BOAI Ta IHIIUX PIAMHAX OpPraHi3My,
3HAYHO KpaIllle PO3UYUHSIETHCS B KHUPAX, M0 3yMOBIIOE €(DEKTHBHE MOTIIMHAHHS HOTO
YKUPOBUMH TKaHMHAMU MPU HAJAXOHKEHHI B OopraHi3m [2]. PagoH Moxke IpOHUKATH B
OpraHi3M HaBiTh dYepe3 Heymko/pkeHy mwmkipy [3]. Ilpomyktu posmamy pagoHy
BUCOKOTOKCHYHI: 116 KOPOTKOKMBYYl 130TOIMU TMOJIOHIIO, BicMyTy U cBuHIt0. Came
BOHU 3TyOHO BIUIMBAIOTh HA OPTaHi3M JIFOAUHHU.

Pamon wHagxomuTh Yy ImiaBambHI 1 Jadi  JKUTIOBI MPUMIIICHHS  KpPi3b
OTOPOKYBaJIbHI KOHCTPYKIII 3 PO3JIOMIB y 3€MHIM KOpi, BiJI YPAaHOBHX BHUPOOOK,
m1axt, mTojieHb. B Ykpaini HaliOuibllla moTeHI1Ha HeOe3nmeKka BiJ pajoHy ICHYE B
MeKax YKpaiHChKOTO KPHCTAJIYHOTO IIUTa, OCOONMBO Ha CTHKaxX 13 CYCiIHIMHU
TEKTOHIYHUMU IMTaMu 1 tuiargopmamu (puc. 1). e oguH HUIsX MPOHUKHEHHS
paZioHy B IPUMIIICHHS — HAJXOKEHHS 3 aTMOC(HEPHUM MTOBITPSIM.
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3rigno 31 3BitoM BOO3, no 14 % ycix 3aXxBOpiOBaHb Ha pakK JIETEHIB y CBITI
NOB'A3aHI 3 BIUIMBOM Ha JIIOAMHY CaMe€ LbOr0 IHEPTHOro Ta3y. 3a KOHUEHTparlii
pagony B 100 Bx/M’ y npuMilleHHI, PH3UK OTPUMATH OHKOJIOTIKO JIEr€HiB
30uIbIIyETHCS 110 16 %. [4, 5].

OcraHnHi gocaimkeHHs Ta myOsikanii. € YUCIEHH] TOCTIHKEHHS NOMNUPEHHS
paioHy:

* y IUTHIN Boxi [6, 7];

* mpupogHOMY rasi [8];

* IpyHTOBOMY MOBITPi [9];

* armocpepHomy noBitpi [10];

* Y IOBITP1 MPUMIIIEHB KUTJIOBUX 1 TPOMaJICEKUX OymiBensb 8, 11].

[TomroBXoM /10 BUIIE3a3HAYEHUX JTOCTIIKEHb MOCIYTyBalIM JaHl, OTpUMaH1 y
[IBewii B cepearHl MUHYJIOTO CTONITTS, II0JJ0 BUCOKOTO BMICTY PaJOHY B KMTIOBUX
OyHiBJIsIX, SIK1 HE TIOB’s3aH1 3 BUPOOHUYOIO JIISTbHICTIO YpaHOBUX maxT [12].

VY 3apyOiKHUX KpaiHax piBE€Hb pPaJlOHY B MOBITPlI BUMIPIOETHCA B OJMHHULIAX
aktuBHOCTI pafoHy (OA), y mocTpaasHChKuX KpaiHax (A3zepOaiimxaH, bimopychs,
Kupruzis, MonnoBa, TamkukuctaH, YKpaiHa) BUKOPUCTOBYIOTHCS TOKAa3HUKHU
cepeHpOPiuHO1 eKBiBaeHTHOI oqunuLi aktuBHOCTI (EPOA) i30TomiB pamony (***Rn,
20Rn) [1].

3a oIllHKaMH, cepelHii piBeHb 00'eMHO1 akTUBHOCTI (OA) pagoHy B MOBITpI
OpUMIIIEHb y CBITI cTaHOBUTH Onu3pko 40 bk/M?, mpore B KpaiHax 13 BUCOKUM
npuponauM pamiariitaum dorom (IIIBetinapis, Cepbisi) 1eil piBeHb MOXKE B KiJIbKa
pasiB MepeBUIyBaTH CepeaHbOCBITOBUN [4]. Hampukman, y mkomax 1 JUTIYUX
caakax 20 kpain piBeab OA pamoHy BapiroeThest Bim 17 bx/m® (CayniBcbka ApaBis)
1o 317 bx/m?® (Cnoayunna) [13]. V nepioxa 3 2010 no 2020 pik piers OA panony B
NPUMILIEHHSAX MMOYAaTKOBUX KJAciB PI3HUX KpaiH BapitoBascs Big 27 no 480 bk/m?,
cepenHe apudMeTHuHe 3HaueHHs craHoBwio 133,43+95,14 br/M?, a cepenHe
reomerpuune — 109,06+1,87 bx/m? [9].

Ha rteputopii Ykpainu ([HinmponerpoBcbka, KipoBorpaaceka, XKutomupcbka,
Binnunpka ta Yepkacbka o06yacTi) BiloMi aHOMaTii, SIKI B JIECATKH 1 COTHI pa3iB
NEPEBUIIYIOTh HOPMATUBU JUIsl paJIoHy B OyI1BIsAX, OyAiBEIbHUX Marepiajax 1 BOII.
MOHITOPUHT pafioHy B pPI3HUX 00JacTsIX YKpaiHU BHSIBUB, IO i (PakTH HE €
OMMHUYHUMH. Pe3ynpraTn oOCTe)eHHs moHaj 24 Tuc. OyaiBeNlb PI3HUX THUIIB Jald
3MOTYy BCTaHOBUTH, 1O B 19 % OyniBenb KOHUEHTpalii paJoHy MEPEeBUILYIOTH
100 Bx/m°, a B 0,3 % Oynisens Oya0 3adikcOBaHO KOHLEHTpAIi, 0 NEPEBULLYIOThH
200 Bx/M’. B okpemux Bunaakax Oyiau 3adikcoBaHi KOHIEHTPALIL, 110 MEPEBULYIOTh
500 Br/M’ [14].

Ha VYkpaincbkomy muTi (nuB. puc. 1) posramoBani JKutomupcbka, BiHHuIbKA,
KipoBorpaaceka Ta 3amopi3bka o00JacTi, CXiJHI 4YacTMHM PiBHEHCBKOi Ta
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XMeNbHUIIBKOT ~ oOnacTi, IMBHIYHO-CXIOHI  4vacThHH  Opmecbkoi,  KwuiBcbKO1
(mpaBoOepexxsi) Ta Yepkacbkoi oOnacTeil, MiBHIYHI YacTMHM MMUKOJIAIBCHKOI,
JlHimporneTpoBchKkoi (paBodepeskoks) Ta Uepkachkoi obmacteii. Tomy B OyIiBISX ITUX
oOyacTeil 4acTo CIOCTEePIraEThCs MEPEBUIIICHHSI HOPMATUBIB 3a pajoHoM. OIliHKa 103
ONPOMIHEHHSI HAceJeHHs YKpaiHM CBIIYUTh MNP0 3HA4YHI Bapialii pajgoHy B
npumitieHHsx Oynisens [ 14, 15].

CrBopeHHsi KoM(OpTHOro, O€3MEYHOr0 MIKPOKIIMATy B MPUMIIIEHHI €
TIEPIIOYEPTOBUM 3aBIAHHIM y PaiiOHaXx i3 MiJBUIIEHO KOHIEHTpaIiero “Rn.

Mera i 3aBnanHs gociaixkeHHss. MeToro € po3po0IeHHS METOIUKU PO3PAXyHKY
TUTSI TOCSATHEHHS:

* 3HIDKEHHS pagialiiiHoi akTuBHOCTI *Rn y po6ouiil 30Hi MpUMILIEHHS;
* TMPOIO3HUINS CXEMH IMOBITPOOOMIHY, IO BUKIIOYAE MOXKJIUBICTh HAIXOJKEHHS
pPaJl0aKTUBHUX 130TONIB y 30HY JUXAHHS JIFOAUHU.

3aBHaHHSAM JIOCIIDKEHHS € CTBOPEHHS MAaTeMAaTHYHOI MOJEIN Ta 1HXXEHEPHOTO
METOy IPOTHO3YBaHHs OLIHKU 3MiHM KOHLEHTpaIi **Rn y npuMilleHHi.

OcHOBHA yacTHHA.

Buxinnai ymoBu:

*  i30150BaHa IUIOMHA JOCIIHKEHHS (pHc.2), IIOmE 6 M%;
* [apaMeTpH MOBITPS B 130JIbOBAHOMY MPOCTOPI:
o rtemmeparypa noBitps: t=20 °C;
O OYAaTKOBMH piBeHb KOHIEHTpamii “*Rn: 500 Bx/M’;
O HaJXOMKEHHsS 3a0pyIHEHOrO IOBITPS 3 piBHEM KoHueHTpamii “*’Rn: 500
Bx/M?;
o armocepnuii Tuck: Ps = 101325 I1a;
* MapaMeTpH aHaJ130BaHOTO MOBITPOOOMIHY:
O HaJXOMKEHHS YUCTOIO MOBITPA y BEPXHil Touli 3 BuTparow 120 m°/rox 3
KOHLEHTpawieo “*Rn: 0 Bx/M’;
o BHAajeHHs 3a0pyIHEHOrO MOBITPsS B HYKHIM TouLi 3 BuTparorw 120 m°/rox
32 YMOB BUTICHSIFOYOi BEHTHUJISAIIIT;

MogentoBaHHs HAAXOKEHb IMKIIJIUBUX PEYOBUH IO 130JbOBAHOTO MPOCTOPY
MPEACTABICHO Y CXeMI1 JOCIIKEHHs Ha puc.2. I3 3acToCcyBaHHSIM OOYHCIIFOBAIBHOTO
rigponuHamiuHoro komriiekcy mozemoBanHs ANSYS CFD (Computational Fluid
Dynamics — oOGuuciroBaibHa T1Ipora3onHamika), CTBOPEHO MaTeMaTH4YHY MOIEINb,
AKa iMiTye HagXomkeHHS ““Rn Kpi3h IMUIMHHMN 3a30p KOHCTPYKLil Iimjord 3
CHUCTEMOIO IOBITPOOOMIHY, IO TpaIfo€, B IUIOIMIMHI JOCIIKEHHSI. MoemtoBaHHS
HaJXOKEHb “*’Rn 31ificHEHO B HECTALiOHAPHUX yMOBaX 3 ypaxyBaHHAM pOOOTH
BeHTWIAL1I. CxeMa opraHizaii MoBITPOOOMIHY CTaHAApTHA JUIsl BUJATICHHS BaXKKHUX
ra3iB: TOJABaHHSA TOBITPS 3 BEPXHbOI 30HM CTPYMHUHAMU BEPTUKAIBHO BHU3,
BUJIAJICHHS 3 HIKHBOT 30HHU.
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CTenroBHH
mady30p 3 CTATHYHORO
KaMeporo

Hagxomxenns
THCTOTO TIOBITPA
L=120n’/Tox

[301B0BaHHHA
TPOCTIp JOCTiMKSHHA
3 IIOYATKOBHM pIBHEM
3a0py THeHHA.

Konmentpanis  2*Rn
500 Br/a’

Bunanenns
To4ka HaxomxeHHA 126 Hinoro
3a6pyIHEeHOTO MOBITPA 3 Py
piBHEM KOHIleHTparii -2°Rn IOBITPA 373 paxyHOK
BHTHCHEHHSA

3
500 Br/m L=120Mm3/ron

0,00 1000,00 2000,00 (mm)
I 4 S )

500,00 1500,00

Puc. 2. CxeMa MOJIENIOBAHHS HAIXO0LKEHb 2“Rn Ta OBITpoOOMiHy

Hacamnepen, B 130150BaHOMY TIPOCTOPI (pUC. 3) BU3HAYEHO 3MIHY KOHIIEHTpAIi
*2Rn B 4aci CIOCTEPEKEHHS, NMPU OJHOYACHOMY HAIXOMKEHHI KOHIEHTpamii “*Rn
500 Bx/M’ (macosa konuentpanis MF(**Rn)=1.05-10"°) y Hmxkuiii obmacti Kpi3b
HIUTMHHAM 3230p KOHCTPYKIIIT MIAJIOTH, @ TAKOXK Mepea0adyeHiil BEHTHIISIIII.
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Ts=130¢c

Ts=430c

Puc. 3 MogentoBaHHsI HaIXOIKEHb PAJIOHY

I'padix 3minu MacoBoi konuenTpanii (Mass fraction) i piBus panianii (bx/m’) 3a
JacoM TMOJaHO Ha puc. 4. 1 puc. 5. ISl TOYKU B poOouiii 30H1 Ha BiacraHi 1,0-1,2 M
Bl piBHA mimnoru. Jlns po3paxyHky KoHuUeHTpauii pagoHy C(f) B HpUMIILEHHI
3aJIeKHO B1J] Yacy ¢, BAKOPUCTOBYEMO PIBHIHHS OanaHCy MacH JUIsl paJoHy:

dCt) — 0 Cin= Qo€ +£_
dt 4 v

el (1)
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Mass fraction
222RN

1,05E-16
9,5€-17
8,5E-17
7,5E-17
6,5E-17
5,5E-17
4,5E-17
3,56-17
2,5E-17
1,56-17

0 1 2 3 4 5 6 7 8 9 10 11 12
Time [ min ]

Puc.4 I'padik 3miHM MacoBoi KOHIEHTpallii “*Rn 3a yacom

e, 3rigHo 3 Buximaumu nanumu, C(f) — KOHIEHTpaLis pagoHy “*Rn y npuMiieHHi
(Bx/M?); t — vac, rox; Oy, — IPUILIMB MOBITPs, M>/TOA, y Aauii podoti Qi =120 m*/rop;
Qo — BULATEHHS TOBITPs, M/TOA, Qou = 120 M’/ron; Ci, — KOHIEHTpALis pagoHy
*Rn y npumiueHomy nositpi (Bk/M’), y maniit po6ori C,, =0 Br/M’; V — 06’em
npuminmieHns, m°, V=12 M’; S — mBHAKICT, BHAUIEHHA ““Rn y npuMilleHHi
(Bx/rom), S§=500 Br/M’rom; A=In(2)/Ti»=0,007561 — crana pamioOaKTHMBHOIO
posnaxy rox ', Tin = 91,68 rox — nepio HamiBpo3mamy pPajoHy.

SIK1110 MiJICTaBUTH YUCEIbHI 3HaUeHHs B (1), oTpumaemo:

dClt)
dt

=—10.00756-C [¢|+41.67 (2)
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Radioactive **2RN,
A [Bg/m?]
500

450
400
350

300

100

50

0 2 4 6 8 10 12
Time [ min ]

Puc. 5 I'padik 3Minu piBHs pagioakTuBHOCTI **Rn 32 yacom

PiBHsiHHS (2) — ue niHiiHe qudepeHianbHe pIBHIAHHS nepiioro nopsaaky. Moro
PO3B'AI30K Ma€ BUTIIA;

C(t) = Coem + (CO - Cgcm)'eik't, (3)

1€ Ceon = S/Q + A V)= 4,163 Bx/M® — KOHIEHTpALlig PaJOHYy, 1[0 BCTAHOBUIIACS,

Cy — moyaTkoBa KOHLEHTpalis pamony, br/m’; k=(Q/V)+A=10,00756 rog ' —
KOEQIIIEHT.

[TopiBHsUTPHUM ~ aHaAI3 KOHIIGHTpaIlli TpPH  3aCTOCYBaHHI  IMPOTPaMHOTO

13
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koMmiiekcy ANSYS FLUENT Tta po3B’sizky nudepeHiiagbHOro piBHSHHS OanaHCy
MacH, KW MPEACTaBICHO TpadidHo Ha puc. 6, BKa3ye, MO PO3paxyHKH HaOYyBarOTh
MaiKe 1ICHTHYHUX 3HAYEHb.

Radioactive ??RN,
A [Bg/m?]
500

Legend

Ansys Fluent

450

solution of first order differential equations

400

350

300

250

200

150

100

50

0 2 4 6 8 10 12
Time [ min ]

Puc. 6 PesynbraTi po3paxyHKiB pagioaKTUBHOCTI:

YEPBOHHM — MOJICIIIOBAHHS; OJJAaKUTHUM — 32 PIBHAHHM (3)

Jlinii Teuii mpm HagxomkeHHi “Rn Ta (yHKIIIOBaHHI CUCTEMM BEHTHIIALII
HaOyBarOTh BUINIAAY (B ruioniuHi jgochiimkeHHs X-Y) Ha puc. 7. Ilig gac posrisamy
3MiHM KOHIIEHTpamii “Rn JOIIIbHO TaKOX PO3IJISAaTH PyX HOBITPAHOIO MOTOKY Air
Mass Fraction, sik TOMIHYBaJbHOTO TMOTOKY, IO 3aJly4a€ 10 CBO€I cepu BIUIUBY
OutbI piOHI Teuli (puc.8). AHami3 puc. 3, 7 1 8 0JHO3HAYHO MOKA3y€e JOIIBHICTh
3aIpPOTIOHOBAHOI CXEMHU OpTaHi3allii MOBITPOOOMIHY /IS MPUMIIIEHb, Y SIKI POHUKAE
*Rn. AKe YCYHYTO MOKIIUBICTh HiIHATTS PaJOHy B 30HY AUXAHHS JIOAMHM.

14
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T3=600c

Puc. 7 ®opmyBaHHs JiHIT TOKY
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T=180c

Puc. 8 MopemroBanus Air Mass Fraction

BucHoBKH. 3amponoHOBaHO 1H)XXKEHEPHY 3aJ€XKHICTh S PO3PaxXyHKy 3MIiHH
KOHIEeHTpanii “*Rn, 1mo mae no0py 30DKHICTH pe3y/ibTariB 3 MaTeMaTUYHOK
monemmo. Lle mae 3Mory mporHo3yBaTH MOXIIMBICTH 3HUKEHHS Pa/il0aKTHUBHOTO
3a0pyIHEHHSI PUMIIIEHb, 3a0€3MeUeHNX BEHTUIIAINIEIO.

30DKHICTh  Pe3y/bTaTiB, OTPUMAHUX PO3PAXYHKOBUM IUIAXOM 1 TIpH
BUKOPDHCTaHHI MaTEeMaTHMYHOTO  MOJICTIOBAHHS, JIa€ 3MOTYy PEKOMEHIyBaTH
3aMpPOTIOHOBAHY 3aJICKHICTh IS TPAKTUIHUX PO3PaXyHKIB (TUB. pucC. 6).

Cxema mnoBITpOOOMIHY 'Mojaya MPUIUIMBHOTO TOBITPS 3BEPXY - BHJAJIEHHS
BUTSDKHOTO TIOBITpS 3HM3Y' YCyBa€ MOXKIIWBICTH KOHTAKTy JIETCHb JIONWHUA 3

16
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pal0aKTUBHUM Ta30M, 1 TOMY PEKOMEH]IOBaHa JI0 BIIPOBAKEHHS.
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MATHEMATICAL ANALYSIS AND MODELLING OF
REDUCING RADON RADIATION ACTIVITY IN THE BUILDING

Abstract: Analytical dependencies for determining the concentration of Radon
222 (*”’Rn) in the air of premises for various purposes where gas leaks through leaks
or cracks in the building envelope (bomb shelters, basements, semi-basement non-
residential and residential premises of the first to third floors of buildings and
structures) were obtained. Based on the obtained formulas, it became possible to
calculate the change in gas concentration in the investigated space.

The developed mathematical model, which uses ANSYS CFD (Computational
Fluid Dynamics) simulation, confirmed the results of the calculation according to the
analytical dependencies. Based on the continuity equations and the Reynolds-
Averaged Navier-Stokes equations (RANS), the results of changes in the state of the
air environment in a ventilated space were obtained:

- graph of changes in “’Rn concentration in the initially contaminated room
(500 Bq/n?’) to the standard value over time when inert gas is supplied to the room
and the general exchange ventilation system is in operation;

- concentration by Mass Fraction for *’Rn in time upon reaching the value
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permitted by the regulatory documents of Ukraine;

- “?Rn current lines (Velocity Stream Line).

The engineering formulas for calculating the reduction of *’Rn concentration
during the operation of the general exchange ventilation system were obtained. The
recommended scheme of air exchange in rooms with *’Rn inflow through leaks or
cracks in the floor is "supply air from above - exhaust air from below".

Keywords: concentration (*’Rn), radioactive decay, radioactive contamination
of premises, supply and exhaust ventilation.
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KuiBchkHii HalllOHAbHUNA YHIBEPCUTET OyAIBHULITBA 1 ApXITEKTYPHU

OPTAHI3AILIA POBIT MIABUILEHOI HEBE3IEKHU HA
NIIOPUEMCTBAX EKCILTYATAIIII TA30BOI'O TOCHOJAPCTBA

Anomauin. Haoitinicmv cucmem 2a3zonocmavyants YKpainu 3uHudiCyemvcs
BHACNIOOK 3HOWIEHHS 3HAYHOI YACMUHU 2A30Np0o600ie ma 0ONAOHAHHS, PYUHYBAHb
yepes obCcmpinu 2a30MPAHCROPMHOI Ma 2a30P03N00LIbUUX MepexC Ma 00NAOHAHHS
Ha nux. HopmamueHni OoKkymenmu 6U3HAYAIU NOPAOOK eKChayamayii cucmemu
2a30N0CMAYaHHs Y CIMAHOAPMHUX | CKIAOHUX [HXHCEHEPHO-2e0Nl02IUHUX YMO8AX, Npu
NOBHOMY 3ANOBHEHHI WMamuo2o posnucy nionpuemcms. Illpome ne onucauuil
NOPsIOOK eKCNLyamayii 8 ymoeax akmusHux 60ouosux Oitl, Wo 8e0ymvcs 8 30Hi pobomu
mepedici. 'Y 36°a3ky 30 30inbueHHAM 00°emy pobim i 0OHOYACHO 3MEHULeHHAM
KLIbKOCMI NPAYi6HUKi6 Pi3Ko 30L1bULYEMbC NUMOME HABAHMANCEHHS HA NPAYIGHUKIG
2azoeux eocnodapcms. Ilpayienuxu eumyuwieni supiutyéamu poooyi NUMAHHA, SKI
PpaHiue BUKOHYBANUCS CYMINCHUMU CIyxcoamu. Hapazi neOocmamubo HOpMAmMuGHUX
0OKYyMeHmi8 SKi pe2lameHmysaiu ou pooomu wooo 00CHY208Y8AHHS U PEMOHMY
2a308UX Mepedc 6 YMOBAX HNOWKOOJCEeHb [ pYUHY8aHb, SKi 6I00yeaomvcs Ha
mepumopii’ Ykpainu. ¥ pobomi npononyemocs pso 3axoodie 3 opeanizayii 6e3neunoco
BUKOHAHHS poOim nio8uuyeHoi Hebe3neKu Ha NIONPUEMCMBAX eKCNiIyamayii 24306020
eocnooapcmea. Heobxiono ma uwac 60€HHUX Ol nepecnaHymu 8UMOSU OO
KeaniQhikayitinoco pieHs GUKOHABYI8 poOim npu O0OHOYACHOMY 3a0e3neyeHHl
NOCUNEH020 KOHMPOJIO 3 OOKY KepIiBHUKIE 2a30HeOe3neyHux pobim ma 00C8iOYeHUX
unenie Opucaou. Illposooumu nozauepeosi HABYUAHHA NPAYIGHUKIE NPABUIAM
Oe3neuno20 Ge0eHHsl 2a30HeOe3NeyHuUx i asapiHux podim 6 YMOo8ax 60CHHUX Oill.
Pospooumu npoepamu nasuamns euxonanus pobim niosuujeHoi Hebesneku OJis
gaxisyis, sKi maioms 0C8IiMy y CYMINCHUX cghepax.

Knrwouoei cnosa: poooma niosuwenoi Hnebesnexu, eazonedesneuni pobomu,
Hapsi0-00NyCcK, OXOPOHA Npayi, 2a30N0CMa4aHHs.

Beryn. Bignosigno no Koncrutynii Ykpainu, jironuna, ii ®KUTTS, 370pOB’S Ta
Oe3reka € HaWBHIIOK COIIAJbHOI I[IHHICTIO, KOXKHHU TpaljiBHUK Ma€ IMPaBO Ha
HaJieXH1, Oe3MeyHi W 310poBi YMOBH mparii. ToMy 3a0e3nedeHHs 3710pOB’sl 1 KUTTSA B
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mpoIrieci TPYAOBOI AiSIIBHOCTI, OCOOJMBO MPU BUKOHAHHI POOIT, SIKI MAlOTh O3HAKU
MIJBUIICHOT HEOE3MEeKH, € IyK€ BAXKIUBUM 1 aKTyaJlbHUM. 3arajibHi MPUHIUIH
JIEp’KaBHOI MOJIITUKHU Yy cepl OXOpOHU mpa gas supply 1, nepeadayaroTb CTBOPEHHS
HaJEXKHHUX, O€3MeYHUX 1 3J0pOBUX YMOB Mpalll, 3al00IraHHs HEIaCHUM BHIaJIKaM Ta
npodeciiinuM 3axBoproBaHHsIM. OLIHKa peaJbHOro CTaHy OXOPOHU Ipalll B YKpaiHi B
KOHTEKCT1 Oprasizauii Oe3MeyHOro BUKOHAHHS pOOIT MIABUIIEHOI HEOE3MeKu Ha
HiJIPUEMCTBAX MO €KCIUTyaTalii ra30BOro rocnoAapcTBa € METOK poOOTH.

OcHOBHI TepMiHHM, BUKOPUCTAHi y po0oTi:

OxopoHa npayi — cucTeMa MpaBOBUX, COI1AJIbHO-EKOHOMIYHUX, OpraHizaliiiHo-
TEXHIYHHUX, CAHITAPHO-TIT€HIYHUX 1 JIKYBAJIbHO-NPO(UIAKTUYHUX 3aXO0/IIB 1 3aCO0IB,
COPSIMOBAHUX Ha 30€peXKEHHS JKUTTS, 30POB’S 1 MPALE3AATHOCTI JIFOAUHU B MPOLIEC]
TPYZAOBOI AisibHOCTI [1].

Poboma niosuwenoi nebesneku — pobOTa B yMOBax BIUIMBY UIKIJJIMBUX 1
HeOe3MeYHnX BUPOOHMYMX YMHHUKIB ab0 Taka, e € norpedba B mpodeciiiHomy
n000pi, 4M MOB’sA3aHa 3 OOCIYrOByBaHHSM, KEPYyBaHHSIM, 3aCTOCYBAaHHSAM TEXHIUYHUX
3aco01B mpail ad0 TEXHOJIOTIYHUX MPOIECIB, 10 XapaKTEPU3YIOThCS MIJBUILEHUM
PU3UKOM BUHUKHEHHS aBapiil, MOXKekK, 3arpO3H KUTTIO Ta 3aMOAISTHHS IIKOAU.

Ilpogecitinuii 006ip — CyKYNHICTh 3aXO/1B, MPU3HAYEHICTh SIKMX — JOOUpaTH
oci0 JUisi BUKOHaHHSI, 0€3 YIIKOIKEHHS IXHbOTO 3[I0pOB’s, TIEBHOTO BUAY TPYAOBOI
JTISJIBHOCTI 32 IXHIMHM  HpO(eciiHUMU  3HAHHSAMH, aHATOMO-(1310JOTTYHHUMH,
ncuxo(i310J0TTYHUMU Ta TICUXOJOTTYHUMHU OCOOTUBOCTSIMU U BIKOM.

l'azonebesneuni pobomu — poOOTH, MiJl YaC BUKOHAHHSA SIKUX € a00 MOXe OyTu
BUJIUICHHS B pO0OUYY 30HY BHOYXO- 1 MOXkKeKOHEeO0e3MeuHoi a00 MIKIJTMBO1 MMapu, ras3iB
Ta IHIIUX PEYOBUH, 3/JATHUX BHUKJIMKATH BUOYX, 3aropaHHs, B KUIbKOCTSX, IO
NEPEBUIIYIOTh T'PAHUYHOJOMYCTUMY KOHIIEHTpAIll0, a TakoXK poOOTH mpu
HEJI0CTaTHbOMY BMICT1 KUCHIO (00’ €MHa yacTka Hux4e Hixk 20% y moBiTpi) [2].

Ocranni xocairzkeHHs Ta nyoJaikauii. [lutanHs npoBeneHHs ra30He0e3MeYHNX
poOIT po3misfalocs B TAaKUX HOPMAaTUBHUX JOKYMeHTax: 3akoH Ykpainu «llpo
oxopony mnpaui» [1], HITAOIT 0.00-5.11-85 TumoBa 1HCTpYyKLis 3 oOprasizaiii
Oe3reyHoro TMpoBeAeHHs ra3oHebe3neynux poodit [3], HITAOIT 0.00-1.76-15
[IpaBuna G6e3nexu cuctem razonoctadyanss [4], IbH A.3.2-2-2009 Oxopona mpaiii 1
npomucioBa Oe3neka y OyaiBHUITBI [5], Kogeke 2:2021. ["a3opo3noaiipul cucTeMu
[6].

