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JOCIIKEHHS ITIEPCIIEKTUBU BUKOPUCTAHHS 301N
BUHOCY B BYAIBHUIITBI

BiHHMLbKUIA HaUiOHANbHUIA TEXHIYHUIN YHIBEPCUTET

HocnidxeHo nepcrnekmusu 8UKOpUCMaHHS 307U 8UHOCY, fIKa BUHUKae mi0 4yac craneaHHs eyeinnsa y mennosux
eniekmpocmaHuisx, y 6ydisHuumei. 3ona euHoOCy po32nadaembCs 5K 8MOPUHHUL NpoOyKm, KUl Moxe 6ymu egekmueHO
sukopucmaruli 0ns roninweHHs1 sKkocmi bydiseribHUX Mamepianieé ma 3HUXEHHS He2amugHO20 6rfiusy Ha HasKOUWHE
cepedosuue.

PosenaHymo ocHosHi Memodu akmueauii 301u-8uHeceHHs1 ma if no3umueHul ennue Ha MiyHicmp 6ydigenbHUX Mamepiariia,
a makox ix cmilikicmb 0o agpecusHux ¢hakmopig. Kpim mozo, po3asisHymo 8niug 8UKopucmaxHs 301U Ha eHepaoegheKkmusHicmb
bydisenbHUX Mamepianie ma 3MeHWeHHs1 8uKudie 8yarnekucrozo 2a3y. [lposedeHo o0ensad cyvacHux OocnidKeHb ma
epcrnekmueHUX HarpsMKie 8UKOPUCMaHHsS 307U 8uHocy 8 bydisHuumei 0nsi nposedeHHs nodanbuwiux O0CniOXeHb 3 i
KomrneKkcHoi Modudbikauyii i 3acmocysaHHs o 00380/1UMb CYyMmMESO 3MEHWUMU aHMPOro2eHHUU eriue Ha O08Kifss, 3 MeEMOoK
ompumaHHs1 bydigeribHUX Mamepiariis.

OmpumaHi pesynbmamu 0ocnidxeHHs OeMOHCmpPyomb, WO 8UKOpUCMAaHHSI 307U 8UHOcy 6 bydisHuuymei mae eesnukul
rnomenujan. BoHo 00380115i€ 3MEHWUMU 8UKOPUCMAHHS ep8UHHUX Mamepiarnis, noninuumu skicme 6ydisenbHUX Mamepiarie
ma 3HU3UMmu HeeamueHul 8r1/1u8 eHepaumuY4Hoi 2asny3i Ha 00o8Kirns.

Knroyoei cnoea: 3ona-euHeceHHs, 8ioxodu, memoou akmueauii, bydieenbHi Mamepianu.

Beryn

B eHepreTmuHOMYy KOMIDIEKCI YKpaiHM HaHOUIBITYy 3arpo3y Ui JTOBKUDISA CTAaHOBISATH TEIUIOBI
CJICKTPOCTaHII1. BOHM YMHATH ICTOTHUI HEraTUBHUI BIUIMB Ha HABKOJIUIIHE IpUpoIHe cepeaonuiiie. [Llopoky
B YKpaiHi YTBOPIOETHCSA 6-7 MIIH TOH 30JIONUIAKOBHX BiaxomiB. [Tokm Byriurst Oyae OCHOBHHUM DKEPEIIOM
eHeprii, BOHM YTBOPIOBATUMYThCS BCIOAHM, Je TpaiotoTh ByrinbHi TEC. B €Bpomi mo 92 % 3o0monurakiB
yrunizyetbes [1-3]. B VkpaiHi noku 3apaHo TOBOPHUTH TPO Taki MU(PH, OJHAK 30JI0IIIAKOBI MaTepialii Bke
YCIIITHO BUKOPUCTOBYIOTHCS Y BUPOOHUIITBI IIEMEHTY, O€TOHy, OyAiBeIbHHX CyMilled, a Biaremep i B
JTOPOKHBOMY OYIiBHHIITBI [4-6]. 3acTOCyBaHHS BiJIXO/IiB OJHHUX BUPOOHHIITB B IKOCTI CHPOBHHM JIJIS 1HIITHX,
B TOMY YHCJIi JJIs iHIIMX Tay3ei — TOJIOBHUH MTPUHIKIT IIUPKYIISIPHOI EKOHOMIKH, SIKa € OCHOBOIO JIJIS CTaJIOro
PO3BHUTKY KpaiH i TiAIPHEMCTB.

