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O.M. /I3EBOYKO, M.O. IIOJYCTOB, I.I. THCAYEHKO, A.1. I3EBOYKO, P.M. BOPO’KBI-IH

JOCJIKEHHA MTPOLECY HEUTPAJIAII TPOJAYKTIB CYJIb®ATYBAHHA
Y BUPOBHUIITBI ITAP

IIporec HelTpanizauii NPOAYKTIB CyabdaTyBaHHs Yy BUPOOHHULTBI MOBEPXHEBO-aKTHBHUX PEYOBHH HE € OCHOBHUM, MPOTE HA Wil cTafii 3akpimmio-
I0THCSI TO3UTHBHI e(heKTH OTpHMaHi Ha cTafii Cyib(aTyBaHHs OPraHiuHOI PEUOBHHH ra30MoAIOHIM TPHOKCHIOM Cipku. st 30epeKeHHsT OTPHUMaHO-
0 CTyIeHs cyib(haTyBaHHsS HEOOXiIHO MPOBOJUTH MPOLIeC HeHTpai3awil B yMOBaX, SKi BUKJIIOYAIOTh IPOTIKAHHS TiPOi3y B KUCIOMY CEpEIOBHILI.
Peaxkuist HefiTpasi3awii IPOXOAUTH 3 BEIUKUM BUALTCHHSIM Teruia 61an3bko 40 k/x/Monb. AHami3 niTepaTypHUX JaHHUX TOKa3aB, L0 MPOLEC HEUTpai-
3allii HeIOCTaTHHO BUCBITICHHI. Maso JaHuX i [0 anapaTypHO-TEXHOJIOriYHOMY 0(OPMIICHHIO JaHOro mporiecy. [Ipouec HelTpaizalii B mpOMHCIIO-
BUX YMOBax MPOBOIMTHCS B amaparax 3 MEXaHIYHHMH TypOiHHHMHM MIIIalKaMu, I 3HATTS TeIUla eK30TepPMIYHOI peaklilii macta 3 HeHTpasizaTopa
HOJIA€TCS B BOSHUI BUHOCHHMIT TEIIIOOOMIHHUK 1 3HOBY ITOBEPTAEThCS B HEHTpanizaTop. MeTo0 JaHOTO JOCHIIKEHHS € BU3HAUYCHHS ONTUMAJIbHUX
TEXHOJIOTIYHUX MapaMeTpiB Hpolecy HedTpaisarlii NpoayKTiB Cynb(haTyBaHHs Ta po3poOKa MaTeMaTHYHOI MO qaHoro mpouecy. HaBemeHo pe-
3yJbTATH EKCIIEPUMEHTAIBHIX JOCIIKEHb MPOLIECY HeWTpasizalii IpOAYKTIiB Cyib(aTyBaHHSI BOJHAM PO3YMHOM TiipooKkcuay HaTpio. [Ipu mpose-
JICHHI JIOCITiKEHb BU3HAYABCS BIUTHB TEXHOJIOTIYHUX MapaMeTpiB Ha SKiCHI MOKAa3HHKU MPOAYKTIB HefTpasi3alii, OCHOBHUM 3 SIKHX € CTYIIiHb Cyib-
(aryBanHs1. 3HAHICHO OMTUMANIBHI TEXHOJIOTIUHI MapaMeTPH IS IPOBEACHHS JAHOTO MPOLECY B PEAKTOPI 3 MIIIANIKOI0 y abopatopHux ymoBax. Ha
OCHOBI OTPHMAaHHUX JIAHUX B OCHOBI JIJAHOTO IIPOLIECY € BUKOPUCTAHHS PeakTopa HernepepBHOl il 3 TYpOIHHOI MIIIANKOIO i 3 KOMOIHOBaHMM TEIIOO-
O6minHnKOM. Jli1s1 mepexoy 10 HPOMUCIIOBOIO peakTopa-HeHTpanizaTopa po3pobiieHa MaTeMaTHYHa MOJEIb, 10 1a€ MOXIIMBICTh METOJIOM MaTeMa-
THYHOTO MOJICIIOBAHHS CKOPEI'yBaTH TEXHOJIOTIYHI TApaMEeTPH Y IPOMHCIIOBUX yMOBAX.

Ku1i04oBi cJ10Ba: OBepXHEBO-aKTHBHA PEUYOBHHA, NPOLIEC HeiiTpaizalii, peakTop 3 MillaJKo, MaTeMaTHYHA MOJEIIb, ONTHMAJIbHI TEXHOJIOTIUHI
apaMeTpH.

AM. IBEBOYKO, M.A. IO/]YCTOB, L.I'. IBICAYEHKO, A.U. /I3EBOYKO, P.M. BOPO’KBUAH

MCCJIETOBAHME MMPOIIECCA HEUTPAJIN3AIIAU ITPOAYKTOB CYJIb®ATUPOBAHUSA B
IMPOU3BOJICTBE ITIAB

IMponecc HEHTpaNM3aiy TPOYKTOB CYIb(aTUPOBAHUS B IPON3BO/ICTBE IIOBEPXHOCTHO-AKTUBHBIX BEIIECTB HE SIBIAECTCS OCHOBHBIM, OJIHAKO HA 3TOH
CTaJIMH 3aKPETUIAIOTCS TTOJI0KUTENbHEIE S(PMEKTHI TOTydIEeHHBIE HA CTaNH CyIb(paTUPOBAHUS OPTaHUIECKOTO BEIIECTBA Ta3000pa3HBIM TPHOKCHIOM
cepsl. JIyst coXpaHeHHs TOTYYeHHO CTeNeHN Cyb(aTHpOBaHHA HEOOXOANMO MPOBOIUTE MPOIECC HEHTPATN3AIMK B YCIOBUAX, NCKITIOYAIOINX TIPO-
TEKaHUs THAPOIN3a B KHCIIOH cpezie. Peaknuss HeHTpann3aIyy MpOXoauT ¢ GONBIINM BhIIENeHHeM Teruna okoio 40 kJIx / Mois.
AHanmu3 JHTEpaTYpHBIX MAHHBIX MOKAa3ajJd, 4YTO TIPOIECC HEeWTpalM3allii HEeJOCTaTOYHO OCBENIeH. Maio MaHHBEIX W IO  amlmapaTypHO-
TEXHOJIOTHIECKOMY O(pOPMIICHHIO TaHHOTO Tporecca. [Iponecc HefiTpanu3anuy B MPOMBINIIICHHBIX YCIOBHUSX MPOBOANTCS B aliapaTaX ¢ MeXaHHJe-
CKMMHM TypOWHHBIMU MEMIAJIKaMH, U CHATHS TETUIa 3K30TePMUYECKON PeaKIMH 1acTa ¢ HeHTpann3aTopa IMojaeTcs B BOASHOM BBIHOCHOH TEII000-
MEHHHK M CHOBAa BO3BpaIlaeTcs B HeifrpanusaTop. Llenbro TaHHOTO MCCeIoBaHNs SBIISIETCS ONpeJIEICHHEe ONTUMAIIbHBIX TEXHOIOTHIECKUX MapaMeT-
POB TIporiecca HEHTpaM3aiy MPOIYKTOB CyIb(haTHpOBaHUs M pa3paboTka MaTeMaTHUeCKOH MOJIENN JaHHOTO mporecca. IIpuBeieHsl pe3ynbTaThl
SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHMI TIpoliecca HEHTpaT3aliy MPOLYKTOB CyIb(aTHPOBaHKS BOAHBIM PacTBOPOM I'mapookcusa Hatpus. [Ipu mpose-
JICHUH MCCIIEIOBAHMI ONPEEIsIIOCh BIMSAHNE TEXHOJTOTHYECKHX MapaMeTPoB Ha KaueCTBEHHBIE TTOKa3aTeNN MPOIyKTOB HEHTpaIN3aIii, OCHOBHBIM
U3 KOTOPBIX SIBIIAETCS CTENEeHb CynbhaTnpoBanns. HaiiieHbr onTrMabHbIe TEXHOIOTHYECKHE TapaMeTphl I TTPOBEJICHUS TaHHOTO TIpoliecca B pea-
KTOpE C MEIIaKoi B Ja0OpaTopHBIX ycioBHsX. Ha 0cHOBe MOTy4eHHBIX TaHHBIX B OCHOBE JIAHHOTO MPOIIECCa MCIIONB30BaHNE PEaKTOpa HEMPEpPhIB-
HOTO JISHCTBUS ¢ TypOMHHON MeIIaiKoi 1 ¢ KOMOMHIPOBAHHBIM TEIIIO0OMEHHUKOM. J[yisl TTepexosia K MPOMBIIIUIEHHOMY PeaKkTopy-HeUTpalin3aTtopy
paspaboTaHa MaTeMaTH4ecKas MOZIENb, JAFONIas BO3MOXKHOCTh METOJIOM MaTeMaTHIECKOTO MOJIENIMPOBAHNS CKOPPEKTUPOBATh TEXHOJIOTHIECKHE T1a-
paMeTpsl B IPOMBIIUICHHBIX YCIOBHSIX.

KirodeBrle c10Ba: MOBEPXHOCTHO-aKTUBHOE BEIIECTBO, MPOIIECC HEUTPAIN3AIHH, PEAKTOpP C MEIIAIKOH, MaTeMaTHYecKast MOJIENb, ONTHMAJIbHBIE
TEXHOJIOTHYECKHE MapaMeTphl.

0.M. DZEVOCHKO, M.O. PODUSTOQV, I. H. LYSACHENKO, A. I. DZEVOCHKO, R. VOROZHBIIAN

INVESTIGATION OF THE NEUTRALIZATION PROCESS OF SULFATION PRODUCTS IN THE
SURFACTANTS PRODUCTION

The process of sulfation products neutralization in the production of surfactants is not basic, but at this stage the positive effects obtained at the stage
of sulfation of organic matter with sulfur trioxide gas are fixed. To preserve the degree of sulfation obtained, it is necessary to carry out the
neutralization process under conditions precluding the occurrence of hydrolysis in an acidic medium. The neutralization reaction takes place with a
high heat release of about 40 kJ/ mol. Analysis of the literature data showed that the neutralization process is not well covered. Little data and
hardware and technological design of the process. The process of neutralization in industrial conditions is carried out in apparatus with mechanical
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turbine mixers, to remove the heat of the exothermic reaction, the paste from the neutralizer is fed into a water-borne heat exchanger and returns to the
neutralizer again. The purpose of this study is to determine the optimal technological parameters of the process of neutralization of sulfate products
and the development of a mathematical model of this process. The results of experimental studies of the process of sulfation products neutralization
with an aqueous solution of sodium hydroxide are presented. During the research, the influence of technological parameters on the quality indicators
of neutralization products was determined, the main of which is the degree of sulfation. The optimal technological parameters for carrying out this
process in a reactor with a stirrer under laboratory conditions were found. Based on the data obtained in the basis of this process, the use of a
continuous-action reactor with a turbine mixer and with a combined heat exchanger. For the transition to an industrial reactor-neutralizer, a
mathematical model has been developed, which makes it possible, by means of mathematical modeling, to correct technological parameters in

industrial conditions.

Keywords: surfactant, neutralization process, stirred reactor, mathematical model, optimal technological parameters.

Beryn. BupoOHHIITBO MOBEpXHEBO-aKTUBHUX PEUo-
BUH CKJIAJa€ThCsl 3 HACTYIHHUX OCHOBHUX CTaJid: OTpH-
MaHHS CyJIb(aTyI0doro areHTy, cyibhaTyBaHHSI OpraHid-
HOi CUpOBHHHM, HEWTpaizallisi IPOAYKTIB CyIb(aTyBaHH!,
OYHCTKA ra30BHX BUKHIIB [1].

Ha cranii orpumanHs cynb(aTylo4oro areHry Ipo-
BOJTh KaTaliTUYHE OKHCICHHS IBOOKCHIY CIPKH 0
TPUOKCHUAY CIPKH, Ha CTaAii Cynb(haTyBaHHS BiIOYyBa€ThCS
B3AEMOJIisl TPHOKCHAY CIPKU 3 OPTraHiYHUMH MPOIYKTaMH,
Ha cranil HeHTpasi3auii Kucii NPOAYKTH CyibdaTyBaHHs
HEUTPaTi3yIoTh BOAHMMH PO3YMHAMH JIYTiB 3 OTPHUMAaH-
HSIM TOTOBOTO MpPOJAYKTY, Ha CTaiii OYMCTKH Ta30BUX
BUKHIIB HEUTPATi3yIOThCS 3QJIMIIKU JBOOKCHUIY i TPHUOK-
CUIly CIpKM BOJHHMMH po34MHaMH JyriB. CiliJ 3a3HAYNTH,
0 TIPOIleC HEeWTpami3amii MpOAYKTIB Cylb(paTyBaHHI y
BupoOHuITBI [TAP He € OCHOBHHMM, MPOTE Ha Iii cTamil
3aKPITUTIOIOTECS TTO3UTHBHI €(EKTH OTpPHMaHI Ha cTamii
cynab(aTyBaHHI.

OIHMM 3 OCHOBHMX OpPraHiYHUX NPORYKTIB IJIsl BH-
pobuunrea ITAP € Bumi cimpru. OCHOBHA peakilis Ipo-
mecy HeWTpamizamii MpOAYKTIB Cyib(aTyBaHHS BHIIUX

CIMPTIB HACTYIIHA

ROSO;H + NaOH — ROSO3;Na + H,0.

HeiitpanizoBaHi IpoayKTH CyjbdaTyBaHHs XapakTe-
PHU3YIOTBCSI BHCOKOIO B’SI3KICTIO 1 MIHOYTBOpEHHSM. Jlyist
30epexXeHHSI OTPUMAHOTO CTYNEHS Cylb(aTyBaHHA HE0O-
XiIHO TPOBOAMTH IIpOIleC HEeWTpaii3amii B yMoBax, sKi
BHKJIIOYAIOTh MPOTIKaHHS TiAPOJi3y B KHUCIOMY Ceperio-
BuIli. Peakiiist MpoXoauTh 3 BEIMKUM BHJIUICHHSAM TeIuia
6mu3pko 40 k/[x/Mons. AHaui3 JiTepaTypHUX AAaHUX [2,
3] mokazaB, mo mpouec HeHTpawi3amii HEZOCTATHHO
BHUCBiTIIEHHWH. Mano JnaHuX 1 1O amapaTypHO-TEXHO-
JIOTTYHOMY O(OPMIIEHHIO JaHOTO TPOLECY.

ToMy € HEOOXiAHICTH y TPOBEAEHHI J1a00paTOPHUX
JlocIipKeHb. X0Tiocs 6 Bi3BHAUUTH, IO pe3ysIbTaTH Ja-
0OpaTOpHHUX MOCIiHPKeHb TEPEHOCUTH Ha JOCTiAHY abo
NIPOMHUCIIOBY ~ YCTaHOBKY HOTPIOHO 3  ypaxyBaHHSAM
MOKa3HUKIB MacmrTadHoro mepexony [4]. Omaum 3
BapiaHTIiB IepeHeCceHHs J1TabopaTOPHHUX JOCIIDKEHb € Me-

TOA MaTeMaTWIHOTro MojentoBaHHs [5]. s po3poOku

MaTeMaTHIHOI MOJIeNi HeoOXiqHO MPOBECTH aHai3 ama-
parypHoro odopmileHHsI TMpolecy HeWTpasizarii, MK
3aCTOCOBYETHCS B IPOMHUCIIOBHX YMOBaX.

[Mpouec HelTpamnizamii B IPOMHUCIOBUX YMOBaX Ipo-
BOJMTHCS B amaparax 3 Mimankamu. [lepeminryBaHHS €
OJTHAM 3 HaWOUIbII MOIIMPEHUM MNPOLECOM B XiMiuHii
TexHoJorii. OCHOBHE IOMUpPEHHS HA0yJIO MeEXaHIYHEe
nepeminryBanHs. Haifyacrile BUKOPUCTOBYIOTBCS IIPOIIE-
nepHi 1 TypOiHHI Mimanku [6, 7]. Pobounm opranom
MIPOTIENIEPHOI MILIAJIKK € BTYJIKA 13 3aKpiIUIEHHMM Ha Hid
JomaTKaMu 31 3MIHHHAM KyTOM Haxwiy. TypOiHHI

MIIIAJIKA MaloTh NOpsMi ab0 MOXWJII JIONATKH, SKi
3aKpiIUIeHI HA CTYNHIli a00 TOPU3OHTAITBHOMY ITHUCKY. Y
miteparypi [8] € ommc mporecy HedTpamizamii 3
TypOiHHOIO Mimankow. Y HelTpamizaTop Oe3mepepBHO
MOJIAl0Th TMPONYKTU Cyib(aTyBaHHS 1 BOJHHUH PO3YHH
rizpokcuay HaTpito. s 3HATTS Temia eK30TepPMIivHOL
peakifii macta 3 HEWTpasgi3aTopa MOJA€ThCS B BOISHUIA
TETIOOOMIHHUK 1 3HOBY ITOBEPTAETHCS B HEHTpaIizaTop.

CrpykTypa MOTOKIB B HEUTpasi3aTOpi 3aJICKHUTh HE
TUTBKH BiJl KOHCTPYKIIi MIIIaJKy, aje i Bix crmocoOy yc-
TaHOBKM 1i B amapari. PiauHa, ska BIAKHAAETHCS
MIIIaJIKO0 B PafiallbHOMY HANpsMKy HOOJIN3Y CTIHOK
armapaty 3MIHIOE HampsMOK pyXy Ha akcialbHHH,
PYXa€EThCS BrOpy, Ha PiBHI PiZIMHU TOBEPTAETHCS BHU3 1O
LEHTpPaJIbHIA yacTuHi anapary. 11{o0 3MeHmunTH nopady
PiAMHM 10 CTIHKHM amapary BCTaHOBIIOIOTH IEPETOPOIKH.
Bonu 3a0e3meuyoTh T0JATKOBY TypOyJIi3alliio piIuHH.
[ponenepHi i TypOiHHI MiIIATKH BUKOPUCTOBYIOTHCS LIS
PIAKMX CepemoBHI 3 BiAHOCHO HEBHCOKOIO B’S3KICTIO.
Jdnst Oinpmor  B’SI3KMX  CEPEIOBHIL  BHKOPUCTOBYIOTHCS
MponeNepHi MIlIajKy 3 BHYTpimHIM audy3opoM. [leBanit
IHTEpeC MpeACTaBIIIOTh MIHEKOBI Mimaiku [9]. B upomy
BHIIQ/IKY amapaT Ma€ BHYTPIIIHIA TEIUIOOOMIHHUK, IO OCi
SIKOTO BCTaHOBJIEHO HIHeK. OJHaK B BUPOOHMITBAX II0-
BEPXHEBO-aKTMBHUX PEYOBUH HAHOIIBIIOTO MOIIHUPEHHS
HaOynu HelTpasizaTop 3 TypOiHHOIO MIIIAJKOIO Ta BH-
HOCHHUM TEIUIOOOMiHHUKOM.

Meta po6oTu. MeTol [aHOTO IOCTIKCHHS € BH-
3HAYEHHs ONTHMAJIBHUX TEXHOJOTIYHUX MHapaMeTpiB
npouecy HeHTpamizanii NPOAYKTIB CyibdaTyBaHHS Ta

po3poOKa MaTeMaTHYHOI MOJIEIIi TAHOTO TPOIIECY.

4
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Metoanka mociaimkeHb. JlOCHiDKEHHS MpoIECy
HelTpanizamii mpoBoaMiIocs Ha Ja0opaToOpHIl yCTaHOBII
10 HaBEJICHA Ha PUCYHKY 1.

[TpoxykTn
cynb(paTyBaHHSI Po3uns nyry

Enl ?

Puc 1. Cxema naGopaTtopHOi yCTaHOBKHM MpOLIECY HeHTpai3aii:
1 — peakTOop-HeWTpanizaTop; 2 — €EMHICTh PO3YUHY JIYTY;
3 — TepMocTart; 4 — eNeKTPOIBUIYH MillIaJIKK

Pobora Ha ycTaHOBII NMPOBOAMIACS B HACTYITHOMY
nopsiaKy. Y peakTop-HeWTpanizaTop 1 3aBaHTaKyBaJHCs
MPOAYKTH cynb(aTyBaHHS B HEOOXimHIH KimpkocTi. [Ticis
YOro BMHKAIM €JIEKTPOABUTYH Mimanku 4. OnHOYacHO
BMHUKaBCS TEPMOCTAaT Ui MIATPUMKH PO3PaXyHKOBOI
TemIepaTypu. 3 €MHOCTI 2 y BIINOBIAHIN KUTBKOCTI IO-
JlaBaBCsl BOJHWH  PO3YMH
12%
3aKkiHYyBaBcs npu pH roroBoro mpomaykry Ha piBHI 7,5-

TIAPDOOKCUIy HATpilO 3

KOHIICHTPAIIEI0 mac. Ilporec HeWTpaizamil
8,0. BumiproBauts pH npoBoauIoCs aBTOMATHYHO.

Panime [10] HaMu pOBOAMIIHCS TOCIIKEHHS TIPO-
uecy cyabdarysanns Bumux cnuptis (BC) dpakuiit Cqp —
Cys 1 cymimi Bumux crmmptiB ¢pakmii Ci, — Cyy i
MOHOETaHOJaMiIiB KUPHUX KucioT (MEA) KOKOCOBOTrO
Mmacna. byio mokasaHo, 1o MOBEPXHEBO-aKTHBHI PEYOBH-
HM OTPUMaHI Ha OCHOBI Takoi BUXIHOI CHPOBHHH MO-
KYThb 3HAHTH MIMPOKE BUKOPUCTAHHS B PIi3HUX Tally3sixX
HApOJHOro rocrojapcTBa. Y 3B’S3Ky 3 LUM JUIs
JIOCITIIKeHb Npoliecy HelTpanizamii Oy B3sTI IPOAYKTH
cyibhaTyBaHHS caMe TaKol CHPOBHHHU.

PesyabTatn  gociimkens. [lpuy  mpoBeneHHi
JIOCII/PKeHb BH3HAYABCS BIUIMB TEXHOJOTIYHUX ITapaMeT-
piB Ha SIKiCHI TOKa3sHMKM NPOJYKTIB HeWTpaizarmii, oc-
HOBHHM 3 SIKHX € CTYIiHb CyJib(aryBanHs. B mepury uep-
Iy BH3HAUaJIM 3aJISKHICTh CTYNEHIO Cylb(aTyBaHHS BiJ
IIBUJKOCTI TMOAa4i BOJHOTO PO3YMHY TiIPOOKCHILY
Harpio (1abin. 1). Ilpu mpomMy minTpUMyBajach TeMIle-
parypa 313 K ta uncno obepriB mimanku 120 06/xs.

3 Tabn. 1 BUIHO, IO NPU MIBHJKIM MOAavi pO3UnHY
rizpookcuay Hatpito (Gimbure 3,0x10°kr/(krxc)) Bin-

OyBa€eTbCsl 3HIDKCHHS CTYIEHs Cyinb(haTyBaHHS 3a paxy-

HOK MICLEBUX IeperpiBiB MNPOIYKTIB Cyib(aTyBaHHS.
Ipu TpuBaiii mogaui (menme 3,0x10™ kr/(krxc)) Takox
BiZIOyBa€THCS 3HIDKEHHS CTYIEHS Cyinb(aTyBaHHS 3a pa-
XYHOK Tifgponizy peakmiiHOi Macu. [l momaimbimmx
JIOCIIJKeHb OyJi0 OOpaHO MIBUAKICTH IMOJa4i BOJIHOTO
po3umHy riapookcuay Hatpiio 3,0x107 kr/(krxc).

Y Tabm. 2 HaBeOeHO MaHI 3aleKHOCTI CTYIEHS
cyiab(aTyBaHHS OpPraHIYHOI'O CHPOBUHH BiJ KIJIBKOCTI
00epTiB Mimanku npu Temreparypi pisaiit 313 K.

Jani Tabn. 2 Noka3yloTh €KCTPEeMaIbHUN XapakTep
Takoi 3ajexHocTi. [lpm HeBenmwKkili KiTBKOCTI 00epTiB
MIIITAJIKU TEIUIOBIBI MOTiPIIYETHCS, BUHUKAIOTh MiCLICBI
MeperpiBy 1 CTYHiHb Cynb(QaTyBaHHA 3HIDKYEThCS. [Ipn
BEJIMKIN KUIBKOCTI 00epTiB peakiiiiHa Maca MiHUThCSI, L0
TaKOX MPU3BOJNTH JI0 MOTIPIIECHHS TEIIOBIBOAY, a 3HA-
YHUTH 10 3HWKEHHS CTYIeEHs cyinb(aryBaHHs. HeoOxinHo
BiJI3HAYNTH, IO KpaIlli IIOKA3HUKH SKOCTi PeaKIiiftHol Ma-
cH OyJH MpH Pi3HIM KUTBKOCTI YHCIaX 0OCPTIB MIIIAJIKH:
Uil BUMMX coupTiB — 210 06/XB., A CyMimm BHIIOTO
cuptry i MEA — 240 006/xB, 1m0 Ha Hamly JIyMKYy
TIOB’5I3aHO 3 PI3HOI0 BEJMYMHOIO B’SI3KOCTI PEaKIiHHUX
Mac. L1i moka3HUKH Oyny B3SITi 32 OCHOBY AJISI ITOJATBIITNX
OCITIKEHB.

VY Ttabn. 3 HaBeJeHi JaHi 3aJeKHOCTI CTYIEHS CyJb-
(daTyBaHHS OpraHiYHOI CHPOBHHH BiJl TEMIIEpPaTypu B
peakTopi-HeHTpanizaTopi.

3 HaBeJEHNX EKCIIEPUMEHTAIBHUX JaHUX BUJIHO, IO
XapakTep 3aJIEKHOCTI TAKOXK EKCTPEMaIbHUN: ONTUMANb-
HOIO TEMIIEpaTypor0 peakmiiHOi MacH Ha OCHOBI BHIIHMX
cimpriB € 313K, a s cymimi BUIIOrO COHPTY 1
MOHOeTaHoNaMina xupHUX KuciaoT — 318K. Taki Bemmyau-
HH TEeMIIepaTyp TaKoX IOB’s3aHi 3 BEJIMUMHOIO B’SI3KOCTI
peaxIiifHuX Mac.

byna mepeBipeHa MOXJIMBICTh BUKOPHUCTAHHS BOJI-
HOTO PO3YHMHY TiAPOOKCHAY HATpil0 3 BMICTOM B HBbOMY
0,1-0,3% mac. cynbdiry Harpiroo. Taki MpoILyKTH MOXKYTh
YTBOPUTHCS SK piAKI BiIXOAW HA CTajii OYHIICHHS
ra30MoOBITPSHOTO TIOTOKY BijJ ra3omoiOHOTO JBOOKCHUIY
cipku (Tadu. 4).

Sk BugHOo 3 Tabm. 4 npucytaicte 0,1-0,3 % mac.
cynb(iTy HaTpil0 Yy BOIHOMY pPO3YHMHI TiAPOOKCHIY
HATPiI0 NPAaKTUYHO HE BIUIMBAE HA MpoIiec HelTpamizaltii.

Jpyroro dYacTHHOIO JaHOI pPOOOTH € po3poOKa
MaTeMaTHYHOI MOJIeNi MpoIecy HeWTpami3amii MpoayKTiB
cynb(aTyBaHHSI B peakropi-HeiTpanizaropi. Ha ocHoBi
OTPUMAaHUX JITEPaTYPHHX AaHHUX MOXHA CTBEPKYBaTH
III0 OCHOBHOIO CXEMOIO JIAHOTO MPOLECY € BUKOPHCTaHHS
amapary 3 TypOiHHOIO MIIIANKOIO 3 30BHIIIHIM OXOJIOJ-
JKEHHSIM: 30BHIIIHS pyOamka Ta BHHOCHMH TEIUIO-
OoOMiHHHMK. SIK BHIHO IIeé pEaKkTOp HEmepepBHOI il 3
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KOMOIHOBaHMM TeTI000MiHHMKOM. OCHOBOIO MaTeMaTny-
HUX MOJeNeH TakuX pEakTopiB € pIBHAHHSA, SKi
BiJIOMBaIOTh 3aKOH 30epexeHHs Macu i eHeprii [11, 12].
3akoH 30epeeHHS MacH BimOOpa)KaroTh pPIiBHAHHS 3a-
rajJbHOI0 Ta TOKOMIIOHEHTHOTO MaTepiajibHUX OallaHCiB.
3akoH 30epekeHHs eHeprii 3amucyloTh Yy BUTILANI
NOpPIBHSHb OalaHCiB OCHOBHUX ()OPM €HEprii TeroBoi
Ta KiHeTnuHOi. CTpyKTypa OalaHCOBUX PiBHSIHD BH3HAYa-

€TbCA CTPYKTYPOIO ITOTOKY B anapaTi. B JaHOMY BUIIAAKY

CTPYKTYpY IOTOKY MO>KHA IIPEICTABUTH Y BUIIISA1 MOJEI
imeanpHOTO 3MimeHHs. [IpUHHATTA TaKoTO AOMYIICHHS
CIpaBeJIMBO B YMOBaxX IHTEHCHBHOCTI IE€pEMilllyBaHHS
peaxIiifHol MacH B €MHICHHX amaparax 3 CHiBBiIHO-
LIEHHSIM BHCOTH JIO lilaMeTpy MeHmie 1.

Cxema MaTepialbHUX IIOTOKIB TIIpoIlecy HeWTpa-
mizanii TpoAyKTiB cynbdaTyBaHHs MOXe OyTH MpeaCTaB-
JICHa HACTYITHAM YHHOM (ZIUB. pHC. 2).

’}m, /)/m, (‘[7‘11", 1\}:\1, 7};\1 Va, /).1, (‘p.v, Na, T
"l,l, pu, (}m, A’Vu, T'u D
’t\'l, p.\‘l. (‘/l.\‘l, T'.\‘l
Vi, Px1, Cpxi, Txi &)
,.'\'3, p.\'.’, (}).\‘3, [ .v\‘_’ Y
"V I > 7 )\.l / ;
z./):,(,:, o, In -

Va2, Px2, Cpx2, T'x2
-

A ’34, /)1(, (})1(, A’.u, lu

Puc. 2. Cxema MaTepiaJbHUX 1 TEIUTOBHX MOTOKIB MPOIIECy HEWTpai3amii NpOIyKTiB CyIb(paTyBaHHS

Ipu ckinajaHHi CUCTEMH PiBHIHb MTOKOMIIOHEHTHUX
MaTepialbHUX OallaHCiB IS KOXHOTO 3 KOMIIOHCHTIB
MaeMo

dm i p

T i veNg IR, @

J

e m i~ KUIBKICTb j-I'O KOMIIOHEHTA B IIOTOIII, KMOJIb;

V.,V — o0’eMHa BHTpara i-ro BXIiZHOTO TIOTOKY i

i )
BHXIZHOTO TIOTOKY, M°/C;

pi, P — MOJSIPHA LIIBHICTH I-r0 BXIZHOTO MOTOKY i
BHXiTHOTO TIOTOKY, KMOIIb/M®;

N;ji, Nj — MonsipHa 4acTKa j-To KOMIIOHEHTa i-TO BXiHOTO

MTOTOKY 1 BUXiJHOTO ITOTOKY;

XF;

joow CyMapHUH Pe3yabTyIOUUNA MOJSIpHUH TOTIK i-

r'0 KOMITOHEHTA, KMOJIB/C;
i=1-k
y=1-p

> Fj ¢y MOKHA B 3aTATbHOMY BHTIA/IKY TIPE/ICTABH-

TH Y BUTJISI

SFj o = VRSP | )

ge V- o06’eM peakropa, M*;

fv,j

— IHTEHCHBHICTb 00’€MHHX JDKEpEN iI-T0 KOM-
3
MMOHEHTa, KMOJIB/(M”-C) ;

F — moBepxHs KoHTaKkTa (a3, M

f

Fj IHTCHCHBHICTh MOBEPXHEBUX JDKEped i-ro

KOMIIOHEHTa, KMOJIB/(M2-C).
B namomy Bumagky B 00’eMi peakTopa MpOTiKae
TOMOTCHHA PEaKIlisl i TOMYy MOKHA 3aIIHCaTH

ZFj,CM :zV'fV,j . (3)

PiBHSIHHS 3aranbHOTO MaTepialbHOTO OaaHCy SBIIE

co0010
dm P

JIi1st maHo1 cCXeMU MOJKHA 3aluCcaTH

am _ TV f
H_VpM'ppM TV P TV P, g ®)
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PiBHsiHHS TeruIOBOrO OanaHcy

d_Q—E 0.C .T. —-v -p-C T

dt _izlvi Picoii TV P pn e (6)
—v p-C T ’

Yy Py Coy Ty ¥ 2 e

ne Q — kinpkicTh Temia, KJXK;

C,.C,,C,, — MomspHa  TemioemHicTh  i-TO

pi* ~py?
BXI/THOTO TIOTOKY, TIOTOKY PEIMPKYIIALIl 1 BUXiAHOTO ITO-
ToKYy, Jx/(Momb-K);

T, T,,-T,— Temmeparypa i-ro BXiZHOTO TOTOKY, IO-
TOKY PEHUPKYJISIIT i BUXITHOTO MOTOKY, K;

2Q

oTiK, kJIx/c;

r'cm - CYMAapHMH pe3ylbTYIOUHH TEILIOBHA

i=1-p
2Q

XapaKTepu3ye CyMapHHH TETJIOBUH IOTIK, SKHH yTBOpe-

Posristaemo IOOAaHOK SIKAN

T'CMm »

HUH JpKepelaMH Ta CTOKaMU PEYOBHHHM BCEPEIUHI peak-
TOpa i TerooOMiHHUKA

ZQT'CMZZQV+ZQF ()

pe X Qv — cyma 00’€MHHX JDKepel i CTOKIB Tell-
0Ty, KJX;
2Q F — CyMa IOBEPXHEBHUX JUKEpeN i CTOKiB Tell-

J10TH, KJIX.

s ZQV MOJKHA 3aucaTi

2Q, :VpM.'OpM.q' (8)

Jie ( — TeIUIOBHH eeKT peakii, K/ Mob.

s 2Q F MOXHA 3aIIUCaTH

>Q == K1~F1-ATX1—K2-F2~ATX2, 9)

ne Kj K; — koedinienTn Temonepenadi B HOTOKY
JI0 OXOJIOJDKYIOUO1 BOAM B PEAKTOpi 1 TEIUIOOOMIHHUKY,
Br/(M*K);

F,, F, — moBepxHs TEINIOOOMIHHHMKA B peakTopi i
TEIUIOOOMIHHUKY, BiJIIIOBITHO, MZ;

ATXl’ATXZ — pI3HHLS TeMIeparyp MiX IOTOKOM i

0XOJIOJKEHOIO BOJIOIO B PEaKkTopi i TemnooOMiHHHKY, K.
BpaxoByrouwn, 110 BXiIHUX TOTOKIB 3, a BHXITHUX 2
MOYKHA 3aIMCaTH

aQ _

=v_ -p -C T +v -p-C +
dt pm " pm  ppm pm atan o opnoan (10)
+v .opC - T-v .p.C T -v .p-C T
y pu py y n pn pn n Yy pll py y
JE v, VoV, Ve ViV T 00’eMHa BUTpaTa BiIMOBIIHO:

peakuiiiHol MacH, Jyry, IMOTOKY PELMPKYJSLil, TOTOBOTO

MIPOAYKTY, OXOJIOKYIOTOT BOIH B peaxTop,
OXOJIOJPKYFOUOT BOJH B TEIUIOOOMIHHUK, MS/C;

P 1P Pys Pus Pats Pra MOJiIpHA  IIUIBHICTD
BIANOBITHO:  peakmiiHid  Maci,  Jyry,  MOTOKY
PEILMPKYJIIAIIl, TOTOBOTO MPOAYKTY, OXOJIOJKCHOT BOIH,
KMOHB/MS;

CppM 'Cp.fl’cpl{’cpﬂ'cpxl’cpxz — MUTOMA MOJIIpHA

TETUIOEMHICTD BiIOBITHO: peakUilfHiil Maci, JIyTy, moTo-

KY PEUUpPKYJIAIii, TOTOBOTO MPOIYKTY, OXOJOIKSHOI BO-

1, JTx/(kmois-K);
r,.T1,.1,T,T,T,T

o ) T, T, — TeMmmeparypa

x11

BIMIOBITHO:  peakUiiHOi  Macu,  JIyTy,

B TCIUIOOOMIHHHUK, MOTOKY

MOTOKY
PEIMPKYJIAIIT Ha BXOII
OUPKYIALii Ha BUXOII 3 TEIUIOOOMIHHWKA, TeMIepaTrypa
TOTOBOTO TPOJYKTY, TEMIIEpaTypa OXOJIOXKYHUuoi BOIU
Ha BXOJI B PEakTOp i Ha BUXOJI 3 peakTopa, TeMIepaTypa
OXOJIO/DKYFOUOI BOAM Ha BXOJI B TCIUIOOOMIHHHK 1 Ha
BUXO01 13 TeruiooOMiHHKKa, K.

PiBusiHHSL 5 1 10 yTBOPIOIOTH MaTeMaTHYHY MOJIENb
mporecy HeWTpamizamii MpPOAYKTIiB CyIb(paTyBaHHA IpH
HECTaliOHApHUX YMOBax (DyHKIIIOHYBaHHSL.

B cramionapHux ymMoBax (YHKI[IOHYBaHHS MaTeMa-

THYHA MOJIEJIb Ma€ BU]L

Vo PtV P, =V, -0, +2V -1, =0 (11)
vV .p .C T +V -p -C T +

pm " pm ppm  pm A pr
+ p.-C T -V .-p-C T —

Y pu pyy n Pn pn n (12)
-V - -C T +V . g —

Y pl! py y pm 'DPM 1

~K-F -AT_ —K, -F

17 AT ~Ky Ry AT, =0

BucHoBkH. 3HalilecHO ONTHMAaJbHI TEXHOJOIIYHI
rapaMeTpy Mpoliecy HeWTpami3alii NpoayKTiB Cyibdary-
BaHHs y JlabopaTtopHuX ymoBax. /s mepexomy o mpo-
MHCIIOBOTO peakTopa-HeiTpaiizatopa po3podiieHa Mare-
mo Jae

MOZIEITFOBAHHS

MaTu4Ha MOJCJIb, MOKJIUBICTh METOAOM

MaTeMaTUYHOT O CKOpEryBaTu
TEXHOJIOTIYHI napamMeTpu 1Jjid OpOBCACHHA AaHOro IIpo-

1IeCy y IPOMHCIOBUX yMOBaX.
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HNEPUKJIASOIIIIHEJIBHI BOTHETPUBU MOJJU®IKOBAHI TIO,

Ha mpoTsI3i ocTaHHIX JECSATHIITh MPOJOBIKYETHCS PO3BUTOK Ta yIOCKOHAJIECHHS BOTHETPHBKUX MaTepialiB It QyTepyBaHHS BUCOKOTEMIIEPATYyPHHX
30H 00epToBUX nedeil. OCHOBHI BUMOTH, SIKi Ipe] sSBIIIOTH 10 BOTHETPHBKUX BHUPOOIB Mt (yTepiBKH 00EpTOBUX Iedell I BUIATy IEMEHTHOTO
KIIIHKepy: BHCOKA IIIIbHICTh Ta MIiI[HICTh Ha CTUK, HU3bKa MOPHCTICTH 1 Fa30NPOHUKHEHICTb, ITiIBUINEHA CTIHKICT 10 CTUPAHHS, HU3bKA TEIUIONPOBi-
JIHICTB, BUCOKA KOPO3iifHa CTIHKIiCTh Ta 3JaTHICTH O YTBOPEHHS 3aXHCHOTO mapy. ChOroJHi OCHOBHOIO METOI0 CYy4acHHX JOCIHIHUKIB € CTBOPEHHS
TEPMOCTIKOTO BOTHETPUBY 3 THYYKOI CTPYKTYpPORO, 110 3abe3nedye HOro HiJiCHICTh 3a BUCOKHX TEMIeEparyp W MeXaHIYHUX HaBaHTAXKEHHSX, SKi
MalOTh 37aTHICTH O YTBOPEHHS 3aXMCHOTO IIapy oOMas3ku. Y poOoTi anpoOOBaHO TEXHONOTTYHUH MiAXiJ BBEAEHHS N0 CKIATy CHPOBHHHOI IIMXTH
JUIS IEPHKIIA30IIITI HeNbHAX BOTHETPUBIB BiOpOMOIIOTOro MoaudikaTopa (OpHKEeT Ha OCHOBI BHCOKOTIIMHO3EMUCTOrO KOMIIOHEHTY Ta THTAaHBMIIIyl04a
no6aBka) y BUIJISLI 3a3aJeTilb CHHTE30BaHOTO IPOIYKTY, IO MicTUTh KpucTanidHi das3u cucremu Al,O3 — TiO, — FeO. OcHoBOrO /1st BUPOOHHIITBA
MEePHUKIIa30MITiHeIbHUX BOrHeTpHBIiB MogudikoBanux TiO; € dortupukommonenTHa cuctemy MgO — AlL,O; — FeO — TiO,, Ha ocHOBI TepMoanHAMIY-
HHX PO3PaxyHKIB SKOi, iAiOpaHO BMICT OKPEMUX KOMIIOHEHTIB IIMXTHU Ta MPOTHO30BAHO €KCIUTyaTaIliiHi XapakTepHCcTHKH. [lokazaHO B3a€MO3B’ 130K
(hi3MKO-MeXaHIYHHUX BIACTUBOCTEH 3 BMICTOM OKPEMHX KOMIIOHEHTIB y BUXITHHUX CKJIaJax IIHXT i BiZ[3HaYeH] HANPSMKH NPOTIKaHHS TBepHOGha3HUX
IIPOIECIB 3 iX yuacTro. BiqMiueHo 0cOOIMBOCTI MIKPOCTPYKTYpH MaTepially 3pa3ka y B3a€MO3B’sI3Ky 3 ()OpMyBaHHSIM ONTHMAJILHOTO KOMILIEKCY BIla-
cTuBOCTeH. [Ioka3aHO CIPUATIMBUN MU iJBUIICHHS TEPMOCTIHKOCTI MaTepially XapakTep opraHisarii Mikporop, o JONOBHIOE (a30BHil MeXaHi3M
ajanrarii me i CTpyKTypHHM e(ekToM AeMIdipyBaHHS MEXaHIYHUX HaIPYKEeHb IiJ{ 9aC TEPMOLMKIIOBAHHS.

Kuiouosi c10Ba: 06epToBa I1i; NepHKIA30IIITIHETEHI BOTHETPUBH; MOAN(IKaTOp; (hi3HKO-MEXaHIuHi BIACTHBOCTI; MIKPOCTPYKTYpa; allOMOMarHe-

3iaJIbHA ITiHENb; TePIHHIT.

O. H. FOPUCEHKO, C. M. IOTBHHKOB, I'. H. IIAbAHOBA, H. A. OCTAIIEHKO, E.A. TAIIOHOBA

INEPUKJIASOLIIIMHEJIBHBIE OTHEYIIOPBI MOJU®UIIMPOBAHHBIE TIO,

Ha npoTspkeHnH MOCIeHUX ASCATHICTHI IIPOIODKACTCS Pa3BUTHE M COBEPIICHCTBOBAHHE OTHEYIOPHBIX MAaTEPUANIOB s (hyTEpPOBKH BBICOKOTEM-
MepaTypHBIX 30H Bpalalomuxcs nedeil. OCHOBHbIE TPeOOBaHUS, KOTOPBIE MPEABABIIOT K OTHEYIIOPHBIM H3IENUSIM A GyTepOBKU BPALIAIONIUXCS
neyeil 00XKUra EMEHTHOTO KIMHKepa: BBICOKas IIOTHOCTh U IpeJeN IPOYHOCTH Ha CXKaTue, HU3Kas MOPUCTOCTh U Ta30IPOHUIIAEMOCTh, OBBIIIEH-
Has yCTOMYMBOCTh K HCTHPAHUIO, HU3Kasl TEIUIONPOBOIHOCTh, BEICOKAst KOPPO3HOHHAsI CTOMKOCTh M CIIOCOOHOCTh K 0OPa30BaHUIO 3aIIUTHOTO CIIOS.
CeroiHst OCHOBHOM LIENIbI0 COBPEMEHHBIX MCCIIEIOBATENEH SIBISIETCS CO3/IaHUE TEPMOCTOMKOr0 OrHEeyropa ¢ THOKOH CTPYKTYpoi, oOecrednBaronei
€ro IIeIIOCTHOCTH IIPU BBICOKHX TeMIIepaTypaxX H MEXaHUUECKUX Harpy3Kax, KOTOpble 001alaioT CIIOCOOHOCTBIO K 00Pa30BaHUIO 3aLIUTHOTO CIOS 00-
Ma3ku. B pabote anpoOHpoBaH TEXHOIOTUUECKHUH MOIXO BBEICHHS B COCTAB ChIPEBON IIMXTHI A IEPUKIIA30IINHHENIbHBIX OTHEYTIOPOB BUOPOMO-
notoro Moaupukaropa (6puKeT Ha OCHOBE BBICOKOTTIMHO3EMHUCTOTO KOMITOHEHTA H THTaHCOAepIKalleil J00aBKi) B BU/IE 3apaHee CHHTE3UPOBAHHOTO
NPOJYKTa, cojiepxaniero kpucramueckue dasel cucrempr Al,O3 — TiO, — FeO. OcHOBOM /ist IPOU3BO/ICTBA MEPUKIIA30IINMHENBHBIX OTHEYIIOPOB
Momubuimposansbix TiO; sBisieTcst yeTsipexkommnonenTHas cuctema MgO — Alb,O; — FeO — TiO,, Ha OCHOBE TepMOAMHAMUYECKHUX PACUETOB KOTO-
poii, nonoOpaHo comep kaHue OTAEIbHBIX KOMIOHEHTOB IIHXTHI H CIPOTHO3MPOBAHO HKCILTyaTallHOHHBIE XapakTepHcTUKU.IlokazaHa B3aHMOCBA3b
(HDU3HKO-MEXaHUUYECKHX CBOKCTB C COJEP)KAHUEM OT/EIbHBIX KOMIIOHEHTOB B HCXOAHBIX CKJIa/lax IIMXThI M OTMEUCHBI HAIPABICHUS IPOTEKaHUS TBE-
prodasHbIX MPoIEccoB ¢ UX ydactheM. OTMEUeHBI 0COOCHHOCTH MUKPOCTPYKTYPBI MaTepHaia o0pasiia BO B3aMMOCBSI3H ¢ (JOPMHUPOBAHHEM ONTHMA-
JIBHOTO KOMILIeKca cBoicTB. [loka3aHo GIaronpusTHBIA A7 MOBBILICHUS TEPMOCTOMKOCTH MaTepuasa XapakTep OpraHU3alldd MUKPOIIOD, AOMOJHS-
101Mit (pa30BEIil MEXaHNU3M aJANTALHH eIIe U CTPYKTYPHBIM 3((eKToM IeMnpupoBaHUs MEXaHUYECKUX HATIPSHKCHUH IPH TEPMOLMKIMPOBAHUH.

KiroueBble c/10Ba: Bpamaiomasics neub; NepuKIa30LINIHeIbHbIE OTHEYTIOPhL; MOAUGHKATOP; HH3UKO-MEXaHUUECKUe CBOHCTBA; MHKPOCTPYKTYpa;
aJIFOMOMAarHe3HaIbHa MIMHHENb; TPLIUHAT

0. BORYSENKO, S. LOGVINKOV, G. SHABANOVA, I. OSTAPENKO, O. GAPONOVA

PERICLASE-SPINEL REFRACTORY MODIFIED TIO,

Over the past decades, the development and improvement of refractory materials for lining high-temperature zones of rotary kilns continues. The
main requirements for refractory products for lining rotary kilns for cement clinker roasting are: high density and ultimate compressive strength, low
porosity and gas permeability, increased abrasion resistance, low thermal conductivity, high corrosion resistance and the ability to form a protective
layer.Today, the main goal of modern researchers is to create a heat-resistant refractory with a flexible structure that ensures its integrity at high
temperatures and mechanical loads, which have the ability to form a protective coating layer. In this work, a technological approach has been tested
for introducing a vibro-milled modifier (briquette based on a high-alumina component and a titanium-containing additive) into the composition of the
raw charge for periclase-spinel refractory in the form of a pre-synthesized product containing crystalline phases of the Al,O; — TiO, — FeO system.

© 0. M. Bopucenko, C. M. Jlorsiukos, I'. M. [Ilabanoga, I. A. Ocranenko, O.0O. I'amonosa, 2021
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The basis for the production of periclase-spinel refractories modified with TiO, is the four-component system MgO — Al,O; — FeO — TiO,, on the
basis of thermodynamic calculations of which the content of individual components of the charge was selected and the operational characteristics
were predicted. The interrelation of physical and mechanical properties with the content of individual components in the initial charge warehouses is
shown, and the directions of solid-phase processes with their participation are noted. The features of the microstructure of the sample material are
noted in relation to the formation of an optimal set of properties. It is shown that the nature of the organization of micropores is favorable for
increasing the thermal stability of the material, which complements the phase adaptation mechanism also with the structural effect of damping
mechanical stresses during thermal cycling.

Keywords: rotary kiln; periclase-spinel refractory; modifier; physical and mechanical properties; microstructure; magnesium-alumina spinel;

hercynite.

Beryn. Bunan nemMeHTHOro KiiHKepy B 00€pTOBHX
reJax € OJHIEI0 3 OCHOBHUX TEXHOJOTIYHUX OTIeparliii Imi
yac BUPOOHMUTBA mopTiaaHAueMeHty. OOepToBa iy
BKITIOYAa€ HACTYIHI 30HHU: BXimHA (WiIirpiBy), AekapOomHi-
3alii, BEpXHIO NEpexifHy, BUNANy, HIDKHIO IMEpexXiTHy
(oxomomxenns) [1-3]. B 30HI Bumamy crocTepira€Tbcs
HalBHUILA TeMIleparypa il Hai)kKOPCTOKIII YMOBH EKCILTY-
aTarii BOTHETPUBIB, SKi 3a3HAIOTH BIUIMBY HE TITHKH BU-
COKHX TeMIIepaTyp aje i XiMi4Hill Kopo3ii 3 60Ky IleMeH-
THOTO KIIHKEpY, CTPYKTYPHHM HaBaHTAXECHHSM, YIIKO-
JKEHHSIM y Pe3yJIbTaTi pPO3TPICKyBaHHS 1 BiIIapyBaHHs Ta
ixmre [4, 5].

Ha npors3i ocraHHIX NECATWIITH MPOAOBKYETHCS
PO3BHTOK Ta YIOCKOHAJICHHS BOTHETPHBKHX MaTepialiB
Juist hyTepyBaHHs BUCOKOTEMIIEpATypHHUX 30H 00EpTOBUX
Tede, Mo 1MOoB’s3aH0 3i 3MiHAMH B TEXHOJIOTi] BUPOOHU-
LTBa [IEMEHTY, BBEJICHHSIM HOBUX TEXHIYHUX pillleHb, 3a-
MiHa TPaAMIIfHOTO MaJlMBa HA AIbTEPHATHBHE, a TAKOX 3
€KOJIOTIYHUMH NPOoOJIEeMaMH.

B sIKOCTI OCHOBHOTO KOMITIOHEHTY BOTHETPHBIB JUIS
(byTepiBKM LEMEHTHUX Ieueil BUKOPHCTOBYIOTh CUPOBH-
Hy Ha ocHOBI MgO. OKcua Mar"iro Mae BHCOKY TeMIIepa-
Typy IUIaBJICHHS, BUCOKY CTIHKICTB JI0 JYXHHX (PIIFOCIB Ta
nuakiB. [lepukna3 y moeqHaHHI 31 MIMIHEISAMHU Y CKIai
BOTHETPUBY Ma€ TiJBHUINEHI TepMidHi Ta (Di3uKo-
MEXaHiuHi BIaCTHBOCTI [6, 7].

OCHOBHI BHMOTH, SIKi NP’ SIBJISIOTH IO BOTHETPHB-
KHUX BHPOOiB A hyTepiBKU 00EPTOBUX IEUEH IS BHIIa-
JIy IIEMEHTHOT'O KIIIHKEPY: BUCOKA IIUIbHICTh Ta MIlIHICTh
Ha CTHK, HU3bKAa MOPHCTICTH 1 Ta30NPOHUKHEHICTH, Mif-
BHIIIEHA CTIMKICTh 10 CTHUpaHHS, HHU3bKAa TEIJIONPOBif-
HICTB, BUCOKA KOPO3iifHa CTIHKICTh Ta 3aTHICTb JIO YTBO-
PEHHS TapHiCaxy.

ChOrofiHi OCHOBHOIO METOI0 CyYacCHHX JIOCHIJHUKIB
€ CTBOPEHHSI TEPMOCTIHKOTO BOTHETPUBY 3 THYYKOIO
CTPYKTYPOIO, IO 3a0e3meuye HOro MiTICHICTh 32 BHCOKUX
TeMIiepatyp ¥ MeXaHIYHHX HaBaHTAXCHHSX, SKI MaloTh

3ﬂaTHiCTL J0 YTBOPCHHS 3aXHUCHOI'O IIapy oOMa3sKu.

Meta po6oTtn. Po3po0Oka ckiaiB nepuKIIa3onImnie-
JBHUX BOTHETpHBIB MoxaudikoBanmx TiO,, fKi MaioTh
THY4YKy CTPYKTYpY, IO aJanTyeThCs 10 TEeMIEpaTypHHUX
Ta MEXaHIYHUX HABAHTAKCHb.

Buxian ocHoBHOTO MaTepiany.

Jlnst mpoBeAeHHS TOCHIIKeHb BUKOPHCTOBYBAIH Ha-
CTYNHI CHpOBHHHI Matepiamu: mnepukna3 [1-92 pizHux
¢pakmiif, cuHTe30BaHy ImmiHens ¢ HammamkoMm Al,Os
(Bmict Al,03>74 mac. %), BHUCOKOTITMHO3EMHCTHH KOM-
noneHt (BMicT Al,O3> 96 mac. %), TuTaHBMILIyIO1y J10-
6aeky (BMmict TiO,> 63 mac. %) Ta TUMUYacOBe 3B’ A3y0UE.
[Nomepenupo Oynu BUTOTOBIICHI OPUKETH HA OCHOBI BHCO-
KOTJIMHO3EMHCTOI'0 KOMIIOHEHTY Ta TUTAHBMILIYIOUOT J10-
0aBku Ta BumnayieHi 3a temmeparypu 1540 °C. Ckuaau
[IMXT HaBEJACHO y Ta0u. 1. OpakiiitHuii cKkiam nmepukiiasy
OTHAKOBHH y BCixX BapiaHTax mmxT (MM): 3 —1,1 -0 T1a <
0,063 (BiOporomen).OCHOBHUM KOMIIOHCHTOM BHCOKOT-
nuHO3eMucToro koMmmnoneHty € Al,Os, a TUTaHBMIIIYFOUOT
nobasku — TiO, Ta FeO. To6To XiMiuHY B3a€EMOIII0 MiX
MMH KOMITIOHEHTAaMH MOJKHA PO3TITHYTH SK TPHKOMIIO-
HenTHy cuctemy Al,Oz — TiO, — FeO. B 1BOKOMITOHEHT-
Hiit cuctemi Al,03 — TiO; cTabiIBHOIO CHOIYKOI BHIIE
1537 K € Tianit (Al,TiOs) [8, 9], skuit Mmae HeraTHBHUI B
IIMPOKOMY Jiara3oHi TeMIeparyp HHU3bKUI TeMIepaTyp-
HUW Koe(illieHT JIHIIHOTO PO3LIMPEHHS, BUCOKY TeMIIe-
paTypy IDIaBIIeHHs, BUCOKY XIMIYHY CTIHKICTBh IO KHCJIO-
ro CepelloBHINA 1 CHIIKATHUX pO3IUIABIB, ajue Horo
HECTaOUTBHICTD MiJ Yac TPUBANOi eKCIUTyaTallil B iHTep-
Bauti Temneparyp 1023 — 1473 K oOmexye #oro 3actocy-
Bauast [10, 11]. Teprmair (FeAl,O,) enuna crabinpha
crnonyka cucremu Al,O3 — FeO [12, 13], sika Hagae BUpoO-
06aM CTPYKTYypHY THYYKICTb, 11O JAO3BOJISIE IM MPOTUCTOSI-
TH PO3TPICKYBaHHIO i BiAMIapOBYBaHHIO pOOOYOi TTOBEPX-
Hi B pe3yJbTaTi TEPMIYHUX i MEXaHIYHINX HaBaHTA)KCHH B
ciryx0i, a TAKOXXK XOpOIIy 3/1aTHICTh YTBOPIOBaTH 0OMa3-
Ky — TapHicax (3aXxucHe MOKPUTTS ¢yTepyBaHusi) [14]. V
nsokommonenTHi cuctemi FeO — TiO, crabinbHuMHu €
Tpu cmonyku: yipBommminens (Fe;TiO,), imbmenit
(FeTiO3) i ncepnodpykir (FeTi,Os) [15, 16]. IIceBnobpy-
KiT crabinpHuil Bume temneparypu 1413 K. Takum uu-
HOM, IIiJ1 9ac BapilOBaHHS KUIBKICTIO BUCOKOTJIMHO3EMUC-
TOTO KOMITIOHEHTY Ta THUTaHBMIIIYIOUoi 1g00aBKH 3a
JIOIIOMOT'0I0 TEPMOJIMHAMIYHHUX pO3paxyHKiB [17], MmoxHa
OTpUMaTH OpHKET MEeBHOrO ckiaay. B manomy mocmi-
JDKEHHI aBTOPIB LIKABJIATh MaTepialy MIIHEIbHOI CTPYK-

TypH.
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di3uko-MexaHiyHI BJIACTUBOCTI 3pa3KiB BH3HAYAIN
BiIIOBiTHO IO CTAaHJAPTHUX METOIUK: BiIKPUTY IOpYyBa-
TicTb, ysABHY 1bHICTH 32 JJCTY ISO 5017:2014, mexy
mimHOCTi Ha ctrck 3a JICTY EN ISO 8895:2018 (EN ISO
8895:2006, IDT; ISO 8895:2004, IDT). MikpocTpyKTypy
3pa3kiB BHBYANM 3a JOIOMOro Mikpockony Digital
Microscope S10 1000x (36inbmenns 1000).

@Di3uKo-MeXaHiYHI BIACTUBOCTI BHUIAIICHUX 3pa3KiB
HaBeJeHO B Tabu. 2. MIiKpOCTpyKTypa NepHKIIa30IIITiHe-
JBHUX 3pa3KiB MpecTaBlIeHa Ha puc. 1.

BiamoimHo m0 Tabu. 2 npu 30iMbIICHHI Y OpHKETi
BHCOKOTJINHO3EMHUCTOTO KOMIIOHEHTY YsBHA IIUIBHICTh
MIEPUKIIA30MIMIHEIBbHUX 3Pa3KiB 3HIKYETHCS, a MExXa Mi-
IHOCTI Ha CTHCK HiABHIIYIOTECS. Y 3pazkax Ne 4 — 6, 1e
BUKOPHCTOBYBAJIHM CyMilll Pi3HUX OpPHKETIB, ysSBHA IIiib-
HICTh MaiKe HE 3MIHIOETBCS, Ta 3HAXOIWTHCSA Ha PiBHI
3paska Ne 3. Mexxa MIIJHOCTI Ha CTHCK 301IbIIyeThCS 31
30LTBIICHHSAM BMiCTy BHCOKOTJIMHO3EMHCTOTO KOMIIOHEH-
Ty y OpHKeTi, ane BOHa HIK4a, HiX y 3pa3zka Ne 3.

Tabmum 1 — Ckiaan MUXT MepUKIIa30IMIIIiHeIBHUX BOTHeTpUBiB Moau¢ikoBannx TiO,

Howmep muxtu

CupOBUHHI MaTepianu

2 3 4 5 6
[epuknas OcHoBa OcHoBa OcHoBa OcHoBa OcHoBa OcHoBa
Ininens (BiGpomomen) + + + + +
Bpuxer (BiOpomomen) (CIiBBiAHOMIECHHS BHCOKOTIIHO3E-
MHCTOTO KOMIIOHEHTY JI0 TUTAaHBMIII[YIO4OT T00aBKH):
3:1 + + +
4:1 + + +
56:1 +
Tumuacose 3B’ s3yroun (3Bepx 100 %) + + + +

Tabmuis 2 — BAacTUBOCTI MEPUKIA30IITIHENbHUX BOrHETpUBiB Moau(ikoBanux TiO,

Howmep mmxTtu

B .
JIACTHBOCTI 7 3 2 5 5
VsBHA IIEHICTE, r/em® 3,23 3,16 3,11 3,15 3,11 3,14
Binxpura nopysarticts, % 18,1 19,2 15,9 16,6 17,2 18,0
Mexa MIIHOCTI Ha CTHCK, H/Mm? 29,8 35,5 48,4 31,6 39,1 39,1
Tepmocriiikicts 1300 °C — Boaa, TEIIO3MIH 10 pyHHY- 10 10 10 10 10 10
BaHHs

%

3pa3zok Ne

3pa3ok Ne 6
Pucynok 1 — MikpocTpyKTypa nepHKIa3oLIMiHeNbHUX 3pa3KiB MoaudikoBanux TiO,
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Mikpoctpykrypa 3paskiB Ne 1 i Ne 4 Ginbin miinbHa,
ajyie TIOpH 1307Ib0BaHi Ta HABITh arperyioTh y GOopMH TIpo-
TSOKHHUX TpilmuH. Y 3paskax Ne 2, 5. 6 Bigkpurta mopyBa-
TICTh OJHOTO TOPSIKY, ajie X PO3MipHHI PiBEHb MOp Ta
PIBHOMIPHICTh PO3MOALTY pi3HA, IO KOPENIEThCS 3 IX
Me)XaMH MIITHOCTI Ha CTHCK. Y CTPYKTypi 3paska Ne 3
KPYIHI BIAKPUTI NOPU 3yCTPiYalOThCS PiJKo, a ApiOHI (~
1 MKM Ta MeHIe) 30cepePkeHi HABKOJIO KPYITHUX 3epPeH
MIEpUKJIA30BOT0 HAIIOBHIOBAYa HA KOHTAKTI 3 MAaTPHYHOIO
¢azoro. Yacto 3yCTpidarOTbCs MIKPOTPIIMHHE Y (dopMi
HamMiBMICsIs, SIKI HE NEpPEeIIKOUKAIOTh MPSIMUM KOHTAaK-
TaM 3€pEH MEePeKIIa3y Ta CKJIAJAI0ThCsl HAMEHITIMH MiK-
pOIIOpaMH y BUTJISIII MIHHUX IUTIBOK 1 pijlle — KOHTaKTY-
IOYNMH TOPOKHUCTHMH MiKpocdepaMu pi3HOTO po3Mipy,
sIKi TIO/TI0HI HaMHCTy a00 yoTkaM. Takuii XxapakTep mopy-
BaTOCTI CHPUATIUBHUH s 30€pEeKEHHS] MaTepiaioM Mill-
HOCTHUX XapaKTEPUCTUK Ta €(PEeKTUBHO AeMI(pye MexaHi-
YHI HaBaHTA)XCHHS Bill pi3HOI BENWYMHU 3MIiHH 00’ €My
3€pPHUCTOTO HANOBHIOBa4Ya W Marpu4HOi a3y mijJ yac
TEPMOLMKIIIOBaHHS.

3a 0CHOBY BHPOOHHIITBA MEPUKIA30IIMIHEIBHUAX BO-
raeTpuBiB MoaudikoBanux TiO, B JaHOMY BHIAIKy MO-
’KHA PO3IVISIHYTH YOTHPHUKOMIIOHEHTHY cuctemy MgO —
Al,O3 — FeO — TiO,. ABTOpamu MpOBEJCHO TEPMOAUHA-
Mi4Hi po3paxyHku cuctemu [17-20], BIIIOBIIHO 10 SKUX
OylnoBa CHCTEMHM Ma€ CKJIQJHHH XapakTep. ToMy BMICT
BIJINIOBITHUX OKCHJIIB MOTPIOHO PETEIbHO periiaMeHTyBa-
TH JUIsl OTPUMaHHS MaTepiary eBHOTO CKJIAy.

B HaBemeHUX AOCHIKEHHSX BUOIp TAKOTO CKIAAy
KOMITOHEHTIB 00YMOBJICHO:

1. Ilix yac BUOasy OKCH[ AJTIOMIiHIIO Ta 3amiza (SIKi
BXOJIAITH /IO CKJIaly OpUKETYy) BCTYNAIOTh y PEAKIIiIo 3 OC-

HOBHUM KOMIIOHCHTOM INUXTHU YTBOPIOIOYU:

FeO + Al,O3 = FeAl,O, (repuusir),
MgO + A|203 = MgA|204
(ammroMOMarHesianpHa MIMmiHeb).

TakoX MOXIMBE YTBOPEHHS IHIINX OOEpHEHUX
wmineneir Mg,TiO, (xkBanainit) # Fe,TiO4 (ympBommi-
HEJb). 3aBISIKK Pi3HUM KoedillieHTaM TEIIOBOTO PO3IIH-
PEHHS NepHKIIa3y Ta LIMiHeJIeH YTBOPIOETHCS PiIBHOMIpHA
MaByTHHHA CTPYKTYpa BOTHETPUBY ITiJl 4ac BUIIATY.

2. lo6aka TiO, crpusie YIITbHEHHIO YTBOPEHHX
HIMHEIEH Ta 3aXUIae iX BiJ IHTEHCHBHOTO OKHCHEHHSI.
BucokornmHozeMHuCTHH KOMITIOHEHT Y CKJIaJl IIUXTH i€
SK JIOMIIIKa aKTHUBYIOYA CIiKaHHA, KA CIPUSE YIIUTb-
HEHHIO Marepially Ta YTBOPEHHIO CTPYKTYPH 3 130JIb0Ba-
HUMH MIKpPOITIOpaMH.

3. Ilix wac ekcruryaTanii TaKo>XX yTBOPIOIOTHCS IITIi-
HeMi 3 HeMpopearoBaHWX OKCHIIIB Ta KOMIIOHEHTIB IeMe-

HTHOTO KJIIHKEpY, SKi CYHNPOBOJUKYIOTHCSI 30UIBIICHHSAM
00’eMy Ta 3aTllOBHEHHSIM J1e(DEKTiB BOTHETPUBY, III0 YTBOPIO-
FOTBCSL Y TIporieci ciyxkOu. OnmHak 30UTBIICHHS KiNBKOCTI
FeO y ckiani muXTH MOXe CHPUATH HOTO OKICHEHHIO:

4FeO + O, = 2Fe,03,

II0 CYHPOBOKYETHCS 3HAYHUM 30LUIBIICHHS 00’€My Ta
pyHHYBaHHIO Matepiany (yTepiBKH, TOOTO 3a BMICTOM
FeO y ckmani 3pa3kiB HOBUHEH OYTH CyBOPHUI KOHTPOJIb.

4. TBepal po3YMHHU Ha OCHOBI LIMiHENI IiJ Yac eKc-
IUTyaTamii MeprUKIa30MIIiHeIbHIX BOTHETPHUBIB y IIEMEH-
THHX T€YaX YacTKOBO JMCIPOIIOPLIaHYIOTh Ha BHXIAHI
KOMIIOHEHTH Ta BCTYNAIOTh Y PEaKLilo 3 KOMIIOHCHTAMH
LIEMEHTHOTO KJIIHKEePY 3 YTBOPEHHSM Ha MOBEPXHi BOTHE-
TPUBY 3aXHCHOTO MIapy (TapHiCaXYy):

4Ca0 + Al,O3 + 2FeO + 1/20, =
= 4Ca0-Al,03Fe,03 (6payumimepur),

2Ca0 + FeO + 1/120, =
= 2Ca0-Fe,0; (nukanpuieBuit pepur).