Pekomenpaiii 11010 TPOEKTyBaHHA, OyIIBHUIITBA, KOHTPOJIIOBaHHS 32
OyJIIBHUIITBOM, YBEJECHHS B €KCILTyaTallilo Ta eKCIuTyaTallli ra30po3noiIbiuX CUCTEM
HaBelleHl B [6]. Ymepie UM JTOKYMEHTOM OIMCAaHE BUBEICHHS 3 €KCIUTyarallii Ta
HaBEJICHUI MPUKIIA]] aKTy PO3MEXKYBAaHHS €KCIUTyaTalliitHO1 BIIMOBIIAIbHOCTI Ira30BOi
Mepexi Ta Oprasizanli MIpoBeIeHHs ra30He0e3MeYHNX POoOIT.

Bynu po3pobneni OnepaliiifHi KapTy TEXHOJIOTTYHUX MpoueciB [7], y sSkux Oyio
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BU3HAYCHO TOPSJOK BUKOHAHHS Tra3oHeOe3neyHux poOiT, cknaxg Opuraaw,
KBaIl(piKaliifHI BUMOTM [0 MpaliBHUKIB, TPUBAJICTh BHUKOHAHHSA pOOIT, TOMIO.
[IpoOnemHi nUTaHHS €KCIUTyaTalli 1HXKEHEPHUX CHCTeM OYyIMHKIB 1 CHOpYH MiJ 4Yac
BOEHHOTO CTaHy po3misganock B poOoTi [8]. 3 2024 poxky Bu3HaueHi MiHIMalbHI
BUMOT'H 10JI0 O€3MeKU Ta 37A0pOB’sl Ha POOOTI MiJl YaC BUKOHAHHS Ta30HE0E3MEeUHUX
pooit [9]. 3 2025 poky nitote IlpaBuna TexHIYHOI eKCIUTyaTallii CHCTEM
razonocradanHs [10].

OcHoBHa yacTuHA. BiiblIicTh poOIT HA MIANPUEMCTBAX Ia30BOr0O TOCIOIAPCTBA
€ poOoTaMu MiABUIIEHOT HEOe3MeKH, TOOTO ISl iX BUKOHAHHS MOTPIOHO MOMEPEIHE
CrielllaJibHE HaBYaHHS 1 MEPEBIPSHHS 3HaHb 3 MUTAaHb OXOPOHM IMpalll. 3HAYHOIO
YaCTHUHOIO POOIT MiJBUIIIEHOI HEOE3MEeKH Ha MiJNPUEMCTBAX €KCIUTyaTallli ra30BOro
rOCIIO/IapCTBa € ra30He0e3neyH1 pOOOTH.

Kepytouncs Ilepenikom poOiT 3 miaBuilieHO0 HebOe3nekoro [11], 3 ypaxyBaHHsIM
cnenu(ikd BUPOOHMIITBA, HA MIANPUEMCTBI €KCIUTyaTalli ra3oBOr0 TOCIIOapCTBa
MOBUHHO OyTH pPO3pOOJIEHO 1 3aTBEPKEHO TNEpesiK pPoOIT 3 MIJBUILEHOIO
HeOe3nekoro. Jist npoBeeHHs IUX poOIT HEOOX1IHE CrelliajJbHe HaBUYaHHS 1 OpIYHE
NepeBIPSHHS 3HAHb 3 TUTaHb OXOPOHHM Ipalll.

PoGoTtu migBuiieHoi HeOe3NneKH MOBHHHI BUKOHYBATHUCA OpUTa/iol0 HE MEHILE
JBOX TNPAILIBHUKIB, a pOOOTH, II0 BHUKOHYIOTHCS BCEPEIMHI TEXHOJIOTIYHOTO
oOnagHaHHA, anapariB (pe3epByapH, KOJIOAsA31, TPyOONmpOBOAM Ta MOBITPONPOBOIH,
MOCYIMHA BHCOKOTO THCKY, KaHaJI3al[liHI KOJIEKTOpH, TpaHiiei, TyHedal abo
aHaJoriyHe oOnagHaHHS) — OpuUrazol0 B CKJIaJl HE MEHLIE TPbOX MPALIBHUKIB.
JlomyckaeTbcsi BUKOHAHHS POOIT OIHOOCIOHO, SIKIIO 1€ BU3HAYEHO HOPMATHBHO-
PaBOBUMU JOKYMEHTAMHM 3 OXOPOHH Ipaui [4].

OO0OB’s130K CKJIaJaHHSl HapsAY-TONMYCKY Ha BUKOHAHHS POOIT 13 IMiJIBUIICHOIO
HEOE3IMEKOI0 BCTAHOBIIIOETHCSI HOPMAaTUBHO-IIPABOBUMH aKTAMM 3 OXOPOHH Ipall 3a
KOHKPETHUMH BujgaMu poOiT. HaiimeHnyBaHHS poOIT, HOPMATUBHHUMA akKT AKUH
perameHTye o(OpMIIEHHS Haps1y-A0MyCKy Ta MOCUJIAHHS Ha AOAATKH, A€ 3a3Ha4eHI
(dbopMu HapsAiB-A0MyCKiB, HaBeAeH1 y Tabmumi 1.

[Ipu odopmieHHi HapsAIIB-IOMYCKIB HEOOX1AHO BpaxoBYBaTH BCl HeOe3MeuHI
YUHHUKH, SKI BUHHUKAIOTHh MiJ] 4ac BUKOHAHHS poOIT. SIKII0 3arjiaHoOBaHI poOOTH
BIJIHOCATBCS JIO JEKUIBKOX BHUIIB POOIT 3 MiJABUIIEHOIO HEOE3NEKOI, TO HEO0OX1THO
BUMKUCYBaTH Ha KOXKEH BHUJ TaKUX POOIT OKpeMHH HapsI-AOMYyCK 3TiIHO (hopm
3aTBEPAKEHUX HOPMATUBHO-IIPABOBUMHM AKTaMU 3 OXOPOHHM Ipalll.

[Ipote poboTH, sIKI OJHOYACHO BIAHECEH1 SIK JO ra30HEOE3MeYHUX, TaK 1 JO
BOTHEBUX Ta/ab0 poOIT HA BUCOTI, JOIMYCKAETHCA BUKOHYBATH 3a HAPSIAOM-J0ITYCKOM
Ha BUKOHaHHs razoHeo6esneyHux poOiT [4]. Toal 10 HbOro MOBHHHI OyTH JOJIyYEHI
BUMOTHY O€3MEKH Mij] Yac BUKOHAHHS BIAMOBITHUX POOIT.
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Tabmuus 1. [epenik poOIT 3 NIABULIEHOK HEOE3IEKOIO,
Ha 51Kl TOTPIOHO 0(OPMIIATH HAPSA-IONYCK

Homep
TOAATKY
hi (o)
j’ HailiMmenyBanHs poOit HopmaruBHuii akt Hop :HKY
dhopmoro
HapsTy-
JOITYCKY
1 | I'a3onebe3neuni podoTH HITAOIT  0.00-5.11-85 1

[3],
HITAOIT  0.00-1.76-15
[4]
2 | Pobotu Ha Bucoti Ta pobortu | HITAOII  0.00-1.15-07 4
BEPXOJIa3Hi. Po6otn 31 [12]

BUKOPHUCTAHHIM 11 IIHOMHUKIB
aBTOMOOUILHHUX  a00  MIABICHHUX
IJIOIAJIOK (KOJIMICOK)

3 | byniBenwHi poboTH JIBH A.3.2-2-2009 [5] 6

4 | 3emusiHl pobOTH JABbH A.3.2-2-2009 [5] 6

5 | Pobotun B nitounx | [IBEEC [13] 10
€JIEKTPOYCTaHOBKaX

6 | BaHTa)XHO-pO3BaHTaXyBaJIbHI HITAOIT  0.00-1.80-18 12

poboTH B OXOpPOHHHMX  30Hax |[14]
MOBITPSIHUX JIIHIHM €JIEKTpornepeiad

7 | Boruesi po6oty, B T. 4. 3BaptoBaibHi | [IIIBY [15] 13
po6oTH, Ta30 MOIyM siHI POOOTH, IO
MIPOBOJIATHCS Ha THMYaCOBUX
po6OYUX MICIISIX

8 | Boruesi pobotu Ha | HITAOIT 0.00-5.12-2001 14
BUOYXOTI0KEKOHEOE3MEUHUX Ta | [16]
BUOYXOHEOE3MeYHUX 00’ €KTax

[Tpumitka. Lleit nepenik € HEMOBHUM 1 Ha KO)KHOMY OKPEMOMY MIIIPUEMCTBI MOXKeE
JIENI0 BIAPI3HATUCH. Y BHUIIAQJKY TMOSIBU JOJATKOBUX POOIT MIJBUIINEHOI HEOE3MEKH
BHOCATHCS 3MiHU B llepernik poOiT, a Ha caMy poOOTy NOTPIOHO OQOPMIIATH Hapsi-
JIOITYCK.
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VY pa3i BUHUKHEHHS B IMpoleci poOOTH HeOe3MeYHWX Ta/ab0 NIKIAJIUBUX
BUpOOHMYMX  (akTOpiB, HE  mepeAdaYeHuX  HapsAOM-AOMYyCKOM,  poOOoTU
NPUNUHSIOTECA 1 MOXKYTh OyTH MPOJOBXKEHI TUIBKK MICHA YCYHEHHS 3a3Hau€HHX
(bakrTopis.

Hapsig-nonyck peecTpyeTbcsi O BHUKOHAHHS POOIT y >KypHadl peecTpanuii
HapsAiB-J0MYCKIB. 3aluCH B JKypHall BeIyThb pO30IpJMBHM IOYEpPKOM Oe3
BurpasieHb. CTOPIHKU KypHaly MalThb OyTH MPOHYMEpPOBAHO, MPOIIHYPOBAHO Ta
CKPIIUJIEHO MIJMKACOM 3 TI€YaTKOIO.

Hapsia-nonyck MOXJIMBO 3allOBHIOBATH KOMIT IOTEPHUM HAOOpPOM 332 BHHSTKOM
MYyHKTIB Jie MepeadadyeHo aHali3 MOBITPSIHOTO CEPEeNOBHINA, 110 MPOBOAUTHCS IO 1
MPOTATOM BUKOHAHHS pOOOTH, T4 BUCHOBOK PO (PAKTUYHO BUKOHAHI POOOTH.

Ha motounmii yac Bi/I0yBalOTbCS 3MIHM Y HOPMAaTUBHOMY 3a0€3IE€YEHHI, SIKI
MOBUHHI OyTHM BpaxoBaHl y MOTOYHIA POOOTI 1HKEHEPHO-TEXHIYHUX MpPalIBHUKIB,
3aJTy4€Hl 10 BUKOHAHHS MIANPUEMCTBI IO €KCIUTyaTalli ra30BOro rocnoaapcersa. Tak,
y MOSCHIOBAJIBbHIN 3amucui 70 [9] 3a3HaYeHO IO JesKl MYHKTH, BUKIAJEHI Y
HITAOIT 0.00-5.11-85 [3] cTBOPIOIOTH HAAMIPDHE HaBaHTAXEHHS Ha Cy0 €KTU
rOCIOApIOBaHHs HEOOIPYHTOBAHMM PETYIIOBAaHHSM, BOHM He 3a0e3medyroTh
HaAJEXKHOrO piBHS O€3NeKH, TIrlEHW mpaml Ta BUPOOHMYOTo cepenoBua. Tomy
noTpeda akTyasaidyBaTd BHUMOTH IIOAO O€3MEeKHM Ta 3J0pOB’S Ha poOOTI MiJ yac
BUKOHAHHS Tra30HE0E3NEUYHUX POOIT € JTyKe BayKIUBOIO.

3 motoro 2025 poky HabOpanu uyumHHOCTI «IIpaBuia TexHIYHOI eKcIuTyararii
cucteM raszonocradanss» (IITECT) [10]. Bonu BCTaHOBIOIOTH OCHOBHI TEXHIYHI Ta
opraHizaiiifHi BUMOTH JI0 €KCIUIyaTallii CUCTeM Ta30MoCTayaHHsl IPUPOTHOTO Tra3y 3
HAJJIUIIIKOBUM THUCKOM He Ouibiie 1,2 Mlla, 30kpema g0 poOIT, MOB’S3aHUX 3
TEXHIYHUM OOCIYTOBYBaHHSIM Ta PEKOHCTpPYKIi€r0. Takok BU3HAYaIOTh BUMOTH J10
TEXHIYHOTO OOCIIyTOBYBaHHS JMMOBHUX 1 BEHTWISUIMHUX KaHAJIIB KOMYHaJIbHO-
noOyTOBUX OO0’€KTIB, KMTIOBUX 1 TPOMAJACHKUX OYIMHKIB, Oprasi3auii BUKOHAHHS
poOIT Ta BEJEHHS TEXHIYHOI JOKYMEHTALIi MPU eKCILUTyaTallli TaKuX 00’ €KTIB.

Ha wueit vac € unanuMm 1 HITAOII 0.00-1.76-15 (IIBCT') [3], siki BBelIeH1 B 110
07.07.2015 poxy. HasBui po3oixxkunocti mixk [ITECT Ta IIBCI, 30kpema B yacTuHi ix
nyONIOBaHHA Ta 3/11MICHEHHS! MOBHOBAXKEHD JlepkaBHOIO Cy»)0010 YKpaiHH 3 MUTaHb
npatli Ta JlepeHeproHanisaioM mij yac Aep>KaBHOrO HAISAY y cdepl OXOPOHH Ipalll
Ha PpPHUHKY TMpuUpogHoro rasy. /[lns BperymoBaHHS 1IuX po30LKHOCTEN Ypan
MOCTAHOBUB PO3POOUTH MpaBWiia 3 MUTAaHb 3a0e3Me4yeHHs] Oe3MeKu Ta 340pOB’S
IPAaIiBHUKIB M1J] 4aCc €KCIUTyaTallii CHCTEM ra30MoCTayaHHs.

[lepenbavaerea (m. 2, 4. 3, cr. 66 3akony VYkpainu «lIpo mnpaBoTBOpUy
JUSTIBHICTBY»), IO y pa3l BUSBICHHS KOJI31i MK HOPMAaTHBHO-IIPAaBOBUMHU aKTaMHU
PI3HOI FOPUIUYHOI CHJIM IPIOPUTET y 3aCTOCYBaHHI MalOTh HOPMH, L0 MICTATHCA Y
HOPMAaTUBHO-TIPABOBOMY aKT1 BUIIO1 IOPUIUYHOI CUIIK. Y pasi BUSBICHHS KOJ1311 MIXK
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HOPMAaTUBHO-IPABOBUMH aKTaMH PIBHOI IOPUAMYHOI CHJIM MPIOPUTET y 3aCTOCYBaHHI
MaloTh HOPMH, IO MICTATHCA Y HOPMATUBHO-NPABOBUX AKTaX, 110 BCTYNWIH B IO
nizHime. Tooto Bumoru BukiazeHi B [10] MatoTh NPIOPUTETHICTD.

Ha xoxHOMY NIOOPHEMCTBI, 110 Ma€ Tra3oB€ TOCIOAAPCTBO, MOBHHEH OyTH
po3pobieHuii nepenik razonedesneynux pooit (Jomarok 2 [9]). Y HbhOMY NMOBHHHI
OyTH OKpeMO BKa3aH1 ra3oHe0e3nedHi poOoTH:

* TIPOBOIATHCS 3 0OpPMIICHHSIM Hapsaay-aomycky (Jomarox 3 [9]);
* MpoBOIATHCS 0e3 0(hOPMIICHHS HAPSATY-IONYCKY;
* BUKJIMKaHI HEOOXIAHICTIO JiKBiAamii abo Jokamizaiili MOXJIMBHUX aBapiiiHUX

CUTYyaIliil.

Ha koxHOMy mHiANpUEMCTBI €KCIUTyarTalii ra3oBOro rocrnojapcrBa IOBHHHI
3MIACHIOBATUCS 3aXOJW WIOJI0 CKOPOYEHHS KIJIBKOCTI Tra3oHe0e3neyHux poOiT 1
MIJBULIEHHIO PIBHA iX O€3MEKH LUISIXOM YIOCKOHAJIIEHHS TEXHOJOTIYHUX IMPOIECIB,
BIIPOBA/PKEHHS CYyYaCHHUX METOAIB J1arHOCTUKH, 3aCO0IB TAPABIIYHOI, MEXaHIYHOI,
XIMIYHOI OUYMUCTKM TEXHOJOTIYHOrOo OOJIalHAaHHS Ta KOMYHIKAIld, OCHAIEHHS
TEXHOJOTIYHUX CXEM HaJIMHUMH 3ac00aMH OJIOKYBaHHS OKPEMHUX BY3JIB 1 amapariB
TOILIO.

VY OIBIIOCTI BUMAJKIB /11 BUKOHAHHS Ta30HEOE3MEUHUX POOIT 0hOPMIISIETHCS
Hapsga-gomnyck ([Jomarox 3 [9]). [Ipore mepioguyHO MOBTOPIOBaHI Ta3oHEOE3MeUH1
poOOTH, $KI € HEBIJ'€EMHOIO YaCTUHOK TEXHOJOTIYHOrOo  Mpolecy, U0
XapaKTEePU3YIOThCSl aHAJOTITYHMMHU YMOBAaMH iX MPOBEACHHS, MOCTIAHICTIO MICHS 1
Xapakrepy poOiT, MEBHMM CKJIaJOM BHKOHABI[IB, MOXYTh MPOBOAUTHCS 0e€3
o OopMIICHHS HapsIy-/I0MyCKY.

B ymoBax BIHCBHKOBOIO CTaHy Ta HasBHOI HEOE3MEKH MOIIKOMKEHb I'a30BOi
MEpeXi BHACHIJOK OOCTPUIIB akTyaJlbHUM € JOTPUMaHHS HACTyIHUX BHMOT,
3a3Ha4YeHuX B II. 8.15 [4]:

PobGotu 3 nokamizaiii 1 JikBijawii aBapiii NpoBOASITECA 0€3 HapsAy-I0MyCKy Ta
0 YCYHEHHS MpsAMOI 3arpo3d KUTTIO JIIOAEH 1 TMOLIKOMKEHHIO MareplaibHUX
uiHHoctel. [licna ycyHeHHs 3arpo3u poOOTH 3 MPUBEIEHHS T'a30MPOBOJIIB 1 Fa30BOI0
oOnasiHaHHA B TEXHIYHO CHpPAaBHUM CTaH MOBHHHI MPOBOAUTHCS 3a HapSIAOM-
JOMYCKOM. SIKIIO aBapis BIJ MOYATKy 1O KIHIIS JIKBIAYETHCS aBapiiiHOIO CIIykO0010,
CKJIJIaHHs Haps1y-I0IyCKy HE BUMAraeTbCs

["a3onebe3neuH1 poOOTH, 110 BUKOHYIOTHCS 32 HAPSIOM-IOMYCKOM, SIK MPABUIIO,
NOBUHHI TPOBOJUTUCA B JEHHUN dYac. Y BHUHATKOBHX CHUTyallisiX IPOBEIEHHS
HEBIKJIAJHUX Ta30HEeOe3MeyHuX poOIT MOke OyTH JO3BOJEHO B TEMHHUH 4Yac JOOM.
["a3oHe0e3neyHi poOOTH HEOOXITHO BUKOHYBAaTH OpHUraJor0 y CKJIaal He MEHIIE JBOX
npaiiBHUKIB. POOOTH B KOJOISA3SIX, TYHENSAX, TPAHIIEAX 1 KOTIIOBaHAX 3aBIVIMOLIKU
noHaja 1 M, KOJIEKTOpax 1 pe3epByapax MOBUHHI BUKOHYBATUCS OpUTa o0 y CKIIajl He
MEHUIE TPbOX MPALIBHUKIB.
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[HKeHepHO-TeXHIYHI MpaliBHUKA Ta pPOOITHUKKA NEPIOAUYHO 3TIAHO 3
HOPMAaTUBHUMH BUMOTAMH IPOXOJAATH NEPEBIPSHHS 3HAHb 3 MUTAaHb OXOPOHU Ipalll
Ta MeauuHl onsiau. KepiBHUK MiAnmpueMCTBAa CBOIM HAakKa3oM MO IMiJNPUEMCTBY 3
Yuclia KEPIBHUKIB YU 1HKEHEPHO-TEXHIYHUX MPALIBHUKIB BU3HAYA€E MPALIBHUKIB K1
MAaloTh MPABO BHUJIaBATU HAPSAIU-IOMYCKU, KEPYBAaTH ra30HE0e3MeYHUMHU poOOTaMu Ta
HAKa30M JIOIYCKA€ MEBHUX MPAI[IBHUKIB O BAKOHAHHA ra30HE0E3MEeYHUX POOIT.

[Ipy peMoOHTHHUX pobOOTax y 3ara3oBaHOMY CEpEAOBHILNI  HEOOXI1THO
3aCTOCOBYBATH 1HCTPYMEHTH 3 KOJIbOPOBOIO METalTy ab0 IHCTPYMEHTH 3 HAaHECEHHSIM
CHELIaJbHOrO0 TOKPUTTS, SIKE YHEMOXIIMBIIOE ICKPOYTBOPEHHA. |HCTpyMEHTH Ta
MPUCTPOI 3 YOPHOIO METaly IMOBHHHI OyTH OOMigHEH1 a0o iXxHI poOodl YacTHUHU
3MallleHl KOHCUCTEHTHUM 3MAIllEHHAM. 3aCTOCYBAHHS Yy 3ara3oBaHOMY CEpEIOBHILI
EJIEKTPUYHUX IHCTPYMEHTIB 3a00POHSETHCS.

Oco0a, BiNOBiMAJIbHA 3a TPOBEACHHS Ta30HEOE3NEeYHUX poOIT, MOBUHHA
3aBYaCHO  OTPUMYBAaTH  HapsA-JOMYCK 1  CHEUlaJbHUWA  IJJaH  BHUKOHAHHSA
ra3oHe0e3neuHux pooiT, Yy IKOMY BKa3yIOThCS:

* MOCHIAOBHICTh IPOBEAEHHS POOIT;
* po3TalllyBaHHS MpalliBHUKIB;
* mnoTrpeba B MEXaHI3Max 1 IPUCTPOSIX;
* 3ax0.H, 1110 3a0e3MeuyroTh 0€e3MeKy IPOBEAEHHS POOIT;
* 0co0wu, BIANIOBIAAJIBHI:
© 3a MPOBEICHHS KOXKHOI ra30He0e3MeYHoi poOoTH;
© 3a 3arajJibHe KEpIBHULTBO 1 KOOPJWHAIIID pOOIT JIs CBOEYACHOTO
M1TOTOBJICHHS 10 pOOOTH.

Jlo crenianbHOTO TUIaHY BUKOHAHHS Ta30HE0E3MEUHUX POOIT 1 HAPALY-TOMYCKY
JOJAEThCSL CXeMa 13 3a3HAUYCHHSM MICLS 1 XapakTepy poOOTH, IO BHUKOHYETHCS.
[lepen mouaTkoM MpPOBEIEHHS Ta3oHEOe3NmeuHuX poOIT ocola, BiAMOBIAaIbHA 3a iX
IIPOBEJICHHA, MOBHHHA MEPEBIPUTH BIANOBIIHICTh KpECIEHHS (PAKTUYHOMY CTaHy
00’€eKTa.

VY Hapsani-nonycKy 3a3HavyaroTh TEPMIH HOro Aii, 4ac MOYaTKy 1 3aKiHYCHHS
poOotu. [Ipy HEMOXKIMBOCTI 3aKIHYE€HHS POOOTH y BCTAHOBJIECHUW TEPMIH Hapsi-
JOMYCK TMIJUISITae MPOJOBKEHHIO 0C0000, 10 iHoro Buaana. Hapsau-pomycku
NOBUHHI 30epirarucs He MeHIe onHoro poky. llocTiitHo 30epiraioTbecst B apxiBi
ra3opo3MoAUIBHOTO MIANPUEMCTBA HAPSAIU-AO0MYCKHU:

* Ha Bpi3aHHS B HasIBHI ra30MPOBOJIH;

* Ha NEpPBUHHHM ITYCK Tasy;

°* Ha BHUKOHaHHA PEMOHTHHX poOIT Ha MIJ3€MHUX Tra3ompoBogax 13
3aCTOCYBaHHSM 3BapIOBaHHS.

Jlo moyatky BUKOHaHHS Ta30HE0E3MEYHUX POOIT, IO MPOBOAATHCS 32 HAPSAIOM-
JIOTTyCKOM, 0c00a, BIJIMOBiaJIbHA 32 1X MPOBEJEHHS, 0e3MmocepeHbO Ha MICIll POOIT
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3000B’s13aHa MPOIHCTPYKTYBaTH BCIX BHMKOHABIIIB POOIT MpO MpaBujia OE3MEeUHOro
BEJEHHS poOIT 3 BIAMITKOIO B HapsAl-IOMYyCcKy. Y TMpoleci BHKOHAHHS
razoHe0e3neyHoi poOOTH BCl pO3MNOPSAIHKEHHS] MOBUHHI HaJaBaTHCS JIMIIE 0CO0O0I0,
BI/IMOBIAAIBHOIO 3a 11 TPOBEACHHS.

3MIACHEHHST PEMOHTY, €JIEKTPOra303BaplOBaHHS Ta pPI3aHHsS Ta30NpOBOMAIB Ha
HassBHUX Tra3oNpoBoAax MpU MPUEAHAHHI JO HUX IHIIUX Ta30MpPOBOMAIB HEOOX1THO
MPOBOJIUTU TiJ] HAAJUIIKOBUM TUCKOM razy 40-150 nalla, sikuii KOHTPOJIOETHCA
IPOTATOM BUKOHaHHA poOotu. [lpu 3HMkeHH1 Tucky Huxkue 40 nalla 1 migBuieHH1
moro monax 150 palla pizanHs a0o 3BaproBaHHA HEOOXIIHO MNPUIUHUTU. Jls
KOHTPOJIFOBAaHHSI THUCKY B MICLI MPOBEACHHS POOIT HEOOXIJHO BUKOPHUCTOBYBATH
MaHOMETp, pO3MillleHUuM Ha BijcTaHi He Ouabine HiK 100 M Big Micus NPOBEACHHS
poOIT. 3amiHa mnpokIaaoK ¢IaHIEBUX 3’€AHaHb HAa 30BHINIHIX Ta30MPOBOJAX
JIOTYCKA€ThCsI TIPU TUCKY Ta3y B razonpoBoji 40-200 nalla. PozOupanns dnanueBux,
pi3b00BUX 3’€HAHb 1 apMaTypy Ha BHYTPIUIHIX Tra3onpoBoAax Oyab-SKOTO THUCKY
MOBUHHO MPOBOAMTHCS 32 YMOBU BIJ €IHAHHS BIJl Ta30IIOCTA4YaHHS 1 BCTAHOBJIEHHS
3amyIIKM Ha JUISHOI raszompoBody. JlomyckaeTbest 3MallyBaHHS KpaHIB Ha
ra3onpoBO/il HU3BKOTO THUCKY aAiaMeTpoM a0 50 MM BHYTPIIIHBOI 1 30BHILIHBOT
CUCTEM Ta30MocTayaHHs OyauHKYy O€3 NpUIMHEHHS I[ojadl rasy 3a YMOBH
3aCTOCYBaHHS CIELIATIBHUX MPUCTPOIB Ta JOTPUMAHHSA HEOOXITHUX 3aXOA1B O€3MeKH,
nepen0aueHuX THCTPYKIISIMU 3 OXOPOHHM mpatii [4].

3HayHa YacTHHA ra30MpOBO/IB, IO €KCIUIyaTy€eThCs, OOyJ0BaHa MOHAA COPOK
pPOKIB, MyHKTH penykyBaHHs razy (IIPI') - monan nBanuarh m’siTh poOKiB, — 3aC00HU
enexkTpoximiuHoro 3axucty (EX3) — Ouibmie necstu pokiB. [leBHUI 3amuiIkoBU
CTPOK €KCIUTyarallii e € B Ta30MpoBO/Iax 3 MOJIETUICHOBUX TPYO (EKCILTyaTyHOThCS
meniie 50 pokiB). To6to, 3rimHo 3 [10], HasBHI Ta30B1I MEpPEXi MEPEBUIIMIHA
PEKOMEHIOBaHUM CTPOK EKCILTyarTarlii.

Jlns nokamizanii Ta JiKBiAALil aBapiiHUX CHUTYalllil CTBOPIOETHCS aBapIHO-
nucrneruepcbka cinyx0a (AJIC). UYwucenvHicTh Ta TexHiuHe ocHaieHHs AJ[C
BCTAHOBJIIOETHCSA KEPIBHUIITBOM a30pO3MOALIBHOTO MIMTPUEMCTBA.