PosmpenHss BUKOPUCTaHHS BTOPUHHOI CHPOBUHH J03BOJISIE OLIBIN ONMEPAaTUBHO BUPINIYBATH PECYPCHI i
eKoJioriuHi mpobnemu. [lpyu boMy TOMOBHUM HANpsSMKOM HAyKOBO-TEXHIYHOTO MPOTPECY € CTBOPEHHS Ta
BITPOB/KEHHSI Y BUPOOHUIITBO pecypco- 1 eHeprozoepiratounx 0e3BiIXOHUX TEXHOJIOTIH Ta BUPOOHUIITB,
mpu poOOTi SKMX yCi KOMIIOHEHTH CHPOBHHHM, IIO JOOYBAa€THhCS 1 MEPEepOONSETHCA, BUKOPHCTOBYIOTHCS
OIIA/NTUBO Ta B TIOBHOMY 00CS31.

3ononutakosi Bigxoau (31B) Bix criagroBaHHS HA TEIUIOBMX CTAHINSX TBEPAMX BHUJIIB MajuBa (BYrijuis,
roprodi ciaHil, Topd) BIAHOCATH 0 HAMOLIBII 0AaraTOTOHAXHUX IPOMHCIOBUX BigxoxaiB. OpieHTOBHO,
terutoenekTpoctanuis (TEC) morysxknictio 1 min. kBT 32 100y podotu cnianroe 10000 T Byriuis, BUAIISIOUN
mpu oMy, Outst 1000 T nwiaky Ta 30iM. 3aliMar0YM BEJIHYE3HI ILIOII, BOHH € JDKEPEJIOM 3a0pyaHCHHS
OTOYYIOYOTO CepeioBUINa, HeOe3MeuHi JUlsl 370pOB’sl HACENICHHS, CTAHOBISTH 3arpo3y POCIUHHOMY Ta
TBapUHHOMY CBITY [7-9]. PazoMm 3 TM, 3a XiMIYHUM i MIHEPAJIOTIYHUM CKJIaZ0M BOHU 0arato B YOMY 1I€HTUYHI
MPUPOAHUM MiHEPAIbHUM MaTepiajlaM Ta € IePCIEKTUBHUM JKEPEIOM CHPOBUHH.

Mera nocaiIKeHHsI — ITPOaHali3yBaTH MPOIIEC YTBOPEHHS 30JIM-BUHECCHHS HA TEIUIOCICKTPOCTAHIIINX.
Bu3Ha4UNTH OCHOBHI BJIIACTHBOCTI 30JIM BUHOCY. PO3MIISIHYTH OCHOBHI IIUISIXM BUKOPHCTAHHS 30]11 BUHOCY, SIK
KOMIUTIEKCHOI T00aBKY 1l Oy 1iBEIHHUX MaTepialliB Ta BUPOOIB.

AHAJIITHYHI JOCTiKeHHS

[Ipu cmamtoBaHHI TBEpJOro MajWBa B TONKax mpu Ttemreparypi Omm3pko 1200-1700°C TemmoBux
CJICKTPUYHUX CTAHIIIH YTBOPIOIOTHCSA BEIMKOTOHHAXKHI TBEPJII MiHEpaJIbHI BIIXO/H, IPEACTABICHI IIJIAKOM i
neTro4oro 30i51010. CxeMa yrBopeHHs 3014 TEC nmokazana Ha puc. 1.

30701IUTaKOBI BiJIBaIM HA OLIBIIOCTI €IEKTPOCTAHIIIM TepenoBHEHI. SIKII0 He BUPINIyBaTH IO IpodIeMy,
TO TaKi €JIEKTPOCTAHIII] TOBEACTHCS Y HAMOIIMKYII pOKH 3YIUHATH i BUBOJIUTH 3 eHeprocucteMu. [lomganpime
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PO3MIIIIEHHST BiIXOIB MOTPeOye OymiBHHMIITBA HOBHX, a00 PO3IIMPCHHS ICHYIOUYHMX 30JIOBIIBANIB, IO
NPU3BOMTH JI0 BiIUyKCHHS 3HAYHUX TEPUTOPIH Ta 3a0pyAHCHHS HABKOJIMIIHLOTO cepenouina [10-12].

ExcriepMeHTH MOKa3yIOTh, 10 TEPMIiYHI BiIXO/U - II¢ MiHepaJIbHA CHPOBHHA, SIKA BUKOPUCTOBYETHCS JIJIS
BHPOOHHIITBA IIEMEHTY Ta KepaMikd. Y TOH K€ Jac BUKOPHCTAHHS OYHMCHHX CIOPYA 3MEHIIYE BUPOOHWI
BUTpATH Ha OCHOBHI OyaiBenbHI MaTepianu (LIEMEHT, cyXa cyMill, OETOH, pO34rH, OETOHHI Ta MHOOETOHHI
6JI0KH, Ier71a, TPOTyapHa IUIMTKA Ta iH.) uioHajiMenmre Ha 15-20 %. Moro Mo)kHa BHKOPHCTOBYBATH IS
0ETOHY — BiJl BAXKKOTO TiJJPaBIiYHOTO JI0 JIETKOTO JIAKOOCTOHY Ta CTIHOBOI IUTHTKH.