BucHoBkn. AmnpoOoBaHO TEXHOJOTIYHUHN TiIXix
BBE/ICHHS JI0 CKJIaJy CHUPOBHHHOI INUXTH JUIS TIEPHUKJIA-
30IIITIHEIFHUX BOTHETPHBIB BiOPOMOIJIOTOTO MoOIuU(iKa-
TOpa y BUIISAAI 3a3[aJieTiib CHHTE30BAHOTO IPOJYKTY,
o mictute Kpucramiudi ¢asu cucremu Al,O3 — TiO; —
FeO. PesynbraT nocmijpkeHb (Gi3MKO-MeXaHIYHUX BJIAC-
THUBOCTEH IIECTH 3pa3KiB MaTepialiB MOKa3ald TOUiib-
HICTB 1 MOXKJIMBICTD 3aCTOCYBaHHS B TEXHOJIOTIUHIH Mpak-
THUIl YOTHUPHOX BapiaHTiB ckianmiB muxt (Ne 2, 3, 5, 6).
[TokazaHO B3a€MO3B’SI30K (Pi3UKO-MEXaHIUHMX BJIACTHBO-
CTEH 3 BMICTOM OKPEMHX KOMIIOHEHTIB y BUXIJHHUX CKJIa-
Jlax HIMXT 1 Bi3HAYCHI HANPSMKH HPOTIKaHHS TBEpAOQa-
3HAX TMpoIeciB 3 iX ydvacTio. BKa3aHO TEXHONOTIUHI
PH3HKH, 110 BIUIMBAIOTh Ha LUIICHICTh CTPYKTYpPH MiJ 4Yac
CIiKaHHA MaTepialy Ta B yMOBaX eKCIUTyaTarii ¢pyTepiB-
K{ BHCOKOTEMIIEpaTypHHUX 30H 00EPTOBHX Meueil BUMaly
LIEMEHTHOTO KIiHKepy. BigmiueHo ocobmuBocTi Mikpo-
CTPYKTYpH MaTepiary 3pa3Kka y B3aeMO3B 3Ky 3 (opmy-
BaHHAM OINTHMAJIBHOTO KOMIUIEKCY BIIACTUBOCTEH, IO
00yMOBJIEHO 130TPOIHICTIO TEIUIO(I3UIHUX XapaKTepHC-
THK MaTpUYHOI (pa3y 3 KPHCTAJIIYHOIO PEIIiTKOO MIIiHe-
JIBHOTO THUILY 1 aHI30TPOMi€0 B 3MiHI JIHIMHAX pO3MipiB
3epeH HaloBHIOBaya pi3HMX ¢pakuiil. [lokazano crpusT-
JIMBUW JIJIS TIABUIIICHHS] TEPMOCTIHKOCTI MaTepialy Xapa-
KTep opraHizaiii MiKporop, 110 JONOBHIOE (ha30BHH Me-
me 1
JaeMndipyBaHHS MEXaHIYHUX HaIlpy>KeHb i/l 4ac TepMo-

XaHI3M  ajanTamii CTPYKTYpPHUM  e(eKTOM

OUKIOBAaHHA.
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B. B. JAIIEHKO, O. M. IIYJIIYEHKO, E. b. XOFOTOBA

EKCITEPUMEHTAJILHI METOIY JTOCJIIKEHHA PECYPCHOI IIHHOCTI BIIBAJIBHUX
JOMEHHMUX IIJIAKIB

BuBueHHs BIACTUBOCTEH TOMEHHHX IIIaKiB BUMArae KOMIUIEKCHOTO MiAXO/Y, 10 BKIIFOYAE Pi3HI METOAU NOCTiKeHHs. MeTa poboTu — o6IpyHTYBa-
TH PECypCHY LIHHICTH BiZIBAJILHOIO JOMEHHOI'O LIUIAKY «3amopiCcTaiby. BHKOPUCTAaHO METOAM JOCHIKEHHS: peHTreHo(ha3oBuil, nerporpadiduii,
raMMa-CrieTpOMETPUYHHUI aHall3 i eJeKTPOHHO-30HA0BUH MikpoaHaii3 lllnak poscisHuil Ha ¢dpakuii, Tak sIK MiHepaiM LUIAKIB MAIOTh Pi3HY TBEp-
nicte. B pobori nociimkeno ¢pakuii, mm: >20, 2,5-5, <0,63. PentreHoda3oBuii aHai3 03BOJHB BUSABUTH B KPUCTATIYHOI YACTHHI JOMEHHOTO LA~
Ky MiHepand, LiHHI y TEXHIYHOMY BiJHOLICHHI NpH BUPOOHULTBI B’sukyuux MarepianiB: 3Ca0-2Si0,, SiO,, 2Ca0-Al,03Si0;, 0-2Ca0-SiO,,
2Ca0-Mg0-28Si0,, 0-Ca0-SiO,. Minepanu okepMaHiT, OpEeAUTiT, ICEBIOBOJIACTOHIT MAIOTh TiIpaBIiYHy aKTHBHICTh. [l0Ka3aHo, [0 MacoBa 4acTKa
aMOp(HOro KOMIIOHEHTA CTAHOBHUTH MOJIOBHHY MAcH JJOMEHHOrO LUTaKy. BUCOKHiT BMICT pe4OBHH B aMOp(pHOMY CTaHi MiATBEPKYE MOXIIHBICTD CO-
pOuii croponHix ioHIB i cionyk. Busineni enementu Kauniii, Hatpiit, Cynsbdyp, Xmop, Kynpym i Tutas, 1o He BXOAATh 10 ckiaay Minepaiis. [llnak
MmicTuth MeHiue 1 % cymapHoi kinbkocti Fe, Ti i Cu, mo BigHOCATBCS 10 3 Ki1acy Hebe3neku pedoBuH. Makcumanbhuil BMicT Kaiito, Harpito i Tuta-
Hy XapakTepHuil 1us ppakuii 2,5-5 mm. Haii6inpm ocHoBHOIO € dpakiis <0,63 mm (pH 9,7), st dpakuii 2,5-5 mm pH 9,1, Haii6iabm kucna dpakiis
>20 (pH 8,2). 3a moka3uukamu inaekcy TokcuuHocTi (4,3-5,4) i Il knacy HeGe3neku BigBadbHUI JOMEHHHN IUTAK «3aMOPKCTAIb) K IIOMIPHO He-
Oe3nevHuil BiXi, MOXKe BHKOPHCTOBYBATHCS Y SIKOCTI BTOPHHHOI CHPOBHUHHU B OyaiBelnbHiil ramysi. [lomoBHeHo 6a3y JaHUX 332 BMICTOM MPHUPOAHHX
pamioHyKIIifiB y TexHOreHHiit cupoBuHi. JIoBeIeHo, o MUTAK i fioro okpemi ppakuii BMintyiots npupoani pagionykrimn “°K, 2°Ra, 22Th. OcrosHuit
BHECOK 110 3HaueHHsA Cey BHOCHTB pajiionykiin 2°Ra, motim — **Th. [Tepesuinenns MMTOMOT aKTUBHOCT] BUpakeHo Juis (pakiii 2,5-5 Mm. Busnaue-
Ho | kimac paniamiiiHol HeGe3neku, mo J03BoIsiE 6e3 0OMexeHe 3aCTOCYBaHHS IUIAKy y OyAiBHUITBI. BigBanbHuil JOMEHHHUI NUTaK «3amopiKCTanby
3a CYKYIHICTIO XIMIYHHX MOKA3HUKIB MOJKHA PEKOMEH/IYBATH Yy BUPOOHULITBI HEOPTaHIYHHUX B’ SHKYIUX PEIOBHH.
KurouoBi ci1oBa: nutak; MiHepai; eJeMeHTHHUIT ckia; amopdHa (asa; pagioHyKIian; Kiac HeOe3meKH.

B. B. TAIIEHKO, E. H. IIIY/IHYEHKO, 3. b. XOb0TOBA

3KCIEPUMEHTAJIbHBIE METO/IbI UCCJEJIOBAHUSA PECYPCHOM IEHHOCTH
OTBAJIBHBIX JOMEHHBIX IHIJIAKOB

H3yuenne cBOMCTB JOMEHHBIX LIJIAKOB TpeOyeT KOMILIEKCHOTO MOAX0/a, BKIIOYAIONIEro pa3audHble METOAbl uccaenoBanus. Llens pabotsl — oboc-
HOBATh PECYPCHYIO IIEHHOCTh OTBAJIbHOIO JOMEHHOIO ILIaKa «3alopoiXKCTaiby». VICIonb30BaHbl METOIBI HCCIEIOBAHUS: PEHTTeHO(A30BbIH, HeTPOr-
pacdudeckuii, raMMa-CIIeTPOMETPHYECKUH aHAIM3 U JIEKTPOHHO-30HAOBBIH MHKpoaHanu3. Lllnak paccestH Ha (pakimu, Tak Kak MUHEpasbl IJTAKOB
HMEIOT pa3HyIo TBepAOCTh. B paborte uccnenosansl Gppakuun, Mm: >20 2,5-5, <0,63. PentreHoha3oBbIii aHaIN3 TO3BOJIII BBISIBUTH B KPHCTAJLTHYEC-
KOM 4acTH JOMEHHOTO IIJaKa MHUHEpaibl, EHHbIE B TEXHMYECKOM OTHOIIEHWH NPH TPOU3BOACTBE BsuKymux Marepuanos: 3Ca0-2Si0 SiOy,
2Ca0-Al;,03:Si0,, a-2Ca0-Si0,, 2Ca0-Mg0O-2Si0,, a-Ca0-SiO,. MuHepaibl OKepMaHHUT, OPEIUIHUT, MCEBAOBOILIACTOHUT 00NAqal0T THAPABINYEC-
Koii akTUBHOCTHIO. [Toka3aHo, 4TO MaccoBast JOJIsI aMOP(HOr0 KOMIOHEHTa COCTABIIsIET MOJIOBUHY MacChl JOMEHHOro Igaka. Bricokoe comepxanne
BEIIECTB B aMOP(HOM COCTOSHHMH TTOJITBEPKAAET BO3MOXKHOCTh COPOLUH MOCTOPOHHUX MOHOB M coepuHeHuid. OOHapyxeHHbIe 31eMeHThl Kamuid,
Harpuit, Cynsdyp, Xnop, Kynpym u Turtan, He BXoAaT B coctaB MuHepainos. lllnak conepxut menee 1 % cymmapnoro xonudectsa Fe, Ti u Cu, ot-
HOCSIIIUXCS K 3 KJaccy OmacHOCTH BemecTB. MakcumanbHoe conepxxanue Kamus, Hatpust u Turana xapakrepHo s ¢pakuuu 2,5-5 mMm. Haubonee
ocHOBHO# sBsiercst ppakiwst <0,63 mm (pH 9,7), mst dpakiuu 2,5-5 mm pH 9,1, HauGonee kucias dpakims >20 (pH 8,2). 1o BenuunHe nHaekca
ToKcH4HOCTH (4,3-5,4) u 11l kmacca omacHOCTH OTBAIBHBIH JTOMEHHBIH HITAK «3alopOKCTaIb» KaK YMEPEHHO OMACHBIA OTXOJ MOXET HCIOJIb30BaATh-
cs1 B KauecTBe BTOPUYHOIO CHIPbsl B CTPOUTENbHOM oTpacnu. [TononHena 6a3a JaHHBIX IO COAEPHKAHUIO IPUPOAHBIX PAIUOHYKIMAOB B TEXHOTEHHOM
ceIpbe. JIoka3zaHo, YTO IIJIAK U €ro OTAENbHBIE (PPAKLIUK CONEPKAT ECTECTBEHHBIE PaIOHYKIIHIIbI 4OK, 26Ra, %?Th. OcHOBHOIT BKJIa/ B 3HAYCHUE Cyy
BHOCHT paguoHykinz ~°Ra, 3atem — 2*Th. [IpeBblieHHe yenbHOI aKTHBHOCTH BRIPAKEHO [T (pakiuu 2,55 M. Onpezenen I kIace paaHanuon-
HOH OIIaCHOCTH, YTO pa3pelaeT IpHIMEHEHHe [IIaka B CTPOUTENbCTBE Oe3 orpanmyeHuil. OTBaIbHBIH JOMEHHBIH IUIAK «3all0POXKCTANb) II0 COBOKY-
ITHOCTH XHMHYECKUX IT0Ka3aTeIe MOKHO PeKOMEHIOBATh B IPOU3BOCTBE HEOPTAHUUECKHIX BSDKYIIUX BEIIECTB.
KiroueBble c10Ba: IIIaK; MIHEPATIbl; 3JI€MEHTHBIN cocTaB; aMopbHast haza; paAHOHYKIUIbI; KIACC OIACHOCTH.

V. V. DATSENKO, O. M. SHULICHENKQO, E. B. KHOBOTOVA

EXPERIMENTAL METHODS FOR STUDYING THE RESOURCE VALUE OF DUMP BLAST

FURNACE SLAGS

The study of the properties of blast-furnace slags requires an integrated approach, including various research methods. The purpose of the work is to
substantiate the resource value of the Zaporizhstal dump blast furnace slag. The research methods were used: X-ray phase, petrographic, gamma-
spectrometric analysis and electron probe microanalysis. The slag is dispersed into fractions, since the slag minerals have different hardness. Fractions
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(mm) were investigated in the work: >20 2.5-5, <0.63. X-ray phase analysis made it possible to reveal in the crystalline part of blast-furnace slag
minerals that are technically valuable in the production of binders: 3Ca0-2SiO,, SiO,, 2Ca0-Al,03SiO,, a-2Ca0-Si0,, 2Ca0-Mg0-2Si0,, o-
Ca0O-SiO,. Minerals akermanite, bredigite, pseudo-wollastonite have hydraulic activity. It is shown that the mass fraction of the amorphous
component is half the mass of the blast furnace slag. The high content of substances in the amorphous state confirms the possibility of sorption of
extraneous ions and compounds. The found elements Potassium, Sodium, Sulfur, Chlorine, Cuprum and Titanium are not part of the minerals. Slag
contains less than 1% of the total amount of Fe, Ti and Cu, belonging to the 3rd class of hazardous substances. The maximum content of Potassium,
Sodium and Titanium is typical for the fraction 2.5-5 mm. The most basic is the fraction <0.63 mm (pH 9.7), for the 2.5-5 mm fraction pH 9.1, the
most acidic fraction >20 (pH 8.2). By the value of the toxicity index (4.3-5.4) and the Il hazard class, dump blast furnace slag «Zaporizhstal» as a
moderately hazardous waste can be used as a secondary raw material in the construction industry. The database on the content of natural radionuclides
in technogenic raw materials has been updated. It has been proven that slag and its individual fractions contain natural radionuclides “°’K, *’Ra, **2Th.
The main contribution to the value of Ce is made by the **Ra radionuclide, then by **?Th. The excess of specific activity is expressed for the 2.5-5
mm fraction. The | class of radiation hazard is defined, which allows the use of slag in construction without restrictions. Dump blast furnace slag
«Zaporizhstal can be recommended in the production of inorganic binders « by the totality of chemical indicators.
Key words: slag; minerals; elemental composition; amorphous phase; radionuclides; hazard class.

Beryn. [lns BU3HAYeHHs HanpsIMKy BHKOPUCTAaHHS ~ BHPOOHHIITBA; ITOBEPXHEBOI CTPYKTYpH 1 aKTUBHOCTI
[IJIaKiB K IPOMHUCIOBUX BiXOAiB HEOOXiMHO BUBUMTH IX  BIAXOIIB y peakKLisx TiAPONi3y i Timparamii Ta B SIKOCTI
XIMIYHHIA CKJIaJ I TEXHIYHO KOPUCHI BIACTUBOCTI. Po3ci-  copOenTiB. BukoprcTaHO METOIM aHAi3y PEeHTIeHO(a30-
IOBaHHS IIJIAaKiB Ha (pakiii 9acTO BUKOPUCTOBYETHCS SIK  BOTO, I'aMa-CHEKTPOMETPHUYHOIrO, MeTporpadidHoro Ta
TEXHOJIOTIYHUI MPUHOM, IIPH ILOMY HEOOXIJHO BpaxoBY-  €JIEKTPOHHO-30HIOBHUI MIKpOaHai3y.

BaTH, 1[0 MiHEPaJbHUH CKIIAJ (Ppakiliii MOXKe BiAPI3HATH- Meta podoTH — Ha OCHOBiI BHOpaHMX EKCHEPUMCH-
csl, TaK SIK MiHEpaJH IIUIaKiB MaloTh Pi3HY TBepHicTh [1].  TambHMX METOIIB OOIPYHTYBAaTH PECypCHY LiHHICTb Bil-
Oxkpemi MiHEpaIl MOXYTh BIUIMBATH Ha (Di3MKO-XiMidHI,  BaJbHOTO NOMeHHOTO muiaky [TAT «3amopixcTanby.
MIIHICTP 1 1HII XapaKTEPUCTUKU BUPOOIB, BUTOTOBJICHUX [MpoOu 1wtaky BiZOMpaau BiIMOBIAHO 1O PEKOMEH-
Ha ocHOBi mpiakiB [2, 3]. Iloka3zaHo BIUIMB cmiBBimHO-  mamiit [6]. ['paHymoMeTpudHi Qpakmii BUAUUIA 32 JOHO-
urerns CaO/SiO,, Bmicty Al,Oz i TiO, B cknaai muiaky  Mororw Habopy cutr. B poboti mocimimkeno ¢pakiiii,
Ha miporiec riaparamii [3]. ABropu pobotu [4] mocmimky- — mwm: > 20, 2,5-5, < 0,63.
BaJIM XIMIYHHIA CKJIa]] IUTAKiB 3a OMOMOI'OK PEHTICHOC- MinepajibHuii CKJa] LLJIAKY BU3HAYEHO 3a JOIO-
TPYKTYPHOTO aHali3y 1 CKaHyIOUOi eIeKTPOHHOI MIKpOC-  MOTrOI0 peHTreHogasoBoro anaimizy [7]. BuxopucraHo
komil. 3amporoHOBaHO MeTOmMKy [5] BusHauenHs  jaudpaktomerp Siemens D500, mogaTkoBi yMOBH: MijmHe
pecypcHOi IIHHOCTI MPOMUCIIOBHUX BIiIXOZIB 3 METOK iX  BHIIPOMIHIOBAHHS, IpadiTOBUH MOHOXpOMATOp, iHTEpBAI
yTUIi3aMii B IKOCTI TEXHIYHUX MaTepiaiiB, 10 oNTHMi3ye  KyTiB 5° < 20 < (110-120°). Inentudikariro ¢a3 BukoHa-
MTOCTITOBHICTh JOCIiIKeHb, MABHITYE iX e(eKTUBHICTh i  HO 3a 06a3010 maHuX [§], micis 9oro MpoBeACHO PO3paxy-
MMOBHOTY 010 BUSIBJICHHS HEOOXITHUX BJIACTUBOCTEH Bi-  HOK PEHTTEHOrpaM 3a METOI0M PiTBebaa 3a mporpaMoro
mxomiB. Bubip meromiB mocmimkenHs 3acHoBaHO Ha  FullProf [9]. JlammM MeTomoM BH3HAYeHO MiHEpaiH, IO
HEOOXITHOCTI BU3HAYECHHs NPUPOJIM MIHEpaliB; XIMIYHMX  3HAXOJAThCS B KpHCTaNiuHOMY craHi. J{udpakrorpamu
€JIEMEHTIB, X OKCHIB 1 paliOHYKJIiiB Y CKJIAMdi BiIXOAiB  (paKmiil NIIaKy HaBeIeHO Ha PHCYHKY 1.
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Pucynok 1 — ludpakrorpamu (paxuiii BigBaTbHOTO JOMEHHOTO IIUIAKY «3aropi>KCTalby,
3BepXy BHH3 3 po3Mipamu yacTiHOK, MM: < 0,63; 2,5-5; > 20
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IetporpadivynanmM aHai30M ITOCIIIKEHO KPHCTATiY-
Hi Ta amopdHi ckmanosi maky. [lerporpadivnmii anami3
NIPOBOJMIIM Y CBITII B IMEpCiiHMX mpenapaTax i mpo3o-
pux mmidax zHa Mikpockomax MIH-8 i Nu-2E.

Pesynomamu penmeenoghazosozo ananizy. 3HaiIeHO
6 da3: pankinit CazSi,0; (3Ca0-2Si0,), kBapir SiO,, re-
nenit CaAl(Al,Si),0; (2Ca0-Al,05Si0;), 6peaurit
Ca1sMg,(SiOy)g (a-2Ca0-Si0,), oxepmanit Ca,MgSi,O;
(2Ca0-Mg0-28Si0,), CaSiO; (a-
Ca0-Si0,). Macosa gactka MiHepaiiB (%) 3MIHIOETbCS 32

IICEBIOBOJIACTOHIT

¢pakmismu, mm: < 0,63, 2,5-5, > 20 gt paskinity — 36,
28 i 14: mna oxkepmanity — 7, 5, 3; mns remenity — 32. 34,
41; misa openwmrity 5, 9, 27, Ui ICEBAOBOJIACTOHITY — 14,
20, 11.

Pesynomamu nempozpagiunoco docnioscenns. Jloc-
nimkeHo aBi ¢ppakmii < 0,63 MM 1 > 20 MM. Y nutakoBoMy
CKJII MOXKYTh CIIOCTEPIraThCsi KPUCTAJITH, SIKI CTAlOTh 3a-
pOIKaMU KPUCTAJIIB MiHEPAaJiB IUIAKY.

Ilpoba ¢paxyii > 20 mm TepeBaKHO 3 KPHUCTATiy-
HUX (a3: TCEBIOBOJACTOHIT, MEJLIITH, MipOKCeHH, [-
2Ca0-Si0;. I[lomoBkeHO-TPU3MATHYHI KpPUCTaIH (IOB-
KIHa MakcuManbHO 400 MKM) TICEBOBOJIACTOHITY 1HOII
cyOmapasenbHi, iHO/li BOHU MIEPETUHAIOTHCS (IUB. pHUC. 2).
B-2Ca0-SiO, yTBOpIOE 130METPUYHI KPUCTAITH PO3MIPOM
MakcuMyM 120 MKM.

Pucynok 2 — MikpodoTtorpadii 3paszka ¢pakuii > 20 mm

BiBaIbHOTO ToMeHHOTO HIIaKy [TAT «3amopixcTansy, HiKOMi:
a — mapanenbHi; 6 — cXperieHi

MeniniTy, CyJsuu 32 BEJIMYNHOIO CEPEHBOTO TIOKa-
3HuKa 3anomieHHs N ~ 1,654, MicTATh piBHY KiJIbKICTh
TelieHiTy 1 okepManiTy. Kpucraim MenniTiB MamoTh
npu3MatndHy GopMmy 3 JOBXHHOKO 10 200 MKM 1 mHupH-
Hoto 70 40 MxMm. ITipokceHn K TBEpAMH PO3YHMH TaKOX
MICTATh PIBHY KUIBKICTB Jioncuny i rexenoepriry. Kpuc-
Tanu 3e1eHo-0yporo 3abapBieHHS 10 40 MKM y JOBXKHHY.
Mik KpucTanivHUMH (a3aMu 3HAXOAUTHCS TOHKA IUTIBKA
ckio (asm 3 N ~ 1,60-1,63, 110 3HaYHO BiAPI3HIETHCS Bij
N mns cxima moptinananemeHtHoro kiuinkepy N =1,71-
1,90 [10].

IIpoba ¢gpaxyii < 0,63 mm BiIPI3HAETHCS HASBHICTIO
KaJbIUTy 1 ymaMKkiB kBapmy. IlopTmaHzmiT mpuCyTHIH y
BUTJISI 3epeH (< 4 MKM) CIIIBHO 3 KaJIbIIHTOM.

Pesynbratn pentreHodaszosoro i nerporpadidaoro
aHaJi3iB 100pe Y3rOMKYyIOThCA OWH 3 OTHUAM. AJe € i Bi-
JMIHHOCTI Y BH3HAUCHHI SIKICHOTO MIHEpPAJILHOTO CKJIaILy
IITaKy BOMa METOJaMHU. PeHTreHo(a3oBHM METOmOM Y
CKJIa/Ii KpUCTaNIYHOI a3y BUSBICHO PAHKIHIT 3 BUCOKOIO
MacoBolo gacTkoro. [leTporpadiuyanm anamzizoM JT0maTKO-
BO BCTaHOBJIEHO NPHCYTHICTH MiPOKCEHIB: MIONCHUIY 1 Ie-
JIeHOepriTy, KaJdbIUTy, ONBAraMiTy i ckiodasu. Macosa
yacTka ckiodasu nopieHioe 10—15 %, mo yknamgaeTbes y
KOHIICHTPALlIfHIHA iHTepBaJI CKJIa MOPTIAHAIEMEHTHOTO
kiiakepy 3-25 % [10]. JIByxKanbLi€eBHi CHIIIKAT BHSBIIE-
HO Yy BUTTISAL pi3sHMX Moam¢ikamiii. XiMidHO aKTHBHA (.-
Moaudikamis 3HaiijieHa Npu peHTreHodazoBoMy J0CIi-
JokeHHI. OIHIEI0 3 IPUYUH MOXe OyTH HOTO BiJICYTHICTBH
y ckiogasi. 3a pe3yabTaTaMu peHTTeHO(a30BOro aHalizy
MacoBuii BHecoK SiO; 3MEHIIYEThCS TIPH 30UTBIICHHI PO-
3Mipy YaCTHHOK IIJaKy. 3araJibHUi BMICT TeJICeHITY 1 OKe-
pMaHiTy, 3a peHTreHO(ha30BHM METOJOM IEBHO BHIIE,
HDK y meTporpadiyHOMy aHami3i, 10 JOBEAYE BiICYT-
HICTh MENITITIB B aMop¢Hiil yacturu Ppaxmiit. Kpim to-
ro, merporpagiuHuil aHami3 MoKa3aB OJHAKOBY KUIBKICTh
TEeNICHITY 1 OKepMaHiTy, a peHTreHo(a30Buil aHami3 — ic-
TOTHY IlepeBary TejeHiTy.

EnemMeHTHMIi CKJIaJg LIIAKY BH3HAYEHO METOIOM
eJIEKTPOHHO-30H10BOor0 Mikpoananizy (EPMA). Bukopu-
CTaHO CKaHYIOYHH eIeKTpOHHWI Mikpockon JSM-6390
LV. JlonarkoBa ymoBa: cucteMa MiKpOPEHTI'€HIBCHKOTO
anamizy INCA. I'mmOunHa aHamizy CTaHOBUTH OJNHM3BKO
5 MkM. MakcHMasbHE BIIXHWJICHHS Yy BU3HAYCHHI KOHICH-
Tpalii elleMeHTIB cTaHOBUTH 8,5 %. Pe3ymnbraTtu Mikpope-
HTTEHIBCHKOTO aHali3y JA00pe KOPEIOTh 3 pe3yibraTa-
MH  peHTTeHO(a30BOrO  aHamizy (pakmiid  MUiaxy.
Enementn Kamniii, Harpiit, Cynsdyp, Xnop, Kynpym i
TuTaH, 0 HEe BXOITH O CKJIaXy MiHepatiB, Oyiu 3apee-
CTPOBaHI 3a JIOTIOMOTO0 CKaHYI0UOTr0 €JIEKTPOHHOI'O MiK-
pockomna. Lle nae miacTaBy Ui NPUITYLIEHHS PO 1X COp-
OLIiI0 MOBEPXHEI YAaCTHHOK MiHepaniB. MakcumasibHuil
Bmict K, Na i Ti 3apeecrpoBanuii y ¢paxiii 2,5-5 mm.
Hesnauna xinbkicts (< 1 %) Fe, Ti i Cu, gxi HanexaTh 110
3 xiacy HeOe3leKH PeYOBHH, HE MEPEIIKOPKAE IT0/ANIb-

Il yTrmizamii muaxy.

AMop¢pHa koMnoHeHTa maky. IlpucytHicts amo-
POHHUX pEYOBHH MiATBEPIXKYE BHPAKEHUH XBUISICTHH
(OH Ha PEHTTEHIBCHKUX AU(DpaKTOrpamMax AESIKHX 3pa3KiB
nuakis. [IpoBeneHnii po3paxyHOK MacoBUX YacTOK KpHUC-
TaJiYHOTO 1 CKIIOMOAIOHOTO KOMIIOHEHTY (ppakiiiii BinBa-
mo  dpaxiis
<0,63 MM Ha 52 % amopodHna, a ¢dpakuis > 20 MM — Ha

JIbHOT'O JOMCHHOI'O IIJIAKYy IIOKa3aB,

57 %. Bucokwuii BMiCT pe4OBHUH B aMOP(HOMY CTaHi IiAT-
BEPIKYE MOXKIIMBICTH COPOIii CTOPOHHIX 10HIB i CHIOIYK.
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Kaac HeGe3nexn BiqBaabHOI0 JOMEHHOr0 HLIAKY
«3anopixcranb». BUKOpHCTaHO METONMKY BH3HAYCHHS
KJacy HeOe3NMeKH NPOMHUCIOBHX BIIXOJIB, BiIIOBITHO
iHmekcy TokcmyHOCTi [11]. 3a moka3HUKaMu iHAEKCY
TokcuuHOCTI (4,3-5,4) 1 11l kacy HeOe3MeKH BiBaIbHUI
JIOMEHHUHA IUTaK <«3almopixCTaiby, SK IOMIpHO Hebe3-
NMEeYHUH BiJXiJl, MOXXE BUKOPHCTOBYBAaTHCS Yy SIKOCTI
BTOPUHHOI CHPOBUHH y OyIiBENbHIN Tamysi.

I'ama-cnekTpoMeTpUYHi J0CTiIKEeHHs BigBaJb-
HOTO JOMEHHOro ULIaKy «3amopixcraap». [ama-
CHEKTPOMETPUYHHH aHai3 IIJIaKy BUKOHAHO 32 JIONOMO-
rol0 CHHHTHIANiIHOTO Trama-cnekrpomerpy CEIN-001
«AKII-C». I'ama-ceKTpoMeTpUYHUM METOJIOM BH3Haue-
Hi TUTOMI aKTHBHOCTI npuporHux pamgionykminis (ITPH) i
edexruBHi MUTOMI aKTUBHOCTI (Cey) TPAHYIOMETPHIHHX
(pakuiif IPOMUCITIOBUX BiAXOMiB. Pe3yipTaTi HaBeAeHI B
ta6muui 1. Bussneno ITPH: “°K, *®Ra i Z2Th. OcHoBHuii
BHECOK J10 3HaueHHs Ccy, Yy MEpeBaXKHil O1IbIIOCTI BUIA-
AKiB BHOCHTH pamionykmig 2°Ra, morim — 2*Th. Brecok
130TOMIB Yy CyMapHy aKTUBHICTh BiIBAJJFHOTO TOMEHHOTO
LIJIaKy «3anopiCcTaliby 3MEHIIYETHCS B PSLLY: K > ?Ra
> 2827, Panionyximig 2R a 3 BHeckoM Gimbime 20 % cra-
HOBUTHh HeOe3NeKy BHIUIECHHS pafoHy. PajioakTHBHICTH
¢pakniif mmaki Bapitoe. [lepeBHUIICHHS MUTOMOI aKTHB-
HOCTI BUpakeHO mis ¢pakuii 2,5-5 mm. BianosigHo 3Ha-
4eHHI0 Cop IIIAK 1 HOoro okpeMi (pakuii, Mo BiAHOCATHCS
hi(o) MEPIIOro KJacy  pamiamiHoi  HeOe3meku
(Cey <370 Br/kr [12]), MOXKyTh BHUKOPHUCTOBYBAaTHCSA B

OymiBHUIITBI 0€3 0OMEIKEHHSL.

Tabmum 1 — Pesynprati rama-crieKTpOMETPUYHOTO aHATi3Y
(paxiiii BiIBaJbHOTO JOMEHHOTO IUIAKY «3aIOpiKCTaNb)

AxtusHocri (C), Br/kr
Dpaxriis, ;
MTHTOMI
MM edekTHBHa | cymapHa o [ BRg | 227h
Cepenis 76 193 [134| 41 | 18
mpoba
> 20 74 167 108 | 40 19
2,55 89 225 155 | 49 21
<0,63 75 178 119 | 39 20

Bu3HayeHHsI KHCJIOTHOCTi TOBEPXHEBUX HIapiB
YacTMHOK BiaXoaiB mnpoBogwian 3a jgonomoror pH-
METPY-MUTIBOJBTMETPY 3 TBepAO(a3HUM CEICKTUBHUM
€JIEKTPOJIOM 1 MOAN(IKOBAHUM €JIEKTPOJIOM ITOPIBHIHHS
B HOJINpOIiIeHOBUX Kopimycax. [1o ¢pakimisx nuraky Ku-
CIIOTHICTB Bapiloe: HalOIbI 0OCHOBHOIO € (pakuis < 0,63
mm (pH 9,7), nna ¢paxuii 2,5-5mm pH 9,1, HalGinpm
kucna ¢pakuis > 20 (pH 8,2).

BucnoBku. JIOCTOBIpHO BH3HAYEHO EJIEMEHTHHIA,
MiHepaJbHUI 1 PaJiOHYKIIJHUN CKJaJl BiABAJIBLHOTO J10-

MEHHOT'O MUIaKy, IO JO3BOJISIE NMPOTHO3yBAaTH HOro pe-
CypCcHY WiHHICTh. KOMIIEKCHMH WiAXix IDOCHTiHKEHHS
BKIIIOYa€ PCHTTCHO(A30BUH, TI'aMa-CIIEKTPOMETPUYUHUIA,
neTporpadiyHUN 1 eNeKTPOHHO-MIKPOCKOIIIYHHAN aHai3.
Pentrenoda3zoBuil aHami3 TO3BOJUB BUSBUTH MiHEpaIH

oUlaKy  «3amopiKCTaimby, MO  3HAXOOAThCA Yy

KPHUCTAJIIYHOMY CTaHi, MiATBEPAUTH HasBHICTH aMOpQHO-
TO CTaHy pedoBHH. [IOBEICHO HASBHICTH y CKIAi IIIAKYy

MiHepajiB, WIHHMX Yy TEXHIYHOMY BiJHOIIEHHI IpH

BHPOOHHMIITBI B’SDKy4HX MatepiaiiB. Po3paxoBana macoBa
YacTKa CKJIONOAIOHOTO KOMITOHEHTa, IO CTAHOBHTH IO-
JOBMHY MacW [UIaKy. 3a JOIIOMOTOK0 eJIEeKTPOHHO-
30HJIOBOTO MIKpOaHalli3y BHU3HAYEHO EJIEMEHTHHMH CKIIal
[OUIaKy Ta TOKCHYHICTH #Woro ¢pakuiid. BimBameHuUil mo-
MEHHUH IUIaK KI1acu(ikoBaHO SK MOMIpHO HeOe3neyHHui
Binxin. [lomoBHeHO 0a3y MaHWX 32 BMICTOM MPUPOIHUX
PamioOHYKJIiIB y TEXHOTCHHIH CHUpOBUHI. BcTaHOBICHO
NPUCYTHICTS y cKIami ppaxuiii maky 2°Ra, 2?Th i K.
[epmmit xnac panianiiHOi HeOe3MEKH MIJIAKy BU3HAYAE
BI[ICYTHICTb OOMEXEHbp NPH BHKOPHCTaHHI TEXHOTEHHOL
CHPOBUHH B OyIiBEJIbHIH ramys3i.
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Al KOJIBIIOBA
OTPUMAHHA NOPUCTUX CKIIOKPUCTAJJITYHUX MATEPIAJIIB 3 BUKOPUCTAHHAM BOIO
CKJIA TA KOHBEPTOPHOTI'O IIIVTAKY

B nawiii po6oTi HaBeeHI Pe3yabTaTH JOCIIKEHb, SIKi CIIPIMOBaHI HA OTPUMAHHS OPHCTOrO CKJIOKPHCTAIIYHOTO MaTepiaay Ha OCHOBI 000 CKiIa Ta
KOHBEPTOPHOTIO LIJIAKy, SIKH BUKOPHCTOBYBAJIH B SKOCTI ra30yTBOPIO0YOi 100aBKkH. B poboTi Oyiio mpoaHanizoBaHo XiMiuHHUi Ta (a30BUil CKIagH
JIOCITiTHOTO LIIAKY, @ TAKOXK MPOBEICHO AU(epeHIialbHO-TepMiYHIIA aHai3 Horo npodu. KonBepTopHuit nutak 10 CKiaay Mac BBOAWIH B KiIIBKOCTI
Bix 2,5 no 30 mac.%, peurra - ckino6iil. Bunan 3paskiB 3iiicHioBanu B TemieparypHomy intepsaini 850-925 °C. st 1ociifiHUX 3pa3KiB 3a J0MOMO-
rO0 MiCOYHOro 00’ €MOMETpY BH3HAUYAIH 00’ €M Ta PO3pAaXOBYBaIM KOe(DILIEHT CIydyBaHHs, BU3HAYAIH MILHICTh Ha CTUCK, @ TAKOXK aHAi3yBaJl THII
CTPYKTYpH, KU 3aJ€KHUTh BiJl CEPEIHBOTO JiaMeTpy IOp, IO MepeBaXaroTh. BCTaHOBIIEHO 3a/IeKHOCTI KOCS(ILIEHTY CIlydyBaHHS ZOCTIAHUX MaTe-
piajiB BiJ LIMXTOBOrO CKJay Ta TEMIepaTypy Bumaty. st oJepkaHHs MOPUCTUX MaTepialiB 3 KoedilieHToM ciydyBanHs 2,16-2,67 ta piBHOMIp-
HOIO JIpiOHOIIOPHCTO0 CTPYKTYPOIO (PO3MIp I10p, 10 IepeBaxae, MeHure 0,5 MM) ONTHMAIbHUM € BBEJCHHSI KOHBEPTOPHOI'O LIIAKy [0 CKJIa1y Mac B
kinbkocTi 10 - 15 mac.%, a pexomeHoBaHuil iHTepBaa Temieparypu ix Bunaixy 850-900 °C. Anaii3 (a3oBoro ckiiagy OTpUMaHUX MaTepialliB BKasye
HA MPUCYTHICT B IKOCTI OCHOBHOI KPHCTAITIYHOI (ha3u BONACTOHITY, KU 3aB/SIKU TOMYACTIH CTPYKTYpl KPUCTANIB YHHHTH apMyIO4y [if0 Ta CIPHSE
ITiIBHIIEHHIO MIIIHOCTHUX XapaKTepUCTHK. Po3po0IieHi HOPHCTI CKIOKPUCTATIYHI MaTepiaii MOKYTh BHKOPHCTOBYBATHCH B SIKOCTI TEILTOI30MAIIT Ta
3aMOBHIOBAYIB B JICTKUX OETOHAX.
Ku11040Bi cj10Ba: mopucTi CKIOKPUCTANIYHI MaTepianu, Oiif CKila, METAIypriiiHi IUIAKU, KOeDIIIEHT CIyqyBaHHs, APIOHOMOPHCTA CTPYKTYpA.

A.H. KOJIBIL[OBA
MOJIYYEHUE NOPUCTHIX CTEKJIOKPUCTAJLIMYHBIX MATEPHAJIOB C
HUCIOJIb30BAHUEM BEOSI CTEKJIA U1 KOHBEPTOPHOTI'O IIIJIAKA

B manHO#1 paboTe pHUBEIEHb! Pe3yJIbTaThl HCCIESIOBaHNI, HAIPABJICHHBIX Ha ITOJIyYeHHE IOPUCTOTO CTEKJIOKPHCTAININYECKOr0 MaTepralia Ha OCHOBE
0051 CTeKJIa U KOHBEPTOPHOTO IIIaKa, KOTOPBII HCIIONB30BAJICs B KaUueCTBE ra3000pa3ylomeii 100aBku. B pabore ObuM MpoaHaIM3UPOBaHEl XUMHYE-
ckuil 1 (a30oBBIA COCTAaBBI UCCIIEIYEMOro IIUIaKa, a TaKkXkKe MPoBeeH MU depeHnaIbLHO-TePMUIECKUl aHamu3 ero npoosl. KoHBepTOpHEIN NITak B
COCTaB Macc BBOAWIM B KonudecTse oT 2,5 1o 30 macc.%, ocranbsHoe — cTekso00i. OOKHT 00pa3oB OCYIIECTBISUIM B TEMIEPaTypHOM HHTEpBalle
850-925 °C. [lnst ucciieyeMbIx 06pasioB ¢ MOMOIIBIO [IECOYHOr0 00BEMOMETPA ONPEAESISIIH 00beM U PacCUUTHIBAIN KOI(Q(GHUINCHT BCIIydHBaHHMS,
OIIpeIeIsIIN IIPOYHOCT Ha CIKATHE, a TAKoKe aHAIM3UPOBAIHM THII CTPYKTYPBI, KOTOPBIH 3aBUCHT OT CPEIHETO JUaMeTpa IpeobiIafaronmx nop. Yera-
HOBJICHBI 3aBHCHMOCTH KOd()(HITHEHTa BCIYYHBAHUS HCCIEAYyEeMbIX MAaTEPHAIOB OT IIMXTOBOTO COCTaBa M TeMIIEpaTyphl oOkura. s moxydeHuss
MIOPUCTBIX MaTepHAaNoB ¢ Kod(puIrenToM BemyunBanus 2,16-2,67 1 paBHOMEPHOH MENKOIOPUCTOH CTPYKTYpoH (pa3Mep mpeodiafaroix mop Me-
Hee 0,5 MM) ONTHMAaJbHBIM SBISETCS BBEIEHHE KOHBEPTOPHOroO NIJaka B cOCTaB Macc B kommdectBe 10-15 mac.%, a peKOMEHIOBaHHBIH HHTEPBAT
TemmepaTyps! ux ooxmura 850-900 °C. Ananu3 (a30BOro cocrasa Moy4eHHBIX MaTEPUANIOB YKa3bIBaeT Ha MPUCYTCTBHE B KAUYECTBE OCHOBHOM KpHC-
TAJUTMYECcKOi (a3bl BOJUIACTOHNUTA, KOTOPHIH OJlarogapst HToIbYaToON CTPYKTYpe KPHUCTA/UIOB OCYLIECTBIISIET apMUpYIoliee NefiCTBHE H CIIOCOOCTBYET
TIOBBIIIEHHIO IIPOYHOCTHBIX XapaKTepHCTUK. Pa3paboTaHHBIE TOPUCTHIE CTEKJIOKPUCTAINIECKIE MaTepHalIbl MOTYT HCIIOJIB30BAaThCSl B KAYECTBE Te-
IUTOM30JLIIH | 3aIIOJTHUTENCH B JIETKUX OETOHaX.

KiioueBble cj10Ba: MOPUCTHIE CTEKJIOKPUCTANINYECKIE MaTepraibl, 00l CTekiIa, MeTaJUTypruiecKue MUTaKy, KO3(Q(QUIUEHT BCITyIHBaHUS, MEIIKO-
MIOpHUCTas CTPYKTYpA.

YA. I. KOLTSOVA
PRODUCTION OF POROUS GLASS-CRYSTALLINE MATERIALS BASED ON GLASS CULLET AND
CONVERTER SLAG

The study conducted the research aimed to obtaining a porous glass-crystalline materials based on glass cullet and converter slag, which was used as a
gas-forming additive. In this work, the chemical and phase compositions of the studied slag were analyzed, and a differential thermal analysis of its
sample was carried out. Converter slag was added to the composition of the masses in an amount of 2.5 to 30 wt%, the rest was glass cullet. Burning
of the samples was carried out in the temperature range of 850-925 ° C. For the samples under study, using a sand volumetric meter, the volume was
determined and the swelling coefficient was calculated, the compressive strength was determined, and the type of structure, which depends on the
average diameter of the prevailing pores, was analyzed. The dependence of the swelling coefficient of the investigated materials on the burdening
composition and burning temperature has been established. To obtain porous materials with a swelling coefficient of 2.16-2.67 and uniform fine-
porous structure (predominant pore size less than 0.5 mm), it is optimal to introduce converter slag into the composition of the masses in an amount of
10-15 wt%, and the recommended temperature range their burning 850-900 ° C. Analysis of the phase composition of the materials obtained indicates
the presence of wollastonite as the main crystalline phase, which, due to the acicular structure of the crystals, has a reinforcing effect and contributes
to an increase in strength characteristics. The developed porous glass-crystalline materials can be used as thermal insulation and aggregates in
lightweight concrete.
Keywords: porous glass-crystalline materials, glass cullet, metallurgical slag, swelling coefficient, fine-porous structure.
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Beryn. 3a npubim3HuMu oliHKamMu B YKpaiHi Ha-
KOIIMYEeHI MIIBHOHH TOHH METAJIOBMICHHX BIIXOIIB YOp-
HOI Ta KOJILOPOBOi METanyprii, a TaK0X XiMIYHOI IPOMHU-
CIIOBOCTi,  TipHMYOMOOYBHOTO Ta  CHEPTreTHIHOTO
KoMIUIeKCiB. [Ipu npoMy iX 0oOCSTH NMPOAOBKYIOTH 3pOC-
tatu. L{i Bigxoan 3aifMaroTh BENMMYE3HI IUIOII, 3a0pyn-
HIOIOYM TOKCUYHHMH CHOJIYKaMH{ IPYHT, BOJHHI Ta MOBi-
TpsHUK Oaceifnm. VY TOMl ke dac Taki BiZXomH
NPE/ACTAaBISIIOTE  COOOI0 TEXHOTCHHI POJIOBMINA MLiHHOT
BTOPHUHHOI CHPOBHHH Ta MOXXYTH 3a0€3MEeUUTH MOTpedH
MPOMHUCIIOBOTO BHpoOHHUNTBa Ykpainu [1]. Tomy y cy-
JaCHUX yMOBAaX OIHUM 3 HalBa)KJIMBIIINX 3aBJaHb € IIH-
POKE BUKOPUCTaHHSI BTOPUHHUX CHPOBUHHUX MaTepiaiB.

IIpomucnoBicte OymiBeNpHHX MatepialiB - HanOi-
JBIIUH CIOKKUBa4 NPUPOJHUX pecypciB. Lls ramyss mopi-
9HO BHIOOYBae 1 mepepoOiste OIM3pK0 3 MIIpJ. TOHH CH-
POBHMHH: TICKy, TJIMH, TilCy, BalHSAKIB, TPaHITIB,
0a3anbTiB 1 0araThOX IHIIUX OCAJTOBUX 1 BUBEPKCHUX IO-
P 1 TAKMM YHHOM 3aBJIA€ IIKOAU HABKOJHUIIHEOMY Cepe-
nosuy [1].

Huni Ha OCHOBI BIIXOIIB PI3HUX rany3el, mianpu-
eMcTBa OyIiBETBHHX MaTepialliB BHITyCKAIOTH BHPOOH i
Marepialy HaJeKHOI SKOCTI, MPUYOMY 3 MECHUIMMH BH-
TpaTaMd Ha BHUPOOHUIITBO, HIX IIPH BUKOPUCTAHHI Tep-
BUHHOI CHPOBHMHH, OCKUIbKH BUKJIIOYAIOThCS BUTPATH Ha
BHAOOYTOK, TPAaHCIOPTYBaHHA, OOpPOOKYy CHPOBHHH.
IIpomucoBicTiO Oy/IiBENbHUX MaTepialiB HAKOIIHYCHHIMA
TIO3UTHBHUH JOCBiJl BUKOPUCTAHHS BiXOMIB, SIK CHPOBH-
HU 17151 BAPOOHMITBA e()eKTUBHUX OY/iBEJIbHUX MaTepia-
JiB, AKi HE MOCTYMAIOThCA 3a AKICTIO BHpoOam, OTpHMa-
HUM [IPU BUKOPHUCTAHHI MEPBHHHOT CHPOBHHH [2-6].

OcCTaHHIM YacOM TpH TOCTIHHOMY 301UTbIICHHI IiH
Ha GHEeProHocii Ta 3poCTaHHI TeMITiB OyIiBHHUIITBA 0CO0-
JUBO TOCTPO TOCTa€e TpodiieMa TEInIoi30IIii OyAHHKIB
Ta cnopya. ToMy NnepcrneKTUBHUM HANpsIMKOM € BUKOPH-
CTaHHS BIIXOMIB METaXypTrilfHHX BUPOOHHUITB A OTPH-
MaHHS TeIUIOI30JIALIHHNX MOPUCTHX CKIOKPUCTAIIYHUX
Matepianis (IICKM).

B nonepennix po6otax [7,8] Hamu Oyno BcTaHOBIIE-
HO MOXJIMBICTh BUKOPHCTAaHHS JIOMEHHUX Ta MapTEHIBCh-
KUX IUIAKIB SK Ta30yTBOPIOIOYMX NO0ABOK I OTPUMAaHHS
I[ICKM. Mertoro % 1aHO0i pOOOTH € JTOCIIPKEHHST MOYKITHBOCTI
BUKOPHCTAHHS B SKOCTI Ta30yTBOPIOBada IHIIOIO BHIY
CTaJIEeTUIABMIIBHUX HIJIAKIB, 30KpEMa KOHBEPTOPHOTO.

CraneruiaBmwibHI IUIAKK SBISIOTH COOOI0 PO3ILIAB OK-
CHJIiB, III0 YTBOPIOIOTHCS TIPU B3a€MOJII{ 3 KUCHEM JIOMIIIIOK,
SIKi MICTSTBCS B YaBYHI Ta METAITypriiHOMY OpyXTi, KOMIIO-
HEHTIB ()epocCIUIaBiB, IIUIAKOYTBOPIOIOYNX, 110 BHOCSTHCS JI0
CTaJIeIUIaBUIIbHOT BAaHHHM TSl KOPUTYBaHHSI CKJIa Ty, MIKCEPHO-
IO Ta JIOMEHHOTO IIUIAKy, 0 HAJIXOJSTh 3 YaBYHOM, a Ta-

KO BiJ pyTepiBKH IUIaBHIBHUX arperatis [9].

binpure 60 % cranennaBUIbHUX LUIAKIB CKJIAAIOTh
[OUIaKA MapTEHIBCBKOTO BHPOOHHWIITBA Ta mMmoHA] 35% -
KOHBEPTOPHOTO.

CraneruiaBmwibHI IITAKH XapaKTePH3YIOTBCS BHCO-
KAM MOJIyJIeM OCHOBHOCTi, TOMYy MpPH iX OXOJIOMKECHHI
BOHH TPAKTHYHO TOBHICTIO KPUCTAJI3YIOTBCS Ta Maibke
He MicTATh ckia. i nutaky He rpaHyIo0Th, a 3TUBAIOTh
y BiJIBaJIH, JIe BOHH MOBLIEHO OXOJIOKYIOTHCS [9].

Bin MapTeHIBCHKHMX HUIaKiB KOHBEPTOPHI BiAPI3HS-
JOTHCS MIiABHUINEHNM BMICTOM OKCHIIB KaJbI[iF0, MarHiro,
3aJTi3a Ta OUIBII BHCOKOIO OCHOBHICTIO, @ TaKOXX MaroTh
MEHIITI KOJUBAHHS 33 CKJIAZIOM Ta IUTOMUM BHXOJOM.

BMicT y KOHBEpTOpPHHUX IIIaKaX CIIOJNYK Kalblilo, a
TaKoX OKcHAy 3MiHHOI BaneHTHOcTi MnO [10] maroTs
MOXKIJIUBICTh IPUITYCTUTH NEPCIEKTUBHICTh HOTO BUKOPH-
CTaHHS B SIKOCTi Ta30yTBOPIOI0Y0T 100aBku [11].

ExcnepumenTanbHa yacTuHa. J[Ji1 BUTOTOBIICHHS
JOCHITHIX TIOPHUCTUX CKIIOKPHUCTAJIYHAX MaTepialliB BU-
KOPUCTOBYBaJIH Oiif JIMCTOBOTO CKJIa, a SIK Ta30yTBOPIOBaY
— KOHBEPTOPHMI IIUIAK METATYypPriiHOTO IMiJIpPHEMCTBA
AT «JIMK», XiMidHHI CKJIa]] IKOTO HaBEICHO B Ta0. 1.

3 po3MeseHuX (10 mITOMOI mToBepxHi 300 M%/KT) cH-
POBUHHHUX MaTepiaiiB (pOpMyBalIM 3pa3kdl LHIIHIPUIHOT
¢opmu miamerpom 24 MM Ta BECOTOIO 9-10 MM, sKi BUIa-
moBanu 3a temneparyp 850, 875, 900 ta 925 °C. Bunan
3IiMCHIOBAIM 332 TEMIeEpaTypHO-4aCOBHMH PEKHUMaMH,
IO BKJIIOYAIM 3arpy3Ky 3pa3KiB y Mid MpH TeMmIeparypi
600 °C, migiioM ii 3 cepeHbO MIBUAKICTIO 4-5°C/xs. bi (o)
MaKCHMaJIbHOI, BUTPUMKY IIpH Wil TemrepaTypi NmpoTs-
roM 1 roj Ta OXOJNOKEHHS Pa3oM 3 MiYdIo.

006’eM IOCTIIHUX 3pa3KiB BU3HAYAIH 3a TOTIOMOTOI0
micogyHoro o0’emomerpy. i mocmigHUX 3pas3KiB po3pa-
XxoByBanu KoedinieHT crydyBanHs (Ky) sIK BiJHOIIEHHS
00’eMiB MaTepialiB 10 Ta MicIs BHUITATY.

Takok BH3HAYaJIM THII CTPYKTYpPH 3pa3KiB, SIKHii 3a-
JISKUTH BiJl CEPEHBOTO PO3MIpY TOp, IO IEPEeBAXKAIOTh.
Hpibaonopucta (J]) cTpykTypa Mae cepeHiit po3mip mop
menme 0,5 mv; cepemupomopucra (C) — 0,5-3,0 MM Ta
kpymnHomnopucTta (K) >3,0 mm.

JudepeHuiitHO-TepMiYHUHA aHANI3 JOCTITHUX CyMi-
miei npoBogwin Ha aepuBatorpadi Q1500-D cucremu
Paulik, Paulik, Erdei. Pentrenoda3oBuii aHami3 ojepxa-
HUX KOMITO3WIIHHUX MaTepialiB BUKOHYBAIH 3a JOIIOMO-
rolo pentreiscbkoi ycraHoBkn JIPOH-3 B Cu-Ka

BHITPOMIHIOBaHHI.

Tabmuns 1 — XiMigHUH CKiI1a]] JOCIITHOTO KOHBEPTOPHOTO

HIIAKyY
Bwmict okcunais, mac.%

SiO, |Al,O3| CaO |MgO| Fe,03 | FeO |MnO|K,0 | Na,O

16,57 | 3,53 |36,03|10,8| 10,94 | 19,47 |2,46| 0,1 | 0,1
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3a

(puc. 1) Oyo BCTaHOBIICHO, IO OCHOBHHUMH KpPUCTAJid-

pesynbTataMM  peHTreHo(a3oBOro  aHamizy
HUMH (ha3aMu TOCIITHOTO IIJIAKY € ABOKAJIbII€BUN CHII-
kat (2Ca0-Si0,), mepaunit (3Ca0-Mg0O-2Si0,), BrocTHT
(FeO), onnokaneiiieuii hepur (CaO-Fe,03) Ta xampiwmt
(CaCOy3). Ha kpusiit mudepeHItiatbHO-TepMIIHOTO aHaTi-
3y NMpoOu KOHBEPTEPHOI'O 1UIAKY (PUCYHOK 2) Mae micue
eHnoedexT B TemmeparypHoMy iHtepBami 750-800 °C,
SIKHH CYNPOBOJDKYETHCSI BTPATOIO Baru B mpodi — 5,77%,
10 MOXe OYTH OB’ A3aHO 3 IeKapOOHI3aIli€r0 KAJBIUTY.
Hnst orpumanns [ICKM nuak g0 ckinagy mac BBO-
WA B KUTBKOCTI Bifx 2,5 1o 30 mac.%, pemTa - ckio0iil.
3ayexHICTh KOE(DILIEHTY CIydyBaHHS IOCIHIJIHUX
3pa3KiB MICJII BUNANY 3a Pi3HUX TEMIIEpPaTyp BiJ BMICTY
KOHBEPTEPHOT'O 1IIJJAKY HAaBEJICHO Ha PUCYHKY 3, a Xapak-
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Pucynok 1 — Pentrenorpama qociigaoi mpoou KOHBEPTOPHOTO
[TAKY:
C,S - 2Ca0-SiO, - 1BOKANBLIEBHIA CHITIKAT;
C3;MS, - 3Ca0-MgO-2Si0O, - MepBHHIT;
CF - CaO-Fe,0; - omnokanbuieuii pepur; CaCOs3 - KambIuT;
FeO - BrocTut

TEp PO3MOALTLY IIOP B 3pa3Kax - HA PUCYHKY 4.

Sx BugHO 3 pHCYHKY 3 HaWOLTBmIMIA KoedimieHT
cryyyBaHHA 2,67 MaloTh 3pa3ku i3 BMicToMm 15 mac.%
LUIaKy, BUNajeHi 3a temmeparypu 900 °C. Bzarani x 3a
BCIX TeMIlepaTyp BHIAIy CIOCTEpIiraeThcs 3arajbHa TeH-
JICHIIIST TIOCTYIIOBOTO 30IMBIICHHS CITydyBaHHS 3pa3KiB
IIpH BMICTI B X cxiami go 12,5-15 mac.% mutaky, a motim
HOr0 3HMKECHHS.

HeoOxigHo BigMiTHTH, 10 3pa3ku i3 BMicTom 10-
15% uuraky Ta BunaneHi 3a temmepatyp 850-900 °C Bin-
PI3HSOTHCS PIBHOMIPHOIO JPiOHONOPHUCTOK CTPYKTYPOIO
(po3mip mop, mo mepeBaxae, meHme 0,5 mm) (puc. 4).
[Monanpuie > miIBUIICHHS TEMIIEPAaTypH HE € JOLIILHUM

Yyepe3 YKPYITHEHHS [TOp B MaTepiai.

Pucynok 2 — [ludepeHmiifHo-TepMidHAI aHAI3 IPOOH
KOHBEPTOPHOTO IILTAKy

ITY "y BaHIA

WU

m850°C
u875°C
900°C

Al

Pucynok 3 — 3anexxHicTb KoedimieHTy CIydyBaHHS JTOCHIIAHUX 3pa3KiB BiJl BMiCTY KOHBEPTEPHOTO IIIAKY Ta TEMIIEPATypH BHIATY.
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BMiCT II1aKy, Mac.%
12,5 15 17,5

BMICT IIIaKy, Mac.%
12,5 15 175

BMICT IIIaKy, Mac.%
12,5 15 17,5

BMICT IIITaKy, Mac.%
10 12,5 15 17,5

Pucynok 4 — Xapakrep po3noairy mop B 3pa3kax 3 BMICTOM KOHBEPTEPHOTO IILIAKY ITiCJISt BUTIATY 33 TEMIIepaTypH:
a—850°C ; 6 -875°C; 6 —900 °C ; 2 — 925°C.
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Pucynok 5 — PenTrenorpama JOCIiTHOTO CKJIOKPHUCTAIIYHOTO MaTtepiaiy i3 BMicToM 10 % KOHBEpPTOPHOTO IIJIAKY:
CS - Ca0-SiO, - BonacToHirt.

AHaiti3 $a30BOro CKIaAy AOCIITHOTO 3pa3Ky 3 BMic-
ToM 12,5 % KOHBEPTOPHOTO IUIAKY Ta BUIIAJIEHOTO 32 Te-
mreparypu 900 °C (pUCYHOK 5) BKa3ye Ha NPUCYTHICTh B
SIKOCTI OCHOBHOT KpUCTaJIi4HOI (ha3u BOJIACTOHITY, SIKHIA
3aBISIKM TOJYACTIH CTPYKTYpPi KPHCTANTIB, IO YUHATH ap-
MYIOUY Jil0, CIpHs€E MiJBUILEHHIO MIIJHOCTHHX XapakKTe-
puctuk [ICKM [12]. MilHicTh Ha CTHCK TaKOTO CKJIOK-
pHcTaniyHOrO MaTepiaiay cranoButh 9,5 Mlla.

BucnoBku. [IpoBeneHnME HOCITIKEHHSIMH BCTaHO-
BJIEHO JIOLUIBHICTh BUKOPUCTaHHS KOHBEPTEPHUX IIJIAKiB
B SIKOCTI Ta30yTBOPIOBAuYiB MpPU OTPUMAHHI MOPHCTHX
CKJIOKPHCTATIYHUX MaTepialiB 3 KOE(IiEHTOM CITydy-
BaHHS B Mexax 2,16 - 2,67. JIst oTpuMaHHs MaTepiajiB 3
PIBHOMIPHOIO PiOHOMIOPHCTOIO CTPYKTYPOIO PEKOMEHI0-
BaHO BHKOPHCTOBYBATH IIJIaK B KinbkocTi 10 - 15 mac.%,
a BMOAl 3IilicHIOBaTH 3a Temmeparypu 850- 900 °C.
OTpHrMaHi CKJIOKPUCTAIIYHI MaTepialn XapaKTepH3yIOTh-
cs IpiOHOMIOPHCTOO (PO3Mip TOp, IO IEepEeBaKaE, MEHIIIE
0,5 MM) crpyktyporo 1 MinHicTio Ha ctuck 9,5 Mlla 3a
paxyHOK BMICTy BOJIACTOHITY Ta MOXYTh BUKOPHCTOBYBa-
THCS B SIKOCTI SIK TETLTOI30JIA1Ii1, TaK 1 3alIOBHIOBAYiB B JIe-

rKux OeToHax.
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€. B. IIHPOKEHKO, B. B. CEBKO, B. M. BABEHKO

THAYKTABHUM MAPAMETPUYHNI BUXOPOCTPYMOBHU MEPETBOPIOBAY (ITIBIT)
JJISI BUMIPIOBAHD EJIEKTPUYHUX TA TEMIIEPATYPHUX ITAPAMETPIB CTIYHUX BO/{
IIMBOBAPHOT'O BUPOBHUIITBA

JlocTipKeHO MOXKIIUBICTD 3aCTOCYBaHHS Teopil poOOTH IHTYKTHBHOTO MapaMeTPUYHOTO BUXOPOCTPYMOBOro neperBopiosauda (I[1BIT) ctocoBHO BuMi-
PIOBaHb ENEKTPHYHUX Ta TEMIIEpaTypHHUX MapaMeTpiB 3pa3Kka CTIYHHX BOJ KUCIIOTO Ta JIY>KHOTO ITOXO/DKeHHS. JloBeneHa HeoOXiTHICTh po3poOKH HO-
BUX 1H(OPMATHBHUX METOMIB BUMIPIOBaHb (Pi3UKO-XiMIUHUX MapaMeTpiB CTIYHHX BOJ, 3a PaXyHOK peasi3alii SKuX 3AiHCHIOETbCS BHOIp NePCIEeKTUB-
HOro MeToay ouumieHHs. Ha ocHOBI qudepeHIiaabHOl cXeMH BKIIOUYEHHS JBOX MapaMeTPHYHHX II€PETBOPIOBAUIB: 31 3pa3KOBOI0 OUHILEHOIO BOIOIO
Ta NePeTBOPIOBAYEM, KU MiCTUTh IPOOHHUIIIO 31 3pa3KOM CTIYHOI BOAW MIBOBApHOTO BUPOOHHUIITBA, 3aIIPOIIOHOBAHO Au(epeHIianbHuii iHpopMaT-
BHHH METOJ BHMIpIOBaHb €IEKTPUYHHX Ta TEMIIEPAaTypHHX HMapaMeTpiB OCIHIiKyBaHOI PiAMHH, 3aCHOBAHMII Ha aHalli31 KOMIIOHEHTIB Pi3HUIIEBOTO
cursary a3oBHX KyTiB 3CyBY HOMiX BUMIPSTHUMH €JIEKTPHYHAMHI KOMIIOHCHTAMH CUTHAIIB CXeMH BKIIOUeHHs. HaBeseHo OCHOBHI CIIiBBiHOIICHHS,
sKi onucyioTs poboty IIIBII 3 mpoGoro pinnHY, MO KOHTPOIIOEThCS. Po3riiHyTO cXeMy BkIodeHHs audeperuiansaoro IITBII 3i 3pa3koM pinuHwy,
SIKAH PO3TAIIOBAHO y CKIIAHIHM NpoOHMUI, MudepeHnianbHa cxeMa nependadae HarpiBaHHs 3pa3Ka y IpoLeci BUMIPIOBaHb 3a s iMiTalil BHpPOOHUIHNX
YMOB IIHBOBapHOTro BUpoOHMITBA. HaBeneHo yHiBepcanbHi (QYHKIIT IepeTBOPEHHS, SIKi OB’ I3yl0Th KoMroHeHTH curHaniB I[1BIT 3 mutomoro enexT-
PHYHOIO IIPOBITHICTIO ¥, Ta TEMIIEPATYPOIO t 3pa3ka CTIYHUX BOJ MHBOBAPHOTO I IIPHEMCTBA, TOOTO 3aJIEKHICTh PI3HUIIEBOTO ()a30BOr0 CUTHAILY AQ
BiJl y3araJbHEHOrO IapaMeTpa A Ta 3aJeKHICTh aOCOIIOTHOTO MPHPOMIEHHS MHTOMOI elNeKTpUIHOI NpoBigHOCTI Ay Bix Temmeparypu t 3paska cTid-
HHX BOJ Y JOCIIiPKYBaHOMY T€MIIEPaTypHOMY Jlialla3oHi.

Kurouosi ciioBa: npoxyKiist MMBOBapiHHS, CTIYHI BOIY, 3aCO0M BUMIpIOBaHb, JudepeHnialbHIi TapaMeTpUIHHI IIepeTBOPIOBaY, iHYKTHBHI Ta-
paMeTpUYHI BUXOPOCTPYMOBI METO.H, PI3HULICBUII CUTHAJI, TEMIIEpaTypHUil iana3oH, Ga3oBuil KyT 3CyBY, 3pa3koBa poda, Gpi3uko-XiMidHi mapame-
TpHU, BUIPOOHHIA 3pa30K PiHHH.

E. B. IHPOJKEHKO, B. B. CEBKO, B. M. BABEHKO

WHIYKTUBHBIN MAPAMETPUUYECKHUI BUXPETOKOBBII TPEOBPA3OBATEJIb (MIIBIT) J1JIS1
W3MEPEHMH DJEKTPUYECKUX U TEMIIEPATYPHBIX HIAPAMETPOB CTOUYHBIX BO/T
IIMBOBAPEHHOI'O ITPOU3BOJICTBA

HccnenoBana BO3MOKHOCTb MCIIONB30BAHHS TeOPHUH paboThl M depeHIraIbHOro NHIYKTHBHOTO apaMEeTPUYECKOTO BUXPETOKOBOTO peoOpa3oBa-
tens (MIIBIT) nst m3Mepenuit 3)IeKTPUYeCKUX M TEMIIEPaTYpPHBIX TapaMeTpoB 00pasiia CTOYHBIX BOJ KHCIIOTO M MIEIOYHOTO TIpoucxoxaenus. Jloka-
3aHa HEOOXOAMMOCTh Pa3pabOTKH HOBBIX MH(OPMATHBHBIX METOIOB M3MEPEHMI (PM3NKO-XMMHYECKUX MapaMeTPOB CTOYHBIX BOX, NMPH PeaTn3alun
KOTOPBIX OCYIIECTBIISETCS BBIOOP MEpCIEeKTHBHOTO MeToja ouncTki. Ha ocHoBe muddepeHimanbHoi cXeMbl BKIIOUEHHUS JBYX IapaMeTpPUYecKuX
npeobpa3zoBaTeneii: ¢ 00pa3IoBOl OUMIIIEHHON BOJOW 1 Mpeodpa3oBaTereM, B KOTOPOM pa3MellaeTcs MpoOnpKa ¢ 00pa3IoM CTOYHON BOJIBI TMBOBA-
PEHHOTO MPOM3BOJICTBA, MPETOKEH AU(hepeHINANTBHBIA HHPOPMATHBHBIA METOJ U3MEPEHUH MEKTPUUECKUX U TeMIIEpaTypHBIX TTapaMeTpoB Hcc-
JIelyeMOH JKHAKOCTH, KOTOPHI OCHOBaH Ha aHAJIN3¢ KOMIIOHEHTOB Pa3HOCTHOTO CUTHAJA (Pa30BBIX YTIIOB CABUIA MEXITY H3MEPEHHBIMH dIIEKTpHUUEC-
KAMH KOMIIOHEHTaMH CHTHAJOB CXEMbl BKIIFOYEHHsA. [IpHBeNieHBI OCHOBHBIE COOTHONIEHWs, KOTOphle ommchiBaroT pabory MIIBIT ¢ mpoboit
KOHTpPOJIMpPYeMoii sxkuakocTH. PaccMoTperna cxema BrimoueHns guddepenmmansaoro UIIBIT ¢ 06pa3noM kuIKocTn, KOTOPBIH pa3MemaeTcst B CTeK-
NSHHOH mpobupke, uddepeHnnanbaas cxema IpeIycMaTpUBaeT HarpeB 00pasia B MPoIecce M3MEPEHNHT I MIMHUTAIINH POU3BOJICTBEHHEIX YCIIO-
BUIi TMBOBAPEHHOTO TIPOU3BOJICTBA. [IpHBeIeHk! yHUBEpCcanbHbIe (DYHKINN Npeodpa30oBaHus, KOTOpEIE CBA3BIBAIOT KoMIIOHeHTH curaanos WUIIBIT ¢
YICIBHOH 3NMEKTPUUECKOH IPOBOANMOCTEIO ¥, M TEMIIEpaTypoii t 0Opa3na CTOYHBIX BOJ NMPEANPHATHS TMBOBAPEHUS, TO €CTh 3aBUCHMOCTb Pa3HOCT-
Horo ()a30BOro CUrHana A¢ oT 0000IIEHHOT0 apaMeTpa A U 3aBHCHMOCTb aOCOTIOTHOTO PUPAIIEHHS YIETbHOH 3IeKTPHIECKOi MPOBOMMOCTH Ay
OT TeMrepatyphl t 06pasiia CTOYHBIX BOJ B HCCIIEyeMOM TEMIIEPAaTypHOM JUaIa30He.

KuroueBrle c10Ba: NpOJyKIMs NTHBOBAPEHNs, CTOYHbBIE BOJBI, CPEICTBA U3MEPEHHUH, MM(depeHINaNbHbIA TapaMeTpudecKuii peobpa3oBaTes,
Pa3HOCTHBII CHTHAJI, TEMIIEPaTypHBIH JJHana3oH, (pa3oBblil yroi caBura, 0opasnosas npoda, PU3HKO-XUMHUYECKUE TapaMeTpPbl, HCIIBITBIBAEMbIH 00pa-
3€l1 )KUJIKOCTH.