He3Baxkatoun Ha 3MeHIIEHHS (IHAHCYBaHHS Ta CKOPOYEHHS MpalliBHUKIB,
MIMPUEMCTBA €KCIUTyaTallii ra30BOro rocrnofapcTBa 3MOIIM 3a0€3MEeUnUTU CTIMKICTh
poOOTH Ta MiATPUMAHHS TEXHIYHOTO CTAHY CUCTEMH ra30MOCTAauYaHHs Ha HAJIEKHOMY
piBHI. HasiBHI HOpMaTHBHI JOKYMEHTH PO3MIIAIaN €KCILTyaTaliio ra30TpaHCIOPTHUX
NIJIPUEMCTB JIMIIE B MUPHUHM Yac IpH JOCTaTHHOMY (PiHAHCYBaHHI Ta 3a0e3MeYeHH1
NOBHOTO  KajgpoBoro  ckiaay. Curyamis — yckiagHuiacs 3 [OYaTKOM
HIMPOKOMACIITA0OHOr0 BTOPTHEHHS pocli. BiTHOBIEHHS MOMIKOMKEHUX Ta30MpPOBO/IIB
B110yBa€THCA BIAMOBIIHO A0 BUMOT [17].

CranieBl mig3eMHI Ta30MpOBOAM T[OBHUHHI MaTH TACMBHUN Ta aKTUBHUU
AHTUKOPO31MHUN 3aXUCT. | KO MacHBHUI 3aXUCT 3a0€3MeUy€eThCsl, TO MATPUMAHHS
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aKTUBHOTO 3aXHMCTy MEPIOJUYHO € TPOoOJIEMaTUYHUM BHACIIJOK BIJACYTHOCTI
CTaOUIbHOI TOJaul eNeKTpUuYHOoi eHeprii. llepiognyHe NPUNUHEHHS NOJABaHHS
Hanpyryu Ha CTaHLIi KaTOJHOTO 3aXHCTy YHEMOXKJIMBIIOE€ JOTPUMaHHS HEOOXiTHOTO
noTeHLiany. MOXIIMBE CIPALIOBAHHS 3aXMCHUX MPUCTPOIB HA CTAHI[ISAX KaTOIHOIO
3aXMCTy YCKJIAJHIOE NIATPUMaHHSA HeoOxigHoro mnoreHuiany. lle mnpusBege 1o
3HM)KEHHS €(DEKTUBHOCTI €JEKTPOXIMIYHOIO 3aXHUCTY CTaJIEBUX ra30IPOBO/IB.
CBoeyacHe MNpoOBEACHHS pPOOIT 3 TEXHIYHOTO OOCIyrOBYBaHHS Ta PEMOHTY
ra3oBUX MEPEX JIO3BOJSJIO MIATPUMYBAaTH 3aJ0BUIbHUNA pIBEHb HAIIAHOCTI 1
0e3nepeOifHOoCTI iX poOOTH. Y ra30BUX rocnoAapcTBax 3a0e3MeuyBaioch BUKOHAHHS
neBHOro o00’eMy poOIT (3riHO BUMOT YMHHUX HOPMATHBIB) KBaji(ikOBaHUMHU
¢daxiBisMu. B yMoOBaxX ChOrOfiIeHHS € 3Ha4YHE 3pOCTaHHs O0OCsATYy aBapiiiHO-
BIJIHOBJIIOBAJIbHUX POOIT 3 OJHOYACHO POCTOM iX CKJIQJHOCTI, 30UIbIIEHHSI 00’ €My
BUKOHYBaHUX poOIT. CHUTyallil0 YCKJIaJHIO€ 3MEHIICHHS KUIBKOCTI JIOCBIAYEHUX
KBaJI1(PIKOBAaHUX MPALIBHUKIB, BHACIIJJOK OMOBHEHHSI HUMHU 30pOMHUX CUJ YKpAiHHU.
["a3ompoBogu B 30HI OOCTPUIIB 1 ypakeHb 3a3HAIOTh MPAMHUX MEXaHIYHUX
MOIIKO/KEHb, MOIIKOIKEHb 130J511i, CTUKIB, BEPTUKAJIbHUX 1 TOPU30HTAIBHHUX
3MIILIEHb 3 BUHUKHEHHSIM BHYTPILIHbOI HANPYXEHOCT1 B CTIHII TpyOu. Ilpu po3pusi
ra3onpoBO/ly Y BHYTPIIIHIO WOr0 MOPOKHUHY MOTpAIUIsi€ CMITTSA, BOJIOra Ta IHIII
npeAMETH Ta PEYOBUMHU. BHUHMKAae HEOOXIJTHICTh, KpPIM BiJHOBJIEHHS I[IJIICHOCTI
ra3onpoBoO/y, MPOBOAUTH POOOTH 1100 OYUIIIEHHIO HOTO BHYTPIIIHBOT TOPOKHUHHU.
BucHoBku. BhHachiiok mnepeBUINEHHS 3HAYHOI YacTUHU Ta30lpOBOJIIB
PEKOMEHJIOBAaHOTO  CTPOKY  €KCIUlyarailii, TMOripIIyeTbCs HAAIMHICTD CHCTEM
ra3ornocTayaHHsi Ta 3pOCTAIOTh BTpAaTH razy npu ii ekcruryartauii. HopmaTusHi
JOKYMEHTH BHM3HAualld TOPAJOK eKCIUTyaTalli CHUCTEMU Ta30loCTayaHHS Y
CTaHAAPTHUX 1 CKJIAQJHUX 1H)KEHEPHO-TE€OJIOTTYHUX YMOBaX, PY MOBHOMY 3allOBHEHHI
HITAaTHOTO pO3MHUCy MANpUEMCTB. [IpoTe He omnMcaHuii MOPSIOK EKCIUTyaTalli B
yMOBax aKTHUBHUX OOMOBUX Mid, 10 BEAYThCS B 30HI poboTtu mepexi. Hapasi
HEJOCTAaTHbO HOPMATUBHUX JOKYMEHTIB, SIKI perlaMeHTyBaldu O poOOTy ra3oBHX
MEpeX B yMOBax IOIIKOMKEHb 1 pyHHYBaHb, sKI BIJOyBalOTbCS HAa TEPUTOPIi
Vkpainu. Ha BigHOBIIEHHS 3a/I0BUIBHOTO CTaHy CHUCTEMHU Ta30MocTayaHHS MOTPIOHI
3HaYHI KOIITH. Arpecis pocli HETaTUBHO BIUIMBA€ HA TEXHIYHUN CTaH 1 LUIICHICTh
CUCTEMHU razonocradyanHd. MatoTe OyTH 3alpONOHOBaHI HOBI MiAXOAHW JO BUPILIEHHS
nuTadb. HeoOXi1HO Ha Yyac BOEHHUX 1M MEPEerISHyTH BUMOTU A0 KBali(iKaliifHOrO
pPIBHA BHKOHABIIIB POOIT MPU OAHOYACHOMY 3a0€3ME€YeHH1 MOCHJIEHOTO KOHTPOJIO 3
OOKy KEpiBHUKIB Tra30HEO€3MeYHUX poOIT Ta JOCBIAYEHUX UJICHIB OpUraju.
[TpoBoaUTH MO3aueproBl HABYAHHS MPALIBHUKIB MIMPUEMCTB €KCILTyaTallii ra30Boro
roCIIO/IapCcTBa MpaBuiiaM O€3MEYHOr0 BEJIEHHS ra30He0e3MeYHuX 1 aBapiiHUX poOIT B
yMoOBaxX BO€HHMX aAiil. Cinil po3poOUTH TPOrpaMu HaBYaHHS BUKOHAHHS pOOIT
NiABULIEHO] HeOe3neKu /Uil (paxiBLIB, K1 MalOTh OCBITY Y CYMIXKHHX c(epax.
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ORGANIZATION OF HIGH-HAZARDOUS WORK AT GAS UTILITY
ENTERPRISES

Abstract. The reliability of Ukraine's gas supply systems is decreasing due to
the wear and tear of a significant part of gas pipelines and equipment, and
destruction due to shelling of gas transportation and gas distribution networks and
equipment on them. Normative documents determined the procedure for operating the
gas supply system in standard and complex engineering and geological conditions,
with full filling of the staff list of enterprises. However, the procedure for operation in
the conditions of active hostilities conducted in the area of operation of the network is
not described. Due to the increase in the volume of work and the simultaneous
decrease in the number of employees, the specific workload on gas utility employees
is sharply increasing. Workers are forced to solve work issues that were previously
performed by related services. Currently, there are not enough regulatory documents
that would regulate the maintenance and repair of gas networks in conditions of
damage and destruction that occur in Ukraine. The paper proposes a number of
measures to organize the safe performance of high-risk work at gas industry
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enterprises. It is necessary to review the requirements for the qualification level of
work performers during military operations while ensuring enhanced control by
managers of gas-hazardous work and experienced team members. To conduct extra-
ordinary training of employees on the rules of safe conduct of gas-hazardous and
emergency work in the conditions of military operations. Develop training programs
for performing high-risk work for specialists with education in related fields.

Key words: hazardous work, gas-hazardous work, work permit, labor
protection, gas supply.
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XapKiBChKHI HaIlIOHATLHUN YHIBEPCUTET PAII0CICKTPOHIKH

TEPMOMOIEPHI3ALIA TA YAOCKOHAJVIEHHSA IHZKKEHEPHUX
CUCTEM KOPITYCY ® HAIHIOHAJIBHOI'O YHIBEPCUTETY
“ITIOJITABCBKA INOJITEXHIKA IMEHI IOPISI KOHIPATIOKA”

Anomauin. Y cmammi guceimieni HayKo8o-002pYHMOBAHI 3aX00U 3 NPOBEOEHHS
mepmMomooepHizayii  epomMadcvkoi  Oydieni, sAKI nepedbayarOmv  OHOBNEHHS )
8i0N0GIOHOCMI 00 CY4acHOi HOpMAmMueHoi 0y0igenbHOI Oa3U [HICEHepPHUX Cucmem
CMBOpeHHs. MIKpoKIimamy. JocniodxceHHs npo8oosmvbCs NapanieivHo 3 peanizayieio
npoekmy «Buwa oceima Yxpainuy 3 mepmomooepuizayii 6yoisens 3ak1adieé euujoi
ocsimu, aKkuil niompumyemuocs €8poneticokum ineecmuyitinum oankom ma HEDKO.
Bnpoesaodowcenus po3pobnenux ma 3ameepoiceHHux 3axo0ie 3 MoOepHu3ayii cucmemu
B8eHMUAAYIl, MEenI0noCMa4anHHs ma ONANeHH 6 KOMNIEKCi 3 YMEeNleHHAM YCix
308HIUHIX 020POONHCYBATILHUX KOHCMPYKYIU, 3 NONEPEOHIMU PO3PAXYHKAMU, NOBUHHO
nioguwumu  emepeoeekmusnocms  Oy0ieni  Has4anbHo20  Kopnycy — « Dy
Hayionanvnoco  ynisepcumemy  “llonmascoka  nonimexwika  imeni  FOpis
Konopamwoxka”. Haubinbw enepeoeghexmusHumu 3ax00amu npu pexoHCmpyKyii
[HOICEHEepHUX cucmem Yy YbOMY HNPOEKMI € GIAWUMYBAHHS ABMOMAMUI08AHO20
IHOUBIOYANbHO20 NYHKMY, BUKOPUCMAHHA DEKYNepamopie y cucmemax GeHmuaayii,
ymenenHs mpybonpoeooie cucmem OnaieHHs ma Menio8uUx Mepexc y Heonaut08aHux
npumineHHsax 6yoisii.

Knwouoei cnosa: TtepMOMOACpHI3aIlis, aBTOMaTU30BAHUN 1HJAMBITyaIbHUN
TETJIOBUH MYyHKT, TETIJIOBA 130JIA1I1s1, peKyIeparlisi TETUIOTH.
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Beryn. TepmomonepHizallis 3 METOH IMIJBHIICHHS €HEProe(EKTUBHOCTI Ta
YIOCKOHAJIEHHS 1HXXEHEPHUX CHCTEM € BaXJIUBUM KpPOKOM Yy 3a0e3nedyeHH1
KoM(OpTHOTO Ta €(hEeKTUBHOTO BUKOPUCTAHHS Oy/liBelb. Y 3B'S3KY 31 3pOCTaHHSM IIiH
Ha EHEpril0 Ta 30UIBLIEHHSM EKOJIOT1YHOI CBIJOMOCTI, 3MEHILIEHHS CIIOKHUBaHHS
eHeprii npu 3a0e3neuyeHHl HOPMaTUBHOTO MIKPOKIIIMATY B IPHUMIIIEHHSIX CTalOTh BCE
OUTBIII aKTyallbHUMHU. TepMOMOJEpHi3allisl Ta YIOCKOHAJICHHS 1HXXEHEPHUX CUCTEM
MOXYTh  JIOMMOMOITH  BUPIIMHUTA 11  OpoOJieMH, 3HU3UTH  BUTpPATU  Ha
CHEpPrOCMOKMBAHHS Ta MIABUINUTH SIKICTh TOBITPS B MPHUMIIIEHHI. Y I[bOMY
KOHTEKCTI, pO3MIsA Ta aHaji3 TEXHOJOrId, 10 JO03BOJSIOTH 3a0e3MeunTH
ONTUMAJIBLHUM KJIIMAT y OYIIBIISIX, € 0COOIMBO BaXXJIMBUM 3aBIAaHHSM, SIKE€ JO3BOJIUTH
JOCSITTH €KOHOMIYHO1 Ta €KOJIOT1YHOT €(heKTUBHOCTI B OyIiBEIBHIN TaTy3i.

AKTyaJIbHiCTh AoCHigKeHHsl. J[OCHIDKEHHS B Tally3l TEpMOMOJEpHi3alii Ta
YAOCKOHAJICHHS 1HKEHEPHUX CUCTEM € aKTyalbHUM 3 KITbKOX MPUYHH:

1. 3pocTaHHs BapTOCTI €HEPrii Ta MIABUIIICHHS €KOJOTIYHUX PU3UKIB CTABIISITH MEPE/T
Cy4yaCHMMHU OyJIBJISIMM HOBI BHUMOTH JO €HEProe(eKTUBHOCTI Ta EKOJIOT1YHOI
Oe3mexku, TOMY BIACHUKH OyiBedb IIyKalOTh CIIOCOOM 3HIKEHHS BHUTpAT Ha
po0OTy 1HXKEHEPHHUX CHCTEM, a TaKOX IIOKPAIICHHS SKOCTI TMOBITPA Yy
NPUMILICHHSX.

2. 'V OGararbox cTtapux OymiBISX BEHTWISIIITHA cHCTeMa MOXe OyTH 3acTapiior Ta
Hee(DEKTUBHOIO, IO MPU3BOJIUTH JI0 MOTIPIICHHS SKOCTI MOBITPS Ta 3POCTAHHS
PU3UKY TOIIMPEHHS 3aXBOPIOBaHb. TOMY YIOCKOHAJICHHS BEHTHIIALINHOT CHCTEMH
MOXK€ JOTIOMOTTH HE TUIBKM 3HU3UTH BUTPATU HA CHEPrOCIOXUBAHHA, ale WU
3a0e3neunTy OUTbII KOMGPOPTHI Ta OE3MEYH1 YMOBU MPOKUBAHHS JIs JIFOJEH.

3. 3 momupeHHsIM HOBUX TEXHOJIOTIN y OymiBeNbHIN Tramys3l 3'SIBISIETbCS MOXIIUBICTD
BIIPOBA/DKEHHS HOBITHIX CHCTEM BEHTHIIAINI, sIKI MOXYTh 3a0e3redyBaTd HE
TUIbKH €HEeproe(eKTUBHICTb, ane i JoJaTKoBl (YHKIi, SK-OT (UIBTpyBaHHS
TOBITPSI.

Y 1bOMy KOHTEKCTI, JOCJIJDKCHHS TEXHOJOTIM TepMOMOJepHi3aIli Ta
YAOCKOHAJIEHHSI BEHTWIALIMHUX CHUCTEM Ma€ BEJIMKE 3HAYEHHS IS PO3BHUTKY
OymiBenbHOI ramy3i Ta 3a0e3neueHHs KOM(POPTHUX Ta OE3MEYHUX YMOB MPOKUBAHHS
Ta poOOTH JroeH y OymiBIsAX.

OcrtanHi gocaimkeHHst Ta myouaikanii. Ockiibku YKpaiHa IMIIEMEHTYETHCS B
€poneiicknii Coro3, TO BAXKJIMBUM MOMEHTOM € aJanTailisi HopMaTUBHOI 0a3u, 110
nie B OYIIBHMIITBI Ta E€HEPreTUYHOMY ayauTi A0 eBpomneicbkux Hopm: JCTY
9190:2022 [1], ACTY b EN 15251:2011 [2], ACTY-H b A.2.2-13:2015 [3]. Kpim
TOro, YkpaiHa po3po0Jsie CBO1 BJacHI HOPMaTUBU B HANPSAMKY €HEProeeKTUBHOCTI
Ta exojoriuHoi ceprudikamii, 3o0kpema COY OEM 08.002.41.032 [4], mo
BCTAHOBJIIOE METOJl E€KOJIOT14HOI cepTudiKaiii TpoMaachbkux OyiiBedb B paMKax
CUCTEMHU eKoJIoriyHoi cepTudikaiii ta mapkyBaHHs 3a JICTY ISO 14024:2018.
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DopMyJIIOBAHHS nijen CTaTTI. Bubip Cy4acHHUX TEXHOJIOT1H
TEPMOMOJIEpHI3aIlli Ta YAOCKOHAJEHHS BEHTWJIALI, a TaKoX I1HIIMX 1HXEHEPHUX
CUCTEM y OyIiBJISIX 3 METOIO MiJIBUIIEHHS X eHeproe(eKTUBHOCTI Ta 3a0e3MeYeHHs
KOMGOPTHUX Ta O€3MEYHUX YMOB JIJIS JTHO/ICH.

OcHoBHa yactuHa. [lix yac mpoBeaeHHS AOCTITKCHHS OyI0 MPOBEACHO OTIIST
IHKEHEPHUX CHCTEM TEIUIONOCTA4aHHsI, OIMAJIeHHS Ta BEHTWIALII HABYAJIBHOTO
koprrycy «®» HarionansHoro yHiBepcuteTy «llonTaBchka mositexHika iMeHi FOpis
Konnpatioka», B pe3ynbTaTi 4oro BHUSBICHO PsJ HEAOTIKIB, IO CBIAYATH TIPO
Hee(DEKTUBHICTh POOOTH IIMX CUCTEM.

Tak wmaricTpanbHi TpyOONPOBOAM CHUCTEMM OMAJCHHS, SKI pPO3TAlllOBaHI Ha
TOpUIll Ta B MiaBami, nmepeOyBalOTh Yy HE3aJOBIILHOMY CTaHI Ta HE € HaJCKHUM
YUHOM TEIUI0130JIboBaHi (puc. 1).

Puc. 1 Cran Temnoizounsuii MaricTpaibHUX TPyOOIPOBOAIB HABYAIBHOTO KOopIycy «D» a —
Ha ropuii; 0 — B IPUMIIICHHAX MiABaITy
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Cucrema TEIUIONOCTA4aHHS HaBYaJbHOTO Kopmycy "®" Mama mpobiemy 3
BIJICYTHICTIO JIIUMJIbHUKA TEIJIOBOT €HEPrii B TEIJIOBOMY BBOJI, 10 YCKJIAJHIOBAIO
BU3HAUEHHS BUTPATH TEIUIOTH, KA MPUMAJana caMe Ha Ield KOPIyC YHIBEPCHUTETY.
Kpim Toro, peryntoBaHHs BIAIyCKy TEIUIOBOi €Heprii BijOyBajocCs JHIIE JBOMa
€JIeBaTOpPaMM Ta 3aCyBKaMH, IO HE BIAMOBIIATO CTaHAAPTaM JUIsl TEIJIOBUX ITyHKTIB
Ha BBOIax J0 OyxdiBenb. B iHAMBIAyadbHOMY TEIJIOBOMY ITYHKTI KOPITyCy OyIio
BCTAHOBJICHO BEJIMKY KUIBKICTh TUJIOK CUCTEMHU OIAJICHHs, SIKI PO3TAIllOBYBAJIKCS B
Xa0THYHOMY HOPSAKY Y IBOX MPUMIIIEHHSIX TEIJIOBOTO MYHKTY (puc. 2).

Cucrema BUTSDKHOI BEHTWISIIT ayIuTOpii Ta KaOiHETiB Oyna KaHaJbHOIO
MPUPOIHOIO, IO YCKIIAJHIOBAJIO PETYIIOBAHHS BUKOPUCTAHHS TEIIOBOT €HEeprii JyIs 1i
pobotu. lleHTpanizoBaHa cucTeMa MPUIUIMBHOT BEHTHIIAMII (pUC. 3) 3HAXOMUTHCSA B
3pyHHOBAHOMY CTaHi, MOpPaJIbHO 3acTapiia 1 MOTpedye 3aMiHM, 11 BITHOBJICHHS
HEJOLUUIbHE 1 HEMOXJIMBE 3a BIJICYTHOCTI NOAIOHMX KOMIIOHEHTIB. Takuii cTaH
3arajJbHOOOMIHHOT MPUITUBHO-BUTHKHOT BeHTU AT Koprycy «D» HVYIIIT mpussiB
JI0 TIOTIPILIEHHS AKOCTI MOBITPS Ta 301IbIICHHS BUTPAT €HEPT1i.

VY xomi 1i€i poOoTH Oyiy MPUHWHATI PIICHHS 1100 YACTKOBOI 3aMiHH 3HOIICHUX
MAaricTpajJlbHUX TPYOONPOBOJIB CUCTEMHU OMAJICHHS 3 IOBHUM iX YTEIUICHHSM.
ToBmHa yterieHHs (puc. 4) TpyOOINpOBOAIB, IO PO3TAIIOBaHI HAa TOPHUILII Ta B
miJBajgi HaBUaJdbHOTO Kopmycy «®y» mpuiimanacs 3rigHo 3 JIbH B.2.5-67:2013 [5].
Jns TpyOOIIpoBO/IiB, 110 PO3TAIIOBAHI HAa TOPHII 1 B MiJBaJll HABYAJIBHOTO KOPIYCY
«®» Ta BUKOHaHI 13 TPyO CTaJbHUX E€JIIEKTPO3BAPHUX @ 57X3, TOBIIMHA 130JIALIIITHOTO
mapy Oyna npuiinsara 0= 50, @ 45x3 — 0= 40, © 38x3, © 32x2, © 25x2 — di= 30.

VYremneHHss TpyOONpOBOAIB JO3BOJIUTh CKOPOTUTH  TEIUIOBUIIJICHHS Bij
TpyOOIIPOBO/IIB B OMAIIOBAIBHUM IpocTip miagBamy Bix 25,7 Bt/m mo 10,9 Bt/m tpy6
Ta HeoNMaJtoBaIbHUI mpocTip ropuma Big 21,5 Bt/M mo 14,9 Bt/M. V uinomy y
BChOMY OYyIMHKY IIe{ 3axXiJl MOBUHEH CKOPOTHTH JOAATKOBI BUTPAaTH TEIJIOTH B
npoctip migsany Ha 10,86 kBt roz, a B HeonamtoBansHOMY roputli Ha 1,65 kBTTox.

IIpu mpoektyBanHi OymiBiai y 80-Ti POKH MHUHYJOTO CTOJITTS TEIUIOBUHN BBIJ
xoprycy "®" OyB po3[UICHHMI Ha J1Ba €JI€BaTOpPHI BY3JH, sIKI Oyld po3TalloBaHl B
JIBOX OKpPEMHUX TMPUMIMICHHSX. Take po3MilleHHsS TpebiHOK 1 apMarypu
YCKJIAJHIOBAJIO, @ 1HO/1 pOOMIIO HEMOXIIMBUM PETYIIOBAaHHS pOOOTH OKPEMHUX LIECTH
T'JIOK CHUCTEMU OMaJIeHHs. Y X011 BUKOHAHHS JTaHOI pOOOTH OyNo MPUKHATO PillICHHS
MICJIsl TETUIOBOTO JIIUUIIBHUKA Ta 1H/IUB1AYaIbHOTO TETIOBOTO ITYHKTY BCTAHOBUTH JIB1
rpe0iHKH: Ha OJaBaJbHOMY Ta 3BOPOTHOMY TPYOOINpPOBOJAX, 10 KUX MPUEAHATH YC1
IIICTh T1IJIOK CUCTEMH OTAJICHHs, 31 BCTAHOBJICHHSM Ha IMOJIaBAJIbHUX TPyOOIPOBOAAaX
KpaHiB Ta OalaHCyBaJbHUX KJAmaHIB Ha 3BOPOTHUX TpyOOmpoBomax, s
riIpaBIigyHOrO 0adaHCYBaHHS OKPEMHX T'UIOK cucTeMu onajieHHs (Puc. 5).
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Puc. 2 InauBinyansHUi TEIJIOBUN MyHKT Kopitycy «@» 3 1BOMa €J1IeBaTOPHUMHU BY3JIaMHU
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Puc. 3 Ctan enemMeHTIB IEHTPaIi30BaHOT TPUIUIMBHOI KaMEPH
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Puc. 4 TeroBa 30515111 - 6a3aIBTOBI MIJIIHIAPH MTOKPHUTI ATFOMIHIEBOIO (POITBTOF0 3aBTOBIIKH
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Puc. 5 Tlnax 3amiHu TpyGONPOBOAIB B MEKaX iHAMBIAYaJIbHOIO TEIUIOBOTO MYHKTY Ta
CYCIJIHIX MiJIBaJbHUX NPUMIILIECHb
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['nku Oynu MofieH! TAKUM YHHOM:
* nepma — ctosaku Cr.1-Cr.24;
e npyra— ctosaku Cr.25-Cr.44;
* TpeTs — CUCTEMa OIAJICHHS aKTOBOTO 3aITy;
* YyeTBEpTa — MPUMIILICHHS 1]l aKTOBUM 3aJI0M;
* m’sara — crosgku Ct.45-Ct.47;
e mocTta — ctosku CT.48-CTt.51.

Po3banancyBaHHS CHUCTEMHU OIAJICHHS 3aBXIM HETaTUBHO BI1AOMBAETHCS Ha
BHYTpIIIHIX NapaMeTpax MIKPOKIIMATy MPUMIIIEHb Ta MOXE TMPU3BECTU 0
30UIBIIEHHSI EHEPrOCIOKMBAaHHS CHUCTEMOIO ONaJIeHHs. 3arajbHi TEIUIOBTPAaTH
CHUCTEMH OITaJICHHS 32 KOHKPETHUH MIcsIlb JOpIBHIOWOTH (KBT - rom) [1]:

fhydr.fim'frad_
Nem

QH’em’ZS: 1 'QH,em,outﬂ

1€ fiyar — KOEQIIIEHT TIAPABIIYHOTO HAJATOMKEHHS CHUCTEMH, MPH PO3PAXYHKY
€HEPrOCIOXKUBAHHSI CTAHOBUTH fia = 1,01 micast pexkoHCTpyKIii, fie = 1,03 1o
PEKOHCTPYKINi; fin — KOe(DIMiEHT, MO0 BpaxoBy€ 3aCTOCYBAaHHS MEPIOTUIHOTO
TEIJIOBOrO pexuMy. B Hamiomy BHUMNAQAKy I1HIMBIAyaJdbHUN TEIUIOBUM ITyHKT
JT03BOJIUTH 3aCTOCOBYBATH TIEPIOAMYHUN TETUIOBHHA PEKHUM 3 PETYIIOBAHHAM, IO Ma€e
IHTErpOBaHUM 3BOPOTHIH 3B'I30K, TOMY f; = 0,97 micnsa pekoHCTpyKiii Ta fi» = 1,0 10
PEKOHCTPYKIIi; fr.« — KOEQIIIEHT, 10 BPaxOBy€ IMPOMEHEBY CKJIAJIOBY TEIJIOBOTO
MOTOKY; Mew — 3araliIbHUil piBeHb €(EKTUBHOCTI JJIS TEIUIOBIAAaBaIbHOI CKJIAI0BOI
CUCTeMH B MPUMIIICHHI;, Qnemone — CHEPTIS BUXOAY MIJICUCTEMH TEIJIOBBiAYl 3a i-i
Mics1b, KBT - ro.

EdexktuBHICT, TeHEpyBaHHA TEIUIOTH JO BIAIMTYBaHHS 1HIWBIAyaJdbHOTO
TEIJTIOBOTO IYHKTY 3TigHO 3 Metoaukamu [6] 1 [7] cranoBuia 70 % nis cucteMu
IIEHTPATI30BAaHOTO TEIUIONOCTAYaHHsI 3 IEHTPAJIbHUM SIKICHUM PETYIIOBaHHSIM 3a
temneparypauM rpadikom g0 110° C 31 3pi3kor0 0e3 KOpUTYBaHHS B
IHIUBIIyaJbHOMY  TEIJIOBOMY MyHKTI. [licis pekoHCTPYKINi MporHo3oBaHa
€(EeKTUBHICTh MOBHHHA AOCIATTH 95 % ajid LEeHTpai30BaHOrO TEIUIONOCTA4YaHHS 3
SAKICHUM PETYIIOBAaHHSAM 31 3pI3KOI0 TEeMIEpaTypHOro rpadika i KOPUTYBaHHSIM B
1HIMB1IyaJbHOMY TEJIOBOMY ITYHKTI 3a MOTOJHUMHU ymMoBamMu. ToOTO 3axomu MO0
BJIAIITYBAaHHS 1HAWBIAYaJbHOTO TETUIOBOTO TYHKTY 3 SKICHUM PETYIIOBaHHSIM
MPOTrHO30BAaHO TOBUHHI TMPHU3BECTU 10 MIJBUIIEHHA €(EKTUBHOCTI T€HEpyBaHHS
TerioTh Ha 25 % 31 3MEHIUEHHSM BUTPAaT Ha CIOXUBAaHHSA TEIJIOBOI €Heprii
CHUCTEMOIO OTTaJICHHS.