[ToapiGuenus TEC
"ByrinbHuii " Tonka KoTia

[TosiTps

liaposono -

30/IH Ta LIJIaKH

BHJIAJICHHS
Bijsan

Typbina

[eneparop

Oanennst

Pucynok 1 — 3aransna cxema yrBopeHHs 3011 TEC

JpiOHi i ieTki 9acTHHKY 3 TUTOMOIO ToBepxHero 1500-3000 cm?/, 1110 MICTATBCA B KIIbKOCTI 6136K0 90%,
BHUXOJISITh 3 TONIKK y BUTIISAI Ta3iB, a OLIBII 32 PO3MIPOM OCIIAOTH 1 CILIABISIFOTHCA B KYCKOBI IIIJTAKH.

Ha cyyacHuX TeruioenekTpocTaHIisgX CHallOBaHHS BYTUIFHOI CHPOBHHHU BiIOYBAETHCS y MHIOMOIIOHOMY
crani. HaitGinpmmii icHytounid po3Mip 3epeH IIU1aKy B CKJIaJli 30JI0MUIAKOBOI cyMmimli Oyiio mpuitHATO 20 MM.
301a 3 TMMOBUMH ra3aMu (30J1a BUHOCY) BUHOCHUTBHCS 3 TOIKH 1 3aTPUMYETHCS AJIsl IX OUMILECHHS B IUKIOHAX
i enexkrpodinbrpax [13-16]. s nepeBakHOI KUIBKICTh (YparMeHTiB 30JIM XapakTepHa CKIONoAiOHa (akTypa
noBepxHi. Po3mip cepruHNX YaCTHHOK KOJNMBAETHCS B PaiOHI KUTBKOX MiKpoH 10 50-60 MkM (puc. 2).
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WD=25.1mm 20.00kV__ x1.20k ; 20.00kV_ x50
Pucynok 2 — 300paskeHHsI YaCTHHOK 30JIH BHHOCY
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BynoBa i ckian 307M 3aNeXHUTh BiJ LIIOT0 KOMIUIEKCY OJHOYACHO Jil0YMX (aKkTopiB: BUAY 1
MOP(]OJIOTIYHHX OCOOIMBOCTEH MaNWBa, M0 CHAJIOETHCSA, TOHHMHU TIOMOJIy B MPOLECI HOro MiJroTOBKH,
30JIBHOCTI TajiuBa, XIMIYHOIO CKJaay MIHEpPaJIbHOI YaCTHHU IaJKMBa, TEMIEPaTypH B 30HI TOPiHHs, 4acy
nepeOyBaHHS YaCTHHOK B IIii 30HI Ta iH. [Ipy 3HaAYHOMY BMICTiI KapOOHATIB KaJIbI[il0 B MiHEpaJIbHIN YacTHHI
BUXIIHOTO MAJIMBA ITiJ] BIULINBOM BUCOKHMX TEMIIEpATyp B IPOLECi TOPiHHS YTBOPIOIOTHCS CHIIIKATH, AJTFOMIHATH
1 depuTn KanpLilo — MiHEpanM, 3[4aTHI 10 Tigpartauii. Taki 3004 mpu 3amillyBaHHI 3 BOJOIO 3/aTHI 110
TY)KaBJICHHS 1 CAMOCTIHHOTO TBEPAIHHS. Y HHX, SIK MPAaBHJIO, MICTATHCS OKCHJ KaJIbLIIO 1 OKCHJ MarHir y
BIJIbHOMY CTaHi.