E. V. PIROZHENKO, V. V. SEBKO, V. M. BABENKO

INDUCTIVE PARAMETRIC EDDY-CURRENT TRANSDUCER (IPEP) FOR MEASURING
ELECTRICAL AND TEMPERATURE PARAMETERS OF WASTEWATER FROM BREWING

PRODUCTION
The possibility of using the theory of operation of a differential inductive parametric eddy-current transducer (IPET) for measuring the electrical and
temperature parameters of a sample of acidic and alkaline wastewater is investigated. The need for the development of new informative methods for
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measuring the physicochemical parameters of wastewater is proved, in the realization of which a promising method of purification is selected. On the
basis of a differential scheme for switching on two parametric converters: with exemplary purified water and a converter in which a test tube with a
sample of waste water from a brewing production is placed, a differential informative method for measuring the electrical and temperature parameters
of the liquid under study is proposed, which is based on the analysis of the components of the difference signal of phase shift angles measured
electrical components of the switching circuit signals. The basic relationships that describe the operation of the IPET with the sample of the controlled
liquid are given. The scheme of switching on differential IPET with a liquid sample, which is placed in a glass test tube, is considered; the differential
scheme provides for heating the sample during measurements to simulate the production conditions of brewing production. Universal transformation
functions are given that relate the components of the IPET signals with the specific electrical conductivity s and the temperature t of the wastewater
sample from brewing production, that is, the dependence of the phase difference signal A on the generalized parameter A and the dependence of the
absolute increment in the specific electrical conductivity Ay on the temperature t of the wastewater sample, in the investigated temperature range.
Keywords: brewing products, waste water, measuring instruments, differential parametric transducer, differential signal, temperature range, phase

shift angle, exemplary sample, physicochemical parameters, tested liquid sample.

Ha cporomni, o HaiOLIBII PO3BHHYTHX Trairy3ei
Cy4acHOT ITPOMHUCIIOBOCTI CJIiJI BIJTHECTH raily3i Xap4oBHX
Ta TepepoOHNX BUPOOHHITB, SIKi MOB’S3aHO 3 BUTOTOB-
JICHHSIM TIMBA, COKiB, CyXHMX Ta KpIIUICHHX BIiH,
BHHOMATEpiaNiB 31 CBKAM, KOHIICHTPOBAHUM YH CIIHPTO-
BaHUM CYCJIOM, CJIa0OAJIKOTOJBHUX HAIOIB, HPH ILBOMY
3HaYHUX TEMIIIB B YKpaiHi JocsArae came IPOTYKIIis
nUBOBapiHHA. [l MOJanbIoro BUOOPY MEepCIeKTHBHOTO
METOIy OYHWINCHHS CTIYHHX BOJ MiHI-TIMBOBapeHb, SKi
CKUJIAIOTHCS Y MIChKY KaHAJII3aI[i0, BAKIHUBHIA TCOPETHY-
HUHA Ta NMPAaKTUYHUHA IHTEpEeC MaroTh METOIU Ta 3aco0m
BUMIPIOBaHHS (i3MKO-XIMIYHHMX MapaMeTpiB CTIYHUX BOJX
xapuoBux BUpoOHUUTB [1-3]. Cnix BU3HA4YMTH, 1110 0COO-
JMBY yBary JOCTITHUKHA TPHIUIIOTH THM METOJaM Ta
MIPUCTPOSIM 33 JOMOMOTOI0 SIKUX € MOJIMBHUM OTPHMAaTH
KOMITOHEHTH BUXIJJTHOTO CUTHAIY Y BHIJISII €JIEKTPUYHUX
XapaKTepUCTHUK, SIKi HAJAIOTh 3MOTY IIOAO IOJANIBIIOTO
MEPETBOPEHHSI CHUI'HATIB BHMMIPIOBAILHUX HPHUCTPOIB Y
iHpopMaTHBHI (Pi3UKO-XIMIYHI TTapaMeTpH 3pa3KiB piIHH
JUIsl OLIIHIOBaHHS CTaHy CTIYHUX BOJ ITMBOBApHOI raiysi i
MOJATBIIOT0 OYMIIEHHS Ta CKUAY Y IITY4HI Ta BIAKPHTI
BOJIOWMH 200 Yy MIChKY KaHaNmi3allio y BiANOBIJHOCTI 3
HOPMaTHBHUMH IOKyMeHTaMmH. IIpu mbpoMy, OCHOBHUMH
MOKa3HUKaMH HOPMAaTHBHHUX JOKYMEHTIB Ha CTiYHI BOAM
XapuoBUX BHPOOHMITB € TeMmIeparypa t, muToma eJek-
TpPUYHA MPOBIJHICTH ¥, BOJAHEBHU MOKa3HUK pH, xapakre-
puctukn wminepamizanii TAC i 3araabHOI KOPCTKOCTI
dGH, ski KOpenmorTh 3 TEMIEPaTypHUMH Ta EIEKTPHY-
HUMH Tapamerpamu [4-6]. 3okpema 3a paxyHOK 3aCTOCy-
BaHHS Ta po3poOKH iH(OPMAIIHHUX METOAIB, IPHUITAJIIB Ta
CHCTEM BHMIpPIOBAaHb BHHHMKA€ MOXJIMBICTh LIOAO OIHO-
YaCHOTO BHW3HAYECHHSA HACHIJKIB BIIXWJICHHS XapakTepH-
CTHK CTIYHUX BOJI BiJIl BUMOT HOPMAaTUBHUX JOKYMEHTIB i
CaHITapHMUX IHCTPYKIIH 3aAJ1 BUKOHAHHS 3aXOJiB OO
OYMIIEHHS CTIYHUX BOJI.

Crig BU3HAYUTH, IO HA TEMEPINIHIA Yac, aKTyallb-
HUMH € JTOCHTIJDKCHHS MOXJIMBOCTI BUMIPIOBaHb (hi3UKO-
XIMIYHHX TapaMeTpiB CTIYHHX BOJA XapdOBHX BHPOO-
HHULTB IHAYKTHBHUMH BHUXOPOCTPYMOBHUMH II€PETBOPIO-
Bauamu [6-16]. He3Bakarouu Ha Te, 110 JjIs BUMIPIOBaHb

($i3UKO-XIMIYHNX TapaMeTpiB PIAMHHUX CEPEeIOBHI iH-
JQYKTHBHI ITapaMeTPUYHI BUXOPOCTPYMOBI IIEPETBOPIOBaYi
(ITTBIT) He mocTaTHBRO OYIH PO3TISAHYTI B iICHYHOUHH JTiTe-
patypi [15, 16], M0 OCHOBHHX IMepeBar IUX MPUCTPOIB
CITiJ] BITHECTH MPOCTOTY (DYHKIIH IMepeTBOpEeHHs Ta cXe-
MHHX pillleHb, MOXJIUBICTh aBTOMATH3aLlii POLIECY BUMi-
pIOBaHb (TOTOBOTO TPOIYKTY, HamiBpaOpHukary Ta mpod
CTIYHHUX BOJ).

[TpuaoMy, mpu po3risii iICHYIOUMX BHXOPOCTPYMO-
BUX METOJIB Ta HPUCTPOIB, Cy4acHi JOCITITHUKHA OCOOIH-
By yBary NpHIUIIOTH JU(EpeHmialbHIM IepETBOPIOBA-
YyaM Ta METOJAaM  BUMIpIOBaHb  (HI3UKO-XIMIYHHX
XapaKTepUCTHK TOCTimKyBaHUX 00’ekTiB. Came mudepe-
HI[IAJILHUI METOJ| MiJl 9aC BUMIPIOBaHb ()i3UKO-XIMIYHUX
IapaMeTpiB CTIYHUX BOJ, HAJA€ 3MOTY 3acCTOCOBYBATH
TPH PIBHSIHHS, KOJKHE 3 KOTPUX 3aJISKHUTh BiJl XapaKTepH-
CTHK 3pa3Ka PiIHH, [0 KOHTPOJIIOETHCS, TOOTO y JaHO-
MY BHIAJKy BiJl FTEOMETPUYHHUX MapaMeTpiB CKISHOI Tpy-
6xu (miametpy d ta moBxkuHHU |), TUTOMOI eneKTPUUHOT
TPOBIMHOCTI 3pa3ka pimunu y Ta Temmeparypu t [15, 16].
Cuijy BU3HAYMTH, 110 CTOCOBHO TOYHOCTI BUMIPIOBAaHb Xa-
PaKTEepUCTHK PIJMHHUX 3pa3KiB, 3aCTOCYBaHHs Au(epeH-
LiaJIbHUX METOJIB TaKOX PEKOMEHIYETHCS y BHIAIKax
BIJIHOCHOI OJM3bKOCTI OTPUMaHUX PE3YJIbTATIB BUMIpIO-
BaHb NapaMeTpiB BUIPOOHOTO 3pa3ka Ta 3pa3KkoBOi Mpoon
pinuun. Ilpu icHylo4YHMi HasBHOCTI )KOPCTKUX YMOB CKH-
JAHHS CTIYHHX BOJl Y KaHAi3alilo, IITYYHI BOAONMH Ta
BIJIKPUTI BOJOWMH TOCHOAaPCHKOTO NPU3HAYCHHS, BUHU-
Ka€e HEOOXiJTHICTh KOHTPOIIO 3pa3KiB CTIYHHUX BOJ 3aUIs
BIIMTOBIHOCTI CaHITAPHUM MpaBUiIaM 1 HOpPMAaTUBHUM JI0-
KyMEHTaM Ta BHACIJIZIOK IbOTO € HeoOXigHuM 3abe3re-
YeHHs JOCTaTHHO BUCOKOiI TOYHOCTI BHMipIOBaHb iHGPOP-
MaTHBHHUX MapaMeTpiB 3pa3KiB, sSKi 3aCTOCOBYIOTH IS
€KCIIEPUMEHTAILHOTO HOPIBHSIHHSI.

TakuM 4MHOM, BUHUKAE BayKJIMBA HAYKOBA i MIPAKTH-
YHa TIpo0OJieMa, sIKa TOJISTAE Y TOCIHIKEHHSIX 0COOIHBOC-
Te 3acTOCyBaHHS Teopii poOoTH andepeHuiabHuX iH-
JYKTHBHUX BUXOPOCTPYMOBHX IE€PETBOPIOBAYIB CTOCOBHO
BU3HA4YCHHS (I3MKO-XIMIYHHMX IapaMeTpiB CTIYHHX BOJ
Xap4YOBHX BHUPOOHUIITB, & caMe BHPOOHUIITB O€3aJIKOTO-
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JBHUX HAroiB, MPOAYKLII NMUBOBapiHHA Ta BUHOPOOHOT
raiy3i, CTigHI BOAW SKHX MAlOTh Kucje abo JyXHE I0Xo-
JOKEHHS.

MerTor0 CTaTTi € BH3HAUCHHS MOXKJIMBOCTEH 3acTO-
cyBaHHs Teopil poborn nudepenuiansaoro IIIBII croco-
BHO BHMIpIOBaHb CJIEKTPUYHHUX Ta TEMIEPaTypHHX Hapa-
MeTpiB BUIPOOHOTO 3pa3Ka CTIYHUX BOJ MiHi-TMBOBAapHi.

Crix BU3HAYWTH, IO MMApaMETPUYHI IepeTBOPIOBaUi
BMHKAIOTh B IU(POBI MOCTH 3MIHHOTO CTPYMY 3 KBajpa-
TYpHOIO Ta eKCTpeMalbHOIO piBHOBarow [6]. [Ipore Tpy-
JTHOIL, SIKi TTOB’S13aHO 3 BUMipIOBaHHAM (Di3MKO-XIMIYHUX
mapaMeTpiB PigUH 3a JOMOMOTOI0 3a3HAYCHUX MapaMeT-
PHYHHX NIEPETBOPIOBAYIB YCKIIAJIHIOBAIH 1X 3aCTOCYBaHHS
gepes3 Te, 10 MapaMeTPHYHi IIepPeTBOPIOBadl Maiu oOMme-
XKeHl (YHKIIOHAJIbHI MOXKJIMBOCTI 1 TOMY 3a JJONIOMOTOIO
BigmoBigHuX MeToaiB Ha 6a3i ITIBII, Bu3Havamu ogud abo
JIBa TIapaMeTpa MeTaJIeBUX JAeTaliell o0JajHaHHs IpHia-
n00ynyBaHHS, MAaIIMHOOYIYBAHHS Ta €HEPreTUIHOTO 00-
Ja{HaHHs: HalyacTiun giamMmeTp MetaneBoro BupoOy d aGo
IUIOIY MONEPEYHOTo Mepepisy IIaCTHHM S, BITHOCHY Ma-
THITHY NPOHUKHICTB [y Ta MTUTOMHH €JNICKTPUYHHUHN OIip p
LIITHIPUYHUX, TPYOUacCTHX Ta IUIACKUX JETallei, By3JiB
Ta KOHCTPYKIi# BignoBigHOTO 0OmamHaHHs [6-14]. V po-
6oti [15] posrnsHyTOo (QYHKIII IMEpPEeTBOPEHHS Napamer-
PUYHOTO €JIEKTPOMArHITHOIO (BUXOPOCTPYMOBOI'O) JaBa-
wa  (TIE]D),
TeMIepaTypu HamiBpaOpHKaTiB PPYKTOBUX COKIB B IIPO-

NPU3HAYEHOTO  3a/UIi  BUMIPIOBaHb
Leci BUTOTOBIIEHHS NpoAyKuil. Ciil BU3HAYUTH, 1O Me-
TOJ PO3TIAHYTHI y poOoTi [15], Mae Hemoiku 1MOB’s13aHi
3 HETOYHICTIO ONHCaHHs (YHKIiil MepeTBOPEHHs, HEXTY-
BaHHS CKIIQJIOBUMH DIiBHSHHS TerwioBoro Oamancy [TEJ],
TaKoX y po0oTi [15] HEe pO3IIITHYTO KOMIICHCAIII0 edeK-
TiB TIOBITPSIHOTO MPOMDXKKY MOMDX 3pa3KoM HamiBhadpu-
katy Ta oomoTkoro ITEJ[ — Bce e mpu3BOIUTH 10 BUHHK-
HEHHS CYTTEBHX 3HAUYeHb METOJMYHHX  IOXHOOK
BUMIpIOBaHb XapaKTEPUCTHK HamiBgabpukary. Y poOoTi
[16], Ha ocHOBI HOBHX yHIBepcadbHHUX ()YHKIIIH EepeTBO-
peHHs po3po0IIEHO METO/I IBONApaMETPOBOIO BUMIpIOBa-
JILHOTO KOHTPOJIIO TTMTOMOI €JIeKTPUYHOI IPOBITHOCTI )t
Ta TemmnepaTypu ! 3pa3ka CTOKiB MPOAYKIii MMBOBapiHHS.
AHani3yloun 4YHCeNbHI JaHHI eJIEeKTPONpPOBIAHOCTI ¥,
TAC ta PH mpu mouatkoBiit Temmepatypi t = 15°, Bu-
3HAQUEHO JIY’)KHMH XapakTep NHMBHUX CTOKIB MiHi-
MTUBOBAPHI, HAJAHO PEKOMEH[alii CTOCOBHO 3aCTOCYBaH-
HS IEPCIIEKTUBHOTO METO/Y OYMINEHHS CcTiuHUX BoJ. He-
nostikamu po6otu [16], € TOCUThH CKJIallHI aITOPUTMH BU-
npouenyp
peamizariii JBOMapamMeTpoBOrO0 METONYy BHMIpIOBaHb Ha

MIpIOBUIBHUX Ta  PO3PaxyHKOBUX pu
OCHOBI TEIUIOBOTO TPaHC(HOPMATOPHOTO BHXOPOCTPYMO-

Boro neperBopioBava (TTII), skuit MicTUTH 1BI OOMOTKH

NIpU3HAYeHi Il BUMIpIOBaHb KOMIIOHEHTIB CHTHAJIB Ta
33Ul CTBOPEHHS MAarHiTHOTO TOTOKY y 3pa3Ky piauHH,
10 KOHTPOJIIOETHCS, 10 HEJOJNIKIB CIIiI TAKOXK BiIHECTH
CKJIaJHICTh amapaTypHHX pilleHb, 30KpeMa B CXeMi
BkimtodeHHss TTII 31 3pa3kaMu pifuH, sIKi MiUIATal0Th Ha-
TpiBaHHIO y TPOIECi KOHTPOIIIO, IepeadadaroTh TepMOope-
TYJISTOP 32 JOMOMOTOO SIKOT'O 3/1iHCHIOETHCS yIIPaBIiHHS
JOCUTH IHEPIIIHHAM TPIIOYNM MPUCTPOEM — BCi Ii oOMe-
JKEHHsI TIPU3BOJISITH IO 3HMKEHHSI TOYHOCTI BUMIpPIOBaHb
($i3UKO-XIMITHIX XapaKTePUCTHK 3pa3KiB CTITHUX BOJI.
Cu1in BU3HAYMTH, IO ITiA Yac peaiizauii qudepeHmi-
IBHUX METOJIB BHMIPIOBAaHb EJIICKTPUYHHUX Ta TEMIIEpa-
TYpHUX NapaMeTpiB 00’€KTIB, 3/IHCHIOETHCS YTOYHEHHS
pe3yNbTaTiB BUMIpPIOBaHb, TOOTO BPAaXOBYIOTh BEINYNHY
Ta 3HaK METOJAWYHOI MOXHUOKW BHUMIpPIOBaHb, IO B CBOIO
4Yepry, NMPHU3BOANUTH IO CYTTEBOTO 3HIDKEHHS 3arasbHOl
NMOXUOKM  BHUMIpDIOBaHb MapaMeTpiB  JIOCIIKyBaHUX
00’€KTIB 1 K HACIIIOK IO MiABHIIEHHS TOYHOCTI BUMI-
proBasb [6]. OTKe Ui MiABUILEHHS TOYHOCTI BHMIpIO-
BaHb XapaKTEPUCTHK CTIYHUX BOJ ITMBOBapHOTO BHPOO-
HUIITBA, y JaHiii poOOTI BPaxOBYIOTh Pi3HULEBHUI CUTHAI
neox ITIBII: 3i 3pa3koBO0 Ta BUMPOOHOI MPOOHHIICIO
criyaux BoA. [Ipunuun podotu IT1BII 3acHoBaHO Ha aHa-
31 B3a€MOJil KOMIOHEHTIB CUTHANIB iHIYKTUBHOI KOTY-
LIKHM 3 BUXPOBUMHU CTPYMaMH y 3pa3Ky PiIMHH, ITapameT-
pH K0T JOCHIKYIOThCS [6-14]. ¥V 3arampHOMY BHUIAIKy
ITIBII Bkito4ae 10 cebe MieIEKTPUIHUNA KapKac, Ha KU
3a JIOTIOMOT'OIO0 PSIZIOBOTO YKJIA/JICHHS HAMOTYETHCSI POOO-
ya IHIyKTHBHA 00MOTKA. J[OBXXHHA 3pa3KiB JOPIBHIOE J10-
BxkuHI 00MoTKH ITIBII 3i 3pa3koBoro mpoOoro piguHU Ta
BUNPOOHUM 3pa3koM CTiuHHX Boj, To6TO |; Ta |, [6-8].
ITIBIT mictsaTh Mo cebe yHiBepcaibHI IHIYKTHBHI OOMOT-
KM, SIKI MalOTh HACTYITHI CyMillleH] anapartHi QyHKIii: Ha-
MarHeyyBaHHS 3pa3KoBOi NMpoOM Ta BHIPOOHOTO 3paska
PiAMHM, BUMIpPIOBaHHS KOMIIOHEHTIB CHUTHAJIB IEPETBO-
PproBadiB, sIKi IOB’s13aHi 3 (I3UKO-XIMIYHUMH XapaKTEpHC-
TUKaMH JOCIIPKYBaHUX 3pa3KiB PiAWH, HATPiBaHHS 3pas3-
KiB piIMH y TpoIreci BUMIPIOBaHb (i3UKO-XIMITHUX
XapakTepUCTHK (3a paxyHOK ymoHToBaHuxX B IIIBII Ha-
rpiBauiB) Ui iMitanii BUPOOHMYNX YMOB BUTOTOBJICHHS
rotoBoi mpoxaykiii. [Tpu mpomy, mix 9ac BUMiproBaHb ma-
paMeTpiB JOCIHIKYBAaHUX 3pa3KiB CTIYHHUX BOJ Xap4OBHX
BHPOOHHUIITB UTOMY €JIEKTPHYHY MPOBIAHICTH ) Ta TEM-
neparypy t 3pas3kiB BU3HA4YarOTh 32 JIOTIOMOTOIO 3aCTOCY-
BaHHS 3aJIEKHOCTEH KOMIIOHEHTIB PI3HUIIEBOTO CHUTHATY
($a30BUX KyTiB 3cyBy AQ (IIOMiX OIMOPHUM Ta KOPHUCHUM
MarHiTHUMHM MTOTOKaMH JUIst 3pa3koBoi npodu ®g; i O, Ta
BIMOBIJHUMY MAarHITHUMH MOTOKAMH JUISI BHIPOOHOTO
3paska @D, i @y;) BiX BIIMOBIMHUX 3HAYCHD y3arajbHEHO-
ro mapamerpa A, t06to0 Ap = f(A), a Takok 3a paxyHOK
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3aCTOCYBAHHS 3aJICKHOCTEH NPHUPOIICHHA MUTOMOI €IeK- Ay dyt, At

Z; At x4 ,

e ¢, A, — mapameTpH IoB’s3aHi 31 CTAaHTAPTHUM 3pas-

TPUYHOI TpoOBigHOCTI Ay Bim Temmeparypu t, TOOTO
Ay = 1(t).

Jis oTpUMaHHS CHIBBiIHOIIEHB, SIKi ONMUCYIOTH ajl-

. KOM DiJJMHU, SIKi BU3HA4Yal0Th Y (hikCOBaHMX POOOUYUX TO-
TOPUTMH BUMIPIOBAJIbHUX Ta PO3PAaXyHKOBHX HPOLIEAYP

NPU3HAYCHNX JUIA BHMIPIOBaHb ITHTOMOI EIEKTPHYHOT aKax (A= Ao) Ta (¢ = o) %Ia yHlBep_ Cam’HP.IX ymruisx
. . . . nepetBopenns; AA/A, Ayly i At/ty — BiZHOCHI MPUPOIIEH-
MIPOBIAHOCTI ¥ Ta Temrmeparypu t 3paskiB CTIYHHX BOJ, 3

. . . HS, AKi 0OYMOBIJIEHO BiIMiHHOCTSIMH XapaKTEpUCTHK Ia-
ypaxyBaHHIM pe3ynbTaTiB poOiT [7-10], moTpibHO 3acTO-

cysath Muorowten Teliopa T NOCTIKYBAHUX DYHK- paMeTpiB BUIPOOHOTO 3pa3Ky Bij MapaMeTpiB 3pa3KoBOl
miit A = f(A) i Ay = f(t). Takum unrom, 3a ekcriepuMer- npobu piguam; dA/de, dAy/dt — moxiaHi yHiBepcambHUX

TaJIbHO 3HaI7LHeHPIMPI 3HAYCHHSAMHU KOMIIOHEHTIB q)yHKHIH TICPETBOPCHHS 38 BIATOBIAHMMHA apryMCHTaMH

pi3HMLIeBOTO curHany (a3oBUX KYyTiB 3CyBYy A@, 3HaXo- ymicuift (sKi 3HAXOMATE y POBOUMX TOUKAX), A UYTIH-
b

. . ) BicTs audepenuiansHoro II1BIT go BuMmipsHuX mapamer-
ISTh y3araJbHEHUH mapaMerp A, sSIKHH MOB’S3aHO 3 IpH-

. . . . PiB 3pa3KiB CTIYHUX BOA JAOCATa€ HaHOIBIIOTO 3HAYCHHSI.
pocTamMH BEJIMYMH IHUTOMOI €JIeKTPHYHOI NMPOBITHOCTI

ta Temmepatypu t. Pobory ITIBII, 3 ypaxyBaHHAIM pe- Bsaemopito INBIT y mudepenuianbromy papiaHTi, 3

3yNBTATIB HAYKOBHX mpails [6-16], MoXHa OmMCATH Ha- ypaxyBaHHSM Pe3yJIbTaTiB podit [6-14], MoxkHa npexacTa-

. . BUTH Y BI/IFJ'ISIZ[i CXCMH, sKa IMOoJaHa Ha pUC. 1. CxeMma mre-
CTYITHOIO CUCTEMOIO P1BHAHDb:

pendavae KOMIEHcanilo e(eKTiB MOBITPSHOIO MPOMIKKY

¢3 =1 Q’t’d - i 9ac JOCHIIKEHHS 3pa3KoBoi mpoOu Ta BUIPOOHOTO
¢y =f Q,t,d K (1) 3paska.
h ITpn 1mpoMy, 3IiMCHIOETBCS KOMIIGHCAIliSl YacTHHU
Ap=¢,— ¢, = F @y, At Ad P Y

IHIYKTUBHOCTEH 00MOTOK Lg; Ta Loy, siKi 00yMOBIIEH] Ma-
Yy 01 025 Yy

THITHUMH MOTOKO3YCIUICHHAMH o1 1 o2 Y MOBITPSIHOMY

Iie @, — (ha30BHI KyT 3CYyBY OMIXXK MarHITHUMH ITOTOKaMHU IPOMIDKKY TIOMIK 3pA3KOBOI0 MPOGOK PITMHH i OGMOT-

@oy i @, Ha 3paskoBiif MPoGi; ¢, — dasosuit KyT 3CYBY (. ITIBII-1, a Tako 3/iACHIOETLCSA aHAJIOTIYHA KOMIIe-

MOMDK MarHITHAMH TIOTOKaMH Ha BUIPOOHOMY 3pa3K s . .

p Y 3Pa3KY,  peamis IHAYKTUBHOCTEH 00MOTOK L Ta L,, siki 0OymoBIIe-

T100TO Py 1 Py1; A — mOCTIKYBaHUH (Pa30BHI pi3HHILIE- Hi  MALHITHAMA  [OTOKOSHCILICHHSMME .

. Yoz 1 Ya1 'y
BUIl CUTHAJ. . . .

4 5 . . MIOBITPSTHOMY HPOMIDXKKY TOMIK BHIIPOOHMM 3pa3KoM Ta

KIIO OOMEXHTH PO3KJIaJIaHHs JIIHITHUMHU 32 BiJJHO- . .

B P A T Ji[ obomotkoro ITIBII-2 (mpu womy, KOMITEHCallis €KBiBaJeH-

CHMMHU TIPUPOIIECHHSIMH CKJIAJIOBUMHU MHOTOWIeHY Tefo- .

PHPOIL A . y THa YMOBHOMY IiepeHocy oOmorok ITIBII-1 i ITIBII-2

pa [7, 8], OTPHMAEMO HACTYIHY CHCTeMY PIBHAHE JU1s BH- OesrocepelHbO Ha CKJIAHI TPYOKW 31 3pa3KaMu piluH)

3HAUEHHS BIZHOCHUX HPHPOMIEHb NMUTOMOI ENeKTPHIHOT JUs IpOBeIeHHs KoMMeHcati y cxemi TiepenGateHo i

MPOBITHOCTI Ay Ta TeMIiepaTypH t 3pa3KiB CTIYHUX BOJ: . .

POBIL x patypu t3p A emHocti P-597 [7, 8], 3a 70MOMOT00 SKHX 3A1HCHIOETHCS

ﬁ — d_A& A_¢ ) KOMIICHCAIis €(DEeKTiB MOBITPSTHOTO MPOMIXKKY.
A, dg 4; o,
P567 IIIBII-1

e e e R

P567 IIIBII-2

| | N Y YV R,

Pucynok 1 — Cxema mudepenmiansroro IITBII s BumipioBaHHS eMEKTPUYHUX Ta TEMIIEPATYPHHUX MapaMeTpiB 3pa3KiB CTITHUX BOT
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TakuMm 4MHOM, B CXEMIi 3aCTOCOBYIOTH J[Ba TapameT-
puunux neperBoproBada I[1BII, axi BkirodeHo y mudepe-
HIlIaJbHOMY BapiaHTi, 3MIHHHHA CTPYM INOJA€ThCS 3 TeHe-
patopa I'. B momi mepmoro meperBoproBaua ITIBII-1
PO3MIIIy€eThCs 3pa3koBa Mpoda PiAMHM, a B MOJI JAPYroro
ITIBII-2 BumpoOHHI 3pa30K, MapaMeTpH SKOTO ITiyIsira-
I0Th BHUMipioBaHHAM. CXema TakoX MiICTHTh 3Pa3KOBi
omopu R; Ta Ry 3amist JOCSATHEHHS 3piBHOBaXKEHOTO pe-
xumy pobotn nudepenuiansroro ITIBIL. [pu mpomy,
SIKIIIO MTUTOMA EJIEKTPUYHA MPOBIAHICTE 3pa3KOBOI MPOOH
PIAMHM € TPaKTUYHO CyMIipHOIO 200 OJHM3BKOIO 32 MHTO-
MOIO EJIEKTPUYHOIO MPOBIAHICTIO 3pa3ka, M0 KOHTPOJIIO-
€TBCS, CTPYM 3a NOKa3oM Hyib-iHaukatopa (HI) € Biacy-
THIM. Y BHUNAAKY, SIKIIO TUTOMA €JIEKTPUYHA MPOBIAHICTH
BiZIpi3Hs€ThCs (y HAIIOMY BHIAJKY, JeCh MPHONN3HO Ha
JIECATKOBUH TOPSAMOK 32 PAaXyHOK HASBHOCTI JIOMIIIIOK),
HYJIb-1HIUKATOp 3adikcye HasBHICTH cTpyMmy |. Skmio po-
00Ta cXeMH 3IIHCHIOETHCS y 3pPIBHOBAKCHOMY PEKUMI
(BiamoBifHa omeparisi 3/1IHCHIOETHCS 32 PaXyHOK 3aCTO-
cyBaHHA R; Ta Ry), 3a momomoroto BuMiproBayda (a30Boro
KyTa 3cyBy B® Bu3HauaroTh iHpOpMaTUBHHUN Pi3HULIEBUI
(a3oBmii curHan A, micis IhOTO BHKOPHCTOBYIOUH YHi-
BepcainpHi (yHKii neperBopenus A = f(A) i AL =f(t) i,
3HaXOJATh NPHPOIICHHS MHTOMOI EJEKTPHYHOI INPOBif-
HOCTi Ay/y Ta Temneparypu At/t BupoGHOTo 3paska crid-
HUX BOJI.

Bupa3z s BU3HAaY€HHSI MUTOMOI €JIEKTPUYHOI MPO-
BiTHOCTi ¥, 3pa3koBoi mpoOu (TIpH BiZOMOMY 3HAYCHHI
TemIepaTypu i, sika BUMipsiIHa KOHTPOJILHUMH METO/IaMH,
HaTpUKIan, Tepmomnapor Xpomenb-Amomens K-200-1
TXA) ta Bupa3 A BU3HAUEHHS MUTOMOI €JIEKTPHUYHOL
MIPOBIAHOCTI Y, BUIPOOHOTO 3pa3Kka CTIYHHX BOJ, MArOTh

HACTYITHUN BUTJISAL!

A% 7 f
1
42w f
ZB=%, %)
2

ne f— gacToTa enekTpOMarHiTHUX KOJIMBaHb AUdepeHLia-
npHoro ITIBII, pp — MarHiTHa MPOHUKHICTE Bakyymy [17];
A; Ta A, — y3arajbHeHi napaMeTpH i3 MarHiTHOIO CKJa-
JIOBOIO, SIKi TTOB’SI3yIOTH KOMIIOHEHTH CHTHANIB IEPETBO-
proBauiB 3 (hi3MKO-XIMIYHUMH XapaKTEPUCTHKAMH 3pa3KiB
piauH.

Jns pi3HHIEBOTO CHTHANY JBOX ITapaMEeTPHYHHX
nepeTBopioBadiB A@, aOCOTIOTHE 3HAYCHHS MUTOMOI eJie-
KTPUYHOI IPOBITHOCTI j 3pa3Ka CTIYHUX BOJ 3HAXOISTh
3a popmyroro:

Ho= |1 22 | ©)
A3
ae Ay,ly, — BITHOCHE MPHUPOIICHHS TUTOMOI eIeKTPUIHOT
TIPOBIIHOCTI 3pa3ka Y, K€ BH3HAYAIOTH 33 Pe3yIbTaTaMH
BUMIpIOBaHb Pi3HULIEBOTO (ha30BOro cUrHainy audepeHri-
anpHoro ITIBIL.
3 ypaxyBaHHsIM Bupaszy (5), pi3HUIEBUI CHIHAI
MIPUPOILIEHHS Temneparypu At Bu3HaudaroTh 3a (GOpMy-
JIOIO:

r=nlral-t_, (6)

ab6o gepes (hazosmii pizHuneBuit curaan [I1BIT

A_¢_ 'i"'to: ()

t, =
? 9 124

Jie o — TeMneparypHuil KoeQilieHT onopy 3paska (KUl
3HAXOJATh EKCIEPUMEHTAIBHO 3a Pe3yIbTaTaMH BHMIpPIO-
BaHb JIBOX TemIiepaTyp pinunu [17]), to — nouaTkoBa Tem-
neparypa.

PesynpraTi BUMIpIOBaHb NPUPOLICHb Ta a0COJIOT-
HHUX 3HAU€Hb EJCKTPUYHUX Ta TEMIEPATypHHUX IapameT-
PiB 3pa3KiB CTIYHHUX BOJ, BU3HAUEHI HOPMOBaHI IapaMeT-
pu nudepeHmiatbHOTO EepPETBOPIOBAYa, SIKi IOB’A3YIOTh
BUMIpPsIHI KOMIOHEHTH CHI'HaJIB 3 (i3MKO-XIMIYHHMH Xa-
PaKTEpUCTHKAMHU 3pa3KiB CTIYHUX BOJI, YHCEIIbHI 3HAUCH-
Hsl TIOXUOOK BUMIpIOBAHb Y, 1 Y HaBeAeHO y Tabm.1. AHa-
M3yroud JaHi TaOn.l, Ciig BU3HAYMTH Y3TOIDKECHHS
pe3ynbTaTiB BUMIpIOBaHb aOCONIOTHUX 3HAY€HBb MUTOMOL
SJICKTPUYHOT MPOBIJHOCTI ) Ta TeMmeparypu { BUIpoOHO-
ro 3pa3Kka 3 pe3yJibTaTaMd BHMIPIOBaHb KOHTPOJLHHUMH
MeToJaMu (MOCTOM mocTiiiHOTO cTpymy P-3043 Tta Tep-
Monaporo Xpowmenb-Amomens K-200-1 TXA abo pryr-
HUM TEPMOMETPOM, y CIICIliaNIbHIl OmpaBi i3 IJIACTUKY 3
ninoro nofinku 0,2°).

V BIAMOBIZHOCTI 3 aHAJII30M JaHUX HABEIECHUX B
Tabn.1 BUIIIMBaE, MO peamizamis AUEpeHIiabHOTO 1H-
JYKTHBHOTO BHXOPOCTPYMOBOT'O METOJy NPH3BOAUTH 10
YTOYHEHHsI Pe3yJbTaTiB BUMIPIOBaHb Ta SK HACHIJIOK JIO
CYTTEBOTO 3HIKEHHS 3arajbHOi TOXHMOKHM BHMIpIOBAaHb
SJIEKTPUYHMX Ta TEMIIEPAaTypHHUX MapaMeTpiB 3pa3KiB CTi-
YHUX BO/I.

TakuMm 9uHOM, peami3aiis 3aIpOIIOHOBAHOTO METO-
JIy TPU3BOJHTH 1O CIIPOIIEHHS BUMIPIOBAILHHUX aJIrOpH-
TMIB €JIEKTPUYHHUX Ta TEMIIEpaTypHUX IapaMeTpiB 3pa3-
KiB CTIYHUX BOJ, IPU BiZJOMHX I'€OMETPUYHHMX po3Mipax
TudepeHniiHNX MapaMeTPUIHUX MepeTBOPIOBadiB, Bilo-
MHX 3HAQUEHHSAX KOHCTAHT Ta OTPUMAHHX PE3yJIbTaTiB BH-
MipIOBaHb KOMITOHEHTIB Pi3HHUIIEBOTO (Da30BOTO CHUTHAITY.
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Tabmums 1 — Pe3ynpraTi BUMIpIOBaHb (i3HMKO-XIMIYHHX IapaMeTpiB 3pa3ka CTIYHUX BOX

nmudepeHIiaTbHIM ITapaMeTpUYHIM [IepeTBOPIOBAauEM

A t,° 0] 1 OM'M t,° AA/A Atlt A/ @ Ayly X Yy % v, %
0,9930 18 -6,81 13,35 18,41 0,0133 0,0044 | —0,0253 | 0,0171 13,03 2,46 2,28
1,0085 20 -6,97 13,59 20,29 0,0085 0,0015 | -0,0234 | 0,0280 13,41 1,34 1,45
1,0247 22 | -7,19 13,73 21,84 0,005 | -0,0027 | -0,0168 | —0,0492 | 13,64 0,66 -0,73
1,0401 24 | -7,40 14,62 24,22 0,0191 | 0,0083 | —0,0075 | 0,0021 14,65 -0,20 -0,92
1,0543 26 | -7,62 15,48 26,04 0,0138 | 0,0015 | —0,0367 | 0,0013 15,40 -0,52 0,15
1,0694 28 -7,83 15,61 27,98 0,0085 | —0,0004 | —0,0261 | -0,007 15,60 0,06 -0,07
1,0842 30 8,06 15,81 30,01 0,0039 0,0023 | —-0,0166 | -0,001 15,80 0,06 0,03

BucHoBku [IpakTryae 3HA4YEHHS POOOTH IOJIATAE B TOMY, IO HaBe-

Pesynprary, siki HaBeAGHO Y NIaHill CTarTTi, JO3BOJIS-
I0Th BU3HAYUTH IIUIIXH PO3B’SI3YBaHHS BayKJIIUBOI HayKO-
BOI 1 MPaKTHYHOI MPOOIEMH, sIKa TOJISATAE Y OCHIIPKEH-
HIX OCOONMBOCTEH 3acTOCyBaHHS Teopii pobotn
mudepeHIiadbHUX IHAYKTUBHIX BUXOPOCTPYMOBHX Tepe-
TBOPIOBAYiB CTOCOBHO BH3HAYCHHS (Pi3MKO-XIMIYHHX IIa-
paMeTpiB CTIYHUX BOJ Xap4OBUX BUPOOHHUIITB, & CaMe BU-
MPOAYKIIiT

MUBOBApiHHS Ta BHHOPOOHOI Tamy3i, CTI4HI BOAM SIKHX

poOHHUIITB 0€e3aJIKOrOJIBHUX HAIIOIB,
MaroTh KHcie abo JTy’KHE OXOKEHHS.

B pamkax mocmimkeHHs 1€l mpoOieMu 3amporoHo-
BaHO IHAYKTHBHHI BHXOPOCTPYMOBHII METOX BHMIpIO-
BaHb ITMTOMOI €JIEKTPUYHOI MPOBITHOCTI ¥, Ta TeMIepa-
Typu 1 3pa3kiB CTIYHMX BOJ IIMBOBApPHOTO BUPOOHMIITBA,
SIKM{ 3aCHOBAaHO Ha IONEPEIHbOMY BHM3HAUEHHI KOMIIO-
HeHTiB (pazoBoro curHamy A@ audepeHIiaTpHOro mapa-
METPUYHOI0 BUXOPOCTpYMOBOro nepersopropaua ITIBII
IUISIXOM  3aCTOCYBaHHS HOPMOBAaHHX IapaMeTpiB, sKi
OB’ SI3yI0Th Pi3HUIIEBUH (ha30BuUil curHaN qudepeHiiaib-
Horo IT1BII 3 ¢i3uko-XiMIYHIMHU XapaKTepUCTUKaMH 3pa-
3KIB CTIYHHX BOJ.

3a IOMOMOTOI0 amapaTypHHX NPUHOMIB, SKi MOJIS-
rafTh y HarpiBaHHI 3pa3ka Ta 31 3aCTOCYBAaHHIM KOMIICH-
canii BIDIMBY Mapa3uTHOTO MarHiTHOrO MOTOKY, pO3po0-
JICHO aJrOPUTM BUMIPIOBAJBHUX 1 PO3PaxyHKOBUX
MpOoLEAYp IIOJI0 CyMICHOTO BM3HAUEHHS ITUTOMOI €JIeKT-
PpHUYHOI IPOBITHOCTI Y, Ta TeMIIEpaTypH t 3pa3kiB CTITHUX
BOJI MMBOBAapHOTO BHPOOHUITBA, IPH IIbOMY NapameTpu
¥z 1t € iHQOpMAaTHBHUMH TIPH MOAATBIIOMY KOMITJIEKCHO-
My BH3HAuY€HHI CKJIaay CTIYHMX BOJl y BiJMOBIZHOCTI 3
HOPMAaTHBHUMH JIOKYMEHTaMHU.

HaykoBa HOBH3HA POOOTH TOJISITaE y JOCIHIIPKEHHSX
TEOPETHYHHUX MOJOXKEHb peaizamii iHAZyKTUBHOTO Oara-
TONapaMeTPOBOTo AN(EPEHIIaTbHOTO METOAY HENpsSIMHIX
BHUMIpIOBaHb (i3MKO-XIMIYHUX IapaMeTpiB CTIYHUX BOJ
Ha OCHOBI IONEPEAHBOTO BH3HAUCHHS KOMIIOHEHTIB pi3-

HUIIEBOTO (a3zoBoro curHany audepenmianproro ITTBII.

JICHa METO/IMKA BU3HAUCHHS €JICKTPUYHUX 1 TeMIepaTyp-
HHUX ITapaMeTpiB 3pas3KiB CTIYHHX BOJ HaJa€ 3MOT'y KOH-
TPOJIIOBATH MOB’s3aHI 3 mMmapamerpamu ¥, 1 t izuko-
XIMIYHI XapaKTePUCTUKU CTIYHUX BOJ KUCJIOTO 1 Iy>KHOTO
MOXOMPKEHHs IiJ 4Yac BUKOHAHHS BIAMOBIAHOTO TEX-
HIYHOrO KOHTPOJIIO Ha BUXOJI 3 3aTOPHOIO i CYCIOBapHO-
IO YaHy, a TaKOX MICJIsl OTPUMaHHS TOTOBOTO HPOJIYKTY.
[TepcneKTHBH MONANBIINX JOCIIUKSHB HOJISTal0Th B

CTBOpeHHi aBTOMAaTHU30BaHUX KOMH’}OTepHI/IX CUCTEM

BUMIpIOBaHb (Pi3MKO-XIMIYHHX XapaKTePHCTUK CTIIHUX

BOJl NHWBOBapHOi Tamy3l T@pu peanizamii  HOBHX

iHpOPMATUBHUX METONIB HA OCHOBI IHU(EpEHIIaTbHIX
3aHYPIOBaJIbHUX TEIUIOBUX NIEPETBOPIOBAYIB.
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O.I. IPIOYKO, H.B. BYHAKIHA, b.0. KOPOFKO, O.B. LIE®EP, K.O. KHTAHT OPA,
1.0. IBAHHIIBKA

MNOIMIYK CIIOCOBIB KEPOBAHOI'O MOJJU®IKYBAHHSA XAPAKTEPUCTHUK
OYHKINIOHAJIBHUX BY3JIIB AJAIITUBHUX CUCTEM OYNIIEHHS ITOBITPA

VY3araipHeHO BaXIINBI A NPAKTHIHOTO BUKOPHCTAHHS BiIOMOCTI IIPO JTyXHi KOOpANWHALINHI HITPaTH PiIKiCHO3EMEIbHUX €IEeMEHTIB LiepieBoi miar-
PyIH — MPEKypCOpH MEpCIEeKTUBHUX CYyJacHHX 0araTo()yHKIiOHANIPHUX MaTepialliB — OO YMOB iX YTBOpPEHHS H iCHYBaHHS, NPHPOIH XiMIYHOTO
3B’S13Ky, CKIamy, OyloBH, ()opMU KOOpAMHALIMHUX HoiienpiB Ln, Tumy xoopanHamii Jliranx, iCHyBaHHS i30THIHUX PSJIB IO CTEXioMeTpii ckmazny,
CTPYKTYPpi, BUSBIIEMUX XapaKTePHHUX BIacTHBOCTeH. OxepikaHi aHi (K IMepBUHHA iH(GOPMAIIis) € OCHOBOIO IS BHSBIICHHS, 1IeHTU(IKalii, KOHTPO-
1o (ha30BOTrO CTaHy 00’ €KTiB HepepOOIeHHS y MiIrOTOBYHX CTalisIX, BHOOPY KPHTEPIiB CyMICHOCTI CKJIa[OBHX IIPU (JOPMYBaHHI OXHOIIAPOBHX i IIa-
PYBaTHX HaHOCTPYKTYPOBAHMX OKCHIHUX KOMIIO3HTHHX CHCTEM JIAHTAHOIMIB 1 MEpeXiMHUX €NEMEHTIB IIMPOKOro NPU3HAYEHHs, 3 KaTaliTHIHOIO i
(hOTOKATATITHYHOIO aKTUBHICTIO, IIOKPUTTS 3[aTHOTO CAMOOYMIIATHCS 3 TiAPO(IIEHIMH BIACTUBOCTSIME; PO3POOJICHHS Pi3HUX KOMOIHOBaHHX CIIO-
cOo0iB iX aKTHBaIlii Ta BCTAHOBJICHHS TEXHOJIOTTYHO-(QYHKI[IOHAIBHUX 3aIEKHOCTEI; KepOBAaHOIO MOAM(IKYBaHHS BIACTUBOCTEH ONEp)KYBaHUX ILli-
JIbOBHX NPOAYKTIB. J[yist miABUIEHHS (POTOKATAIITHIHOI aKTHBHOCTI 3pa3KiB IIOKPHUTTIB HA OCHOBI BHCOKoaucnepcHoro TiO, anara3snoi Moxudikamii
3aIPOIIOHOBAHA METOMOJIOTISI XiMiYHOrO MOIU(IKYBaHHS LEHTPIB OKUCHEHHS y IXHHOMY IOBEPXHEBOMY Iapi 3 TEPMOOOPOICHHSIM y KOHTAaKTi 3
IIPOAYKTaMH TEPMOIIi3y PO3ILIaBiB JTy)KHUX KOOPAMHALIIHIX HITpaTiB JaHTaHOINIB. BusBieHa epekTHBHA TecToBa (DOTOKATAITHYHA JECTPYKIIiS Ia-
piB opraHiuHHX CyOCTpaTiB Ha NpHKIami eTaHomy. /loBexeHa AaieBa akTHBamis poOOTH (QYHKIIOHATFHHUX BY3NIiB y CKJIAJi CaMOHAJIAIITOBYIOUHXCS
KOMIUIEKCIB OYMILEHHS IOBITPS 3 BUKOPHCTAHHSIM HOBUX (POTOKATAIITHYHOAKTHBHUX TPHOX IIAPOBHX HEPOBCKITONOMXOOHUX OKCHIHHX MaTepialiB
M,Ln,Tiz01 (M — Li, Na, K; Ln — La, Nd). BapiaTuBHicTh Takux croco6iB CTBOpeHHs i MO (iKyBaHHS XapaKTEPUCTHK MO YHKI[IOHATBHUX OK-
PHTTIB BU3HAYAETHCS KiNBKICTIO I 1HIVBITyaJbHUMU BIACTUBOCTSMH IPEACTABHUKIB IPHPOIHIX PSIIB JAHTAHOIAIB, JTy)KHUX METANIIB IIEpPioJHIHOT
CHCTEMH, OCOONMBOCTSMH IX KOOIEPATHBHOI OBEIIHKH Y HiTOTOBYMX TEXHOJIOTTYHUX CTaJisIX, yMOBaMH 1 METOJaMH aKTHBALil IIponeciB popmy-
BaHHSI, IPUPOIOIO MiAKIAAKY Ta IHITIMH YMHHAKAMH.

KuiouoBi ci1oBa: my>xHi KOOpIUHALIMHI HITPAaTH JIAHTAHOIIB, YMOBH YTBOPEHHsI, KPUCTaliyHa Oy/I0Ba CIOJIYK, XapaKTEePHi BIACTUBOCTI, IIEPETBO-
peHHS 3 Qi3HYHOI0 aKTUBALI€10, MOAU(IKYBaHHS XapaKTEPHCTHK KOMIIO3HTHUX CHCTEM, a[allTHBHI CHCTEMH KepyBaHHS.

A.T. IPFOYKO, H.B. EYHAKHHA, B.0. KOPOFKO, A.B. IIE®EP, K.O. KHTAHI OPA,
H.A. HBAHHIKAS

INOUCK CITIOCOBOB YIIPABJISIEMOI'O MOJJNP®UIIMPOBAHUA XAPAKTEPUCTUK
OYHKIIMOHAJIBHBIX Y3J10B AJAITUBHBIX CUCTEM OUYNIIEHUA BO3YXA

O0600111eHBI BaKHBIE TSI MPAKTHIECKOrO HCIOIb30BAHMS CBEACHHUS O IETOYHBIX KOOPAHHAMOHHBIX HUTPATAX PEIKO3eMEIbHBIX DIIEMEHTOB Iiepre-
BOU MOJTPYIIIIBI - MPEKYPCOPax MEPCIEKTUBHBIX COBPEMEHHBIX MHOTO()YHKIIMOHATBHBIX MATEPHAJIOB - [0 YCIOBUSAM HX 00pPa30BaHMUS U CYIECTBOBA-
HHSL, IPUPO/IE XUMHUYECKOH CBSI3H, COCTaBY, CTPOCHHIO, GOpMe KOOPAHHAIIMOHHBIX OIHAAPOB Ln, THIY KOOPAHHALINK JIUTAH, CYILIECTBOBAHUIO U30-
TUITHHUX PSIIOB TI0 CTEXHOMETPHUHU COCTaBa, CTPYKTYPBI, BUSIBIISIEMUX XapaKTepHBIX CBO#cTBaM. [lomydeHnblie AaHHBIC (KaK MEepBHYHAsS WH(OpMAIIHs)
SIBJISIETCSI OCHOBOM TSI BBISIBIICHHS, HACHTH(HUKAIINH, KOHTPOIIS (Ha30BOTO COCTOSIHIS 0OBEKTOB MEepepabOTKU B TIOATOTOBUTENBHBIX CTAIUSIX, BBIOOpA
KPHUTEPHEB COBMECTHMOCTH COCTAaBISIIOIINX MPH (GOPMUPOBAHHU OFAHOCTIOWHBIX M CIOMCTHIX HAHOCTPYKTYPHPOBAHHBIX OKCHIHBIX KOMITO3UTHBIX CH-
CTEM JIAHTAHOW/IOB M MEPEXOIHBIX 3JIEMEHTOB IIHPOKOTrO HA3HAYEHMUS, C KATATUTUICCKON H (HOTOKATATUTUYECKOI aKTHBHOCTBIO, MOKPBITHI CIIOCO6-
HBIX CAMOOYHIIATHCS ¢ THAPODIIHHBIMU CBONCTBAMHE; Pa3pabOTKH PA3HYHBIX KOMOMHHPOBAHHBIX CIIOCOOOB UX AKTHUBAIWH W BBISIBICHHS TEXHOIO-
TMYeCKUX (YHKIMOHATHHBIX 3aBHCHMOCTEH; YIPABIIEMOr0 MOAMU(DUIIMPOBAHUS CBOWCTB TMOMYYaE€MBIX IEJEBBIX MPOMYKTOB. J[iisi MOBBIMICHES
(orokaTanuTHUECKOH aKTUBHOCTH 00pa3loB MOKPHITHI Ha OCHOBE BbicokomucnepcHoro TiO, aHaTa3HOM MOAM(DHKAIMU MPEATI0KEHa METOI0TOTH
XAMHAYECKOTO MOIUGHUIMPOBAHHS [IEHTPOB OKHUCICHHS B UX MOBEPXHOCTHOM CIIO€ C TEPMOOOPAbOTKOM B KOHTAKTE C MPOAYKTAMH TEPMOJIN3a PaCi-
JIABOB MIENOYHBIX KOOPIHHAIIMOHHBIX HUTPATOB JaHTaHoHI0B. OOHapyxeHa 3(G(hekTHBHAS TECTOBAs (POTOKATATUTHIECKAS AECTPYKIIHS TapOB Opra-
HHYECKHX CYOCTPATOB Ha mpHMepe dTaHona. JlokazaHa qeficTBEHHAs aKTUBAIHS paboThl DYHKIIMOHATBHBIX Y3I0B B COCTABE CAMOHACTPAHBAIOIINXCSI
KOMILIEKCOB OUYMIIICHHUSI BO3/IyXa C MCIIOIb30BAHUEM HOBBIX (DOTOKATAITHTHIECKH AKTUBHIX TPEX CIIOMHBIX TIEPOBCKUTOMOMOOHBIX OKCHIHBIX MATEPH-
anoB M,Ln,Tis010 (M - Li, Na, K; Ln - La, Nd). BapuaTuBHOCT TaKuxX CIIOCOOOB CO3/IaHUsI U MOIU(MHUIIUPOBAHUS XaPAKTEPUCTHK MOITH(YHKIIHOHA-
JIBHBIX TIOKPBITHI OMpPENENSIeTCs] KOJTUIECTBOM M MHANBUIYATbHBIMUA CBOMCTBAMHU MPEICTABHTENECH SCTECTBEHHBIX PS/IOB JIAHTAHOHIOB, MIETOYHBIX
METAJUIOB TIEPHOTHIECKON CHCTEMBI, OCOOCHHOCTSIME HX KOOTIEPATHBHOTO MOBEACHUS B TIOATOTOBUTENBHBIX TEXHOJIOTHIECCKUX CTAIUSIX, YCIOBHSIMI
1 METOJIAMH aKTHBAIMH [IPOIIECCOB (hOPMUPOBAHHS, IPUPO/IOiT TTOTOKKHU U APYTHMH (haKTOpaMH.

KiioueBble ¢J10Ba: METOYHBIC KOOPIMHAI[MOHHbBIE HUTPATHI JIAHTAHOHMIOB, YCIOBUS 00pa3oBaHms, KPUCTAJUTMIECKOE CTPOCHHE COEIMHEHH, Xapa-
KTEpHBIC CBOWCTBA, Mpeobpa3oBanms ¢ (GU3MIECKON aKTHBAIMEH, MOAUGHUIIMPOBAHHE XaPAKTEPUCTHK KOMITO3UTHBIX CHCTEM, a/IATHBHBIEC CHCTEMBI
YIIPABIICHHSL.

© O.T". lIprouko, H.B. Bynsikina, B.0. Kopo6ko, O.B. lledep, K.O. Kuraiiropa, I1.0. IBanunpka, 2021
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0.G. DRYUCHKO, N.V. BUNYAKINA, B.O. KOROBKO, O.V. SCHEFER, K.O. KYTAIHORA,
1.0. IVANYTSKA

SEARCH FOR WAYS OF CONTROLLED MODIFICATION OF CHARACTERISTICS OF
FUNCTIONAL UNITS OF ADAPTIVE AIR PURIFICATION SYSTEMS

Information on alkaline coordination nitrates of rare-earth elements of the cerium subgroup - precursors of promising modern multifunctional
materials - on the conditions of their formation and existence, the nature of the chemical bond, the composition, structure, shape of the Ln
coordination polyhedra, the type of ligand coordination, and the existence of isotypic series in stoichiometry are generalized. composition, structure,
characteristic properties. The data obtained (as primary information) is the basis for the detection, identification, and control of the phase state of
processing objects in the preparatory stages, the choice of criteria for the compatibility of the components in the formation of single-layer and layered
nanostructured oxide composite systems of lanthanides and transition elements for general purposes, with catalytic and photocatalytic activity,
coatings self-cleaning with hydrophilic properties; development of various combined methods for their activation and identification of technological
functional dependencies; controlled modification of the properties of the obtained target products. To increase the photocatalytic activity of coating
samples based on highly dispersed anatase TiO,, a methodology for chemical modification of oxidation centers in their surface layer with heat
treatment in contact with thermolysis products of alkaline coordination lanthanide nitrate melts is proposed. An effective test photocatalytic
destruction of organic substrates vapors has been discovered using ethanol as an example.Effective activation of the functioning of functional units in
the composition of self-adjusting air purification complexes using new photocatalytically active three-layer perovskite-like oxide materials
M,Ln,TisO1 (M - Li, Na, K; Ln - La, Nd) has been proven. The variability of such methods for creating and modifying the characteristics of
polyfunctional coatings is determined by the number and individual properties of representatives of the natural series of lanthanides, alkali metals of
the periodic system, the peculiarities of their cooperative behavior in the preparatory technological stages, conditions and methods of activation of
formation processes, the nature of the substrate, and other factors.

Keywords: alkaline coordination lanthanide nitrates, formation conditions, crystal structure of compounds, characteristic properties,

transformations with physical activation, modification of the characteristics of composite systems, adaptive control systems.

Beryn. HuHI npojoBXKyeTbCsl THOIIYK METOMIB 1
KOMIUIEKCHUX TEXHOJIOTifl MO CTBOPEHHIO HOBHX H ynO-
CKOHAJICHHIO ICHYIOUYHMX PETJIAMEHTIB OJlepKaHHs Oararo-
(YHKIIOHATHHUX OKCHAHWX MaTepialiB MepexilTHuX 1 pi-
JIKICHO3EMEJIbHUX €JIEMEHTIB 31 CTPYKTYPOIO Je(heKTHOro
MIEPOBCKiTa, IPaHaTa i3 BiATBOPIOBAaHUMH BJIACTUBOCTSIMHU
HHU3bKOTEMIIEpAaTypHUMHU METOAAMH «M’sIKOI XiMii» Ta 3
BUKOPHCTaHHSIM HITPAaTHUX IpeKypcopiB. BoHM MaioTh
CKJIamHy OymOBY 1 Y HAYKOBOMY i TEXHOJIOTIYHOMY Bif-
HOIIICHHI CTaHOBIISATH COOOF0 HEMPOCTi 00’ €KTH, IO iHTe-
HCHBHO JOCHIKYIOThCA [1-9], B ToMy ymcii 3 ydacTio
aBTopiB [auB., 10, 11]. Tomy cydacHe mMarepiano3HABCT-
BO, sike 0a3yeThCsl HAa X OCHOBI, MOTPeOy€E periaMeHTHUX
pillleHs TPOCTHX 3a KOH(]Iryparmiero, MaloCTaIiiHUX,
€HEeproe()eKTUBHUX, TAKUX, 10 XapaKTepH3YIOThCS Mac-
mMTa0HICTIO, 3 MOXKJIMBICTIO BiITBOPSHHS MPOAYKTIB i3 3a-
JIaHUMHU OJHOPIMHICTIO, CTaOiIbHICTIO, KOMIUIEKCOM Ha-
nepest 3a/laHuX XapaKTepUCTHK.

IcHye Garato METOJMK CHHTE3Yy BKa3aHHX OKCHIHUX
0araTOKOMIIOHEHTHUX MatepiaiiB [2—13], 3acHOBaHMX Ha
pizHEX (i3ugHuX 1 XiMiuHUX npuHOUNIaX. OCHOBHHMH 3
HUX €:

* BUCOKOTEMIIEpaTypHUil MeTox TBeproda3Hux Xi-
MIYHHX PEAKIIii;

* KOHJIEHCAIliiiHI pigkoda3Hi METOAW OTPUMaHHS
HAHOPO3MIPHUX OKCHJIHMX MaTepiaiiB 3aCHOBaHI Ha:

— pi3HHMX BapiaHTax 3MIIIyBaHHA BHXiIHUX KOMIIO-
HEHTIB (XIMIYHOTO OCAQ/KEHHS (CIiBOCAKEHHS); 30Ib -
Telnb; TiIpOoTepMallbHUM; KOMIUIEKCOHATHOI TOMOTEeHi3a-

1ii; 3aMiHU PO3YMHHHKA; CUHTE3 IiJl €0 MIKPOXBHIIbO-
BOTO BHITPOMIHIOBaHHS);

— IIBUJIKOMY TEPMIYHOMY PO3KJIaJaHHI PEKypcopiB
Yy po34MHi (pO3NMMIIOBaNbHA CYIIKA; MIBUIKOTO PO3IIH-
PEeHHSI HAaIKPUTHYHUX (IFOITHUX PO3YMHIB; KpioXiMid-
HUK);

— camo3aiimanHi (TIinuH-HiTpaTHU#; MeTon [ledii,
[IeNTI0NIO3HA (TKaHWHHA, TMATNepoBa) TEXHOJIOTIS; Mipoii3
HOJIIMEPHO-COJILOBUX TUIIBOK).

Bubip BUKOpHCTaHHS KOHKPETHOTO METOIY 3aje-
KHUTh BiJI XIMIYHOT TIPUPOJM OTPHUMYBAHHUX CIIOJIYK, PO3-
Mipy i MOP(OJIOTIYHIX OCOOIUBOCTEH YaCTHHOK MPOIYK-
TIB CHHTE3y, YMOB i crnoco0y (opMyBaHHS OCTaHHIX;
MaTepiay i cTaHy TMOBepXHi, (JOpMHU 3pa3KiB, Ha sIKi Ha-
HOCHTBCSI TIOKPUTTS; MOXIIMBOCTEH HAasiBHOT'O TEXHIYHOTO
ocHamieHHs Tomo. Lli MeToan BHKOPHUCTOBYIOTH SIK HE3a-
JIEKHO OJIMH BIJ OJHOIO, TaK 1 B KOMOiHAIIiI.

OCTaHHIM Y9acoM JiOKCHJ THUTaHy MPHBEPTAE 0COO-
JIMBY yBary y 3B’sI3Ky 3 HOBUMH YHIKaJbHUMH TEpPCIeK-
THBaMHU HOTO 3acTOCYBaHHA y (OpMi HAHOCTPYKTYpOBa-
HUX MaTepiamiB i HAHOKOMITO3HTIB 3 KOHTPOJIbOBAaHHMHU
MopdooriyHiuMy, (i3UKO-XIMIYHUMH Ta ONTHYHUMH
BIACTUBOCTAMHU. T10,, KUl BOJIOMI€ BUCOKOK XiMi4HOKO
1 TEpMIYHOIO CTAOIIBHICTIO, & TAKOX JIOMIIIKOBHMH PiB-
HSMH B €NIEKTPOHHIN CTPYKTYpi MaTepiaiy, CTBOPIOBAaHH-
MH 32 paxyHOK 3a/JaHOTO THITY JIETYBAaHHS, € YHIKaJIbHUM
Juts ToOyTOBH Ha H0ro OCHOBI HOBHX €(eKTHBHHUX (yHK-
LIOHAJIBHUX MaTepialliB, M0 3aCTOCOBYIOThCA Y (poToka-
Tami3i i oToBONBTAIL, CEHCOPHII, KaTami3i, A piauH-
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HOi Xpomarorpadii Ta iHmMX chepax.

Cytp QoTokatamiTiaHuX BracTuBocTed TiO, moms-
rae B TOMy, IO B 00’€Mi HaIiBIPOBIIHUKOBOI YaCTHHKU
i BIUIMBOM EJEKTPOMArHITHOTO BHUIIPOMIHIOBAHHS Te-
HEpYIOThCS €NEKTPOH — JIPKOBI MapH, sIKi IPU BUXOJI Ha
moBepxHI0 gacTUHKA Ti0O, BCTyMaroTh B OKUCIIOBAIBHO-
BiJTHOBHI peakiiii 3 axcopboBaHuMuU MoJiekyaamu. J{is mi-
OKCHIly TUTaHY IIPOLIEC TAKHM:

Ti0,
(Oxl)ads + (Redl)ads

——— = 0x, + Red
hv > E 2 z
VY 1pOoMy BHIIQJIKY YaCTHHA €JIEKTPOHIB i JipoK Mo-

)

Ke 3AIMCHUTH pekoMOiHawlilo B Maci abo Ha TOBEpXHi
TiO,. Hust edextuBHOrO mMepebiry (OTOKaTaITHIHIX
IpoLeciB HEeoOXiTHO, 00 OKHCITIOBAJIBHO-
BiTHOBJIOBAJIbHI PeakIii 32 Y4acTIO apH eIEKTPOH-IipKa
Oynu e(eKTHBHIIIUMH, HiXK POLIECH PEKOMOIHAIIT.

JoOpe Bimomi mepeBaru BHKOPHCTaHHSA Takoro (o-
TOKATAIITHYHOTO Croco0y OYMINEHHS: 1) MOXKIJIUBICTH
OKHUCITUTH TPAKTHYHO OyIb-sKi OpTaHi4Hi pEYOBUHH 1 Ta-
KOX psa Heopraniynux, Takux sk CO, H,S, HCN, NHs,
NOy Ta iH.; 2) MeTOx TpaIfoe Ipu KiMHATHIA TeMIepaTy-
pi i atMocepHOMY THCKY; 3) MOXKHA OKHCIIIOBAaTH HaBIiTh
HEBENWKI KOHIICHTpAIil 3a0pyAHIOBAYiB, OYMIICHHS BiX
SIKMX 1HITAMH METOJAMU € €KOHOMIYHO HEBUTIIHUM; 4)
IUTA pearizariii MeToay (GOTOKATaITHYHOTO OYHIICHHS HE
MOTPIOHI TOJATKOBI peareHTH, TOMY 110 OKHCIIIOBAYEM €
KHCEHb MOBITPSI.

OpnHak 17151 (POTOKATATITUYHOTO CIIOCO0Y OUHUIIEHHS
MOBITPS BiIOMI 1 Psi HEMOMNIKIB, TaKUX SK: 1) MOPIBHIHO
HEBEJMKa LIBUIKICTh OUYHUIIEHHS; 2) HEOOXIIHICTh BUKO-
pHUCTaHHS JDKepeN yabTpadioleTOBOrO CBITIA B pasi, KO-
1 GOTOKATaNI3aTOPOM € JIIOKCH TUTaHy; 3) HU3bKa aj-
copOmiiiHa 30aTHICTH OUIBIIIOCTI MIPOCTHX
¢dorokaTanizaropiB; 4) MOXKJIHMBICTh YTBOPEHHS IPOMIXK-
HHUX TPOJXYKTIB NPH OKHCICHHI BEJMKUX KOHIEHTpaIii
3abpyaHioBaviB. ToMy po3poOka HOBHX (hOTOKATATITHY-
HUX CHCTeM, sKi jonanxu O 3a3HaueHi HENOJIKH, € Tpe.-
METOM HarajibHOTO PsAY Cy4aCHHUX JIOCHI/PKEHb.

[Ipu cTBOpeHHI ¥ TemIOBOMY 0OpOOJIeHHI Marepia-
JiB Ha OCHOBI JIOKCHAY THTaHy HOTPiOHO BPaxOBYBaTH
MOXJIMBICTh BUHUKHEHHS TIOBEPXHEBHX 1 00’€MHHX Je-
¢exriB kpucramiunoi pemritku TiO, (B HACHTIIOK iCHYBaH-
Hsl pi3HOMaHITTS (a3 B iHTepBani cmiBBigHoumeHb O / Ti
<2 Ha ¢asosiii miarpami cuctemu Ti— O [14]) Ta BHSB-
JICHHS 1X 3HAYHOT'O BIUIMBY Ha (DOTOXIMIYHI BIACTHBOCTI i
(oTOIHIYKOBaHY TiIpOQiNbHY 34aTHICTD MPOAYKTIB CHH-
Te3y [15].

HasBHi BiTOMOCTI 010 CTaHy # MOXJIMBHUX HAIps-
MIB yJOCKOHAJICHHSI TEXHOJIOTiil CTBOPEHHS TaKUX MaTe-

piaJiB, YMHHI BUMOTH 10 iX CTabinmbHOCTI I BiITBOpIOBa-

HOCTI BJIACTUBOCTEH, PO3LIMPEHHS cep IX BUKOPUCTaHHS
[1-15], mposiB BHCOKOI aKTHBHOCTI Mall03aKpUCTaTi30Ba-
HUMH YacTKaMH CTPYKTYPHUX KOMIIOHEHTIB, c(hopMOBa-
HUMH TEPMOJTI30M po3unHHUKA [16], HOBI Bimomocri [17]
II0/I0 PEaKIiiHOI 31aTHOCTI W MepPEeTBOPEHHS IapyBaTHX
MIEPOBCHKITOMOMIOHNX OKCHAIB, cTabimizamii ¢orokarai-
THYHO- 1 CEHCOPHOAKTHBHOI KpHCTaiiyHOI Mojudikarii
aHarasa 3a paxyHok ioHiB NOj', momipysauus Ln,O; [18,
19], npu oxepxkanni TiO; i3 posumniB [20] iHiliroBaau
MIPOJOBKEHHS HAIIOTO JOCTIKSHHS 32 LI€I0 TeMaTHKOO.
CporozHi 3’5ICOBYIOTbCS COCOOM YNpPABIIHHS TEXHIYHH-
MU MapaMeTpaMy IiTbOBUX MPOIYKTIB uepe3 BUOip CKia-
Jly, YMOB CHHTE3Y Ta CIIOCO0Y 00pOOICHHS.