[Ipn pexoHCTPYKIii B 1HAMBIAYAJbHOTO TEIJIOBOTO MYHKTY HaBYaJIbHOTO
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xopriycy «®» HamionansHoro yHiBepcuteTy “llonTaBchbka nomitexHika imeHi FOpis
Konpaparioka” nependadueHo 10 BCTAHOBIICHHSI Take 00J1aITHAHHS:
e yHiBepcanpHui TemnooOuucioBad PolluTherm 3,6 V 3 wMexadiuHuM

Butparomipom, BupooHuk SENSUS, kimac TouHocTi 2;

* miumibHUK BuTparu Bogu WP-Dynamic 50/150, metposoriunuii kinac B;

 enexrponnuii perymstop ECL Comfort 310;

e nupkyJsuidHi  Hacocu IMP 13 perynboBaHOIO 4YacTOTO — OOEpTaHHs
eJIEKTPOJIBUTYHA.

PerymioBanHs BHUTpaTH Ta TeMIlepaTypd TEIUIOHOCISI CHUCTEMHU OIajieHHs
3I1ACHIOETHCS B 1HMBIIyaIbHOMY TEIUIOBOMY MYHKTI 332 JOIOMOTIOIO €JIE€KTPOHHOTO
perymaropa ECL Comfort 310 3a 30BHINIHBOIO TEMIIEPAaTypOIO TOBITPS Ta
TEeMIIEPaTypPOI0 BHYTPIITHBOTO XapakTepHoro npumiiieHHs (Puc. 6).

1,72 ¢ 63x10.5 1 J\[_

8o c-mu Bewm. M1 nidbany 3: I
do c-Mu onaneHHs

il

T
I omm

@ L5x3\ @ 5%x3

T T

T2

Puc. 6 — Cxema aBTOMaTU30BaHOTO 1HUBIAYaIbHOIO TEIJIOBOTO MYHKTY HABYAJIbHOTO
xopiycy «Dx»:
1.1 - VuiBepcanpauit TeruooouncoBad PolluTherm; 1.2 - Jliunneauk rapsiaoi Bogu WP-Dynamic
50/150 QN 15,0 Qmin=0,6 m3/rox, Qmax=30 m3/ron @50; 1.3 - TepmomaT4HK 3 BTYJIKOIO;

2 - ®inwerp pnanuesunii [y = 80 mm Zetkama; 3 - Hacoc mupkynsmiiauii cucremu onaneHHs; «IMP
ECL 501-4» ©50 L=15 m3/ron H=12 m; 4 - Perymtorounii 2-x xoqoswuii kianan VF2 KVS=25 ©40;
5.1 - Enexrponnuii perynstop ECL Comfort 310 3 kaproro P30; 5.2 - PenykropHuii
esiekTponpuBo AMV 435; 5.3 - Jlaruuk Temneparypu BHyTpiliHboro noBitTps ESM-10;

5.4 - Jatuuk Temneparypu 30BHiIHBOro moBitps EST-10; 5.5 - YHiBepcanbHMii 1aTanK
temneparypu ESMB-12 3 rinb3ot0 L=100 mm; 6 - Kinanan 3BopotHiit @80; 7 - Kpan kynboBuit
dmannesuit 11c67n1 1CD @80; 8 - Kpan tppoxxonosuii 116186k @15; 9 - Manomerp MTII 0-1.0
MITa; 9a Tepmomanometp 0-150 °C MTII 0-1.0 MITa; 10 - Tepmometp 0-150 °C; 11 - Kpan
KynboBuid pranneBuii 11¢67n 1CD ©50; 12 - Knanan 3BopotHiid @50; 13 - Kpan kynboBuit
¢dnanuesuii 11c67n 1CP @65; 14 - Oinbrp dnanuesuii y = 50 mm; 15 - Kpan KynboBuii
¢dmannesuit 11c671 1CDO @40; 16 - Kpan kynpoBuii guanuesuii 11c67n1CD @25; 17 - Knanan
6anancyBanpuuii AB-QM Danfoss ©40; 18 - Knanan 6anancysansauii AB-QM Danfoss ©25;
19 - Knanan 6anancyBansuuii AB-QM Danfoss ©20.
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He MeHI BaXXJIMBOIO € PEKOHCTPYKLIsl BeHTHIALIL. Jlo mpoBeaeHHs poOiT 111010
NIJBULIEHHS  eHeproeeKTUBHOCTI Koprycy «®» OymiBias Mana JIeKuUIbKa
LEHTPATI30BaHUX MPUIUIMBHUX CHCTEM, IO PO3TALIOBYBAINCH Y TiJABAJILHOMY
MPUMIILICHH], Ta JIeKiJIbKa BUTSDKHUX CHCTEM 31 IITYYHOK IUPKYJSALIEI TOBITPA,
BEHTWJIATOPH SKUX 30CEPEHKYBAJIHCS B OCHOBHOMY Ha TEXHIYHOMY TTOBEPCI.

ButsokHi cuctemu, sIK 1 MPUITUBHI, MOPAJIBHO 3aCTapiyid Ta 3a3HAIM MEXaHIYHOTO
pylHYBaHHS:  JCMOHTOBaHI  €JIEKTPOABUTYHHM  BEHTWIATOPIB,  3pYyWHOBaHI
TOPU30HTAJbHI KaHajH, BIJACYTHE YUIUIbHEHHS TIOBITPONPOBOAIB Ta €IACTUYHHUX
BCTaBOK (puc. 7).

Puc. 7 3aymmky MeXaHIYHUX BUTSDKHUX CHCTEM BEHTWIIALIT (0 PEKOHCTPYKITii)

Takok MpPUMIIIEHHS KOPMYCY, sIKI MOBUHHI OyTH OOJIaHAHUMU CHUCTEMaMH
BEHTWJIALII (aynuTopii, kabiHeTH, JJabopaTopii, CaHBY3JIM) MalOTh pi3HUM poboTu. Tak
HANpUKIad, KaOlHEeTH 3 MEepPCOHAJIOM BHKOPHCTOBYIOTH HPOTSITOM poOOYOro JHs,
aynmuTopli 3alHATI JMIIE i Yac 3aHsATh, a Jiaboparopii — miJ yac 3aHATh abo
HAYKOBO-JOCIIAHUILKUX poOIT. Ile ocTatouHO HIBENIOE OUIIBHICTh BIJHOBICHHS
[EHTPATI30BaHUX TNPUILUTMBHUX CHCTeM BeHTWIAlii. [[ns moOynoBu cucrem
BEHTHJISIIIT 31 3MIHHOIO BUTPATOIO MOBITPs HE BUCTadae (hiHAHCOBUX PECYPCIB.

3 ypaxyBaHHSIM 3a3HA4eHOr0 OyJa0 MPHUUHATO pPIlIEHHS BUKOPUCTOBYBATH
JEIEHTPaII30BaHl BEHTWJISIIAHI CHUCTEMH 3 YTHII3AII€I0 TEIUIOTH BUTSHKHOTO
MOBITPS B KOKHOMY MPUMIILIEHHI 200 IpyIl OIpUMIilIeHb. Y KaOlHETax Ta HEBEJIUKHUX
aymuTopisx BctaHoBiieHO pekymnepatopu PRANA 150 (93 cucrtemu). B cepennix Ta
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BEJIMKUX  ayAUTOPIX  3aCTOCOBAHO  MPUIUIMBHO-BUTSDKHI ~ YCTAHOBKH 3
pekyrnepaTtopamu Ta enekrpuunumu porpiBadamu JIBYT 300 IT1(I1) BE2 EC (12
cuctem) ta JIBYT 500 IT BE2 EC (18 cucrem) ykpaincpkoro BupoOHuira [IpAT
«Bentc» (Puc. 8) anga TuMuacoBoro mepeOyBaHHsS CTYIEHTIB Ta IEpCOHAITY.
[TpumimeHHs yKpUTTS OOJNIaJHAHO JBOMAa NPUILTMBHO-BUTSKHUMH CHUCTEMaMH 3
pekynepartieto Terutaotu BYT 3000 T1B EC.

Bci BeHTHIIALINHI ccTeMU 0OaJHaH1 aBTOMATHKOIO PETYIIIOBAHHS, sIKa Kepye
cucreMoro 3a curHaidamu naatdukiB CO, B mpumimieHHi. Taki cuctemMu OymdyTh
MpaIfoBaTH TIJIBKU 32 HAsIBHOCTI JIIO/IeH B ayauTopiax. Pekyrneparopu 3a nmacnopramu
3aBOJIB-BUPOOHMKIB MalOTh TeMmepaTypHuil koediuieHT edexTtuBHOCTI 74..95 %
3aJIe)KHO BiJ] TApaMeTpPiB Ta BUTPAT MPUILTUBHOTO i BUTSKHOTO MOBITPAI.

BucnoBku: Ilim dYac BHUKOHAHHS TPOEKTHUX POOIT 3  MiJABUIICHHSA
eneproeextuBHocTi kopnycy «®» HamionansHoro yHiBepcurery “IlonTaBchka
nomitexHika iMeHi [Opis Kowgparioka” Oyna BupillieHa 3ajada  HAyKOBOTO
OOIpYHTYBaHHSI JOLJIBHOCTI MPUHHATUX pIIIEHb MiJl Yac peai3alii MOCTaBIEHOI
3a7a4l 1 MPUAHATTS HANOUIBII €KOHOMIYHO OOIPYHTOBAHOTO TEXHIYHOTO DIILICHHS.
BnpoBamkenHst po3po0OieHUX Ta 3aTBEPPKEHHHMX 3aXOJiB 3 MOAEPHM3AIli CUCTEMU
BEHTWJIALI{, TEIUIONOCTa4aHHs Ta OMAaJeHHS B KOMIUIEKCI 3 YTEIUICHHSIM YCIX
30BHIIIHIX OTOPO/KYBaJIbHUX KOHCTPYKITIN 32 MOTIEPETHIMUA PO3paxyHKaMU IIOBUHHO
3HAYHO IIJIBUIIUTH €HEProe(EeKTUBHICTh OyAiBIl HABYAJIBHOIO KOpIyCy «Dy.
YacTkoBa 3aMiHa 3HOLIEHUX MariCTpaJibHUX TPYyOOIpPOBOIIB CUCTEMHU ONAJIEHHS Ta iX
MOBHE yTeIUieHHa 3rigHo 3 Bumoramu JIBH B.2.5-67:2013 mnpwu3BoguTh 10
3MEHIIICHHS BTPATH TEIIOBOi €HEPTii Ha TPAaHCTIOPTYBaHHS TEIUIA, a 11€ B CBOIO YepTy
3HU3UTh BUTPATH HA OMAJCHHA Ta 30UIBIINTH €(PEKTUBHICTH POOOTH OMAIOBAIBHOI
cucTeMu. BcTaHOBIEHHS! aBTOMAaTU30BaHOTO 1HAMBIAYalbHOTO TETJIOBOTO MYHKTY Ha
BBOJI1 TEIJIOBOT MEPEX1, AKUH CKIAJAETHCS 3 JTYMIbHUKA TEIUIOBOI €HEpPrii, FPeOiHKH,
peryJroBajbHOI apMaTypH, €JIEKTPOHHOTO KOHTpOJepa, IO Kepye HacocaMu Ta
PEryIIIOBAJIBHOI0 apMaTypolO 3aJIEKHO BiJ TeMIepaTyp B MPUMIIICHH] Ta Ha BYJIUII,
3a0e3redye TOYHe BUMIPIOBAHHS BUTPATH TEIUIA, T03BOJISIE €()eKTUBHO HAJIAIITYyBaTH
poOOTY cHCTEMH OMaJieHHS Ta 3MEHIIUTH 3aTpaTd Ha OMNaJeHHS. ABTOMaTHYHHMA
KOHTpoOJIep 3a0e3NneuuTh CTaOUlbHYy TeMIeparypy B MPUMILIEHH], a 130511
TPyOOIIPOBO/IIB JOTIOMAarae YHUKHYTH [OJAaTKOBUX BTpar Teruia. BcTaHOBICHHS
ABTOHOMHHUX CHCTEMH BEHTWJIALII 3 pEKyNepaliero TemiIoBoi €Heprii B Ycix
ayIuTopisX Ta KabiHeTax, skl mpaioroTh 3 Aaruukamu CO,, 103BojsSE€ €PEKTUBHO
BUKOPHCTOBYBATH €JIEKTPUYHY CHEPTii0 Ha MOTPEON BEHTWISAIIMHUX CUCTEM, a TAKOX
3HU3UTh BUTPATH Ha MIIICPIB MPUIIJIMBHOTO MOBITPS 3aBASKHA pEKyIepallii Tera.
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IlepcnexkTnBH NoOJANBIIMX JOCTiAKeHb. HacTynmHum eramoM, NpoBeneHOI
poGotu Oyae BU3HAYCHHS PeabHOTO €HEePTOCHOKHBAHHS CUCTEMaMU BEHTUJIAIT Ta
TEIUIONOCTAaYaHHsI MiCJs peanmi3alii y CnuibHOMY 3 €BpONEHCHKUM 1HBECTHLIMHUM
OankoMm Ta [liBHIYHOIO €KOJOTiYHOK (HIHAHCOBOIO KOpIiopallielo MpoekTy "Buia
ocBiTa Ykpainu" B HamionansHoMy yHiBepcuTeTi «llonTaBchbka MoONITEXHIKA 1MEH1
Opis Konapatiokay.
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THERMAL MODERNIZATION AND IMPROVEMENT OF
ENGINEERING SYSTEMS OF CAMPUS F OF THE NATIONAL
UNIVERSITY "YURI KONDRATYUK POLTAVA POLYTECHNIC"

Abstract. Scientifically based measures for carrying out thermal modernization
of a public building, which involve updating microclimate engineering systems by the
modern regulatory construction framework, were highlighted in this article. Research
is conducted in parallel with the implementation of the "Higher Education of
Ukraine" project, which is supported by the European Investment Bank and NEFCO.
Implementation of the developed and approved measures for the modernisation of the
ventilation, heat supply and heating systems in combination with the insulation of all
external envelope str uctures, according to preliminary calculations, should
significantly improve the energy efficiency of the building of the educational building
‘F’. Partial replacement of worn-out heating main pipelines and their complete
insulation in accordance with the requirements of DBN B.2.5-67:2013 will reduce
heat energy losses for heat transportation, which in turn will reduce heating costs
and increase the efficiency of the heating system. Installing an automated individual
heat point at the heat network inlet, which consists of a heat meter, a comb, control
valves, an electronic controller that controls pumps and control valves depending on
indoor and outdoor temperatures, ensures accurate measurement of heat
consumption, allows effective adjustment of the operation of the heating system and
reduce heating costs. An automatic controller ensures a stable indoor temperature,
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and the insulation of pipelines helps to avoid additional heat loss. The installation of
autonomous ventilation systems with heat recovery in all classrooms and offices that
work with CO; sensors allows for efficient use of electrical energy for ventilation
systems, and reduces the cost of heating the supply air through heat recovery.

Key words: Thermal modernization, automated individual heating point, thermal

insulation, heat recuperation.
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A METHOD FOR ESTIMATION OF BIOMASS ENERGY UTILISATION
BY BIOGAS PRODUCTION

Abstract. Currently, about 10% of the energy in the world is biofuel energy from
plant biomass. Anaerobic fermentation is a sustainable technology in waste
processing and energy production. First-generation biofuels are made from dedicated
feedstocks and conversion technology bioenergy crops. Second-generation biofuels
are bio-based products derived from non-food feedstocks, which are agricultural and
forestry feedstocks. Third-generation biofuels are produced from aquatically
cultivated feedstocks. To assess the output of biogas from biomass, it is necessary to
perform calculations of anaerobic fermentation processes. The well-known Buswell
model allows for the theoretical determination of the amount of biomethane from a
substrate with organic substances. The method estimates the output of anaerobic
fermentation products based on theoretical stoichiometric evaluation. Theoretical
Biochemical Methane Potential considers all organic substances as biodegradable.
The amount of biomethane (nCH,) is a parameter that depends on the elementary
composition of organic matter. To determine nCH,, measurements and calculations
based on elemental analysis are required. The empirical formula of organic matter
can be determined using stoichiometric equations. Higher values are obtained for
grains and lignin - from 698.6 to 705.4 dm’/kg, for wood and straw the biogas yield is
from 476.5 to 514.2 dm’kg. Solid wastewater sludge - 570 dm’/kg. Biogas from
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anaerobic fermentation not only represents a clean energy source but also contributes
to reducing the volume of solid waste and greenhouse gas emissions. Anaerobic
fermentation can also be integrated into various agricultural and industrial
processes.

Key words: Biogas, Biomethane, Anaerobic Fermentation, Biothermodynamics.

Introduction. EU goals determine the decarbonization of the Member States.
One of the directions for decarbonization is the projects of renewable gases (biogas,
biomethane) and biofuels. The potential of the renewable gases industry, according to
European Biogas Association (EBA) exceeds the prospects for using hydrogen.
Biomethane is a biogas that is brought to a gas quality containing 95 % to 98 % of
methane. The production of biomethane is carried out by the technology of anaerobic
fermentation of waste and residues of agricultural biomass. Biomethane can be used
for the production of thermal and electricity, as fuel for compressed and liquefied
transport, as well as as a raw material for the chemical industry. In 2020, the
production of biomethane in EU countries will be up to 32 TW-h. In the period up to
2050, the production of biomethane will increase from 1000 to 1400 TW-h, which
will replace 20 % of the need for natural gas, according to EU plans. According to
EBA, the number of biomethane plants in EU countries is 729. Germany has the
highest proportion of biomethane installations (232), France-131, UK-80 [1-5].

Electricity production with biomass is possible by thermochemical technologies:
burning, rapid pyrolysis and gasification. Direct combustion is the simplest way to
produce thermal energy with efficiency of about 75 % and electricity with efficiency
of about 8-13 %. Rapid pyrolysis is the process of rapid heating of fuel and waste in a
boiling layer to high temperature in the absence of air. Charcoal particles and
pyrolysis gas come out at the outlet. The electrical efficiency of technology is from
20 to 30 %, and the thermal efficiency of modern installations reaches 91-93 %. The
technology of gasification of woody and plant waste is sold in high temperature and
pressure with restriction of air access. The electrical efficiency is 40 %, and thermal
efficiency is 40-45 %.

Gasificationis is thermal oxidation occurning at high temperature (750-900 °C) in
the environment (steam, air, oxygen, or a mixtuie of them). Gasification products are
gases-H,, CO, CHi, and CO,. There are also solid product (char), inorganic
contaminants (H,S and HCI) and organic contaminants (tar). Anaerobic Digestion
(AD) is process whereby microorganisms break down biomass in the absence of
oxygen. AD for biogas production involves four processes called hydrolysis,
acidogenesis, acetogenesis, and methanagenesis. Hydrolysis breaks down polymers
like cellulose, starch, and proteins into monomers by exoenzymes. Acetate, H,, CO,,
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and volatile fatty acids (VFA) are produced during acidogenesis while acetogenesis
produces acetic acid. The final process, methanogenesis runs parallel to the third to
transform the CO, and H; into methane.

The basics of biogas energy generation and thermodynamic principles

(The role of thermodynamics in enhancing anaerobic digestion efficiency)

By applying thermodynamic principles to biogas energy generation, we can
enhance the overall efficiency and maximize the benefits. The following are key
consideration:

-Heat exchange,

-Exergy analysis,

-Entropy optimization,

-Utilizing thermodynamics for maximizing energy generation from biogas

Relevance of the research. Biogas is the promising technology of decreasing
natural gas usage. Its burning simply returns the sequestrated CO, by plants and,
possibly, converted by animals. Thus, it doesn’t influence the CO, balance in the
nature instead of using fossil fuels releasing the CO, deposits accumulated dcuring
billion years. Biogas is a renewable resource. Thus, effective usage of it is one of the
solution of global warming problem.

Latest research and publications.

The basics of biochemical processes of carbohydrate breakdown. There are
two processes of carbohydrate breakdown - anaerobic breakdown of carbohydrates
(glucolysis) and aerobic breakdown (oxidation) of carbohydrates. The anaerobic
process of carbohydrate breakdown can be analyzed on the multi-stage process (12
intermediate stages) of the conversion of glucose into lactic acid according to the
reaction [6-7] with the difference in the Gibbs energy AG, [kJ/mol]:

CsH1,06= 2CH;—~CHOH-COOH, AGy=— 115.137 kJ/mol (1)

Glucose breakdown efficiency is 40% (cucumbers). Another direction of the
process is the transformation with the participation of acetylcoenzyme and the
formation of acetic acid CH;COOH (vinegar fermentation).

Aerobic decay (oxidation) of carbohydrates and glycolysis pass equally to the
stage of formation of pyruvic acid. In the presence of oxygen, the process of
converting pyruvic acid into lactic acid is inhibited and the process of oxidation of
pyruvic acid, which leads to several times more release of the amount of free energy
(up to 1250 kJ/mol). Fermentation refers to intracellular mechanisms. Due to
fermentation, many organisms receive chemical energy from glucose and other
subtractic without molecular oxygen. Fermentation is a life without air.

In 1857, the biological nature of the fermentation process caused by living cells
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of microorganisms was proved by Louis Pasteur. He found that in aerobic conditions,
yeast 1s formed from sugar 20 times more a small substance than in anaerobic. He
found that oxygen suppresses fermentation (Louis Pasteur effect). The process of
methane fermentation was studied at work [8]. The fermentation process was
considered from two phases. In the first phase of complex organic substances acids
(acetic, anthill, lactic, oil and others), alcohols (ethyl, propyl, butyl and others), gases
(carbon dioxide, hydrogen, hydrogen sulfide, ammonia), amino acids, glycerin and
others) are formed. The first phase is called acidic or hydrogen fermentation, because
In the process, the excretion of acids and pH is reduced to 5-4.5.The second phase
(alkaline or methane fermentation) - there is a further decomposition of substances
with the release of gases consisting of methane, carbon dioxide, hydrogen and
nitrogen. The Barker scheme is convenient for practical use. Other works distinguish
three and four phases of decay of organic matter and different groups of bacteria.
There are the following phases of methane synthesis from the substrate:

1. Hydrolysis phase. High molecular weight organic substances (protein,
cellulose, carbohydrates, fats) by hydrolysis bacteria are converted to low
molecular weight water-soluble compounds (monosaccharides, amino acids,
fatty acids and water). The polymers turn into monomers.

2. Acid-forming phase. Organic monomers are decomposed into acids (acetic,
propionic, oil), alcohols and aldehydes and compounds: H,, CO,, N,, H,S.
Anaerobic conditions are created necessary formation of methane bacteria.

3. Acetogenic phase. This phase is carried out by acetogenic bacteria. This forms
acetate with hydrogen and acetic acid by using hydrogen to restore CO,.

4. Methanogenesis.

Acetic acid is decomposed into methane, carbon dioxide and water according to

the reaction:

CH3COON — CH4 + COZ + Hzo (2)
Hydrogen and carbon dioxide turn into methane and water:
CO, +4H, — CH,4 + 2H,0 — (3)

stimulate the process of synthesis of biogas supplement of green amaranth plants,
corn and melafen.

Acetogenation - the process of converting fatty acids, amino acids and alcohols
into acetic acid at a temperature of 25°C. The duration of the process is about 24
hours with the formation of acetic acid. Methanogenic phase - methane and carbon
dioxide. The duration of the process is about 14-20 days. Most bacteria form methane
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of molecular hydrogen and carbon dioxide according to the reaction:
4H, + CO, — CH, + 2H:0. 4)
Some types of bacteria form methane from acetic acid.
CH;CON = CH,4 + CO; (5)

The processes of methane formation of cellulose and formic acid, methanol and
methylamine, carbon monoxide are known. Processes in the acid phase and
methanogenic phase occur at different speeds. Acid bacteria (aerobic) double the
mass for 5-10 hours. Methanogenic bacteria develop slowly and double the mass in
3-5 days.

The known McCarthy scheme [9], according to which the process of anaerobic
substance occurs in three phases:

e in the first phase, complex organic substances biological polymers (proteins,
lipids, polysaccharides) are subjected to hydrolysis with the formation of
organic acids (oil, propionic, dairy), under the influence of microorganisms,
hydrolysis of monosaccharides, organic acids and alcohols occurs, and, as a
result, hydrogen, ammonia, acids are formed.

* the second phase is acetogenic microorganisms — anaerobic bacteria that
convert organic acids into acetic acid, hydrogen, carbon dioxide;

* in the third phase, meta-forming bacteria break down organic matter using
metabolites formed in the first phases.

Methanogens use water to recover CO, to CHy

4H2 + CO2 = CH4 + 2H20 (6)

Biomass resources. The energy efficiency of plant biomass is determined by its
yield and annual production [10, 11]
Let us perform the the analysis of the influence of pyrolysis parameters in
thermal destruction on the composition of biofuels when using various raw materials.
Fundamental hydrolysis of cellulose from extraordinary wood. Using pre-
treatment of corn cobs with a deep eutectic solvent fraction of hemicellulose and
lignin of raw biomass, cellulose content increases by 140 %. Corn straw was pre-
treated with microorganisms and a microbiological agent helps to reduce the process
of biogas production. This reduces the content of lignin and cellulose, gas formation
increases.
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Table 1. Energy characteristics of biomass

. Yield/Dry matter Energy efficiency
Biomass [t/hm?] GJ/hm® | TOE/hm”
Cereal straw 2,6/2,2 40,3 1,38
Potato buds 1,7/1,3 19,5 0,67
Straw rapeseed 2,5/2,1 38,2 1,30
Potato tubers 21,2/5,3 85,9 2,93
Beet 38,7/9,7 155 5,3
Corn stems 55/15 274,5 9,37
Jerusalem artichoke stems 95,7/27,5 495 16,9

* TOE — Ton of Oil Equivalent 29.3 GJ/T

Anaerobic Biomass Conversion in Methane. The output of biogas from

vegetable biomass is given in Table 2 [12].

Table 2. Biogas exit from vegetable biomass

3
Type of raw material Gas output, m” per 1 kg of Methane content, %
dry matter
Tree leaves 0,219 -0,29 58
Corn stalks 0,38 — 0,46 59
Oat straw 0,29 -0,31 59
Barley straw 0,25-0,30 59
Rye straw 0,20 -0,30 59
Wheat straw 0,20 -0,30 59 - 60
Beet tops 0,40 —-0,50 85
Potato tops 0,28 — 0,49 60—75

The energy intensity (energy) of biogas is 22.3 MJ/m’ [13]. 0.30 m’ of biogas, or
180 dm’ of methane at a concentration of 60 %, can be obtained per 1 kg of dry
biomass. The energy consumption of dry biomass is 15...18 MJ/kg. When burning
biogas with an energy consumption of 6.7 MJ/kg.

Processing of plant biomass is determined by technological processes or exergy.
Analyzing various technologies and losses of exergy of vegetable fuel we get the
following:

1. Grinding, drying and pressing, packaging (98-99 % of output energy), seal 5-
10 times.

2. Fermentation (liquid fuel energy) efficiency - 30 %, low concentration of fuel
components in substrates; expensive technologies;

3. Methane fermentation (methane), efficiency 30...40 %, low gas formation;

4. Thermolysis (gas synthesis, CO + H,, efficiency 20...40 %), the disadvantage is
high temperatures.
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Comparing technological processes, it can be seen that solid fuels can be obtained
with low loss of degradation energy and are the most promising. Experimental studies
of the efficiency of transformation of aerobic fermentation products into biogas and
electrical power showed that the efficiency of biomass conversion in plant was
59.87 %. The efficiency of energy products in relation to the overall energy energy
reaches a low value of 27.66 %. Degradation of energy intensity is observed.

More effective is the production of animal manure (40-50 m*/10 m’ per day) or
biogas (Landfillgas) from dumps [15].

The elemental composition of vegetable biomass and the highest combustion heat
are shown in Table. 3. In Table 4, there are compositions of organic waste (manure).
And in Table 5, there is a biogas production for different substrates and additives.