Bigxoan 4acTKOBO 3aMiHIOIOThH BEJIMKI Ta MaJli HaroBHIOBadl B OeToHi. OTXe, y BaXXKOMY OETOHI 30J1a-
BUHECEHHS MOXKE 3aMIiHUTH 110 25 % IeMeHTy, TOi SIK y JeTeHAX BOHAa MOKe 3MEHIIUTH CIIOKUBAHHS LIEMEHTY
Ha 10-15 %, Toxi sk KepaM3UTOBHII IpaBiif MOXKe 3MEeHIIUTHCH Ha 15-20 %.
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KinbKicTh 3070IUIaKOBUX BiJXO/iB, [0 BUKOPHCTOBYETHCS Y CKJali B’SHKY4Oi PEUOBHHM Ta OETOHHOI
CyMilr, Mo)ke OyTH 30ijbllIeHa 32 paXyHOK 1i akTHBaIlii PI3HUMHU CIOCOOAMH, B TOMY YHCIII MEXaHIYHUM,
XIMIYHUM, TepMITHIM, 3a moroMmororo HBU-ereprii Ta KOMIUIEKCHUM (TiApOMEXaHIIHAM, MEXaHOXIMITHUM,
EJIEKTPO-MEXaHOXIMIUHUM).

MexaHiyHa aKTHBAIlisl TOJSIrae y 301IbIICHHI MUTOMOT TOBEPXHI BHXIAHOI 30JIM IUISXOM IOAPIOHCHHS.
Juia mompiOHEHHS: KyJIbOB1 MJIMHHM, BiOpaIlifHi MITMHHA, MOJIOTKOBI MJIMHA. [1JI1 IOMEIy BUKOPHCTOBYIOTH:
LIapOBUI MIIMH, BiOpawiiHUI MIMH, MOJIOTKOBUI MIIUH Ae3iHTerpatop. Je3iHTerpaTop sSBISETHCS OAHIEIO 3
HaWKpalMX yCTAHOBOK VIS YIIBTPA-MIUIKOTO TIOMEJTY B TOMY YHCII ¥ [uist momeny 30iu [17-19].

e crpusic He TLIBKK KUTBKICHOMY TiIBHINEHHIO PEaKIiifHOI 3AaTHOCTI peareHTiB, aie i Mae SKiCHHN
edexT: hopMyBaHHS HOBHUX aKTHBHHX TOBEPXOHB aFOMOCHIIIKATHOI (pa3w, mo MiICTATh MIKpOAeeKTH, SIKi
BiJJPI3HAIOTHCSI BHCOKOIO TOBEPXHEBOIO EHEPTi€l0 i, BIAMOBIAHO, PEaKUiHHOI 3HaTHICTIO. Y TOW ke yac
MiJBUIICHHS MUATOMOI MOBEpXHi 30su Oinbmie 700 M%/KT MPU3BOJIUThH J0 3HIDKEHHS MII[HOCTI BHACHIJIOK
30UTBITICHHS BOIOTIOTPEOH.

Binokpemienns 6inbin ToHKOI Gpakiii 30mu (10 45 a60 90 MKM) MOKIIHBO HE TUTHKH 3aBISIKH IIOMEITY, ajie
i nutsixom cemnapaunii. Takuil miaxin crpusie eKOHOMIT eHeprii B Mpolieci oMeny, ajie He T03BOJISIE yTHITI3yBaTH
Bci 100 % 30mum. [12, 14].

B cBoro uepry Bubip criocoOy akTHBallii 3aJIe)KHUTh Bl XiMIKO-MiHEpaIOTi9HOTO CKJIaTy 30JH, CIOCO0y 1l
OTPHMAaHHS, a TAKOXK BiJl CKJIaAy B SKY4O1 CHCTEMH, JIO SKOI L0 3071y AOAAIOTh.

XiMiuHa aKTHUBAIlis 30JIM-BUHECEHHS 3a3BHYaii OB’ sI3aHa 3 PO3UYNHEHHSIM ATFOMOCHIIIKATHOT'O CKJIA 30JU Y
my)kHoMy abo Kuciomy cepenoBuini. KucrmoTHa akTuBaiisi, sika iHOJI BHUKOPHUCTOBYETHCA y XIMIUHIH
TEXHOJIOT11, IMUPOKO HE BUKOPUCTOBYETHCS B Tally3l OymiBeIbHUX MaTepialiB y 3B’ SI3Ky 3 BUCOKOK BapTICTIO
SIK MaTepialiiB, TaK i IPOLECY, a TAKOXK HEOE3MEUHICTIO IS IepCcoHaTy Ta oonaaHanHs [19-21].

JlyxxHo3emenbHa, cynbpaTHa Ta JTyXKHA. Y NEPLIOMY BHUMAIKy SIK aKTHBAaTOP 30JIM BHKOPUCTOBYIOTh
MOPTIaHALEMEHT a00 BanHO; (a30BuUil CKial HOBOYTBOPEHb NPEACTABICHUN NEPEBaKHO HU3bKO OCHOBHUMU
TiIpocuiTliKaTaMu KaJbllifo. Y Ipyromy BUTIJIKY SIK aKTUBATOP BUKOPHCTOBYIOTH CYNb(haTH KalbIIito (Tirc abo
HaOJIMKEHI 0 HhOTO 3a CKJIAZIOM PEUOBHMHHM), a (Pa30BUi CKJIaJl HOBOYTBOPEHb IMPEICTABICHUH MEPEBAKHO
PI3HEMH BUAAMH TiIPOCYITh(HO-aTIOMiHATIB KANbIIIO.