OpHuM i3 HaHOUTBII MEPCIEKTUBHUX KJIACIB CKIIAM-
HUX OKCHIHUX MaTepiajiB PiJKiCHO3EMEIbHUX CIICMCHTIB
i THTaHy € HaHOCTPYKTYpOBaHI IIapyBaTi MEPOBCKITOMO-
JiOHI CHOJYKH 1 TBepAl pO3UYMHM Ha iXHiil OCHOBi. 3a-
JIOKHO BiJl CKIIaQy 1 CTPYKTYpH, BOHH MAIOTh HIMPOKHIA
crHekTp (i3MKO-XIMIYHUX BIACTHBOCTEH. I[lpencraBiicHi B
JaHii poOOTi MEPOBCKITOMOAIOHI MapyBaTi TUTAHATH Ha-
nexatb romosorianomy psaay (Me, Ln)n, 1 TiiOsn4g, e LN
— La—Nd, Me — Li-Cs, n — 4ucno HaHOLIAPiB MEPOBCKiTA
(a3 Pynmnecnen-Ilonmepa; 3 TOBIIMHOKO OJHOTO MIAPY
npubmmzao 0,5 BM). Bimmosimao, MeLnTiO, y cBoiif
CTPYKTYDIi
Me,Ln,Tiz01y — Tpu. INepoBckiTonoaiOHI HaHOLIAPyBAaTi

MICTUTh ~OJWH  HAHOIIAp  IEPOBCKITY,
TUTAHATU OyJIM OJepiKaHi 1 TOCIIJPKeHI aBTopaMu podiT
[21-24]. PucyHok 1 neMOHCTpY€E pO3IIUPEHY eIeMEeHTap-
Hy KoMipKy mis Me,Ln,Tiz0q (LN — La, Nd; Me — Li, K)

[23] Ta NaanzTig,olo [24]

Pucynok 1 — Po3mupeni eeMeHTapHi1 KOMipKU (a3
Pynnnecnen-Ilonnepa

Tax KszzTigOlo (SIK

TeTparoHaJIbHON

OKCUJIH MIPHKJIIaN)
CTPYKTYPI.

IIpocTopoBa rpyma ans JaHUX CIIONYK BH3HA4eHaA sK 14 /

KPHUCTAJ3yIOThCS B

mmm. TOBHII/IHa HrapyBaTux OKCI/I}JiB JAaHOro  TUILY

XapaKTCpHU3y€cTbCAa TpbOMa THTAaH-KHCHCBUMHU

okraeapamu [Nd,Tiz0qp], mo yepryrwoThess Mik cobOrO i
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pO3IiieHi KaTiOHaMM JIY)KHHUX METaliB, B JaHOMY

BHMAJIKy KaTiOHAMH Kalifo, MK mapamu. [lapamerp
pemitku ¢ (= 30A) Bkasye Ha 3MillEHHS CyMiXKHHUX
MIEPOBCKITHHX IIapiB Ha 2. KaTioH HEOMMMY 3HaXOAUTHCS
B LIEHTPI MEPOBCKITHOI PEIIITKU 1 XapakTepu3yeTbes 12-
KOOPJMHOBAaHNM KHCHEBHM OTOYEHHsM. KaTioH my>XHOTO
MeTaly 3HaXOJWThCS Yy MIDKIIAPOBOMY MPOCTOPI 1, SK
TpaBmIo, 9-KOOpANHOBaHHIA [ 24].

[IlapyBaTa cTpyKTypa, IO CKIAaJaeThcs 3 IUIACTHH-
YacTUX YAaCTHHOK, 30epiraeTbcs MpOAYKTOM IPH BUTPH-
MYBaHHI y BOJIOTOMY TOBITpi 1 MiATBEp/UKEHA METOJIOM
CKaHy040l eNeKTpOHHOI Mikpockomii [25]. Bussiena
CTaOUIBHICTh CHCTEM pPEKOMEHAYE iX SIK TepCHeKTHBHI
(doTokaTamizaTOpu B YMOBaxX ONU3BKHAX IO IX BHKOPHC-
TaHHS Ta € BOKJIMWBOIO JUIS IHIIMX 1HHOBAIIHHUX cdep IX
3aCTOCYBaHb.

AHaii3 myOmikaiiii OCTaHHIX POKIB 3aCBig4ye, IO
JIIOKCHUJI THTaHy Ma€ OCHOBHE 3aCTOCYBAaHHS caM€ y TOHKO
IUTIBKOBOMY BHI, Yy SKOMY Hale(eKTHUBHILIE peasi3y-
IOTBCSL HOTO BJIACTHUBOCTI, HEOOXimHI Ans (oTOKaTamizy,
COHSIYHOI €HEPreTUKH, CCHCOPHKU, CAMOOYMIICHHS MOK-
PUTTIB TOIIO.

I nmpakTnyHa peanizauis 3a Cy4aCHHUMH TEXHOJIOT1s-
MH BXKE 3alpOINOHOBAHOTO BapiaHTy KOMIIO3UTHOTO
doTokaranizatopa [26], cTpykTypa rpaHysn SKOro mpen-
CTaBJIe€Ha TPbOMa WIApAMU: aJCOPOEHTOM, IiOKCHIOM
KpeMHil0 1 QoToKaTansizaropoM - JIOKCHIOM THTaHY
aHata3HOl MomU]ikalii, I03BOJIUTH OJIHOYACHO
BUpImUTH TPoOieMHi 3aBmaHHs: 1) epekTuBHOTO amcop-
OyBaHHS OJHOYACHO IOJSIPHHMX 1 HETOJSIPHUX MOJIEKY-
JSIPHUX PEYOBHMH (HANPHKIA[, 3a0pyaHIOBadiB); 2) BHUK-
JIOYCHHS BIUIMBY €JEKTPONPOBIAHUX BJIACTUBOCTEH
COpOEHTY Ha peKOMOIHAIII0 (POTOrCHEPOBAHKX CIICKTPOH-
JIpKOBHX Tap; 3) 3a0e3NeunTH IOBHE IOTJIMHAHHS Ma-
JTAI0YOro CBiTJIa came 4yacTuHKamu (OoTOKaTaizaTopa, a
HE aIcOpOCHTY; 4) BUSBICHHS (POTOKATATITUYHOI aKTHB-
HOCTI TIiJT BUJUMHUM CBITJIOM.

HuHi 3aBIskd TEXHONOTIYHHM OpUHOMaM peaxiii
«M’sIKOi» XiMii 3’SIBHJIACS MOJIMBICTH CTBOPEHHSI PEYO-
BUH i3 PI3HOMaHITHUMH CTPYKTYPHHMH OCOOJIMBOCTSIMH,
OTpUMaHHSI METacTabiTbHUX CIIOJIYK HUISIXOM TOCHiT0B-
HOCTI HH3bKOTEMIIEPAaTYpPHUX TOIOXIMIYHMX CHHTE3IB.
Taxki peaxmii 31 3MiHOIO OymoBH i MOpdOIOTii YACTHHOK
NIPOTIKAIOTh MPU HEBUCOKMX TEMIIEPATypax 3i 30epekeH-
HSIM OCHOBHHMX CTPYKTYPHHX OCOOJHMBOCTEH y MEpOBCKi-
TONMOIOHUX MIAPYBaTHX OKCHAHUX CIIONYKaxX. 3alIe)KHO
BiJl MPUPOAM 1 CTEXiOMeTpii KaTiOHIB, IO BXOASATH JIO iX
CKJIay, BOHH MOXYTb IIPOSIBIISITH Pi3HOMAaHITHI (i3nyHi i
XiMi4HI BJaCTHBOCTI: HaIPOBIIHICTh, KOJIOCATBHHUIA Mar-
HITOOMIp, CErHETOENEKTPUKY, KaTaliTHUHy 1 (oTokarami-

THYHY aKTHUBHICTb, 3JIaTHICTh O iIOHHOTO OOMIiHY B PO3-

YMHaxX 1 po3IUIaBax, 3aTHICTk 10 TifpaTanii MDKIIapoBO-
ro mpocTopy Ta iHmi. ToMy BUBYEHHS 0COOIMBOCTEH Te-
PETBOPEHB NMPOMIKHHUX HNONEPEIHHUKIB — JTY)KHIUX KOOPJIH-
Hariitaux HiTpartiB P3E, ix peakuiifHoi 3maTHOCTI B XOmIi
CHHTE3Y IapyBaTHX MEPOBCKITOMONIOHUX OKCHUIHHUX (a3
0e3rmocepeTHRO BIUTMBAE HA MOXKIINBI CepH MONANBIIOr0
3aCTOCYBaHHS OCTaHHIX.

Jns mapyBaTHX NEpOBCKITONOAIOHMX CHOJYK IO
TaKUX MPOIIECIB CyYacHi JOCIITHUKHU BiTHOCATH, 30KpeMa,
ionHu#t o6Mmin [23], iHTepKaNAmio i AeinTepKasmito [26],
pi3HI mpoliecu 3aMilieHHs W KoHpaeHcawii [27], npouecu
po3meruieHHs [28] i B3aeMHI epeTBOpEeHHs OJHIET CTPY-
KTypu Ha iHIny [29] (Hanmpukian, nepexin i3 da3 Pymae-
cnen-Tlonmepa y ¢as3m [iona-AxoOcoHa; mepexin y me-
JKax OJHOTO THUIMY (pa3 3i 30UIBIICHHSAM a00 3MCHIICHHSIM
qrcya mapiB).

Jlo HaWOINbLI MOMIMPEHUX PEaKii «M’sSKOoi» Ximil
BiTHOCATHCS peakilii ioHHOTO OOMiHY, y X0/l SKHX BigOy-
Ba€ThCS 3aMIllICHHS CIA0KO3B’I3aHUX KATIOHIB MIXKIIAPO-
BOT'O TIPOCTOPY, IPH LLOMY IIEPOBCKITHI IIApH € TOCHTb
CTIHKMMH TIEPEBaKHO Yepe3 KOBAJCHTHI 3B’SI3KM MeETal-
OKCHICH 1 TPafOTh POJIb KapKaca B IapyBaTiii CTPYKTYPI.
Ie mo3BOJIsIE MPOBOIUTH PEAKIN] 3aMIIIICHHS OAHUX MiXK-
[IapOBHX KaTIOHIB HA iHIII, HE 3aYilAl0YH TIPH IOMY OC-
HOBHY CTPYKTYpY LIapyBaToro okcuay. Taki peakuii Mo-
KyTb OyTH BHKOPHCTaHI JUIi OTPHMAaHHS IIHPOKOTO
CIIEKTPY HOBHX MEPOBCKITOMOMIOHUX CTPYKTYP.

Jnst eexTHBHOrO yIpaBIiHHS BIACTHBOCTAMH OJIe-
PKyBaHHX MPOAYKTIB HEOOXiIHE TibOoKe po3yMiHHs (di-
3UKO-XIMIYHUX TIPOLECIB, SIBUIII, IO BiOYBaIOTHCS B XO/i
ix ¢opmyBaHHs. | IX KOMILIEKCHE JOCIIDKEHHS 13 3aCTO-
COBYBaHHSAM CYYaCHHX ()i3MKO-XIMIYHHX METOJIB JTO3BO-
JIsi€ yJOCKOHAIIIOBATH Hallli 3HAHHS MPO XapaKTepHi 0CO-
ONMUBOCTI IIBUAKOIUIMHHUX TIPOLECIB, CTajii €BOIIOIIT
CTPYKTYPH i MIKPOCTPYKTYpPH TEXHOJIOTIYHUX 00’ EKTIB.

Merta Ta 3aBaaHHs aocjigxenHs. IIposectu noc-
JIJKEHHs KOOTIEPaTHBHUX IIPOIIECIB B3aEMOJIT MIX CTpY-
KTypHAMH KOMIIOHEHTaMH Yy CHCTeMax HITpaTHHX IOIle-
penuukiB mpexncraBHuKiB P3E mepieBoi minrpymm i
enemeHTiB [A migrpynu nepioguunoi cucremu (Li, Na, K)
B YMOBaX aHAJIOTIYHHUX JI0 PErjJaMeHTHHX MPHU CTBOPEHHI
6arato(yHKI[IOHAJILHAX OKCHIHHMX MarepialliB pi3HOTO
MPU3HAYCHHS 3 BUKOPUCTAHHIM (POTOKATANITHYHO AKTH-
BHOTo TiO; 3 MeTOr (HOpPMYBaHHS AOCTOBIPHHX YSBJICHD i
oJlepXaHHsA 00’ €KTHBHUX 3HaHb MPO OCOOIMBOCTI MEpeT-
BOPEHB 1 CYKYITHY IOBEIIHKY CKJIAJOBHX €JIEMEHTIB Y ITi-
OTOTOBYMX  CTaAisIX MepepoOJeHHS  TEXHOJOTTYHUX
00’€ekTiB 3 TeroBow akTuaiico (25-1000 °C), neobxia-
HUX JUIsI YAOCKOHAJICHHS M PO3pOOJICHHS METOJOJOTIH i

peFHaMGHTiB CydJaCcHUX TEXHOJIOTIH IX BUTOTOBJICHHS.
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st mocsirHeHHs 1ocTaBIeHoi MeTH y poOoTi noera-
ITHO BUPINTyBaJHCS HACTYIIHI 3aBIAHHS:

1) BUBYCHHS MeEXaHi3MiB MEPETBOPEHb Yy CHCTEMaX
KOOpAWHAIIIMHUX HiTpaTHUX npekypcopiB P3E i myxHux
MeTaliB y Xoai (opMyBaHHS MOMi(YHKIIOHATBHUX (oTOKa-
TaJIITHYHO aKTUBHUX [IAPYBAaTHX OKCHIHHUX MaTepiaiiB;

2) po3po06JICHHST METOIOJIOTI] 1 BUTOTOBJICHHSI 3pas-
KiB (oTOKaTamizatopis Ha ocHOBi TiO, aHATa3HOT MOIH-
¢ikauii i KOMIIO3MLIH 31 CTPYKTYPOIO TPUILIAPOBOTO TUTA-
HaTy KanzTigolo
(opMyBaHHIM Ha CTPYKTYPOBaHi MeTaJeBl HOCIT,

3 IX [OBOCTAMIHUM HAHECEHHSIM 1

3) BUBUCHHS KiHETHYHHX 3aKOHOMIPHOCTEH peaKIrii
TECTOBOTO (POTOKATANITUYHOTO OKHCIEHHS HapiB opra-
HIYHAX pPEYOBUH (HA TPHUKIAI €TAaHOIY) B CTAaTHUYHOMY
peakropi;

4) BCTaHOBJICHHS  TEXHOJOTTYHO-()YHKI[IOHATHBHUX
3aJIe)KHOCTEH; KepOBaHOTO MOJU(IKyBaHHS BIACTUBOCTEH

0JIep’KYBaHUX IIJTHOBHUX MPOIYKTIB.

MeTton0.10risi eKClIepUMEHTY

Jlnist OLIHKM MO>KJIMBOCTI KepyBaHHsI porecamu Oa-
raTocTalIiifHOro ()OpMyBaHHS CKIIaJHO-OKCHIHHX KOMIIO-
3ULIH 3 MOi(YHKIIOHAJBHUMH BJIACTUBOCTSIMU U 00rpy-
HTYBaHHS MeXaHi3MiB (pa30yTBOPCHHS SIK MOJCTBHI 13
BUKOPHCTaHHSIM KOMIUIEKCY (DI3UKO-XIMIYHMX METO/IB
BHBYCHI BOJTHO-COJNBOBI cuctemu  HiTpaTiB MeNO; —
Ln(NO3); — H,0, (Me — Li, Na, K; Ln — La-Sm) nipu 25—
100 °C. Bubip ckinagy 00’€KTiB JOCIIKEHHS, TEMIEpa-
TYpPHI HIepepi3u 3yMOBIICHI PSJOM YHHHHKIB.

[Mo-nepmme, 3rigHo pobortam aBTopis [10, 11, 30] ce-
pen eIEMEHTIB PiIKiICHO3EMEIbHOIO PSAY BUIILY KOMILIS-
KCOYTBOPIOIOUY 3/aTHICTh BUSBILSIFOTh NPEICTABHUKH 1Ie-
pieBoi miArpynu; cepen HUX HaWHOLIbIII 3MIHM CKIany,
CTPYKTYPH, BJIACTHBOCTEH iX CHOJNYK — €JIEMEHTH HOro
cepeaunw, Pr i Nd (auB. puc. 2).

Gd Tb DyHo Er TmYb Lu

PucyHnok 2 — Po3mnoaia rpaHHIs 130CTEXiOMETPUIHOCTI CKIIALy
3a psaamu koopauHaniiaux HitpaTie P3E i IA enemenTis
[10, 11]

BuOpaHi KOMIIOHEHTH CUCTEM 33J]al0Th TEXHIYHI Xa-
PAKTepUCTHUKH IITBOBOTO MPOAYKTY UM € Mozupikaropa-
MH HOTO BJIAaCTHBOCTEH. A HasBHICTh BENWKOI KiJIBKOCTI
JUISl BUKOPHCTAaHHS MOTEHIIaIbHUX EJIEKTPOHHUX AHAJIO-
riB (IpPEICTaBHUKIB NMPHUPOAHUX PAMIB PiIKICHO3EMEb-
HUX, JTY)XKHAX €JIEMEHTIB) 3yMOBIIO€ 3HA4YHy BapiaTHB-
HICTh 1 IHMPOTY Jiama3oHy MoauQiKyBaHHA  IX
XapakTepUCTHK. TeMmnepaTypHi mepepizu 00yMoBiIeHi 00-
JIaCTSIMM ICHYBaHHSI KPHCTAJIOT1IpaTHUX (opM BUXITHUX
KOMITOHEHTIB.

[To-npyre, 3a pe3yabTaTaMu JIOCITI[PKEHb aBTOPIB
[31] Tprox mmaposi kamieBi Turanatu K,Ln,TizOq9 (LN —
La, Nd) BuieBka3aHux CKIaJOBUX €JIEMEHTIB, OJepiKaHi
3a KepaMigyHOIO TEXHOJIOTI€I0, Y CYCIICH31HHOMY BUTIISII Y
BOJIHO-CITUPTOBUX PO3YMHAX MiA niero Y® BUIPOMIHIO-
BaHHS BUSBISIIOTh HAaWBHILY cepell BIJOMHX BHAIB IIapy-
BaTuX (a3 (GoToKaTaNiTHYHY aKTUBHICTH MO PO3KJIaJaH-
a0 H,0 1 BuzinenHto BoxHto. Lleit dakT moB’s3yr0Th 3
0co0auBOCTSIME MOP(DOJIOTIi X YACTHHOK 1 3JaTHICTIO
00OPOTHO IHTEPKAJIIOBAaTH MOJEKYJIM BOJAM B MIXKIIapo-
BHI MPOCTIp, 10 MOXE MPHU3BOIUTH SIK A0 301IBIICHHS
e(peKTHBHOI MUTOMOI MOBEpPXHI (OTOKATANI3ATOpA, TaK 1
CIPHUSTH TMPOCTOPOBOMY PO3IMOLTY IEHTPIB OKUCHCHHS-
BITHOBJICHHS.

Jnst 3’sicyBaHHs XapakTepy XiMigHoI B3aemoii i ¢a-
30BHX PIBHOBAar y BOJHO-COJBOBHX CHCTEMax JIOCII/DKY-
BaHMX HITpaTiB (MIPEeKypcopiB 0AaraTOKOMIIOHEHTHHX OK-
CHUIHUX TON(YHKIIOHATEHUX MaTtepialliB) y TOBHHX
KOHIEHTPAI[IMHUX CIIBBIJIHOLICHHSX B TeMIEpPaTypHOMY
Ziarma3oHi iCHyBaHHS PO3YHHIB BUKOPUCTAHWUH METO[ JI0-
6aBok, onucanuii B [32, 33] i 3acHOBaHUit HA JOCITIKEH-
Hi PO3YMHHOCTI SIK OJHI€T 3 BIACTUBOCTEH HAWOLIBI ,,9y-
TIAMBUX" JI0 BHUSBJICHHS ()a30BHX MEPETBOPEHb Y CHCTE-
Max, IO € OJHOYACHO MapaMeTpoM IXHBOTO CTaHy, 1 70
TOrO  MPOCTHMMHU AOCTYITHUMU HHUHI E€KCIIEpPUMEHTAaJb-
HUMH MeTozaMH. MeToJ 103BOJIs€ 3HANTH MeXi camo-
PO3BUTKY, NO SKHX NPSMYE y KOHKDETHHX YMOBax B
PIBHOB@)KHOMY CTaHI 130/IbOBaHa CHCTEMa 3aJaHOTO
CKIIafy.

PiBHOBara ¢a3 mocsaramacs mpotsirom 2-3 nmi6. Y
AKOCTI BHUXITHHX COJIeHl BHKOPHCTOBYBAJIHM TiApaToBaHi i
0€3BOJIHI HITPaTH BKa3aHUX €JIEMEHTIB MAPKH «4.J.a».

XiMiYHUH aHATI3 PIAKUX 1 TBEpANX (ha3, «3aIUIIKIBY
npoBoxumi Ha BMict Ln®* it asory. Bmict Ln** Busnauamu
TPUIIOHOMETPUYHO Y MPHUCYTHOCTI KCHJICHOJIOBOTO TIOMa-
paH4YeBOro y SIKOCTI iHAWKaTopa (aueraTHUi OydepHH
pozunn, pH=5-6) [34]; azory — meTomom Bimronku [35];
ionip Me" — po3paxyHKOM 110 pi3HHMII, BUXO/A4H i3 3ara-
JILHOTO BMICTY HITpPATiB 1 YaCTKOBO IO CYXOMY 3aJIUIIIKY.

OpnepxaHi J1aHi 111 OKpEMHUX 10HIB IlepepaxoByBa-
CONBOBHHA  BMICT i

JUCh HA 3TiAHO  TPUHIMITY
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BiJINIOBITHOCTI HAHOCWJIMCh Ha JiarpaMd PO3YHUHHOCTI.
I'padiune BimoOpakeHHS CKIaxy TBEpAuX (a3, Mo yTBO-
pIOIOTECSL y cucTeMi, mpoBoxuian 3a CKpeliHeMakepcoM
[32, 33], minTBepmKeHHs iX HAWBITyaNIBHOCTI i OXapek-
TUPU3YBaHHA — XIMIYHUM, KPUCTAJIOONTHYHHUM, PEHTIe-
HO(]A30BUM, PEHTTEHOCTPYKTYpHHM, [Y-criekrpockorid-
HHUM, TepMorpadiuHuM, IHIIUMH METOJaMU.

KpucranoonTryHi BU3HAYEHHS CIIOIYK BHKOHYBAIIH
IMEpCIHHIM METOJI0M 3a JoIoMoror Mikpockorny MWH-
8. a3zoBuil aHami3 BHUKOHYBaNM Ha AH(PaKTOMETpi
JPOH-3M (Cu K, —BunpomintoBanss, Ni — ¢ineTp) 3a
METOZIOM «TopotIkay. udpakrorpamu po3muppoByBa-
mu 3a kaprorekoro PDF JCPDS. TepmorpasiomeTpuuHuii
aHaii3 mpoBoauan Ha aepusarorpadi Q—1500 D mpu Te-
Mmmepatypax Big 293 K mo 1273 K y noBitpsiHoMy cepe-
JIOBHIII 31 mIBUAKiCTIO HarpiBauHs 10 rpax. / xB. Ta po3-
pobnenomy mpuctpoi mwist ATA.

Ha erami mocmimkeHHS (POTOKATANITHIHOTO OKHC-
JICHHS TapiB OpraHiuyHux cyOcTpartiB aus QopmMyBaHHS
3pa3KiB KOMIO3HUIIIHUX (POTOKATaNIi3aTOPiB OYB BHKOPH-
cranmii Titanium Oxide Micro Powder (TiO,, Anatase,
1500 nm, 99,9 %) US Research Nanomaterials, Inc.

Jns BuUBYEHHs BIUIMBY C(OpPMOBaHHX 3pa3KiB-
(doTokaTamizaTOpiB Ha KIHETHKY YTBOPEHHS Ta30mMOJi0-
HUX IHTEpPME[IiaTiB MPOBEICHO JOCIIIKCHHS (oTOKaTaTi-
THYHOTO OKHCIICHHS NApiB OPraHiYHUX PEYOBHH (HA HPH-
KJaJl €TaHolly) CTaTW4YHUM METOJIOM Y pO3po0iieHii
TepMETH30BaHIi KaMmepi-KOHTeHHepi, 00JagHaHiid 3MiH-
HUM{ HaBICHUM TpUMa4yeM 3pa3KiB JIOCIIHKyBaHUX
00’€KTiB, BHYTPIIIHIM BHIIAPHUAM J03aTOPOM i 30BHIIIHIM
PEaKTOPOM [T MaUX 1 3aJIMOBUX J03-1H’ €Kil cydcTpa-
TiB, BEHTHJIATOPOM — IIepeMilllyBayeM BHYTPIIIHHOTO Tra-
30BOTO CEPEIOBHIIA, 0IaTKOBUM BHYTPIIIHIM HarpiBHH-
COy,

HaBICHUMH ,E[OCJ'IiI[)KyBaHI/IMI/I «IMaCUBHUMW» IIJIACTUHAMMU-

KOM, JaTYMKOM BHMIpIOBaHHSA KOHIEHTpalii
ajzicopOepamu, CHCTEMOIO OCBITIICHHSL.

Jns BumiproBanHs koHueHrtpauii CO, B A0CTiIKY-
BaHOMY CEpEJOBHILI BHUKOPHUCTAaHMH MOPTaTHBHHUH Oara-
TOQYHKI[IOHATBHAN €NEeKTPOHHUI TazoaHamizatop AZ
7755 (AZ Instrument Corp., TaiiBaHb), 10 J03BOJISE OJ1-
HOYaCHE BUMIPIOBAHHS TEMIEPaTypH, BiTHOCHOI BOJIOTHU
Ta Ma€ MO>JIMBICTh NPHEAHAHHS /10 30BHILIIHBOTO iHTEP-
deticy.

VY po0oTi B SIKOCTI OCBITIIIOBaYiB BUKOPUCTAHI: JIO-
MiHECIIEHTHA JIaMIla HU3bKOTO THUCKY MOTYXHICcTIO 8 BT i
OaKkTepHIUAHA JIaMIa Ti€l K MOTYKHOCTI 3 JOBXHHOIO
XBU 254 HM.

PesysbTaTH gociifKkeHHs Ta iX 00roBopeHHs

MexaHi3MHU ITEPETBOPEHD y CHCTEMaxX KOOpAMHAILIH-
HUX HiTpaTHUX npekypcopiB P3E i mqyxHux Metanis, 1o

CYTPOBOKYIOTh (POPMYBAHHSI MOMTi(PYHKITIOHATHHIX (HO-

TOKaTaJITUYHO aKTHBHHX HIATYyBaTHX OKCHIHUX MaTepia-
7iB. Y3arajpHEHi i BaXKJIHBI U MMPAKTHYHOTO BHKOPHC-
TaHHS BIJJOMOCTI PO JIy»KHI KOOpAWHALIIHI HITpaTH pif-
KICHO3EeMETbHUX  EJIEMEHTIB IepieBOl  MArpymm —
MIPEKypPCOpU TMEPCHEKTUBHUX Cy4acHHX OaratoyHKIio-
HAJIBHUX MaTepialiB — MO0 YMOB iX YTBOpEHHS H icHY-
BaHHS, MIPUPOJIU XIMIYHOTO 3B’3KY, CKIaay, OylOBH, TH-
Iy KOOpAWHAMI{ JIranA, iCHyBaHHS i30THITHUX DPSIIiB IO
CTEXIOMeTpil CKIIaay, CTPYKTYpi, BUSBISIEMHUX BIACTUBOC-
Teit cuctemMatu3oBaHi aBropamu B [10, 11] #f y HalOiIbII
HaouHii ¢opmi HaBeneni B Tabu. 1-4 ta puc.3, 4. Bubip
Takoi GOpMH IpEeACTaBICHHS JaHUX HaiOimbm iH(QopMa-
THUBHUH 1 KOPUCHUH MiJ yac po3poOJIeHHs IHHOBAIiHHUX
MIPOEKTIB JO3BOJISIE MPOTHO3YBAaTH NMPHIHMHHO-HACIIKOBI
(dyHIaMeHTalbHI 3aKOHOMIPHOCTI IMOBEIIHKU CTPYKTYp-
HUX KOMITOHCHTIB B aHAJIOT1YHUX BUPOOHHWIHX MpoIecax,
NPaBUJIHO BHOMpPATH PEXHMH, CTaAidHICTh, CIOCOOM
¢opmyBaHHS ¥ omepkaHHS IIJIBOBHX TIPOIYKTIB 3
BiJITBOPIOBAaHUMH CTPYKTYPO-UYTJIMBUMH XapaKTEPUCTH-
KaMH.

BusiBieHi 3akOHOMIpPHOCTI y XapakTepi MOBEIIHKH
CTPYKTYpPHUX KOMIIOHCHTIB B pyOili€BUX, IIE31€BUX HiT-
patHuX cuctemax La — Sm, B 06’exkrax Ha ocHoBi P3E it-
pieBoi miarpymu (Y, Gd — LU) Bka3yloTh Ha MOKIJIUBICTh
qnume OOMEKEHOro 4YHM CHELiaJIbHOTO  3aCTOCYBaHHS
OCTaHHIX TOTIEPETHUKIB Y HochimKyBaHill chepi. Ha me
ICHY€ psiJi IPUYMH 00 ’€KTHBHOTO 1 €KOHOMIYHOTO Xapak-
Tepy. TakumMu € 0COOIMBOCTI ENEKTPOHHOI CTPYKTYpH X
aTOMiB, OUIbII HU3BKUH IPOSB XIMIYHOI aKTUBHOCTI i
KOMILIEKCOYTBOPIOI0UOI 31aTHOCT BKasanux Ln®* y mopi-
BHSHHI 3 €JIEMEHTAMHU I1IePi€BOT APy, ciadiia aist po-
3MIJAEMAX  BIUTHBAIOUMX (DAaKTOpiB Ha JJOCIHiIKyBaHi
nporecu. [yis 3°sCyBaHHS 3arajlbHAX 3aKOHOMIPHOCTEH 1
moOyIOBH IITICHOT 00’€KTHUBHOI KAPTHHHU IMOBEIIHKU Ta-
KOTO POy TEXHOJOTiYHHX NPEKypPCOpPiB aBTOpaMH IPo-
BE/ICHO JIOCIHIPKEHHS CUCTEM 3a NMPHUPOAHUMH psiamMu Y,
La — Lu, Li — Cs. Anani3 pe3ynbTaTiB 3 KOMILIEKCHOTO
BUBYEHHS MPUBEJICHO B IONIEPEaHiX poboTax aBTopiB [10,
11, 30, 36].

VY mnotpiitnnx P3E-BMicHHX cHcTeMax HITpaTHHX
MIPEKYPCOPIB, SKI € HEBI'EMHUMH KOMITOHEHTAMH O1JIbIIT
CKJIQJIHUX 0araTOKOMIIOHEHTHHX CHCTEM, OOMIiHHI repe-
TBOPEHHSI OYMHAIOTHCSI 3 MOMEHTY PO3YMHEHHS CKIIa/10-
BHX Y BOJi. 3’5ICOBaHO, IO Ln®* LepieBoi MIATPyHnH B
JIOCITI/DKYBAaHUX yYMOBax € aKTHBHUMH KOMIUIEKCOYTBO-
ploBayaMy, yTBOPIOIOTH aHIOHHI KOOPAMHALINHHI CIIONYKH
3 Me" ycix myXHHX MeTamiB, a iX CTIHKiCTh i KOMIIIEKC
NIPUTAMaHHUX BJIACTUBOCTEHBUSBIISIOTECS CHIIBHOIIIO-
YUMH TEXHOJOTIYHIMHU (paKTOpPaMH, IO CYyTTEBO BIUIHUBA-
I0Th Ha XapakKTep IepeTBOPEHb B CHCTEMax SIK Ha MPOMi-
JKHUX CTaIisX, TaK 1 HA Pe3yJIbTaTH MPOIIECIB B IIJIOMY.
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Tabnuit 1 — [30TepMivHi KOHLICHTpaLiHI MeXi KpUcTai3awuil Jy)KHUX KOOPAUHALIHHIX HITPATIB HEOAUMY i3 PO3YHHIB
BoHO-coboBuX cucreM MeNO;z — Nd(NOs); — H,O (Me — Li, Na, K)

CkJaii HACHYCHUX PO3YHHIB, IO BiIOBITAIOTh
Ckiaj crosyk t,°C MIePEXiTHAM 1 €eBTOHIYHHM TOYKaM, Mac. %o Xapaxrep po34MHHOCTI
MeNO; Nd(NO3)3
65 19,32 59,61 iHKOHTPY€EHTHHMI
13,95 65,63
Li3[Ndy(NOs)e]-3H,0 100 24,03 54,68 ——
9,68 72,51
50 16,55 51,62 IHKOHTPY€EHTHHMI
8,60 62,58
65 2044 20,40 IHKOHTPYEHTHHUI
Nay[Nd(NO3)s]-H,0 3,03 70,17
100 25,21 47,28 IHKOHTPY€EHTHHMI
4,15 76,96
K,[Nd(NO3)5 (H,0),] 50 Z:gi 21:8? iHKOHIPYEHTHMI
50 21,34 5491 IHKOHTpY€EHTHHI
11,49 63,31
K3[Ndy(NO3)g]-H,O 65 382,6577 3;:22 KOHI'DYEHTHMI
100 43(?5195 32:22 KOHIDYEHTHHI

Tabmuns 2 — Pentrenorpadivni aHi HEOOUMOBHX JITi€BUX, HATPIEBUX, KATI€BHX KOOPAWHALIWHUX HITPATIB

Li3[Nd(NO53)e]-3H,0 Naz[Nd(NO3)s]-H,0 K2[Nd(NO3)s (H;0),] K3[Ndy(NO3)e]-H,0
d, A g% | d, A | Uy, % d, A Iy, % dA [y %| d A (W% dA [Wy% | d,A | %
8,36 30 2,013 19 7,84 63 5,42 66 2,056 24 9,48 85 2,281 21
7,64 77 1,979 19 7,54 47 5,27 90 1,993 27 7,74 92 2,249 69
6,68 13 1,944 28 7,07 73 4,94 45 1,947 26 7,65 32 2,189 54
6,00 38 1,931 26 5,18 27 4,11 72 1,777 11 5,36 39 2,108 68
5,75 79 1,855 15 4,23 100 3,88 15 — — 5,27 40 2,082 37
5,42 98 1,778 15 3,80 57 3,80 42 — — 4,94 30 2,058 15
5,26 74 1,726 28 3,15 23 3,66 12 — — 4,76 46 2,012 49
4,76 51 1,708 34 3,09 67 3,53 42 - - 4,49 87 1,909 21
4,64 100 - - 3,02 86 3,35 38 - - 4,26 27 1,837 27
4,35 43 - - 2,629 20 3,18 13 - - 4,06 100 1,757 19
4,19 47 - - 2,391 17 3,05 73 — — 3,89 40 1,729 16
3,94 51 - - 2,346 17 2,873 17 - - 3,78 22 1,714 18
3,90 40 - - 2,307 8 2,843 33 - - 3,73 39 - -
3,56 26 - - 2,234 13 2,783 14 - - 3,36 19 - -
3,32 19 - - 2,178 27 2,750 17 - - 3,27 26 - -
3,22 47 - - 1,979 13 2,724 40 - - 3,18 55 - -
2,978 34 — — — - 2,664 14 — — 3,07 16 — —
2,772 19 - - - - 2,639 19 — — 3,04 17 — —
2,617 28 - - - - 2,594 100 — — 2,844 20 — —
2,545 43 - - — - 2,463 37 - - 2,755 12 - -
2,385 21 - - — - 2,392 19 - - 2,730 18 - -
2,328 17 - - — - 2,374 44 - - 2,647 55 - -
2,305 23 — — — - 2,314 15 — — 2,592 16 - -
2,226 19 - - — - 2,235 25 — — 2,508 87 - -
2,135 49 — — — - 2,188 10 — — 2,468 78 — —
2,111 43 - - — - 2,099 21 - - 2,349 32 - -
Mpumitka: d, A - mixmomunni Bincrani; I/ 19,% - BigHOCHA iHTEHCHBHICT pedIeKciB.
Bicnux Hayionanenoz2o mexniunozo ynieepcumemy « X111y
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OpnepxaHi BIIOMOCTI J03BOJISIFOTH MOJENIOBATH I10-
BEIIHKY CTPYKTYpHHX KOMITOHEHTIB Ha MiATOTOBYHX CTa-
nisix opMyBaHHS CydacHUX MOJi(yHKIIOHAIEHUX (HOTO-
KaTaJIiTHIHOAKTHBHUX MaTepialiB 3a iHHOBAaLiHHIMH
TEXHOJIOTIYHUMH peryiaMeHTaMH 3 BUKOPUCTAHHSM HiTpa-
THUX P3E-BMiCHHX IIpeKypcopiB.

HasBHi BusiBieHI TeHAeHIIT (a30yTBOPEHHS B MO-
JETBbHUX JOCIIDKYBaHHX CHCTEMaX € TePMOJMHAMIYHO
HaWOUIBII BIPOTIAHUMU MEXaMH IIEpPETBOPEHb B TEXHO-
jorigHuX 00’€KTax B yMOBax (OPMyBaHHA W OTpUMaHHSI
LTBOBUX MPOIYKTIB. A MOXIUBI peaibHI BiIXUJICHHS B
MOMIOHUX CHCTEMaX 3yMOBIIIOIOTHCS HEOTHOPITHICTIO pe-
aKIIHOTO Cepe/IOBHIIA 3a CKIIAI0M, BMICTOM pearyrunx
KOMIIOHEHTIB, 32 YMOBaMH iX 3HaXOJKCHHs, CKiHYCHHiC-
TIO IIBUJAKOCTI MEPETBOPEHb, AUQPY3IHHUMHU OCOOIMBOC-
TSIMH, TEIUIOEMHICTIO, B’ A3KICTIO, IPUPOIOIO EPETBOPEHB
Ha TPaHHIX YTBOPIOBAHUX TreTepo (a3, BUKOPUCTAHHAM
3aCTOCOBAHMX NMPHUHIHUIIB i crocoliB iX akTHWBaIlii Ta iH-
IIMMH KOHKPETHUMH YMHHHKaMHU. A BUSBIJICHI MPOIECH
KOMIUICKCOYTBOPEHHS Yy BOJHUX pO3YMHAX HITpATiB
CHPUSIIOTH TOMOTEHI3all{ CHCTEM CTPYKTYPHUX KOMIIOHE-
HTIB Ha MOJICKYJIPHOMY DiBHI HPH KOMIUIEKCHOMY YH
KOMOIHOBaHOMY NepepOOJICHHI.

AHali3 oJep)KaHUX JaHUX BKa3ye Ha MPOTiKaHHS B
Ln®-
KOMIUICKCOYTBOPIOBaYa KOHKYPYIOUHMX IPOLECIB 3aMi-

cucTteMax y HaWOIIKIOMY OTOYEHHI
LIEHHS MOJIEKYJl BOAM Ha HiTpar-ioHH. CTYMiHb IOBHOTH
3aMIIICHHS 3aJISKUTh Bill IPUPOIH Ln3+, MPUCYTHIX Me*,
BJIACTHBOCTEH €JIEKTPOHHO-JIOHOPHUX AaTOMIB KHCHIO 1
MIPOCTOPOBOI OYIOBH JiraHAiB, KOHIICHTPAIlii aH1OHIB, Ki-
JIKOCTI PO3YMHHUKA. BHSBICHO 3HAYHUI BIUIMB Ha Il
IpoLecH TeMmneparypHoro ¢akropy. CrocTepirarorscs
BIZIMIHHOCTI y KOMIIJIEKCOYTBOPIOIOYil 3/1aTHOCTI eneme-
HTIB IIepi€BOi 1 iTpieBol miarpym, Y, a Takox cepen P3E y
cepenuni nepiroi miarpynu. Opep:kaHi pe3yabTaTH BKa-
3YIOTh Ha IOCTa/liiHICTh MPOIECIB KOMITJIEKCOYTBOPEHHS.
HasiBHICTh NEBHMX 3Ha4€Hb TEMIIEPATYPU MOYATKY BHJIi-
JIeHHS. y TBepay (ha3y KOMIUIEKCHHX CIIONyK — Ha iCHY-
BaHHS EHEPreTHYHOro Oap’epy i HEOOXiTHOCTI JestKoi
eHeprii akTHBalil Ay 3IMCHEHHS TaKWX INEpPETBOPEHb.
[Ipu yTBOpEeHHI HITPaTHHUX KOMIUIEKCIB y BEeNHKIH Mipi
BUKOHYIOTHCSI BAMOTH CHUMETPIi 1 INITaHAPHUH Majui po3-
mipamu nirann NO3™ € «3pydHHUMY Uil YTBOPEHHSI BHCO-
KOCHMETPHYHOTO OTOYCHHS 10HA Ln*. Jins naHraHoiniB
XapaKTepHa CXWIIBHICTh YTBOPIOBATH TPH THITH KOODPIH-
Hanii NOj™ -mirangis. Lle Bene 10 yTBOpeHHS, SIK 130J1b0-
BaHUX KOMIUIEKCIB, TaK 1 iX MOJTIMEpH3aliio y ABOSACPHI,
JIAHII0KKH, KapKacH.

Bci BcTaHOBNEHI KOOPAWHAIIMHI CIIONYKH OyJU CH-
HTE30BaHI B MOHOKPHCTAJIIYHOMY BUIISl 1 OXapakTepH-
30BaHi KOMIUIEKCOM (Pi3MKO-XiMidHUX MeToniB. B Tabim-

1i 2 npuBEJeHI peHTreHo-TU(paKLiiHi XapakTepHi napa-
METpU HOBOYTBOPIOBAaHUX (a3 Ui MOKJIMBOCTI IX i/IeH-
TU}IKAI1 Ta BUIBJICHHS B XO1 IEPePOOIICHHS.

ABTOopamu poOOTH MPOBENEHO KPUCTATOXIMIUYHUI
aHaNi3 CHOJYK JIY)KHHX PIiIKICHO3EMEIbHUX HITPaTiB,
SIKMA 0a3yeTbcsi Ha pe3yNbTaTax BIACHUX JIOCIIIKEHb
[37, 11], Tak i Ha miteparypHux nanux [38]. OcobiuBy
yBary 3BEpHEHO Ha OYyIOBY KOOPIMHAIINHHUX MOIieapiB
Ln, sixa GaraTo B 4OMy BHM3HA4a€ OCHOBHI BJIACTHBOCTI
BINOBITHUX CIONYK. AHaNi3yrouu (GopMy, CHMETpilo U
IHII BJIACTUBOCTI MOJieAPIB (IUB. Tabi. 3), MU OTPUMYE-
HaOmm3uTHCS 10

MO  MOXITHUBICTB pO3yMiHHS

inuBigyanpHUX ocodmuBoctei P3E.

Tabmums 3 — KoopanHauiiiHi momienpu LN-aToMiB B Ty>KHUX
piIKiCHO3EMENTbHHX HiTpaTax

Cronyka D, D, D; | K. Y. | Tum nomi-

efpa, oro

CHUMETpis

Lis[Lay,(NOs3)e]-3H,0 2,66 | 2,66 | 12 |Ix 4L33L,

2651|265 | 12 |Ixk Ls3L,

Li3[Nd,(NO3)e]-3H,0 2,61 | 261 | 12 |Ix 4L33L,

2,60 | 2,60 | 12 |Ix Ls3L,

Na,[Nd(NO3)s]-H,0O 2,62 | 262 | 12 |Ix L33L,

261|261 | 12 |Ix Ls3L,

261|261 | 12 |Ix Ls3L,

K,[La(NOs3)s (H,0),] | 2,70 | 2,68 | 2,68 | 12 | Ik L,

K,[Nd(NOs)s (H,0),] | 2,62 | 261 | 2,61 | 12 |Ik L,

K3[Pr,(NOs)g] 2,63 1263 | 12 |Ixk Ls3L,

K3[Ndy(NO3)e] 261|261 | 12 |Ix Ls3L,

(NH4),[La(NOs)s 2541270 | 267 | 12 |Ix Ls5L,

(H,0),]-H,0O 259 | 270|268 | 12 |Ix Lg5L,

(NH,),[La(NO5)s

(H20),]-2H,0

(NH4)2[Pr(NOs)s 254 1266|264 | 12 |Ix Ls5L,
(H20),]-2H,0

SIkmo D,, Dy, D3 — cepenns Bincranb (A) <Ln—0 0, <LN—

O now» <LN-0»; Ik — ikocaenp

Jani  mpo  cepemni  Bigctami Ln-O B
PiAKICHO3EMENbHNX  HITpaTax  JIy’)KHHX  KaTIiOHIB,
oOroBopioBani B po0OoTi, m00pe Y3roIKYIOThCA 3

OUIKYBaHOIO TCHJCHIIIEIO IO 3MCHIIEHHS BincTaned Ln —
O BIANOBIAHO [0 JIAHTAHOIMHOIO CTHUCHEHHSA 1 [0
30UIBIICHHS ~ [UX  BiACTaHeH 31  30UIbIICHHIM
KOOpAMHAIHHOTO YHucina ans ¢ikcoBanoro ioHy P3E.
Bigcrani Ln— O (H,0), sik mpaBuiio, BiAHOCATBCS MO
Yyuclia HaWO1IbIl KOPOTKUX KOHTAaKTiB y momienpax. Llei
(akT MOXHA TOSICHUTH BHUXOJSYM 3 HAasBHOCTI KOHKY-
pyrounx B3aemopid 3i 3B’s3kamu Trmy Ln— O (NO3).
KoopauHamiiiHi mosienpy CKiIaaeHi, Sk MpaBuio, aTomMa-

MH KHCHIO OiJICHTaTHO KOOPJAMHOBAaHUX HITPATOTPYII,
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piziie B MOoeAHAHHI 3 aTOMaMH KHUCHIO MOJIEKYJN BOAM. Y
BCIX PO3MIIIHYTHX CHOJYKaX KOOpAWHAIIMHI dHCia
NPEe/ICTaBHUKIB JJAHTAHOINIB epieBoi miarpynu 12.

Ilpu y3arajpHeHHI CTPYKTYPHHX MJAHHX JIY)KHHX
koopauHaniiHux HiTparie P3E 3Beprac Ha cebGe yBary
HA/I3BHYATHO OOMEKEHHH acCOPTUMEHT KOOPIHWHAIIHHUX
noxieapis aist Takux Bucokux KU P3E. Ha puc. 3 npuse-
JIEHO 3arajbHAN BUTIIS BHSIBIICHHUX THITIB iKOCAeIpiB, M0
3yCTPiYalOThCsl B CTPYKTYPAX JOCHIIKYBAaHHX CHONYK. Y
BUIIQJKaX, KOJM BOJAa HE BXOIUTh MO CKIamy
KoopauHaliiaoi chepu atoma Ln, momienpu moOynoBaHi
abcooTHO OAHAKOBO (puc. 3, a). Ix exBiBanmenTHICTH
noJsrae B TOMy, 110 ykopodeHi pedpa O—O (3aranbHi 3
NO; —niraagamu) 3aiiMaroTh OJHI W Ti caMi IOJIOKCHHS.
BUHATOK CTaHOBIATH O OJHOMY 3 2 HE3AICKHUX
momienpie Ln y JABOX i30CTPYKTYypHHX
Li3[Ln,(NO3)e]-3H,0 (Ln — La, Nd) (puc. 3, 6).

Sxmo x KoopAWHAMifHE HACHYCHHSA BiIOyBa€ThCS

CIIOJTyKax

3a y4acTIO MOJIEKYJ Bo1H, (opma 12-BepLUIMHHUKIB JIENI0
3MiHIO€ThCS. TOIONOTIYHO 1Ie Bce TOH ke ikocaemp. On-
HaK PO3IOJiI BKOPOUEHHX pedep y LbOMY BHUIIAAKY iH-
it (puc. 3, B).

AmHani3 po3risiHyTHX Hamu LN-nomieapiB pae mizc-
TaBy Big3HaunTH TeHaeHMi0 P3E B qaHoMy kiaci cromyk
JIO OpraHi3aIfii CHMETPHUYHOTO KOOPMHAIIITHOTO OTOYCH-
Hi. Y psIi BUNAIKIB, HE3BAKAIOUW HA Te, IO 10HH Ln®
PO3TAIIOBYIOTBCS Y 3arajibHUX TMO3HUIMAX, 1X KOOpAMHA-
LiifHI TMOJIieApH BOJOMIFOTH MPHHANMHI OIHIEI0 HEKPHUC-
TanorpadiuHo BicCro cuMeTpii 2 (auB. TabI. 3).

[IpuBeneni HK4e naHi 3 TepMorpagiqHOro BU-
BUCHHS JITIEBUX, HATPIEBHX, KATIEBHUX KOOPIUHAIIMHUX

HITpaTIB PIAKICHO3EMENFHUX EIIEMEHTIB IepieBOi MiATPY-

i (puc. 4, Tadi. 4) 3’5ICOBYIOTh XapakTep i 3aKOHOMIipHO-
CTi TEIUIOBUX IIEPETBOPEHb LUX CIONYK B TeMIEpaTyp-
Homy nmiamasoni 25-1000 °C, BCTaHOBIIOKTEL TXHIO Tep-
MOCTIHKICTh,  IHTEpBaJIM  ICHYBaHHA,  CTaXilHICTB
mpoIeciB, (pa30yTBOPEHHS B 3aJIe)KHOCTI BiJl CKIIaay, BMi-
CTY, IPUPOJN CKJIAIOBUX KOMIIOHEHTIB, CIIOCO0Y YIIaKOB-
K{ KOOpAMHALIHHUX MOJiEAPIB Y MPOCTOPOBY MOOYAOBY,

YMOB i crtoco0y 00poOIeHHS TOIIO.

Liy[Ln,(NOy),] 3H,0 Li(L(NOy)] 3H,0 o
Lo=La,Nd Ln=La,Nd }"'[“i“\:)"*“,'f“’lj
Na,[Nd(NO,),] H,0 n=La,Nd
K,[Ln,(NO,),]
a 0 B

Pucynok 3 — CxematuuHe 300paXkeHHsI Ta 3arajJbHUNA BHTIIST
Ln-ikocaenpiB, BUSBICHUX Y CTPYKTYpax JiTIEBUX, HATPI€BUX,
KaJieBUX KoopauHaiifHux HitpariB P3E mepieBoi miarpymu

Lle mae MOXIHMBICTH NMPOTHO3YBaTH IOBEIIHKY 3a-
CTOCOBAaHUX IIOTCHIIaJIbHUX MOIEPEAHHUKIB B pealbHUX
TEXHOJIOTIYHUX CHCTEMax B aHAJOTiyHUX ymoBax. Jlis
MOpIBHSAHHS ¥ aHaji3y TaM jXe MPHBOAATHCS BiJJOMOCTI
npo Maji CTabUIBHICT 1 TEPMOCTIMKICTh KaJli€BHX

Y, Gd - Lu
o OOYMOBIIOE OOMEKCHHS B

KOOpAMHAIIIMHAX  HITpaTiB
K[Ln(NO3)4(H20).],
3aCTOCYBAHHI TAKOTO BUJY MIPEKYPCOPIB y TEXHOIOTIYHUX

CKIIamy

HEPETBOPEHHIX 3 METOI MOIM(]iKyBaHHS BIaCTHBOCTEH
[TBOBUX TPOIYKTIB.

- . . _ oy L3+
Cxema moctaaiiHux nporecis 3amimeras H,O va NO; ™ — rpymu B KoopauHaitiitaiii chepi Ln

y BOJHHX po3drHax mpu 25-100 °C

A A
a) eJIEeMEHTIB LiepieBoi Mirpynu 0) eleMeHTIB ITpieBOi miArpynu
S Ln —La—Sm Lh-Y Ln-Y
b
~73
3 I
= n QO
= & 12* + 0** K4=12
[ -_—
=1 ~ ~72- ~ ~
g —
g I”("osg("zog_ In(4034(420,2_
12*% + 2% KU=12 8% 4+  2%% KU=]0
[Ln(NO3)3(H,0)4]2H,0 [Ln(NO3)3(H,0)4]InH.O n=12
6% + 4%k K4=10,11 6% 4+ 4 K4=10
. . 3+ . . .
Tpumitka: *** —aucno 38’sa3kis LN~ — O , Bigmosiano 3 ON02 i3 OH2 ;
. . 3+
KY - koopauHamiiiHe 9ucio nentpanbHoro iona LN~ — kommiekcoyTBoproBada
Bichux Hayionanvrnozo mexuiunozo ynisepcumemy « XI1I»
42 Cepis: Ximis, ximiuna mexvonoeis ma exonozis, Ne 2(6) 2021



ISSN 2079-0821 (print)

s

a1 w00

0 ¢ 1000 T

800
. 20} 800 56

amr

ImeHwerrs macu , %

n7

10681, %

s
=

580

—
T

v; ATA o

60f

- 2ol

80

Bpema

Yac

a) 0)

3 ‘ 1

P U sy TG (200)

>

5 X L

2 ®

g | 5

g H

S 2 DTG (500) / ’

Q 8 L \’—\

* 1 5 ol 22
[0 e
(a]

sl o i
DTA (250
B> e
A )
N 8o
£ |
>
3
@ -
g 600
o
5 L
8 " L 1
wr 20 a0
* Time, min.
B Il)
8o L 20}
Time
r)

Pucynok 4 — JlepuBarorpamu:

a) — Lig[Nd,(NOs)e]-3H,0;  6) — Nay[Nd(NOs)s]-H,0;  B) — K;[Nd(NOg)s (H,0)];
1) — K3[Nd2(NO3)g]-Ho0; 1) — K[Yb(NO3)4(H20),] (Ln -, Gd-Lu)

T — temneparypua kpusa; JITA — nudepeniiiansta TemmepaTypHa kpusa; TI' — TepMorpaBiMeTprdHa KpuBa;
AT — nudepenuiaabHa TepMOrpaBiMEeTpUYHa KPUBa
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Tabnuit 4 — 3HaUCHHSI TEMIIEPATYPH BUSIBICHUX €(eKTIB Mij 4ac TepMidHOT 00pOOKHM MPECTaBHUKIB BCTAHOBICHHUX IPYI

JyXHUX KOOpIuHaliitaux HiTpartis P3E

5 - -~ < , &)
Q 5 = = hs) F)
5 § o é 2 g = 2 &
Z £ °. £ z > = N 3 g =
g NN = 3 g Z 2] 8 = =)
Crnomyxka; ) = £ 5 2 £ = = S 3 S =
MPOCTOPOBA IPyIa KPUCTATIB [‘:.& S g § = 2 Z E g E( %
2 =S| 2 s | E8 | ¢ |¢ =5
= &2 g ™ E g R= = 2 A
E € =2 £ 5 £ O 5
5 P ) = = &
= S
Li3[Ln,(NO3)s]-3H,0 65
sLETAL T e La-Sm | 65-100 | xomurp. 183 183 — 274 LiLnO,
Ky6iu.; P2,3
216
Na,[Ln(NOs)s]-H,O 81
2 35102 La-Sm | 50-100 | komrp. | 148 — 271 328 NaLnO,
MOHOKIL; P2;/a
236
K,[Ln(NO5)s (H,0
2ALn( ,3)5( 20)] La—Nd | 50-100 | imkomrp. | 95,111 95 219 314 KLnO,, Ln,05
pombGiu.; Fdd2
K3[Ln2(NOs3)e]-H,0
La-Sm 50 . 126 — — 347 Ln,O
Ky6id.; P4432 Konrp 23
K[Ln(NO3)4(H,0 138,
[Ln(NOs)a(H-0)e] Y,Gd-Lu | 50-100 | kourp. 138 — — Ln,Os
OpuUMiT. pom6id.; P2;cn 172

BcranoBneHo, M0 KOOpAWHAILIMHI YHCTa Ln® nepi-
€BOi marpynu — 12, BHUSBJIEHI Y HU3BKOTEMIIEPATYPHHUX
acomifioBaHux popmax, 30epiraroTbCsi HE3MiHHUMHE QXK JI0
YTBOPEHHS CTIHKUX BHUCOKOTEMIIEPATYpHHX OaraToKoM-
noHeHTHUX OkcuaHux (a3 MeLnO,, Me,Ln,Tiz0y. Lle
BKa3zye Ha JOLIJIbHICTH BUKOPUCTAHHS JIYKHHUX KOODJIH-
HaIiifHuX HiTpaTHUX P3E-BMiCHHX mpeKypcopiB y mouio-
HHUX TEXHOJIOTTYHUX IHHOBALIHHUX PilICHHSIX.

BniuB chopmoBanux 3paskiB-¢orokaranizaro-
pie  (3i CTPyKTypol TpPHIIAPOBOro
Me,LNn,Tiz01p (Me-K; Ln-Nd) na kineruky oxucieH-
HSl MapiB OpraHiYHNX PeYOBMH (HA MPUKJIAA] €TAHOTY)

THUTAHATY

JloriyHUM MpaKTHYHUM 3aCTOCYBAaHHSIM i ompoOarri-
€10 OJIEP)KAHOTO KOMIUIEKCY €MIIPUYHHUX 3HAaHb NP0 CY-
MICHY ITOBEIIHKY 1 BIACTHBOCTI CKJIaJJOBUX KOMIIOHEHTIB
B JIOCITI/PKYBaHUX cHCTeMax Oyiio po3poOJIeHHs OJHOTO i3
MOXIIMBHX CIIOCOOIB HaHECeHHs 1 (POpMyBaHHS KOMIIO3H-
ifHUX (OTOKATATITHYHO aKTUBHUX IMOKPUTTIB Ha CTPYK-
TypOBaHI MeTaJieBi HOCII (A1 MiHIMi3alii BHECKY aJIcop-
OiifHOT CKJIagoBOi y 3aralbHUN e()EeKT KOMIUIEKCHOTO
NIEPEeTBOPEHHS) 13 Jucrepciii CyOMIKpOHHHX pO3MipiB
anarasHoi ¢azu TiO, i momiGHUX YaCTHHOK 3 MOAU(IKO-
BaHMMH BJIACTUBOCTSMH IXHBOTO ITOBEPXHEBOTO IIapy Ta
MIOCTITyF0UOT0 TPOBEACHHS IXHHOTO MOPIBHSUIBHOTO TEC-
TOBOTO BHIPOOYBaHHS Ha aKTUBHICTH Y mporecax (oro-
JIECTPYKIii mapiB OpraHiYHNX PEeYOBUH (HA MPHUKIAIl eTa-
HOJy) y HOBITPSHOMY CEpelNOBHILI miJ BIUIMBoM YO

onpoMiHeHHA. MonudiKyBaHHS aKTHBHOCTI IIEHTPIB OKH-
CJICHHSI 00’ €KTIB 3/IHCHIOBAJIN JBOX CTaIIHUM TEpMOOO-
pOOJIeHHSIM 3pa3KiB 3 PO3MUIBHUM ETaIlyBaHHSAM IIpOIie-
CIB: HAaHECEHHSM 1 (hIKCYBaHHSIM MOKPHUTTIB HA OCHOBY i3
BOJIHO-cycrieH3iiHux cucteM TiO, i pO3UYUHHHX HITpaT-
HHUX IpeKypcopiB LN ta qyXHUX MeTaniB, B3ITHUX Y 3aja-
HUX CIIBBIIHOWICHHAX; (popMyBaHHAM AU(Y3IHHUX ITO-
TOKIB Ha MiX(a3HUX IpaHUISIX CKIAJJOBUX FETEPOTeHHUX
KOMITO3MIIIHAX CHCTEM Ta pETYJIOBAaHHAM CKiIamy M
YMOB TepepoOsIeHHs] pO3IUIaBiB HITPAaTHUX HPEKYpPCOpiB
(3 METOI0 CTBOPEHHS CIPHUATIMBUX YMOB JUIS acomiarii
THUTAHATIB 3 IAPYyBaTOK CTPYKTYyporo Me,Ln,Tiz0y). Ta-
Ki KOMIO3HIIHHI CHCTEMH SBISIOTHCS KPUCTaTi3alliifHO-
KOH/ICHCOBaHUMH CTPYKTYPaMH TBEPAIHHSL.

(Bumoru 10 CTpyKTypOBaHHMX (YHKIIOHAIEHO aKTH-
BHUX MOJIOHWX MOKPHTTIB, MPOLEAYPH IX MiATOTOBKHU Ta
XapaKTEepPUCTUKN OOTOBOPIOIOTHCS B JEKITBKOX OTJISNIO-
Bux crarTsx [39, 40]).

Ha migroroBumx cramisx TepMOOOpPOOICHHS BHXIia-
HUX BOJIHO-CYCIICH3IMHMX CHCTEM i3 3allpaBKOI0 KOMIIO-
HEHTHOTO CKJIQJly PO3YMHHUX HITPATHUX IOTIEPEIHUKIB Y
CIIBBiHOIICHH], IO BiJAMOBiJa€ YyTBOPEHHIO TPHIIAPO-
Boro mepoBckiTonoaiouoro turaHatry Me,Nd,TizOqq
(Me,O Nd,05°3TiO,, Me — Li, Na, K; Ln — La-Nd) six-
OyBaeThbCsl BUAAJIEHHS PO3UMHHUKA 13 IEPECHYEHOT0 JIHC-
MepCifHOTO CEepeIOBHINA, i 3TiTHO 3 BUBYECHOIO HOJITEp-
MIYHOIO Aiarpamoro pozuuHHOCTI [11] (mepeTBopeHHs B
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o0nacTi KOHLEHTPALifHOI KOHIPYEHTHOCTI) IOCTYIOBE
BHIIICHHS 3aPOJAKIB KPUCTAJTIB JTy)KHAX KOOPIUHAIIHHUX
HiTpariB Ln. [lopanpiie HarpiBaHHS IUX MPOMDKHHUX HO-
BOYTBOpEHHX (a3 Bese M0 IX IUIABIEHHS 1 MOCIiTYI0Y0ro
PO3KJIaJaHHs 3 BUAIJICHHSIM OKCH/IIB a30TY 1 KHCHIO.

B [41] BcTanoBmeHO, mo mepexiny CyOMIKpOHHOTO
MOPOILIKY AIOKCHIY TUTaHy 3 aHarasza B pyTHJ BinOyBa-
etocst pu 750-850 °C, a ponb MEpBHHHHX eIEMEHTIB
CTPYKTYPH B TaKUX JAUCIIEPCHUX 00’ €KTax TPaloTh YaCTKU
MOPOILKY.

TiO, (aHaTa3) y AocCiiIpKyBaHiil 6araTOKOMIOHEHT-
Hill TeTepOreHHiH cucTeMi Bese cede XimMiuHo iHaudepeH-
THO MO BiJJHOILEHHIO JI0 CKJIAOBUX CTPYKTYPHUX KOMIIO-
HEHTIB JJ0 MOMEHTY 3apO/DKEHHS Y MPOIYKTaxX TEPMOII3y
PO3IUIaBYy HITPaTHUX KOOPIMHALIWHHUX MPEKypCOpiB cia-
OKO 3aKpHCTANi30BaHUX XIMIYHO aKTUBHHUX YaCTHHOK IO-
neiitanx okcuaie MeLnO, (Me,O'Ln,03) [16]. Ipu 36i-
JbIIEHHI eHeprii axkTuBanii cucremu (t>520°C) i,
BIJIMIOBIJTHO, CHEPTii TEIJIOBOTO PyXy CTPYKTYPHHX eJie-
MEHTIB BUHHKA€ MOIIMBICTH iX 30JMKEHHS Ha OLTBIT KO-
POTKI BiJICTaHi, MPOSIBISETHCS 3MIIIHEHHSI KOOPMHALIIHOTO
XIMIYHOTO 3B’SI3KY MK CKJIAZIOBAMH KaTiOHAMH BiATIOBITHIX
METaJIiB i aTOMaMH KACHEBUX aHIOHIB 3 YTBOPCHHSM IIEPOBC-
KinmomioHux [42], B Tiit uM iHIIN Mipi, KATIOHOBIOPSIIKO-
BaHMX TPHUIIAPOBUX OKCHIHHUX CTPYKTYp Me,Ln,TizOqg 3
Ha0OpOM NMPUTAMAHHUX IM BIACTHBOCTEH.

B poGoti nocimipkeHHs (hOTOKATAIITHYHOT aKTHBHOCTI
CHHTE30BaHHUX MaTepiajliB MPOBOJIIIM Ha MPUKIIAII TECTOBOT
peakiii OKUCIEHHS MapiB €TaHOJy B CTATHYHOMY PEaKTOpi.
[poriec  BimOyBaeTbCsT 3 YTBOpPEHHSAM B Ta3oBiid  (asi
MPOMDKHOTO TIPOJYKTY — aleTaIbJETI/y, SIKHil B KIHIIEBOMY
PaxyHKY TIOBHICTIO OKHCIIOEThCS 10 CO,. st chopmoBa-
HUX KOMIIO3UI[IHHAX (DOTOKATAII3aTOPIB CIIOCTEPIrasocs
cyoctpaty B
nopiBsHHi 3 unctuM TiO, (quB. puc. 5). B pesysnprarti e

30UIBIIEHHS  IIBUIKOCTI  OKHCIIEHHSA
MIPU3BOJMIIO IO 3MEHIICHHS Yacy BHIAJICHHS cyOcTpary i
iHTepMeiaTy 3 ra3oBoi a3y Ta 3HIKEHHS MaKCHMaJIbHOL
KOHIICHTpAIIi] alleTabJCTiay B OCTaHHIH.

Ipumirka. TecroBe OKHCICHHSA CyOCTpaTiB mHapiB
OpraHiuYHMX PEYOBHH (Ha NPHKIAAi €TaHoIy) chOopMOBa-
HUMH (OTOKATaIi3aTOpaMu 3AIHCHIOBAIN MPH OMPOMi-
HIOBaHHI OaKTepUIIUIHOKO Iammoro (254 uM, 8 BT) craTu-
YHMM METOJOM B J1a00paTOpHii kamepi Viayepn= 40 e
npu T =292 K, BiAmoBinHO: a) mpU BBEACHHI BEIHKOI
imiTytouoi no3u C,HsOH 2 ma (docnio I) B mpucyTHOCTI
TiO, anara3zHol Moaudikalii, HAHECEHOTO Ha CTPYKTYpO-
BaHy HETKaHy OCHOBY Ta 0) Manux 103 0,1 mi (docnio 1),
0,2 M (0ocnio 1Il) C;HsOH 3 HacTynmHMM BUIapOBYBaH-
HSIM, B TIPUCYTHOCTI (yHKIIOHAJIHHO-aKTHBHOT KOMITO3H-
uii KoNd,TisO19, HaHECEHOT Ha CTalleBl JIMCTH 1 3BOJIOXKE-
Hi H,O. B gocmimi I mokpurts chopmoBane

BUCYIIYBaHHSM HAHECEHOI Ha CTPYKTypOBaHY HETKaHY
OCHOBY BOJHOI cyOMikponHoi mucnepcii TiO, aHarasHoi
Monudikanii; B qocmimax I, 111 koMmo3umidHi TOKPUTTS
3i crpykryporo K,Nd,TisO, chopmoBani Ha JIMCTOBHX
CTaJIeBUX HOCIAX 3a JBOX CTa/iHHOIO NMPOLEIYpOI0 HaHe-
CCHHS 1 (PiKCYBaHHS NPEKypPCOPIB Ta HACTYIHHUM IIOBiIb-
HUM HArpiBaHHSM CHCTEM 3i MIBHAKICTIO 3-5 rpai. / xB.
10 550°C 1 BUTpUMKOIO IPOTATOM 4 TOZ.)

IIBuaKicTh OKUCIEHHS cyOcTpary 3anexana Bix
croco0y BUTOTOBIICHHSI IOKPHUTTS (IUB. pHC. 6), mpupoan
3aCTOCOBAaHUX MOIU(IKATOPIB BIACTUBOCTEH, MOCIIIOB-
HOCTI CTafii i pexxuMiB 00pOOIIeHHS, CyMiCHOCTI TOKPHUT-
TS 1 Marepiajia OCHOBHM Ta XapakTepy HOro IiJrOTOBKH,
3aCTOCOBAaHOTO KOMIOHEHTHOTO CKJIaAy i BMICTY HpOCO-
YyBaJIbHUX CHUCTEM, CrIoco0y BBEJCHHS B PEAKTOp 00po0-
JMOBAaHUX CyOcTpariB. {71 MOXIMBOCTI MOPIBHAHHS aK-
THUBHOCTI pO3p0o0iieHnX (HOTOKATAII3aTOPIB  HABAKKU
Macu TiO; y BHXiTHHMX 3allpaBKaX BOIHO-CYCIEH3IHHUX
CHCTEM 3pa3KiB 3 YHCTHM IIOKCHJOM THTaHy 1 3pa3KiB 3
3aCTOCOBAaHUMH MOAHM(D)IKOBAHNMH KOMIIO3UIISIME Opanu
OJTHAaKOBI.

KarioHOBHOpsITKOBaHI  TPHINAPOBI KOMITO3UIIiHHI
Mmarepiamu KoNd,TisO19 3a BIAMOBIAHUX YMOB MOXYTh
Buctynatu aiprepHatuBamu 110, aHara3znol moaudika-
1ii, yMOBHUI TNHTOMHUH IOKa3HUK aKTUBHOCTI SKHX Y
6,2 pa3u BUIMA Y MOPIBHSHHI 3 TAKOIO XapaKTEPUCTUKOIO
niokcuay Thtany (puc. 5, Tabm. 5).