Table 3. Elementary composition of vegetable biomass
and higher combustion heat

Elementary composition Wood Lignin Straw Crops
C, max. % 47..51 65,9 42..47 43...60
H, max. % 5,7...6,3 4,9 5,1...6,0 6,4...7,2
O, max. % 39...44 23,0 | 39,1..43,8 | 24...46
N, max. % 0,13..0,54 | 0,7 04..1,1 1,7..3,9
Ashiness 0,5...4,0 5,1 3,8..12,2 | 2,0..4,6
Higher combustion heat Q°, MJ/kg | 18,4...19.2 | 20,6 | 15,8...17,7 | 17,0...26,5

Table 4. Chemical composition of organic waste (manure)

Content, %, of
Substrate type C O S H N
Cattle Manure 61 12 1 8 18
Litter 82 9 0,9 1 7
Pig Manure 81 11 0,08 7 0,92
Horse Manure 77 13 0,07 9 0,75
Cattle Manure and Corn Grains 71 16 1 8 19
Pig Manure and Corn Grains 91 4 9 7 4
Horse Manure and Corn Grains 82 9 15 1 0,8

The decomposition of manure occurs through the process of anaerobic
decomposition — urease urobacteria — according to the reaction:

CO(NHz)z + HzO = (NH4)2 CO3 (7)
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Table 5. Biogas yield from different types of substrate
with active biological additives

Biogas yield [m’/10 kg of substrate]
Substrate without with the addition | with the addition of
additives of corn the drug Medosfon
Cattle Manure 9,19 9,8 10,92
Horse Manure 7,31 9,9 11,59
Pig Manure 13,92 14,8 16,66
Chicken Manure 7,7 9,33 10,38

Ammonium carbonate decomposes:
(NH4)2CO3 = 2NH3 + C02 + HZO (8)

The complete decomposition of fresh cattle manure according to the conditional
formula (in mass fractions of organic matter) is written as:

Cos1 Hoos Oo.12 Noag Sor +0.77 H,O —
— 0.275 NHi + 0.5HCOs + 0.413CO;, + 0.571CH4 + 0.011H,S 9)

Hence, 0.413 g of CO, and 0.571 g of CH, will be released per 1 g of ashless
substance.

Chemical composition of the degraded waste to predict methane production. The
formation of methane from decomposed waste (fermentation products) can be
determined from the chemical reaction as

b
5+§—Z)CH . (10)

b
H, ————H
C,H,O,+ 1 2) 0O—

————— )CO +

where C,H,O, — organic matter; a, b — stoichiometric coefficients.

This model did not include the production of hydrogen. In the process of glucose
decomposition, according to the reaction equation, methane can be obtained in the
amount of: from 1.0 g CsH1,06 we’ll obtain 0.25 g CH4, 0.69 g CO,, 0.06 cell mass,
and 632 kJ energy or (from 1 mole of glucose, 2.8 moles of CHs and 2.6 moles of
CO; are obtained [15]).

The aim of the work is to estimate the possibilites of biogas production from
different sources.

Main part. Currently, about 10 % of the energy produced in the world is biofuel
energy obtained from the fermentation of plant biomass. Biofuels from biomass have

54



Benmunisiyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 52, 2025

been widely implemented: sugar cane ethanol in Brazil, corn ethanol in the United
States. Anaerobic digestion is a sustainable technology used in waste treatment and
bioenergy production.

First generation biofuels are produced from dedicated on the feedstock and
conversion technology bioenergy crops. Second-generation biofuels are bio-based
products that that come from non-food feedstock. That is agriculture and forestry
feedstock. Third-generation biofuels are produced from aquatic cultivated feedstock.

The Buswell model [16] allows for the theoretical determination of the amount
of biomethane from an organic substrate. The model combines chemistry, biology,
mathematics and thermodynamics in a biosystem.

The stoichiometric Buswell’s equation (BE,) plays a paramount role in counting
quantity of biomethane either in pure or mixed organic matters.

The equation can be written as follows:

y z _
_Y_Zlg o=
YT

C H O+

x y oz

co, (1)

Theoretical biochemical methane potential (TBMP) considers all organic
matters are biodegradable. Quantity of biomethane (nCH4) is a parameter which
depends on the elemental composition of organic matters.

To determine nCH., measurements and calculations are necessary based on
elemental analysis, the empirical formula of an organic matter can be determined
using stoichiometric BEgq.

The most organic matters their C/H/N/S contents are analysed using elemental
analysis. The mass fraction w; [%] of elements i and of ash w, [%] in samples are in
Table 6.

The mathematical relationship for ultimate analysis is shown:

Wagn+ > wi = 100%.
For C,H,0O.CIN,S, matters [%]:
dwi=we + wa+ wo + wa + wy + ws.
For C,H,0.CI,N,S, matters [%]:
dSwi=we + wh+ wo + wa + wy + ws.

Mass fraction of the ash is calculated by the equation:
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Table 6. Mass fraction of elements

Element/Component
c | H | o | ca | N | s | Ash
Sample Atomic mass L [g/mol]
12.011 | 1.008 | 15999 |35.453| 14.007 |[32.065| -
Mass fraction w; [%]
Chicken |53, | 5g5 2738 | 035 5.16 045 | 15.49
litter
Feedlot | 4539 | 535 3098 | 1.16 0.96 029 | 15.87
manure
47-51 | 5.7-63 | 39-44 0.13-0.54 0.5-40
Wood - -
(50) (5.7) (39) (0.13) (5.17)
Lignin 65.9 4.9 23 - 0.7 - 5.1
42-47 | 5.1-6.0 | 39.1-43.8 0.4-1.1 3.8-12.2
Straw - -
(47) (5.5) (40) (1.0) (6.5)
Coreals | 43760 | 64-7.2 | 24-46 ] 1.7-3.9 ] 2.0-4.6
(60) (7.2) (24) (3.0) (5.8)

Note: in parentheses, there are values considered for calculations in this work
Wasn = 100 — Y w;.

The values taken into account in the calculations are indicated in Table 7 in
parentheses.

We can convert the element to mole by dividing the mass of element per it’s
atomic mass. Thus, the mole 7 relation

e _We Wy Wo W Wy Wy
12
NNy Ny R iRy i Ng=—": — Il =Xxlyizisiviu (12)
Le Uy Ho Hg Hy Hg

Let the mass of a waste be 100.0 g then the elemental ratios in chicken litter and
feedlot manure are counted (Table 7). The empirical formulas and masses are in
Table 8.

Stoichiometric coefficients BE, are determined from the equation:

4x—y—2z+s+3v+2u

C.H,O0.CI;N,S + 1 H,0—
- 4x+y—2z—8w—3v—2u CH4+4x—y+22gs+3v+2u CO,+
+sHCI+vNH ;+n H, S (13)
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Table 7. Elements ratios

Sample/mole Ne=X | nu=y | no=z | INn=V | ns=u | na=Ss

Chicken litter 3.773 5.804 1.711 0.368 | 0.014 | 0.90

Feedlot manure 3.779 5.308 1.936 | 0.069 | 0.009 | 0.033

Wood 4.167 5.655 2.437 0.009 -

Lignin 5.492 4.861 1.437 0.050 -

Straw 3917 5.456 2.500 0.071 -

Cereals 5.000 7.143 1.500 0.214 -
Table 8. The empirical formulas and empirical masses

Sample Empirical formula, Empirical mass,
C.H,0.CI,N,S. u(CH,0.CI,N,S,)

Chicken litter C3.773H5.80401.711Clo.010N0.368S0.014 84,510

Feedlot manure C3.770H5.30801.936Cl0.033N0.069S0.009 84,130

Wood Ca.167H5.65502.437N0.00 94,33

Lignin Cs.492Ha.86101.437No.050 94,5

Straw Cs.917H5.45602.500N0.071 93,5

Cereals Cs.000H7.14301.500N0.214 94,2

The values of stoichiometric coefficients are given in table 9

Table 9. Values stoichiometric coefficients

Sample Ny,0 HcH, Nco, NHcl VINH, Ny,s
Chicken litter 1,752 2,042 1,732 0,010 0,368 0,014
Feedlot manure 1,549 2,037 1,742 0,033 0,069 0,009
Wood 6,166 2,177 1,989 - 0,009 -
Lignin 3,595 2,976 2,516 - 0,050 -
Straw 1,356 1,989 1,928 - 0,071 -
Cereals 2,625 2,938 2,062 - 0,214 -

BE, for wood:

C4,167H5.65502.437N0.000 T 6.166H,O — 2.177CH4 + 1.989CO, + 0.009NH3

BE, for lignin:

C5,492H4,861O1,437N0.050 + 3,595H20 — 2976CH4 + 2,516C02 + 005NH3

BE, for straw:

(14)

(15)
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C3.917H5.45602.500No.071 + 1.356H0 — 1.989CH,4 + 1.928CO, + 0.071NH;  (16)
BE, for cereals:

Cs.000H7.14301.500No214 + 2.625H,0 — 2.938CH4 + 2.062CO, + 0.214NH;  (17)
BE, has the form for chicken litter:

C5.773H5.80401.711Clo.010No0.368S0.014 + 1.752H,0 — 2.042CH4 + 1.732CO; +
0.010HCI + 0.368NH; + 0.014H,S. (18)

BE, has the form for feedlot manure:

C3_779H5_30801_936C10.033N().06QSO_009 + 1.549H20 —> 2.037CH4 + 1.742C02 + 0.033HC1 +
0.069NH; + 0.009H,S. (19)

Biomethane and biogas can be calculated by the following formula:
Nc= X = Hcu, T Aco,
For mole of biomethane

_A4x+y—2z—s5—3v—-2y
nCH4_ 8

Mole of biogas
Ncn, T Nco, T Muct + Ang, T Aps =X + s +v+n.
The calculation results are in table 10.

The percentage parameters of anaerobic digestion can be determined by the
following two relations in per cents:

1 00 . nbiomethane (20)
n biogas
n
100 ——— (21)
Neg, T heo,
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Table 10. Calculation results

Sample | Mol | Molof | 100 x 100 x Volume,
of | biome- s Mbiomet y Ney, dm’
biogas | thane Poiogas| ey +co, CH,; | CO, | NH; | biogas
Mpiogas Npiomethane [%] [% ]
Chicken | 4 1es | 2042 | 49.03 54.12 M1 14500 — |1103.96
litter 11
Feedlot | 5 o711 2037 | 5130 53.90 2.1 e g !l — 11035.73
manure 29
Wood | 176 | 2177 | 2.1 _ 5124' 469.0 | 2.1 | 986.1
Lignin s 545 | 3.013 | 544 _ 735' 596.4 | 11.8 | 1313.2
Straw 3988 | 1.989 | 499 - 4756° 4619 17.0 | 955.4
Cereals | 57141 2937 | 563 - 6968' 4903 | 50.9 | 1239.8

Using the values of elemental composition (x, y, z, s, v, u) or stoichiometric
coefficients (7u,0, nicu,, Aco,, Mucl, ANk, Aus) We obtain [dm’]:

_22400(nCH,) 22)
“"nC.H,0,CIgN,S,
Viiogas = Ven,+ Veo, + Vil + Van, + Vas. (23)

In biotechnological systems, there are two kind of processes:
* isochoric in sealed apparatus;
 isobaric in open-type apparatus.
In isochoric processes, the volume is constant disregarding the volume change
due to heating or cooling the vessel. The heat amount amount

2 2

0,=[ldU+pav|=[ au=U,-U =AU, (24)

1 1

where U — internal energy [J]; p — pressure [Pa]; V' — volume [ms]; U, — the internal
energy at the beginning of a process [J]; U2 — the internal energy at the end of the
process [J]; AU — change of the internal energy [J].

In isobaric processes, the pressure is constant disregarding the barometric
pressure change during the process. The heat amount
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2 2
0,=[du+| pav=U,~U +pV,-pVv =
1 1

=(Vy+pV, =V \+pV,\|=H,~H ,=4H, (25)

where V; is the volume at the beginning of the process; V- is the volume at the end of
the process; H; is the enthalpy at the beginning of the process [J]; H> is the enthalpy
at the end of the process [J]; AH is the enthalpy change [J].

Hence, the heat of the process at p = const or V= const is a function of the state
of the system. This is a consequence of the first law of thermodynamics is the
theoretical basis of thermochemistry and is called Hess law.

According to the Hess’s law, the thermal effects of different physicochemical
processes are calculated: biochemical reactions, phase transitions, dissolution
processes, etc., when there are no experimental data. In biochemical transformations
there is a change in the internal energy of the system, due to the fact that the internal
energy of the reaction products differs from the internal energy of the substances that
reacted (the source products).

Hess’s law can be formulated as: the thermal effect of a reaction that occurs at
constant pressure or constant volume, does not depend on the path of the reaction,
and 1s determined only by the condition of the starting substances and reaction
products.

The thermal effect of isochoric reaction is equal to the increase in the internal
energy of the system [J]:

Oy = AU. (26)

The thermal effect of an isobaric reaction is equal to the increase in the enthalpy
of the system [J]:

0, =AH. (27)

The thermal effect of the endothermic reaction (which occurs with heat
absorption) is taken positive, and for the exothermic reaction, the thermal effect will
be negative (reaction with heat release).

When streamlining thermochemical equations of reactions, the aggregate state of
reagents should be indicated: (T) - solid, (P) - liquid, (d) - gaseous.

Using the consequences of Hess's law, it’s possible to calculate the value of
thermal effects for biochemical reactions.
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For comparison and use in calculations, thermal effects are calculated under
standard conditions: pressure p = 101325 Pa and temperature 7= 298.15 K (25 °C).

The thermal effect under standard conditions is denoted as AzH’ (R means
"reaction").

The standard thermal effect of the reaction is equal to the difference of standard
heat formation of reaction products and starting substances (taking into account the
steichiometric coefficients):

AVHOZZ(VI'AH?AI‘)_ZI'(VfAH?‘A/‘)a (28)

where i is the number of each initial material and j is the number of each final
products.

The standard heat (enthalpy) of the formation of a substance AH/ [J] (f means
"formation") is the thermal effect of the reaction of the formation of one mole of this
substance from simple substances (or elements) taken in the thermodynamically
stable state at 7= 298.15 K and p = 101325 Pa.

The heat of the formation of simple substances in thermodynamically stable state
under standard conditions is taken equal to zero (AH/(O,) = 0).

Knowing the thermal effect of the formation of a chemical compound in one
aggregate state, it is possible to calculate the thermal effect of its formation in another
aggregate on the basis of Hess's law:

AH ,|d|=4H ,|P|+4H (29)

evaporation®

AH,|P|=4H ,|d+AH (30)

melting
where AH...poraion — the enthalpy of evaporation [J]
There are three kinds of information that we must have for biochemical
engineering: balances, kinetics and thermodynamics.
The standard molar enthalpy of combustion A4.° [kJ/mol] of organic matter is
proportional to the number of electrons that it transfers to oxygen during combustion

[7,17]
h=—111.19"E 31
Where 111.19 kJ/mol is the energy amount per electron; E is the number of

electrons transferred to oxygen during combustion to COx(g), H>O(1), Na(g), P4O1o(s),
SOs(g) [kJ/mol]:
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E; bio:nc(%(} C02+§nH E; HZO_hg
h (i =Nco, Moyt Mo Wi .0= N Hc) (32)
or
_ W
h0~ . — f(bzo) (33)
/(bie) Mr(bio)
for the reaction
1 1
C.H, O, + nc+ZnH 02—>nCC02+EnHH20 (34)

Standard molar entropy can be determined according to the equation [7].

_ SY
§0.=0,187) —n, (33)

1

Where n; is the number of atoms of element in the empirical formula of the
biomass, S? — standard molar entropy of element i [kJ/mol], a; — the number of atoms
per molecule of element i in its standard state elemental form.

The standard state elemental form of carbon is graphite, which is simply written
as C, which makes ac= 1. The hydrogen, oxygen and nitrogen are in their standard
state in elemental forms. All diatomic gasses H,, O, and N,, respectively, which
implies that ay = ao = an = 2.

Equation (34) can be used to predict standard specific entropy of a wide range of
organic substances.

The equation for S}, looks like:

S? =0,187|S%n .+ SZHZ ny,+ Yo, v

ny (35)

Since the empirical formula contains n.=1 carbon atoms, ny=1.770 hydrogen
atoms, no = 0.490 oxygen atoms, ny = 0.240 nitrogen atoms.
The standard molar entropies [18] are:
§7=5.51J/mol - K; % =130,68]/ mol - K; S, =205.15J / mol * K;
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S5, =191.61J /mol - K.

Specific enthalpy and specific entropy depending on temperature can be
calculated as:

h',=h+h,=h}+C,[T-T,|,

(35)

0 Q0 T
§'=8°+S,,=8"+C In| - (36)

o

where C, — specific heat capacity; A and S, are corrections that need to be made
from 7, =298.15 K to T.
The specific heat capacity of dry biomass is 1.308 J/(g-K) [7].
Using the values 71;, b, and E;», », determines the standard molar Gibbs free

energy of formation using the Gibbs equation [J/mol]:

gof.biozzof.bio_To.gof.bio’ (37)

Table 12. Standard molar enthalpy, entropic, Gibbs free energy

Substance AH® [KJ/mol] AG® [KJ/mol] AS° [J/(mol-K)]
Ha(g) 0 0 130.6
H,O(c) -285.9 -237.2 70.0
H>O(g) -241.8 -228.6 188.7
CO(g) -110.5 -137.3 197.9
C(s) 0 0 5.7
COx(g) -393.7 -394.6 213.8
N(g) 0 0 191.4
Oa(g) 0 0 205.0
S(g) 0 0 31.9
CHa(g) -74.6 -50.5 186.3
CH;CHOHCOOH(T) -694.08 -522.92 142.26
CH;COCOOH(P) -584.5 -468.38 179.5
C12H2,01(T) -222.1 -1544.65 360.2
CeH 1,06 T 2802.04 205.03 29.37
Cr 0 0 5.74
COur -393.51 0 213.66
H,O -241.81 0 188.74
CH,4 -74.85 0 186.27
CH;COOH -484.1 -389.36 159.83
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To estimate the effectiveness of processes, we need performing not only energy,
but also the exergy analysis.

The mass, energy and exergy balance equations are presented here. The
governing equations for mass conservation are

SMjy — SMip =0, (38)

where ZM,, — the sum of all masses of components before the process; M, — the
sum of all final products.
The first law of thermodynamics gives the energy balance

QW= My~ M, (39)
where QO — supplied heat [J]; W — performed work [J].
The exergy balance equation [J]:
EXin — EXou = EXdest (40)

where Ex;, — the total exergy before the process [J]; Ex.. — the total exergy after the
process [J]; Exq.. — the exergy destruction [J].
The total exergy rate of each component is calculated using the equation [J]

Ex = expn — exXen, (41)

where ex,;, — the specific physical exergy; ex., represents the specific chemical exergy.
ex,, for the water, organic streams, and biogas streams are determined respectively
using:

expn = hy— ho — T+(8; — S0); (42)
€Xph = Cp (T— To — Toll’l(T/T()), (43)
Exph = Cp(T— Ty — T()ll’l(T/To) + RT) h’l(p/po) (44)

The specific chemical exergies of the organic streams are calculated using the
model of Song et al [19]

Ex.,=369.439 C+1075.633 H—86.308 O +4.14 N+ 190.798 S — 21.1 Ash, (45)
ithere C, H, O, N, S, and Ash determine the the organic content of the substances,

which are carbon, hydrogen, oxygen, nitrogen, sulfur, and ash, respectively.
The exergy destruction for each state point is defined as [J]
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Exdest = (1 - TO/T)QI - W+ Mn'exin - Mout'exout- (46)

Energy and exergy the efficiency of biogas systems is carried out according to
[20]

The maximum exergy efficiency of 35.52 % was attained at organic loading rates
of 0.5 dm’/day and hydraulic retention time of 15 days when food waste with fat
concentration of 0.5 % was used. The exergy loss associated with irreversibility of
AD, the biogas, liquid sludge and net waste heat accounted for 64.59 %, 23.19 %,
9.16 %, 2.96 % respectively.

Conclusions. The results allow assessing the potential of biogas production from
various raw materials. The proposed methodology for calculating the output of biogas
gives the opportunity to predict the biogas release. The proposed methodology of
thermodynamic analysis of the anaerobic fermentation process and the exergy
analysis showed that the exergy efficiency of the process is about 35.52 %.
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METO/I OLIIHIOBAHHSI BAKOPUCTAHHSA EHEPI'II BIOMACHU
HIJIAXOM BUPOBHUIITBA BIOTI'A3Y

Anomayia. Ha oanuii yac 6nuzvrko 10% enepeii, wo eupobnsiecmoca y ceimi — ye
eHepeis bionanusa, 00epxicy8ano2o 8 pesyivmami gepmenmayii pociurHoi biomacu.
bionanuso 3 6iomacu ompumano wupoxomacuimadOHe SUKOPUCMAHHA.! emAaHol i3
yykposoi mpocmunu 8 bpaszunii, emanon i3 kykypyosu 6 CIIIA. Anaepobne 6podinnus
ye cmilka mMexHoN02is, WO BUKOPUCTMOBYEMbC NpuU nepepobyi 68i0xo0ie ma
supobHuymei ewnepeii. Ilepwii noxoninHs 0Oionanus 6ucOmMoGIeHi 3 CUPOBUHU 3d
MEeXHON02IEN NepemBopenHsl 0i0eHePeMUUHUX KYIbmyp.
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bionanueo opyzozco noxoninnsa — ye npoodykmu Ha 0i0N02IYHIU OCHOBI, WO
BUPOOTAIOMBCSL 3 BUKOPUCTAHHAM HEeXAp4080i CUPOBUHU CLIbCLKO2OCNOOAPCHLKO20 |
Nic08020 noxoodicenus. Tpeme noxoninusa bionanue upooIeHo 3 60OHOI CUPOBUHUL.

s oyinku 6uxody 6iocasy 3 Oiomacu He0OXIOHO GUKOHAMU PO3PAXYHKU
npoyecié anaepodonozo 0podinna. [llupoxo eidoma modenv baszyena o0o3eonsae
meopemuyHoO GUHAYUMU KIIbKICMb Olomemany i3 cyocmpamy 3 OpeanidvHux pedosuH.
Mooenv noconye ximiuni, 6iOXiMIuHI | MepMOOUHAMIYHI Npoyecu, Wo 8i00Y8aOmMvbCsl 8
biocucmemi. Memoo bazyena oyinwoe 6uxio npooykmie amaepobHo2o OpOoOiHHA HA
OCHO8I meopemuyHoi cmexiomempuunoi oyinku. TeopemuyHi OIOXIMIYHI MemAaHO8I
nomenyianu (TBMP) pozensdaromes 6ci opeauiuHi pevosuHu 5K 0Ii0OpO3KIAOHL.
Kinvxicmo 6iomemany (nCH,) € napamempom, KUt 3aiexcums 8i0 enemMeHmapHoi
Komnozuyii opeauiunoi mamepii. /na euznauennss nCH, neoOXiOHi eumipto8anHs i
PO3DAXYHKU, W0 0a3ylomsvcsi HA eleMeHMHOMY aHali3l, a eMnipuuHy gopmyny
Op2aHiYHOI  peuoBUHU MOJCHA BUSHAYUMU 3d OONOMO20I0 CMEXiOMempUuiHO20
Memooy.

binvw eucoki 3nauenns ompumani 0 3epHOGUX ma JicHIHY - 610 698.6 0o
705.4 om’/xke, Ona Oepesunu ma conomu 6uxio 6Oiocazy cmanosume 6i0 476.5 0o
514.2 om’/xe. Teepouui ocao cmiunux 600 oae 570 om*/ke.

biocas, ooeporcysanuti y npoyeci anaepobno2o 6poOinHs, He MINbKU € YUCHUM
ooicepenom eHepeii, ane MAaKoMC CHPUSE 3MEHULeHHIO 00'emy meepoux 6i0xo0ie ma
3HUMICEHHIO BUKUOI8 napHukosux 2azie. lLle 6i00yeacmbca 3a6805KU  3MEHULEHHIO
VMBOPEHHs. Memawy, AKUU 3a36Udail GUOLTAEMbCS NI0 4acC PO3KIAOAHHS OP2AHIYHUX
8i0x00i8 'y NpupoOnux ymoeax. Anaepobne OpOOIHHA MaKoddC Modce Oymu
iHmezposane 6 pi3Hi CLIbCbKO20CNO0APCHKI MA NPOMUCTIOBI Npoyecu, Wo 00380JI5€
3HAYHO NIOBUWUMU ehEeKMUBHICINb BUKOPUCMAHHSL PECYPCIS.

Bukopucmanus pisnux munieé oOionanusa, sk-om 0ioouzens, 0iocaz ma
Oioemanosn, Mae 8ax)ciuge 3HayeHHs 0l nepexody 00 OLlbulL CMIUKOI eHepeemuyHol
cucmemu. bioouzenv modxcna ompumysamu 3 pizHUX 6U0i8 pOCIUHHOL Olii ma 8i0x00i6
Xapyoeoi  npomMuciogocmi, wjo pooumsv U020 NEPCNEeKMUBHUM  3AMIHHUKOM
mpaouyilino2o Ou3enbHo20 naauea. Bukopucmanusa OGioemamnony y mpanHcnopmuomy
CeKmMopi 00NoMa2ac 3MEeHUWUMUY 3a1eHCHICMb 8I0 BUKONHUX NAIUE MA CKOPOMUMU
BUKUOU WKIOTUBUX DEYOBUH.

Knrwwuoei cnoea: 6iocas, biomeman, anaepobre Opoodinus, 6iomepmoOUHaAMIKdA.
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actipanT MakcuM MHKHTEHKO,

mykytenko mr@knuba.edu.ua, ORCID: 0000-0003-2891-6136,

KuiBChKMI1 HALIIOHJIBHUI YHIBEPCUTET OyIIBHULTBA 1 apXITEKTYPH

JOCJIKEHHA BIUIMBY KOHCTPYKIII JUCKOBOI'O
PO3IINJIIOBAYA HA EOEKTUBHICTD ITMJIOBJIOBJIEHHSA B YMOBAX
BUCOKOTEMIIEPATYPHUX ITOTOKIB

Y cmammi npedocmaeneno pesynvmamu eKcnepumMeHmaibHO20 OO0CHIONCEHHS
npoyecy  O4YUWEHHA  ACHIPAYIUHUX  BUKUOI6  NIOBUUWEHOI  memnepamypu 3
BUKOPUCAHHAM  NULOGNIOBNI06AYA  YUKIOHHO20 MUNY, OCHAUWEHO020 OUCKOGUM
so0oposnuniosavem. (OCHOBHY Y8a2y 30CepeoNceH0 HA 6NAUEI KOHCMPYKMUBHUX
napamempie po3nunoeaud, @I3UKO-XIiMIYHUX 6lacmueocmell pobouoi piounu ma
pedicumis ii nooaui Ha 2eomempiio hakena po3nuiy, OUCHEPCHICMb Kpaneib i Cmyniib
yroenosanns nuny. Bemanosneno, wo posmipu ouckis, ¢popma i Kinbkicms omeopis,
WBUOKICMb 00epmants, a MaKkodXdC memnepamypa ma 0102iCmb 2a308020 NOMOKY
icmomHo  enausalomv  Ha  egekmusHicmb npoyecy ouuujeHHsa. Ilposederno
BUMIDIOBAHHA BUCOMU MA WUPUHU (PaKend, BUSHAYEHO 3ANeHCHOCHE MIdHC 8I10CMAHHIO
8i0 Oucka i eucomoro @haxena. 3anponoHO8aHO eMnipudHi mMooeni Ol BUSHAYEHHS.
cepedHbo20 00 €EMHO-N0BEPXHEB020 Oiamempa Kpaneib 3aleHCHO 610 PeNCUMHUX
napamempie. JlocniodxceHo 6naué OOMIWOK y 6001 HA AKICMb po3nuly mda
eracmugeocmi  aeposono.  Pesynemamu  onmumizayii  pexcumy — pobomu
NUOBNI0BNI0B8AYA CBIOYAMb NPO MONCIUBICIb OOCACHEHHs 8UCOKOI epeKxmusHocmi
ouuwgennsi (0o 96-98%) npu 3uudxcenui eiopaesniunoco onopy oo 100 Ila.
Ilpeocmasneni peszynomamu moxcymv Oymu SUKOPUCMAHI Ol 80OCKOHANEHHS
NPOMUCTOBUX CUCEM ACHIPAYIUHO2O OYUWEHHA 8 YMOBAX BUCOKOMeMNepamypHux
BUPOOHUYMS.

Knrwouoei cnosa: ouckosuii poznuntosay; acnipayiviii UKUOU, NULOBLO8IEHH,
gaxen posnuny;, oucnepcHicms Kpaneisb, peyupkyaayis piouHu, 2i0pasiivHull onip.

Beryn. OpHiero 3 akTyadbHHX MpOOIEM MPOMHCIOBOI €KOJIOTil 3aJHMIIAEThCS
eeKTUBHE OYMINCHHS 3alWJICHOTO TIOBITPS, IO YTBOPIOETHCS Tia  Yac
(GYHKIIOHYBaHHS TEXHOJOTIYHUX YCTaHOBOK. OCOONMBO CKJIQJAHUM € OYHUIICHHS
BHUCOKOTEMIIEpATYpPHUX acCHipalliiHuX BUKHUIIB, SKI MICTATh APIOHOIUCIIEPCHUMN TTHIT
Ta YacTo MOTPeOyIOTh TMOBTOPHOTO BUKOPUCTAHHS BOJAM, IO MICTUTh MEXaHIYHI
noMimku. B ymoBax 3pocTarodumx BHUMOT 70 €HEpProe(EeKTHBHOCTI Ta €KOJOT14HOT
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Oe3reKy 3pocTae nmorpeda B yIOCKOHAJEHHI amapariB MOKPOTO OYMINCHHS, 3aTHHUX
CTa01ILHO TPAIIOBATH Y CKIIAIHUX CEPEIOBUIIAX.