Y TpeThOMYy BHUIAJKY aKTHBATOPaMH € TiAPOKCHIHU, CHIIKaTH ab0 KapOOHATH JYXHHX METaliB, a
HOBOYTBOPCHHSI TPEJCTAaBICHI BiJNOBIAHO JY)XHO3EMEIbHHUMH a00 JIy)KHHUMH TiJpOCHITIKaTaMH Ta
rigpoamomMocuiikatamu. Hemonikom cynbhaTHOI akTHBAaIlii 30JI0BMiCHOTO IIEMEHTY € HECTa0IBHICTh y Yaci
rigpocynbdoanoMiHaTiB, y Tepury 4epry — eTPHHTITY, a TaKOXX MOXIWBICTh YTBOPEHHS BTOPHUHHOTO
ETPUHTITY, 110 MOXKE MPU3BECTH JIO PO3BUTKY JIECTPYKTUBHUX HPOIIECIB y CTPYKTYpi OETOHY, 110 TBepaie. Y
TOM ke 4ac, cynb(aTHa aKkTHBallisl 32 HASBHOCTI CHIIIKATHUX J00aBOK MOke OyTH e(EeKTUBHO BHKOPHCTaHA
JUTSL OTPUMAHHS JTOBrOBIYHMX 30JIOBMICHHUX IIEMEHTIB Ta MaTepiaiiB Ha iX OCHOBI HE3aJeXHO BiJl TEXHOIOTI]
BUTIANTIOBAHHSI BYT1JLIS Ta BIITyYeHHs 30mu. [12, 21].

JlyxHO3eMenbHa aKTHBAIlisl TPAIUIiHHO MPOBOAMIACH 3 BHKOPUCTAHHSM CIOJYK Ha OCHOBI
JYKHO3EMEJbHUX METaTiB (KaJbLi€BMICHUX PEUOBHH: BallHa, MOPTIAHALEMEHTY Tomo). OTpuMaHi Takum
YMHOM BaIHAHO-30JbHI B’SDKy4l a00 IyLIOJIAHOBI IMOPTJIAHALEMEHTH HAa OCHOBI 30JM IMPOKO
BUKOPHUCTOBYIOThCS y OyiBesbHilN ramysi. [Iporpec y po3BUTKY JIy>KHHUX B’SKYYHX JO3BOJIMB 3aIPOIIOHYBATH
1HOIN TAXOMU 10 BUpIMICHHS Ii€i mpobiemu, mo nepeadadaroTh BUKOPUCTAHHS CIIONYK JIy>)KHUX METalliB.
OcoONHMBICTIO TAKUX CUCTEM, /1€ BAKOPHCTOBYETHCS JIy>)KHA aKTUBAllisl, € BUCOKE 3HaueHHs pH ancnepciitnoro
cepenoBuia. [Ipu npaBUIBLHOMY MiIOOPI CKJIaMy Ta KOHIEHTPAIlT JIy’)KHOTO aKTUBATOpa CIIOIYKH JTYKHHX
METAJIB Pi3K0 IHTEHCU(IKYIOTh MEPIy CTAJII0 XIMIYHOI JIECTPYKIIii BUXiHOT aFOMOCHIIIKaTHOT (ha3u 3011, a
HOTIM OepyTh aKTUBHY y4acTh y Iporecax cunresy. [12-14].

TepmiuHa akTHBaIlisl TOJATAa€ B 30LIbIICHHI PO3YMHHOCTI TJIMHO3€MY Ta KPEMHE3eMy 3a DPaxyHOK
migBHIIEHHS TeMiepaTypu. CTOCOBHO IIEMEHTIB 3 BUKOPUCTAHHSM aKTHBOBAHUX 3011, TO TEPMidHA aKTHBAIis
BUKOPUCTOBYETbCS Ha e€Talli MOKPOro IoMelry a0o TeruioBoi 0oOpoOKu BindopMOBaHMX BHPOOIB
(mpomnaproBaHHsl, aBTOKJIaBHOT 00poOKH ToII0). SIK 1 y BUNAAKy MEXaHI4HO, TepMiuHa aKTHBaLis eeKTUBHA
TUIBKY Y TIO€AHAHHI 3 XiMiuHO0. CJIil 3a3HaYUTH, 1110 HA BIAMIHY BiJl MEXaHIYHOI aKTHBAIlil, sKa BU3HAYA€E
MEepeBaXHO KIHETUYHHWH AacleKT akThBauii, BHOIp TeMmmepaTypu OOpoOKHM B 3HAYHOMY CTYNEHI MOXe
BU3HAYATH HAMPSM MPOLECY CTPYKTYPOYTBOPEHHS 1, BiANOBIAHO, (ha30BHIA CKJIaJ HOBOYTBOPEHb.