OpepkaHi BIOMOCTI JO3BOJISIFOTH ONTHUMI3yBaTH
yMOBH (hOPMYBaHHs KaTiOHOBIOPSAKOBAHUX IAPyBAaTHX
TUTAHATIB; 3°ICYBaTH YMOBH 1 BHSBHUTH TeMIepaTypHHN
Jliara3oH 3aCTOCYBaHHS JaHOIO Kiacy croyiyk. OTpumani
BIIACHI 1 JiTeparypHi (i3WKO-XIMI4HI, TEpPMOXIMiUHI Ta
CTPYKTYpHI JlaHi, a TAaKOX Pe3yJIbTaTH IX iHTepHpeTarii €
€TaroM pPO3BHUTKY €KCIICpUMEHTAJBbHOI i TEOPETUYHOI Ha-
YKOBOI 0a3M JaHKX MPO IapyBaTi CIIOJIYKHU 1 TIpoLecH 3 1X
y4acTIo.

Tabmur 5 — OuiHlOBaHHS YMOBHOI aKTHBHOCTI 3pasKiB (oTo-
KaTaJi3aTopis:
I 3pa3ok — Ha ocnoBi TiO, (anara3s) i Il 3pa3ok — Ha OCHOBI
kommo3uii Tputaposoro okcuay KoNd,TizOgg
y mpoliecax po3KiIagaHHs eTaHoIy (puc. 5, st TiISTHOK
3 IPOTNOPLIHHIMH TPEHIAMH)

KarioHoBnopsakoBaHui TiO, (Momudikarris

tpummaposuii K,Nd,Tiz0g aHarasy)
S=218 cm” S=395 cm”
t=18,8°C t=19,0°C
Ty =40 XxB. Ty = 128 XB.

ACO, =114 ppm
Veep. = 2,85 ppm / xB.
Veep. axr. = 1351‘10-3
ppm/cM>XB.

ACO, =108 ppm
Veep. = 0,84 ppm / xB.
Veep. ar. = 2,1°10°
ppm / cM>xB.
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Pucynok 5 — Kinerrnka npomueciB OKUCICHHS MapiB €TaHOIY MPH yIbTpadioraeTOBOMY OIPOMiHEHHI (POTOKATATI3aTOPIB JIOKCHHY

turany (anaras) (I) i kommosuwiii (11, IIT), MonubikoBaHHX CTPYKTYpOIO MIapyBaTHX mepoBckiTonoaionux okeuais KoNd,TisOy

i

KOHHeHTpauiﬂ (C - Cnoan.) COZ! ppm

Yac, xB.

PucyHok 6 — 3maTHIiCTh 3pa3KiB QYHKLIOHATIBHUX MaTepialiB po3kiaaaTtu opradiui pedoBnan (C,HsOH) min BrmBom

OTPOMIHCHHS OAKTEPHIIUIHOIO JAMIIO0 TPH Pi3HHUX crocobax 00pobIeHHS TX POTOKATATITUIHO AKTHBHOTO MTOKPUTTS
I spazox —K,Nd,Tiz0, Tepmiumo chopmoBammii Ha cranesiit ocrosi S=218 cm? mpu 370°C; I 3pasox — K,Nd,Tiz0, (mpu 550°C).

ITosepxHi 31merka 3moueni H,O. Oxgnakosuii criocid BBemeHHs qo3u — 0,1 mir 96% po3unHy eTaHOIy BUIIAPOBYBAHHAM
2 5

JocmipkyBaHuHA KiTac IapyBaTHUX CIIONYK € Mepcre-
KTUBHOIO OCHOBOIO JUISi CTBOPEHHS (DYHKIIOHAJIBHUX Ma-
TepiajiB 3 yHIKaJIbHHUMH BJIACTUBOCTSAMH, SKi BU3HA4a-

I0ThCA JIBOBUMIpHUM XapakTepoM no0ynoBH

MIDXIIApPOBOTO IMIPOCTOPY, CIIOTBOPEHHSIM CTPYKTYpH TH-

TaH-KUCHCBUX OKTaCHpiB HepOBCKiTOBOFO mapy 1 BHCO-

KOIO PYXJIMBICTIO KaTiOHIB JyXHHUX MeTaiiB. Taki ix Bia-
CTHBOCTI MOXYTb 3HaHTH CBOE 3aCTOCYBaHHS B IHHOBa-
LiHUX 00JIACTSIX HAayKH, TEXHIKH, EHEpreTHKH, eIeKTPO-
HiKH, eKOoJIOoTii (IuB. puc. 5, Tabm. 5).

OTtpuMaHi aBTOpaMH €MITIpUYHI aHi 3 MOXKJIHUBOCTI

3aMpoBaPKCHHS aKTUBAIlil CHOCOOIB OYUILEHHS IMOBITPS
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Ha OCHOBI HOBHX (DOTOKATaNiTUYHO aKTHBHUX IIAPyBAaTHX
TIEPOBCKITOMOMOOHNX OKCHIHKUX MaTepiamis M,Ln,TizOgg
(M - Li, Na, K; Ln — La, Nd), cTBoproBaHHMH METOaMH
«M’SKOT» XiMii, pe3yIbTaTH BIaCHUX MOIEPEIHIX Harpa-
ioBaHk [1uB. 43] 3 MOHITOpUHTY akTUBHOCTI BHECKY CO,
B TOBITPSHHUNA MPOCTiIp pEANbHUX OKPEMHUX MPHUMIIICHB
CKJIQJIOBMMH 1X KOMIIOHEHTaMH — JIIOJIbMH, aJCOpOyIOUH-
MH TIOBEPXHAMH CIIOPY[ Ta iHTEP €pPY, 30HAMH 3 IECTPYK-
TUBHMMH TpolecaMi (OTOKATATITUIHOTO 1 TEPMIYHOTO
OKHCIICHHS JIETKOJICTKMX OPTaHIYHUX PEYOBHH, HAIBHUMH
POCIIMHAMH, HIIMMHU CTalOTh HEOOXiTHUMH NEpeayMOoBa-
MU U ayIUTy @ po3poOJIeHHS aleKBaTHOI MOAETI TaKo-

Ipunaus nositps

ro JOCIIKYBAaEMOro 00’€KTy yHpasliHHA, (OpMYJIIOBaH-
HsI MOCTAaHOBKH TEXHIYHOTO 3aBJaHHS Ha MPOSKTYBAaHHS i
PO3pOOIEHHS U1l HBOTO aJanTHBHOI CHCTEMH IMiATPUMY-
BaHHS MIKPOKJIIMATy, IPOTPaMHOTO 3a0€3IeYCHHS 3 MO-
XKITUBICTIO PEryJIOBaHHS CITiBBITHOILIEHHS HPHUILIMBHO-
PEIMPKYIANiHHIX MOBITPSIHUX IOTOKIB — afCcOpPOIifHOIO
i QoToKaraniTHYHOIO OOpOOKOIO (SK COHSYHHMM, TaK i
IOITYYHAM BHUIPOMIHIOBAHHSM), TEILUIOBOIO NTi€f0 KOMOiHO-
BaHMX JDKEpeJl eHepril Ta 3 BUKOPHCTaHHSIM KOMIO3HUIIHi-
Hux TiO,-BMicHHX MatepianiB, X MoauQikarii (1K mpu-
KJIaJl, IUB. pUC. 7); 6araTo)yHKIIOHATBHUX KOMILJICKCIB 3
pereHepyBaHHSM.

Bizsos.tennn B nponeci
@orocunTesy

ppm < Kommertpanis CO; < 1000ppm |

Za)

all

Pucynok 7 — MoxniBa cxemMa no0y0BH KOMITIEKCHOI aIalTUBHOI CHCTEMH ITOBITPOIIOCTAYaHHS 3 JTOIATKOBUM

06J'[aH.ITyBaHHHM TMPUIINIMBHOTO 1 BUTSDKHOT'O KaHaJliB BiI[CiKa}O'-IPIMI/I KjlanmaHaMH1, OJHOYAaCHUM OYUIICHHAM PErCHEPATUBHUX

MOBITPSIHUX MTOTOKIB ITACMBHUMH (aKTHBHUMH) (YHKIIOHAILBHUMH BY3JIaMH Ta 3alIPOBaKEHHSIM Oe3IepepBHUX CHCTEM

MOHITOPHHTY 1 YIpaBIiHHS 00’ €KTaMi

OnepxaHi HampalOBaHHS BiJIKPUBAIOTh HANPIMH
MOUIYKY JUIsi CTBOPEHHS Cy4YacHHUX CHCTEM BH[LICHHS,
OUMIIEHHS, PETeHePyBaHHs, aKyMYJIIOBaHHS, 30epiraHHs
CO,, 1Oro 4acTKOBOTO YU MMOBHOT'O BiIHOBJICHHS, MOKpa-
IIEHHS IX TeXHIYHMX MOXIIMBOCTEH 1 XapaKTEepUCTUK 3
BUKOPHCTAHHSIM IHHOBAUIWHUX pilieHb. MOXYTb CTaTH
HEOOXiTHUM HAyKOBMM (pyHIaMEHTOM JUIS 1HXXEHEPHHX
y3arajgbHEHb.

BucHoBkn

1. Pe3ynbTaTti IOCHIIKEHHS CBiT4aTh, IO MPOIECH
onepkaHHA OKcuIHUX P3E-BMicHMX (yHKIIOHATBHUX
MaTepialiB Pi3HOTO MPU3HAYCHHS 13 BUKOPUCTAHHIM HiT-
partiB €JIEeMEHTIB Pi3HOI eNEeKTPOHHOI CTPYKTYpH XiMid-
HUM 3MIITyBaHHSIM BHXiJHUX KOMIIOHEHTIB TIPH CIiJIBHO-
MY BHJIUJICHHI ITPOMYKTIB 13 piaKkoi (a3y MociiJOBHUM YU
CYMIiCHUM OCAJDKCHHSM 3 HACTYITHUM TePMOOOPOOICHHIM

BiZI0yBalOThCS CTAAINHO, Yepe3 YTBOPEHHS HHU3KH ITPOMi-
xHuX (a3. JlaHi npo iXHIM Ckiaj, BMICT 1 NMOBEAIHKY B
oTpeOyIoTh
MONEPEAHIX CHUCTEMHHX EMIIPUYHHX 3HaHb B IIOBHUX

KO)XHOMY  KOHKPETHOMY  BHUIAIKY
KOHIICHTPALlIHIX CIIBBIIHOIICHHSX y 3aJJaHOMY TEMIIe-
paTypHOMY iHTEpBaJIi.

2. BusiBiieHO BiIMIHHOCTI B MOBEMIHIII CTPYKTYPHHUX
KOMIIOHCHTIB Y CHCTEMaXx JIAHTAHOIiB IIEPIEBOT i iTpiEBOT
MArpymn, B IXHBOMY XapakTepli B3aeMopii, craaidHOCTI,
0COOJIMBOCTSIX 1 3aKOHOMIPHOCTSIX Tepediry.

3. OmeprkaHi HOBI IaHi CTAHOBIISITH OCHOBY JJIS:

— MIOIIYKY CHOCOOIB 30iJbLICHHS aKTUBHOCTI Ln-
opm;

— 3’sCyBaHHS MPUPOIH MOCITITOBHUX TEPMIUYHUX TIe-
peTBopeHb y HiTpaTHUX P3E-BMICHHX 0araTOKOMIIOHEHT-
HUX CHCTEMaX Pi3HHX arperaTHUX CTaHIB y XOi IXHBOTO
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TepMOOOpPOOIIEHHS; YMOB YTBOPEHHS W ICHYBaHHS, Bila-

CTHBOCTCH TIPOMDKHHX (a3;

BIUIMBAIOYNX (HaKTOPIB;

MOXIIMBHX CIOCOOIB KEpyBaHHS OJICPIKaHHS IIJIbOBOTO
MPOIYKTY;

— CTBOPCHHA Cy4YaCHUX OOCKOHAJIMX HHU3bKO3aTpaT-

HUX TEXHOJOTiH popMmyBaHHA (QYHKIIOHAIFHUX Martepia-

JB Pi3HOTO MPU3HAYEHHS 13 BIATBOPIOBAHUMHM BIIACTHUBO-
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C. B. JII'TAP, A. B. IACEHKO, O. B. HOBOXATBKO, O. B. MA3SHHI[bKA, O. O. HHKH®OPOBA

BUKOPUCTAHHA MYJIbTUCYBCTPATHUX CYMIIIEM JIJIA BIOCUHTE3Y METAHY
AJATITOBAHUM KOMIUVIEKCOM MIKPOOPI'AHI3MIB 3 OTPUMAHHSM OPTAHIYHOI'O
JOBPUBA

Uepe3 HecTaOIIbHICTh PUHKOBUX IIiH Ha TPAIMIiNHI BYIII€BOJHEBI CHEPreTHUYHI PeCypcH Ta HETaTUBHUMN BIUIMB IIPOJYKTIB iX 3rOpSIHHS Ha HABKOJIH-
IIHE CePeIOBHIIE OCTAHHIM 9acOM JIOCHTH CTPIMKO PO3BHBAIOTHCS TEXHOJIOTI], IO MepeA0adaroTh BUKOPHCTaHH, HacaMIIepesl, BITHOBIIIOBAHUX JKe-
pex eneprii. OMHUM i3 HEPCIEKTUBHUX HANPSAMKIB aIbTepPHATHBHOI €HEPIeTUKH € OioeHepreTHka — ramy3b 010TEeXHOJOTI], sIka PO3ITIAAAE K JHKEpeIo
IIajyBa OpraHiuHi peYOBHHM 0iOMacH Pi3HOrO MOXOMXKEHHS (IIepeBaXKHO CLILCHKOTrOCIOAapcehki Binxoaw). Cepell OCHOBHUX IE€peBar €HepreTHIHOL
010TeXHOJIOTIT CIIi/ Bi3HAYNTH IIBHAKICTH Ta BiJHOCHY JIETKICTh BiTHOBJICHHS CHEPTeTHIHOTO CYOCTpaTy, a TaKOXK TOH (aKT, [0 BiH HE € Ty)KUHHUM
JUISL IOBKLJUISL, TOMY HaBITh Y BHIIAJKy IIOTPAIUITHHS 0 HABKOJIUIIHEOTO CEPENOBHUINA Y KIIBKOCTSX, IO NEPEBHINYIOTh JOITYCTHMI, Iie He IPH3Besie
JI0 He3BOPOTHHUX 3MiH B ekocucTeMi. Hammmiok 6iomacu HezabapoM Oyze BKIIIOUEHHH 10 6i0reoXiMiYHUX HUKIIB, IO € 3aIIOPYKO0 IS MiHiMizamil
mxkonu foBKiuLMo. IIponec 6iokoHBepcii MeTaHy 3 OPraHiYHHX CIIONYK CyOcTpary (BYIJIEBOAIB, OiIKiB, HyKJIETHOBUX KHCIIOT, JIMiAIB, OPraHIYHUX KH-
CJIOT, CHHPTIB), SIKMI BiJOYBAETHCS Y TPU €TalM, HA3UBAIOTh METAHOTCHE30M. Y L[bOMY IPOIIEC] MpHUiiMae ydacTh crienudiuyHa ckiagHa gpepMeHTHa
cucreMa OakTepiil, O CKIamy sKoi BXOIATh KOoGepMEeHTH: MeTaHodypaH, TeTparifpo-meraHonTepuH, kopepmentu F420 ta F430, xodepment M
(KoM), kopepment B. Bukopucranus croco0iB nepepoOKH Ta yTHIi3amii BiIX01iB, 10 0a3yIOThCS Ha albTePHATUBHUX OI0JIOTIYHUX METOJaX PEIrK-
JIHTY OpraHiYHMX 3a0pYIHIOBAUIB, HE 3aBXKIN JIO3BOJISIE JOCSATTH OUiKYBaHOTO eeKTy, 30KpeMa Ha IPALOI0YNX Y 3aKPUTOMY PEXKUMI IITYIHO CTBO-
peHHX ekocucTeMax 300(epM. KoHIeHTpyBaHHS Ha HEBENMHKIll IUIONI 3HAYHOI KIIBKOCTI BiIXOXIB XKUTTEAISUIBHOCTI (THOO, OCTIIY Ta CTOKIB TeX-
HOJIOTIYHHUX IIPOLECIB TOIO) YTPUMYBaHOI Ha 00’€KTaX TBAPUHHHIBKOI ramysi XynoOH, 3a0py[HIOE IPYHTH, BOJOMMH Ta aTMOC(epHE MOBITPS
MiKpoOpraHi3MaM¥y, IIHJIOM, IIKiUIMBUMH Ta3aMH Ta IHIIMMH NPOJYKTaMHu po3nany. YacTo e € OHUM 3 OCHOBHUX YHHHUKIB, SIKi 0OMEKYIOTH 3poc-
TaHHS IOTY)XHOCTeH mignpueMctB TBapuHHHITBA Ta AITK B minomy, cTpuMyroYrd eKOHOMIYHUH PO3BHTOK PaiOHIB, IO CIIELialli3ylOThCsl Ha arpap-
HOMY BUPOOHMITBI. Briepmie y perioni Oyno npoBefeHo DOCITIIKEHHS 3 METOI0 BH3HAYECHHS Halle(heKTHBHIIIOro croco0y mepepobku ditoMacu mic-
KaHTYCy I BHPOOHUITBA B SIKOCTI LIOBHX HPOIYKTIB METaHOBMICHOI 0i0ra3oBoi CyMilli Ta OpraHoO-MiHepaJbHOTO JOOpHBa HPHIATHOTO MO
BHUKOPHCTAHHS y CUJIbCHKOMY Ta JIiCOBOMY TOCIIOAAPCTBI. 3allpONOHOBAHO EKOHOMIYHO Ta €KOJIOTIYHO MPUBAOIUBHIA CIIOCIO yTHIIi3aLil BigXoaiB ¢ito-
Ta 300T€HHOT'0 TOXOKEHHS, 10 IO3BOJISIE CYTTEBO 3MEHIIUTH aHTPOIIOTEHHUH TUCK Ha JOBKIJUIA.

Kumrodosi ciioBa: MymbTHCYOCTpaTHa cyMmill, aHaepoOHe OpOiHHS MIKpOOpraHi3MiB, MeTaHOTeHe3, Oioras, OiomaiikecTep, CiTbChKe TOCIOAAPCT-
BO, JIICOBE TOCIIOIAPCTBO, YTUIII3ALlisl BiIXOMIB, 610TECTyBaHHS

C. B. IEI'TAPb, A. B. IACEHKO, O. B. HOBOXATBKO, O. B. MASHUI]KAA, E. A. HHKH®OPOBA

MCHOJIb30BAHUE MYJbTUCYBCTPATHBIX CMECEM JIJIsI BAOCUHTE3A METAHA
AJATITUPOBAHHBIM KOMIVIEKCOM MUKPOOPI'AHU3MOB C ITIOJIYYEHUEM
OPTAHUYECKOI'O YAOBPEHUA

B cBs131 ¢ HecTaOMITBHOCTBIO PHIHOYHBIX II€H Ha TPAJNIHOHHBIE YTIIEBOIOPOTHBIE SHEPTOPECYPCHI M HETATHBHEIM BIMSTHHEM MPOIYKTOB HX CTOPaHHs
Ha OKPYXKAIOLIYIO CPely B MOCIIEHEE BPEMs JOCTATOUHO OBICTPO Pa3BUBAIOTCS TEXHOJIOTMH MCIIOIL30BAHHUEM, TIPEXKJIE BCETO, BO30OHOBIIAEMBIX HC-
TOYHMKOB 3Heprur. OJJHIM U3 NEePCTIEKTUBHBIX HANPABIICHNIT allbTEPHATHBHON YHEPTETHKH SABIAETCS OMO’HEPTeTHKA — OTPAch OMOTEXHOIOTHH, Pa-
ccMaTpuBaroIas B Ka4ecTBe UCTOYHHMKA TOIUIMBA OPTAHWYECKOE BEIECTBO OMOMACCHI PA3IMYHOrO MPOHUCXOXKACHHS (B OCHOBHOM CEIIbCKOXO3SHCT-
BeHHbIE 0TX0JbI). Cpei OCHOBHBIX TPEHMYIIECTB SHEPTeTHYECKONH OHOTEXHOJOTHM CIIEAYeT OTMETHTh CKOPOCTh M OTHOCHTENBHYIO JIETKOCTBH
BOCCTaHOBJIEHHS SHEPTETHUECKOTO CYOCTpara, a Takxke TOT (akT, YTO OH He UyXKEPOJIEH JIIsl OKPYKAIOIIEH cpesibl, IO3TOMY JIaXe MPH BeIOPOCE B KO-
JIMYECTBAX, MPEBBINIAIONINX JOMYCTUMBIE, 3TO HE MPHUBEIAET K HEOOPATHMBIM M3MEHEHMSIM B 3KocucTeMe. M30biTounHas Guomacca ObIcTpo Oyxer
BKJIFOYEHA B OMOreOXMMHYECKHE IIMKIIBI, YTO SBISETCSA KIFOYOM K MHHMMH3AIUK yiiepba okpyxaromeit cpene. ITporecc 6MOKOHBEpCHH MeTaHa n3
OpraHUYECKUX COeIMHEHMH cyOcTpaTa (YIiIeBONOB, OCIKOB, HYKICHHOBBIX KHCIIOT, JIMINJIOB, OPTAHUYECKUX KHCIIOT, CIIUPTOB), KOTOPBIH TpOTEKaeT
B TPH 3Tara, Ha3bIBAIOT METAHOTEHE30M. B 3TOM mporecce npHHUMaeT ydacTHe crenududeckas cloxHas (epMEHTHas ciucTeMa OaKTepHii, B COCTaB
KOTOPOH BXOAAT KO(EPMEHTHI: METaHO(ypaH, TeTparuapo-MeTanonteput, kopepmentsl F420 u F430, kodpepment M (KoM), xodepment B. Hcmo-
JIb30BaHKE CIIOCOOOB MepepabOTKH M YTUIM3AIMK OTXOAO0B, 0a3UPYIOIUXCS HAa albTEPHATUBHBIX OMOIOrMYECKUX METO/aX PEHMKIIMHIA OpraHndec-
KHUX TIOJUTIOTAHTOB, HE BCET/Ia MO3BOJIAET JOCTHYh OKMIAeMOro 3(pdeKTa, B 4aCTHOCTH Ha PabOTaOIIHX B 3aKPHITOM PEXNUME MCKYCTBEHHO CO3JaH-
HBIX 3KocHcTeMax 300depM. KoHIeHTparus Ha HeOOMBINON TUIONAAN 3HAYNTEIBHOTO KOJMYECTBA OTXOJ0B KH3HEIEATEIbHOCTH (HaBO3a, TOMETa,
CTOKOB TEXHOJIOTHYECKHX MPOLECCOB M T.JI.) COAIEPIKAIIErocs Ha 00BEKTaX KMBOTHOBOAYECKON OTPACIIM CKOTA, 3arpsi3HsIET II0YBY, BOAOEMBI U aTMO-
cepHBIi BO3TyX MHKPOOPTaHM3MaMH, IBUIBIO, BPEJHBIMH Ta3aMH M JIPYTUMH TPOXYKTaMHU pa3iioxkeHus. JacTo 3To sBIAETCS OJHUM U3 OCHOBHBIX
(hakTOpOB, KOTOPBIE OTPAaHUUYNBAIOT POCT MOITHOCTEH MpenpuaTHii xkuBoTHOBOACTBA M AIIK B 1ienoM, caepxuBas 5KOHOMHYECKOE Pa3BUTHE paiio-

© C. B. Hirtsp, A. B. [Tacenko, O. B. HoBoxartsko, O. B. Masuuneka, O. O. Hukudoposa, 2021

Bichux Hayionanvrnozo mexuiunozo ynisepcumemy « XI1I»

52 Cepis: Ximis, ximiuna mexvonoeis ma exonozis, Ne 2(6) 2021



ISSN 2079-0821 (print)

HOB, CHCIUAITN3UPYIOIINXCS Ha arpapHOM IIPOU3BOJACTBE. BriepBbie B pernone ObLIM MPOBEICHBI HCCIIEI0BAHNUS C LIENBIO ONpeJIeeHHs Hanboee 3¢-
(exTHBHOrO crocoba nepepaboTKu (PUTOMACCHI MHCKAHTyca Il IIPOM3BOJCTBA B KA4eCTBE LIEJEBBIX MPOIYKTOB METaHOCOAEpXKalleil OnorazoBoi
CMECH U OpraHO-MHHEPAJIbHOr0 yI00pEHHUs IIPUTOHOTO K IIPUMEHEHHUIO B CEILCKOM U JIECHOM Xo3siiicTBe. IIpeuiosxkeH 5KOHOMHYECKU U IKOJIOrHY e-
CKH NPHUBJIEKATEIbHbIN CII0CO0 yTHIIM3ALUK OTXOMO0B ()MTO- M 300r€HHOTO IPOUCXOXICHHSA, KOTOPBIA MO3BOJSET CYIIECTBEHHO CHU3UTh aHTPOIO-
T€HHBIH HPECCHHT Ha OKPYKAIOLLYIO CPey.

KiroueBble ci10Ba: MynbTHCYOCTpaTHasi CMECh, aHAOPOOHOE OpPOXKEHHE MHUKPOOPTaHU3MOB, METaHOTeHe3, Ororas, OnoaaiipKecTep, CelnbCKOe X0-
3HCTBO, JIECHOE XO3HCTBO, YTHIIM3ALUS OTX0/10B, OMOTECTUPOBAHUE.

S. DIGTIAR, A. PASENKO, O. NOVOKHATKO, 0. MAZNYTSKA, O. NYKYFOROVA

THE USE OF MULTISUBSTRATE MIXTURES FOR METHANE BIOSYNTHESIS BY AN ADAPTED
COMPLEX OF MICROORGANISMS FOR OBTAINING ORGANIC FERTILIZER

Due to the istabiity of market prices for traditional hydrocarbon energy resources and negative impact of their combustion products on the
environment, recently quite rapidly develop technology that provide for, first of all, renewable energy sources. One of the promising areas of
alternative energy is bioenergy is a branch of biotechnology that considers organic matter of biomass of various origins (mainly agricultural waste) as
a fuel source. Among the main advantages of energy biotechnology, it should be noted the speed and relative ease of recovery of the energy substrate,
as well as the fact that it is not alien to the environment, so, even if released in quantities exceeding the permissible ones, this will not lead to
irreversible changes in the ecosystem. Excess biomass will quickly be incorporated into biogeochemical cycles, which is the key to minimizing
environmental damage. The process of bioconversion of methane from organic substrate compounds (carbohydrates, proteins, nucleic acids, lipids,
organic acids, alcohols), which in three stages, is called methanogenesis. This process involves a specific complex bacterial enzyme system,
consisting of the following coenzymes: methanofuran, tetrahydro-methanopterin, coenzymes F420 and F430, coenzyme M (CoM), coenzyme B.
Using of ways of processing and waste disposal, that based on alternative biological recycling methods of organic pollutants does not always allow to
achieve the expected effect, in particular on artificially created ecosystems of animal farms working in a closed mode. Concentration on a small area
of a significant amount of biowaste (manure, dung, process runoffs etc.) of the cattle kept in the facilities of live-stock industry, contaminates soils,
water bodies and atmospheric air with microorganisms, dust, harmful gases and other decomposition products. Often, it is one of the main factors
constrainting on the growth of livestock enterprises and agro-industrial complex (AIC) capacities in general, restraining the economic development of
regions specializing in agricultural production. For the first time in the region, study was carried out in order to determine the most efficient way to
process miskantus phytomass for the production as target products of methane-containing biogas mixture and organo-mineral fertilizer suitable for
use in agriculture and forestry. An economically and ecologically attractive way of utilization of wastes of phyto- and zoogenic origin, which makes it
possible significantly reduce anthropogenic pressure on the environment, has been proposed.

Keywords: multisubstrate mixture, anaerobic fermentation of microorganisms methanogenesis, biogas, bio-digester, agriculture, forestry, waste
disoposal, biotesting.

Berym.

Bracmimok HecTaOUTBHOCTI pPHUHKOBHX IiH Ha
TpajauIiiiHi BYyriIeBogHeBI eHepropecypcu [1] Ta Hera-
TUBHHMI BIUIMB MPOJYKTIB IX TOpiHHSA HA JOBKiLIA [2]
OCTaHHIM 4YacoM JIOCHTh CTPIMKO  pPO3BHBAIOTHCS
TEXHOJIOTI1, sSIKi Tepen0dadaloTh BHKOPHCTAaHHS, B IEPIILY
4yepry, BiJHOBIIIOBaHUX JpKepen eHeprii. OnHUM 3 mep-
CHCKTHBHHUX HANPSMKIB albTCPHATHBHOI CHEPIeTHKH €
OlocHepreTHKa — rajay3b OIOTEXHOJIOTII, 10 PO3IIISIIAE B
SIKOCTI JpKepeJia AJIsl OTPUMAaHHSI TTajliBa OPTraHidyHy pedo-
BHUHY 6iomacu PI3HOMAaHITHOTO NIOXO/I’KEHHS
(3me6iIBIIOr0 BiIXOIB CLIBCHKOrOCIOIAPCHKOTO BUPOO-
muirBa). Cepell  TONOBHHMX —MepeBar CHEPreTHYHOL
010TeXHOJOTIi Cil 3a3HAYWTH IIBHIKICTH Ta BiTHOCHY
MPOCTOTY BiJHOBJICHHSI €HEPreTHUYHOr0 CyOCTpaty, a Ta-
KOX Te, IO BiH HE € YYKMHHUM ISl JOBKULISA, OTXKE
HaBiTh y BHUIAJKy MOTPAIUISHHS IO HABKOJIUIIHBOTO Ce-
peloBuIa y KIUTBKOCTSAX BHIIMX 32 IOIYCTHUMIi, Lie He
MIpU3BEJIE 10 HE3BOPOTHUX 3MiH B eKocucTtemi. Hamwmi-
Kn OioMacw JOCHTh IIBUJIKO OYyAyTb BKIIOYEHI M0
010reoXiMi4HNX ITUKIIB, IO € 3amOpyKOI0 MiHiMi3aril

LIKOAU MPUPOJTHOMY CEPEIOBUIILY.

Bukopucranns Ha migmpuemcrBax AITK wmeronis
MepepoOKN  BIAXOMIB Ta TEXHOJOTIH iX yTHIii3amii,
3aCHOBAHMX Ha IHMIMX OIOJNIOTIYHUX criocobax mepepepo-
OKM OpPTraHIYHHUX 3a0pYAHIOBAYIB HE 3aBXKIU BUABISIETHCS
JOCUTh e(DEKTUBHUM, OCOOJMBO B YMOBAaX HITYYHO CTBO-
PEHHUX 300€KOCHUCTEM, iKi (DYHKIIOHYIOTH B 3aKPUTOMY
pexxuMi. HakonmuueHHsT HAa HE3HAYHUX TEPUTOPISX BEIH-
KOI KiJTBKOCTI BiXOIIB TBAPUHHUIBKUX MiAIPHUEMCTB, a
caMe THO, THOHOBHX Ta TEXHOJOTTYHHX CTOKIB, MTOCIIAY
3a0pyIHIOE IPYHTH, BOAHI 00’ €KTH Ta MOBITPSIHUN OaceiiH
IIKiATMBIMH Ta3aMH, MIKpOOpraHi3MaMH, IMHJIOM Ta iH-
OIMMH TPOAYKTAMH PO3IICIUICHHS OpPraHiYHUX PEYOBHH
BIIXO/IiB, 10 € TOJIOBHOIO MPOOJIEMOI0 Ha IIISAXY CTBO-
PEHHS BEJIHMKHX KOMIUICKCIB 3 BUPOOHHIITBA MPOIYKIIT
TBapUHHHUNTBA [3].

P03BUTOK TBapHHHUITBA Y CLTBCBKOMY TOCIIOAAPCT-
Bi B HAIl Yac MoTpedye 3ampoBaKeHHS HOBITHIX TEXHO-
JIOTifl BHPOOHWITBA MPOIYKINI, MO, KPIM EKOHOMIYHOL
BHTOJIM, TOTJIMOIIIOE €KOJIOTiuHI mpoOaemMu, ToB’sI3aHi i3
KOHIICHTPALIIEIO TTOTOJIIB Sl Ta HAKOMUYCHHIM 3HAYHOI Ki-
JIBKOCTI €KCKPEMEHTIB 1 TeXHOJIOTIYHUX CTOKIB Ha oOMe-

KEHHX TepuTopisx [4—6].
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Amnauni3 crany muranns. [Iponec 6iokoHBepcii Me-
TaHy 3 OPTaHIYHHX CHONYK cyOcTpaTry (BYTJIEBOIIB, Oi-
KiB, HYKJICTHOBUX KHCJIOT, JIMiJ[iB, BYTJICBO/IHIB, OpraHiy-
HUX KHUCIIOT, CITUPTIB) Ha3UBAIOTh METAHOTEHE30M, SKHU
BiZIOYBAETHCS Yy TPU €Taly.

Ha mepmomy erami 3a y4gacTio ()epMeHTIB Timpoas,
IO CHHTE3YIOTh TI'paM-HETaTHBHI HECIIOPOYTBOPIOIOUi
aHaepoOHI MIKpOOpPTaHi3MH, 3MIHCHIOETHCS PO3KIAJaHHS
BHCOKOMOJIEKYJISIDHUX O1OMOJIMEPHHUX CIIOJIYK (BYTIJIEBO-
IiB, O1JIKiB, HYKJICTHOBHX KHCIIOT), BYTJICBOAHIB Ta JIIIi/IiB
JI0 HU3BbKOMOJIEKYJIIPHUX OpPTaHIYHMX PEYOBHH (MOHO- i
oJirocaxapuziB, aMiHOKHACIIOT i IENTHAIB Pi3HOTO CTyIe-
HS CKJIQJHOCTI, MYPUHOBUX 1 MIPUMIJHHOBHX a30THCTHX
OCHOB, TTIIIEPHUHY 1 pI3HAX KapOOHOBHX KHUCIIOT), & TAKOXK
CO, it H,.

Ha npyromy erami MeTaHoreHe3y 3 OTPMMAaHHX Ha
MEepIIOMY eTarl IPOJYKTIB (32 BUHATKOM OIITOBOT KHCIIO-
11, CO, # Hy) mix aiero KUCIOTOYTBOPIOIOYHX MIKpPOOp-
raHi3MIB YTBOPIOIOTBCSI Pi3HI OpraHiuHi KUCIOTH, SIKi MO-
TIM OKHCIIOIOTECS, TOJIOBHUM 4YMHOM, 710 anerary i CO,.
Ha wi#i crazii TakoX yTBOPIOIOTHCSI BOAEHB, aMiak 1 cip-
KOBOJICHb.

Ha tpetbomy ertami 3a y4acTio ()epMEHTIB, 1110 TPO-
IyKYIOTh aHaepoOHi CIopo- i HECIIOPOYTBOPIOIOYI MeTa-
HOTeHHI 0aKTepii, BiI0OyBaeThCS OCTATOYHE MEPETBOPEHHS
OpraHiyHMX PEeYOBMH HA METaH 1 Byriiekuciuni ras. biomo-
riuda posis yrBopeHHss CH, MeTaHoreHHMMH OakTepisiMu
MOJISITa€E B OJICPKaHHI KIITHHAMH eHeprii (YTBOPEHHS MO-
AT®D) s
MetaHoreHHi OakTepii 31aTHI BUKOPHUCTOBYBATH IS OT-

JIEKyTT MPOLIECIB  IKUTTEMISIIBHOCTI.
puManHs eHeprii popmiar, meranon, CO, anerar, a TaKox

METUILOBAHI aMiHU:

4HCOOH — CH,+ 3CO,+ 2H,0, )
4CH;0H — 3CH, + CO,+ 2H,0, )
4CO + 2H,0 — CH,+ 3CO, ©)
CH;COOH — CH,+ CO,, ()

4CH NH, + 2H,0 — 3CH,+ CO,+4NH,  (5)

Hanpukinni metanorenesy 3i ckiamosux CO; it H,
YTBOPIOETHCS A€dKa KUIbKICTh MeTaHy i Bomu. EHepriro
OakTepil OTPUMYIOTH 32 PaXyHOK OKHCIEeHHS H; sk 1oHO-
pa eNeKTPOHIB 32 YMOB CIpsDKEHOTro BigHOBiIEeHHS CO, —
AKIETITOPA eJIEKTPOHIB:

4AH, + CO, > CHy + 2H,0 + A. (6)
BBaxaetbcs, mo 6mau3bko 70 % MeTaHy yTBOPIOETh-

cs 'y pe3yibTaTi peakuiit (2, 4), 25 % — B peakuii (6), iHIIi
5 % — B peakmisx (1, 3, 5).

Y mpomeci MeTaHOreHe3y IIpUHMaEe  ydacTb
cnenn¢iyHa ckiaagHa (QepMeHTHa cucTeMa OaxTepii, 1o
CKJIQNy sKOI BXOAATh KO(QEepMEeHTH MeTaHo(ypaH,
TeTparinpo-meraHonTeput, kodpepmentu F420 ta F430,
koepment M (KoM), kodepment B [7].

Jo cxiagy mpHUpOAHOTO YTPYIMOBAaHHS MiKpOOpTraHi-
3MiB, 110 3/JIICHIOIOTH NPOLIEC METAHOT€HE3Y, BXOJATD Pi-
3HOMAaHITHI BHIM aHaepoOHMX OakTepidd, mO po3KiIaga-
I0Th  KJIITKOBUHY, BYIJICBOAW, OIIKH,  TNCHTHIM,
AMIHOKHCIIOTH, JIIIAX Ta iH. CIIONYKHU. 3aBISIKH iX Iisb-
HOCTI OpraHi4Hi peIlITKH, Bigmepia Oiomaca pi3HOTO Io-
XOIDKEHHSI MOXKE CIIYT'YBAaTH BUXiJHOIO CHPOBHHOKO IJIA
ollepxaHHs Oiorasy B mporieci O6iogectpykuii. OCKiTbKA
0ioras OTPUMYIOTh 3 OPTaHIYHOTO CyOCTpaTy Pi3HOTO Te-
HE3HCy, TO Uil €(pEeKTUBHOTO METAaHOYTBOPEHHSI BUKOPH-
CTOBYIOTP IIepeBa’KHO 0araTOKOMIOHEHTHI MiKpOOHi aco-
iaii.
MIKpOOPTaHi3MH, IO IIePETBOPIOIOTH OpPTaHivHI CyOcTpa-

Jlo iX ckigagy OKpiM METaHOTCHIB BXOJMSATHh

TH Ha METAaHOJI, MypalllHy Ta OLTOBI KHCJIOTH, BOJCHB,
CO; Tomo. lle cuMOioTHYHE YrpyHOBaHHS 3IaTHE 3Mi-
HIOBAaTH HULIXH (pepMEHTallii BUXiJHOT PEYOBHHH 1 QyHK-
LIOHY€E K CaMOpPETYNIOIYa CHCTEMa, IO MiATPHMYE Y
CepelloBUILli ONTHMANIbHI 3Ha4eHHs: pH, OKHCIIOBaIbHO-
BiTHOBHOTO TOTCHIIATy Ta TEPMOAWHAMIYHY PiBHOBAry
JUIL CBOTO POCTY M PO3BHUTKY 1 3abe3meuye cTaOUIbHICTh
MIPOLIECY METaHOTEHE3Y.

AHaJi3 0CHOBEHUX JOCATHEHb i JiTepaTypu.

3a OiOXIMIYHOIO aKTHBHICTIO OakTepii, o 31iiic-
HIOIOTh METaHOTEeHE3, MOJIUISIOTh Ha 4 rpymnu:

— TiOpOTiTHYHI OaKTepii;

— KUCIIOTOYTBOPIOIOUi OaKTepil;

— TeTepoaneToreHHi, TOMOAIeTOreHHI OaKTepii;

— METaHOYTBOPIOIOUi OakTepil.

Iepmra cragisi AeCTPYKIIl CKIAIHUX OpPraHiYHHX
MOJIIMEPIiB — TiAPOI3 — 3IHCHIOEThCS OAKTEPiIMU POJIIB
Clostridium, Bacteroides, Ruminococcus, Butyrovibrio ta
in. Leit mporiec mo3akIiTHHHAM 1 BiTOyBa€eThCS 32 YIACTIO
KOMIUTEKCY OakTepianbHUX ek3opepMeHTiB. Bin Habopy i
KUTBKOCTI IUX €H3UMIB, pH, 9acy KOHTakTy 3 cyOcTpaTroM
3aJIeKUTHh e(EeKTUBHICTD Ta MIBHAKICTH Iepediry riapodi-
3y. OCHOBHMMH NPOAYKTaMH TiPONI3y € aMiHOKHCIIOTH,
IyKpH, XUpHI kKuciotu. Ha nepmomy erami apyroi cranii
OilomecTpyKIii  KHCIOTOYTBOpIOIO4i  OakTepii  ponis
Syntrophobacter, Syntrophomonas ta Desulfovibrio oxu-
CIIIOIOTH IIi IPOAYKTH JIO aleTary, MpoIioHaTy, CyKIUHA-
Ty, CiUpTiB, anpaerigis, NHs, H,S, H, i CO,.

bakrepii apyroro eramy wiei craaii GiogecTpykuii
(poxie Acetobacterium, Acetogenium, Syntrophobacter,
Syntrophomonas Ta in.) BUKJIMKAIOTh PO3KJIaa NPOMioHa-
Ty, OyTHpary, JaktaTy i mipyBaty no aneraty, H, i CO,.
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Ha ocranniii TpeTiii crajii METaHOTEHE3Y MPAIIOITh
6e3rmocepeIHF0 METAHOYTBOPIOIOYI OaKTepii.
MeraHoyTBOpIOIO4i OakTepil BiJHOCATH 1O THILY

Euryarchaeota poxis Methanobacterium,
Methanobrevibacter, Methanothrix, Methanocalculus,
Methanococcoides, Methanosphaera, Methanococcus,

Methanocorpusculum, Methanoculleus, Methanofollis,
Methanogenium, Methanomicrobium, Methanopyrus, Me-
thanoregula, Methanosaeta, Methanosarcina, Methanos-
pirillium, Methanothermobacter.

[HriOyBaHHsI TpoOLECY METAaHOTCHE3y BUKIMKAIOTH
MiABHUINCHI y JXKUBHIBHOMY CEpEIOBHINI KOHIICHTpAIii
HOHIB aMOHI0, HATPIIO, KaTi0, KaJbIIF0, MATHII0, BAXKKUX
MeTallB, HITpaTiB, cynb(igiB, a TaKOX pPi3SHOMaHITHUX
kceHoOioTuKiB. L1Inaxu nomonanHs iHriOyBaHHS:

— BUJIQJICHHS TOKCUYHOI piIKoi (a3,

— pO3BeICHHS BOJIOIO CYOCTpary;

— JIOJJaBaHHsI AHTATOHICTA BUSIBICHOTO TOKCHHY)

— 0CaKEHHS TOKCHHIB;

— YTBOPEHHS XEJIATHUX KOMIUIEKCIB 3 TOKCUHAM,

— azicopOIist TOKCHHIB.

biokoHBepCil0 OpPraHidYHOTO CYyOCTpaTy 3 YTBOPCH-
M CHy 3xificHroe acoriamist MiKpoopraHi3MiB (3MillIaHa
KyJIbTYypa), TOMY 3MEHILIEHHS KUIbKOCTI Pi3HUX BHIB Me-
TaHOTCHHUX OaKTepiil y 3MilIaHii KyIbTypi Beie 10 3HU-
JKEHHsI IHTEHCHBHOCTI yTBOpeHHs1 MeTaHy. Uepe3 BigHOC-
OiomecTpykii
HEOOXIiJTHO 3aCTOCOBYBATH 3HAYHY KUIBKICTh IHOKYJISITY

HO HHU3BKY IIBHIKICTP cyOcTpaty
Oioarenta — He MeHII 30—50 % BiTHOCHO 110 00’ €My Cy0-
crpary. ludikyBanHs cyOcTpary, sSKui (EepMEHTYIOTb,
BUKJIIOYEHO, TOMY IO MPOLEC BEJICTHCS 3MIMIaHUMH KY-
JIbTypaMH i He MOTPeOye AOTPHUMaHHS YMOB CTEPHILHOC-
Ti. [HOKyIAT, K MPaBUIIO, IPUPOIHBO MPUCYTHIN Y BHXIi-
JHOMY cyOcTparti. 3a He0OXiTHOCTI IPOBOJISITH IONIEPETHE
KyJIbTHBYBAaHHS KyJIbTYp TpylHd METaHOTEHIB Ha KOMOi-
HOBaHMX IOXXMBHUX CEPEJOBUIIAX, 10 CKIaLy SIKUX BXO-
IATh pocToBi (akropm (Hamp., kopepmerr M (KoM),
¢axrtop F420), mo miagBHIIye TPOTyKTUBHICTS MOHOKYIIb-
Typu MeTaHoreHiB. OTpHMaHHS BHCOKOIPOIYKTHBHOTO
IHOKyIATy 3a0e3edye BHCOKY 3a BHXOJOM Oiorasy mpo-
JYKTUBHICTH (hepMeHTaIii.

CrpuaTiauBUM JUIS KUTTERISIIBHOCTI YTPYIOBaHHS
METaHOYTBOPIOIOYMX MIKPOOPraHi3MiB BBa)XKAETHCS Cepe-
JIOBUILIE, Y SKOMY KOHIIGHTpallis CyXOl peYOBHHH 3HAXO-
mutbes Ha piBHI 10—12 % (ymict Bomu 60—80 % 3a ma-
co10). Y 1IbOMY BHIIQAKY B’A3KIiCTh cyOcTpaTy 3a0e3mnedye
BUIBHUH PYX PiAMHM 13 CyCIICHJOBAaHUMH Y Hill TBEPIUMHU
YacTKaMU OPTaHi4HOI PEeYOBMHHM Ta MIKPOOHMMH KIIiTH-
HaMH, a TAKOX IyXUPIIMHU Ta3y, 10 y CBOIO YepTy IpHC-
KOPIOE TPOIIECH TiAPOITi3y, alleTOreHe3y i MeTaHOTeHE3Y B

pe3ynbTari 3pOCTaHHS PYXJIMBOCTI OaKTepialbHUX Kili-
THH.

Jlist 30UTBIICHHS TUIONII MOBEPXHI CyOCTpary, o
KOHTaKTye 3 OakTepialbHUMH KIITHHAMH, 3I1HCHIOIOTH
KOHTpPOJIb Takoro Mapamerpy, SK JIOBXKHHA OpPraHIYHHX
PEITOK, 0 BXOIATH 0 CKIaxy OiomacH, BimxomniB. Llei
MOKa3HUK He MoBHHHUM nepeBumyBaTu 10-30 mm. Ilpu
BHKOPHCTaHHI 0ioMacH IiaHOOAKTepii Iie MHUTaHHA CTa€
HEaKTyaJbHUM.

IIpomec ¢epmenTarnii 3AIHCHIOIOTE 32 YMOB IBOX
TeMIIEpaTypHUX PeXHUMiB. Me30(hiIbHUI pexXUM METaHO-
reHesy peajiizyiors npu temneparypi 30-35 °C. Tepmo-
¢upHHMI ponec nepenbayae MiATPUMaHHS TeMIlepaTypu
50-55 °C. BBaxkaeTbes, O B IHTEPBAJi TEMIEPATYP Bix
36 o 48 °C mpolec MeTaHoreHe3y 3aracae. [lepeBaru
TEPMO(IIIFHOTO peXUMY: BUCOKa IHTEHCHBHICTh 010KOH-
Bepcii OpraHiuHOi peYyOBHHM, KOPOTKUI TEPMiH METaHO-
rere3y (y 2 pas3u KopoTiie Me30(iTbHOTO0), CYIIPOBOIKY-
€TbCSl OUTBII BUCOKUM Ta30BUIUICHHSAM, CaHiTapHa
Oesrneka qurectaTy (MpH BUCOKMX TeMIlepaTypax T'MHYTb
naroreHHi Oakrepii W siing renpminTiB). Henmomik Bumie-
BKa3aHOTO DPEXHMY — HOrO E€HEpProeMHICTh (30UTbIICHI
BUTPATH TEIUIA).

3rigao ekcrieptHoi omiHkum REN21 GioeHeprernka
HaJIeKUTh 10 BUJIB IOHOBJIOBAHUX JDKEpeNl eHepril
(ITAE), mo HaiOLIBII OHHAMIYHO PO3BHBAIOTHCSA OCTaH-
HiM vacoM [8]. IIpu bOMY BUKOPHCTaHHS pecypciB 0io-
MacH BiJlirpae TOMiHYrOUy poib cepen iHmmx Bumis [1/1E,
¢dopmyroun Oinst 46% pUHKY TOHOBIIOBAHHX JDKEPEI
eHeprii. 3 pi3HUX BHIIB 0iOMacu BUPOOISIIOTH Ta30M0Ii0-
He (Oioras), piake (6ioetaHoun, Gioau3ens) Ta TBepae 0io-
nanuBo. Ha ocHOBI OiomannBa 3pOCTarOTh 00CSTH BHPOO-
HMIITBA TEIUIO- Ta eNleKTpoeHeprii [9].

BupoOHHIITBO Oiora3y 3 THOIO BEJIHKOI POTaToi Xy-
no6u (BPX) no3Bosste 3amo6irt BUKUY METaHy B aTMO-
cdepy, a HOro yIoBIIOBAaHHS — HaHKpamIuid crocid 3aro-
OiraHHs  ryo0ajgpHOrO  moTeruliHHA.  bioraz  moxe
BUKOPHCTOBYBATHCS SIK 1 3BUYAHUN NPUPOAHUM Ta3 I
00irpiBy, BHUpPOOJEHHS ENEeKTPOCHEPrii, 3aBIJKH UYOMY
(depma camocTiitHO Moxe cebe 3abe3neuyBaTH TEIUIOBOIO
Ta eJIeKTpUYHOW eHepriecro. CroxuBaHHA 0iorasy B TeX-
HIYHUX [UIIX MOXKE CIPHATH 3MEHIIEHHIO eMiCil MeTaHy.
Hixnicts rHOI0 BPX, cBUHEH Ta mTHIli, 10 BUKOPHUCTOBY-
€THCS] 3 METOIO OTPUMAHHS €HEPreTHYHOTo JuKepena — 0i-
ora3zy — 3aJIeXHTh BiJl BMICTY Y HbOMY OpPTaHigHOI CKJa-
JIOBOi,  CHpHX 3IMIIKIB  Ta

POCIIMHHUX BOJMU.

OnTUMaJIbHOIO BBAXKAETHCS BOJIOTICTH cybcTpary 86 —
90 % [10].

Kpim Toro miacrunkoBuii rHii BPX mMoxHa po3riis-
JaTH SK CKOJIOTiYHO Oe3leYHe OpraHiyHe JOOpUBO, IO
MICTUTh PSJ MIKPOEIEMEHTIB, BOKIMBUX JJIS JKUBJICHHS
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pociuH. lle HeoOXigHO Isi MIATPUMAHHS POAIOYOCTI
IPYHTY 1 YTBOpEHHS TyMycCy.

I'uoiiosi Bigxomu TBapuHHHUIITBA (THIH BPX), 0co0-
JUBO OE3MiICTHUIIKOBI, 3aBISIKM BUCOKOMY BMICTY BOZH, €
MPUIATHAME I PO30ABJICHHS 1HIINX, OLIBII KOHIICHT-
pOBaHMX CyOCTpaTiB, IO J03BOJISIE NIepeKadyBaTH iX Ha-
cocamu. TexHonorii BUpoOHHIITBA Ta €HEPrETUYHOTO BU-
KOpHUCTaHHSA Oiorasy HaOyJIW TWOIIMPEHHS B CBIiTi, a
3arajbHe BUPOOHUITBO eHeprii 3 Oiorasy, 30KkpeMa B Kpa-
fmax €C, Mae TEHACHIIIO O MOCTIHHOTO 3pOCTaHHs. [H-
TEHCHUBHE HapOILIyBaHHs BUPOOHMITBA Oiorasy mae Micie
B KpaiHax, A€ IIHNPOKO BHUKOPHCTOBYIOTHCS CIIELIiabHO
BUPOIICHI Al €HePreTHYHUX MOTped BUAU POCIMHHOI
CHPOBHHH, CEpe] SIKMX KyKypyZI3a Ha CHIOC € HalOiabII
e(eKTUBHOIO, a BiATaK 1 HAHOULIBII MOIINPEHOI CUPOBU-
Hoto. [Ipu oMy, Bu3Ha4aIbHUM (pakTopoMm, 10 00ymo-
BJIIO€ HAmNpsIM BUKOPUCTaHHs eHeprii BUpoOsieHoro Giora-
3y, € BUAW CTHUMYJIOBAHHS, CEpel SIKMX BCTaHOBICHHS
(iKkcoBaHOTO «3eeHoro» Tapudy Ha eJIeKTPUYHY eHepril
3 Oiorazy € HaWOUNBII MOIIHPEHHM Ta MI€EBUM 3aCO00M
ctumyiroBanHs. B Ykpaini 0iorazoBi NpoekTH, MONpU
3HAYHHUH MOTEHIlial BUPOOHUITBA 0iora3y sSIK y BUKOPHC-
TaHHI BiXOJIIB Ta MOOIYHOI MPOIYKIIii, TaK i B EHEPIreTHU-
YHOMY BHKOPHCTaHHI 3€MEIbHUX PECYpCiB, PO3BHBAIOTH-
csl IOCUThH TOBIIBHO. SIK MOKa3ye NOCBij, 0e3 MIHUPOKOro
BUKOPHCTAaHHS POCIMHHOI CHPOBUHH, a TAKOX 0e3 Ji€BUX
MEXaHi3MiB CTHUMYJIFOBAaHHsI, JJOCSTTH TaKHX IJIaHIB Oyne
CKJIAJIHO.

s mepepo6ku rHoro BPX mmpoko BHKOpHUCTOBY-
IOTh METaHOBE OpOJIHHS BiAXOMIB 3 YTBOPEHHSAM Oiorasy,
skuii Ha 60 — 80 % ckiIamaeTbes 3 MeraHy 1 Ha 15 —
20 % — Byrmekucmoro rasy. MeTaHoBe 30pOIKyBaHHS —
Le IpPOUEC, SKUU 3JaTHUM [ATH BEJIMYE3HY KOPUCTb B
3He3apakeHHI BUXiTHOI cHpoBUHU. BupoOHHUIITBO Oiora3y
LISIXOM METaHOBOT'O OpOJIHHS BIAXOMIIB — OJIHE 3 MOX-
JUBHUX BHUPIMICHb CHEPTETHYHHX 1 EKOJIOTIYHHUX MPOOIIEM.
{06 3abe3neunTH BeIMKOMAcCIITaOHUH PO3BUTOK 1 €KO-
HOMIiYHY e()eKTHBHICTh YCTAaHOBOK 3 BHPOOHHIITBA Oiora-
3y, HEOOXiTHO BHPIIIUTH psix OioXiMIYHHX, MiKpoOioo-
TIYHUX, COIIAIbHUX Ta TEXHIYHUX TPOOIEM.

OnHovacHo 3 THOeM BPX 3HauHy yBary sik mkepeno
JUIsl KOHTPOJILOBAHOTO METaHOTEHHOT'O IpOlLiecy NpHUBEp-
Ta€ 1 NMTAIMHUNA TOCIHIJ, 10 HAKOMUYYETHCS B IMpOIECci
poOOTH NTaXOKOMIUIEKCIB Ta JIiSUIBHOCTI (hepMepChKUX
rocroaapcTB. JlaHuii THII BiIXOJIB TAKOXK € TOCHTH Hebe-
3MI€YHUM ISl HAaBKOJIMIIHBOTO CEepe/IOBHINA Ta Hece 3a-
Ipo3y IUI1 HaceleHHS SIK B EMiJIeMiOJIOTIYHOMY TaK 1 y
€KOJIOTTYHOMY IUTaHi. XiMiYHa arpecuBHICTh NTAIIMHOTO
MOCIIZy 3yMOBJIEHa BHCOKHM BMICTOM y HbOMY a30THC-
THX CIIOJIYK, 30KpeMa TaKHX, 110 BEIyTh 0 YTBOPEHHS Y
cybcTrpati BUIBHOTO amiaky. Bcee 1ie 3arpokye mepemdac-

HUM BUYEPIAHHAIM pecypcy oOJiaHaHHS, SIKE 3aCTOCOBY-
€TBCS y 610ra30BOMY BHPOOHHIITBI.
Y 1OCKOHAJIEHHSI CTOCYIOTHCS] TAKUX MOMEHTIB:

— CKOPOYCHHS 4YHWCJIa CTAJCBUX CIICMEHTIB B
00J1aHAHHI;

— CTBOpPEHHS  OOJamgHaHHA 3  ONTHUMIi30BaHOIO
KOHCTPYKIII€I0;

— po3pobKa e(eKTHBHUX HATPiBaUiB;

— HarpiBaHHs 0i0ra3oBoi YCTaBHOBKH COHSYHOIO
EHEepTi€lo;

—o00’elHaHHS CHUCTEM BHUPOOHUIITBA Oiorazy 3
IHIIUMY HeTpaAuLIiHHIMH KEpeIaMu eHeprii;

— KOHCTPYIOBAaHHS BEJIMKOMACIITAOHUX BUPOOHHYMX
OIIMHHIIG JJIS CUTHCHKOTO TOCIIOAAPCTBA 1 MICT;

— ONTHUMAJIbHE BUKOPUCTAHHS BiIXO/IIB;

— YOOCKOHAJICHHSI TIPOIIECiB OpPOMiHHS 1 MOYaTKOBOI
Jerpajaiii BiXO/IiB NUISXOM CTBOPEHHS aKTHBHHX METa-
HOTCHHHX ITaMiB OakTepii 3 BHKOPHCTAaHHAM METOIIIB
TeHHOT 1HXeHepil;

—migbip KOMIOHEHTHOTO CKJIALy CyOCTpaTHHX Cy-
Mimeil Ui BUpOOHHUITBa Oiora3y Ha OCHOBI OPriHIYHOT
pedoBHHH (PiTO- TAa 300TCHHOTO IMOXOKEHHS, a TaKOX
BU3HAYCHHS! ONTHMAJIbHOTO CHIBBIIHOIICHHS CKJIaJ0BUX
MYJIBTHCYOCTpaTy.

HaykoBe 0OOIpyHTYBaHHSI KOMIOHEHTHOTO CKJay
KOMOIHOBaHHUX MYJbTH- Y MOHOCYOCTPAaTHUX CyMiIIei 3
METO0 MiZIBUIIEHHS e(hEeKTHBHOCTI BUXOAY Oiorasy sk Ii-
JIBOBOTO MPOIYKTY O€3BIAXOMIHOI O10TEXHOJOT11, 3a3BHYaif
3aJIMIIAETHCS 11032 YBArowW BITYM3HSHUX AOCIHIIHHKIB 3
oDy Ha HEJOCTaTHIA piBEHb PO3BHTKY OlOe€HEpreTHd-
HHMX TEXHOJIOTIH y JepkaBi. ['ol0BHOMO 3a/1auero nepeBa-
JKHO € YTHIIi3aIlisl KOHKPETHOTO BUAY OpraHiyHUX BiIXo-
niB AITK 3amexxHo Bix cneunianizamii CIIbCHKOTOCIION-
JApCHKOTO BUPOOHHUIITBA B PETIOHI.

Merta po6oTu. MeTOr0 I0CHIIKEeHb cTaia po3pooKa
KOMITOHEHTHOT'O CKJIaJly MyJIbTHCYOCTpaTHHX cyMiniei Ha
OCHOBI OpraHiyHoi peuoBuHH Bigxonis AITK.

3aBaaHHs JOCIHIIKEHHS:

— BU3HAUCHHSI ONTHMAIBHOTO CITiBBIJHOIIEHHS OC-
HOBHHUX KOMIIOHEHTIB OpTaHIYHMX MYJIbTUCYOCTpaTHUX
cyMimiet st BUpoOHHUITBA Oiorasy;

— 0OTpyHTYBaHHSI BUOOPY CHPOBHHHHUX IHTPEIi€HTIB
pu (OpMyBaHHI MyJIBTHCYOCTPAaTHUX CyMIIIEH;

— eKCIepUMEeHTAIbHE OTpUMaHHs Oiorasy B jrabopa-
TOPHHUX YMOBaX i3 MyJIbTHCYOCTpaTHHX Ta MOHOCYOCTpa-
THHUX CyMIIIEH;

— HOPIBHJIBHUN aHaJIi3 OTPUMAaHUX PE3yNIbTaTiB.

[TepeBarn oTpuMaHHs Oiorasy O4eBHAHI, OCKUIBKH
MpoIleC METAHOTE€HEe3y 3aJ0BOJIbHSE MOTpedy B EHeprii,
LIHHOMY OpraHiYHOMY JOOpHBI 1 CIIpHsiE OXOPOHI HaBKO-
JIMITHBOTO CEPENOBHUIIA.
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Cunre3 Giora3y BiOyBaeThCs 3a paxXyHOK KHUTTENI-
SUTBHOCT] KOMITJIEKCY MIKpOOPraHi3MiB, KU (hopMyeThCs
BCEPEIMHI O10peaKkTopa Micisl 3aBaHTAXKEHHS OPraHigHOTO
cyoctpaty. IlepepoOka cHpOBHHH HA METaH BiIOYBa€THCS
B XOJIi CKJIAJIHUX B3a€MOJIiN y 3MIlIAaHUX MOMYJIALIAX Oa-
KTEepiif, 0 HajJeXaTh 0 TPYIH apXeiB, BIAOMHUX Mifg 3a-
rajJbHOIO0 HAa3BOIO METAHOTEHIB. YTBOPEHHS METaHy 3 Op-
TaHIYHHUX CIIONYK BiOYBAETHCS Y YOTHPH CTa/il, OCHOBHOIO 3
SIKUX € BJIACHE METAaHOreHHa cTazis. ['0ioBHI O10XIMIYHI IIUIA-
XM CHHTE3y MeTaHy — OI0CHHTE3 3 OITOBOi KHCIOTH Ta Oi-
ocuHTes 3 ['imporeny ta niokcuny Kapbony [11].

Po3po0nieHO TEXHOJIOTIYHY Ta amapaTrypHy CXemy
BUPOOHMITBA 3 OTPUMaHHs Oiorasy i3 rHoto BPX 1o 006-
pawniif TexHoyorii. TexHomoriyHa cxema BKIIOYA€ Iiro-
TOBKY CHPOBHHHU — IOJPIOHEHHs, TOMOTEHI3allisl, 3Mily-
BaHHJA Ta JIOBEAEHHS [0 HEOOXIZHOI BOJIOI'OCTI,
OTpHMaHHsl 0iorasy B METaHTEHKY 3 MOJAJBIIOK HOro
OYHCTKOIO Ta MOJAYCI0 IO Tasroiiblepa 4u Oesnocepen-
HBO JI0 CHATIOI0YOT0 HPUCTPOIO, a TAKOXK IEepPepoOKy Bif-
xoxiB Ha OiomoOpuBa. Po3pobieHo kpecieHHs anmapaTyp-
HOI Ta TEXHOJIOTTYHOT CXEM.

30pomKyBaHHS THOIO Ja€ 3MOTY BHUPIIIMTH SKOHO-
Mi4Hi, €KOJIOTIYHI Ta CaHiTapHO-eIiAeMIONOTiYHI Mpo-
0JeMH, 0 BUHUKAIOTH B HACJIIOK HAKOIIMYCHHS BEJIHKO]
KUTBKOCTI BiJIXO/iB TBAPUHHUIITBA. BUpOOHUIITBO Oiorasy
€ OJIHI€I0 3 OE3BIAXOJHIX TEXHOIOTIH, TKa BUKOHYE MPH-
POI0OOXOPOHHY 1 pecypco30epirandy (GpyHKIIIO, aKe BO-
HO HE JIMIIE He TIPU3BOJUTH 10 YTBOPECHHS OYAb SIKHX Bi-
JIXOIIB, @ 1 YTHIII3y€e BIAXOAM CLUIBCHKOTOCIIONAPCHKOTO,
CIUPTOBOTO, Xap4OBOr0O Ta IHIIMX BUPOOHUUTB. | pasom 3
THM, YaCTKOBO JIO3BOJISIE BHPIIIyBaTH MpodieMy 30epe-
KEHHS TPAJULIAHUX EHEepProHociiB, MO € Hag3BHYaHHO
Ba)XXJIMBUM Y Cy4aCHHX YMOBaXx.

BpaxoByro4r BHYEPITHICTh TPAIHLIIHUX THKEpes eHep-
ril Ta X HEraTMBHUI BIUIMB HA TIPUPOJIHI EKOCUCTEMH, TeMa
BHKOPHCTaHHS alIbTEPHATUBHUX JDKEpeNl NAJIMBa CTae JeAali
BCe OLIBII aKkTyaJIbHOR. 30KpeMa 3BepTae Ha cede yBary Liu-
pOKe BIPOBA/DKCHHS B KYJIBTYpPY TaK 3BaHHX CHEPreTHY-
HUX pocnuH. OHUM 3 MEePCIeKTUBHUX I OioeHepreTH-
YHOI rany3i BuaiB € miscanthus giganteus [12].

MickaHTyc — 1ie piJ GaraTOpiuyHHX TpaB, SIKHH Mae
C4 msax GoToCHHTE3Y Ta MOXOMUTH i3 A3ii Ta Adpukn.
JlaBHO BM3HaHa WOTO JEKOpATHWBHA IIHHICTH, Yepe3 IO
BiH aKTUBHO KYJIBTHBYETBCS, aJle K Ol10€HEpPreTHUHY KYy-
JBTYpY HOTO CTaJM PO3IIIAIATH BiJHOCHO HEJABHO.

[iama3oH BpoKaiHOCTI MiCKaHTyCy CTAHOBHTb BiJl 5
10 55 t/ra [13], mo poOHTH HOrO OMHIEID 13 HAWOLIBII
MIPOJYKTUBHUX KYJIbTYp IIOMIPHOTO KIIiMaTy.

BaxnmmBoro BIacTHUBICTIO MICKaHTYCy € WOTO HEBH-
OarnuBicTh 10 IpyHTIB. BiH He noTpedye n0aTKOBUX 10-
6puB. ['010BHOIO 03HAKOIO IPYHTY, KA JUIA 1€l KyIbTypH

nepeBaXka€ 3HAUCHHS MOKA3HUKIB KUCJIOTHOCTI 4K HOTO
THITY, € HOTO po3MmyIIeHicTs [14].

PesysabTaTn i MeTroaMm NOCTIKeHHA. 3 METOMO
oTpuMaHHS (piToMacu MickaHTycy B KBiTHI 2019 poxy Ha
JocaigHif aingHnl miomero 20 M y ZBa psiiu Oyiu BHca-
okeHl 15 xyptuHOK mi€l pocnuuu. CamkaHIi YCIIIIHO
neperecnu 3umu 2020 Ta 2021 pokiB. Ha nanumii yac 3a
HUMH TPHUBA€ crioctepexenHs. OTxe akiIiMaTh3amiio Ja-
HHUX 3pa3KiB MickaHTycy B ymoBax I[lonraBcbkoi obmacti
MOJKHA BBaYKaTH YCITIIITHOIO.

Pesynpratn XiMiYHOTO aHadi3y BiJNOBIIHHX CYO-
CTpaTiB 3a CKJIAIOBHUMH KOMIIOHCHTaMH (BHCOKHIH BMICT
Hitporeny Ta Hu3bkuii BMicT KapOoHy st mramuHOro
MOCTIy Ta MPOTWIEKHA CUTYAIlisl IUIS MiCKaHTYCy) JO-
3BOJIMJIM 3alPONOHYBaTH iX BHKOPUCTAHHS Yy BHIJISAI
KOMOIHOBaHHX CyMilIeld. 3aBIsKu KOMOIHYBaHHIO MOXHA
JIOCATAaTH ONTHUMAJIBLHOTO CrHiBBiaHOImIEHHS KapOony no
Hitporeny (30:1), i, sik HAC/iJJOK, OTPUMATH OLIBIINN BHU-
xix 6iorasy. IIporpama mociimkeHp nepeadavaia mpose-
JCHHSA TPHOX CKCIIEPHMEHTIB, B XOMi SAKUX 13 CyOCTpariB
OPraHIiYHOTO MOXOJKCHHS HAa OCHOBI YMCTOI BEreTaTHB-
HO{ MacH MiCKaHTYCY, NTAITMHOTO TOCIIAY Ta iX cyMiIi y
criBBiaHOIIEHH] 1:1 Oynu oTpuMaHi 3pa3ku Oiorasy.

ExcnepumenTanbsHui BUIOOYTOK METaHOBMICHOI Oi-
0ra3oBOi CyMilli 31HCHIOBAaBCS Y CHEliaJbHO 3MOHTOBA-
Hilt TabopaTOpHiil yCTaHOBIII, SKa SBJISIIA COOOI0 EMHICTB,
HATlOJIOBMHY 3alloBHEHY CcyOcTpaToM. 3a JOIOMOTOIO
TpyOKH BOHA CIIONydaslacs 3 TAaKOK CaMOK0 €MHICTIO, 3a-
MOBHEHOIO BOJIOIO, B PE3YJIbTaTi YOr0 YTBOPHBCS TaK 3Ba-
HUH BoIsHHU 3aTBOp. Jocmim BimOyBaBcs y TepMmocTari
TC-8014Y4.2, ne Oyo po3MillleHO YCTAHOBKY, 3a TEMIIe-
patypu 25 °C (puc. 1).