Cepen HaWOUIBII NEPCICKTHBHUX TEXHIYHUX PIMICHb BHAUISIOTHCS IUCKOBI
BOJIOPO3MMIIIOBAuYl, SIK1 3a0€3M€4yI0Th PIBHOMIPHE AUCIEPTyBaHHS PIAMHM Yy BUIJISAIL
aepo3onbHOro (hakena. BoHM 03BONSIOTH 1HTEHCU(IKYBATH MPOLECH MacOOOMIHY
MDK PIAMHOIO Ta 3aMUJIEHUM MOTOKOM 1 MAarOTh MOTEHIlA JIJIs TOKPAIEHHS CTyTEeHs
OYMIIICHHS TPU 3MEHUIEHHI BopocnoxuBaHHS. [Ipore epexTUBHICTh TaKUX CUCTEM
3HAYHOIO MIPOIO 3aJE€XKHUTh BIJI T€OMETPIi PO3MMIIOBAyYa, IIBUJKICHOTO PEXKUMY
oOepTaHHsS JUCKIB, (I3UKO-XIMIYHUX BJIACTUBOCTEM PIIUHU Ta TEMIIEPaTypHO-
BOJIOTICHMX YMOB CEPEIOBHUIIIA.

AKTYaJIbHICTh JIOCIHIJDKCHHS TOJSATaE y HEOOX1THOCTI JCTaIbHOTO BHBYEHHS
BIUTUBY 3a3HAYCHHUX MMapaMeTpiB Ha €()EKTUBHICTH MUJIOBJIOBICHHS Ta y CTBOPEHHI
MaTeMaTUYHUX MOJIENeH, sIKI TO3BOJISITh ONTHUMI3yBaTu poOOTYy MUIIOBJIOBIIOBaYa B
yMOBaxX peajibHOTO BHUpOOHMITBA. J[aHa poOoTa cipsiMOBaHA Ha €KCIIEPUMEHTANIbHE
OOTPYHTYBaHHSI IIMX B3a€EMO3B’S3KIB Ta BU3HAYCHHS PAIIOHAIBHUX MapamMeTpiB
IIPOLIECY.

AKTyauabHicTh JociigkeHHsi. CydacHi yMOBHM €KCIUTyaTalli MPOMHUCIOBUX
NIJIPUEMCTB BUMAraroTh HE JiMile €()EeKTUBHOTO OYMIIEHHS MOBITPS BiA MUY, a U
JTOTPUMAaHHS TIPUHIIMITIB PECYpPCO30EPEIKEHHS, 30KpeMa MOBTOPHOTO BUKOPHCTAHHS
BOIM Ta 3HIKEHHS eHeproBurpar. OcoOauMBOI CKIQTHOCTI HaOyBae OUYMIIECHHS
acripanifHuX BUKHUIIB 13 MiABUIIEHOI TEMIIEPATypOIO0 Ta BUCOKUM BMICTOM TBEPIUX
YaCTUHOK, Ji¢ TpaAulliiHI MOKpl THJIOBJIOBIIOBaYl BUSBISIOTE OOMEXKECHY
€(hEKTUBHICTb.

JluckoBi posmuiitoBayi, 37aTHI popMyBaTH CcTalui (Dakesn BOASIHOTO aepo30IIt0
HEOOX1JTHO1 JIICTICPCHOCTI, SIKUW Ma€ TiIBUINCHUIN IMOTSHIIIAI JIJI 3aXOIJICHHS YaCTOK
nuy. [Ipore BIpoBaKeHHSI TaKMX CHCTEM Yy MPOMUCIIOBI YMOBH MOTPEOy€E HITKOTO
PO3YMiHHSI BIUTMBY KOHCTPYKTUBHHUX IMapaMeTpiB, TIAPOAMHAMIYHUX XapaKTEPUCTUK,
(b13UKO-XIMIYHMX BJIACTUBOCTEH 3BOPOTHOI PIAMHM Ta TEIIOBUX (DAaKTOpIB Ha
3arajibHy e()eKTUBHICTh OUUIIICHHSI.

JlocmipkeHHsi, COpsIMOBaHI HA  ONTHUMI3alll0  KOHCTPYKUIi  JUCKOBUX
PO3NWIIOBAYIB 1 PEXUMIB iX pOOOTH 3 ypaxXyBaHHSIM TeMIEpaTypu, BOJIOTOCTI Ta
JIOMIIIOK y BOJi, € aKTyaJIbHUMHU 3 TOIVISAY MiABUINEHHS €KOJOT14HOi Oe3IeKu Ta
e(DEeKTUBHOCTI acmipamiiHux cucteMm. Pe3yiapTaru Takux JOCHIIKEHb MOXYTh CTaTH
OCHOBOIO [IJI1 CTBOPEHHS €HEpProe(EeKTUBHUX 1 TEXHOJOTIYHO aJaNTUBHUX
MUJIOBJIOBIIIOBAJILHUX arapaTiB HOBOTO MOKOJIIHHS.

Ocranni gocaigxenHss Ta myOaikaunii. Y momnepenHix MOCTIIPKEHHSIX Oyio
MIPOBEJIEHO KOMITJIEKCHY OIIHKY €()EKTUBHOCTI MUJIOBJIOBIIOBAYIB ITUKIOHHOTO THITY 3
JTUCKOBUMH PO3MWIIOBaYaMH, 30KpeMa B YMOBAX PEIMPKYIAIIl UIO0-BOASHOI
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cycriensii. Y myOmikamii [1] Oyno mnpoaHami3oBaHO KOHCTPYKTHBHI BiAMIHHOCTI
PI3HHUX THUIIB MOKPHUX THJIOBJIOBIIIOBAYIB, HABEJIEHO MOPIBHIHHS CTYIICHS OYUIIECHHS
3aJIe)KHO B CTaHy AMCIEpProBaHoi a3y Ta HaJaHO PEKOMEHalli 11010 BHOOpY
amapariB JUIsl pI3HUX BHJIB aepo30JbHHUX 3a0pyaHeHb. OcoOnMBy yBary HpUIiICHO
BITUBY (PI3UKO-XIMIYHOTO CKJIaAy MUY Ha BUOIp METOAY OUUILIEHHS.

VY crarti [2] po3pobaeHo MareMaTH4YHy MOJIEb PyXy YACTUHOK Y 3aKPYyUEHOMY
MOTOLl B ME&XaX LIMKJIOHHOTO anapara, sika BpaxoBYe€ sIK BIALICHTPOBI, TaK 1 IHEPLIiHI
CHJIM, a TaKOXK B3a€EMOJII0 3 KparusiMu piamau. [IpenctaBiena Momenb 103BONMTIA
OTPUMATH aHAJITUYHI 3QJIEKHOCTI JIJIs1 OI[IHKM €(PEKTUBHOCTI OCAJ[KEHHS YaCTHUHOK 1
BUKOPHMCTOBYBAJIACh JIJIsl BepUdiKallil eKCIEPUMEHTATbHUX PE3YIbTATIB.

Y po6oti [3] mpoBeaeHO KOMIUJIEKCHUW aHalli3 KOHCTPYKTMBHHUX pIIIEHb 1
NPUHIMIIB Ail pI3HUX THUIIB amapariB Il OYMIIEHHS Ta30BUX BHUKHUIIB, 30KpeMa
MOKPHUX CKpyOepiB, IHUKIOHIB 1 €JIEKTpOPUIBTPIB. ABTOpU NPUAUIAIN OCOOIHUBY
yBary BUOOpPY METOIB OUHUIIICHHS 3aJIe’KHO BiJ JUCIIEPCHOTO CKJIANy MIITY, BUTPATU
rasy Ta yMoOB ekciutyaramii. OmmcaHO BIUTUB TeMIIEpaTypu, BOJIOTOCTI Ta
aepOMHAMIYHMX XapaKTEPUCTHK HA €(EKTUBHICTH YJIOBIIOBAHHS YACTUHOK PI3HOIO
po3Mipy. [limkpecieHO BaKJIMBICTh ONTUMAJILHOIO MOEJHAHHS T1IPOJIUHAMIYHUX
napaMeTpiB 1 KOHCTPYKIIli MUJIOBIOBIIOBaYa ISl JOCSATHEHHS BUCOKUX IMOKa3HUKIB
OYMIIICHHS 3a 3HIKEHUX BUTPAT BOJIM Ta SHEPT1i.

Hespakatoun Ha 3HAUYHUK OOCSAT MPOBENCHUX MJOCTIIKEHb, HHM3KAa TMHTAaHb
3anuuianacs BIAKPUTOIO, 30KpeMa BIUIMB KOHCTPYKTHMBHUX IapaMeTpiB JUCKOBOTO
pO3MMIIIOBa4a Ha TeOMETpito (akena, CTaOUIbHICTh KpAIUICBUAICHHS MMPU BUCOKIM
TEeMIlepaTypl Ta MOBEIIHKA CUCTEMH B yMOBaX 3MiHU BOJOTOCTI 3alMJIEHOTO Tas3y.
CamMe UM acrieKTam MPUCBSYECHE JTaHe JOCIIKEHHS.

dopmysoBaHHS Mijieil crarTi. MeToro MaHOi CTarTi € JOCTIIHKEHHS BIUIUBY
KOHCTPYKTUBHHUX IapaMeTpiB JHMCKOBOTO BOJOPO3MMIIOBAYa, (hi3MKO-XIMIYHHX
BJIACTUBOCTEH poOOYOi PIAMHM Ta MapameTpiB 3alUJICHOr0 Tra30BOr0 IMOTOKY Ha
e(EeKTUBHICTh OYMILECHHS acHipaliiHuX BUKUIIB MiABUILEHOI TEMIIEPaTypH.

Y Mexax TIOCTaBlI€HOI METH MNependadyaeTbCsi BCTAHOBUTH OINTUMAJbHI
TeOMETPUYHI Ta PEXUMHI YMOBHU (hOPMYBaHHS BOJASHOTO (hakesa, 110 3a0e3MeuyoTh
MaKCUMaJIbHE YJIOBIIOBAaHHS TNWJIYy [PUd MIHIMAIBHOMY TiIPaBIiYHOMY OMOpI
cucteMu. TakoXX JOCIIIKYEThCS JOIIIBHICTH BUKOPUCTAHHS 3BOPOTHOI BOJAU 3
MEXaHIYHUMH JOMIIIKaMH, a TaKoXX po3poOKa eMIIpUYHUX MOJenel s
MPOrHO3yBaHHS €()EKTUBHOCTI MUJIOBJIOBIICHHS 3aJIEKHO B1Jl YMOB €KCILTyaTallii.

KoHcTpykuisi Ta XapakTepucTHKH JIMCKOBOr0 po3nwiaoBada. s
JOCHIDKEHHSI TIPOLIeCY OYMIICHHS acHmipaliifHuX BUKHUAIB Oyl0 BHUKOPHCTAHO
CHEIiaIbHO CHPOEKTOBAHUN EKCIIEPUMEHTAIbHUIM CTEHJI, OCHOBHHM €JIEMEHTOM
SKOTO € JIMCKOBHM BOJOPO3MWIIOBAY 3 KOHYCHOK Hacaakoro. Ll KoHCTpykiis
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JI03BOJISIE  CTBOPIOBATH TOHKOIWCIIEPCHUUM  (paken, 3a0e3redyroud IHTCHCHUBHY
B3aEMOJIIIO PIAMHY 3 YACTHHKAMU TUITY B Ta30BOMY MoToIli (puc. 1).
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Puc. 1. Cxema ekcriepeMeHTaIbHOTO CTEH/Iy IO PO3IIITY CyCIIeH3ii Ta BOIU:
1 - eneKTpOaBUTYH; 2 - AUCKOBUN PO3MIIIIOBAY; 3 - CTPOOOCKOMIYHUNA TaXOMeTp; 4 - HMITIHAPUIHUN
KOPITyC 3 KUTBIIEBOIO KaMeporo; 5 - yamia; 6 - TpydornpoBoay; 7 - 31uB; 8 - Hacoc; 9 - 6ak 3 BOASHOIO
py6amikoro; 10 - Tpy6ornpoBoau Terionocis; 11 - mimanka; 12 - mupkynsuidauil Tpyoonposin; 13 -
[IaCTKa JJIs Kparneib; 14 — KoOpAuHATHHUK.
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JluckoBuil po3NMUIIIOBAaY CKJIAJABCS 3 JIEKUIBKOX AMCKIB pi3Horo miamerpa (0,2;
0,3 ta 0,4 M), 1110 TO3BOJWIIO NOCTIAUTH BILTUB TEOMETPii HA po3monaia piguHu. Boga
MoJlaBajiacsi Ha PO3MWIIOBAY Yy 3aKPHUTIM HUPKYIAMIHHIA CHCTEMI 3 KOHTPOJEM
TEeMITepaTypH, 1o 3a0e3edyBaia CTajli yMOBH MMPOBEACHHS CKCIICPUMEHTY.

VY xoni pocnipkeHHs Oylno BCTAHOBJIEHO, IO PIBHOMIPHHUI PO3NOALI PIAUHU MO
MOBEPXHI JMCKIB 3aJIEXKUTh Bl (OPMH Ta KIIBKOCTI OTBOPIB y KOHIYHIN YacTHHI
posnwittoBada [4]. Ilpu 30UTbIIEHH] KUTBKOCTI OTBOPIB 31 30€pEeKEHHSIM MEepUMeTpa
MPOXITHOTO TEepepi3dy CHOCTEPITaeThCsl MOKPAIICHHS PO3MOALTY PIAMHHU IO JUCKaX
(puc. 2). OnTuManbHa BiJICTAaHh MK JUCKaMH CTaHOBUTH 30 MM, 110 3a0e3mnedye
PIBHOMIpPHE 3JIUTTS TUTIBKU PIAWHU Ta cTaOUIbHE (hopMyBaHHS (hakena.

a 0
Puc. 2. TpunuckoBuil BOZOPO3MUITIOBAY 3 KOHYCHOIO HACAJIKOIO TPU KyTi PO3KPUTTS KOHYyca 60°,
niametpi quckiB 0.3 M 1 06epTaHHi 32 TOAMHHUKOBOIO CTPUIKOIO 3 KyTOBOIO HMIBHJIKICTIO OOepTaHHS
®=298 ¢': a — 3araibHUN BUJI BOAOPO3IMIIOBAYa; 6 — HHKHIN IUCK BOAOPO3IUIIOBAYA 31

CJIiJaMH PyXy BOJSHOI TUTIBKH IO TOBEPXHI JAUCKY.

3rilHo 3 pe3yibraTaMy JOCHIJKEHb, HAMOUTbIl e(EeKTUBHUN PpO3MOALI
JOCSITAETHCSl MPU CHIBBIIHOIIEHHI MEPUMETPIB OTBOPIB: 2/3 NOBKHMHM KoOJjla s
HIDKHBOTO Jaucka, 1/2 — gama cepemuboro. Jlns cepiiHOTO BHTOTOBIICHHS
PO3MIIIIOBAYiB 3aIIPOMOHOBAHO KOHCTPYKIIIO 3 6 OTBOpaMH B KOKHOMY JIHCKY, IO
JI03BOJIsIE  3a0€3MEYUTH TTOBTOPIOBAHICTh PE3YJbTaTiB Ta CTAOUIBHY TI'€OMETPIIo
dakerna.
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I'eomeTpnuHi XapakTepucTHKHU aKesna po3NWIy Ta JUCIEPCHICTH Kpameb.
dopmyBaHHS CTaOUIBHOTO (hakena pO3MUITy € KPUTUIHO BKIUBUM JJIS JOCSTHEHHS
BUCOKOI €(EeKTHBHOCTI 3aXOIUIEHHS MWy B amaparax MOKpPOTO OYHILIEHHS.
JlocmimpkeHHsT TPOBOIMINCH Ha Ja0OpaTOPHOMY CTEH[I 3 JTUCKOBUM PO3MIIIIOBAYEM,
OCHAIllECHUM  KOHyCHOW  Hacajkoro. Jlns  ¢ikcamii  reomerpii  (¢akena
BUKOPHCTOBYBABCSl BOZOIOIVIMHAIOUMI Marepiajl 13 HAHECEHO KOOPAWHATHOIO
CITKOIO, IO JTO3BOJISUIO TOYHO BiJICTEKYBAaTH KOHTYPH KpaneabHoro (hakemna 3a pi3HUX
pexumiB podotu (puc. 3).

300
% —
% 59
{_:.:/
[— _/./
=4 S
235

Puc. 3. IIpodins dakeiry po3nuiny BoIU OJHOIUCKOBIM PO3IMUIIOBAYEM 3 KOHYCHOIO HACAIKOIO 32
naHuMu Taoi. 1.

BumiproBanHs mpoBOAWIM B MOINEPEUHUX nepepizax Ha Biactani 0,055-0,235 m
BiJl Kpalo JMCKa, a BHUCOTY (akela BHU3HAUAIU 3a JOMOMOTOK MIKpoMmeTpa. 3a
pe3ylIbTaTaMM JOCHIPKeHh BCTAHOBJICHO, IO BHCOTa (hakeira 3MIHIOEThCs Big 17 1o
44 MM 3aeXHO BiJI BIACTaHI BiJl Kparo JucKa, 1m0 BigoOpaxkeHo B Tabmumi 1 [5]. ITpu
IIOMY KyT PO3KpPHUTTS (akena 3pocTaB 31 30UIBIICHHSM KyTOBOi IIBHUIKOCTI
o0epTaHHs pO3NUIIIOBAYa.

Pesynbrat cBigyarh, mo ¢opma Qakena Ta CTYMiHb PO3MUILY 3HAYHOK MIPOIO
3aJiexaTh Bl KOHCTPYKTUBHHUX IapaMeTpiB, 30Kpema [laMeTpa JMCKa, KUIbKOCTI
OTBOPIB 1 MIBUJKOCTI 00epTaHHs. YUM BHILle OKPYKHA IIBUJIKICTh TUCKA, TUM OLIbII
TOHKOJIMCTIEPCHUN aepo30i1b (QOPMY€EThCs, a (Pakesl PO3MMPIOETHCS, 3a0e3MeUyI0UH
Kpally B3a€MO/III0 Kparesb 13 YaCTUHKAMH TTHITY.

OxpeMy yBary MOpUJIIJICHO BIUIUBY MEXaHIYHUX JOMIIIOK y PIAMHI Ha SIKICTh
po3nwmiy. Jns 1poro Oyino 3acTOCOBAaHO METOJ YJIOBIIOBaHHSI Kparmesb B IMEpCiiiHe
cepeloBuIle 3 TojanbiuM MikpodoTtorpadysanasm (puc. 4). BcranomieHo, 110
HAsSBHICTh TBEPJAMX YACTUHOK Y BOJI CIPHUS€ 3MEHIICHHIO CEPEIHBOTO 00’ €MHO-
MOBEPXHEBOTO JllaMeTpa Kpareidb Ta YTBOPEHHIO OUTBII APiOHOTUCIIEPCHOTO
aepo30IIo.
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Tabnuus 1. Pe3ynbpratn iHCTpyMEHTAIBHUX BUMIPIOBaHb BUCOTHU (haKesa po3nuiy
JMICKOBOTO BOJOPO3MIIIIOBaUa 3 KOHYCHOIO Hacaakomw (maiametp aucka - 0,3 m,
KyTOBa IIBUAKICTH 00epTaHHs - ®=299 paz/c, ToBmuHa aucka - 0,0015 m,

NPOAYKTHBHICTh BOAOPO3MIIIIOBaya - 123,6 Kr/rox).

HalimenyBanHs PesynbraTn 3amipiB
BUMIPSHOI BETMUUHH I II III IV \%
Bincrans Big kparo IucKa, M 0,055 0,105 0,155 0,205 0,235

9,0%10° | 12,5*10° | 11,0*¥107° | 5,5*%10° | 4,0*10°

POpH:i)I:{i(;flil(ijI;eﬁl};opﬂoliT{fg ):I[{ijlcy, M 95107 | 13,0107 10,5%10% | 4,5*10° | 3,0*10°
8,5%10° | 12,5*107 | 11,0107 | 5,0*10° | 3,0*10°

17,0107 | 39,0107 | 40,5%10° | 41,0%10° | 39,0*107

3aranbHa BUcoTa gakeny posmuay, M | 17,0%107 | 39,5%107 | 42,0%107 | 44,0%107 | 39,5*107
17,0107 | 39,0107 | 41,0%10° | 42,5*%10° | 38,0*10°

Puc. 4. Mikpocdotorpadii po3nuiy BoIONPOBITHOI BOIU IUCKOBUM PO3NMITIOBAYEM
a — Bogomnposiana Boga mpu 6=18 °C (BurpaTa Bogu W=0.18 m*/rox; ®R=23.6 m/c);
6 — Boxonposinna Boga npu 6=45 °C (Butpara Bogu W=0.14 m*/rox; ®R=31.4 m/c).

MaremaruuHe

MOACJIIOBAHHA

AUCHEePTryBaHHA

pinuun

Ta

YMOBH

eKCcrnepuMeHTy. Y paMKax JOCHIDKEHHS c(POopMOBaHO MareMaTW4yHI MOACH, SKi
OMUCYIOTh 3aJEXKHICTh CEPEIHbOr0 00’€MHO-IOBEPXHEBOIO [iaMeTpa Kpareiab y
(akeni po3nuiy BiJ KJIOUOBUX MapaMETPiB MPOIECY: BUTPATU PIAMHU, TEMIIEPATYPH,
OKPY’)KHOI IIBHJKOCTI JUCKA Ta KOHIEHTpAIlll MEXaHIYHUX JIOMIIIoK. Emmipuuni

75



Benmunisiyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 52, 2025

piBHSIHHS OyJIM OTpUMaH1 MUIIXOM 00poOKH aHuX rmoHaj 80 eKCIIEpUMEHTIB y Pi3HUX
pexxumax poOOTH YCTaHOBKH [2]. i1 cycnieHsii 3 MeXaHIYHUMU JOMIIIKaMu MOJEIb
Mae€ BUTJIS PIBHSHHS:

2 -0.47 0.33 -0.22 0.05
d3’2=481 ﬂgo‘)pc . chc . O-C/ngc . ﬁ (1)
. 2 s
A, He A, u. 7% Pe
JI71s1 BOMONPOBIIHOT BOAYM PIBHAHHS MA€ TaKUN BUTIISI:
0.12 0.26 0.15
d3,2 _ WDIC O-OIC luofc
—=0.38| —3 N7 2 | N2 | 2)
ﬂg ﬂgw /Z]ga) p:)fc ﬂg('opolc
JlunamiuHy B’SI3KICTh CycCITeH311 Bu3Ha49anmu 3a ¢popmysoro EitHmreitna:
o=t [1+2.5¢] 3)
Jie ¢ - 00'eMHa KOHIIEHTpallisl TBEpAOi pa3u B CyCreHsii.
['yctuny Bu3HaueHo 3a popmynoro KpuBomeesa:
1
po=— )
X
1—x
pPr
P e
Jie ) - MacoBa yacTka TBepJoi a3y B CyCHEH3Ii; pr, Px — BIAMOBIIHO, T'yCTHUHA

TBepAOi (pa3u Ta piuHU.

[ToBepxHEBUI HATAT BUMIPIOBAJIA CTAJdaMOMETpPOM. Takuil MiAXiA JO3BOJIUB
BpaxyBaTH (I3UKO-XIMIYHI BJIACTUBOCTI PIAMHHM, $KI I1CTOTHO BIUIMBAIOTH Ha
JUCTIEPCHICTH Kpaneb [6].

OcoOnMBICTIO TTPOBENICHUX EKCIIEPUMEHTIB € BUKOPUCTAHHS JIATUHCHKOTO KyOa
SK OCHOBH JUISl IUIAHY JOCII/DKEHHSA, IO J03BOJIUJIO CYTTEBO 3MEHIIUTH KIIBKICTh
JOCTIIB 32 30epekeHHs] BUCOKOI JJOCTOBIPHOCTI pe3ynbTaTiB. KoHIeHTpalis TBepanx
JIOMIIIOK 3MiHIOBajach Ha JIEB ATH PIBHSX, TOJ1 SIK 1HII 3MiHHI — Ha TPHOX.

ExcriepumeHTanbHl JaHl MIATBEPAWIM, IO 3 MIABUIICHHSIM TeMIepaTypu
piauHU a00 30UIBIIEHHSM BMICTY YacTMHOK y 3BOPOTHIM BOMl JlaMeTp Kparelb
3MEHILYEThCS, MIJBUILIYIOUM 3arajibHy Iuionly MikdasHoi moBepxHi ¢akena. Taka
3MiHA € KPUTHUYHOIO [IJIsi MPOIECIB TEIIO- 1 MacoOOMIHY Ta, BIJIMOBIAHO, s
e(eKTUBHOTO 3MOYYBAHHS YaCTUHOK MUY Y TIOTOIL.
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ExcnepumenTajibHe A0CiIKeHHS €(eKTHUBHOCTI NMWJIOBJIOBJIEeHHs. Jis
OMIHKK €(EKTUBHOCTI OYHINEHHS 3allMJICHOTO IIOBITPSA OyJI0 3MOHTOBAaHO
EKCIIEPUMEHTAIBPHUN CTEHNI 3 TWIOBJIOBIIOBAYEM ITUKJIOHHOTO THITY, OCHAI[CHUM
JUMCKOBUM  Bojpopo3nuitoBadeM (puc. 5). Cucrema [103BOJsijia CTBOPIOBATH
CTaOUIbHUM TOTIK 3aMMJICHOTO TOBITPS 13 3aJaHOK0 TEMIIEpaTyporo, BOJIOTICTIO Ta
KOHILICHTPALII€I0 MUy, 3a0e3Meuyloyd yMOBH, MAaKCHUMAJIbHO HAONMKEHI 10
MIPOMHUCIIOBUX.

3amieHasa MOTOKY  3JiMCHIOBaJOCS  3a  JOMOMOTOIO €KEKTOPHOTO
MUJIOYTBOPIOBaYa, JO SIKOTO CTHCHEHE MOBITPsS IMOJABaJIOCA 3 KOMIpecopa dYepe3
apocenbHy maiOy. g KOHTpOJI0 mapaMeTpiB  TMOTOKY BHUKOPHUCTOBYBAIU
MIKpOMaHOMETpH, TEpPMOMapH, PEOMETPU, NCUXPOMETpU Ta IHI mupwiagua [7].
Temmeparypa Bomu ¥ TOBITPS MIATPUMYBAJIACh aBTOMATHUYHOIO CHCTEMOIO
pETYIIOBaHHS, IO JO3BOJSUIO JIOCTIIKYBaTH TEIUIOMACOOOMIHHI TPOIECH Y
CTaOUTBPHUX yMOBAX.

Metoauka Bu3HaueHHS e€()EKTUBHOCTI THWJIOBIOBICHHS OasyBaiacs Ha
MOPIBHSHHI MAacOBOi KOHLIEHTpalli NIy Ha BXOAl Ta BuUXol 3 amapara. [lodarkoBa
KOHIICHTpAIlisl BU3HA4Yaacs IUIAXOM JO3yBaHHS Macd MWy y BXIJIHHA TIOTIK Ta
OOJIKYy BUTpATH MOBITPS, TOAl SIK KIHIEBA — ILIAXOM BIIOOpY MpoO 1 3Ba)KyBaHHS
GUIBTpIB  MICHS  MPOXO/DPKEHHSI  TMOBITPS  4epe3  MNuiao3aldipHy  TPyoOKy 3
eJICKTpOHArpiBoM (puc. 6, puc. 7).

KpiM 3aranbHOro CTyIEHs OUMIIEHHS, AOCIIIKYBABCS TAKOXK MOPPaKIIAHUAN
CTYIIHb THWJIOBJIOBJIEHHS, 1[0 BH3HAYaBCS 3a JIOMOMOIOI0 MIKPOCKOMIi OCaKEHUX
JaCTUHOK Ha (1IbTpax. AHaji3 YaCTUHOK J03BOJISB BCTAHOBUTH, SKI (pakilii Mury
BJIOBIIIOIOTHCS HaWKpaie, 1 SK 1€ TOB’S3aHO 3 JUCHEPCHICTIO (hakena Ta
XapaKTePUCTUKAMHU KPAIIehb.

Onrumizanis pexumMy poOOTH NHUJIOBJIOBIKBaYa. 3 METOK ITiIBHUIICHHS
e()EeKTUBHOCTI OYMINEHHS Ta30TOAIOHNX BUKHUIIB 1 3MEHIIICHHSI TiPaBIivHOTO OTIOPY
YCTAHOBKHA TIPOBENICHO CEPiI0 CKCIEPUMEHTIB I BU3HAYEHHS ONTHMAIBHHUX
PSKUMHUX TIapaMeTpiB poOOTH THJIOBJIOBIIOBaYa 3 JUCKOBHM PO3MUITIOBAYEM.
[Tomryk excTpeMyMy 3IIHCHIOBaBCA 3a JOIMOMOTOK aKTHBHOTO TIUIAHYyBaHHS
EKCIIEPUMEHTY 3 MOOYA0BOIO MOJIEIII IPYTroro nopsky [8].