O3HallOMHBIINCE 3 pe3yibTaTaMH 0araTOPIYHHUX JIOCIIKEHb Il XiMIYHOT aKTHBaI(il KUCIIOl 30JH SIK 3
TEXHOJIOTIYHOI, TaK 1 3 €KOHOMIYHOi TOYOK 30pYy, HAWOUIBII MPHIATHUM € JTY)KHO3EMEIbHO-CYIb(aTHUH
METOJ, IPUYOMY ITPH TaKil aKTUBALii 10JAaTKOBO MOTPIOHO BUKOPHCTOBYBATHU MYLIOJAHOBI Ta IIIACTU(DIKYIOUN
no6aBky. BBeneHHs my1o1aHoBoi 100aBKH HEOOXinHO it ()OPMYBaHHS JOBIOBIYHOTO INTYYHOTO KaMEHIO
IUISIXOM ITOTIEPEIKEHHs Ta 3aroOiraHHs MPOTIKAHHIO TMPOLECIB YTBOPSHHS BTOPHMHHOTO ETPHHIITY abo
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taymacuty [14, 15]. JlomaBaHHS 301M BHHECCHHS TO3BOJIIE IMIIBHUITATH MIIHICTh IITYYHOTO KaMEHIO B

JOBroTpuBaliii nepcrektusi (puc. 3) [22, 23].
MiuHicTb po3unHy Ha cTuck (H/mm?)
80

== HynboBa cymiu
3ona BUHECEHHS

40
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0 2 7 14 28 91 365
Bik cymiwi (Ai6)
Pucynok 3 — I'padik 3ane:KHOCTI 3MiHI MIITHOCTI OETOHHOT CYMIIlli MPOTSTOM POKY 3 TOJaBaHHSIM 30JIM BUHECEHHS 1 0e3

AKXTHBaLis 3014 BUHOCY MPU3BOAUTH O MiJBUILEHHS HACTYNHHUX BJIACTUBOCTEH KOMIIO3ULIMHUX

B’SDKYy4YUX Ta BUPOOIB Ha iX OCHOBI:

1. MinHicTh Ta MOBrOBIiYHICTH: e()eKTHBHA aKTHUBAIlil 30JM BHUHOCY MPHU3BOAUTH IO TMOKpAIICHHS
MIIIHOCTI Ta TOBTOBIYHOCTI OyIiBeTFHIX MaTepialiB.

2. TlokpallleHHS PEaKTUBHOI aKTHBHOCTI: aKTHBAllisl 30U MOXE 3MIHUTH ii XIMIYHHH CKJIaj Ta
MOBEPXHEBI BIACTUBOCTI, IO BIUIMBAE HA PEAKTUBHY aKTHBHICTb.

3. Po3mofin 4acTHHOK Ta TUIOIN[A MOBEPXHi: aKTHBOBAaHA 30J1a Ma€ OLTBITY MOBEPXHIO Ta 3MEHIIEHHIA
PO3Mip YaCTUHOK, IO CIPHSE 301IBIICHHIO KOHTAKTHOI TUIOIII Ta 301IBIIICHHIO aKTUBHOCTI.

4. Eneproe(eKTHBHICTh: BUKOPHCTAHHS aKTUBOBAHOI 30JIM MOXE IMOKPAIIUTH EHEproeeKTHBHICTb
OyIiBeNbHUX MaTepialiB, 3MEHITYIOUX CIIOKUBAHHS €HEeprii mij yac ix BUpOOHUIITBA a00 eKCILTyaTarlii.

JlomaTkoBe BHKOPHCTaHHS IUIACTH(IKYIOUNX T00aBOK HEOOXITHO SK U PETYJTIOBaHHS PEOJIOTIYHHX
BJIACTUBOCTEH OETOHHUX CyMillleH, TaK 1 KIHETUKH HaOOpy MIITHOCTI Ha PaHHIX eTanax TBepAiHHS.