BupiseHHst ra30BOi cyMillli OYajocsi BXKe HaCTyI-
HOi NTOOW Ticisi MOHTaXy Ta 3aBaHTAXKCHHS OCIIITHOL
ycraHoBkH. JJoOyTok 6iora3y Bij3Ha4aBCs 110/100H.

Pucynok 1 — locnigna 6iora3oBa ycTaHOBKa
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PesynbraTu 1OCIHIIKEHb JO3BOJIMIN 00y 1yBaTH Jii-
arpamy (puc. 2), sKa MATBEPIKYE MPUITYIIECHHS om0 Oi-
JIBIIOTO BUXOAY 0iorasy 3a yMOB MOEAHAHHS Yy MYJIBTUCYOCT-
paTHi CyMilli KOMIIOHEHTIB POCIMHHOTO Ta TBapHHHOTO
TIOXOJ/DKEHHS, IO JIOTIOMAara€ OTPHMATH CITiBBiJHOIICHHS
Kapborny mo Hitporeny mopiBaroe 30:1 B opraniuHOMY
cepeoBHIL, sIKe MiuaeTbes OiodepmenTarii.

140
120
100
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&0
&0 B W lranrrrni 110Cmy

Cymiln MiCKaHTYEY Ta
TTAIHHHOT® MoCmTy

by

Pucynok 2 — I'padix 1o0yTKy 6iora3zy Ha OCHOBI Pi3HUX
cyocTpartiB

BucnoBku. Iltammuuii mocmig B SIKOCTI OJHOTO 3
KOMIIOHEHTIB OpPTaHiYHOTO MYJIbTHCYOCTpaTy OyB 00Opa-
HUH, BUXOJSUM 31 CTYIEHIO EKOJOTIYHOI 3arpo3u HaBKO-
JHIIHBOMY CEpEHOBHINY, SKa BHHHKAE 3 OOKY MiAIpH-
ATIK
YTHIII3aIlis BiOXOIIB NMTaXiBHUITBA. B ToOMW ke dac mepe-

€MCTB BHACJIIOK  HEJOCKOHAJIOI  TeXHOJIOTii
poOKa NTaNIMHOTO MOCIiAy Ha 6iora3 J03BOJISE HE JIHIIE
CYTTEBO 3MEHIIUTH aHTPONOT€HHHWH NMPECHHI HAa IOBKij-
NS, a U OTpUMATH LIHHUI 3 €HEePreTH4HOi TOYKH 30pYy
mpoaykT — 6Oioras. Bee me poOuTh mammii MeTox OLTBII
NpUBaOIMBUM y TIOPIBHSAHHI 3 Tpaauuiiinnmu. Kpim toro
BIZNPALbOBAaHUH B X0/ METAaHOTEHE3Y 3aJHMIIKOBHUI CyO-
cTpar (aurecratr) Mo)ke OyTH YCHILIHO BUKOPHCTAaHUil B
SIKOCTI OpraHO-MiHEepaTbHOTO JOOpWBa y CUIBCHKOMY Ta
sicoBoMy rocnogapctsi. st poro 0ysio BU3HAuUEHO i#Ho-
T'0 TOKCHYHICT i3 3aCTOCYBaHHIM (Pi3UUHUX, XIMIYHHUX Ta
Oionoriuanx meromiB. Cepesl OCTaHHIX BapTe 3a3HAYUTH
MeToJ 6ioTecTyBaHHs Ta pOCTOBOro Tecty [15].

TakuM 9WHOM BIIEpIIE B PETiOHI NMPOBEICHO KOM-
IUIEKCHI JOCTIJDKEHHS, SIKi JJO3BOJIMIM BWU3HAYMTH Haii-
OUThII eeKTHBHI IIISXH 3aCTOCYBAHHS OPraHidYHOI Macu
MICKaHTYCy. 3alpOIOHOBAHO €KOJIOTIYHO Ta €KOHOMIUHO
mpuBaOIMBUi cmoci® yTumizamii BiXOAiB TBApHUHHOTO
MOXOJ/IKEHHS.
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B.T. KOTYX, H. I. KAIII[OBA, JI. ®. JOHCbKHH, K. M. IIA/IEEBA

OIIHKA BILTMBY TEXHOJIOITYHOI CITAJIKOBOCTI HA TIOKA3HUKHU HAIIMHOCTI,
JIOBI'OBIYHOCTI TA EKOJIOTTYHOI BE3NEKU EJJEMEHTIB T'A3OTPAHCIIOPTHUX CUCTEM

CydJacHi ra30TPaHCIOPTHI CHCTEMH € €HEPreTHYHUMH CIIOPYJaMH, OCHOBY SIKHX CTaHOBUTH MAariCTpaJIbHUH TPYOOIPOBiA, 10 € Oe3MepepBHOIO TPY-
0010, y3IOBXX SKOi pO3MilleHi IPUCTPOI, [0 3a0e3MedyIoTh epeKauKy rasy 3a 3a3falerigb 3aJaHux Hmapamerpax. Ha BiqMiHy Bif iHIINX JiHIHHEX
CIIOPYJ, TAKHX K aBTOLLIAXH, 3aJli3HUYHI KOJIii, MariCTpalbHUH TPYOOIPOBi IPOTATOM BCHOTO TEPMiHy POOOTH 3HAXOJHUTHCS B CKIATHOMY HAIpPY-
JKEHOMY CTaHi IIiJl BIUINBOM BHYTDIIIHBOI'O TUCKY II€peKadyBaHOIO MPOXYKTY 1 (GYHKIIOHYE SIK MOCYIMHA BUCOKOTO THCKY. ExcIuryaraniiiHa Hail-
HICTb, JOBIOBIUHICTh 1 €KOJIOTiUHA Oe3leka ra30TPaHCIIOPTHUX CHCTEM 3a0e3NedyeThCs PI3HUMH PETryIIOI0UNMH IPHCTPOSIMH Ta TPYOHOIO apMary-
poro.

VY cTaTTi pO3IIHYTI MUTaHHS, 1IOB’sI3aHi 3 IPOTHO3yBaHHS PoOOTH TPYOHOI apMaTypH B IEpio]] eKCILTyaTamii ra30TpaHCIIOPTHOI CHCTEMH 13 3a0e3re-
JeHHsAM HeoOXiIHOI HaMilHOCTI, JOBrOBIYHOCTI Ta eKojoriuHoi 6esrneku. HaBeneno aHaini3 SBUI TEXHIYHOI CIIAAKOBOCTI, 3@ JOIIOMOI'OO SIKOTO MOXK-
Ha BU3HAYUTH NPHYNHY, 10 BUKIMKAIOTh BiIXMICHHS BUXIIHHX IapaMeTpiB TpyOHOI apMaTypH B mporieci ii BuroroieHHs abo pemonTy. JloBeneHo,
110 OCHOBHOIO OCOOJIMBICTIO TEXHOJIOTIYHOT CIIaJKOBOCTI € IIEPEHECEHHsI IIEBHOT TeXHOJIOTIYHOI BIaCTHBOCTI BiJl ONEPEHbOI TEXHOIOTIYHOI onepa-
i1 0 HACTYIHUX, 1[0 XapaKTepU3yeThes KoeilieHTOM Iepeadi TEeXHOJIOTiYHOI CIIakoBOCTi. BusiBIeHa HeoqMiHHA yMOBAa MOHOTOHHOCTI 3MiHH KO-
edilienTa nepenaydi TEXHOJIOTIYHOI CIIAJIKOBOCTI 3 METOH 3a0e3IeYeHHsI HeOOXIIHOI SIKOCTI BUTOTOBJICHHS a00 peMOHTY TpyOHOI apmartypu. 3ampo-
MIOHOBAaHO 1O BHKOPUCTaHHS EKOHOMIYHHMII NPHHIUII IIPOTHO3YBAHHS SKOCTI BHTOTOBJICHHS a00 PEMOHTY BHpOOiIB, 3Hali/leHa 3aJeXHICTh MDX
BUXITHAMH 1 BUXiTHUMH TE€XHOJOTIYHHMH BJIACTUBOCTSIMH TPYOHOI apMaTypu, OOpaHHIl MapLIpyT NOCATHEHHS HEOOXiMHOI SKOCTi 1i BUTOTOBJICHHS
200 peMOHTY, BKIIIOYAIOYH 3aroTiBeNbHi 1 (iHIIIHI TEXHOJIOTIUHI onepartii.

Ku1io4uoBi c10Ba: ra30TpaHCIOPTHI CHCTEMH; TEXHOJIOTIYHA CIIAKOBICTh; TpyOHA apMaTypa; eJIeMEHT; HalilHICTh; JIOBrOBIUHICTh; €KOJOriUHa 6e3-
eKa.

B. I. KOTYX, H. H. KAITI[OBA, ]I. ®. JOHCKOH, E. H. ITAJTEEBA

OLIEHKA BJIMSIHUASI TEXHOJOTI MYECKOM HACJEJICTBEHHOCTH HA MTOKA3ATEJIA
HAJIEXKHOCTH, TOJATOBEYHOCTHA U SKOJIOT'MYECKOM BE3OITACHOCTH JIEMEHTOB
I'ABOTPAHCHOPTHBIX CUCTEM

CoBpeMeHHBIE Ta30TPAHCIIOPTHBIE CUCTEMBI MPECTABIISIOT CO00I SHEPTETUUECKHE COOPYKEHHS, OCHOBY KOTOPBIX COCTAaBIISIET MarkuCTPalbHBIA TPY-
00npoBOJI, MPEACTABIAIONINI cOO0H HENPEPHIBHYIO TpYOy, BI0JIb KOTOPOW pa3MeLIeHbl YCTPOHCTBA, 0OECIICUMBAIOIINE MTEPEKAYKy Ta3a MpH 3apaHee
3aJ[aHHBIX [TapaMeTpax. B oTinune oT APYrux JMHEHHBIX COOPYKEHHH, TaKMX KaK aBTOAOPOTH, XKEIE3HOJAOPOXKHBIE MYTH, MaruCTPAJILHbIA TpyOOII-
POBOJI B TEUEHHE BCETrO CPOKa pabOThI HAXOAMUTCS B CIIOKHOM HAIPSHKEHHOM COCTOSIHMHM IO/ BO3JCUCTBUEM BHYTPEHHETO JIaBJICHHUS TIEPEKaunBaEMO-
TO MPOJAYKTa U (PYHKIHOHHPYET KaK COCYJ BBICOKOTO JaBJICHUS. DKCIUTyaTallMOHHAS HAJEKHOCTb, JOJITOBEYHOCTh M IKOJIOTHYECKash O€30MacHOCTh
ra30TPAHCIIOPTHBIX CHCTEM O0ECTICUMBACTCS Pa3IMYHBIMU PETYIUPYIOIMIUMH YCTPOCTBAaMU U TPYOHOI apMaTypoii.

B cratee paccMOTpeHBI BONPOCHI, CBSI3aHHBIE C TIPOrHO3UPOBAaHUE PAOOTHI TPYOHOU apMaTyphl B IEPHOJ KCILUTyaTAlMK Ta30TPAHCIIOPTHON CUCTEMBI
¢ obecnieyeHneM TpeOyeMoii HaIe)KHOCTH, IOJATOBEYHOCTH U 3KOJIOTHYECKoil Oe3onacHoCTU. [IpuBeieH aHamu3 SBICHUH TEXHUYECKON HACIEICTBEH-
HOCTH, C IOMOILII0 KOTOPOTO MOXXHO ONPEIEIUTh MPUYUHBI, BBI3BIBAIOIINE OTKIOHEHHUS BBIXO/HBIX MMapaMeTPOB TPYOHOI apMaTyphl B IpoIiecce ee
H3TOTOBJICHUS MJIM PEMOHTA. JI0Ka3aHO, 4YTO OCHOBHOI OCOOCHHOCTBIO TEXHOJIOTUYECKOIM HACIEICTBEHHOCTH SIBIISIETCS TIEPEHOC OMPENeNEHHOTO TeX-
HOJIOTMYECKOTO CBOMCTBA OT MPEIICCTBYIOMICH TEXHOIOTUYECKOI ONepanuy K MOCIEAYIONINM, XapakTepr3yeMblii KO3 (OUIMEHTOM Hepeaadn TeX-
HOJIOTMUECKOH HACIIECTBEHHOCTH. BBISBICHO HENPEMEHHOE YCIOBHE MOHOTOHHOCTH M3MEHEHHs KOI((HIHUEHTA Meperavyd TeXHOIOTHYECKOH Ha-
CJIE/ICTBEHHOCTH C IIEJbI0 oOecredeHus TpeOyeMoro KauecTBa M3TOTOBIICHHS WM PEMOHTa TpyOHOH apMaTypsl. [IpeanokeH K MCIOIb30BaHHUIO
9KOHOMHYECKHUI MPUHILIUIT TPOTHO3UPOBAHUS Ka4eCTBA M3TOTOBIICHUS WIIM PEMOHTA M3JIENHi, HallleHa 3aBUCUMOCTb MEXKY MCXOJHBIMU U BBIXOJI-
HBIMH TEXHOJIOTUYECKHMHU CBOWCTBaMH TPYOHOW apMaTyphbl, BRIOpAaH MapIIpyT JOCTHXEHHs TPeOyeMOro KauecTBa €€ M3TOTOBJICHHS WM PEMOHTA,
BKJTIOUAsl 3aTOTOBUTENBHBIE U (PUHUIIIHBIC TEXHOJIOTMYECKUE ONEePALIUH.

Ki1ioueBble €j10Ba: Ta30TPaHCIOPTHBIE CHCTEMBI; TEXHOJOTHMYECKAash HACIEICTBEHHOCTh; TPYOHas apMarypa; 3JIEMEHT,; HaJeXHOCTb; JOJTOBEY-
HOCTb; 9KOJIOTHYeCcKas 0e30MacHOCTb.
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V. KOTUKH, N. KAPTSOVA, D. DONSKOQY, K. PALEYEVA

ASSESSMENT OF THE IMPACT OF TECHNOLOGICAL HEREDITY ON INDICATORS OF
RELIABILITY, DURABILITY AND ENVIRONMENTAL SAFETY OF ELEMENTS OF GAS
TRANSMISSION SYSTEMS

Modern gas transmission systems are power facilities based on a main pipeline, which is a continuous pipe, along which devices are placed that
provide gas pumping at predetermined parameters. Unlike other linear structures, such as roads, railways, the main pipeline throughout the entire
period of operation is in a complex stress state under the influence of the internal pressure of the pumped product and functions as a pressure vessel.
The operational reliability, durability and environmental safety of gas transmission systems are ensured by various control devices and pipe fittings.

The article discusses issues related to predicting the operation of pipe fittings during the operation of the gas transmission system, while ensuring the
required reliability, durability and environmental safety. An analysis of the phenomena of technical heredity is given, with the help of which it is
possible to determine the causes of deviations in the output parameters of pipe fittings in the process of their manufacture or repair. It has been proved
that the main feature of technological heredity is the transfer of a certain technological property from the previous technological operation to
subsequent ones, characterized by the transfer coefficient of technological heredity. An indispensable condition for the monotonicity of changes in the
transmission coefficient of technological heredity in order to ensure the required quality of manufacture or repair of pipe fittings is revealed. The
economic principle of predicting the quality of manufacturing or repair of products is proposed for use, a relationship is found between the initial and
output technological properties of pipe fittings, a route is chosen to achieve the required quality of its manufacture or repair, including procurement

and finishing technological operations..

Key words: gas transmission systems; technological heredity; pipe fittings; element; reliability; durability; environmental safety.

Beryn

T['0JIOBHUM 3aBAAaHHAM €KOJOTIYHOI MOJITHUKHU IIijII-
pueMCTB HapTOra30Boi Tamysi € 3abe3rmedeHHsT eheKTHUB-
HOTO (PYHKI[IOHYBaHHS, 110 BKJIOYAE B ceOC 1 3MCHIIICHHS
EKOJIOTIYHHX PHU3HKIB Y MpoIeci BUPOOHUIO! MisITBHOCTI.
Bupimennst npoGiem, 1110 MOB’s3aHi 3 0XOPOHOIO HABKO-
JUITHBOTO CEPEIOBHUINA Ta TOKPAIIECHHS SKOCTI HOTO CO-
IiaJIbHOT CKJIaJI0BO1, 3aBXK/IU € akTyaabHuM [1].

Ha Tepuropii YkpaiHu ekciuryaTyeThCs BENHKa Ki-
JIbKICTh MaricTpallbHUX TPyOOIIPOBOMIB 3arajbHOI JIOB-
xwHOI0 oHax 42000 kM. 3Ha4YHA YaCTHHA MariCTpalbHUX
ra3olnpoBOJIiB eKCIuTyaTyeThesi moHan 30 pokiB i morpe-
Oye BiIHOBIIOBAIBHOTO peMOHTY. KiacnuHuit Meron pe-
MOHTY, IO mepeadadae 3ynuHKY TpyOOmpoBOAy 3 Moja-
JBIIOI0 3aMIiHOK0 HOro neeKTHOI IiITHKH, BUMArae
3HAYHUX (PIHAHCOBUX BUTPAT i MOB’SI3aHUH 3 BUMYILIEHUM
MIPOCTOEM TPYOOIIPOBOMY Ta €KOJOTIYHHUMH IOPYIICHHS-
M [2]. OxHi€ero 3 TPUYMH BUXOMY 3 Jaay MariCTpagbHUX
TPYOOIPOB/IB € TEXHOJOTIYHA CIIAIKOBICTH TPYOHOI ap-
MarypH.

TexHoNOTIYHA CIIAAKOBICTh — II€ Taly3b HAYKOBHX 1
MIPaKTUYHHX 3HaHB, SIKa JTO3BOJISE JATH BiIMOBIiAl HA IH-
TaHHS NP0 NEPEHECEHHs BIACTHBOCTEH €JIeMEeHTa Ia3oT-
PaHCIIOPTHOI CHUCTEMH Bijl TOMEPEIHIX TEXHOJOTIYHHX
orepariii K HaCTyITHUM IIiJl 4yac HOro BHTOTOBJIEHHS abo
pemonTty. Lle moB’s13aHO0 3 TUM, IO HAIWHICTh, JOBTOBIY-
HICTh Ta E€KOJIOTIYHA Oe3IeKa TAKWX CJIEMEHTIB, SKi Ipa-
IIOITh B YMOBaX TepTs, 0OyMOBJeHa 30iMbIICHHAM iX
3HOCOCTIMKOCTI 32 paxyHOK BHKOPUCTaHHSI KOHCTPYKTOD-
CBKHX, TEXHOJIOTIYHUX 3ac00iB, a TaKOXX BHOOPOM Mate-
piajiiB TEXHOJIOTIYHOTO NMpHU3Ha4YeHHs. JI0CBix peMOHTHO-
MeXaHIYHUX TiIOpUEMCTB Ha(TOra3oBoi raiy3i IMOKasye,

IO TEXHOJOTIYHA CIIAJKOBICTh HPOSBISETHCS , HacCAMIIE-
pen, y BUMIISAL 3MIHM CTPYKTYpPH, Halpy>KEHOTO CTaHy
MIOBEPXHEBOT'0 IIapy OCHOBHOTO MaTepially miJ yac o0po-
OKM eNIEeMEHTIB ra30TPaHCHOPTHHUX CHUCTEM, a TAKOX MiK-

MepUMEHTAIbHI  JOCHI/DKeHHS, 10 MpPOBOASATHCS HA
PI3HHMX THIIaX TAKUX €JIEMCHTIB, JAIOTh MiJCTaBy CTBEp-
JOKYBATH, 1110 TPOBIIHE MICIIe B MOPYIIEHHI 1X eKCIuTya-
TaliiHOi HaAIMHOCTI, JOBIOBIYHOCTI i €KOJIOri4yHOI 0e3-
neku (GiHIIHUX TEXHOJIOTTYHKX omnepariiii [3, 8].

AHaJi3 iCHYIOYMX Tra30TPaHCHOPTHUX CHCTeM i
npoodJieM HaAIHOCTI IX KOHCTPYKTHBHHUX eJIeMEHTIB

Cyu4acHi ra30TpaHCIOPTHI CUCTEMH — IIe TPYOOIpo-
BOJM i3 PI3HMMH KOHCTPYKTHBHHUMH €JIEMEHTaMH, a Ta-
KOXX CIIOPY/AW Ha HUX, NPU3HAYEHI Ul TPAHCIIOPTYBaHHS
ra3omnoMi0OHUX MartepiaiiB Bif Miclb X BHPOOHHIITBA 10
Micip repepobku abo croxuBanus [4, 6]. OcHOBY ra3oT-
PAHCIIOPTHOI CUCTEMH CKIIAJa€e MaricTpaibHii TpyOoIpo-
BiJl - CIOPYAA JIiHIIHOTO THITY, sSKa € Oe3NepepBHOIO TPY-
0010, B3I0BXK SKOi PO3MIllIEHI CIOpyaH, sKi 3ade3me-
YYIOTh NE€peKavyyBaHHs TPAHCIOPTOBAHOTO MPOIYKTY MpH
3a3/aeriip 3aJaHuX TMapaMeTpax (THUCKY, TeMIlepaTypi,
MPOMYCKHIHN 31aTHOCTI Tomo). Ha BinqMmiHy Bix iHIIWX JTi-
HIWHHUX CTIOPY/, TAKUX K aBTOJOPOTH, 3aJIi3Hi IOPOTH, Ma-
ricTpanbHUH TPYOOIPOBi MPOTATOM YChOT'O CTPOKY €KC-
rulyaranii 3HaXOJUTBCS B CKIQJHOMY HAaIPyKEHOMY
CTaHl MiJ Ji€l0 BHYTPINIHBOTO THCKY MepeKayyBaHOTO
MPOJYKTY Ta MPALOE SIK MOCYIUHA BUCOKOTO THCKY.

TpyOonpoBomu st BumoOyBaHHS I TpaHCHOPTY-
BaHHS Ta3y NOAULIFOTHCS HA YOTHPH TPYIIH:

— IIPOMHMCIIOBI TPyOOIIPOBOIH;

— TEXHOJIOTIYHI TPyOOIIPOBOIH;
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— MaricTpaJibHi TpyOOnpoBoIy;

— pPO3MOALUTEYI TPYOOTIPOBOMH.

IIpomMucnoBi TpyOONpPOBOIM MPOKIANAIOTHCS BiI
CBEPUIOBHH [I0 YCTaHOBOK IIATOTOBKH Ta3y (Ta30BOTO
KOHJeHcary). BoHu cimyxare Juis 30MpaHHS NPOIYKTIB
CBEPAJIOBUH Ta iX TPAaHCHOPTYBAaHHS Ha YCTAaHOBKH KOM-
rrekcHoi miarotoBku raszy (YKIID), a takox s nmona-
BaHHS OYHIIEHOTO Ta3y IIJ BEIUKHM THCKOM B Ha(TOBi
CBEPAJIOBUHH.

TexHomnorigHi TPyOONPOBOAN MPOKIATAIOTECS HA
teputopii YKIII' Ta npusHaveHi s 3’€qHaHHS MiX CO-
0010 TEXHOJIOTIYHOTO OONagHAHHS, HA SAKOMY 3IiICHIO-
€THCSl OUMILIEHHS Ta3y BiJl MEXaHIYHHUX JOMIIIOK, BOIH
IHITNX KOMIIOHCHTIB.

MaricrpaneHi TpyOOIpPOBOAM NpH3HAYEHI IS T10-
JTANBIIOTO TPAHCIIOPTYBAHHS MiJrOTOBJICHOTO HAa IPOMHU-
CJIOBHUX CIIOpyAax rasy (ra3oBoro konaeHcary). Kpim to-
ro, MaricTpajdbHHH TPYOONIPOBIA TPOKIANAETBECA BiX
ra3ornepepoOIOBaIbHUX 3aBOJIB 10 PalOHIB 1X CIOXH-
BaHHS.

Po3nonineui TpyGONpoBoOAN MPOKIaJAI0THCS BiJ Ma-
TiCTpallbHUX TPYOOHPOBOIIB 0 MicCIb 0€3IMocepeIHBOr0
CroXuBaHHs rasy [3, 4, 6].

Jo cknany Oynp-ikoro TpyOOIpOBOAY Ta30TpaHC-
MOPTHOI CUCTEMH BXOISTH Pi3HI €JIEMEHTH, B TOMY YHUCII
NIPUCTPOI, NMpHU3HAUYCHI U KepyBaHHS IOTOKAaMH Trasy,
SIKUH TPaHCIIOPTY€ETHCS 10 TpyOompoBogax. OCHOBHUMHU
BUMOTaMH, sIKi BHCYBAlOTBCS 10 TpyOHOI apMaTypu €
TpPUBAIUil CTPOK CIIy)KOW, HaIifHICTh, JOBTOBIYHICTb,
eKoJioriyHa Oe3reka. BinmoBigHo 10 yMOB poOOTH 10 HUX
TaKOX BHCYBAIOThCS JIOJAaTKOBI BUMOTHU: MIIHICTb, Tep-
METHYHICTh, BHOYXO0E3IEeUYHICTh, KOpO3iifHa CTIHKICTB.
HeoOxinHa MILHICTh apMaTypH JAUKTYETHCS POOOYUM TH-
ckoM B Tpybompooi [3, 5, 7].

IMocranoBka 3axayi

AHaii3 okasye, 1o Ta30TpaHCIIOPTHA CHUCTEMH, SKa
Ha TEPIIHHA OIS 31AETHCS IPOCTOIO, JIETKO IiIIAETHCS
IH)KEHEpHUM pO3paxyHKaM, a i eNeMEeHTH, Y TOMY YHCIi
TpyOHY apmatypy, il MOBediHKY B Iepioj eKCIUTyaTarlii,
CIPOTHO3YBaTH HaJ3BUUaiHO ckiangHo. CTOCOBHO TpyO-
HOi apMaTypH B IUIaHI IPOrHO3YBaHHA POOOTH BCi€il razo-
TPaHCIIOPTHOI CUCTEMH OCOOJMBUI iHTEpEC NMpEICTaBIsIE
MIUTaHHS BUMIPIOBAHHS TOYHOCTI PO3MipiB, GopMu MOBe-
PXOHB, IO TPYTHCS, iX B3aEMHOTO PO3TAlIyBaHHS, a Ta-
KOX (i3MKO-XIMIYHUX MapaMeTpiB: MIITHOCTi, 3HOCOCTiH-
KOCTi, €eKoJoriunoi Oe3meku. Takok, 3a JOIOMOTOIO
BiIXMJICHHS BUXIJHHUX TTapaMeTpiB TpyOHOI apMaTypH, sIKi
OB’ sI3aHi 3 TMOCIHIZOBHICTIO BUIOTOBJIEHHS JeTaiieil abo
BY31iB TpyOHOI apmaTypu. OHOYaCHO MOXKHA KiJIBKiICHO
OLIHUTH BHXIiJHI MapaMeTpu TpyOHOI apMaTypH Ta Haja-
TH TIPOTHO3 HA TMOBEIIHKY Ha CTajii MpOeKTyBaHHSI a0o

BIJINIPALIOBaHHS TEXHOJIOTYHOT'O MPOLECY BUTOTOBIICHHS
abo peMOHTY.

OCHOBHUMH 3aBJIaHHSIMH JTAaHOI CTaTTi € aHaji3 0Cco-
OMMBOCTEH Ta30TPAHCIIOPTHUX CHUCTEM, BH3HAYCHHS MicC-
151 KOHCTPYKTUBHHX €JIEMEHTIB, y TOMY 4HUCIi TpyOHOT
apMaTypH B TAKHX CUCTEMaX, TEOPETHIHE OOIPYHTYBaHHS
acriexTiB GpopMyBaHHS ii HaliHHOCTI Ta 3HWKEHHS BUTPAT
Ha TEXHIYHE 0OCIyroByBaHHS Ta PEMOHT, a TAKOX BILUIUB
TEXHOJIOTIYHOI CIIaJJKOBOCTI Ha IMOKa3HUKH JIOBrOBIYHOCTI
Ta EKOJOTiYyHOi Oe3leKH eJIEeMEHTIB Tra30TPaHCHOPTHUX
cucrem [3, 7, 9].

BuxsiaieHHs] 0CHOBHOTO MaTepiany

JlocBizl peMOHTHO-MEXaHIYHUX MiANPUEMCTB HAPTO-
ra30oBOi raiysi MOKa3ye, 0 OCOOIMBY pOJIb Y PO3BUTKY
MIPUCKOPEHOT0 3HOCY KOHCTPYKTUBHHX €JIEMEHTIB I'a30T-
PaHCHOPTHHUX CHCTEM, y TOMY YHCIi TpyOHOI apMmarypw,
HAJICXKHUTh (IHIIIHAM TEXHOJOTIYHHM OMepallisM 3 ypa-
XYBaHHSAM JIOBOJOYHO-TIPUTHPAIbHUX cymimei. Oxpim
TOTO0, BEJMKE 3HAYCHHS IS MIATPUMKH CTPOKIB CIIYXKOU
KOHCTPYKTUBHUX €JIEMEHTIB Ha HEOOXiTHOMY TEXHOJOTi-
YHOMY piBHi, @ TaKOX IX HaJiiHICTb, JOBTOBIYHICTH Ta
eKoJIoTiuHa Oe3meKa MaroTh CyJacHI persiaMeHTHI poOOTH
Ta 4acTOTa YBIMKHEHb (BUMKHEHb) TaKHX EJIEMEHTIB Y
CKJIa/li Ta30TPAHCIIOPTHOI cucteMu. PakTopH, sIKi BUKIH-
KalOTh MPUCKOPEHI 3HOCH EJIEMEHTIB ra30TPaHCIOPTHUX
cucteM HaBejeHi Ha pucynky 1 [10, 11].

HeoOXxigHO 3a3HAYMTH TaKOXK, L0 3HOCOCTIHKICTH
map TpyOHOI apMarypH, IO TPYThCS, 3aIEKHUTh BiJl CHII
TEpTsI Ta BU3HAYAETHCSI yMOBaMHU poOOTH ii aeranei, siKic-
TIO MaTepialxy, XapakTepoM OOpoOKH Ta CKJaJaHHS.
[pakTrka excrutyaranii ra30TpaHCIOPTHOI CHCTEM IOKa-
3y€e, MO i 3HOCH € HeOe3NeYHHMH W BHHHUKAIOTh B pe-
3yJIpTaTi TPUBAJIOro mepiogy ix ekcruryaramii. Tak, Ha-
NIPUKIIaJA, TPUCKOPEHWH 3HOC BiI TepTsSd KOB3aHHSA
3aJeXKHUTh Bij OaraThoX (DaKTOpIiB W 4YacTO BHHHUKAE Ha
TIOBEPXHAX JeTaneil Ta By3NiB TpyOHOI apMaTypu, IO
TPYThCS, 3a3BUYAM, MiJ] II€I0 TEXHOJIOTIYHOT CIIaIKOBOCTI.

KoHCTpykTHBHI ¥ TEXHOJOTIUHI 3aX0/H, IO MPOBO-
JSITHCSI HA PEMOHTHO-MOHTa)XXHUX IMIANPUEMCTBAX HadTO-
ra3oBOi raiy3i JO3BOJSIOTH 3HWU3WUTH 3HOC Iap TPyOHOI
apMarypH, M0 TPYThCs, alie MOMEPEAUTH HOro HaI3BH-
YalHO ckiagHo. Lle mosICHIOEThCSl THM, 1110 Ta30TPAHCIIO-
PTHI CHCTEMH IPALIOIOTh B CKIAJHHUX EKCIUTyaTal[iitHuX
YMOBax i Ji€l0 HEraTUBHUX (DaKTOpiB, y TOMY HYHCII,
SIBUII TEXHOJIOTIYHOI CIaIkoBOCTi. Jloka3aHo, 1110 OCHOB-
HOIO OCOOJIMBICTIO TEXHOJIOTIYHOI CIaJIKOBOCTI € IepeHe-
CEHHSI TIEBHOI TEXHOJIOTIYHOI BJIACTUBOCTI Bija momepen-
HBOI TEXHOJIOTIYHOI oreparii 10 HACTYIHHUX, a TaKOX
KUTBKICHHH ii OiK XapakTepu3yeThCs KoedillieHTOM mepe-
Jladi TEXHOJIOTIYHOI cragKoBOCTi. ToMy BUOIp TEXHOJIOT-
YHOTO MAapuIpyTy BiINpamfoBaHHS JeTajlield Ta BY3JiB
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TpyOHOI apMaTypu TICHO TMOB’S3aHUI 13 BU3HAYCHHIM
IuX KoedilieHTIB mepeaadi Ha yCixX OIeparisx TeXHOJIO-
rYHOTO MpoLecy TX BUTOTOBJICHHS 200 PEMOHTY.

HesMmiHHICTE BacTuBOCTEH 00pOOIIOBAHOTO BHPOOY
XapaKTepU3y€eThCS 3HAUCHHSAM KOeillieHTa mepeaadi Te-
XHOJOTI4HOI cragkoBocTi K =1, 110 03HaYa€ HE TIIBKU
MOBHUH IEPEHOC TEXHOJOTIYHUX BJIACTHBOCTEH, ane M
30epirae ix y roroBoMy Bupo0i (puc. 2). AHani3 HaBeze-
HHUX Ha puc. 2 rpadiuyHMUX 3aJEeKHOCTEH MOKazye, HacaM-
nepes, TMPSMOIPOIOPUIHHY 3aJIeKHICTE MK PO3MipaMu
BUPOOHHYMX JIOMYCKIB BUKOHYBAaHUX OMEpaliil TEXHOJO-
TIYHOTO TIPOIleCY BUTOTOBIICHHS a00 PEeMOHTY TpyOHOI
apMaTypu W IIOPCTKOCTI OOpOOJIOBaJIbHUX ITOBEPXOHB.
OxkpiM TOTO, Ha (POPMYBAHHS TEXHOIOTIYHOI CITAJKOBOCTI
00po0OIOBaHOi Aetani TpyOHOI apMaTypu 3IiHCHIOIOTH
BIUIMB BapiaHTH 3MiHU KOS(IIi€HTIB Tepeaadi TeXHOIOT -
4HOi cragkosocrti [10, 11, 12].

Skmo Ha pEeMOHTHO-MEXaHIYHOMY MiAMPHEMCTBI
MPOEKTYBaHHS TEXHOJOTIYHOTO IPOLECY BUTOTOBIECHHS
abo peMOHTy TpYOHOI apMaTypu BHKOHYETHCS 3 ypaxy-
BaHHSM SIBHII] TEXHOJIOTIYHOI CIaIKOBOCTI, TO Oe3mepep-
BHOIO YMOBOIO € MOHOTOHHICTH BHMIipIOBaHb KoedimieHTa
nepeziad TEXHOJOTIYHOI CHMAaJKOBOCTI. Tak, HampHKIa,
HeraTHBHA BJIACTUBICTH, SKa MOXKE BHHHKHYTH, HalpH-
KJIa]] Ha TeXHOJIOTIUHIH oneparii Ne 1, mOBUHHO TJIaHOMI-
PHO TiKBigyBaTH, IpUUOMY Ha ycix omeparisx K > 1. Ilo-
3UTHBHA XX BJIACTHBICTh MOBUHHA HE TUIBKU 30€piraTuch,
aje ¥ po3BHBaTHCh, YOMY BiANOBiJa€ yMOBa MOCTIHHOTO
3MEHIIEeHHS KoedilieHTa rnepeaadi TeXHOJIOTIUHOI craj-
KOBOCTI Ha yCiX OIepalisX TEXHOJOTIYHOTO IMPOIEeCy BU-
rOTOBJIEHHS 260 peMOHTY TpyOHOI apmatypwu [6, 10, 14].

Y OinmbIIoCTi BUMAMIKIB 3 YpaxyBaHHIM TEXHOJOTIY-
HOI CIIaJIKOBOCTI HEOOXIIHO MaTH CIIPaBy 3 HEraTHBHUMH
BJIACTHBOCTSIMH TEXHOJIOTIYHOrO mporecy. Tomy Haii-
OUTBIN CIIPHUSTIMBUM € TAKHIA TEXHOJIOTTYHHIA TPOIIEC BH-
TOTOBJICHHSI 200 PEMOHTY JIeTalli, 3a SKOTO HEeraTHBHA Te-
XHOJIOTIYHA BJIACTHBICTH HE MOXXE BHHUKHYTH ab0 3a
YMOBU 1i BUHMKHEHHsS. AKTyaJbHUM € IHMTaHHA IpO
3’sCyBaHHSI 3aKOHOMIPHOCTI 3MiHM 3Ha4eHb Koe(ilieHTa
nepesiadi TEXHOJIOTIYHOI CIIaKOBOCTI B X0/l yChOTO TEX-
HOJIOTIYHOTO TPOIIECY BUTOTOBIIEHHS 200 PEMOHT TPyO-
Hoi apMmarypu [12, 13].

Jnst BUpilIeHHS TOCTaBIEHOi 3agadi 3acTOCYEMO
€KOHOMIYHHUI NPHHIMI NTPOTHO3YBAHHS SIKOCTI BUTOTOB-
JIeHHA a00 peMOHTY TpyOHOI apMaTypH , B pe3yJbTaTi 40-

ro Oyze 3Halinena gpynknis X, , =f X, To6TO 3aMEXK-

HICTh BHXiIHMX X, Ta BHUXIJHUX X(+1) TE€XHOJOTIYHUX
BIacTHBOCTEH TpyOHOI apmarypu. Ilin yac po3poOku Te-
XHOJIOTIYHOTO IPOIECY BUTOTOBICHHS a00 PEMOHTY TpY-
OHOT apMaTypu IPONOHYEThCS BUKOPUCTOBYBAaTH HACTYTI-

HY YMOBY, 3a SIKOFO HETaTHBHA TEXHOJIOTIYHA BIACTHBICTh
X1 B TEXHOJIOTi4HiH omepamnii Ne 1 TpaHchopMmyeThCS B
MMO3UTHUBHY BJIACTHBICTH Xp, Ko Kj > 1. Tak sk Bigoma
3aJIEKHICTh BArOMOCTI 3HAYEHb X(n+1), 11O JOCATAKOTHCH,
KyZW BXOISITH NMPHUITYCTHMi BiIXWICHHS (GOpMHU H po3Mmi-
piB meraii, OIOPCTKICTh TMOBEPXHI MiJ 9Yac MPOBEICHHS
TEXHOJIOTIYHOI omepalii, HampuKIamg, X, 3 BapTICTIO Sy,
TOJIi TEXHOJIOTiYHA OTIepalis X3, sIKa HOBUHHA OYyTH BHKO-
HaHa 3 BapTICTIO S3, CTa€ 3aJIC)KHOO BiJl paHillle BUKOHA-
HOI TEXHOJIOTI4HO omeparii x,. Jaji BIXigHa BIaCTUBICTH
TEXHOJIOTIYHOI omeparii x3, OTpUMaHa Iics BHUKOHAHHS
orepamii X, Ja€ MOXXIUBICTh IPOTHO3YBaHHS BapTOCTI
BHUKOHAHHS HACTYIMHUX TEXHOJOTIYHUX OMEpPaIliid.

daktopu LWkianwei npouecw,
0TO4YHOHOro L0 BUHUKAOTb
cepegosua B oOnagHaHHi
3acTuranHsa 3maulysanbHO-
- |
. i oxonogxysanbHOro cepegoeuwia
Huabki ——
TeMneparypu
OcraroyHa gedgopmadlis
enemMeHTiB
Bucoki PanTosi BigMoBu «—
Temneparypu \
MexaHiyHuin,
rigpaBniYHNin 3HOC [«
Bonora
KopoasiitHuit 3Hoc ]
[a3un .
/ Byaosa maTepianis,
| TEeXHONoriyHa <
// / CnagKoBiCTb
IHWopiaHi k
YaCTOUKU — 3abpyaHeHHs Ta e
OKWUCNEHHsI Macen

Pucynok 1 — ®akropu, 110 BUKIHKAIOTH IPHUCKOPEHHS 3HOCY

XapakTep 3pOCTaHHA BapTOCTI TEXHOJOTIYHOTO
IPOIIeCy BHTOTOBIICHHS a00 pEeMOHTY TpyOHOI apMmarypu
BU3HAYa€ThCA 30UIBIICHHSAM CKJIQAHOCTI poOOTH, mI0
MIPOBOJUTHCS, 301IBIIEHHSM Yacy 0OpOOKH, 3aCTOCYBaH-
HSIM JIOPOTOTO TEXHOJIOTTYHOT0 00JIaTHAHHS, OCHAICHHS,
IHCTpYMEHTY Ta IOMOMIKHHMX MartepianiB. 3B 30K BXia-
HUX 1 BUXIJHUX IapaMeTpiB TEXHOJIOTIYHHMX OIepalii B
pe3ynbTati peaizaiii mporecy BUTOTOBICHHS abo peMo-
HTY TpYOHOI apMaTypH IOKa3aHa CTPUIKaMH Ha PUCYHKY
36,8, 12].

JlocBil peMOHTHO-MEXaHIYHUX MiANPUEMCTB HAPTO-
ra3oBoi ralry3i Mmokasye, o Oyab-IKy TeXHOJIOTIUHY OTie-
panito B mporeci BUTOTOBIEHHS abo peMOHTY TpyOHOT
apMaTypH 3 BHXIi/JHOIO BJIACTUBICTIO 00pOOIIOBaHOI AeTa-

Ji X, MOXHa MPOBOAMTH Ha 0a3i OTpUMaHOI 3aKOHOMIp-
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HOCTI, SIKa JI03BOJISIE BM3HAUYMTH Koe(illieHTH mepenayi
TEXHOJIOTIYHOI crmaakoBocTi K, 3 MOCATHEHHSM BUXIIHOL
BIIACTUBOCTI X(n+1).
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LLopcTkicTe NoBEpXHi (opieHTOBHA)

Pucynok 2 — ®opmyBaHHS TEXHOJOTIYHOI CITAJKOBOCTI:
1 — He3MiHHICTb BIIACTHUBOCTEN; 2 — HECTAOIBHICTh
BJIACTHBOCTEM; 3 — MOHOTOHHICTH BJIaCTHBOCTEM; 4 — MOCTiiHA
3MiHa BIIACTUBOCTEH (BEJITMYMHH) TEXHOJIOTIYHOI CIIATKOBOCTI

X(n+1) 1 ,O

TSG l35 I X6 L5 =
S4 S3 82 x5 | [x4| X3 |x2 X1 Xn

BapricTb onepauii

Homepa onepauin

Pucynok 3 — Imoctpariis 10 BUrinHOro BuGOpy 3HaYeHb
KoedimieHTa mepeaayi TeXHOJIOTTYHOT CIIaJAKOBOCTL

Amnani3 BuOopy 3HaueHb Koe(illieHTIB repenayi Te-
XHOJIOTIYHOI cragkoBocTi K, HaBeACHWH Ha PHCYHKY 3,
MOKa3ye, 10 Ha MOYATKOBUX TEXHOJIOTIYHHUX OMeparlisx
BHTOTOBJICHH a00 PEMOHTY TpyOHOI apMaTypu poOoT
MIPOBOJIUTHCS 3 BIIHOCHO BCIIMKUMH 3HAYCHHSAMH Koedi-
nienTa nepenadi K, a Ha QiHimHNX — 3 MamuMu. L1 koH-
LIETIIisI BiIMOBITa€ CKOHOMIYHOMY TIOJIOKEHHIO PO JOIIi-
JIBHICTH  JIIKBiZallii HETaTHBHUX BJIACTUBOCTEH Ha
MMOYATKOBHUX TEXHOJOTIUHUX OMEpaIisiX, BapTICTh SKUX
3HAYHO HIDKYE BapTOCTi QiHimHMX. IlopymeHHs 1miei 3a-
KOHOMIPHOCTI TSTHE 32 COOOK0 3HMKCHHS SIKOCTI BUTOTO-
BIeHHsA 00 peMoHTy TpyOHOI apmatypu. lllykana dyHK-
1isi,
MPOLIECY BUTOTOBIICHHSI 200 PEMOHTY TPYOHOI apMaTypH,

sKa OINHUCYE 3B’SI30K TEXHOJIOTIYHUX OIeparii

10 MPOBOJASATHCS MOCIIIOBHO, MOXKYTh OyTH IpEACTaBIIC-
Hi y BUTIIAL:

n+l = aX: (1)

Ie a, 6 — eMIipudHi Koe]imieHTH, SKi 3a]ekaTh BiJ TeX-

X

HOJIOTIYHOTO MPOIIECY BUTOTOBICHHS a00 PEMOHTY TPYO-
HOi apmarypu (OONamHAHHS, OCHANICHHS, IHCTPYMEHT,

MaTtepiai).
Bimomo, 1o
1
X n+1 = Xn
K (2
Tomi
X b
K=-—
a . 3)

JloCBil peMOHTHO-MEXaHIYHUX MIANPUEMCTB HAPTO-
ra3oBoi rairy3i IOKasye, o OyAb-SKy TeXHOJOTIUHY Ole-
pauio B mpoleci BUTOTOBJIEGHHS abo PEeMOHTY TpyOHOT
apMaTypH 3 BUXIJHOIO BIIACTHBICTIO 00OPOOIIOBAIBHOT JIe-
TaJli X, MO’KHA IPOBOJUTH Ha 0a3i OTpUMaHOI 3aKOHOMIp-
HOCTI, sIKa JIO3BOJISIE BH3HAUUTH KOEQIIIEHTH Iepenadi
TEXHOJIONYHOI cnaakoBocTi K, 13 JOCSITHEHHSIM BMXIiIHOI
BIIACTHBOCTI X(n+1)-

BucHoBku

1. TexHOJIOTIYHA CIIaJIKOBICTH — II€ Tally3b HAYKOBHX
Ta MPaKTHYHUX 3HAHb, KA JO3BOJISE JAaTH BiJNOBiNI Ha
MMUTAHHS PO TEPEHOC BIACTHBOCTEU SIEMEHTY Ta30TpaH-
CHOPTHO{ CHCTEMH, B TOMY YHCIi TpyOHOI apMaTypH, Bix
TIOTIepeIHIX TEXHOJIOTIYHUX OmNepamniii 10 HAaCTYNMHUX IIiJ
4yac HOro BUTOTOBJICHHS a00 PEMOHTY.

2.V ckiIaai ra30TPaHCIOPTHOI CUCTEMHU BXOIHTH
TpyOHa apMarypa, MpU3HaueHa IS KePYBAaHHs MOTOKAMHU
rasy, 1o TPAHCIOPTYETHCS 10 TPYOOIPOBOIAX.

3. 1o TpyOHOi apMaTypu, TIOBEIIHKY SIKOi B IIepio]| eKc-
ILTyaramnil y CKJIaJli ra30TPAHCIIOPTHOI CUCTEMH CIIPOTHO3YBa-
TH JIOBOJIi CKJIAJTHO, BICYBAIOTh BHCOKI BUMOTH, Y TOMY YHCITi
HAIAHOCTI, JOBMOBIYHOCTI Ta €KOJIOITYHOI OE3IEKH.
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4. AHani3 SBHII TEXHOJIOTIYHOI CIIaAKOBOCTI J103BO-
Jsl€ BU3HAUNTH TPHYHMHH, IO BUKJINKAIOTH BIIXUJICHHS
BUXIZIHUX MTapaMeTpiB TpyOHOI apMaTypH, sIKi MOB’s3aHi 3
MIOCTITOBHICTIO BUTOTOBJICHH 11 IeTajieil Ta By3IiB.

5. OCHOBHOIO OCOOJIMBICTIO TEXHOJIOTTYHOI TTOCIiI0-
BHOCTI € TIepEHECEHHs IeBHOI BIIACTHBOCTI JeTaje Tpyo-
HOI apMaTypu BiJl MONEPEAHbOI TEXHOJIOTIYHOI omeparii
BUTOTOBJICHHS 200 PEMOHTY A0 HACTYNHHX, IPUIOMY Ki-
JbKICHUI OiK XapakTepu3yeTbcs KoedilieHTOM mepenadi
TEXHOJIOTIYHOT cragkoBOCTI K.

6. SIkio Ha pEeMOHTHO-MEXaHIYHOMY IiJIIPHEMCTBI
MIPOEKTYBAaHHA TEXHOJIOTIYHOTO IIPOIECY BUTOTOBICHHS
abo peMOHTY TpyOHOI apMaTypu BHKOHYETHCS 3 ypaxy-

BaHHAM SIBUIIT TEXHOJIOTYHOT Cl'[a,I[KOBOCTi, TO

000B’SI3KOBOI0 YMOBOIO 3a0€3MEUYCHHS SIKOCTI € MOHOTOH-
HICTh 3MiHU KoeilieHTa mepenadi TeXHOJIOTIYHOI craf-
KoBoOCTI K.

7. Jlns BUpIIICHHS 1€l 3amadi MOKe 3aCTOCOBYBATH-
Csl EKOHOMIYHUI NPUHLIUI MPOTHO3yBaHHS SIKOCTI BUTO-
TOBJICHHSI 200 PEMOHTY TpyOHOI apMaTypH, B pe3yjbTari
SIKOTO OTPUMaHa 3aJIeKHICTh BXIJHUX Ta BHUXIIHUX TEX-
HOJIOTIYHUX BIACTHBOCTEH jeraneil TpyOHOI apMaTypu
BiJl KoedillieHTa nepeaydi TEXHOJIOTIYHOT CIIaJKOBOCTI.
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M. /1. CAXHEHKO, IO. A. ZKEJIABChKA, C. I. 3ObAHOBA, B. O. IPOCKYPIHA

EJIEKTPOKATAJITUYHI HOKPUTTSA KOBAJIBT-BAHAAIN JJIS1 PEAKIII BUAIJIEHHSA

BOJIHIO
Jlnst cydacHOI BOIHEBOI €HEPreTHKU aKTyalbHHUM € JIOCII/DKCHHS iCHYIOUHX Ta OTPHMAHHS HOBHX €HEpProz0epiralouux MaTepialliB, BUKOPHCTaHHS
SIKHX JI03BOJIUTD 3HU3UTH COOIBAPTICTH OJ€PKYBAaHOTO BOJHIO. Taki BIACTUBOCTI MOXKHA IIPOTHO3YBATH JUISI MAaTepiaiB, M0 MICTATh y CBOEMY CKIIafi
BaHaIiif, MONIOJEH 1 BOJIb(paM Ta MAIOTh KaTaJITUYHY aKTHBHICTh y peaKIil BI/IHOBJICHHS iOHIB BOJHIO Ha Katoxi. [laHi MeTanu 3 BOAHUX PO3YHHIB
MOXYTb CITIBOCA/DKYBATHCh 3 MeTaJlaMH-KaTali3aTOpaMH HiATrpyIH 3ajli3a 4epe3 yTBOPEHHS KJIACTePHHUX iHTEpMETaleBUX CIIONYK 3i 3B s13koM Me-V,
azicopOOBaHUX Ha MOBEPXHI KaToza. B po0oTi mociikeHo iHyKyBaHe CHiBOCAPKEHHS KOOAIBTY 3 BaHAAIEM 3 KOMIUIEKCHOTO IIUTPATHOTO €IIEKTPO-
niTy. B pe3ynbTaTi MpoBeNeHUX TOCTiIKEHb BCTAHOBJICHO, IO SKiCHE MOKPUTTS CILIaBOM KOOANbT-BaHA/iH, CBITIO-CIpOro KOJIBOPY, PIBHOMIpHE, Mi-
KPOKPHCTAIIIYHE MOYHA OCAJUTH 3 IIATPATHOTO eJIEKTPONITY 3 BMicToM 20 r/vM° BaHajiio (B MepepaxyHKy Ha MeTal) y BUINISI IMTPATHOTO KOMILIE-
kcy. Ipomec mposogwmi mpu ryctusi crpymy 5-10 A/mw?, Temnepatypi 30-40°C, pH = 2,8-3,2. 3a pe3yiIbTaTi PeHTreHO-(IyOpECHeHTHOro
aHayTi3y, BMiCT BaHazi0 B TOKPUTTI cTaHOBHTS 0,37-0,53 %, a MaKCHMAIIbHIIT BMICT B TIOKPHTTI Bi3HAYA€THCS IIPH TycTHHI cTpymy 8—9 A/mm?. Ioc-
JIJDKEHHS KaTaliTHYHOI aKTUBHOCTI OTPUMAHOTO MOKPUTTS CIUIAaBOM KOOaJIbT-BaHa/iil B peakiil BiIHOBJICHHS 10HIB BOJHIO Ha KaTOJi MPOBOIUIIH B
poszundi 2,5M NaOH + 0,02M NaCl. Ipu 36inbnienni BMicTy BaHafio B mokputrti Bix 0,37 mo 0,53 % mepeHanpyra BUIUICHHS BOIHIO 3HIKYETHCS
Ha 0,5 B. BcraHoBIieHO, 1110 TIepeHanpyra peakiii BuaijeHHs ioHiB BoaHIO Ha kKaToaax 3i Ct.20 3 mokpurtsam Co-V Ha 0,08-0,1 B Huxue, a BenmuyrHa
cTpyMy oOMiHy BHIIe, HiX Ha enekTpozax 3i crami Ct.20, 10 BUKOPUCTOBYIOTBCS B IIPOMHCIOBOMY BOIHONIY)KHOMY eleKTpoisi. Ile cBimunTs mpo
@JIEKTPOKATAIITHYHY aKTHBHICTb JOCIIDKyBaHUX MaTepialiB B peaKilii BiTHOBIIOBAaHHS 10HIB BOJHIO. EJIeKTpoau 3 OTpHMaHHM NOKPUTTSIM CILIABOM
Ko0asb-BaHaill MOXKIIMBO PEKOMEH/IYBATH SIK KaTOAHHN MaTepiaa I eNeKTPOXIMIYHOrO OTPUMAaHHS BOJHIO. 3HIDKEHHS INepeHalpyTH BUIUICHHS
BOJIHIO JJO3BOJISIE 3MEHIINTH SHEPTOBUTPATH Ha IIPOBEICHHS JaHOTO Iporecy Ha 15-20 %.

Kiou4oBi cjioBa: BaHaIiIBMICTHI MaTepiaiy, eleKTPOKATATiTHYHA aKTUBHICTh, 1HIYKOBaHEe CIiBOCa/KEHHs, MOKpuTTs Co-V, nmepeHanpyra, eKo-

HOMIs.

H /I CAXHEHKO, IO .A JKEJIABCKA-A, C. H. 3I0ObAHOBA, B. O. IIPOCKYPHHA,
JIEKTPOKATAJIUTUUYECKHUE MMOKPBITUSI KOBAJIbT-BAHA UM 1J151 PEAKLIUA
BBIAEJEHUA BOOAOPOJA

Jl1st COBpeMEHHOIT BOTOPOIHOM SHEPreTHKH aKTyalbHbIM SBILSIETCS UCCIIEIOBAHNE UMEIOIMXCS M MOTy4CHHE HOBBIX 3HEprocOeperaromux Marepua-
JIOB, HCIIOJB30BaHNE KOTOPBIX MOXKET CHH3UTh C€0ECTOMMOCTH IOIy4aeMOro BoJopoa. Takue CBOHCTBA BOSMOXKHO IPOrHO3UPOBATH [UIs MaTepHa-
JIOB, COZIEpIKAIIMX B CBOEM COCTAaBE BaHA/IHI, MOIHO/CH U BOJIb()paM U 00J1afal0NMX KaTAIMTHYECKON aKTHBHOCTBIO B PEAKIMH BOCCTAHOBIICHHS HO-
HOB BOJIOPO/ia Ha Kartoje. JlaHHbIe METaIbl U3 BOJHBIX PACTBOPOB MOTYT COOCaXKAAThCS C METa/UIaMU-KaTaIn3aTopaMU MOATPYIIIEL JkKelle3a yepes3
00pa3oBaHNe KIACTEPHBIX MHTEPMETALIMYCCKHX COCAMHEHUH. B pabore mcciienoBaHO MHAYLMPOBAHHOE COOCAKICHHE KOOAIbTa ¢ BaHAAHMEM H3
KOMILIEKCHOTO 3JICKTPOIIMTA. B pesynbraTe MpOBEACHHBIX MCCIICIOBaHHUI YCTAHOBIICHO, YTO KQYeCTBEHHOE MOKPBITHE CILTABOM KOOAIIbT--BaHAIHIA,
CBETJIO-CEPOTO 11BETA, PABHOMEPHOE, MUKPOKPHCTAITHIECKOE BO3MOYKHO OCAMTh U3 LIHTPATHOTO IEKTPOJIUTA C coaepkanneM B Hem 20 T/m° BaHa-
nust (B TepecueTe HA METaiI) B BHAE LUTPATHOTO KOMILIeKca. IIpomecc MPOBOIMIM TPH IUIOTHOCTH Toka 5—-10 A/mv?, Temmeparype 30-40°C,
pH = 2,8-3,2. Cozmepxanne Banagus B mokpsitun 0,37-0,53 %, a MakcuMmanbHOE COAEepKaHHE B MOKPHITHH OTMEYACTCs MPH IUIOTHOCTSAX TOKa 8—
9 A/nm? MccnieioBaHue KATATMTHYECKOH aKTHBHOCTH MOJy4EHHOTO TIOKPHITHA CIIABOM KOGAIBT-BaHA/Mil B PEAKIMH BOCCTAHOBJIEHHS HOHOB BOJIO-
pona Ha karoze npoBoauian B pactBope 2,5M NaOH + 0,02M NaCl. IIpu yBenuuenuu conepxanus Banaaus B nokpbituu ot 0,37 no 0,53 % nepena-
HpsDKEHUE BBIICICHUS Bogopoaa cHibkaercs Ha 0,5 B. YcTaHOBIIGHO, 4TO MepeHANpsHKCHUE PEaKIMK BBIACICHHUS MOHOB BOJOPOJA HA KAaTOAAX M3
Crt.20 ¢ mokpeitrem Co-V Ha 0,08-0,1 B Hinke, a BenmudrHa Toka OOMeHa BbIle, 4eM Ha 3J1ekTponax u3 Ct.20, HCOIb3YIOIIMICS B IPOMBIILICH-
HOM BO/IHOII[ETIOYHOM 3JICKTPOJIN3e. DTO CBUCTENLCTBYET O IEKTPOKATAIUTHYECKON aKTHBHOCTH UCCIICAYEMbIX MATEPHAIIOB B PEAKI[MH BBIICICHUS
BOZOPOAA. DIEKTPO/IbI C MOIYYEHHBIM MOKPBHITHEM CILIABOM KOOAIbT-BaHAIHI MOKHO PEKOMEHIOBATh B Ka4ECTBE KaTOAHOTO MaTepuana s 3J1eKT-
POXMMHUYECKOTO MOJydeHnst BoRoBoza. CHIKEHHE BEIMYMHBI IEPEHATIPSHKCHHS BBIICICHNS BOAOPOAA MO3BOJISICT CHU3HTh SHEPro3aTparhl Ha IpoBe-
JIeHue qanHoro mpoiecca Ha 15-20 %.

KiioueBble cj10Ba: BaHAIMICOAEPKAIME MaTepUaibl, OJICKTPOKATAINTHYECKAss AKTHBHOCTh, HHAYIHUPOBAHHOE COOCAXKICHHE, IOKPHITHE
Co-V, nepeHanpspkeHre, SKOHOMHSL.

M D SAKHNENKO, YU .4 ZHELAVSKA, S. 1. ZYUBANOVA, V. O. PROSCURINA
ELECTROCATALYTIC COBALT-VANADIUM COATINGS FOR THE HYDROGEN EVOLUTION
REACTION

The study of existing energy-saving materials and obtaining the new ones for reducing the cost of the hydrogen production, is relevant for modern
hydrogen energy industry. Such properties can be predicted for materials containing vanadium, molybdenum, tungsten and exhibiting catalytic
activity for the hydrogen evolution reaction Aforementioned metals can be co-deposited from aqueous solutions with iron subgroup metal-catalysts
through the formation of cluster intermetallic compounds with Me-V bond adsorbed on the cathode surface. The induced co-deposition of cobalt with
vanadium from the complex citrate electrolyte was investigated in the current work. As a result of the research, it was found that the uniform
microcrystalline light-gray high-quality cobalt-vanadium alloy coating is possible to precipitate from a citrate electrolyte with content of 20 g/dm®

© M. [I. Caxnenko, 0. A. Xenascobka, C. 1. 3106anoBa, B. O. IIpockypina, 2021
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vanadium (in terms of metal) as a citrate complex The process was carried out at a current density of 5-10 A/dm?, at a temperature of 30—40°C, pH =
2,8-3,2. The content of vanadium in the coating is 0,37-0,53 % by weight. The maximum vanadium content in the coating is observed at current
densities 8-9 A/dm? The catalytic activity study of the coating that was obtained using cobalt-vanadium alloy in the reaction of hydrogen reduction at
the cathode was performed in solution of 2,5M NaOH + 0,02 M NaCl. By increasing the vanadium content in the coating from 0,37 to 0,53% the
hydrogen evolution overvoltage is reduced by 0,5 V. It was found that the overvoltage of the hydrogen ion evolution reaction on cathodes from steel
20 with cobalt-vanadium coating is 0.08-0,1 V lower, and the exchange current is higher than on electrodes made of steel 20, which are used in
industrial water-alkali electrolysis. This indicates the electrocatalytic activity of the investigated materials for the hydrogen evolution reaction.
Electrodes with coating, obtained by cobalt-vanadium alloy can be recommended as a cathode material for the hydrogen electrochemical production.
Hydrogen evolution overvoltage reduction also decrease the energy consumption for this process by 15-20 %.
Keywords: vanadium-containing materials, electrocatalytic activity, induced co-deposition, Co-V coating, overpotential, economy.

Beryn. [Ipu enekTpoxiMigHOMY CHHTE31 BOJHIO JUIS
NoTped EHEepPreTHKU aKTyalbHUM € OTPHMaHHS HOBHX
eNeKTpoIHUX MatepianiB [1-3], BUKOpUCTAHHS SKUX II0-
3BOJIUTH 3HWU3UTH €HEPrOBUTPATH, Ta COOIBAPTICTH OAEP-
’KYBaHOTO BOJHIO.

BukopucTaHHs KaTOJHMX MaTepiaiiB, IO MaroTh
KaTaNiTHYHYy AaKTHBHICTIO B pEaKIii eJIeKTPOXiMigHOTO
BiJTHOBJICHHSI 10HIB BOJIHIO, TO3BOJIMTh Peati3yBaTH JaHHUH
Ipolec 3 MEHIIOK IePeHANpyrol, B IOPIBHSHHI 3
ICHYIOUMM, Ha €JEeKTPOJax, II0 BHKOPHCTOBUBAIOTHCS B
Cy4aCHOMY BOJHO-TYXKHOMY enekTpourisi. Taki marepianm
TaKoX TOBWUHHI MaTH TPHBAJIMH TEpMIH eKcIulyaralii,
XIMIYHY CTIMKICTB, CTaOUTPHUI CTaH MOBEPXHI 1 HU3BKY

o0
MICTSTh

co0iBapTicTh. AHa3 JITEpPaTYpHUX JAHUX

KAaTaNiTHYHOI AaKTHBHOCTI MaTepianiB, sKi
MoJTiO/IeH, BoNb(G)paM 1 BaHaill, B peakilii BiJHOBJICHHS
ioniB Boguio (for the hydrogen evolution reaction (HER))
JIO3BOJISIE  BBAXKATH IIEPCIEKTHMBHUMH  €JIEKTPOJHUMU
MarepialamMu TOKPUTTS CIUIABaMH MeETalliB MiATpYyNu
3aiiza 3 JaHuMu MeTatamu [4—6].

B po6ori Oymo mociimKeHo KaTaliTHIHY aKTHBHICTh
mokputTiB Co—V B peakiiii KaTOAHOTO BiHOBJICHHS 10HIB
BOJTHIO.

Mertoanka exkcmepuMeHty. [l IOCHIIKECHHS
KaTamiTHIHOi akTUBHOCTI mokputts Co-V B peakmii
BiJTHOBJICHHSI 10HIB BOJHIO Ha KaTO/i BHKOPHCTOBYBAJIU
wractiHA 31 C1.20 3 momepenHbO eIeKTPOXiMITHO HaHe-
cenuM criaBoM Co-V. Poboua 1mioina enekTpoIiB CTaHo-
puma 1 cm’  JIOCTiIKEHHS NPOBOTMIH B  IJIy)KHO-
XJIOpUJHOMY eNekTpomiti ckmany 2,5M NaOH+0,02M
NaCl npu Temneparypi 20-25 °C.

OtpumaHHs MOKPUTTIB crutaBoM Co-V 3aiiicHIOBaIH
B IMTPATHOMY eNEKTPONITi, sKui mictuts: 120 r/mm’
NazCsHs07-2H,0, 60 r/mm® CoSO47H,0O Tta Bamaniii y
KimpkocTi 20 r/nM° (B mepepaxyHKy Ha MeTan) y BULIS
LUTPATHOTO KOMILIEKCY. EnekTpoca/pkeHHsS NPOBOIWIN
npu Temneparypi 35-40°C ra pH = 2,8-3,2. Tosumna
NnOKpuTTs craHoBmiIa 9-12 mxm. Ilepen HaHECEHHSM IO-
KPHUTTSI TIOBEPXHIO CTAJIEBUX EJIEKTPOJIB IuIi(yBaiy,
3HEXHPIOBAIN 1 aKTHUBYBaJIH B PO3uMHI ¢ochaTHOI Ku-
ciotn mpu Ttemmeparypi 80-120°C mpotsrom 2-5 xB.

BwmicT BaHanmito B TOKPHTTI BH3HAYadl PEHTreHO(IIO-

YPECLIEHTHUM METOJOM 3 BHKOPHCTAHHSIM MOPTaTHBHOTO
cnexrpoMetpa «CIIPYTy.

[MonspuzariiiHi 3aJeKHOCTI KaTOTHOTO BHIUICHHS
BOJHIO OTPUMYBAJIM, BHKOPHUCTOBYIOUM MOTEHLIOCTAT
Versastat 4. JIOOMIKHAM €JIEKTPOJOM CIYXKIJIa TUIaTH-
Ha. [loTeHuwianu BHMIpIOBAIM BIAHOCHO HACHYEHOI'O
XJopigcpiOHOTO  enekTpoma. 3HAYEHHS IIOTCHINIAIB
CJICKTPO/IiB OYJIH MepepaxoBaHi Ha BOMHEBY IIKAIY.

EnexTpomni3z B ragbBaHOCTATHYHOMY PEXHMI IPOBO-
JIAJTA, BUKOPUCTOBYIOUH JKEPEo kuBJieHHs b5-47

Pe3ysabTaTh Ta ix o6roBopeHHsi BumiieHHS Takux
METaliB  SAK  BOJIb(paM, MoOmiOAeH Ta  BaHaAid
SJICKTPOITI30M 3 IX BOAHUX PO3UMHIB HEMOKIJIMBO Yepes3
BUCOKE HEraTHBHE 3HAYEHHS MOTEHIiady JaHUX METalliB.
30 BiICYTHOCTI MeTany-KaTalli3aTopa KOMIUIEKCHI 10HH
[UX METANIB BiJHOBIIOKTHCS TIIBKH J0 10HIB MPOMIKHOT
BasleHTHOCTI. OfHaK MOXJHMBUM € OCaJUKEHHs CIUIaBiB
BoJIb(hpaMy, MoIiONIeHy 1 BaHAJIIO 3 MeTalaMH HiArpyIu

Leit

IHIIlyKOBaHOTO criBoca/pkeHHs: [7,8] depe3 yTBOpeHHs

3ajisa. poIec BiOyBa€eThCs BHACIIOK

MPOMDKHUX ~KJIACTEPHIX IHTEPMETAJeBUX CIONYK 3i
3B’s13k0M Me-V, afncopOoBaHuX Ha MOBEPXHI KaToJa.

Bci TyroruiaBki MeTainy, 110 3HaXOSATHCS B BOJHOMY
po3urHi B popMi aHIOHIB 3i CTyNEHSIMHU OKUCIIEHHS Bix +4
no +6 (BomedpaM, BaHAmiil, THUTaH, MONIOAEH TOIIO),
3/aTHI YTBOPIOBATH KJIACTEPHI CIOJIYKH 3 3B’SI3KOM Me-
TaJI-MeTal, B TOMY YHCJI , 3 KPaTHUM 3B’ s13K0oM [9].

VY T1abn.l
(IIyopeceHTHOTO aHalli3y BMICTY BaHAQMIF0 B IOKPHUTTI

NpeACTaBIICHO PE3YJIbTATU PEHTITCHO-

KOOaIbT-BaHaIii, OCA/KEHUX TIPU TYCTHHAX CTPYMY |k =
6-10 A/nm’

ExcniepuMeHTaIbHO BCTAHOBJICHO, IO 3a TYCTHH
CTpyMy 10 5 A/aM® MOKPHTTS HE yTBOPIOETHCSH, MAKCH-
MaJIbHUI BMICT BaHA/iI0 B IIOKPHUTTI CIIOCTEPIra€ThCs MpH
ji = 8-9 A/nv’ (Tabu. 1).