Onrtumizaiiss mnepeadavana OJHOYACHE MIHIMIZAIIID KIHIEBOI 3alUJICHOCTI
MOBITPS TMICAS OYMILEHHS Ta 3HIKEHHS TIIpaBliyHOrO oOmnopy amapara. Y
JOCJIJDKEHHSAX ~ BUKOPUCTOBYBAJMCS Taki KepoBaHi (akTopu: Temmeparypa
3aMMJICHOTO TOTOKY (X)), aucnepcHicTh nuiy (X,), miamerp AuckKiB (X3), KUIBKICTh
muckiB (X4), MBUIKICTH Ta3y Ha Bxoal (Xs), Temmeparypa po3nmitoBaHoi Boau (Xe).
[TouaTkoBa 3anmiieHiCTh (X7) BBaXKaJIacs HEKEPOBAHUM MTapaMETPOM.
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Puc. 5. Cxema eKkCriepuMeHTaIbHOTO CTEHTY

1 — BUMIpIOBAJIbHUIA KOJIGKTOP; 2 — €JIEKTpOMiairpiBad (emekrpokamopudep); 3 — acmipariiHuit
ncuxpomerp; 4 — BUMIpIOBalbHa AiadparMa napu; 5 — eIeKTpOKoTeN Juisd reHepauii mapu; 6 —
3MillyBajbHa Kamepa; 7 — TOJAaTKOBUH eJeKTpomiairpiay; 8 — qpocenbHa maiida; 9 — kommpecop;
10 — craGumisytoui citku; 11 — mpucTpiil s BU3HAYeHHsS BOJIOTOCTI (BXinHUi); 12 — MipHa
nocynuHa; 13 — TpyOompoBin 31muBy cycrnensii; 14 — Tepmomnapa (Xpomelnb-KpaluiMHHA); 15 —
TeXHIYHI Tepe3u; 16 — KiamaH rmojaBaHHs cycreH3ii; 17 — mpucTpiif [uisi BUBHAYEHHS BOJOTOCTI
(BuximHuit); 18 — Tepmomapa BOymoBaHa B amapaT; 19 — Gak 3 MIIIAJIKOIO AJS MPUTOTYBAaHHS
cycnensii; 20 — BUKH B KaHai3awio; 21 — eneKTpoKoTeN i HarpiBy BoJu; 22 — BIILEHTPOBUN
BEHTHJIATODP; 23 — npocens kinamaH; 24 — peomerp T-80; 25 — BumiproBanbHa niapparma (Ha
BUXO/I1); 26 — TepMonapa; 27 — kamepa crabinizamii moToky; 28 — poTariitna ycranoska [1PY-4; 29
— Tepmomapa; 30 — MWIOBJIOBIIOBaY IUKIOHHOTO THIy 3 JIMCKOBHM po3mwitoBaueM; 31 —
mikpomanomeTp MMH; 32 — camonuchuit norerniomerp EIN-09M; 33 — mikana 3 BonbTamu; 34 —
TEXHIYHUNA OTBIp IS B3ATTA Mpo0; 35 — TepMomnapa; 36 — mikana st KOHTPOJIIO nojadi muiy; 37 —
MIOYTBOPIOBAY €KEKTOPHOTO THUITY; 38 — peryisaTop Temrneparypu (MOTYKHOCTI Kajgopudepa); 39
— mikpomanomeTp MMH; 40 — 6apomertp.
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Puc. 6. YcranoBka aJis Bigdbopy MUIOBUX MPOO
1 — mmto3abipHa TpyOKa 3 eeKTpooOdirpiBoM;

2 — matpoH g GineTpiB ADA-B-18;

3 — peomeTp;

4 — nepeHocHa porailiiiHa ycraHoBka tuiy [1PY-4.

. L UF < 2 *
s ¥, p
+ L WEREERIN e -

Puc. 7. TTunozabipua TpyOka 3 BHyTPIITHBOIO (DUIBTpAITI€O.

3acTtocoBaHo IiaH XapTiai, 00 JO03BOJMB CYTTEBO 3MEHIIUTU KUIbKICTh
eKCIiepuMeHTIB (110 29 nmocmiaiB) 6€3 BTpaTH CTAaTUCTHYHOI 3HAYYIOCTI pe3y/IbTaTiB
[9]. MaremaTtuuHi Mozesi MoOyAOBaHl y BUIVISA/I IMOJIHOMIB JIPYTrOTO TMOPSAKY IJIS
JIBOX BHXIJIHUX MapaMeTpiB: KIHIIEBOI KOHIEHTpamii muiy (y;) Ta TiIpaBlIidyHOTO
ornopy (y2), HabyBalOTh BUIIISTY:

a) IS KiHIIEBO1 3aIIMJICHOCTI

yi=—216.5-0.64x; —0.56-x, + 4.93-x5 + 19.05-x4 — 0.67-x5 — 3.35-x6 + 0.002-x1» —
—0.17-X2,— 0.02-X3, — 3.97-x42 + 0.01-x;-X2 + 0.03-x;°X4 + 0.009-x;-X5 + 0.01-x;X6 +
+0.04-x5x5 — 0.26-x2-x4 — 0.15-X2'X5 + 0.03-x,-X¢ — 0.24-X3-x4 + 0.02-X3°X6 +
1.96-x4x5 — 0.06°X5°X; (%)

79



Benmunisiyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 52, 2025

0) JUTSI T1IPABIIYHOTO OTMIOPY

y2=514.66 + 0.24-x; +2.62-x, —4.84'x3 — 17.23-x4 — 8.90-x5 — 0.18-x6 — 0.09-x, +
+0.01 *X32 + 0.11‘X52 — 0.11‘X52 —0.01 ‘Xg2 — 0.02'X1'X5 — 0.13'X2‘X4 + 0.03'X2‘X5 +
+0.05-x3-x5 + 0.003-X3-X6 + 0.88-X4'X6 — 0.01-X;"X4; (6)

3HauymicTh Moaenen miareepakeHo kputepiem dimepa (Fy,=16.8, Fy,=262.0),
0 CBIAYUTH MPO aJEKBATHICTh OMHUCY MpOIeCY B MEXax Bapiallii mapameTpis.
Mogeni TpoIeMOHCTpYBalld HENIHIMHUN XapakTep B3aJIeKHOCTEH 1 HasSBHICTD
B3a€EMOJIIM MK (haKTOpaMu, IO MATBEPKYE CKIQIHICTD (P13UKO-XIMIYHOTO MPOIIECY
OYMIIICHHS.

[IpoBeneno anamiz perpeciiHux Koedilli€HTIB, SIKWUW MOKa3aB, M0 HAHOUIBIINN
BIUTUB Ha €(DEKTUBHICTh Ma€ JiaMeTp AMCKIB Ta TeMIepaTypa 3almuieHoro rasy. B
paMKax pO3B’sS3aHHS KOMIIPOMICHOI 3ajadi 3HaWJIeHO OINTHMalbHI 3HAYCHHS
nmapameTpiB, 110 3a0e3neuyIoTh KiHIeBY 3ammieHicTh <60 mr/m* ipu ZH = 1000 mr/m?
Ta MiHIMaJIbHUM TiipaBiiyHuii omnip y mexax 98—108 Ila.

BnjmB B0JIOTOCTi 3alMJIEHOT0 MOTOKY HA e(eKTHBHICTH NMHJIOBJIOBJIEHHS.
Oco0nuBYy yBary B X0/ €KCIIEPUMEHTAIBLHUX JOCIIIKEHb MPUIIJICHO aHaAIi3y BILUIUBY
BOJIOTOCTI 3alMJICHOTO Ta30BOTO IMOTOKY Ha 3arajlbHy €(EeKTHBHICTh OYWIICHHS.
Binomo, 1o koHjaeHcarlisi BOJASHOI Mapu Ha MOBEPXHI YAaCTHMHOK MHIIYy CHOpUSE iX
3pOCTaHHIO B Macl Ta po3Mipax, 110 MOKPAILyE YMOBHU OCAJDKEHHS Y KpamneJabHOMY
cepenouii [10].

Jocniny TpOBOAMIMCH HA CTEHAI 3 PEryIbOBAaHUM 3BOJIOKCHHSIM TOBITPS
IIUIIXOM BBEJICHHSI BOJSHOT Mapu B Kamepy 3minnryBaHHs (puc. 1) [11]. Bomorosmict
3MiHIOBaBcs B Mexkax 10—60 r/kr cyxoro moBiTps, TemIeparypa moBitps — Bix 92 no
140°C. ¥V sgxocTi MOJETHHUX MUJIIB BUKOPHUCTOBYBAIM KBAPIIOBUW T 13 MOTAHOIO
3MOuyBaHICTIO (05, = 10 1 17 MKkM) Ta 1006pe 3MouyBaHUH q0IOMITOBHM T (05, = 20
MKM).

OTtpumani pe3ysbTaTH CBiYaTh, IO 31 3pOCTaHHAM BMICTY BOJSHOI MMapu y rasi
€(EeKTUBHICTh OYMILEHHSA ICTOTHO MIJBUILYEThCSA. ['padiku 3anexHOCTI CTymeHs
OYMIIICHHS BiJ] BOJOTOBMICTY MOBITPS (pUC. 8) JEMOHCTPYIOTh HEIIHIMHUN XapakTep
MoKpaIeHHs €()eKTUBHOCT1, 0COOIHMBO JIJI1 YaCTUHOK JIpiOHOTO faiameTpa [12].

Bbyno BcraHoBieHO, 10 KOHJAEHCAIllS Mapd Ha MOBEPXHI Kparmelb 1 MUIOBHX
YACTHUHOK MPHU3BOAUTH 10 301IBIICHHS MAaCH arperaris, 110 MOKPANLy€e iX 3aXOIJICHHS
y ¢akeni po3mwmy. Takuii MexaHi3M 0COOMMBO €(EKTUBHUN TPHU OYMILEHHI Trapsaux
BUKHJIIB, KOJU BOJIOTICTh 1 TeMIepaTypa ra3y JIO0CATaloTh KPUTUYHUX 3HAYCHb JJIS
TIepexo1y BoJioru B piaky dasy [13].
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Puc. 8. 3anexHicTh €EeKTHBHOCTI MIJIOBJIOBJICHHS BiJl BOJIOTOBMICTY B 3alUJICHOMY ITOTOII:
o - monoMit 3 050=20 MKM, t,=92 °C, Z.0.=1950 mr/HM’;
® - jjosioMiT 3 050=20 MM, t,=140 °C, Z.,=2020 Mr/am>;
O - xBapueBuit mun 3 6s=17 Mxm, t,=93 °C, Z.0=1230 mMr/um’;
m - xBapueBuit mui 3 6s=17 Mxm, t,=130 °C, Z.0.=1280 mr/am’.

TakuM YWHOM, KOHTPOJb BOJIOTOCTI 3alUJICHOTO TOBITPA € BaXIMBUM
peryiaroounM  (pakTopoM y poOOTI NHIOBIOBIIOBAYiB MOKPOTrO THITYy, a MOro
onTUMI3aIlisg MOXxe 3a0e3MeYuTH JOJATKOBE MIJBUILECHHS €(EKTUBHOCTI 0e3
CYTTEBOTO YCKIJIaJTHEHHs KOHCTPYKIIii anapara.

BucHoBku. Pe3ynmbrat TpOBEACHMX — JOCTIDKEHb  MIATBEPAWIM, IO
KOHCTPYKTHBHI MapaMeTpH THMCKOBOTO BOIOPO3IMUIIOBAYa, 30KpeMa JiaMeTp AWCKIB,
KUIBKICTh 1 PO3MIIIEHHS OTBOPIB, & TaKOX UIBUIKICTh iX OOEpTaHHA MaloTh
BU3HAYaJIbHUM BIUIMB Ha T€OMETPIil0 (pakena po3Muily Ta AUCIEPCHICTh Kparelb, 1110
dbopmyroTbes. ONTUMaNbHI 3HAYEHHS WX TapaMmeTpiB 3a0e3neuyroTh (popmMyBaHHS
PIBHOMIPHOTO TOHKOJUCIEPCHOTO (pakena, 1o MiaBUIy€e e(EeKTUBHICTh 3aXOIUICHHS
YACTUHOK MIJTY 3 TIOBITPSIHOTO MOTOKY.

BceranoBineHo, 110 3acTOCYBaHHS BOAM 3 TBEPAUMHU JOMIIIKAMHU (3BOPOTHOL
BOJIM) MOXE CIPHUATH 3MEHIIECHHIO CEPEAHBOTO JlaMeTpa Kpareib 1 MiABUIICHHIO
¢(EeKTUBHOCTI TMWJIOBIOBJICHHSA, 32 pPaxyHOK 30UIbLICHHS 3arajbHOi IUIOLI
MDK(}a3HOro KOHTakTy. Taka B3aeMOJis Ma€ NPAKTUYHY I[IHHICTh 3 TOYKU 30pYy
MOBTOPHOTO BUKOPHUCTAHHS BOJIM Y 3aMKHEHHUX ITUKJIaX OYHUIIICHHSI.

MareMatnyH1 MOjieli, OTPUMaHI1 B XO1 JOCIIIKEHHS, Tal0Th 3MOT'y OIlIHIOBAaTH
CepelHil po3Mip Kpameib 1 CTYMiHb OYMIIECHHS B 3aJIEKHOCTI BiJl €KCILTyaTal[iiHUX
napamMeTpiB, 10 J03BOJISIE iX BUKOPUCTOBYBATH IS MPOEKTYBAHHS Ta OMTHMi3allil
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POOOTH MTPOMUCIIOBUX MUJIOBIIOBIIIOBAYIB.

OnTumizariiss pexxuMmy poOOTH amapara 3a JOMOMOTOK) METOAYy AaKTHBHOTO
EKCIIEPUMEHTY JI03BOJIMJIA BU3HAYUTH YMOBH, 32 SKUX JOCSITAE€THCS BUCOKHM CTYITIHb
ountieHHs (10 96-98%) npu HU3bKOMY TigpaBiaiyHoMy onopi (6nu3sko 100 I1a), mo
CBITYUTH TPO MOTEHIIIaN €(PEKTUBHOTO MMPOMHCIOBOTO BUKOPUCTAHHS TaKUX CHUCTEM
y CKJIQIHAX TEIUIOTEXHOJIOTIYHIX YMOBAX.

IlepcnekTBM MOAAJBIINX AOCTiIXKeHb. [loganbin JOCHIKEHHS JOLUIBHO
30CepeAnTH Ha MaclTaOyBaHHI pe3yJbTaTiB Jisl MPOMHUCIOBUX YMOB Ta BUBYEHHI
JIOBFOTPUBAJIOI ~ CTaOUIBHOCTI  pOOOTH  MWIOBJIOBIIOBAYIB 3  JUCKOBHUMH
pPO3MIIIIOBaYaMu MPYU BUKOPHUCTAHHI 3BOPOTHOI BOJAM 31 3MIHHUM BMICTOM JOMIIIIOK.
[lepcieKTUBHUM € PO3IIMPEHHS E€KCIEPUMEHTANIbHOI 0a3u I PI3HUX THUIIIB MUY,
30KpeMa TOKCHMYHUX Ta BOJIOKHUCTHX YACTHHOK, IO MOTPeOYIOTh OCOOIMBUX YMOB
3BOJIOKEHHS Ta OCA/PKEHHS.

TakoX aKTyaJbHHUM € JOCIHIDKEHHS B3a€MOJIl JHCIIEProBaHOl pIAUHHA 3
TypOyJeHTHUM [IOTOKOM Yy JUHAMIYHHUX amaparax ckiaagHoi reomerpii [14].
BrpoBakeHHsI 1HTEIEKTyaIbHUX CHCTEM KEpyBaHHS IMMapaMeTpaMu PO3MUJICHHS B
PEXHM1 PEAIbHOTO 4Yacy BIAKPUBAE MOMKJIMBOCTI JJIA MIJBHUILEHHA HAIIAHOCTI Ta
eHeproe(PeKTUBHOCTI OUUILICHHS.

OxpeMuM HampsiMOM € IHTErpallisi OTpUMaHuX Mojenel y nu@posi miarpopmu
JUIS. TIPOEKTYBAHHS acIipallifHUX CHUCTEM, IO JO03BOJIUTH 1HXXEHEpaM OINEepaTUBHO
niaoupary KoHQirypaiiii oOrnagHaHHS 3aJ€KHO B1J] TEXHOJOTIYHMX BHUMOT Ta YMOB
BUPOOHUIITBA.
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STUDY OF THE INFLUENCE OF THE DESIGN OF THE DISC
SPRAYER ON THE EFFICIENCY OF DUST COLLECTION IN HIGH-
TEMPERATURE FLOWS

Abstract. This article presents the results of experimental research on the
purification of high-temperature aspiration emissions using a cyclone-type dust
collector equipped with a disk liquid atomizer. The focus is placed on studying the
influence of structural parameters of the atomizer, the physicochemical properties of
the working liquid, and flow conditions on the geometric characteristics of the spray
plume, droplet dispersion, and dust removal efficiency. The formation of a stable and
uniform spray cone is a key factor in enhancing gas-liquid interaction and increasing
the capture probability of fine and coarse dust particles.

Measurements were carried out on a laboratory setup using a coordinate grid
and absorbent surface to visualize droplet trajectories and spray shapes under
various operating modes. The analysis included determining the plume height and
cross-sectional expansion at different distances from the disk edge. The influence of
variables such as disk diameter, number and shape of nozzle holes, rotational speed,
gas temperature, humidity, and the presence of solid impurities in the recirculated
liquid was evaluated.

The study revealed that using contaminated water containing solid particles
(e.g., quartz) significantly enhances the fineness of the atomized spray due to the
reduction in droplet size, resulting in greater interfacial surface area. Mathematical
models were developed to describe the relationship between operational parameters
and the efficiency of the dust collection process. Optimization experiments
demonstrated that a capture efficiency of up to 96-98% can be achieved while
maintaining hydraulic resistance below 100 Pa, indicating the potential for efficient
application of such systems in industrial high-temperature environments. The
findings contribute to the development of resource-efficient, adaptable wet cleaning
technologies for air pollution control in modern manufacturing facilities.

Keywords: disk sprayer; aspiration emissions; dust collection; spray plume;
droplet dispersion; liquid recirculation; hydraulic resistance
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BinHULbKYNA HAITIOHATBHUN TEXHIYHUN YHIBEPCUTET

EKCIIEPTHE OHIHIOBAHHS EHEPTOE®EKTUBHOCTI
OIorPO’KYBAJIBHUX KOHCTPYKIUIN BYAIBEJIb HEYHITKUMU
MHOXHWHAMMHU TA JIHI'BICTUYHHUMMU 3SMIHHUMHA

Anomauyia. Bionogiono 0o enepeemuunoi cmpameeii €8poneucbKo2o o3y
NIAHYEMbCA  CYMMEBE BNPOBAONCEHHST [HHOBAYIUHUX MEXHON02I OeKkapOoHizayii
wiAxomM peanizayii  eHepeoegeKmusHUX mexHoN02il 3a0e3neyeHs ONnmuMAalbHUx
napamempie MIiKpoxaimamy 6 npumiujeHHsx Oyodieenv. Bupiwenwnro yici npobremu
npucesuena 6iOnogiona 3axkoHooaeua 6asza YVKpainu cmocoeHo nio8uueHHs
eHepeoephekmusHoCmi menioi3onayitinoi 00010HKU OYOieeib.

Poszsumox incmpymenmapiio npocro3ysanns eunepeoeghekmueHoCmi 308HIUUHIX
020PO0ACYBATILHUX KOHCMPYKYIU 0Y0igenb NPOMAOM IXHbO2O JHCUMMEBO2O YUKILY
nompeoye OYiHKU BNIAUBY GUIHAYAILHUX NAPAMEMPIB, SKI Xapakmepuzyomucs
KITbKICHUMU MaA  AKICHUMU 3HAYEHHAMU. Buznauennsa 3uauenv yux napamempie
EeKCNepUMEHMATbHUM — UWLISIXOM — 00po2oeapmicHe ma 68 0a2amvox  6unaokax
HemModcauge 3 3a0amoro o0ocmogipuicmio. Ak Odcepeno HeobXiOHOI iHpopmayii
O00YIIbHO BUKOPUCMOBYBAMU eKCHEPMHI OYIHKU BNJIUBY BUSHAUANbHUX NAPAMEMPIE HA
NPOCHO308AHY eHepeoeheKMUBHICMb Menioi30nayitiHoi 00010HKU OY0isenb.

I pospoonenms CKIIAO0BOI  eKCNepmHO-MOOENI08ANIbHOI  cucmemu
IHmMeneKkmyanbHol NIOMPUMKU NPUUHAMMSA  OP2aAHI3AYIUHO-MEXHON02IYHUX PIiUleHb
w000 NiOBUUEHHS eHepeoeheKMUBHOCE 020POONCYBANbHUX KOHCMPYKYiUl Oydigenn
BUKOPUCTNAHO MameMamuyHull anapam Heyimkoi J102iKu, a came memoo nodvyoosu
cucmemu HeuyimKux JIO2IYHUX PI6HAHb, AKI XApAKmepusyroms CMYNiHb HAJLEeHCHOCMI
00BIIbHO20 €/leMEeHMA YHIBEPCAbHUX MHONCUH 00 Heuimkoi MHoxcuHu. Memoo
0azyemvcs Ha po3NOOiTy CMYNEHs HANEHCHOCMI YHIGEPCATbHOI MHONCUHU, HA AKIU
3A0A€EMbCSL HEYIMKA MHONCUHA, BION0BIOHO 00 ix paneig. CmyneHi HALeHCHOCH]
napamvempie 00 HeuimKoi MHOJMCUHU, KA O3HAYEHA 8I0NOBIOHUM MePMOM, OOYUCTIEHO
3a gioomMumu QOpmMynamu, WLIsIXOM CKIAOAHHS GION0BIOHUX mampuys. Heuimxi
MHONCUHU OI5l PISHUX JITHSBICMUYHUX 3MIHHUX 8U3HAUANbHUX NAPAMEMmpI8 6Niusy Ha
NPOCHO308AHY  €HEeP2OehEeKMUBHICIb  020POONCYBAILHUX KOHCMPYKYIl  Oyoigens
npeocmasieno y 6ueiadi 6i0N0GIOHUX HEeYIMKUX JIO2IYHUX pIieHAHb. L[i pieHAHHA
Xapakmepusyioms NOBEPXHI0 HANEHCHOCMI NIHeGICMUYHUX 3MIHHUX 3d 8I0NOBGIOHUM
mepmMom Ha Yitbosy QyHKYII0, a came sumpamu eHepeii Ha KanimaivHe 0YOi6HUYMBO
abo peKoHCMPYKYIto, HA eKCNIyamayito ma peyuriine.

Kniwouosi cnosa: enepeoepexmugnicmo, eKcnepmua OYiHKA, MOOEN08AHHS,
JIH2BICMUYHI  3MIHHI, JI02IYHI DIGHAHHSA, HEUIMKI MHONCUHU, 020POO0MCYBATbHI
KOHCMPYKYIL, Menioi3onayiuna 00010HKaA.
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Beryn.  Enepretmuna  crparerisi  €BpomnedchKOro  cowo3y  nepeadadae
BIIPOBA/PKEHHS €HEProe(eKTUBHUX TEXHOJOT1H JeKapoOOHi3alli NpU CHOPYIKEHHI
HOBHUX Ta PEKOHCTPYKI(Ii HASIBHUX Oy/iBETh Ta IH)KEHEPHUX MEPEXK 13 3a0€3MEeUCHHIM
ONTUMAJBLHUX I[apaMeTPiB MIKPOKJIIMAaTy B MpUMIIICHHAX OyaiBens. Cucremu
CTBOPEHHS MIKpPOKJIIMAary B MpUMINIeHHSAX OyxaiBenbs crnoxuBaroTbh  30-40%
CHEPreTUYHUX pPecypciB YKpaiHu Bij 3arajibHOi KUIBKOCTI. TOMy 3aKOHOMIpDHHM €
peanizaris YUHHOT'O 3aKOHOJABCTBa  YKpaiHu CTOCOBHO 1 IBUILCHHS
eHeproe(eKTUBHOCTI B Oy/I1BEJIbHIM raigys3i Ta JKUTIOBO-KOMYHAIbHOMY TOCIIOAPCTB1
[1]. s momiThka TpUBAa€ MPOTATOM YChOTO HaCy HE3AJIEKHOCTI YKpaiHH, Mpo II0
CBIIUMTH TMOMNEpeaHid 3akoH [2]. VYmpaBiiHHS OpraHi3aliifHO-TeXHOJIOTTYHUMHU
YUHHUKAMUA 3 TIABUIICHHS €HEproeeKTUBHOCTI OyaiBeNb IPYHTYEThCA Ha
BUKOPUCTAHHI  1HCTPYMEHTApII0  I1HTEJIEKTYaJdbHOTO TMIATPUMAHHS  NPUHHATTS
BIJIMOBIJTHUX 1HHOBAI[IMHUX YIPABIIHCHKHUX PIIIEHb 3 peani3alii eHeproeeKTuBHUX
3axO0f[IB Ha BCIX eTamax J>XUTTEBOTO LUKy OymiBenb [3,4]. Peamizamis mpoekTiB
nependavae MIABUIICHHS €HEProe(eKTUBHOCTI OrOPOKYBAJIBHUX KOHCTPYKIIIN
OymiBesb K iX TETUI0130M1A1iHHOT 000JI0HKH [5,6].

AkTyanabHictTb  poGorm.  IligBuieHHss ~ eHepreTMyHoi  €dEeKTUBHOCTI
dbopMyBaHHA MIKPOKJIIMATy € aKTyaJlbHOK 3aJlayero, IO JI03BOJISE€ TMOCHIUTH
CHEPTeTUYHY HE3aJIC)KHICTh, 3HU3UTU BUTPATU KOIIITIB €HEPTOPECYpPCH Ta 3MEHIITUTH
HETaTUBHUM BIUIMB Oy/IiBEIbHOT TaTy31 Ha JOBKIULJIS.

AHaJi3 ocTaHHIX Hoc/iaxKenb i myOaikaniii. Ha choroqHi nuisixu BUpIILICHHS
npoOJieMH OI[IHIOBaHHS Ta MPOTHO3YBaHHSA €HEProe(EeKTHUBHOCTI OrOPOKYBAIbHHUX
KOHCTPYKIIIA Oy/iBeJIb BUCBITIICHO B JIOCIIDKEHHSX BITUYM3HSHUX Ta 3aKOPAOHHUX
nyOmikarisax [7-21].

AHami3 BIUIMBY BH3HAYaJIbHUX YWHHUKIB Ha TPOTHO30BaHy HAIMHICTH
OTOPOKYBJIBHUX KOHCTPYKIIM OyniBedb BUCBITIEHO Yy poOoTi [7]. Bkazano Ha
HEOOX1THICTh BIOCKOHAJICHHS MAaTEMaTHYHOTO I1HCTPYMEHTApilo i BU3HAYEHHS
ONTUMAJIbHUX €HEeProe(PEeKTUBHUX PIIICHb NpPH BIAIITYBAaHHI Ta eKCIUTyarallii
OTOpPOJIKYBAJIbHUX KOHCTPYKIIIM Oy/1iBeIb.

Y poGoti [8] HaBemeHO aHajdi3 1HO3EMHOTO Ta BITUM3HSHOTO JIOCBiAY
JOCJIIJIKEHb HAYKOBOTO OOIPYHTYBAHHS MPIOPUTETIB MOJIMIIEHHS 1HCTPYMEHTApIIo
SHEPreTUYHOTO MojetoBanHsl. [limkpecieHo, mo Moaeli OiHIOBaHHS €HePreTHYHOT
e(EeKTUBHOCTI MOBUHHI OyTH JOCTaTHbO THYYKHUMHU 32 CTPYKTYpPOIO Ta JIO3BOJISTH
dbopmaiizyBaTd ONEpaTUBHO 3MIHIOBAHHS BX1JHOT 1HQoOpMaIli Ta MOKa3HUKU
e(eKTUBHOCTI MPUUHSITHX PIIICHB 1 KPUTEPIiB IXHHOI OI[IHKH.

VY poboti [9] miakpecaeHo, 0 HEAOCTATHHO PO3MOBCIOKECHUM ITiAXOIOM 0
OLIIHKM €HEpPreTHUYHOI €(EeKTUBHOCTI OyIiBenb B YKpaiHI € AUHAMIYHE €HEpPreTUuyHe
MOJICTIIOBaHHS 3 BHUKOPHCTaHHSIM CHUCTEMHOTO aHami3y. [Ipu 1pomMy JOIIBHO
BUKOPUCTOBYBATH BiJIOM1 MPOTPaMHI KOMIUIEKCH, IO JI03BOJISTIOTh CYTTEBO CKOPOTUTHU
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3aTpaTy yacy Ha CTBOPEHHS €HEPreTUYHUX MOJIETIEH.