OnHUM 3 OCHOBHHUX 3aCTOCYBaHb 30JIM BUHOCY € 11 BUKOPUCTAHHS SIK JOMIIIKHK IO IEMEHTY abo OETOHY.
3o7a ToIa€ThCsI IO CyMIIll IIEMEHTY, TICKY, BOAH Ta MeOEHI0 /U CTBOPEHHS OETOHY a00 IEMEHTHOT CyMilIi.
Bona BucTynae B SKOCTI MiZBHINyBada MII[HOCTI Ta YIbTPadiolleTOBOTO 3aXHCTy, MONINIIye poOodi
XapakTeprCcTUKU OETOHY i 3a0e3meuye Horo OUTbIy TPUBAIIICTh Ta CTIMKICTh 0 JIii arpeCHBHUX CEPeOBHUIIL,
HaNpHUKIaJ, XJIOPUIHOTO BILIMBY a00 CLIbCHKOTOCIIONAPCHKUX 100PHUB.

3acTocyBaHHS 30JI1 BUHOCY TaKOX CIPHUSE 3MEHIICHHIO BUKOPUCTAHHS IIEPBUHHHUX MaTepiajiB, TAKUX K
HEMEHT, 110 IoTIoMarae 30eperTy MPUPO/IHI peCypcH Ta 3MEHITUTH €HEPrOBUTPATH Ha iX BUPOOHHUIITBO. Kpim
TOr0, BUKOPUCTAHHS 30JIM CHPUSE CKOPOUECHHIO BHKHIIB BYTJIEKHUCIIOrO ra3y, HOB'I3aHUX 3 BUPOOHULTBOM
IIEMEHTY, OCKLIBKHM 3aMiHa YaCTHHU IEMEHTY 30JI0I0 BHHOCY 3MEHIIY€ KUIBKICTh HEOOXiTHOTO IIEMEHTY Y
OyniBeJIbHUX MaTepiasax.

BukopucTaHHS 30711 BHHOCY TaKOK PO3LIMPIOE MOKIMBOCTI BUKOPUCTAHHS BiJIXO/IB OY/iBENBHOT Taly3i.
Hampukiaz, 3051a Moke BUKOPHUCTOBYBATHUCH Y BUPOOHHIITBI OJIOKIB, LIETIH, achalbTy, MITYKATYPKH Ta 1HIITHX
OyxaiBenbHUX MaTepianiB. BoHa j07ae MarepiasiaMm OijibIly MIIHICTh, MOKpAIIy€ iX TEIUIOI30JISIAHI
BJIACTUBOCTI Ta 3MEHIIIYE iX BapTiCTh.

HocBix poboTH 3aBOAiB psily KpaiH MOKa3aB, IO E€KOHOMIYHO JOLUIBHO BBOJAWTH 30Jy JO CKIaay
3BUYaiiHOro O0eroHy. JlocnigHWKaM JaBHO BiOMO, IO NPH 3aMiHi YaCTHHHU LIEMEHTY 30JIOI0 MOJIIIIY€ETHCS
3pYYHICTh BKJIJIeHHsI OeTOHHOI cymini. Lle BinOyBaeThCsl, TOJIOBHUM YMHOM, 32 PaXyHOK TJIaJIKOi TOBEPXHI 1
chepruHOi GopMU 30JIbHUX YACTHHOK. UM /piOHiIIa 3012 TUM OLIbIa KUTBKICTh IIUX YaCTHHOK. BiamosigHo
3 IMM 3MEHUIYETHCS 1 KUIBKICTP BOAW Ui OTPUMAaHHS HEOOXigHOT KOHCHCTeHLii OeTOHHOI cymimm i
MOJIIIIYIOTHCS i1 MTOKa3HUKH: IT1IBHIILY€ThCS IUTACTUYHICTh, OHOPIAHICTD 1 IIJIBHICTh O€TOHHOT cyMilli. 30i1a
JI03BOJISIE TIOJIMIIUTH TPaHYJIOMETPII0 MICKY, B SIKOMY BiJCyTHI ApiOHI ¢pakiii. OcobarBo JOMIBHO Tl
JIOJTAaBaTH B TSHKKO 0OpOOHI OETOHHI CyMIllli 3 MAJIOIO KiJIbKICTIO IIEMEHTY.