3 OUTPaTHOTO ENeKTPOJNIITy MPH TYCTHHI CTPYMY
8 A/nm®
JIpiOHOKpUCTAIiYHE TIOKPUTTS CIUIABOM KOOAIbT-BaHaIil

(puc. 2).
PiBHOMIipHE OocamkeHHs MOKpUTTS Co—V TOB’s3aHO

Oyno oTpuMaHO CBiTJIO-Cipe  piBHOMipHE

3 YTBOPEHHSM KPHCTAJIB Ha BKJIFOUCHHSX BaHAJIIO, IKi HE
CIIOCTEPITalOThCS ISl METaJeBUX CIUIABIB iHIIOTO CKIIAIYy.
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He3Baxkaroun Ha HE3HAYHMI BMICT BaHAJil0 B CIUIaBi (10
0,53 %), BiH CYTTEBO BIUIMBA€E Ha CTPYKTYPY MOKPHTTS,
00yMOBITIOIOYH HOTO OUIBINY APIOHOKPHUCTAIIUHICTS.

Tabmuiyt 1 — 3anexHicTs BMicTy BaHafiro B mokputti Co-V
BiJl TYCTHHH CTPYMY

T'yctuna ctpymy, Bwmict Bananito, % TToxubka BrMi-

A/):[M2 proBanHs, %
6 0,390
7 0,407 +0,06-0,07
8 0,525
9 0,489
10 0,374

EnexTpokaTamiTHYHI ~ BJIACTHBOCTI  OTPUMaHHX

mokputTiB Co—V B peaxiii BiTHOBJICHHS i0HIB BOIHIO BU-
3Hayanu B po3unHi 2,5M NaOH + 0,02M NaCl [11,12].

Date -14 Feb 2019 FASERY
Time :15:50:48
LRI

Pucynok 1 — Mopdouorist moBepxui mokputtsi Co-V (x5000)

Karonmui momsipuw3amiiiHi  3aJI€KHOCTI  BUAUICHHS
BoaHIO Ha enekrpomax 3i Ct.20, ta Ct.20 3 HaHECCHUM
enekTpoxiMigyHo mokputTssM Co—V, mokazaHo Ha puc 2.
3a BEIMYUHOI EIIEKTPOMHOT MOJISApPH3aLlii JAOCIIHKEH]
Marepiaid MOXKHA HaJaTH y BUTJISIII PAHKOBAHOTO PSAY:
nokpurtsi Co-V (0,53 %) — mokpurtss Co-V (0,49 %) —
nokpurts Co-V (0,37 %) — Cr.20.

Ha enexrpoxni 3i Ct.20 3 mokpurtssm Co-V (0,49-
0,53 %) BuAiICHHS BOIHIO MOYHHAETHCS MPH MMOTEHIIAII
—0,95 B (puc. 2., kp. 1,2), Ha enextpoai 3 mokputtsim Co—
V (0,37%) - npu motenuiani —0,1 B (puc. 2., kp. 3), o
Ha 0,05-0,11 B menme, Hix Ha enekrpoxai 3 Cr.20, Ha
SIKOMY B1JIHOBJICHHS 10HiB BOJHIO MMOYHUHAETHCS TpH E = —
1,1 B (puc. 2, kp. 4).

AHami3 TOJIpU3AIMHNX 3aJIeKHOCTEH, mepedymo-
BaHWX B KoopauHarax piBHsHHS Tadens, (puc. 3) 103B0-
JIUB BU3HAYMTHU KiHETHYHI MapaMeTpH peaxilii BiTHOBIECH-
Hi 1OHIB BOIHIO [UIA EINCKTPOMIB 3 JOCHIJPKEHUX

Mmarepiaiis (a6, 2).

-0,5 -1,0

E,B -1.5

Pucynok 2 — Karonui nonsipusariiiti 3aJe:KHOCTI BiTHOBICHHS
1OHIB BOJTHIO Ha 3JIEKTPOJIAX:
1 — C1.20 3 mokpurtsam Co-V(0,53 %);
2 — Cr.20 3 mokpurtsim Co-V/(0,49 %);
3- Cr.20 3 mokpurtsim Co-V(0,37 %); 4- C1.20

-2,4 2,0 -1,6 -1,2
g/, j, Alcm?)
Pucynok 3 — 3anexHicTh HepeHanpyru BUAUICHHS BOJHIO BiJ
norapugma ryCTHHHU CTPYMY JUIsl €JIeKTPOIIB:
1 - Cr. 20; 2 — Cr.20 3 nokputtsim Co-V(0,49 %);
3 — Cr.20 3 mokpurTsim Co-V(0,53 %)

3HaueHHs TepeHanpyry BUIUICHHS 10HIB BOJHIO IIPH
jk = 0,01 Alem® (AEgq) Ta 0,05 Alem® (AEqgs) s
exnekrponiB 31 Ct.20 3 mokpurtsam Co-V HuKYe, HIK I
enektpoaa 31 Ct.20 (Tabum. 2). 3MEHIIEHHs MepeHanpyru
BU/IJIEHHS BOAHIO Ha elekTpomax 3 Mokpurram Co-V
MOSICHIOETELCS BaHAJIIo,

MPUCYTHICTIO oo  Mae

€JICKTPOKATATITUYHI BIIACTUBOCTI.

Ta6muus 2 — KineTnuHi napamerpu peaxilii BiZIHOBJICHHS 10HIB
BOJTHIO JUTS €TIEKTPO/IIB 3 TOCITIIKEHUX MaTepialliB

M i —lgj AE
arepiar a,B | bB gJo,2 AEgq, B| & o™
CIIEKTPOLY Alcm ' B
Cr.20 —0.64 |-0.148| 4.33 -0.34 | -0.46
Cr.203 |0,525|-0,54(-0,160| 3,36 | -0,22 | -0,26
TOKPUTTAM
Co-V 0,489 |-0,56 |-0,156| 3,61 -0,33 | -0,36
(V,%)
YHIBepCATbHOIO  KIHETUYHOI  XapaKTEPUCTHKOIO

MIPOLIECY BBAXKAETHCS T'YyCTHHA CTpyMy OOMiHY (jo) B
peakuii BiIHOBJICHHS 1OHIB BOJHIO, fKa BimoOpaxkae
BIUIUB TPUPOJM €JIEKTpoJa Ha KIHETHKY mpsiMoi Ta
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3BOpoTHOI peakuii. Ha BiamiHy Bix mnepeHanpyru
BUIJICHHS BOJHIO, 3HAUEHHS jo HE 3aJICKUTH Bill TYCTHHH
ctpymy. ToMy came 11 BeJM4MHA TO3BOJISIE TIOPIBHIOBATH
KaTaJiTU9HI BJIACTUBOCTI MaTepialiB B EIEKTPOIHUX
peaKIisX Ta OLIHIOBATH 1X. 3HAUYEHHS jo JUISl €JIEKTPO/IIB 31
Cr.20 3 mokpurtssMm Co-V BKazye Ha OUIBII BHCOKY
aKTHBHICTb IIMX MaTepianiB B nopisHsHHI 31 Ct.20.

[Ipu enexkTpoxiMiyHOMY OTpPHMaHHI BOJHIO Ba)KIIH-
BUM € cTalinpHICTh 3HaYeHb noteHnianis (E) npamorounx
eleKkTpomiB y daci. VY Tabmumi 3 HaBemeHO
EKCIIepUMEHTAJIbHI 3HA4YeHHs MOTEHLIaNiB KaTOAIB IpHU
MIPOBEICHHI CTaliOHAPHOTO eNeKTpoiizy mnporarom 10
TOJIVH, sIKi CBIMYaTh MPO iX CTAaOLIbHI 3HAYCHHS MPH 3a-
JaHUX CTpyMy B

TyCTHHax JIYKHO-XJIOPUAHUX

CJIeKTPOITITaX.

Tabnuis 3 — 3HAYCHHS TOTEHI[IANIB KATOMIB 3 TOCIIIKYBaHUX
CJIEKTPOIHUX MaTepialliB B €JCKTPOIITI
2.5 M NaOH + 0.02 M NaCl

. Tlorenmian E, B
Marepian enextpo-

T'yctuna ctpymy, A/ -’

d 1 3 5 10
Cr.20 -1.17 -1.23 -1.28 -1.33
Cr.20 3 MOKPHUTTAM
-1.10 -1.20 -1.24 -1.30
Co-V(0,53 %)

Amnaii3 XiMiYHMX BJacTUBOCTEH d-e€JIeMEHTIB, 10
SIKAX BIJHOCSTHCS BaHAaaid, MOJIOAEH, 3a1i30, KOOAJbT,
Hikesnb, Ta giarpam IlypOe CBim4YuTh, 110 Ii METamd B
myxHoMy cepenoumli (pH = 10-16) mpu Temmepatypi
20-25°C BUSBISIIOTH BHCOKY XIMiYHY CTIHKICTH 3aBJSIKH

OKCHJTHOI ILTIBIIi Ha TOBEPXHI.

BucHoBkn.

1. JlocmipkeHO  OCOONHMBOCTI  €IEKTPOOCAKEHHS

IIOKPpHUTTA  CIJIaBOM KO6aJ’ILT'BaHaZ[iI\/’I 3 HUTPATHOI'O

enekrponity. Otpumane mokpurtsi ciutaBom Co-V
mictute  0,37-0,53%  BaHamiro, XapaKTepPHU3YETHCA
JIpiOHOKPUCTATIYHOIO CTPYKTYPOIO 1 PIBHOMIpHICTIO

PO3MOALTY IO IOBEPXHI KaToAa.

2. BcTaHOBIIEHO, IO MOKPUTTS CIUIABOM KOOAIIbT-
BaHAMIA BOJIOMI€ EIEKTPOKATANITHYHOI AKTHBHICTIO B
peakmii KaTOMHOTO BHIIJICHHS BOJAHIO 3  JIYXHO-
XJIOPUTHOTO eJIeKTpouiTy. [lepeHanpyXeHHs BUIIJICHHS
BogHo Ha karoai 3i Ct. 20 3 mokpurtsim Co-V Ha
0,08-0,1 B Hmxue, a 3HAaUEHHS CTPYMY OOMIHY BHIIE, Hi’K
Ha enekTpomi 3i Cr.20. [ani maTepianu XiMIi4HO CTIHKi i
3a0e3Meuyr0Th CTa0UIbHE 3HAYCHHS MOTCHINIATY eICKTPO-
Jla TIpY TIPOBEJIEHHI MPOIIECY eIEKTPOIIi3Yy.

3. Enexrponu 3 Ct.20 3 HaneceHnM nokpurtsiM Co-

V MOXyTh OYyTH pEKOMEHJOBaHI B SKOCTI KaTOJIB TpH

CJICKTPOXIMIYHOMY ~ OTPHMa@HHI BOJHIO 3  JIY)KHHX

PO3YMHIB, W0 J03BOJHUTh 3HU3UTH CHEPrOBHUTPATH HA
MPOBEICHHS aHoro mporecy Ha 15-20 %.
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M.B. IYBKOB, 0.0. 3AXAPYYK, B.l. IMHTPEHKO, O.B. IIETPALIl

MOJEJIOBAHHS IMTPOAYKTUBHOI'O TUCKY B HEOJHOPITHOMY HA®TOHOCHOMY
IVIACTI

ITpoBeneHo YnceNbHE MOJCTIOBAHHS PO3MOALTY MaJiHHS IIACTOBOTO THCKY B OKOJHIIL JiF04Y0i CBEPUIOBHHH 3 YpaxXyBaHHSAM HEOJHOPIJHOTO PO3IO-
Iy GQineTpamifHuX XapaKTepUCTHK (IPOHUKHOCTI Ta B’S3KOCTi Ha()TH) B OIM3BKUI Ta BiAmaneHil 30HaX Jil CBEpIJOBHHH 3 METOIO JOCIHiKEHHS
MPaKTUYHUX acHeKTiB (iIbTpanii B HeOAHOPiMHUX HA(QTOHOCHUX IIACTaX HAa OCHOBI KOMOIHOBAaHOTO CKiHUEHO-EIEeMEHTHO-PI3HUIIEBOTO METORY IS
HECTaI[iOHapHOI 3a/]a4i II’€30MPOBIAHOCTI. 3acTOCyBaHHSI KOMOIHOBAaHOTO CKiHYEHO-EJIEMEHTHO-PiI3HUIIEBOTO METOAY HO3BOJIIE MIOETHYBATU IIEPEBark
CKIHYEHO-€JIEMEHTHOTO METO/y Ta METOAY CKiHYEHHX Pi3HMIIb: MOJENIOBATH T€OMETPUYHO CKJIaJHI 00JIacTi, 3HAXOMUTH 3HaYEHHS B OyIb-sIKiil TOUI
JIOCIIJUKYBAaHOTO 00’€KTa, IPH [IbOMY 3aCTOCYBAHHS HESIBHOI PI3HHIIEBOI CXEMH IIPH 3HAXOKEHHI BY3JIOBUX 3HAa4YeHb CITKH 3a0e3neduye BUCOKY Ha-
JIAHICTD Ta CXOAUMICTh PE3yJIbTaTiB.
IToka3aHo, 10 IHTEHCHBHICTH HpOIeciB (GiIbTpanii B OKONUII Ail0Y0i CBEPAIOBHHH, TOJIOBHAM YHHOM 3QJISKHUTD BiJ IPOHUKHOCTI, i B MEHIIIH Mipi
Biz B’s3kocTi HaQTH. [IpHuoMy BIUIMB NPOHUKHOCTI HaTOBOI (a3 y BimnaneHii 3oHi (Rx < 5 M) OuTbIIHil y TOPIBHSAHHI 3 BIUIMBOM y OM3bKil 30HI
(Rx > 5 M) nif cBepuioBuHH. Y BHIIAAKY HH3bKOI NPOHUKHOCTI HaToBOI (ha3w Ml MATPUMKHU CTaOIIEHOTO BUIOOYTKY HadTH MOOIN3Y BUIOOYBHOT
CBEPJUIOBHHH HEOOXiJHO PO3MILIYBaTH HaTHITAJIBHY CBEp/UIOBHHY. 3a JONOMOI0I0 BUKOPHCTAHOTO METOY MOXKHA CIIPOTHO3YBAaTH BILUIMB HArHIiTaJb-
HOT CBEPJUIOBHHH Ha PO3IIOJLJI INIACTOBOIO THCKY B IUIACTI.
HaykoBa HOBH3HA pOOOTH HOJIATAE Y NOCITIIKEHH] BIUIUBY HEOJHOPIJHOTO PO3IOILTY IPOHUKHOCTI Ta B SI3KOCTI HA)TH Ha O30/ INTACTOBHX THC-
KiB B MeXax Iii CBepUIOBHHH 32 JOIOMOI'0I0 MOJENIOBAHHS (iIbTpamiiiHUX IponeciB Ha OCHOBI KOMOIHOBaHOIO CKiHUCHO-€JIEMEHTHO-Pi3HHIIEBOTO
METozy.
ITpakTHyHe 3HAYEHHS Pe3yIbTATIB JOCHIiKEHHS 3BOAUTHCS 10 IiITBEPKEHHS TICHOTO B3a€MO3B’I3Ky MiXK HEOJHOPIHICTIO HOPHCTOTO CEPEIOBHILA
Ta PO3MOJIIOM IUIACTOBHX THUCKIB HaBKOJIO Ail040i BHIOOYBHOI CBEpIOBHHH. 3aCTOCOBAHHI y poOOTI KOMOIHOBAaHMI CKiHYEHO-EJICMEHTHO-
Ppi3HUIEBHI METOI MOXe OyTH BHKOPUCTaHHHN I BUPILIEHHS iHINX (iIbTpamiiiHuX 3a1ad (HaIpUKIAL, U pO3paxyHKY ra30HaCHUCHOCTI IUIacTa,
CTBOPEHHS METOAUKH PO3paxyHKy AeOiTiB CBEp/UIOBHUH, OL[IHKH BIUIMBY HarHiTAJGHUX CBEPUIOBHH Ha (UIbTpamiiiHi mporecH).

Ki104o0Bi cj10Ba: KOMIT IOTEpHE MOJICTIOBaHHS; (iIbTpalliiiHi mpouecy; HaQTOHOCHI POJIOBHIIIA.

M.B. TYBKOB, 0.0. 3AXAPYYK, B.U. IMUTPEHKO, A.B. IIETPAILLl

MOJEJMUPOBAHUE IMPOAYKTUBHOI'O JABJIEHUA B HEOJHOPOJHOM HE®@TEHOCHOM
IVIACTE

ITpoBeneHo yncIIEHHOE MOJENUPOBAHNE PACTIPEEIEHN aeH)s IIACTOBOIO JABJIECHUs B OKPECTHOCTH AEHCTBYIOIEN CKBAKHHEI C y4ETOM HEOIHO-
poHOTO pacnpeseneHus QHIPTPAIHOHHBIX XapaKTEPUCTUK (IPOHUIIAEMOCTH ¥ BSI3KOCTH HEe(TH) B ONIM3KHIT 1 OTJANCHHOH 30HaX JICHCTBHUS CKBaXXH-
HBI C IENBIO MCCIIeIOBAHMS IPAKTHIECKHX acleKTOB (QHIBTPAIli! B HEOJHOPOIHEIX HEQTEHOCHBIX MIACTaX Ha OCHOBE KOMOWHNPOBAHHOTO KOHEYHO-
3JIEMEHTHO-Pa3HOCTHOTO METOJa I HECTAIMOHAPHOH 3ajadyM Ihe30NpOBOAHOCTH. IIpuMeHeHNe KOMOWHMPOBAaHHOTO KOHEYHO-TI03JIEMEHTHO-
Pa3HOCTHOTO METOJa MO3BOJISET COYETATh TPEMMYLIECTBA KOHEUHO-3JIEMEHTHOTO METO/Ia U METO/Ja KOHEYHBIX PAa3HOCTEN: MOJIETMPOBATh FEOMETPH-
YeCKH CIIOKHBIE 00J1aCTH, HAXOIUTh 3HAYEHNE B TIO00I TOUKE HCCIeyeMoro 00beKTa, PH 3TOM NPUMEHEHNE HEsIBHOH Pa3HOCTHOM CXeMBbI IIpH Ha-
XOXICHUN y3JIOBBIX 3HAUCHHIT CETKH 00ECIIeUNBAET BEICOKYIO HAIeKHOCTh M CXOAMMOCTb PE3YIIbTaTOB.
IToxa3aHo, 4TO HHTEHCHBHOCT IPOLIECCOB (PHIBTPAINK B OKPECTHOCTH JICHCTBYIOMIEH CKBaKHHBI, TJIaBHBIM 00Pa30M 3aBHCHT OT IIPOHULIAEMOCTH, 1
B MEHBIIIEH CTENEeHN OT BsA3KocTn HedrH. [Ipnuem BIMAHUE MPOHUIIaeMOCTH HeTAHOI (ha3bl B oTaaneHHON 30He (R < 5 M) Gonblre mo cpaBHEHHUIO ¢
BJIMSIHUEM B Onm3koi 30He (R > 5 M) nelicTBus ckBakuHBL. B ciydae HU3KO# poHHI[aeMOCTH HEeTSIHOM (a3bl B OKPECTHOCTH ACHCTBYIONEH CKBa-
XKUHBI, I TOJICPIKAHUS CTAaOMIBHOM J00BIYM He(TH, BOIM3M J00BIBAIOIIEH CKBaXXHHBI HEOOXOAMMO pa3MellaTh HarHeTaTelbHYy CKBaXHHY. C
MIOMOUIBIO HCIOJIb30BAHHOTO METOJja MOKHO CIIPOTHO3MPOBAaTh BIIMSHHE HArHETATENbHOH CKBaKMHBI Ha paclipe/ie]ieHHE IJIacTOBOTO JIaBJIECHMS B
TuIacTe.
HayuHast HOBH3Ha pabOTBI 3aKJIIOYAaeTCs B UCCIICAOBAHNH BIUSHUS HEOJHOPOIHOTO PACIIPE/IENICHNs TIPOHHUIIAEMOCT! U BA3KOCTH HE()TH Ha pacrpe-
JIeNIeHHe TUIACTOBBIX JIABJICHHH B TIpejienax JIeHCTBHIS CKBaKUHBI C TIOMOIIBIO MOJIEITMPOBAHMS (DMIITPALIMOHHBIX MPOILIECCOB HA OCHOBE KOMOMHUPO-
BaHHOTO KOHEYHO-3JIEMEHTHO-PAa3HOCTHOIO METO/IA.
INpakTHyeckoe 3HaYEHNE PE3YIILTATOB UCCIIENOBAHMS CBOJAUTCS K MOATBEPKAECHUIO TECHON B3aUMOCBS3H MEXKTy HEOJHOPOJAHOCTBIO OPUCTOH cpesibl
U pachpeielIeHeM TUIACTOBBIX JABICHUI BOKPYT AEHCTBYIOIIEH H0OBIBaroIIel CkBaXxHHBIL. IIpiMeHeHHbI B paboTe KOMOMHMPOBAHHBIN KOHEYHO-
3JIEMEHTHO-Pa3HOCTHBIA METOI MOXKET OBITh HCIIONB30BaH JUIS PEIICHUs APYrUX QHIBTPAIMOHHBIX 3a1a4 (HalpuMep, JUIS pacyeTa ra30HaChIIIeHHO-
CTH TIJIACTa, CO3JJaHUE METOJMKH pacyeTa JeONTOB CKBaXKMH, OIIEHKH BIIMSHHS HaTHETATEIbHBIX CKBAXHH Ha (DHIIBTPAIMOHHBIE TIPOIIECCHI).
KroueBble cj10Ba: KOMIIBIOTEPHOE MOJICTTMPOBAHNE, TITACTOBOE JaBICHUE, HE(PTECHOCHBIC MECTOPOXKICHUSL.

© M.B. JIyokos, O.0. 3axapuyk, B.I. Imutpenko, O.B. ITerpamr, 2021
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M.V. LUBKOV, 0.0. ZAKHARCUK, V.I. DMYTRENKO, O.V. PETRASH

MODELING OF PRODUCING PRESSURE IN HETEROGENEOUS OIL-BEARING RESERVOIRS

Numerical modeling of the distribution of the reservoir pressure drop in the vicinity of an operating well was carried out taking into account the
inhomogeneous distribution of filtration characteristics (permeability and oil viscosity) in the near and distant zones of the well operation in order to
study the practical aspects of filtration in heterogeneous oil-bearing formations based on a combined finite-element-difference method for non-
stationary problem of piezoconductivity. The use of the combined finite-element-difference method enables to combine the advantages of the finite-
element method and the finite difference method: to model geometrically complex areas, to find the value at any point of the object under study, while
the implicit difference scheme.
It is shown that the intensity of filtration processes in the vicinity of the operating well depends mainly on the permeability, and, to a lesser extent, on
the viscosity of the oil. Moreover, the influence of the permeability of the oil phase in the remote zone (Rd < 5 m) is greater than the effect in the
close zone (Rd > 5 m) of the operating well. In the case of low permeability of the oil phase in the vicinity of the existing well, to maintain stable oil
production, it is necessary to place an injection well near the production well. Using the method suggested, it is possible to predict the effect of the
injection well on the formation pressure distribution in the formation.
The scientific novelty of the work lies in the study of the influence of the heterogeneous permeability and oil viscosity distribution on the reservoir
pressures distribution around the wells by modeling filtration processes based on a combined finite-element-difference method.
The practical significance of the research results comes down to confirming the close relationship between the heterogeneity of the porous medium
and the reservoir pressures distribution around an operating producing well. The combined finite-element-difference method used in this work can be
used to solve other filtration problems (for example, to calculate the gas saturation of a reservoir, create a method for calculating well flow rates,
assess the effect of injection wells on filtration processes).

Keywords: computer modeling, reservoir pressure, oil-bearing deposits.

Introduction. In order to effectively use oil produc-
tion technologies in practice, it is necessary to understand
the full picture of oil phase filtration near the production
well and to influence various flow parameters (e.g. per-
meability and influence of oil) on the overall production
process. At this time, methods of computer modeling of
productive oil-bearing formations are in demand [1, 3, 9—
12], so they can be used to avoid filtration processes
around the production well in various practical models. In
addition, this information can be obtained relatively
cheaply and used for effective analysis, control, and man-
agement of oil production processes.

On the other hand, nowadays there are a number of
problems related to the accuracy and adequacy of model-
ing of complex inhomogeneous oil-bearing reservoir sys-
tems in the conditions of real operation of oil-bearing
fields [4, 13].

Analytical and approximate-analytical methods have
a low degree of universality [3], i.e. focused on solving
narrow classes of problems, in particular, it is impractical
to use these methods to solve the nonstationary anisotrop-
ic piezoconductivity problem. Today, the most widely
used numerical methods (finite difference method, finite
element method, boundary element method, direct me-
thod, etc.). The boundary element method is the most ef-
fective in solving problems in unbounded domains [1],
i.e. when establishing adequate boundary conditions for a
porous formation, the piezoconductivity equation cannot
be solved using the boundary element method (there is no
solution theory). The advantages of the finite difference
method are the relatively easy construction of the algo-

rithm for solving the problem and its software implemen-
tation [14]. As disadvantages there can be regarded the
problem of use on irregular grids, the rapid growth of
computer requirements with the increasing dimension of
the problem (increasing the number of unknown va-
riables). The finite element method is a leader in solving
problems with a geometrically complex model structure
[9]. However, the main disadvantages are the time re-
quired for calculations, as well as the requirements for the
amount of information memory of the computer. Finally,
when using both the finite element method and the finite
element method, there appears a problem of the correct
setting of boundary conditions (most often choose homo-
geneous boundary conditions, and to reduce the error —
quite remote) [1, 3]. A numerical algorithm for solving
the piezoconductivity equation, developed by MV Lub-
kov [6], enables to take into account the inhomogeneous
distribution of permeability both inside the anisotropic oil
reservoir and at its boundaries.

Moreover, the application of the combined finite-
element-difference method, developed by MV Lubkov
[6], enables to combine the advantages of the finite-
element method [9, 10] and the finite difference method
[14]: to model geometrically complex domains, to find
values in any at what point of the object under study,
while the use of an implicit difference scheme — to find
the nodal values of the grid provides high reliability and
convergence of results. Verification of the combined fi-
nite-element-difference method is confirmed by its appro-
bation when comparing the results of test examples, as
well as the results of solving geophysical problems in dif-
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ferent areas of geodynamics with known results [6].
Therefore, a promising area is the use of finite-element-
difference methods to solve filtration problems in order to
simplify and simultaneously increase the accuracy of cal-
culations.

This paper presents the results of solving the nonsta-
tionary piezoconductivity problem, taking into account
the inhomogeneous distribution of filtration parameters
(permeability coefficient and dynamic oil viscosity coef-
ficient) inside the deformed reservoir and at its bounda-
ries, which allows to adequately calculate the reservoir
pressure distribution in the oil reservoir.

Problem setting and solving method. In what fol-
lows, we will consider productive oil-bearing formation
where gas content is insignificant compared to oil. As-
suming that the average height of the oil-bearing de-
formed porous formation is much smaller than the hori-
zontal dimensions of the considered area, it is sufficient to
use a two-dimensional isotropic nonstationary model of
piezoconductivity [1, 2, 6]. In this case, the general for-
mulation of the piezoconductivity problem, taking into
account the permeability condition at the region boun-
dary, in the Cartesian coordinate system (), which is re-
lated to the region boundaries, has the following form [6]:

oP o’P  O°P

) z(az+ay2)+7: 1)
P(t=0)=P; )
kgradP = (P - PR)). 3

Where (1) — piezoconductivity equation; (2) — initial
condition; (3) — boundary condition of oil phase inflow at
the edge of the considered area; P(x,y,t)— pressure, as a
k.
n(mB, +5,)
piezoconductivity index; k — oil phase permeability; n —
oil’s dynamic viscosity; m — oil formation porosity; B; —
oil’s compressibility factor; B, — formation matrix com-
pressibility factor; y — oil production intensity parameter;

function of the coordinates and time; y =

P, - initial reservoir pressure; o — oil phase filtration in-
dex at the edge of the considered area; B, - pressure at

the edge of the considered area.

To solve the nonstationary piezoconductivity prob-
lem (1) — (3), the variation finite-element method devel-
oped by MV Lubkov is used [6], which leads to the solu-
tion of the piezoconductivity variation equation:

SI(P)=0. 4)

Where I(P) - functional of piezoconductivity prob-

lem (1) — (3), which is represented as [6]:

1P) = [y + 8y)]+2jﬁa—PdP—

—2;/P}dxdy—% [a(P-2P)Pd;
L

®)

S — cross sectional area of the investigated region, L — the
areal outline S, dl — outline element.

When solving the variation equation (4), an eight-
node isoparametric quadrilateral finite element is used [6].
The Cartesian system () is used as a global coordinate sys-
tem, where all finite elements are divided into which the
area S is divided. As a local coordinate system, where the
approximation functions are defined within a finite ele-
ment ¢, based on quadratic polynomials and numerical

integration is performed, a normalized coordinate system
is used (£,77) [6]. In this system, the coordinates, pres-
sure, initial formation pressure, pressure at the region
boundaries, oil infiltration coefficient at the region boun-
daries, and coordinates derived from the coordinate pres-
sure are approximated as follows:

8
X = ZX% y=2 Vi

8 8
Ty Rwi oY R,
X i oy ‘=
1,00 0.
P, =_(ﬁﬂ_ﬁﬂ); ©6)
|J| on & o& on
_1 00 _0p &
: |J| o0& on on 65’
where J _ﬂﬂ_ﬂ@ - Jacobian transition between
05 on  on o&

systems (x,y)i(&,7n).
Based on the variation equation (4) and assuming
that the nodal values of the pressure derivatives over time

dpP .
d—t'— are known quantities and do not vary, we make a

system of differential equations for the n node of the p"
finite element in the form:

= T e QR - QIR 0 ()

Hp = _”—(/’.(/’, Jjdda;

-1 l

_ [k o, v o) dedn:

-1-1
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11
2= Javo,dl pP = [ [rPgddédn.
L

-1-1
To solve the system of linear differential equations
of the first order (7) under the initial conditions of (6), the
finite difference method is used, in which the approxima-
tion of the time derivative is carried out on the basis of an
implicit difference scheme:
dP _ P(t+At)—P(t). (®)
dt At
Substituting expression (8) into system (7), we ob-
tain the following system of linear algebraic equations:

S L AL+ QUR (a0 -

1

——HPP()-OP PY—»P =0
At ni I() Qm O} 7n

By adding equations (9) to all finite elements, we
obtain a global system of linear algebraic equations,
which enables us to determine the unknown values of
pressure at time t+ At due to their value at the previous
point in time. The solution of the global system of equa-
tions is based on the numerical Gaussian method without
choosing the main element [6]. As a result of the solution,
the pressure is determined at all nodes of the finite ele-
ment grid. According to the found nodal values, the pres-
sure is determined at an arbitrary point of the oil reservoir
of the study area at a given time.

Oil flow simulation. The inhomogeneity of the por-
ous medium will be determined by the difference between
the permeability coefficient and the coefficient of dynam-
ic viscosity of oil in the near (R,<5m) and far
(R, >5 m) well drainage area. To assess the effect of in-
homogeneity on the formation pressure distribution, we
first model a completely isotropic formation (Fig. 1) for
the following initial data (Table 1).

Table 1 — Simulation input data

(n=1-8). (9

Name, designation Value Units

Oil formation area S 90-90 m?

Permeability index k 107 m?

Porosity index m 0,2 —
Dynamic viscosity coefficient of oil n 1073 Pa's
0il compressibility index p; 10° Pal

The compression ratio of the rock
pression rati 109 | pat
matrix 3,
The piezoconductivity index of the
P VY 333 | mis
formation
Initial reservoir pressure Py 20-10° Pa
The average flow rate of the production
verage tlow product 173 | m®day
well Q
The infiltration rate of oil through the
. . 0,001 m
boundaries of the considered area o
Time from the start of the well t 86400 S

Pr, atm
146
148
150
163
177
200

Figure 1 — Pressure distribution in the vicinity of the existing
well (r is the distance from the bottom of the well, m,
P, — pressure at a distance r, atm)

Using the initial data (Table 1) and changing the
coefficients of permeability and dynamic viscosity in the
near range of the well (Rp <5 m), we obtain the follow-
ing results (Fig. 2).

Analysis of fig. Fig. 2 shows that a sufficiently high
coefficient of permeability of the oil phase k = 2 D in the
near zone of the operating well contributes to an intensive
filtration process, which increases the pressure in the bot-
tomhole zone to 150 atm (Fig. 2, a), which is 4 atm more
than in the case of an absolutely isotropic formation at k =
1 D (Fig. 1). A slight deterioration in permeability (k =
0.1 D), as well as a change in the viscosity coefficient in
both the larger and smaller side in the near zone Rp <5 m
affect the filtration process insignificantly, although in
general the distribution of the reservoir pressure field
changes slightly Fig. 2, b —d).

Fig 3, a, b analysis confirms the influence of the
permeability of the oil phase in the remote zone of the
well on the intensity of the filtration process: with in-
creasing permeability by 1 D, bottom hole pressure in-
creases to 161 atm (which is 15 atm above the bottom
hole pressure of the control model in Fig. 1) and promotes
intensive filtration. When the permeability coefficient is
reduced by 0.5 D, the bottom hole pressure decreases to
125 atm (which is 21 atm less than the bottom hole pres-
sure of the control model in Fig. 1). Moreover, the influ-
ence of the change in permeability on the distribution of
formation pressure in the remote zone of the well Rp> 5
m is greater than the influence in the near zone of action
of the well Rp <5 m.

Fig 3, c, d consideration shows that the change in oil
viscosity in the remote area of the well has little effect on
the process of filtration of the oil phase in the vicinity of
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the production well. This is confirmed by small changes
in bottomhole pressure (increase by 2 atm) (Fig. 3, ¢) with
increasing viscosity of oil to 2:10° Pa's and growth by 1

| | 1 1
m
80 -
r,m| k D |P,atm
60 1] 2 | 150
3 | 2 152
6 | 1 154
0] 1 164
40+ M20] 1 177
60 | 1 200
20 -
0
0
a
I 1 L
r,m| n, Pa-c | P, atm
B 2-10° 145
3 | 210 149
6 | 10° | 152
| [20] 10° | 164
20 | 10 178
60 | 10° | 299

atm (fig. 3, d) when the viscosity decreases to 0,510

% Pas).

k, D |P,atm
0.5 146
0.5 149
1 151
1 166
1 179
1 200

i, Pa-c | Pr, atm
0510° | 146
0.5-10° | 150
10 152
10° 166
10° 179
10° 200

Figure 2 - Distribution of pressure in the vicinity of the operating well at different coefficients of permeability and viscosity
of oil in the vicinity of the well (Rp <5 m)

k D

Pr, atm

161

162

165

177

187

[SIENITNIFNY Y

200

k D |P,atm
1 125
1 128

0.5 130

0.5 141

0.5 157

0.5 200
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1 1 1 1

m
80

60

40|

1, Pac | P, atm
103 148
103 150

2:10% | 154
2-10% | 163
2-:10° | 178
2:10° | 200

n, Pac

P, atm

10°?

147

10°

149

0.5-102

153

0.5-103

163

0.5-103

178

0.5-103

200

Figure 3 — Distribution of pressure in the vicinity of the operating well at different coefficients of permeability and viscosity

of the oil phase in the remote area of the well (Rp > 5 m)

1 1

" atm ©

60 '*300 r,m| kD |P,atm
~_ [z 1 149
3 1 153
6 1 154
40— 10 1 165
20 1 181
© 60 1 200
\»\‘o
20—
0 T T T T
0 20 40 60 80
m
P,, atm
1.1
12
25
36
45
170

80—

60—

40

20+

@

P, atm

105

111

115

130

165

200

k D

P,, atm

0.125

0.125

18

21

e

125

210

Figure 4 — Pressure distribution in the vicinity of the existing well under the influence of the injection well of the same
capacity in different practical cases:

a— at initial parameters of filtration (tab. 1), b —at k = 0,5 D in the remote zone of action of a well Rd>5 m,
c—atk=0,125D (Rp>5m), d-atk=0.125 D in the near range of the well (Rp <5 m)
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Analysis of fig. 4, a — ¢ shows that in order to main-
tain a sufficiently high level of pressure in the vicinity of
the oil well at low parameters of the permeability of the
oil phase (k =0,5D, k =1 D) it is necessary to use injec-
tion wells. Excess pressure created by the injection fluid
leads to high depression on the formation: AP =51 atm in
the case of an isotropic formation (Fig. 4, a), as well as
for zonally inhomogeneous formations AP = 95 atm (fig.
4,b), AP =198,9 atm (fig. 4, ¢), AP =199 atm (fig. 4, d).
Thus, the most active filtering process reflects Fig. 4, d,
but at the same time, it is necessary to take into account
the fact of fields’ water-cut [3, 8]. Obviously, the best
conditions for oil production in the relevant practical case
are achieved by taking into account all the influential fac-
tors of flow, which can be estimated using the finite-
element-difference method.

Therefore, the simulation results show that the inten-
sity of the filtration process in the vicinity of the oil well
mainly depends on the permeability of the oil phase, both
in the near (Rp <5 m) and remote (Rp> 5 m) areas of the
well. Moreover, the influence of the permeability of the
oil phase in the remote region (fig. 3, a, b), greater com-
pared to the impact in the near well bore region (fig. 2, a).
The viscosity of oil in the near and far zones of the well
clearly has little effect on the process of filtration of the
oil phase in the vicinity of the production well (fig. 2, c, d,
fig.3 ¢, d). Analysis of the dynamics of the injection fluid
on the intensity of the flow process around the production
well depending on the permeability of the oil phase and
the location of the injection well shows that to maintain a
sufficiently high pressure in the vicinity of the production
well at low oil permeability parameters it is necessary to
utilize the injection wells.

Conclusions.

The combined finite-element-difference method
used to solve the nonstationary piezoconductivity problem
in inhomogeneous formations enables to adequately quan-
tify the distribution of formation pressure in the vicinity
of the existing well. Thus, it is possible to estimate the in-
fluence of the heterogeneity of the porous medium (per-
meability coefficient and coefficient of dynamic viscosity
of oil) on the distribution of the formation pressure field,
and, accordingly, the intensity of the filtration process. In
the future, it is of interest to calculate and simulate the
flow rates of wells based on the finite-element-difference
method, taking into account the inhomogeneous distribu-
tion of flow-capacity characteristics of the reservoir.
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0. V. SAVVOVA, O. I. FESENKO, H. K. VORONOV, E. S. O. BAIRAMOV

MODERN TECHNOLOGIES FOR THE MANUFACTURE OF GLASS-CERAMIC DENTAL
PROSTHESES

The relevance of the problem of improving the quality of life and protecting human health in the context of the successful development of the modern
society was presented. A literary review of well-known modern technologies for the design and manufacture of dental prostheses was carried out, as
well as the leading domestic and foreign companies that were engaged in this were given. The history of the development of materials for obtaining
clinical restorations (crowns, inlays, onlays, etc.) was considered and the main directions of the development of innovative ceramic materials for
dental prosthetics were outlined. Based on the analysis of the properties of various types of materials for dental prosthetics, the prospects of using
glass-ceramic materials in the development of dental prostheses have been substantiated. The chemical compositions of lithium silicate glasses for the
synthesis of the glass matrix have been developed and the technological parameters for the production of glass-ceramic dental prostheses have been
selected (Ty, meiting = 1350-1400 °C, Theat treament = 600-650 °C). Preliminary heat treatment before the formation of products ensures the formation of
the required number of the nucleus of crystalline phase and the prerequisites for creating a volume crystallized structure under conditions of short-
term heat treatment. The glass-ceramic prosthesis with a formed interpenetrating sitallized structure was obtained by the method of hot pressing with
a short exposure (18-20 min). It was found that the obtained glass-ceramic material containing lithium disilicate as a crystalline phase in an amount of
40-60 vol. %, had high values of bending strength (c = 400 MPa) and fracture toughness. The indicated mechanical properties of the developed
materials, along with the approximate values of their modulus of elasticity to natural teeth, will significantly extend the service life of products under
conditions of significant alternating loads that arise during the chewing cycle. A comparative assessment of the competitiveness of the developed
dental prostheses based on lithium disilicate with world analogues was carried out, in particular the products of Ivoclar Vivadent and Vita Zahnfabrik,
in terms of the main operational parameters. The positive effect of the introduction of domestic developed glass-ceramic dental prostheses to reduce
import dependence has been determined.
Keywords: dental prostheses, glass-ceramic materials, glass matrix, technological parameters, hot pressing, lithium disilicate.

0. B. CABBOBA, 0. I. PECEHKO, I. K. BOPOHOB, E. C. O. FAHPAMOB

CYYACHI TEXHOJIOI'Ti CKJIOKEPAMIYHHAX CTOMATOJIOTTYHHUX ITPOTE3IB

IpexncTaBiaeHo akTyanbHICTh MUTAHb MOMIIIIEHHS SKOCTI )KUTTS Ta OXOPOHHU 3/10POB’SI JFOJJMHHU B PO3Pi3i YCHILIHOIO PO3BUTKY CYYaCHOTO CYCIIBCT-
Ba. IIpoBe/IeHO JliTepaTypHHil OITIAA BiIOMUX CY4aCHHX TEXHOJIOTIH MPOCKTYBAaHHS Ta BUTOTOBJICHHS CTOMATOJIOTIYHHX MPOTE3iB, @ TAKOX HABCICHO
TepeIoBi BITYM3HSHI Ta 3aKOPIOHHI KOMITaHii, sIKi MM 3aiiMatoThesl. PO3MISIHYTO iCTOPi0 pO3BUTKY MaTepiajliB IS O/lepKaHHs KIIHIYHUX PEecTaBpa-
i (KOPOHOK, BCTABOK, HAKJIAJOK TOIO) Ta 03HAYEHO OCHOBHI HANpPSIMKU PO3POOOK iHHOBALIHHUX KepaMidHUX MaTrepiaiB sl 3y00onpoTe3yBaHHS.
Ha ocHOBI mpoBefeHOro aHaii3y BJIACTMBOCTEH Pi3HUX BHIIB MartepialiB Iyl 3yOONmpoTe3yBaHHS OOIPYHTOBAHO IMEPCIEKTHBHICTH 3aCTOCYBAHHS
CKJIOKEpaMi4HUX MarepialiB MpH po3poOIli cTOMATOJIOTIYHUX HpoTe3iB. PO3po0aeHO XiMiuHI CKIIAAM JITIHCHITIKATHUX CTEKOJ JUISi CHHTE3Y CKJIOMAT-
puii Ta 0OpaHO TEXHOJOTIYHI MapaMeTpH OJCPXKAHHS CKIOKepaMiuHHX cTOMAaTONOTiyHUX MPOTE3iB (Thap = 1350—1400 °C, Trepuoosposin = 600—
650 °C). [Nomepenns Tepmiuna 06poOka mepen popMyBaHHIM BUPOOiB 3a0e3medye yTBOPSHHS HEOOXITHOI KibKOCTI 3apO/IKIB KPHCTAIIUHOI (ha3u Ta
MePEelyMOBH U1l CTBOPEHHSI 00’ €MHO3aKpUCTANII30BaHOT CTPYKTYPH B YMOBaX KOPOTKOTPHBAIOI TEPMi4HOI 0OPOOKH. 32 METOIOM rapsuoro mpecy-
BaHHS 3 KOPOTKOTpHBAJIOw BUTPHMKOIO (18—20 xB) Oys10 ofepkaHO CKIOKepaMidHuii poTe3 3i cHOPMOBAHOIO B3AEMOIIPOHHKHOIO CHTAJTi30BAHOO
CTPYKTYpOr. BcTaHOBIIEHO, 1110 OTPUMaHUIl CKIIOKEpaMidHUIT MaTepiai, SKUi MICTHB B SIKOCTI KpUCTAIIUHOI (a3 TUCHITIKAT JIiTii0 y KinbkocTi 40—
60 006. %, BiApi3HIBCS BUCOKUMH 3HA4YCHHSMH MilHOCTI Ha 3ruH (6 = 400 MIla) Ta B’s3kocTi pyiiHyBaHHs. BkaszaHi MexaHiuHi BIaCTHBOCTI pO3po0-
JICHUX MaTepiaiB nopsa 3 HaOMKEHUMH 3HAYSHHSIMH 1X MOAYJISl IPY)KHOCTI 10 IPUPOTHUX 3yOiB JO3BOJISATH CYTTEBO TOJIOBXHUTH TEPMIH €KCILTya-
Talii BUpoOy B yMOBax 3HaYHHUX 3HAKO3MIHHUX HaBAHTAXXEHb, SKi BUHHKAIOTH B MPOIEC] )KyBaIbHOTO UK. [IpoBeIeHO MOPiBHSIBHY OLIHKY KOH-
KYPEHTO3JaTHOCTI PO3POOJICHUX CTOMATOJIOTIYHMX MPOTE3iB HA OCHOBI JUCHIIIKATY JITIIO 31 CBITOBUMH aHaJOTraMH, 30KpeMa MpOayKIii KOMIaHii
Ivoclar Vivadent Ta VITA Zahnfabrik 3a ocHOBHMMU eKCIUTyaTalliiHUMK MapamMeTpamMy. Bu3Ha4eHO MO3UTHBHUMA e(eKT BiJ BIPOBAHKEHHS BiTUYH3-
HSHHUX PO3POOJICHUX CKJIOKEPAMiYHUX CTOMATOJIOTIYHUX TPOTE3iB 33111 3HWKEHHS IMITOPTO3aJIeKHOCTI.

Ku11040Bi cj10Ba: cTOMaTOJNOTI4HI MIPOTE3H, CKIOKPUCTANIIYHI MaTepiaay, CKIOMATPHIL, TEXHOJIOTIUHI apaMeTpy, rapsie MpecyBaHHs, AUCHITIKAT
JiTifo.
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O. B. CABBOBA, A. H. ®ECEHKO, I'. K. BOPOHOB, 3. C. 0. BAHPAMOB

COBPEMEHHBIE TEXHOJIOT'UU CTEKJIOKEPAMUYECKUX CTOMATOJIOI'TYECKUX
ITPOTE30B

IpexncTaBieHa akTyalbHOCTh BOIPOCOB YJIYUIICHMSI KAY€CTBA JKM3HU U OXPaHbI 3I0POBbS YEIIOBEKA B Pa3pe3e YCIEIIHOTO Pa3BUTHS COBPEMEHHOTO
obmecta. [IpoBezeH nuTepaTypHbIid 0030p U3BECTHBIX COBPEMEHHBIX TEXHOJIOTHIT TPOCKTUPOBAHHMS M U3TOTOBIICHHUS CTOMATOJIOTHYECKUX POTE30B,
a TaK)ke NPUBEJICHBI NIEPEIOBbIC OTEUECTBEHHBIC U 3apyOeKHbIC KOMIIAHWH, KOTOPBIE ITUM 3aHUMAIOTCA. PaccMOTpeHa UCTOpHS pa3BUTHS MaTepua-
JIOB JIJIsI TIOJTYYESHUS KIIMHUYECKHUX PecTaBpaiuii (KOPOHOK, BCTABOK, HAKJIAJIOK U T.J1.) U 0003HA4YEHbI OCHOBHBIE HAIPABJICHHUS Pa3pabOTOK HHHOBAIU-
OHHBIX KEPaMHYECKUX MAaTEpPHAaIOB Ul 3y0onpoTe3npoBanus. Ha OCHOBaHMU MPOBECHOT0 aHAIN3a CBOWCTB PA3IMYHBIX BUIOB MaTEPHAIIOB IS 3y-
OonpoTe3upoBaHUsl 000CHOBaHA MEPCIIEKTUBHOCTh MPUMEHEHHUS CTEKJIOKEPAMUYECKHX MaTepHajIoB MpU pa3pabOTKe CTOMATOJIOTUYECKUX MPOTE30B.
Pa3paboTaHbl XUMHYECKUE COCTaBbI JINTHHCHIMKATHBIX CTEKOJ JJIS CHHTE3a CTEKJIOMATPHIIbI M BBIOPAHBI TEXHOJIIOTMYECKUE TTapaAMETPhI IOy CHUS
CTEKJIOKEPAMUYECKHX CTOMATOIOrHYeCKHX MPOTE30B (Thapin = 1350-1400 °C, Tirepuoospasor = 600-650 °C). IpensapurenbHas TepMuueckas o6paboT-
ka nepen GopmupoBaHHeM HM3IeIHil oOecrieunBaeT 00Opa3oBaHe HEOOXOAMMOrO KOJMYECTBA 3apOABINICH KPUCTATMYECKON (ha3bl U MPEIIOChLUIKH
JUIS CO3MaHusl 00BEMHO3aKPUCTAIUIN30BAHHOM CTPYKTYPBI B YCJIOBUSIX KPAaTKOBPEMEHHON TepMU4Ieckoii 00padoTku. [To MeToay ropsidero npeccosa-
HHS C KPaTKOBPEMEHHOI BEIIep kKol (18-20 MuH) OBUI IOTyYeH CTEKJIOKepaMIYECKHi IPpoTe3 co chopMUpOBaBIIEiics: B3aNMOIPOHNKAIOIICH CUTA-
JIN3UPOBAHHOM CTPYKTYPOil. YCTaHOBJICHO, YTO HOJYYCHHBIH CTEKJIOKEPAMUYECKHI MaTepHall, COACPKAIINI B KA4eCTBE KPUCTAIIMICCKON (asbl -
cwiikar Jiutus B kommdectBe 40-60 00. %, oTinyancs BBICOKMMH 3HAYCHUSMH NMPOYHOCTH Ha m3rub (o = 400 MIIa) 1 BSI3KOCTH pa3pylICHHS.
VYka3aHHbIC MEXaHHMYECKUE CBOMCTBA pa3pabOTaHHBIX MATEPUAJIOB HAPSAY C MPHUOIMIKCHHBIMU 3HAUCHUSIMH UX MOJYJISl YIIPYTOCTH K €CTECTBEHHBIM
3y0aM MO3BOJISAT CYIIECTBEHHO MPOUINTH CPOK IKCIUTyaTAlUK M3IUN B YCIOBHUIX 3HAYMTEIILHBIX 3HAKOIIEPEMEHHBIX HArpy30K, KOTOpbIE BO3HHUKA-
10T B IIpoIlecce JKeBaTeNbHOro Iukia. IIpoBeneHa cpaBHUTENbHAS OLCHKA KOHKYPEHTOCIOCOOHOCTH Pa3pabOTaHHBIX CTOMATOIOIMYECKUX MPOTE30B
Ha OCHOBE JIUCHIIMKATY JINTHSI C MUPOBBIMH aHAJIOTAMH, B YaCTHOCTH Tpoaykuuei komnanuii Ivoclar Vivadent u VITA Zahnfabrik, mo ocCHOBHBIM 3K-
CIUTyaTal[MOHHBIM MapameTpaM. OnpenesieH MoJ0KUTEIbHBINA S(PEKT OT BHEIPEHHS OTCYSCTBEHHBIX Pa3pabOTaHHBIX CTEKJIOKEPAMHYECKHX CTOMa-
TOJIOTUYECKHX ITPOTE30B JIISI CHUKEHUSI IMIIOPTO3aBHCUMOCTH.

KioueBble €JI0Ba: CTOMATOJOTHUECKHE MTPOTE3b, CTEKIOKPUCTAUINYECKHE MaTepUalibl, CTEKJIOMATPHIIA, TEXHOJOTHUECKHE MTapaMeTphl, ropsuee

IIPECCOBAHUE, MTUCUIITUKAT JINTUS.

Introduction.

Ensuring health protection is an integral part of the
successful development of the legal community. After all,
the state is responsible to the existing and future genera-
tions for the level of their health and the preservation of
the gene pool of the nation. The modern world is expe-
riencing a real epidemic of chronic noncommunicable
diseases associated with an unhealthy lifestyle, unba-
lanced nutrition, low physical activity and other factors.
Important health care is to ensure effective medical treat-
ment in the event of conflicts, wars, natural disasters and
epidemics. The priority for the sustainable development
of Ukraine is to improve the existing and introduction of
innovative technologies and materials in the field of
health and medicine. This is especially important in the
COVID-19 pandemic and armed conflict in the Donbas
region. The need to ensure the dental health of the com-
munity population is one of the key aspects of ensuring
social protection of the population.

Today in the world in the field of modern dentistry,
there is a constant development and improvement of
technologies and materials. However, in Ukraine, despite
the high scientific potential and the raw materials base,
most of the major domestic firms (Kristar-Trade LLC,
Interdent, Dentalith, Antas and others), which are engaged
in the manufacture of ceramic dental prostheses, use

part of the country’s population. In Ukraine, well-known
manufacturers of dental materials are mainly their profile
for the development of plastic teeth (Stoma JSC) or metal
implants that do not satisfy the growing needs of the
population in high-quality dental materials.

Literature review.

Modern  technologies  for
manufacturing dental prostheses

For the design and manufacture of dental prostheses,
computer cutting and polishing methods CAD / CAM
(Computer Assisted Design / Computer Aided Manufac-
turing) [1] and 3D printing [2, 3] are widely used due to
the high accuracy of such technologies compared to
traditional manual manufacture. The practical application
of additive 3D technologies in dentistry allows typing
individual crowns, kapps and dentures of teeth [2, 4].

Among the modern methods of making dental
prostheses, CAD / CAM technology was taken important
place. Most presently known CAD / CAM systems based
on automated production of dentures by cutting [1, 5].
This system is known for high performance and relative
ease of operation, which allows you to significantly
reduce the cost of training specialists and increase
productivity. The system is distinguished by reliability
and stability even with daily processing of complex
materials from solid materials.

designing  and

foreign technologies and materials. Such materials are The following programs in CAD / CAM
very expensive and cannot be accessible to a significant  technologies are widely known [6].

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « X111y

Cepis: Ximis, ximiuna mexnonoeis ma exonoeis, Ne 2 (6) 2021 81



ISSN 2708-5252 (online)

Exocad Dental CAD. One of the most popular
programs that accelerates the process of treatment and
helps to produce implant models. It has open access and
compatible with many types of equipment.

Dental System 3Shape. One of the best CAD / CAM
programs in dentistry is designed in Denmark. In addition
to the main option, it is possible to supplement the
program by the plugin, which provides additional features
of 3D modeling and prototyping.

Planmeca ProMax 3D. The system supports many
functions that help in 2D and 3D visualization of objects,
design and processing of scanned material. Compatible
with various operating systems.

An important aspect of the quality of prosthetics is
to ensure high functional and aesthetic requirements for
dental prostheses with prosthetic minimum time. The
most promising should be considered a CEREC
(Chairside Economical Restorations of Esthetic Ceramics)
technique, which allows the dentures without attracting
laboratory resources directly in the patient’s chair for one
visit, is the so-called «chair-restoration» [1]. Then, with
the help of a special computer simulation program (CAD-
module), the restoration is constructed [7].

The next step is to send the obtained restoration to
the cutting program (CAM module). The ceramic or
plastic block is fixed by the operator in the holder of the
cutting machine, and the restoration (dental crowns) is
smashed under water cooling. After removal, the surface
of the restoration is made and fit the ceramic substrate in
the oral cavity, the shape is checked, grappling to adjacent
teeth and color shade for compliance with the color of
adjacent teeth.

The final stage of the CAD / CAM technology
includes: individualization of the restoration with the help
of paints and glazing with a firing in a low-temperature
furnace (if necessary), polishing the product with special
sets of polys, rubber bands and pastes in accordance with
the selected material, fixation of the permanent restoration
on the adhesive protocol by composite cement.

Method of sintering ceramics (Fortess, Otec-HSP).

Ceramic mass is applied directly to a refractory
stamp. The mass is dried and burnt in a vacuum furnace.
On the first layer of ceramics are applied several layers of
ceramic mass to reproduce features of the form of natural
teeth [8].

The sintering method has a disadvantage -
inaccurate addition of edges of different layers of
ceramics, which is associated with a high shrinkage of
ceramic mass during the firing process (30-40%). For this
reason, the process of casting glass ceramics is used. In

manufacturing technologies fully anatomic crowns from
zirconium dioxide.

The Prettau technology involves the use of original
materials from Zirkonzahn with high transparency.
Modeling and cutting is performed on the CAD / CAM
system Zirkonzahn. All constructions are made of raw,
non-dynamic  zirconium dioxide, painted without
oxidative dyes, and Prettau’s full-oxidic designs are
painted along a specially designed map of the Aquarell
Prettau dyes.

Another similar method of manufacturing full
anatomical crowns from zirconium dioxide represents the
German company Dental Direkt. ZX-CUT BACK
technology consists of two components: zirconium
dioxide with increased translucency (ability to skip light)
DD Cube X2 and without third-generation oxide paints —
DD Bio Zx* Monolith Zero. The latter is a water-based
paint, which is not inferior to acid dyes according to its
operational properties.

Construction ceramic and glass materials for
dentistry

The history of the development of materials that are
obtained by cutting, began in 1985, when a clinical
restoration was made with a clinical restoration from
feldspathose ceramics on CAD / CAM technologies on
the CEREC (Sirona) apparatus [7]. Feldspar «cold»
ceramics did not yield their positions until the beginning
of the new millennium, until in 2005 lithium disilicate
was widely used for CAD / CAM technologies [8]. The
blocks had a blue-lilac color due to the overwhelming
presence of lithium metasilicate crystals. The presence of
lithium metasilicate in the initial blocks ensured their
lower hardness compared to blocks made of lithium
disilicate, and, as a consequence, its better machinability
and less wear of cutting elements. The crown was milled
in this color, and then firing was carried out in a low-
temperature furnace, during which lithium metasilicate
was converted into lithium disilicate. At the same time,
the restoration acquired a color similar to the hard tissues
of natural teeth and increased (in comparison with
feldspar ceramics) strength [9].

All-ceramic restorations, with their undeniable
advantages (biocompatibility, aesthetics, chameleon
effect, etc.), had their disadvantages in certain clinical
situations [10]. In some cases (for example, with
insufficient polishing), increased abrasion of an intact
antagonist tooth was observed as a result of microabrasion
and a lack of elasticity of the ceramic restoration. In 2007
they returned to composites.

New 2013 was marked by the introduction of hybrid

the dental market, it is represented by several ceramics into clinical practice. VITA ENAMIC (VITA
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Zahnfabrik) is the world’s first dental hybrid ceramic with
a double mesh structure. Hybrid ceramics are now a
porous ceramic matrix, the pores of which are filled with
a polymer material [11]. The inorganic part of the
ceramics is about 86 % by weight, the organic part is
about 14%. The dominant ceramic mesh structure in the
material is reinforced with a polymer mesh, both mesh
being interpenetrating. As a result, VITA ENAMIC, a
hybrid material for clinical CAD / CAM restorations,
combines the advantages of both ceramics and
composition [12]. Hybrid ceramics after adhesive
cementation, in addition to being load-resistant, are also
characterized by exceptional elasticity. VITA ENAMIC
in its properties is as close as possible to the natural
tissues of teeth (hybrid ceramics has an elasticity of 30
GPa, a natural tooth — 13-30 GPa) and, due to the
transitional light transmission, reproduces the natural play
of colors.

One of the promising directions in the creation of
modern dental prostheses, including hybrid ceramics, is
the use of glass-composite materials as a mineral
component, which are distinguished by extremely high
fracture toughness. This is achieved due to the formation
of an interpenetrating sitallized structure of glass-
composite materials due to directional crystallization of
nanosized crystalline phases. Along with this, the
presence of an elastic glass phase in the structure of glass-
composite materials will bring their elastic properties and
hardness closer to the corresponding properties of natural
teeth and ensure their opalescence.

Purpose of work. The aim of this work is
evaluation of promising the technology for the production
of glass-ceramic dentures.

To achieve it, the following tasks were set:

— analysis of the state of the art of social, medical
and material science foundations of dental prosthetics in
Ukraine;

— comparison of modern technologies for the design
and manufacture of dental prostheses;

— determination of the most promising structural
ceramic and glass materials for dentistry;

— the choice of technology for the production of
glass-ceramic materials and the development of dental
prostheses.

The results and discussion.

For the synthesis of the glass matrix, the
compositions of lithium silicate glasses with an oxide
content were selected., % by weight: SiO, 50,0-71,8;
Li,O 11,0-20,0; Al,O; 0,1-5,0; K,0 0,1-2,0; Na,0 0,1-
10,5; SrO 0,1-4,0; Ca0O 0,1-3,5; MgO 0,1-4,0; ZnO 0,1-
4,0; ZrO, 0,1-11,0; TiO, 0,1-5,0; CeO, 0,1-2,0; LiF 0,1

3,5; CaF, 0,1-2,5; P,0s 0,1-4,0; B,O3 0,1-6,0; La,0O3
0,1-4,0; Sh,05 0,1-1,5 and MnO, 0,1-4,0.

Natural raw materials, technical products and fine
chemicals were used in the preparation of charge for glass
preparation. Glasses were melted in corundum crucibles
in a laboratory electric furnace for 6 hours: lithium sili-
cate glasses were synthesized at temperatures of 1350—
1400 °C and casting into heated graphite molds, after
which they were annealed in a muffle furnace. Glass
cylindrical billets based on lithium silicate glass were
preliminarily kept at the stage of nucleation in the
temperature range 600-650 °C for 30-60 minutes to
provide the required number of crystallization centers and
crystal nuclei.

The formation of the prostheses was carried out by
the method of hot (high temperature) pressing, which is
partially based on the investment casting technique. A
potential benefit of hot pressing is the improved marginal
bonding of restorations when compared to sintered
restorations. As with casting metal frameworks, the
restoration is waxed up and then filled with refractory
molding material. The wax is burned out, and in the
resulting form there is room for filling with glass
ceramics.

The process of forming products marked DL st.glass
using high-temperature pressing technology consists of
heating the billet from a temperature of 700 °C to the
softening temperature of glass materials (850-900 °C),
then filling a plaster mold with molten glass and followed
by a short exposure (18-20 min) and slow cooling. After
high-temperature pressing, the glass-ceramic prosthesis is
characterized by  volumetric  finely  dispersed
crystallization with the presence of a strong crystalline
phase — lithium disilicate in an amount of 40-60 vol. %.

The glass-ceramic prosthesis, which was obtained
under conditions of low-temperature two-stage heat
treatment, is characterized by high flexural strength (¢ >
100 MPa according to ISO 6872: 2015). The high fracture
toughness of the developed domestic glass-ceramic
prostheses, close to the approximate values of the elastic
modulus for natural teeth, will ensure a significant service
life of the product under conditions of contact with the
teeth by antagonists of the lateral row during the chewing
cycle.

Comparative characteristics of the developed DL
st.glass dental prosthesis with the products of the world
leaders in dental prosthetics Ivoclar Vivadent
(Liechtenstein) and VITA Zahnfabrik (D-Bad Sackingen,
Germany) [9] (table 1) made it possible to establish that
the developed dental prostheses are distinguished by high
operational properties at the level of imported analogues.
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Table 1 — Phase composition, properties and areas of application of glass-ceramic dental prostheses

. Bending Crack .
Glass-ceramic dental .. . Manufacturing . L
. Phase composition strength, | resistance Field of application
prosthesis . method
MPa index
Feldspar glass and
VITA ENAMIC VITA . . Tabs, overlays, veneers, crowns
. polymer material 150-160 1.50 Baking - .
Zahnfabrik . for the front and side sections
Lava Ultimate
. . Veneers, single crowns for the
IPS Empress Ivoclar Vivaden |  Glass phase, leucite 120-200 - g
frontal department
Glass phase,
E. P
Ivocﬁ?’i/i\r;sen lithium disilicate, 400 2.75
lithium orthophosphate Hot pressing Crowns for front and
DL st.glass side sections,
(O.M. Beketov National Glass phase, bridge prostheses up to 3 units
S L o 400 8.00
University of Urban Economy lithium disilicate
in Kharkiv)
Conclusions. 6. CAD CAM systems in dentistry / 3D Print Expo. URL:

Peculiarities of design and manufacture of dental
prostheses by technologies of computer milling and
grinding of CAD / CAM and 3D-printing are analyzed.

The effectiveness of the use of glass-ceramic materials
based on feldspar glass, leucite and lithium disilicate for

8.
the production of dental restorations has been established.
The prospects of using the method of high-temperature
pressing in obtaining glass-ceramic prostheses have been

9.

determined. Compositions of glass-ceramic materials
based on lithium disilicate and technological parameters
for obtaining prostheses by hot pressing have been
developed. The introduction of the developed materials
will increase the social protection of the population in the
direction of dental services by reducing costs and reduce

import dependence in the field of dental prosthetics. 11.
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V.I. BULAVIN, I.N. VYUNNIK, A.V. KRAMARENKO, A.l. RUSINOV

THE INFLUENCE OF SINGLY CHARGED IONS ON THE TRANSLATIONAL MOTION OF
MOLECULES IN EXTREMELY DILUTE AMIDE SOLUTIONS

The type of short range solvation of Li*, Na* K*, Rb*, Cs*, NH,*, CI", Br, I', ClO,™ ions has been determined and analyzed in formamide (FA), N-
methylformamide (MFA), N-dimethylformamide (DMF) at 298.15 K. In order to determine the type of ion solvation we used familiar-variable

quantitative parameter (af ri), where a is the translational displacement length of ion, r; is its structural radius. It was found that the difference

(af ri) is equal to the coefficient of attraction friction (CAF) of ions normalized to the solvent viscosity and hydrodynamic coefficient. The sign of
the CAF is determined by the sign of the algebraic sum of its ion-molecular and intermolecular components. In amide solutions the studied cations are

cosmotropes (positively solvated ((a— ri) > 0), structure-making ions) and anions are chaotropes (negatively solvated ((a— ri) < 0), structure-
breaking ions). In the amide series, regardless of the sign (a— ri), the near-solvation enhances, which can be explained by the weakening of the
specific interaction between the solvent molecules. The decrease of a and respectively (a— ri) with increasing cation radius in a given solvent is the

result of weakening of its coordinating force due to the decrease of charge density in the series Li*~Na*~K*-Rb*~Cs". The increase of a (and (a—
ri), correspondingly) for the ions studied in the series FA- MFA-DMF can be explained by the weakening of intermolecular interactions in this series,

which leads to the strengthening of solvation. It was found that for the halide ions in the series FA-MFA-DMF the regular growth of a parameter is

explained by the weakening of the solvent structure. It was shown that Li* ion with the lowest diffusion coefficient among cations and the highest a
value forms kinetically stable complexes in amide solutions.
Keywords: monatomic ions, diffusion, diffusion displacement length, positive and negative solvation, amides

B.1. BYJIABIH, IM. B’IOHUK, A.B. KPAMAPEHKO, O.1. PYCHHOB
3AKOHOMIPHOCTI BIIVIUBY OJHO3APAJAHUX IOHIB HA ITIOCTYITAJIBHY PYXOMICTbD
MOJIEKYJ B TPAHUYHO PO3BABJIEHUX AMITHUX PO3YUHAX

BcTaHoBIEHO Ta MpoaHasli3oBaHO TN OMMXHBOI combBaramii iomis Li*, Na* K*, Rb*, Cs*, NH,", ClI", Br, I, ClOs B dopmamini (®A), N-
meringopmamine (MDA), N,N -nimerindopmamine (AMDPA) npu 298,15 K. J{ns1 BuzHaueHHst TUITY CONbBATALIiT i0HIB BUKOPUCTAHHI OOTPYHTOBAHMUIA

HaMW 3HAKO3MiHHMiT Kimbkicauit mapametp (0 — r7), 1e d - MoBKHUHA TpaHCIAIIHHOTO 3MilTeHHs i0Ha, I; - fOTO CTPYKTypHHit paziyc. Beranosneno,

o pisauns (d — r;) gopisuoe koediienTy arpakuionnoro Tepta (KAT) ioHiB, HOpMOBAHOMY HA B’S3KiCTh PO3YMHHMKA i TiIpOIMHAMIYHMI KOedi-

mienT. 3nak KAT Bu3Ha9aeThcs 3HAKOM anrebpaiuHoi cyMi HOTo i0H-MOJEKYIAPHOI i MIKMOJIEKYIIPHOI CKJIaOBHX. Y aMiJHAX PO3YMHAX BUBYEHI
KaTiOHH-KOCMOTpOmH (cosbBaToBaHi mosutuBHO ((d — ri)> 0), iOHH-CTPYKTYpOyTBOpIOBaYi), a AHIOHH-XAOTPONH (HeraTHBHO conbaToBaHi ((d — i)
<0) iouu - pyiiHiBHEKH CTPYKTypH). B pamy aminis nesanexno Bin 3Haka (0 — i) TOCHIIOETbCA GIIKHA CONBBATALLA, IO MOACHIOETHCA MOCIA0IEH-

HsM crierugiuHoi B3aeMOIil Mix MonexyTamu po3unHuuka. 3venmenns (I i Bizmosizuo (0 — r) 3i 3pocTaHHsM pajiyca KaTioHa B OKPEMO B3ATOMY

PO3UMHHHKY € PE3yJIBTATOM MOCIA0IEH s HOro KOOPAMHYIOUOi CHJIM BHACHIIOK 3MEHINEHHs TyCTHHY 3apsmy B paay Li'—Na'—K-Rb*-Cs* . 36i1s-

menns d (Bimmosimmo i (d — ri)) ams mocrimKkenwx ioHie B pai amigie DA— MP®A — JIMPA MoKHA TIOACHATH TIOCTAGIEHHM B ITHOMY A/ MiK-

MOJIEKYJSIPHUX B3a€MOJIili, 110 3yMOBIIIOE MOCHJICHHS COJbBaTallil. YCTaHOBJIEHE Ui raynoreHin-ioHiB B psaai DA — MOA — IMDA 3akoHOMIipHE
3pocranns mapamerpa (| MOSCHIOETHCS 3MEHIIEHHSIM CTPYKTYPOBAHOCTI po3unHHuKa. [TokasaHo, mo ion Li* 3 Haitmenmmnm koedirientom audysii i

Haii6inpmyM 3HaueHHAM (| YTBOPIOE KiHETHYHO CTabiNbHi KOMILIEKCH B aMiJHUX PO3YHHAX.