VY crarri [10] pekoMeHIyeTbCs Ha MOYATKOBIA CTajli MPOEKTYBAHHS, KOJIU
BU3HAYAIOTHCS TPOTHO30BAaHI MapamMeTpH CHEPreTUYHHX XaPaKTEPUCTHK OyIliBellb,
BUKOPHCTOBYBAaTH IMporpaMHuil npoaykt Revit. BukopucrtanHs 1boro mporpamHoro
OPOAYKTY  JO3BOJISIE  TPOTHO3YBAaTH MPOEKTHY EHEPreTHYHy  e(EeKTUBHICTH
OTOPOJIKYBAIBHUX KOHCTPYKIIH OymiBesib 3 ypaxyBaHHSM 3MIHHUX TEIUIOTEXHIYHHUX
XapaKTepUCTUK MaTepiaiiB Ta TEXHOJOTTYHUX MPOLIECIB.

Y poGori [11] HaBemeHo aHami3 METOMIB BCTAHOBJIEHHS «CTaHAAPTY»
eHeprocrnoxuBanHsa. [ligkpecieHo  JONIIBHICTH  MOOYyHOBH  OararodakTOpHHX
MaTeMaTHYHUX MOJIETICH €HepPTrOCIOKUBAHHS.

Y poboti [12] po3mISHYTO METOIU MPOTHO3YBaHHS B €HEProe(eKTUBHOCTI Ta
apxitektypi. I[ligkpecieHo cuibHI Ta C1abKi CTOPOHHM TaKHUX METOJIB SIK IIJIOBE
IIPOTrHO3YBaHHS Ta eKcTpanoyAmiiauil. s gopmyBaHHS NHPOrHO30BAHOI MOENI
€HEPrOCIOXXUBAHHS JIOIIJIBHO 3aCTOCOBYBAaTH MOP(OIOTIYHUIN aHaI3 BHUSBICHHS
dakTopiB BIUIMBY Ha IUIHOBY (yHKINIO Ha 3acamax Qopmamizaiii 00’ekta Ta
noOynoBu (HopMali30BaHUX MATEeMATUYHUX MOJETCH Ta JOCIIHKCHHS aJeKBaTHOCTI
pe3yJbTaTiB MOJICTIOBAHHS.

Hocnimpxenussmu  [13] 1mo0A0 OIIHIOBaHHS EKCIUTyaTallliHUX T[MOKA3HUKIB 1
JIOBTOBIYHOCTI ~ KOHCTPYKINIA  dacamuoi  Temoizonsmii  OymiBenb  BHUSBICHO
HEOOX1THICTh PO3POOJICHHS MaTEMaTUYHOTO 1HCTPYMEHTAPIIO 3 MPOTHO3YBaHHS CTaHY
OTOPOKYBAIbHUX KOHCTPYKI[iM. 3alporoOHOBaHO BIOCKOHAJIEHY MAaTeMaTH4HY
MOJIEIb Ta aJITOPUTM PO3PAXYHKY TEMIIEPaTypPHO-BOJIOTICHOTO PEKUMY KOHCTPYKITIH
dhacamHOI TEI01301A1111 3 METOO MiABUIIEHHS 11 eHeproe(PEeKTUBHOCTI.

Y wMonorpadii [14] 3anmpomoHOBaHO METONWKY OIIIHIOBAHHS HAIIAHOCTI
3a0e3rnedeHHsT €(peKTUBHOCTI TEIUIO3OJIAINHUX OyIIBEIbHUX BUPOOIB, SKI MOXYTh
BUKOPHCTOBYBATHCS TIPU BJIAINTYBaHHI OTOPODKYBAJIbHUX KOHCTPYKIiKd. HaBemeno
pe3yabTaT YHUCJIOBOTO MOJICTIOBAaHHS 3 BUKOPUCTAHHSIM BIJJOMHX METOJIB
0araroKpuTepiaibHOTO aHami3y IS BU3HAUCHHS MOTEHIAly €Heproe(peKTUBHOCTI
OTOpPOJIKYBAJIbHUX KOHCTPYKIIIM Oy/1iBeIb.

Y poboti [15] posmsiHyro BIM-TexHomorii opraHizamiitHO-TeXHOJIOTIYHOTO
MiJX0y CTOCOBHO 1H(OpMAIIHHOrO MOJETIOBaHHS B  OyIIBENBHIA  Talys3i.
[Tigkpecieno AOUIIBHICTh BU3HAYCHHS €HEProe(eKTUBHOCTI Ta €HEProCIOKUBAHHS
Oy/iBeIIb MM Yac pi3HUX €TaIllB JKUTTEBOTO ITUKITY Oy/IiBEIbHOTO 00’ €KTy. Br3HaueHo,
mo 0a3za JaHUX PO 00’€KTH, sfKa CTBOpeHa 3a jaonomororo BIM-texHosmorii, €
BHUXIJIHOIO  1H(OpMAIIIE0 JUIsI MPOTHO3YBaHHS eKCIUTyaTaIlliHOI  HaIIHHOCTI,
YIpaBIiHHS MPOEKTAMU ITPOEKTYBAHHS Ta eKCILTyaTallii OyaiBeb.

VY poboti [16] st BU3HAYEHHS €HEPreTUYHOi €(PEeKTUBHOCTI OymiBeNlb SK ii
BJIACTUBOCTI 3a0e3redyBaTd HEOOXIHOK KUIBKICTIO €HEeprii Il CTBOPEHHS
ONTUMAJIBHUX MIKPOKJIIMATUYHUX YMOB Y NPUMIIIEHHAX OyiBellb PEKOMEHIOBAHO
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BpaxoBYBaTH CyMapHi 3aTpaTd €Heprii Ha BIAMITYBaHHS OTOPOKYBAJIbHHUX

KOHCTPYKLINM, eKCIUTyaTalll0, PEKOHCTPYKILII Ta YTUJI3Alil0 3 MOXIUBICTIO

pEeIUKIIiHTa MarepiaiiB. 3amporOHOBAHO 1€papXiYHUN 3B'I30K BU3HAYAIBHHX

napamMeTpiB BIUIMBY Ha €HEProe(eKTUBHICTh OrOPOKYBAJIBHUX KOHCTPYKIH

OynmiBenb. BkazaHo, 1m0 BH3HAYaldbHI TMapaMETPH BIUIMBY XapaKTePU3YIOTHCS

KUIbKICHUMH Ta SKICHUMH BEJIMYMHAMH, SIKI MOXYTh OyTH OXapaKTepHU30BaHI

JIHTBICTUMHUMU 3MIHHUMH.

Takum unMHOM, aHami3 JITEPaTYpHUX KEPEN, B SIKHX BUCBITIIEHO pPE3yJbTaTu
JMOCHIDKEHHST ~ BIUIMBY ~ BHM3HAUaJbHUX  [MapaMeTpiB  HAa  IPOTHO30BaHY
€HEeproe()eKTUBHICTh  OTOPOJKYBAJIbHUX KOHCTPYKIIM OydiBenb, 30Kpema 3
BUKOPHCTAHHSIM CyYaCHMX METOMIB MaTeMaTHYHOTO MOJIETIOBAHHS, CBITYUTH PO
BIJICYTHICTh BUYEPITHUX CHUCTEMHHUX IOCIIHDKEHb 3 BHUPIIIECHHS MPOOIEMU TOIIYKY
MAaTeMaTUuYHOI O IHCTPYMEHTApPII0 3 OI[IHIOBaHHS eHeproePeKTUBHOCTI
TETT0130JIAIIMHOT 000JIOHKHU OYy/T1BEIIb.

Takum YMHOM, €KCKYpPC PO3BUTKY HAYKOBO-METOJUYHUX OCHOB 3 MOJICITIOBAHHS
METOAIB IHTEJEKTyaJbHOI MIATPUMKH MPUUHATTA YHOPaBIIHCBKUX pIIICHb 3a
pe3yJbTaTaMu MPOTHO3YBaHHS €HEProe(EKTUBHOCTI OTOPOIKYBATBHUX KOHCTPYKIIIH
Oy/iBeJb 103BOJIUB C(hOPMYBATH METY Ta 3aJ]adl J10CI1KEHb.

MeTo10 ILOr0 AOCJTiIZKEHHSI € PO3POOTIEHHS €IEMEHTIB MaTeMaTUIHOI MOJIEi
IHTEJIEKTYaJ IbHOTO IMATPUMAHHS TPUHHATTS OpraHi3alliifHO-TEXHOJIOTTYHUX PIIleHb
NIJBULIEHHSI MPOTHO30BAaHOI €HEProe(PEeKTUBHOCTI OrOPOKYBAJIBHUX KOHCTPYKLIN
OymiBelab 3 BUKOPHCTaHHSAM (YHKIT HAJEKHOCTI HEYITKUX OI[IHOK BIUIUBY
BU3HAYaJIbHUX TMMapaMeTpiB Ha LUIbOBY (YyHKIIIO. s 1bOT0 HEOOXIAHO BHUPILIUTH
Taki 3a/1aui:

1. AnanTyBaTd MaTeMaTUYHUN arapar HEYITKOI JIOTIKH Ta JIIHTBICTUYHUX 3MIHHHUX
CTOCOBHO METOZOJIOTIi MOOYJ0BH (PYHKIIIN HAJIEKHOCTI HEUITKMX MHOXKHH PI3HUX
JIHTBICTUYHUX 3MIHHUX, SKI BU3HAYAIOTh BHUTPATH EHEPrii Ha KalliTajlbHE
OyIIBHUIITBO a00 PEKOHCTPYKIIIO, EKCIUTyaTallll0 Ta PEeHHUKIIHT CKJIAJI0BUX
OTOPOKYBATBHUX KOHCTPYKIIiN Oy/IiBEIb MPOTATOM IXHBOTO KUTTEBOTO ITHKITY;

2. HediTKi MHOXXWHU JUTsl PI3HUX JIHTBICTUYHUX 3MIHHUX BHU3HAYaJIbHUX MapaMeTpiB
BIUIMBY Ha MPOTHO30BaHy €HEProe(eKTHBHICTh OTOPOKYBAIBHUX KOHCTPYKIIIH
OyaiBenb BiqoOpa3uTH rpadiuHo y BUIVISIAI CUCTEMH HEUITKUX JOTIYHUX PIBHSHb,
Kl XapaKTepU3yITh TOBEPXHIO HAJIEKHOCTI JIHIBICTUYHUX 3MIHHUX 3a
BIJIMOBIHUM TEPMOM.

OcHoBHa yacTuHa. Peanizaiis 3axo/iB 13 3a0e3neueHHs HOPMAaTUBHUX BHMOT
CTOCOBHO  €HEProe(EeKTUBHOCTI  OTOPOKYBAIBHUX  KOHCTPYKIM  OymiBelb
nepeadayae  BAOCKOHAJICHHS  METOMIB  MareéMarTM4yHOTO  MOJCJIOBAHHS — IXHIX
TEIJIO3aXMCHUX BIJIACTUBOCTEH Ta EHEPreTHMUYHUX BUTPAT MPOTITOM IXHBOTO
JKUTTEBOTO IMKJIY. 3alpoNoOHOBaHA MOJEIb MIHIMI3AIll CyMapHUX BUTpaT Ha
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BJIAIITYBAHHSA €HEProe(PeKTUBHUX OTOPOKYBATBHUX KOHCTPYKIIH, E€KCIUTyaTallio,
PEKOHCTPYKIIIIO Ta YTHII3allii0 3 MOXJIUBICTIO PEIMKIIIHTAa MaTepialiB [16]

2E=E5+EE+EP—>min (1)

ne XE — cymapHI BHUTpaTH €HEprii 3a BeCh XUTTEBUU IUKI OrOPOKYBAJIbHHX
KOHCTpYyKIii OymiBenb; Es, Eg, Ep — BIANOBIIHO 3aTpaTd €HEprii Ha OYIIBHHIITBO,
EKCILTyaTallito Ta pelUKIiHT MaTepiaiB.

Ha eneproeexTHBHICTb OTOPOKYBaJIbHUX KOHCTPYKIIiMi OydiBeNb 3a Bech
nepioji iIXHBOTO JKUTTEBOTO IMKJIY BIUIMBAIOTh KUIBKICHI Ta sKicHI (akropu. [Ipu
MOJICJIIOBaHHI 3 METOI0 BH3HAUEHHS MPOTHO30BAHMX BUTPAT CyMapHOi eHeprii Ha
3a0e3neueHHss iX (YHKI[IOHYBaHHS PEKOMEHAYEThCS BHUKOPHCTOBYBAaTH METOJ
HEYITKOI JIOT1KH Ta JIHTBICTHYHUX 3MIHHUX [5,14,16,21]. Moaenb 00’ekTa 3a1a€ThCs
HEYITKOI0 0a3010 3HaHb, KA CKIAJAETHCS 13 CYKYMHOCTI IPAaBWI, IO MOEIHYIOTh
JIHIBICTHYHI OIIHKKA BXIOZHHUX 1 BHXIIHAX 3MIHHUX, $KI BIUIMBAlOTH Ha
eHeproePeKTUBHICTh OTOPOJIKYBAIBHUX KOHCTPYKIIIM Oy/IiBENb.

CymapHi BUTpaTh €HEprii 3a BeCh KUTTEBUU IIMKJI Ha 3a0e3MeUeHHS
eHeproe(PeKTUBHOCTI OTOPOKYBAJIBHUX KOHCTPYKIKA OyaiBeslb BIAMOBIAHO 0
nociikeHb [21] Ha cuCTeMHOMY pIiBHI SIK JIIHTBICTUYHY 3MiHHY (D E) MoxHa
OMMCATH y BUIJISAI CITIBBITHOIICHHS

SE =X, X, X3) )

ne Xi — miarBictuyHa 3miHHa (JI3), o xapakrepu3ye BUTpaTH €Heprii Ha KamiTajabHe
OyIiBHUIITBO a00 PEKOHCTPYKIlit0, X> — JTIHTBICTUYHA 3MiHHA, 110 BU3HAYAE BUTPATU
eHeprii Ha eKcIulyaTallito, X5 — JIHTBICTHYHA 3MIHHA, 110 BU3HAYa€ BUTPATH €HEPrii
Ha PELMKIIIHL.

[TapameTpu BIUIMBY HAa NPUWHSTTS PIillleHb MPU OOTPYHTYBAHHI €HEPTEeTUYHOI
€(DEKTUBHOCTI OTOPOIKYBIBHUX KOHCTPYKIH OymiBenb (Xi, X>, X3) OIIHIOIOTHCS
HEYITKUMHU T€PMaMHU SIK JIHTBICTAMHUMH 3MIHHUMH. J[7151 MOOYy0BU HEUITKOI MaTpHIll
3HaHb NPO CIIBBIJHOIICHHS MK €HEPreTUYHOIO €()EKTHBHICTIO OTOPOKYBAIBHHUX
KOHCTPYKLIM OyaiBeNb Ta BU3HAYAJbHUMM [apaMeTpamMu BIUIMBY MNPUUHSTO Takl
KUTbKiCHI Bupa3u: «Hu3bka» (H), «amwkue cepennpoin (HC), «cepenns» (C), «Buie
cepenaroi» (BC) ta «Bucoka» (B). IlpaBunma BUKOHAHHS HEUITKHUX JIOTTYHHMX
orepailiii BUKOHaHO 3 BUKOPUCTAHHSM y3arajibHEHOIO €JIEMEHTA HEUITKOTO JIOTTYHOIO
BUCHOBKY MDK JIHTBICTHYHUMHU 3MIHHMMH. He4iTki BHCHOBKM anpoKcHMAIlii
sanexxHocTi Y E=f(X, Y, Z) 3ailicueno 3a gonomororo HewiTkux npaui «AKIIO-TO»
[Tabmn.] [4,16,21,22].
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Tabnuis. HeuiTka MaTpuis 3HaHb PO CIIBBIIHOIIEHHS MK €HEProe(peKTUBHICTIO

OTOPOJIKYBATBHUX KOHCTPYKIIH Oy/IiBeNh Ta BU3HAYAILHUMHU ITapaMeTpaMu BILTUBY

SIK JIIHTBICTUYHUMH 3MIHHUMHU Ha CUCTEMHOMY PiBHI1

SKIIO

TO

Bnuus Butpar
eHeprii Ha
KamiTajabHe
OyiBHUIITBO 200
PEKOHCTPYKIIIIO

(X)

Bnuus BuTpar
eHeprii Ha
ekcrutyaraiito (X2)

Bnus Butpar
eHeprii Ha
PELUKITIHT

Matepiams (X3)

EneproedexTus-
HICTh OTOPOJIXKY-
BaJIbHUX KOHCTPYK-

it (XE)

Hu3bkui (H)

Hu3bkuil (H)

Hu3bkuit (H)

HWKYC Cepe,HHBOT
(HC)

Hu3bkui (H)

Hu3bkui (H)

Hu3bkuil (H)

HIKYE CEPEeaHBOL
(HC)

Hu3bkui (H)

Hu3bkui (H)

Hu3bkuit (H)

HIK4YE CEPEAHBOI
(HC)

Hu3bkuit (H)

Hu3bkui (H)

HMKYC CCpCZ[HBO.l.
(HC)

HMXKXYC Cepe,Z[HI)O.l.
(HC)

HUXKYE CepPENHbOT
(HC)

Hu3bkuil (H)

HHUXKYE CEPENHBOT
(HC)

HUK4YE CEPEAHBOI
(HC)

HIDK4YE CEPEAHBOI
(HC)

Hu3bkuil (H)

HWKYC Cepe,HHBOT
(HC)

HMKYC CCpCZ[HBO.l.
(HC)

HMXKXYC Cepe,Z[HI)O.l.
(HC)

HWKYC CGpG,Z[HBO.l.
(HC)

cepenniii (C)

cepenniit (C)

cepenniii (C)

HWXKYC CGpGL[HBO.l.
(HC)

cepeaniit (C)

cepenniii (C)

cepenniii (C)

HU)KYE CEPEeaHBOL
(HC)

cepenniii (C)

cepenniii (C)

cepeaniit (C)

HUK4YE CEPEAHBOI

(HC)

cepenniii (C)
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IIpooosoicennss mabauyi

SIKIIO

TO

BUIIE CEPEAHBOT
(BC)

BUIIE CEPEAHBOT
(BO)

cepenniii (C)

BUIIIE CEPENHBOT
(BO)

cepeaniit (C)

BUIIIE CEPENHBOT
(BO)

cepenniii (C)

BUILIE CEPENHBOI
(BC)

BUILIE CEPEIHBOI
(BC)

BUIIIE CEPEAHBOT
(BC)

BUIIE CEPEAHBOT
(BO)

BUILE CEPEIHBOI
(BO)

BUILIE CEPEAHBOT
(BCO)

BUCcOKHi (B)

Bucokuii (B)

BUIIIE CEPENHBOT
(BO)

Bucokuii (B)

BUILIE CEPENHBOI
(BC)

Bucokuii (B)

Brcokuii (B)

BUIIE CEPEAHBOT
(BO)

BUILE CEPEIHBOI
(BO)

BUCOKH (B)

Bucokuii (B)

BUcOKuUi (B)

BUCcOKHi (B)

JliarBicTHUH1

BUCJIOBJIIOBaHHSA MpPO CHIBBIAHOLIEHHS MIDK €HEpPreTUYHOI0

e(EeKTHBHICTIO OTOPOPKYBAJIbHUX KOHCTPYKIiM OymiBeN b Ta BU3HAYAIHHUMHU
YUHHUKAMW BIUIMBY (TaOJl.) € MIATPYHTSAM IS CKJIAJaHHS CHUCTEMH HEUYITKUX

JIOTIYHUX  PIBHSIHb,
BIJIMTOBITHUM TEPMOM.

Kl ~ XapaKTepHU3yITh

1 AZE)=p,(x0) A, (x) A e, (x5) v
v lunc('xl) A ﬂn(xz) A :un(x3) v ﬂn(xl) A
ﬂnc(xz) A ﬂH(x3) v ﬂn(xl) A ﬂn(xz) v ,Unc(x3)-

MTOBEPXHIO

HAJIEXKHOCTI

(X E)=p,(x) A g (x5) A o (x3) Vo, (x)) A

A IL‘H(XZ) A lul-tc(x3] \4 lLtHC(xl\) A luHc(XZ) A
A lun(x3) \4 luHc(‘xl) A lul-tc(x2) A ILtHC('x3) v

A :uc(xz) A ﬂc(x3) v ﬂc(x1) A

ﬂﬂc(xz) A :Uc(x3] v luc(xl) A ﬂc(xz) A ﬂHC(x3)'

(Y E)=px)) A p(xy) A p(x5) Vo, (x,) A

3MIHHHX

3)

4)

)
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1 (X E)= 0, (x0) A e (x5) A e (x5) v
luec('xl) A :Uc(xz) A ﬂgc(xz) v ,uc(xl) A
:usc(XZ) A ﬂgc(x3) v /uec('xl) A ﬂgc(xzj A /uec(x3)- (6)

ﬂg(ZE):ﬂg(xl) A ,ug(xz) A ﬂgc(x3) v ﬂg(xl) A ﬂgc<x2) A
A (X3) Vo () A s () A g (x5) v
v ,Ue(xl) A ﬂg(xz) A ﬂg(x3)~ (7

OTpumaH1 HEYITKI JOT1YH1 PIBHSHHS Ha BIANOBIIHOMY l€papXidHOMYy piBHI (3-7)
JO3BOJISTFOTh  BUSIBUTH (DYHKINT HAJIKHOCTI BXIAHUX 1 BHUXIJHUX 3MIHHUX Ta
noOyyBaTH aHATITHYHI MojeNi (YHKIIH HaJIeKHOCTI TapaMeTpiB BIUITMBY Ha
€HEpreTUYHY €(PEeKTUBHICTh OTOPOAKYBaJIbHUX KOHCTPYKIIH Oy/I1BETIb.

BucHoBkH. 3anponoHOBaHMM 1HCTPYMEHTapii EKCIIEPTHOTO  OIIHIOBAHHS
eHEepProe(PeKTUBHOCTI ~ OTOPO/KYBAJIbHMX  KOHCTPYKIIH  OymiBedb  HEUITKUMU
MHOKWHAMH Ta JIHTBICTHYHUMU 3MIHHUMH, SIKAW Ha BIIMIHY BiJl HASBHHX MOJEJCH
JI03BOJISIE BPAXOBYBATH 1HTEIPAIIBHO BIUIMB KUIBKICHHX Ta SIKICHUX IapaMeTpiB Ha
IIPOTHO30BaHy BEJIMYMHY CYMapHUX EHEPrOBUTPAT TEIUIOI30JIIIHOI 000JIOHKH 3a
YMOBH 3a0€3MeYeHHS ONITUMAILHOTO MIKPOKJIIMAaTy MPUMIIICHb.

OTpuMaHi pe3ylbTaTd Yy BUIVIAMI HEYITKUX JIOTIYHUX PIBHSIHB JI03BOJISIOTH
XapaKTepU3yBaTH MOBEPXHIO HAJEKHOCTI JIHIBICTUYHUX 3MIHHHMX, IO OIIUCYE
BIJIMOBIJIHI TMapaMeTpy BIUIMBY SK BHUTPATH EHEPrii Ha KamiTajabHE OYIIBHHIITBO,
EKCIUTyaTallifo Ta PEHUKIIHT MaTepialliB 3a BIAMOBIIHUMH TE€pMaMH, Ha IILOBY
byHKIII0, 3a AKy NPUIHATO MPOTHO30BaHI CyMapHI BHUTpaTH Ha IIiIBUILIEHHS
eHeproe(PeKTUBHOCTI OTOPOIKYBATBLHUX KOHCTPYKIIIH Oy/1iBEIb.

HoBu3Ha nociaizkeHHsl TIOJSTae B TOMY, IO 3 BHKOPHCTAHHSM DPE3YJIbTaTiB
MOHITOpUHTY, (popmamizailii Ta iepapxiyHoi Kiacudikarlii mapameTpiB BIUIMBY Ha
eHeproe(peKTUBHICTh OTOPOKYBATBHUX KOHCTPYKITIH Oy/1iBeIb, sKa
XapaKTEepU3y€eThCSl ~ CyMapHUMHM  BUTpaTaMM Ha  KamiTallbHe  OYyJIIBHUIITBO,
eKCIUTyaTaIlil0 Ta PEUUKIIHT MarepiajiB, 3almpolOHOBAHO KOHIICTIIO BUPIIICHHS
HAyKOBO-IIPAKTUYHOI 3ajayl OI[IHIOBAHHS €HEProe(eKTUBHOCTI TEII0130JIALIHHOT
000NOoHKHM OyniBeNlb 3 ypaxyBaHHSM BIUIMBY KIJIbKICHUX Ta SKICHUX YHMHHHKIB, a
TaKOXX JIICTAld TONAJBIINN PO3BUTOK METOMOJIOTIYHI OCHOBH MaTeMaTUYHOTO
MOJIETIOBAHHS IPOrHO30BAHOI €HEProe(PEeKTUBHOCTI OrOPOAKYBAJIbHUX KOHCTPYKIIIN
OymiBeab 3 BHUKOPUCTaHHSM MAaTEMaTHYHOTO amapary HEYITKOi JIOTIKM Ta
JIHTBICTUYHUX 3MiHHUX. lle crnpusiTuMe B MEpPCIEKTHUBI PO3POOICHHIO CHUCTEMH
IHTEJIEKTYaJIbHOTO MIATPUMAHHS MPUUHATTS OPraHi3alliHO-TEXHOJIOTIYHHUX PIIIEHb
010 MiIBUILEHHS €HEeProe()EKTUBHOCTI OTOPOIKYBATHHIUX KOHCTPYKIIiH Oy/IiBENb.
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IIpakTyHe 3HAYEHHSI BUSIBISIETHCS Y MOMJIMBOCT1 BIPOBAHKEHHS OTPUMaHUX
pE3yNIbTaTIB MPU MPOEKTYBAHHI €HEProe(EKTUBHUX HOBUX ab0 TepMOMOAEpHi3allil
HAsSBHUX OTOPO/KYBAJbHUX KOHCTPYKIIH Oy/iBenb, 10 CHPHUITHME 3MEHIIECHHIO
BUKOPDHCTAHHS  €HEPrOHOCIIB Ha 3a0e3MeyYeHHs ONTHUMAaJbHUX  MapameTpiB
MIKpPOKJIIMaTy MPUMILIEHb Ta AeKapOOH13allll CUCTEM TeI103a0e3MeYEHHS.
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EXPERT ASSESSMENT OF ENERGY EFFICIENCY OF ENCLOSURES
OF BUILDING STRUCTURES BY FUZZY SETS AND LINGUISTIC
VARIABLES

Abstract. In accordance with the energy strategy of the European Union, a
significant introduction of innovative technologies for decarbonization is planned
through the implementation of energy-saving technologies to ensure optimal
microclimate parameters in building premises. The relevant legislative framework of
Ukraine regarding increasing the energy efficiency of the thermal insulation shell of
buildings is dedicated to solving this problem.

The development of tools for predicting the energy efficiency of external enclosing
structures of buildings throughout their life cycle requires an assessment of the
influence of determining parameters, which are characterized by quantitative and
qualitative values. Determining the values of these parameters experimentally is
expensive and in many cases impossible with a given reliability. As a source of
necessary information, it is advisable to use expert assessments of the influence of
determining parameters on the predicted energy efficiency of the thermal insulation
shell of buildings.

To develop a component of the expert modeling system for intellectual support of
organizational and technological decision-making on increasing the energy efficiency
of building envelopes, the mathematical apparatus of fuzzy logic was used, namely,
the method of constructing a system of fuzzy logical equations that characterize the
degree of membership of an arbitrary element of universal sets to a fuzzy set. The
method is based on the distribution of the degree of membership of the universal set,
on which the fuzzy set is given, according to their ranks. The degrees of membership
of parameters to a fuzzy set, which is defined by the corresponding term, were
calculated using known formulas by composing the corresponding matrices. Fuzzy
sets for various linguistic variables of determining parameters of the influence on the
predicted energy efficiency of building envelopes are presented in the form of
corresponding fuzzy logical equations. These equations characterize the surface of
the membership of linguistic variables by the corresponding term to the objective
function, namely energy consumption for capital construction or reconstruction, for
operation and recycling.
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Keywords: energy efficiency, expert assessment, modeling, linguistic variables,
logical equations, fuzzy sets, enclosing structures, thermal envelopment.
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BEHTWJIALIA, OCBITJIIEHHSA TA
TEIIJIOTASOIIOCTAYAHHA

HAYKOBO-TEXHIYHWH 35IPHUK

Bumyck 52

Busnanuit MOH Vkpainu sk HaykoBe ¢axoBe BHIaHHS YKpainu kareropii “b”, y
SKOMY MOXYTb IyOJIKyBaTuCs pe3ylbTaTH IUCEPTALIMHUX poOIT Ha 3100yTTS
CTYIIEHIB JOKTOpa 1 kanaujaara Hayk (Haka3 MinicTepcTBa OCBITH 1 HayKH YKpaiHU
Ne 409 Bin 17.03.2020 p.)

30ipHUK «BeHTumsisl, OCBITICHHS Ta TEIJIOra30MoCTadyaHHsy MpPEICTaBICHUN Ha
caiti  http://www.nbuv.gov.ua  HamioHanbHoi  0i6mioteku  HAH  Vkpainu
iM. B. I. Beprancekoro ta Ha caiiti KHYBA ( http://vothp.knuba.edu.ua/ ).
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