Hanpukiaj, BUKOPHCTaHHS 30JIM-BHHECEHHS 1 305101UT1akoBUX BijgxoniB TEC B kepaM3UTOOETOHI 3aMicTh
KBapIOBOTO MICKY, 3HWKY€ HOTO IIUIbHICTL Ha 40-80 Kr/M® i J03BOJISIE CKOPOTUTH BHTPATH LEMEHTY MPH
BUPOOHUITBI GeToHy Ha 15-50 kr y pospaxyHky Ha 1 m® Gerony. Ilpu 1BOMY MiZBHMILY€TbCS KOpO3iliHa
CTIHiKICTh 1 Termnodi3udHI MOKa3HUKKW OETOHY. 3aCTOCYBaHHS 30JM NPU BUPOOHHIITBI OeTOHY 3abesmeuye
MaKCHMabHY eKOHOMiIo TieMeHTy (10-25 % 3anexHo Bix BUIY, SIKOCTI 3aIIOBHIOBAYIB 1 THITY KOHCTPYKIIIH).
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VY eBponeiicbkux Kpainax i SImoHii 4acTka KOPUCHOTO BUKOPUCTAHHS 3071 (B OCHOBHOMY B OY/TIBHHUIITBI)
nocsirae 90-95 %. I3 3acTocyBaHHAM 3071 BUHOCY 10Oy T0BaHI TaKi 00'€KTH, SIK HAHOUIBIINI XMapodoc B CBITI
- bypmxk-Xanip B OAE, oguH 3 Hai1OBITUX MOCTIB Y cBiTi - Benmukwuit benbt B [lanii, TyHens min Jla-ManmmeMm,
a TaKOX Psi/I BEJIMKHX Ipedeltb, rpaJipeHb eJIeKTPOCTAaHIIIH, aepOAPOMIB 1 iHIINX BiANOBIJaIbHUX 1HKEHEPHUX
CHOPYZ i MPOMHUCIIOBUX OY/iBEIb.

BucHoBku

BuxopuctanHs 3011 BUHOCY B OYIIBHHIITBI € OMHUM 3 ¢(DEKTUBHUX CIOCOOIB BUKOPHCTAHHS BiIXOIIIB Ta
pecypco3bepekeHHs. 3071a BUHOCY BHHHKA€E SK BTOPHMHHHHA TPOIYKT ITiA Yac CIATIOBaHHS BYTLLIA abo
0ioMacH y TEIJIOBHUX €JICKTPOCTaHIliAX a00 MPOMHUCIOBHX IMeYax. 3aMiCcTh TOTO, o0 MpocTo 30epiratu il Ha
TOJIITOHI BiZXOJIiB, 30J1y BUKOPUCTOBYIOTh B OY/iBENbHIN Tally3l 3 METOK MOJIMIICHHS SIKOCTI OyIiBeIbHUX
MaTepialliB Ta 3HWKEHHS HETaTUBHOTO BIUIMBY HA HABKOJIUIIIHE CEPEIOBUIIIC.

3arajoM, BAKOPUCTAHHS 30JId BUHOCY B OY/IIBHUIITBI € IEPCIICKTUBHUM HAIIPSIMOM, SIKUH CITPUSIE CTATIOMY
PO3BUTKY Ta 3MCHIIICHHIO HETATHUBHOTO BIUIMBY OY/iBENBHOI raly3i Ha NOBKULIA. BoHa 103B0OJIsE eheKTUBHO
BUKOPHCTOBYBATH BIAXOMU Ta 3a0e3ledye CTBOPEHHS EKOJOTIYHO CTIMKMX Ta EHeproe(eKTHBHIX
OymiBeNbHUX MaTepiajiB
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STUDY OF THE PROSPECTS OF USING FLY ASH IN
CONSTRUCTION

Vinnytsia National Technical University

The prospects of using fly ash, which occurs during the burning of coal in thermal power plants, in construction were studied.
Fly ash is considered as a secondary product that can be effectively used to improve the quality of building materials and reduce
the negative impact on the environment.

The impact of ash on the strength of building materials, as well as their resistance to aggressive factors, is considered. In
addition, the impact of using ash on the energy efficiency of building materials and reducing carbon dioxide emissions is
considered.

Ways of processing waste, which allow to significantly reduce the negative anthropogenic impact on the environment, are
considered. It was found that gold and varnish waste can be used in construction, agriculture, and water treatment technologies.
Ash and slag waste is most widely used in the construction industry as a ready aggregate and raw material. In particular, the use
of thermal power plant slag for road construction is widespread.

An overview of modern research and experience in the use of fly ash in construction is carried out, and examples of successful
cases of its application are given.

The research results show that the use of fly ash in construction has great potential. It allows to reduce the use of primary
materials, improve the quality of construction materials and reduce the negative impact of the construction industry on the
environment.

In general, the use of fly ash in construction is a promising direction that contributes to sustainable development and reducing
the negative impact of the construction industry on the environment. It allows efficient use of waste and ensures the creation of
environmentally sustainable and energy-efficient building materials

Key words: ash, TPP, waste, impurities, building materials.
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