Kurodosi cioBa: oHOaTOMHI i0HN, TUQY3is, J10BKHHA IN(Y3iHHOTO 3MillleHHs, HETATUBHA CObBATAlis, aMiIH.

B.H. BYJIABUH, H.H. BbBIOHHUK, A.B. KPAMAPEHKO, A.H. PYCUHOB

3AKOHOMEPHOCTMH BJIUSHUSA OAHO3APAJHBIX NOHOB HA ITIOCTYIIATEJIBHOE
JABUKEHUE MOJIEKYJI B TIPEJAEJIBHO PASBABJIEHHBIX AMUJIHBIX PACTBOPAX

VcTaHOBNEH U TIPOAaHANM3MPOBAH THI OIuskHEH combBaTaruu uomos Li*, Na* K, Rb*, Cs*, NH,", CI", Br, I, ClOs 8 dopmamune (DPA), N-
metminpopmamune (MDA), N, N -mumernndopmamune (AMDA) npu 298,15 K. [{nsg onpeneneHus TUma coabBaTallid HOHOB MCIOJIL30BaH 000CHO-

BaHHBIA HAMU 3HaKO]'[epeMeHHLIﬁ KOJIMYECTBEHHBIHN TmapamMeTp (d - ri), rae d — JJIMHA TPAHCIIMUOHHOI'O CMEIICHUS HOHA, ri —ero CprKTypHHﬁ pa-

© V.1. Bulavin, I.N. Vyunnik, A.V. Kramarenko, A.l. Rusinov, 2021
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muyc. YcTaHoBIeHo, 9To pasuocTh ( 0 — i) pasra kodddummenty artpaxiuonHoro Tperus (KAT) HOHOB, HOPMHPOBAHHOMY Ha BA3KOCTh PACTBOPH-

Tess U rupoaAnHaMudeckuil koapduiment. 3nak KAT onpenensercs 3HaKoM anrebpanyecKoil CyMMbI €r0 HOH-MOJIEKYIISIPHOH M MEKMOJIEKYIISPHOH
COCTABIMIIOMMX. B aMUIHBIX pAacTBOpaX H3Y4EHHBIE KAaTHOHBI— KOCMOTPONBI (CONMbBaTHpoBaHbl monoxutenso ((d —ri) >0), wuoHbI-
CTPYKTYpOOOPa30BaTENH), 8 RHHOHBI — XA0TPOIIBI (OTPULIATENBHO conmbBaTupoBanHbie ((d — Ii) < 0 ) HOHBI — paspymUTeNnn CTPyKTyphI). B psiny amu-
0B He3aBHCHMO OT 3Haka ( (| — I}) yCHTHBaeTCs GNMKHSAS COMBBATAINSA, UTO OOBSICHSIETCA OCTAGICHUEM CEH(pHIECKOTO B3aMMOIEHCTBHS MEKTY
MoJleKynaMu pacTBoputens. YMensmenne (1 u cootsercTBenno (( —Ii) ¢ pocTOM pamHyca KaTHOHA B OTAENHHO B3ATOM PACTBOPHTENE ABIAETCA

o 4+ + + + + q
Pe3yNbTaTOM OC/IaBIeH s ero KOOPIMHHUPYIOIIeil CHIIbI BCIECTBIE YMEHbIIEHHs IIOTHOCTH 3apsaja B psay Li'—Na'—K'-Rb*-Cs*. Veenuuenue d

(cootBercTBeHHO 1 (0 — I7) U1 HCCIIEIOBAHHBIX HOHOB B psjie aMu0B DA— MDA — JIMDA MOXKHO 0OBACHUTH OCIa0IEHHEM B 3TOM PSILY MEKMO-

JIEKYIAPHBIX B3aUMOJEHCTBHIA, YTO IPUBOAUT K YCHIICHUIO CONbBATALMHU. Y CTAHOBIIEHO JUIS TaJIOTeHHI-UOHOB B psne A - MDA - IM®DA 3akoHO-

MepHLIfI POCT nmapaMeTpa d 00BsCHSIETCS YMEHBIICHUEM CTPYKTYPUPOBAHHOCTH PACTBOPUTEIIA. HOKa3ﬁH0, 4TO UOH |_|+ C HAMMEHBIIUM CpE€IN KaTHu-

OHOB K03(bd)I/II_II/IeHTOM Z[Md)(i]y3I/II/I ¥ HAaKOOJIBIIUM 3HAYCHUEM d 06pa3yeT KHHETHYECKHU CTaOMIIbHBIE KOMITJIEKCHI B aMUIHBIX pacTBOpax.

KiawueBsble ciioBa: OIHOATOMHBIC UOHBI, I[I/Iq)(by3l/lﬂ, JUJTAHA I[I/I(bq)y3I/IOHHOFO CMCIICHUS, OTpULIATECIIbHAsA COJIbBaTalysd, aMU/IbI.

1 Introduction.

In our study of the effect of single-charged ions of
various nature on the mobility of the closest molecules of
solvents with a spatial network of H-bonds (H,O, ethyl-
ene glycol (EG), formamide (FA)) we have obtained a
number of important regularities: 1) in solvents with
homonuclear H-bonds (H,O, EG) (O — H - - - O), a corre-
lation between the sign of the deviation of the discrete dif-
fusion displacement length (d ) from the ion structural ra-
dius (r) as (d—r) and its solvation according to
Samoilov [4] was established; 2) as opposed to solvents
with homonuclear H-bonds where Li*, Na*, F ions be-
have as cosmotropes [5] and K*, Rb*, Cs*, CI", Br~, I" ions
behave as chaotropes [5 ], in formamide alkali metal
cations are cosmotropes and CI-, Br, I are chaotropes.
Some specificity of the influence of single-atom uniquely
charged ions on FA found experimentally was explained
by qualitatively different structure of the molecule and
fragment of the heteronuclear H-bond (N -H--- Q) as a
structural element for building the spatial lattice. The es-
tablished correlation was used to develop quantitative cri-
teria for positive (1) and negative ion solvation:

(d-r)>0, 1)
(d—r)<0 (2)

The existence of this correlation allows the differ-
ence (d—r;) to be used as a measure of near-solvation
and makes it possible to interpret the results obtained on
the basis of the basic statements of the molecular-kinetic
approach of Samoilov [4], successfully developed by
Rodnikova [6] for solvents with a spatial H—-H bond

mesh. The (d — r;) difference was called in [1] as a devia-
tion from the Stokes-Einstein law (SEL). This law is
strictly satisfied for the model of a rigid spherical ion
moving in a continuous fluid medium (continuum). The
latter is characterized by a macroscopic viscosity value
(n0)- The criterion for the SEL is the following condition:

(d—r) = 0, i.e. d=r. This condition characterizes the
complete absence of ion solvation. Physically, the length
of translational displacement of the ion is equal to its ra-
dius. Real cases of Stokes-Einstein law AE; =0 [4], (d -
ri) =0 [1] correspond to the phenomenon of transition
from negative to positive solvation and are explained by
the compensation of opposite contributions from short-
range ion-molecular (I — M) and intermolecular (M — M)
interactions to the near-solvation characteristics.

The choice of the difference (d — r;) as a measure of
the effect of the ion on the mobility of the solvent mole-
cules closest to it was justified in [7] using the coefficient
of friction, the value of which depends on the nature of
the force acting on the ion. Following Wolynes [8], we
represent the total coefficient of friction (¢ ) in the form

of viscous ( G,, ) and attraction (G, ) components:
G=Gv t Gy 3)
Then represent the total coefficient of friction
through the diffusion coefficient of the ion ( Dio):
c= D—IO =f dT]O ) (4)
where 7, is the solvent viscosity.
The viscosity coefficient of friction (¢, ) is de-
scribed by the following equation:
QV = friﬂo (5)
In equations (3) and (4) the factor f was taken [7] to
be 67 for the hydrodynamic sticking condition and 4z for

the sliding condition. Taking into account (4) i (5) for G,
we have:

S = fng = frimg = fny(d 1) ®)

The ¢, coefficient (the so-called coeffitient of at-

traction friction, or CAF) contains all the information
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about the effect of the ion on the mobility of the solvent
molecules closest to it, except that described by Stokes’
law (5)

Thus, the difference (d—r; ) follows from the dif-
ference between the total and viscous friction coefficients,

respectively characterised by the parameters d and r;.

According to equation (6) the difference (d —r; ) is actu-
ally equal to the attraction coefficient of friction normal-
ized to fr,. The mechanism of the effect of the ion on

the translational motion of the solvent molecules nearest
to it has not yet been known. However, it should be based
on the phenomenon of near-solvation of ions, which is de-

scribed by Samoilov [4] by values of AE;j and 7, /7, o cal-

culated from experiment.

Our proposed approach [1-3, 7] to study the influ-
ence of ions on near-solvation is not based on the Walden
rule, but on a deviation from the Stokes-Einstein law.

In contrast to d, the difference (d—r;) is a sign-
variable quantity, consistent with experiment [1]. We

consider the d parameter [7] as a microscopic character-
istic of the length of some discrete displacement that an
ion passes between two equilibrium positions over a char-
acteristic time (7). It is a real and well reproducible value
in experiment, quantitatively accounting for the macro-
scopic characteristics of the ion in solution (D) and sol-

vent (o) [1].

CAF was used in [9] as a quantitative measure of the
effect of an ion on the dynamics of nearby water mole-
cules due to ion-molecular and intermolecular interactions
according to Samoilov’s views [4]. Later [10] the con-
stituents of CAF were also defined:

MM M
gat = C.;at + gat (7)
Among the most important results of the analysis of
the components of the attraction friction coefficient was

the establishment [10] of their opposite signs (gL >0,

™ < 0) for single charge ions in water and n-alcohols.

The intermolecular component of the CAF (gifM) has a
negative value independently of the solvation of the ion
and of the solvent. The opposite signs of the ¢, compo-

nents probably correspond to different sign energy effects
of the exchange processes of water molecules between the
primary solvation shell (PSS) of ions and pure water as-
sociates.

It was interesting to use the approach we developed
to investigate the influence of single-charged ions of dif-
ferent nature on the mobility of molecules in the series of

amides: FA — MFA — DMFA, solvents of the same class
but with different degrees of structuring. The latter in am-
ides is determined by the structure of the reactive frag-
ments of the molecule: the carbonyl and amino groups
bonded together. All of the amides named have a carbonyl
group. So, acceptors (cations, molecules with acceptor
groups) will be coordinated through the oxygen atom of
the carbonyl group in all solvents. However, the mole-
cules of these solvents differ in the substituents at the ni-
trogen atom. In the series under consideration, the number
of hydrogen atoms in the amino group and therefore in the
molecule decreases (respectively, 2, 1, 0). The gradual in-
troduction of methyl groups instead of H atoms into the
H-N-H group of formamide leads to a significant change
in the amide properties in the FA— MFA — DMF series
(see Table 1).

Unsubstituted primary formamide is a solvent with a
spatial network of H-bonds capable of solvation of both
cations and anions. Unlike FA monomethylamide MFA
does not form a spatial network of H-bonds. However,
there are H-bonds between its molecules. Average num-
ber of H-bonds per molecule of MFA is 1.79; 1.89, and
for FA 3.43 [11]. The H-bond system in MFA consists of
weakly branched chains which, in fact, leads to the de-
crease of its viscosity by half in comparison with FA (Ta-
ble 1).

A relative permittivity growth (g) at the introduction
of one methyl group into a formamide molecule instead of
H atom is explained both by the absence of spatial net-
work of H-bonds in MFA, and causes an increase of
molecules rotational mobility and formation of cyclic
dimers with antiparallel orientations of dipole moments.
The latter causes a decrease in the Kirkwood correlation
factor.

DMF is a typical aprotic solvent. According to sev-
eral authors [12,13] liquid DMF has no associations
formed due to specific interactions (donor-acceptor and
H-bonds) between the molecules. DMF molecules form
linear associations due to Van der Waals forces which are
more stable than cyclic dipole-dipole ones.

2. Calculations

The methodology for calculating the length of the
discrete ion translational displacement has been described
earlier [1]. The calculation was carried out for T = 298.15
K using equation (9):

KT

6nD/m, |
where k is Boltzmann constant. The ion diffusion coeffi-

d= 8)

. 0. . . .
cient D;” in amide solutions was calculated from equation
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(9), using experimental data on the limiting molar electric
conductivity of ions (A”) [11]:

o= R g, ©)
|z|F

where R is the gas constant, z; is the ion charge, F is Fara-

day number.

Values of viscosity of solvents are taken from [11]
(Table 1). Values of d and Dio calculated from equa-

tions (8) and (9) for singly charged ions under considera-
tion are given in Tables 2-4. There are also presented val-

ues of i,o and the structural radius of ions (r;), the

parameter (d—r;), and the value of the generalized mo-

mentum of ions M [7].
The value of ¢, was calculated from equation (6)

using the obtained values of the parameter (d—r;) for
single-charged ions in amide solutions (FA, MFA and
DMF).

Equation (7) was used to separate CAF as a measure
of the effect of ions on solvent molecules. The CAF com-

ponent ¢ was estimated using equation [10]:

MM AGyy

at — DgNj (10)

where Dg is the self-diffusion coefficient of the solvent,

AG:,,M is the change of Gibbs energy of short-range in-

teraction of solvent molecules, which are close to ions,
with their neighbours at some distance from the ion, N, is
the Avogadro number.

The calculated by equation (7) values of CAF g;'t”

component for singly charged ions in amide solutions
(FA, MFA, DMF) at 298.15 K are given in Tables 2-4.
Table 1 shows the values of the CAT component for the
solvents mentioned above.

3. Analysis of calculation results

The following regularities and facts are established
analyzing the results of the calculation:

1. The value of d for singly charged ions in FA,
MFA, DMF depends on the structural radius of the ion
(except negatively solvated ions), on its charge sign and
on the solvent.

2. In investigated amides as well as in water [1] and
ethylene glycol [2] d parameter decreases with increas-
ing structural radius of ion in series of Li* —Na"— K" —
Rb* — Cs" cations, what witnesses the electrostatic com-
ponent of solvate ion shells formation nature. At the same

time in the series of CI"—Br — 1 anions the d value

practically remains constant.

3. The detected increase of d for cations in series
FA — MFA — DMF shows the weakening of structural in-
fluence of ion on solvent in contrast to anions whose in-
fluence on solvent does not depend on the size of CI"—
Br — 1" anion.

4. For the considered ions in FA, MFA and DMF at
298.15 K the Stokes-Einstein law is not satisfied: (d —
r) # 0. By the sign of the criterion (d — r;) the ions can be
classified into cosmotropes (d—r;) >0 and chaotropes

(d—r) <0. In the amides studied, the cations behave as
cosmotropes. Their structure-making effect in the Li*—
Na' - K" —Rb"—Cs" series decreases.  Structure-
breaking ability of anions increases with the increase of
their radius.

5. In the series FA — MFA — DMF regardless of the

sign of the solvent effect criterion (d — r;) the near solva-
tion increases, which can be explained by the weakening
of specific interaction between the solvent molecules.

6. The revealed negative values (d—r)<0 and
G, <0 for the anions (Br, I, CIO,) in aprotic DMF

can be explained in the framework of Samoilov’s concept
[4] taking into account not only the specificity of the in-
teraction between the solvent molecules but also the
specificity of these ions influence on the solvent. The fact
of the influence of these anions on the solvent is still re-
markable.

7. The contributions to CAF regardless of the type of

solvation of ions ((d—r) >0, (d—r) <0) in FA, MFA

and DMFA have opposite signs: ¢ >0, ¢!V >0 The

sign of CAF (see Tables 2-4) according to equation (7) is
determined by the sign of the prevailing component and

according to equation (7) coincides with the (d — r;) sign.
The small negative value of the contribution ¢ =—

20.204 kg's™ in DMF is probably due to low dielectric
constant (Table 1). By the way, the dependence of the
CAT component on the value of the inverse dielectric
constant of the studied amides (1/g) is described by a
straight line with a correlation coefficient of 0.9957.

4. Discussion

At explaining the results of investigation the solva-
tion of uniquely charged ions in amides with different de-
gree of structure was considered in accordance with the
views of Samoilov [4] not as binding of any quantity of
solvent molecules, but as their influence on translational
mobility of the latter. As a measure of the effect of the ion

on the solvent the value (d — r;) was used [7].
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Table 1 — Physico-chemical quantities of formamide (FA), N-methylformamide (MFA) and N,N-dimethylformamide (DMF)

at25 C[11]

Quantity FA MFA DMF

Molar mass, g-mol™ 45,04 59.07 73.10

Melting point, °C 2.6 -3.8 -60.4

Boiling point, °C 2105 182.4 153.0

Viscosity, mPa- 3.302 1.65 0.802

Dipole moment, D 3.22 3.86 3.82

Relative permittivity 109.5 182.4 36.71
Self-diffusion coefficient, m*s™ 0.51-107 0.847-10° 1.61-10°

Evaporation enthalpy, kJ-mol™ 60.57 56.25 4757

. 1.79 cis-isomer
Molecular connectivity index 3.42 1.89 trans-isomer —
*Intermolecular contribution to CAF ("), kg-s™ ~162.20-10"2 ~204.91-10 -20.204-10"2

*Qur calculations

Table 2 — Singly charged ions quantities in formamide at 298.15 K

o r10%, mioo 10°, 7»? 10%, Dio 10°, di-10° (di—ry10°, £.10% kgt
m C/m Sm-m?/mol m?st m m
Li* 0.78 2.05 8.30 0.221 2.99 2.21 13.77
Na* 0.98 1.63 9.90 0.264 2.51 1.53 9.52
K* 1.33 1.20 12.40 0.330 2.00 0.67 4.19
Rb* 1.49 1.08 12.80 0.341 1.94 0.45 2.80
Cs' 1.65 0.97 13.40 0.357 1.85 0.20 1.27
NH," 1.37 1.17 14.90 0.397 1.67 0.30 1.85
ClI- 181 0.89 17.50 0.466 1.42 -0.39 -2.43
Br- 1.96 0.82 17.50 0.466 1.42 -0.54 -3.37
I~ 2.20 0.73 16.90 0.450 1.47 -0.73 -4.55
Clo, 2.36 0.68 16.60 0.442 1.50 -0.86 -5.38
Table 3 — Singly charged ions quantities in N-methylformamide at 298.15 K
lon r10%, m” 10°, A7 10%, Dy’ 10", di-10%, (di-ryy10%, Cur10" kg-s
m C/m Sm'm%mol m?-st m m

Li* 0.78 2.05 10.1 0.269 4.92 4.14 12.88
Na* 0.98 1.63 16.0 0.426 3.11 2.13 6.61
K* 1.33 1.20 16.5 0.439 3.01 1.68 5.23
Rb* 1.49 1.08 17.9 0.477 2.78 1.29 4.00
Cs* 1.65 0.97 185 0.493 2.69 1.04 3.22
NH,* 1.37 1.17 24.6 0.655 2.02 0.65 2.02
ClI 1.81 0.89 25.6 0.682 1.94 0.13 0.41
Br- 1.96 0.82 28.2 0.751 1.76 -0.20 -0.61
I~ 2.20 0.73 28.4 0.756 1.75 -0.45 -1.40
Clo, 2.36 0.68 27.4 0.730 181 -0.55 -1.70
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Table 4 — Singly charged ions quantities in N,N-dimethylformamide at 298.15 K

lon 1107, mio6 10°, 7‘? 10%, Dy 10°, di-10%, (di-r)-10", Cr10% kg-st
m C/m Sm'm?/mol m2s?t m m ‘

Li* 0.78 2.05 26.1 0.695 3.92 3.14 4,74
Na* 0.98 1.63 30.0 0.799 3.41 2.43 3.67
K* 1.33 1.20 31.6 0.841 3.24 1.91 2.88
Rb* 1.49 1.08 33.2 0.884 3.08 1.59 2.40
Cs* 1.65 0.97 35.4 0.943 2.89 1.24 1.87
NH,* 1.37 1.17 39.4 1.049 2.60 1.23 1.85
Cl- 181 0.89 53.8 1.433 1.90 0.09 0.14
Br- 1.96 0.82 53.4 1.422 1.91 -0.05 -0.07
I~ 2.20 0.73 51.1 1.361 2.00 -0.20 -0.30
Clo, 2.36 0.68 51.6 1.374 1.98 -0.38 -0.57

For a long time, the equations of Stokes-Einstein law
were used to estimate the size of particles in solutions,
particularly charged ions. However, after the advent of
more accurate methods based on X-ray diffraction or neu-
tron diffraction, it became clear that the so-called Stokes

radii (d ) determined are not the real values of ions, espe-
cially those which in the terminology of Samoilov [4]

(Collins [5]) are structure-breakers (chaotropes), d <r;.
Marcus [11] has shown that this notion has no physical
meaning or utility and should therefore be completely re-
considered. Kuznetsova [14] came to the same conclusion
when interpreting the Stokes ion radii.

On the other hand, the relative values of the Stokes

radius as (d—r;) or d /r; undoubtedly reflect the real be-
haviour of ions in solutions [1, 15]. The correlation we
found [1] between the solvation of ions and the sign of the
difference between the Stokes «radius» and the structural

radius (d — r;) was used to quantify the effect of the ion
on the translational exchange of water molecules and al-
lowed to replace the concept of Stokes «radius» to the
length of the diffusion shift, which does not contradict the

modern ideas about the behavior of ions in solutions [16].
—2

By the way, Kessler [17] in well known formula ; = d_

6D’
interprets d /r as mean velocity and calls mean length of
displacement or jump of ion in diffusion regime for time
7. Undoubtedly the diffusion of the ion depends strongly
on its state in the solution, i.e. on the solvation.

The length of a discrete forward displacement d of
the ion in the solution under the influence of thermal mo-
tion of molecules of the solvent is a positive value, which
can be obtained from the experiment and which is not
without the physical sense. Since the Stokes-Einstein law
is not fulfilled for most real cases, the calculation of the

d parameter by equation (8) does not require any restric-
tions on the fairness of its application, except the fulfill-
ment of hydrodynamic conditions [7]. It is also obvious
that deviations from the Stokes-Einstein law for singly
charged ions in structured solvents are due to their solva-
tion, i.e., inhibition in addition to the viscous one. When

interpreting the d change under the influence of various
factors, it is appropriate to use this term, which refers not
to the change of ion size, but to the change of path length
which an ion travels in diffusion mode between two equi-
librium positions.

In terms of their influence on the translational mo-
bility of FA, MFA and DMF molecules, the ions in ques-
tion can be divided into structure-makers (cosmotropes
[5]) and structure-breakers (chaotropes [5]). The first

group includes alkali metal cations and NH," ion ((d —

r) >0, g, > 0) and the second group includes CI", Br-, I

, ClO, " anions ((d - r;) <0, ¢, <0).

The ability of Li*, Na*, K", Rb", Cs* cations to
strengthen the amide structure can be explained by the
presence of high electron density O atom in their mole-
cules [18], through which solvent molecules are coordi-
nated by these cations.

The Li* cation is a special one, whose influence on
the molecules of polar solvents (FA, MFA and DMF) is
due to its small size, and its highest polarizing effect
among the alkali metal cations leads to high solvation en-
ergy and even to the formation of covalent bonds. Li*
cation in solvents with spatial network of H-bonds (water,
ethylene glycol, formamide) is dominated by I-M interac-
tion over M-M interaction. According to [19], small-sized
cations significantly modify the dynamic structure of their
immediate environment, which is reflected in the experi-
mentally determined quantitative characteristics. By the
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way, among alkali metals Li" cation in water, ethylene
glycol and formamide has the lowest diffusion coefficient

and its translational displacement length d is the longest.
The latter indicates the formation of kinetically stable
complexes of Li" cation, which diffuse as a unit.

At the same time, the coordination of the NH," ion
by the amide molecules probably occurs due to H-
bonding between the H atom of the NH, * ion and the O
atom of the amide molecule [20].

The decrease of d and respectively (d — r;) with the
increase of cation radius in a given solvent is the result of
weakening of its coordinating force due to the decrease of
charge density in the series Li*, Na", K", Rb*, Cs*. The
increase of d (and (d — r;) as well) for the studied ions in
the series FA— MFA —DMF can be explained by the
weakening of intermolecular interactions in this series,
which leads to the strengthening of solvation, i.e. ion-
molecular interaction.

In the studied amides the anions are solvated weaker
than the cations, which is an indication that the H-bond is
less stable than the donor-acceptor one.

For the halide ions in the series FA — MFA — DMF
the regular growth of d parameter was found to corre-
spond, according to Samoilov’s ideas [4], to the reduction
of the solvent structuring. In the structured formamide the
investigated anions behave as chaotropes ((d—r;) <0).
They coordinate FA molecules by type H-bond via H at-
oms of NH, group.

As the ion size increases in the CI"— Br — I series
the structure disorder of the formamide increases as evi-
denced by small and close values of d and increasing
negative values of the difference (d—r;) <0, due to the

growth of the structural radius of the ion. Earlier close d
values were found for negatively solvated single-atom
ions in other solvents (water, ethylene glycol) [1,2],
which probably results from the spherical shape of the an-

ion. The disparity in the change in d and r; for a number
of anions in the studied amides actually determines the

sign of the difference (d—r;) and, therefore, the type of

effect of the ion on the solvent. A negative value of (d —
r) <0 means that the FA —Hal™ interaction is weaker
than the FA — FA interaction.

N-methylformamide with disrupted structure is more
favourable to the action of the anion field on the solvent,
the measure of which is d. The effect of the anions on the
FA is an increase in d. Like in FA, the value of d in MFA
is almost independent of the size of the anion.

In DMF there are no associations between molecules

due to specific interactions (donor-acceptor, H-bond).
There are linear associations between highly polar DMF
molecules due to Van der Waals forces which are more
stable than cyclic dipole-dipole structures.

The obtained patterns of changing the influence of
ClI"—Br — I anions can be explained using one of the
important statements of Samoilov about the influence of
free solvent structuring on near-solvation, according to
which the growth of solvent structure leads to weakening
of solvation of ions and vice versa.
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JL II. IIIYKIHA, O. O. '’AMOBA, M. IO0. TEPACH0OB

PO3POBKA PECYPCO3BEPITAIOYOI TEXHOJIOTTI MOPUCTO-IMTIYCTOTIINX KEPAMIYHUX
KAMEHIB

PozpobneHa pecypco3bepiraroua TEXHOIOTIS HOPH30BaHUX KePaMiYHUX MaTepialliB 3 BUKOPHCTAHHSAM HECHIKIMBOTO CYMiCKY HU3bKOI TEXHOJIOTIYHOL
SIKOCTI SIK 6a30BOi cupoBUHU. Ha OCHOBI aHai3y IIaCTHYHUX BIACTUBOCTEH IBOKOMIIOHEHTHHX i TPHKOMIIOHEHTHHX KepaMiYHHX Mac, CKJIaJIeHHUX i3
CYMiCKy, KepaM3UTOBOI IJIMHH Ta MAIUBHOTO [ITAKY Y Pi3HHUX CIIiBBiIHONIEHHSIX BCTAaHOBIEHO, 10 HEOOXiMHUI piBeHb iX IITaCTHYHOCTI 3a0e3nedyBa-
THUME OCHOBHA CHPOBHMHA B HACTYITHHX Mexax (Mac. %): manuBHHE mutak — 15 — 20; cymicok — 50 — 65; xepamsutosa riuna — 20 — 30. Meronom
IUTAaHYBaHHS eKCIEPUMEHTY IIPOBEJICHO OOIPYHTYBAHHS PalliOHAIBHOTO CKJIAy TPUKOMIIOHEHTHOI KepaMiuHoi MacH, o MicTuTh: 62,5 Mac. % cymic-
Ky, 20 mac. % cepeIHbOCHIKIMBOI IUIACTUYHOI TJIMHU K IulacTudikaropa Macu ta 17, 5 mac. % nanusnoro nuiaky TEC sk mopusaropa. s po3po-
OneHo1 MacH OyJM JOCIiKEeHI OCHOBHI TEXHOJIOTTYHI BIIACTHBOCTI, IO JO3BOJIMIO PEKOMEHIYBATH PEKHM CYIIKH CHPLIO — 60 TOIHH, ONTHMAIBHY
Temnepatypy Bunany — 950 °C, ski 3a0e31e4yroTh OTpHUMaHHS 3pa3KiB 0€3 CyIIMIBHUX TPILIMH Ta 03HaK Aepopmaiii. ClipoeKToBaHHI palioHAIBHUN
PEXUM BUIATTY BUCOKOITyCTOTHUX HamiB(haOpHKaTiB Ha OCHOBI pe3ysIbTaTiB AWIATOMETPUYHOTO aHaJi3y MacH, sSKuil nependadae 44-roguHHUI BUMIAT
1 3HIDKEHHS MIBUJIKOCTEH HArpiBy Ha AUISTHKAaX JAerifparamnii IIMHICTHX MiHEpaliB, MPSMOr0O KBapIIOBOIO IIEPEXO/y Ta iHTEHCHBHOIO CIIKaHHS MacH,
a TaKOX 3HIDKEHHS IIBHIKOCTI OXOJIOMKEHHI Ha JIISHIN 3BOPOTHOTO KBApILOBOTO MEPEXOY. 3alpPOIIOHOBAHUH PEXHM BHIIAITy 3a0e3nedye HeoOXis-
HHH JUTS KepaMiqHOTO MaTepialy CTYIIiHb CIIKaHHS Ta BIAacTHBOCTI. Ha ocHOBI po3po6iieHoi MacH 3a peKOMEHIOBaHNMH PEeKUMaMH CYIIKH Ta BHIIA-
JIy OTpHMaHi TOpH30BaHi KepaMidHi MaTepiami 3 ysBHOIO rycTiHOI0 1,48 r/eM®, Mexero MinHocTi npu cricky 18,2 MITa i MoposocriiikicTio 30 muk-
JIiB, SIKI BITHOCSTBCS JI0 TPYIH YMOBHO €()EKTUBHHUX, a 32 yMOBH opraHizaiii 50 % MycTOTHOCTI — MOXYTb OyTH BiJJHECEHI 10 TPpyIH e()EKTUBHHX.

Ki11040Bi cj1oBa: MOpUCTO-IYCTOTIJII KepaMivyHi KaMEHi; T'yCTHHA; MEXaHiYHa MII[HICThb; MOPO30CTIHKICTh; TEIUIOSEKTUBHICTD; CYITICOK; MaTMBHUI
IIJTaK; Pecypco30epeskeHHs.

JIL II. IIIYKHHA, O. A. TAMOBA, M. 10. TEPACEB

PA3PABOTKA PECYPCOCBEPEIAIOIIEN TEXHOJIOTUU IIOPUCTO-IIYCTOTEJIBIX
KEPAMUYECKHUX KAMHEM

Paspaborana pecypcocOeperaromas TEXHOJIOTHs TTOPU30BAHHBIX KEPaMIUYECKHX MATEPHAJIOB C WMCIIONb30BAHMEM HECIIEKAIONIEHCs CyNecH HHU3KOro
KauecTBa B KauecTBe 0a30BOro ChIphbs. Ha ocHOBe aHanM3a mIacTHYECKNX CBOKCTB JIBYX- M TPEXKOMITOHEHTHBIX KEPAMHYECKHX MAacC, BKIFOYAOIIAX
cyrech, KepaM3UTOBYIO TIIHY M TOTUTMBHBIN NITaK B Pa3/IMYHEIX COOTHOIIEHHAX YCTAaHOBJIEHO, YTO HEOOXOMMBII yPOBEHb X IIACTHYHOCTH 0Oec-
TIEYNBAET COZEPIKaHNE OCHOBHOTO CHIPhS B CIEYIONINX Tpezenax (Macc. %): TormmBHBIH mtak - 15 - 20; cymecs - 50 - 65; kepam3uToBast TIMHa —
20 - 30. MeTonoM ITaHMPOBAHMUS SKCIEPHMEHTA MPOBEAEHO 000CHOBAHKE PAIOHAIBHOTO COCTaBAa TPEXKOMIIOHEHTHONW KEPaMHMUYECKOH Macchl, KO-
TOpast coepkuT: 62,5 Macc. % cynecu, 20 macc. % cpeqHecnekaromieiicsl IIIACTUYHON ITIMHBI B KadecTBe IUIacTH(HKaTopa Maccel u 17,5 macc.
% rormmBHOro nutaka TOC B kadecTBe mopusaropa. J{ist pa3paboTaHHON Macchl OBUTH MCCIIEOBAHbI OCHOBHBIE TEXHOJIOTHYECKIE CBOHCTBA, YTO M0-
3BOJIIIIO PEKOMEHIOBATh PEKHM CYIIKH CHIpIa — 60 4acoB, ONTHMAIBHYIO TeMiepaTypy ooxura — 950 °C, koTopble obecrieunBaeT ImoaydeHne oopa-
310B 6€3 CYNIMIBHBIX TPEIINH W MPH3HaKoB JepopmMarui. CpoeKTHPOBAH PAIIMOHANBHBIN PEXKIM 00)KHTa BRICOKOITYCTOTHBIX Moy(abpukaToB Ha
OCHOBE pe3yJIbTaTOB IMIATOMETPHUYECKHE aHAIM3a MacChl, IpeycMaTpuBaronuii 44-9acoBoil 00KHT M CHIDKEHHE CKOPOCTeH HarpeBa Ha ydacTKax
JIETU/IPaTaliy TIIMHACTBIX MUHEPAJIOB, MPSIMOTO KBApI[EBOTO MEPEX0/ja ¥ MHTEHCHBHOTO CIIEKAHHS MACCHI, @ TAKXKEe CHIDKEHHE CKOPOCTH OXJIakKICHUH
Ha ydJacTKe 0OpaTHOTO KBapIleBOro mepexoza. IIpe/ioxkeHHbIi pexxuM 00Xkura obecriednBacT HEOOXOAUMYIO JUIsi KePAMHUECKHX MaTepHalloB CTe-
TIeHb CIIEKaHHs M UX cBoiicTBa. Ha ocHOBe pa3paboTaHHOIT Macchl MPH PEKOMEHIOBAHHBIX PEXMUMAaX CYIIKH M 00XHTa ITOTyYeHBI TOPH30BaHHBIC Ke-
PaMHYECKHe MAaTEPHaNB ¢ KaKyIIeics IOTHOCTBIO 1,48 T/cM®, TpesiesioM IpodHoCTH TpH ckaThy 18,2 MITa 1 MOPO30CTOMKOCTBIO 30 IHKJIOB, KO-
TOpBIE OTHOCSTCS K TPYIIIE YCIOBHO 3(G(MEKTUBHBIX, a IPH YCIOBHHU opranu3aniu 50 % ImycToT — MOTryT OBITh OTHECEHBI K Tpyrie 3Q(eKTHBHbIX.
KirodeBrie ¢j10Ba: MOPHUCTO-ITYCTOTENBIE KEpaMIYECKHE KaMHH; TIIOTHOCTh; MEXaHWYECKasi MPOYHOCTH; MOPO30CTORKOCTD; TEII03(()EKTHBHOCTD;
CyIiech; TOIUIMBHBIH IIJTaK; pecypcocOepexenie;

L. P. SHCHUKINA, O. 0. HAMOVA, M. YU. HERASOV

DEVELOPMENT OF RESOURCE-SAVING TECHNOLOGY OF POROUS-HOLLOW CERAMIC
STONES

A resource-saving technology of porous ceramic materials using low-quality non-sintering sandy loam as a basic raw material has been developed.
Based on the analysis of the plastic properties of two- and three-component ceramic masses, including sandy loam, expanded clay and fuel slag in
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various ratios, it was found that the required level of their plasticity provides the content of the main raw material in the following range (wt%): fuel
slag — 15 — 20; sandy loam — 50 — 65; expanded clay — 20 — 30. By the method of planning the experiment, the rational composition of the three-
component ceramic mass was substantiated. This which contains: 62.5 wt. % sandy loam, 20 wt. % medium-sintering plastic clay as a plasticizer and
17.5 wt. % fuel slag of TPP as a porous agent. For the developed mass, the main technological properties were investigated, which made it possible to
recommend the drying mode of the raw material — 60 hours, the optimal firing temperature — 950 °C. Such conditions ensure that samples are
obtained without drying cracks and signs of deformation. On the results of dilatometric analysis of mass the rational mode of firing high-hollow
semifinished products was designed. The firing mode provides for a 44-hour firing and a decrease in the heating rates in the areas of dehydration of
clay minerals, direct quartz transition and intensive sintering of the mass, as well as a decrease in the cooling rate in the area of the reverse quartz
transition. The proposed firing mode provides the degree of sintering and their properties necessary for ceramic materials. Based on the developed
mass under the recommended drying and firing modes, porous ceramic materials with an apparent density of 1.48 g/cm?®, a compressive strength of
18.2 MPa and frost resistance of 30 cycles were obtained. The developed materials belong to the group of conditionally effective, and if 50% of the
voids are organized, they can be classified as effective.

Key words: porous-hollow ceramic stones; density; mechanical strength; frost resistance; thermal efficiency; sandy loam; fuel slag; resource saving.

Beryn. B ymoBax mocuiieHHs HOPM 10 TeIUIomepe-
Jladi OrOpOKYBaJbHHUX CTIHOBMX KOHCTPYKIIiM OCTaHHI
JIECATHIITTS B YKpaiHi CIIOCTEPiraeThCsi 3pOCTaHHS MOMH-
Ty Ha BUPOOHM TeIuIoeeKTHBHOI OyIiBENbHOI KepaMiKH.
BukopucranHs Takoi KepaMiky y BUTJISIII Leriu abo, da-
CTille 32 BCe, Y BUMIANI KPYMHOPO3MIpPHHX IOPHUCTO-
MYCTOTUIMX KaMeHIB 3aBIAKH X (opmary, HU3bKUM 3Ha-
YEHHSIM TYCTHHH, MacH Ta TEIUIONPOBIAHOCTI JO3BOJISIE
30UIBIINTH IIBUIKICTh OyNIBHHIITBA, 3HM3UTH HaBaHTa-
KeHHs Ha (yHmameHT OyniBeib, 3a0e3MEYUTH BUCOKHN
piBeHb aKyCTHYHOI Ta TepMmiuHoi i3omsmii ctin [1, 2].
BpaxoByroun (QyHKIFO TaKuX BHPOOIB SK KOHCTPYKITiH-
HO-TETUIOI30JIAMIHHOTO KepaMiuHOro Marepiany, iX ymuo-
CKOHAQJICHHS BiZIOYBA€THCS B HAINPSAMKY MOKPAIICHHS Me-
XaHIYHOi MIIHOCTI Juisi  30UIBIIEHHS I[TOBEPXOBOCTI
OymiBHHIITBA Ta TEIUIOTEXHIYHUX IMOKA3HUKIB I 3a0e3-
neyeHHs X eHepro30epirawdnx (QyHKLIHA. AKTyalbHUMHU
3aauaMu [pH PO3pOOII TAKMX MaTepialiB € CKOPOUCHHS
€HEeProClOKMBaHH Ta PO3LIMPEHHs CHUPOBMHHOI 0a3u
BHPOOHHUIITB 32 PaXxyHOK 3allydeHHs Hele(ilUTHOI TiIu-
HHUCTOI cupoBuHH [3—7].

OCHOBHOIO CHPOBHHOIO Il BUPOOHHIITBA TaKoi Ke-
paMiKH € JIETKOTOIIKI oIiMIHEepaJIbHI [NIMHH, SIKI HIHPOKO
PO3MOBCIOKEH] B YKpaiHi. 3a3BUUail Ii TIMHU XapaKTe-
PHU3YIOTBCS HEBUCOKOIO TEXHOJIOTIYHOIO SIKICTIO 3a IPH-
YMHY IX 3HAYHOI 3aCMIUY€HOCTI JJOMIIIKaMH, 30KpeMa KBa-
puoBUM mmickoM i kapboHaramu. Came TOMY JIETKOTOTIKi
[JIMHU Y CBOIH OULTBIIOCTI BIJHOCATHCA IO HECIHIKIUBOI
CHUPOBHHH, IO YCKJIJHIOE OTPUMAHHs Ha iX OCHOBI Ma-
TEepiaJliB 3 MOKPAILICHUMH MEXaHIYHUMH BJIACTUBOCTSMH.

OcobimBicTio TexHOJOTi] edheKTHBHOI OymiBeIhHOT
KepaMiKi € BUKOPUCTAHHS B Macax CIeLiaJIbHUX ITOpOyT-
Boprorounx j06asok [8]. V Ginbimocti Bunaakis BUbip To-
T'O YM iHIIOTO MOpH3aTOpPa JUI KOHKPETHOTO BUPOOHHUIIT-
Ba 3MIMCHIOIOTH 3 ypaxyBaHHSIM €KOHOMIYHOTO (aKTopy,
HE NPUIUIIOUN yBarn epeKTUBHOCTI HOro IOpU3yI04ol
Jil IpM BUKOPHUCTaHHI Ha KOHKPETHIN TNIMHUCTIH CHPOBU-
Hi. B TOll ke yac came B3aEMO3B’SI30K «IIOPHU3ATOP-
[JINHA» BH3HAYa€e CTPYKTYpYy MaTepiamy, Woro ¢izuko-

MEXaHi4Hi BJIACTHBOCTI, @ OT)KE KOHCTPYKTHBHY SIKICTb 1
JIOBTOBIYHICTH OKPEMOTro BHPOOy Ta KOHCTPYKIIi B IIi0-
my [9, 10].

Merta po6orn. Po3pobneHHS CKIIamiB KepamigHIX
Mac 1 TEXHOJIOTii OTpHUMaHHs MOPUCTO-IYCTOTIINX Kepa-
MIYHHX KaMEHIB 3 BHUKOPHCTAaHHSIM HeIe(iIUTHUX MONTi-
MiHEepaJbHUX TJIHMH 1 TEXHOI€HHUX NOPU3YIOUHX J100aBOK
Ha OCHOBI B3a€MO3B 53Ky «CKJIa[-BIACTHBOCTI MaTepia-
JBY.

OcHoBHa yacTuHa. [lonepeaHivMu 10CTIDKEHHAMH,
MIPOBEACHUMHE 3 METOI TEXHOJIOTIYHOI OI[IHKH TTOPOYTBO-
proBadiB (po3risgganucs 16 pi3sHEX H00aBOK OPraHITHOTO,
HEOPraHiYHOTO Ta OPraHO-MiHEPAIbHOTO MOXOJKEHHS)
[11], BcTaHOBJIEHO, 1110 BUKOPHCTAHHS MAaJHBHOTO IIUIAKY
TEC Ta Mepreito 103BOJISIE OTPUMATH KEPaMidHi 3pa3Ku 3
0171 BUCOKMMHM TOKa3HUKaMH MEXaHIYHHX BIIACTHBOC-
Teil HaBITh IPU NIEPEBaYKHOMY BMICTI B Marepiaii BiAKpH-
THX T0p. Lle mosicHIoBasIOCs 3MIHEHHSIM CTIHOK HOpP PO3-
wiaBoM ckiodasu 1UIaky Ta JPIOHUMH BIJIKPUTHMH
MIOpaMH TIPH BUKOPHUCTAHHI Mepremo. Jlo TOoro >k maiauB-
uuit mak (20 mac. %) i meprens (25 mac. %) 3a Temie-
patypu Bunany 950 °C 3abe3neuyBaiu 3aJaHUil PiBEHb
rycTHHE Kepamiunux 3paskis (1,5 r/em®). Ae BpaxoByio-
YM HE3HAYHY TOIIMPEHICTh Mepreiio B YKpaiHi, a TaKokK
3aTpeOyBaHICTh 1€l MiHEpaIbHOI CHPOBUHU s Oararto-
TOHHAXXHUX IIEMEHTHUX BUPOOHHLTB, AJIsSI JOCIIIKEHb
Oysi0 0OpaHO NMaNMBHUI UIAK SIK MaTepiall TEXHOI'€HHOTO
noxokeHHs. L{elt mopusarop siBiisie o000 BiAXOIU Ia-
JIMBHO-€HEPTeTUYHOI NPOMMCIIOBOCTI, YTBOPIOETHCS IIPU
3ropsiHHI Byriwig B kotinax TEC Ta mpezncrasisie iHTepec
3 TOYKH 30py HOTO yTmilizamii Ha MigIpUeEMCTBAX, 1110 BU-
pOOIAIOTE CTIHOBY KepaMiky.

Po3pobOka cknmaniB KepaMiuHUX Mac MPOBOAMINCH 3
BHUKOPHCTAHHIM TJIMHUCTOI TOPo i XOPOJIbCHKOTO POJIO-
Buma [lonTaBchkoi oOnacTi, sika 3a IpaHyJIOMETPHYHUM
CKJIQJIOM BiJTHOCHUTKCS JI0 TIOMipHO TJIACTUYHUX CYIICKiB 3
yucnoM mracThyHocTi 10. Cymicok MIiCTHTh HaJBEIHKY
KimpKicTh TuTyBatoi ¢paxiii (71 %), HaaTO 3acMiveHHH
kBapuoM (50 %) 1 xapOonatamu (kampuur — 10 %,
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JooMit — 5 %) 3a gaHMMHU netporpadiyHoro aHamizy. 3a
BUIATIOBATBHUMH BIIACTUBOCTSMH CYIICOK € HECHIKIH-
BOIO CHPOBHHOIO 3 Temmeparyporo nepernamy 1050 °C. 3a
temrepatypu Bunary 1000 °C npoayKT BUNamy CYIICKY
XapakTepU3yIOThCA BiJ’€MHOI0O BOTHEBOIO JIiHIHHOIO
ycankoto (6 %) 1 BucokuM BoponoriuHanHsIM (20,7 %),
IO TIOSICHIOETBCS ~ 3HAYHMM BMICTOM KapOOHATHHX
noMimok. MexaHiyHi BJACTHUBOCTI BUIIAJIEHOTO 3a L€l XK
TEMIIe-paTypy CYIICKy 3HAaXOAAThCSI HAa HEBHCOKOMY
piBHI: Mexa MinHOCTI rpu ctucky 13 Mlla, mpu 3runi —
3 MIla.

BpaxoBytoun HHU3bKY TEXHOJIOTIYHY SIKICTH CYITICKY
(HEOCTAaTHIO TUTACTUYHICTD 1 HECHIKIMBICTH), IS HOTO
BUKOPHCTAaHHS B TEXHOJIOTii BHCOKOIYCTOTHUX Kepamid-
HHUX BUPOOIB, M0 ()OPMYIOTHCS TIIACTUYHIM METOJIOM, SIK
[JIMHUCTY 100aBKy OyJI0O BUKOPHUCT@HO BHCOKOILIACTHYHY
Kepam3uToBy TnuHy lllemuniBcbkoro ponosuma. [lana
[JIMHA € BUCOKOIUIACTUYHOIO MOPOJOK MOHTMOPHIIOHIT-
T1IPOCITIOIUCTOTO CKIay, BITHO-CUTHCS O KaTeropii ce-
PEIHBOCIIIKIMBOI CUPOBHHU 3 BOAOIOIIMHAHHAM IIPOJY-
KTiB Bunajiay Ha piBHi 2-3 % 3a temneparyp 900-950 °C
Ta MOJKE CITy)XUTH J00OABKOIO JUIS TOKPALICHHS TUTACTHY-
HOCTI 1 CHIKJIMBOCTI OCHOBHOT CUPOBHHU — XOPOJIbCHKOTO
cymicky. Lle ocobnuBoO BaXIMBO 3 OTJLILy Ha Te, MO Y
CKJIai Mac Oy/ie BUKOPHCTAHHIA MaJTUBHUMA IIIJIaK, SKUN €
OTIICHIOIOYMM KOMIIOHEHTOM.

Jlyiss BCTAaHOBJICHHS KIIBKOCTI K€PaM3HUTOBOI TIMHH,
sIKa MOKE 3a0e3MeUnTH HeOOXiTHUIA piBEeHb IIACTHYHOCTI
KepamiuHOi MacH (He MeHuie 15), OyJio JTOCHiDKEHO Iia-
CTHYHICTh JBOKOMIIOHCHTHHX TIJIMHOMAc, CKJIQJICHUX 3
XOPOJILCBKOTO CYITICKY 1 KepaM3UTOBOI IJIMHH Y PI3HHX
CHIBBITHOIIEHHAX. 3 METOI0 BHBYEHHS 3B’s3YIOUOi 3/1aT-
HOCTI LIMX TJIMHOMAcC JIOJIATKOBO BW3HAYaacs IUIACTH4-
HICTh TPUKOMIIOHEHTHHX Mac 3 JOJaBaHHSAM JO CyMiIli
[JIMH MTAJIMBHOTO [UIAKY, HPOIMYHIEHOro Kpi3b cuto Ne 05.
Pe3ynpraTi TAKOTO €KCIIEPUMEHTY HaBe/IEHi B TaOI. 1.

3 HaBezeHol TaOIMI[i BUIHO, IO 3 JOJAaBaAHHSAM 0
CYIICKY BUCOKOIUTACTUYHOI KEPaM3UTOBOI TIIMHU IIJIACTH-
YHICTh JABOKOMIIOHEHTHHX TJIMHOMAac 3aKOHOMipHO 30i-
JBIIYETHCS 1, ounHao4un 3 BMicty 20 % KepaM3nToBOi
[JIMHU, JOCATa€E HEOOXiTHOTO piBHA. 3a BMICTY B TPHKOM-
noHeHTHUX Macax 20 % i 30 % kepaM3UTOBOI INIMHU BO-
HHU MOXYTh 3B’s13aTH 15 % 1 20 % manuBHOTO NUTaKy MpH
30epeXeHHI TapHOI IUIACTHYHOCTI Mac (YMCIIO IUIaCTHY-
HOCTI 3MiHIOETBCA Bif 15 mo 17). OTxe, miast po3poOku
Mac Ha OCHOBI XOpPOJIbCHKOTO CYIICKY, B SKHX, SIK BU3Ha-
YEeHO BUIIE, NMAJUBHUHN IIJIAK MAa€ MICTHTHCS Y KiJIBKOCTI
npubmmuzHo 15-20 mac. %, KepaM3UTOBY INIMHY JNOLUIBLHO
BUKOpHCTOBYBaTH B Kinbkocti 20 — 30 mac. %.

Tabmuns 1 — XapaxkTepucTuKa INIACTUYHUX BIACTUBOCTEH
KepaMiqHHX Mac

Cxaian macu, Mac. %
. KEpaM3UTOBa | MajuBHMi | UHCIIO MIACTHYHOCTI
CYHICOR TJIMHA ITHENN
90 10 - 13,1
80 20 - 14,8
70 30 - 17,6
60 40 - 22,8
50 50 - 25,0
65 20 15 14,6
55 30 15 17,0
60 20 20 141
50 30 20 16,4
50 20 30 13,2
40 30 30 13,7

Jlani Ha OCHOBI BCTaHOBJICHUX MEX BMICTY CHPOBU-
HH OyJlOo TPOBEAECHO OOIPYHTYBaHHS ONTHUMAIBHOTO
CKJIQly TPUKOMIIOHEHTHOI KepamiuyHOI MacH 3 BHUKOPHC-
TAaHHAM METOJy CHUMIIIEKC-PEIIiTYaCTOr0 IUIAHYBaHHS
ekcriepumenTy [12]. Ipu mocmifkeHHI Mac 3a UM METO-
JIOM OyJH TMIPWHHATI HACTYIIHI MMO3HAYCHHS: A — KiJIBKICTh
nanuHoro 1wiaky — 100 mac. %; B — KijbKicTh XOpOJIb-
cekoro cymicky — 100 mac. %; C — KUIBKiCT KEpaM3HUTO-
Boi rimmHu — 100 mac. %. KinbkicTh CHPOBHHHM y HIMXTaX
3MiHIOBaJlacs B HACTYIHMUX MEXaxX: NaJMBHUM IUIAK —
15-20 %; cynicok — 50—65 %; kepam3uTOoBa TIJIMHA —
20-30 %. docnimKkyBaHa 00JacTh CKIIQIiB Mac y MCEBJIO-
KOOpJIMHATaX «Xp» MoKa3aHa Ha puc. 1.

Cynicok 2
B

Nanuerud wnak

PucyHok 1 — O6nacTp po3TanryBaHHs JOCIITHAX Macc
Ha cumiuiekci ABC

3pas3ku y BUIIAAl KyOiB 31 cropoHoto 20 MM OTpH-
MYBaJIi METOJIOM IUIACTUYHOTO (POPMYyBaHHS HPHU BOJIO-
rocti Mac 20 %, BUCYIIyBaJIM Ta BUNAIIOBAIN B MY(eib-
Hiii medi 3a remneparypu 950 °C. Jani Oymu mocmimkeni
HaCTYITHI BJIACTHBOCTI KEPaMiUYHHMX 3pa3KiB: BOJONOIIIH-

Hauus (W), ysiBHa ryctuHa (p), Meka MIlTHOCTI IPU CTUC-
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Ky (Ocr) [13] Ta xoedinient crpykrypHocti (Kep) [14],
SIKHA HEIPSMO OIIHIOE MOPO30CTiiKicTh MaTepiainiB. Ce-

penHi 3Ha4eHHs IUX BJIACTHBOCTEH, BU3HAYECHI Ha TPHOX
mapajeiIbHIX 3pa3Kax, HaBeJeHi B Ta0Il. 2.

Tabmmms 2 — BracTuBOCTI KepaMivHHX 3pa3KiB, OTPHMaHUX 3a TemIreparypu Bunary 950 °C

IIuxToBuii cknan, Mac. % BrnacTiBOCTI KepaMivHUX 3pa3KiB
. Koop-nunata
Ne nocminy . 3

TOYKH HIIaK CYIICOK [JIMHA W, % p, T/cMm G, MIla Kerp
1 1 20,0 60,0 20,0 12,0 1,46 17,2 0,83
2 2 15,0 65,0 20,0 12,0 1,52 22,0 0,85
3 3 15,0 60,0 25,0 10,5 1,61 24,0 0,87
4 4 20,0 55,0 250 115 1,57 23,0 0,87
5 5 15,0 55,0 30,0 7,40 1,70 26,0 0,87
6 6 20,0 50,0 30,0 10,0 1,60 24,0 0,88
7 12 17,5 62,5 20,0 12,0 1,48 18,2 0,85
8 23 15,0 62,5 22,5 10,5 1,56 23,0 0,85
9 13 17,5 60,0 225 11,8 1,54 19,0 0,85
10 14 20,0 57,5 225 11,0 1,52 23,0 0,85
11 34 17,5 57,5 25,0 11,0 1,58 23,0 0,87
12 35 15,0 57,5 275 9,1 1,64 24,0 0,87
13 45 17,5 55,0 275 8,6 1,65 23,5 0,87
14 46 20,0 52,5 2715 11,2 1,59 24,0 0,87
15 56 17,5 52,5 30,0 9,3 1,59 24,0 0,87

[IpoBeneHo cratucTudHy OOpPOOKY EKCIEpHMEHTa-

JIbHUX JaHuX Ta OTpHUMaHO CKCIICPUMECHTAJIbHO-

CTaTUCTHYHI MOJEINI, SKi MatOTh HACTYITHHI BUTIIS:

y=>biX + > byXX;

JIe y — BIIACTHBOCTI 3pa3kiB, b — koedirientu mominomy;
Xjj — KOJIOBaHi 3Ha4eHHs (QaKTopiB.

AJleKBaTHICTh MOJIeJIel OL[IHIOBaNAacs 3a BiJIHOCHUM
BIIXMJICHHSIM EKCIEPHMEHTAIGHOTO 3HAYEHHS BIACTH-
BOCTI BiJl 11 PO3paxyHKOBOTO 3HA4€HHS B KOHTPOJIbHHX
TOYKax (B IEHTpi miaHy). OTpuMaHi MOJeINi XapaKTepu-
3yBaJICsl JOCTATHBOKO JUIS NMPAKTUUHHUX LI TOYHICTIO
(BimHOCHE BiAXWJIEHHS HE nepeBuityBaio 5 %). I'padiuna
IHTepIIpeTallis 3aJe)XHOCTeH BJIACTHBOCTEH KepaMidHUX
3pasKiB BiJ] IIMXTOBOTO CKJIAy Mac HaBeJeHa Ha puc. 2.

3 HaBeIEHUX JiarpaM BHIHO, IO 30iJbIICHHS Killb-
KOCTI ITAJIMBHOTO IIUIAKy B MIMXTi jumie Ha 5 % mpuBo-
JUTH 710 3MEHIICHHS TYCTHHHU MatepiajiB, iX MeXaHI9HOi
MIITHOCTI Ta 30UTBIICHHS BOJOMOTNIMHAHHA. [IpoTHiex-
HU BIUIMB Ha O3HAYE€Hi BJIACTHBOCTI YMHUTH KEPaM3HUTO-
Ba TNIMHA: 30UIbIIeHHS 11 BMicTy B mmxTi Bix 20 mac. %
1o 30 mac. % TpUBOANTH 70 TOMITHOTO VIIUJILHEHHS Ma-
TepiaJliB 1 TOKPAIIEHHS iX MEXaHIYHHX BJIACTHBOCTEH.
[Ilogo BIIMBY CyMiCKy, TO MOKHA MOOAYUTH, IO IS CH-
poBuHa cnabKo BIUIMBAa€ Ha YCi JOCIHiJHI BJIACTHUBOCTI.
Tax, 31 301IBpIIEHAAM KITBKOCTI CyMicKy y muXTi Bix 50
Mac. % 1o 65 mac. % BinOyBaeThcs 30UIBIICHAS BOJIOIIO-
TJIMHAHHA JUme Ha 2 %, 3MCHIICHHS TYCTHHHU JIMIIE Ha

0,08 r/cM® i Mexi MirHOCTI TIpH cTHCKY JHure Ha 2 MIa.
Lle npuBOAMTH O BUCHOBKY IpO T€, IO HAHOLIbII Baro-
MHUM (aKTOPOM, IO BIUIMBA€E Ha BIACTUBOCTI KepaMiqHHX
MarepialiB, € (GakTop BMICTy IOpPH3aTOpa Ta CITIKalO4ol
J00aBKH (KepaM3UTOBOI TIIFHH).

BpaxoByrtoun HEOOXiJHICTH OTPHMaHHS 3pa3KiB 3
ysaBHOIO TycTHHOIO Menme 1,5r1/cm® Ta koedinienTom
6ineme 0,85,
CKJTaJiB Mac 0OMEXYeThCsl BMicTOM cymicky 60—62,5 %,

CTPYKTYPHOCTI 00JIaCTh  ONTHUMAaIBHUX
nanauBHoro uwiaky — 17,5-20 % npu 20 %-my BMicTI Ke-
pam3uToBOi TMHW. Ha OCHOBI IMIMXTOBHX CKIANiB ITi€l
obJiacTi MOYKHa OTpUMAaTH IIOPU30BaHI KepaMiuHi Marepi-
anu 3 BogonornHaHHAM 12 %, ysaBHOO rycTuHO0 1,46 —
1,48 r/eM®, Mexero wmimmocti mpm  crmeky 17,2 —
18,2 MIla i xoediuientom crpykrypHocTi K, =0,83 —
0,85, sskuii 1a€ TO3UTHBHUMA MPOTHO3 BiTHOCHO MOPO30C-
TifKOCTi. AJle BpaxoBYIOUM HEOOXIJHICTH JIOCSTHEHHS
3HadeHb K.y, > 0,85, onTMManbHUM INMMXTOBUM CKIIAJOM
CIiJIT BBaXaTH CHUPOBHHHY KOMITIO3UILifO, 1110 BiAMOBiJa€E
touni any 12 (mocmig 7): cymicok — 62,5 %, kepam3u-
toBa riuHa — 20 %, nanuBHmii nutak — 17,5 %. s o3Ha-
4yeHoi Macu OyJ0 JOCIIPKEHO OCHOBHI BJIACTHUBOCTI, IO
BH3HAYAIOTh PEXXMMHU CYIIKM 1 BUnairy HamiB(aOpukaTiB
(tabm. 3).

Sk BUIHO 3 naHuX TaOJI. 3, BUXOISYU 3 HAOIMKY-
HOCTI KoedilieHTa YyTIUBOCTI O CYHIKH MacH JI0 cepell-

HbBOYYTJIMBUX TJIUH, peKOMeH}IOBaHI/Iﬁ PEXKUM CYIIKHU CHU-
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puto mae cranoBuTd 60 roguH. ONTUMalbHOIO TEMIEpa-
Typoro Bunainy € temmeparypa 950 °C, sika 3abe3mneuye
BJIACTUBOCTI 3pa3KiB Ha HEOOXiHOMY piBHI 0€3 O3HaK
nedpopmamii. Citig BiAMITHTH, IO JOCITiIHA Maca Xapak-
TEpU3yEThCA By3bKUM iHTepBanoM Bunaiy (nume 50 °C),
mo moTpedye BHUKOPHCTAHHS 3aXOMiB, CIIPSIMOBAHUX Ha
3MEHIIICHHS TEMIICPATYPHOTO Mepenaay B Medi.

BaxnaMBo TakoX NMPOBOAMTH BUIAN 3a palliOHATb-
HUM PEXHMOM, aJIallTOBAaHUM J0 KOHKPETHOI KepaMidHO1
MacH, 3 ypaXyBaHHSM OCOOJNMBOCTEH i MOBEIIHKU HpHU
BHIIANI. 3 METOI0 PO3pOOKH paIliOHAIFHOTO PEXUMY BH-
nany HamiB(aOpukariB OyJjo MPOBEIEHO AMIATOMETPHY-
HUHM aHali3 MUXTH ONTHMAIBHOTO CKIATy, PEe3yJlbTaTh
SIKOTO HAaBEJICHI Ha puC. 3.

Tabnur 3 — BrnacTuBoCTi KepaMidHOT MacH i MaTepialliB, OTPUMAaHUX Ha OCHOBI IIUXTH ONTUMAJIBHOTO CKIAILy

IToxa3uuk

3Ha4YCHHS TIOKa3HUKA

Hopmanbna ¢popmyBaiabHa BOIOTICTh, %

20

Koedinient gytnuBocti go cymiku 3a MmetonoMm 3.A. HocoBoi

0,95 manouytnuBa

IoBiTpsina niniitHa ycaaka, %

6,4

CepefHs rycTHHa, I/cM

1,50 (900 °C), 1,48 (950 °C)

Bogonornmunanns, %

14,6 (900 °C), 12,0 (950 °C)

Mesxa minHocTi ipu ctucky, MIla

14,0 (900 °C), 18,2 (950 °C)

MOopO30CTIHKICTD, IIUKIH

27 (900 °C), 30 (950 °C)

6

a) BOJIOTIOTJIMHAHHS, %o

6

6) yABHa rycTHHa, T/CM>

98

Bicnux Hayionanenoz2o mexniunozo ynieepcumemy « X111y

Cepis: Ximis, ximiuna mexvonoeis ma exonozis, Ne 2(6) 2021



ISSN 2079-0821 (print)

0.855

0.87

13

‘gés 0.86
/

7

0,87

6

B) MeKa MiIHOCTI ipu cTucKy, MIla

T) KOeillieHT CTPYKTYpPHOCTI

Pucynok 2 — JliarpamMmu «IIMXTOBHI CKJIAJ — BIACTHBICTHY JJI KepaMivHUX 3pa3KiB (Temmeparypa sumany 950 °C)

dLlo /% dLidt /(% MiH
Miak: 5666 TV A F0.02
0.6 TewnT  T. Anughal(1/K) Hamerenue dnune: 015 %
550.0, 5730 : 46.5303E-06 | Hamesiesure diermss: 0.05%
lH Mu: 566.9 C Hamenenue dnums: 004 % 1 E 001
0.4 'u1 :
\ HameHeHue AnuHb:
P e T e N e
‘_'_"‘l—"”{"_'_ T - _..-'P .
02 o Y 0.0
\
0.0 Hamenenue dnume: .52 % '|I
4 F-0.01
1'.
-0.24 :
Tewn/T T Anedal{1/K)
ssno, 576.0: nm?;gs ll r-0.02
0.4
Hamenenue dnune: 118 % I'l I -0.03
-0.64 i
] ,
v/ Lood
-0.84 '\. /
100 200 300 400 500 600 700 800 900 1000
Temnepatypa /"C

PI/ICyHOK 3-— HI/IJ'IaTOFpaMa IIUXTU ONTUMAJIBHOI'O CKJIady

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « X111y

Cepis: Ximis, ximiuna mexnonoeis ma exonoeis, Ne 2 (6) 2021

99



ISSN 2708-5252 (online)

Tabnui 4 — XapakreprcTrKa rnepio/iiB Bunany HamiBhaOpukaris

InTepBan 3miHu Temnepa- dizuxo-ximivHi Tpusaiicts nepiony, | IIBuaKicTs 3MiHH TEM-
TypH, °C IpoLecu rof, neparypu, °C/rox
Bupanenns Bonoru 3 HaniBhaOpHUKaTiB, TEIIOBE PO3-
100 - 400 adpurarie, P 6,0 50
HIMPEHHS KOMIIOHEHT1B MacHu
TemnnoBe po3MIUPEHHS KOMIIOHEHTIB MAacH, ITI09aTOK
400 -500 POSTHP ’ 3,0 33
OKHCJICHHS BYTJICHIO MMAJIMBHOI'O NUIAKY
PO3KJ'Iaﬂ TJIMHUCTHX MiHepaJ'IiB OKHUCJICHHS BYTJICHIO
500 —600 . . . 4,0 25
NaJIMBHOTO IIJIaKy, IPAMUU KBapLOBUU IIEPEX1/
OKHUCIICHHS B TJICIIO MMAJIMBHOTO IIJIAK O3KJIagdaHHA
600 — 950 YITEHO P 9,0 39-40
Kap60HaTlB, II0YaTOK CIIIKaHHS
. . [30oTepmiuna
950 - 950 CrikaHHs MaTepiary 8
BUTPHUMKA
«3arapTyBaHHD)
950 ~700 e 35 70
Matepiaiy
3aTBepAiHHS PO3ILIABY,
700- 500 DATHII pOSTEBY, 5,5 36
3BOPOTHUI KBapLIOBUIl epexig
500 — 50 — 5,0 90
JlunaToMeTpUUHUI aHaNi3 MMOKa3as, M0 poboya Ma- BucHoBku.
ca XapaKTepu3yeThes cIabKOI0 CHIKIMBICTIO, PO IO CBi- 3ampornoHoBaHa pecypco3depiraroda  TEXHOJOTIS

JIYUTh HE3HAYHE 3MEHILICHHS JIOBXWHH 3pa3Kka MPOTAroM
BCHOTO IIEPiOly BUMIpIOBaHHsS. TemIiepaTypoio BHUNAILy
HamiBpaOpuKaTiB CIil BBaXaTd Temmeparypy 950—
960 °C, ToMy 110 3a LUX TEMIepaTyp Maca CHIKaeThes 3
MaKCHMaJIbHOIO IIBHJKICTIO, a 3a OUIBbII BUCOKUX TEMIIe-
paTyp TpOLEC CIIKaHHS VIIOBUIBHIOEThCSI. HalOumbi
KPUTHYHUMH, 3 TOYKH 30py BHUHHKHEHHS HEOE3NeUHHX
TEPMIYHUX HANpyKeHb B MaTepiall, € TeMrepaTypHi 30-
HU, SKi BIATIOBIAAIOTH IUITHKAaM JETiApartanii TIHHICTUX
MiHepaJiB, IPSIMOTO Ta 3BOPOTHOTO KBAPIIOBHX MEPEXO/IIB
Ta IHTEGHCHBHOTO CIIiKaHHSA. J[s 3MeHIIeHHs HeOe3nekn
BUHHMKHEHHs JIe()eKTiB BUMATy LIIBUJKICTh HArpiBaHHS Ta
OXOJIOJDKEHHSI B O3HAYEHUX TEMIICPAaTYpHHX 30HAX Mae
OyTH 3MEHIIICHA.

Ha ocHOBiI maHUX OUIATOMETPUYHOTO aHANi3y OyB
CIPOEKTOBAHHH paIlioOHaNbHUIN PEeXUM BUMATy HariBhao-
pukariB. IIpy mpoeKTyBaHHI peXXUMy BHUIIAITy BUXOJIUIIH 3
NPaKTHYHUX JAHUX TPO Te, WO JUIS BUIATY MYCTOTUIMX
BUPOOIB TPUBATICTH [[LOT'O TEXHOJIOTIYHOTO MPOIECY MO-
ke cranoButH 40—48 rox. BpaxoByrouu 3amaHy IyCTOT-
HicTh BUpOOiB (50 %), OyJI0 NPUIHHITO TPUBAIICTH BUIIA-
1y
XapaKTepUCTUK poO0OYOi Macu, MPOMOHYIOTHCS HACTYITHI

44 romuan.  Buxomsum 3 IHJIATOMETPHYHUX
TPUBAJIOCTI TEPiONiB BHIIANY, SIKIi MalOTh 3a0e3MEUYUTH
6e3znedextHnit Bunan Hamisgpabpukartis. [lepionn Bunamy
3 JIJAHUMH TIPO IIBUJIKICTh 3MIHH TEMIIEpaTypu MPOTAIOM

UX Tepio/iB HaBeIeHi B Ta0. 4.

OTPUMaHHS MOPU30BAaHMX KEepaMiYHUX MarepialiB 3 BH-
KOPHUCTaHHSAM HECIIKIMBOTO CYIICKY HH3BKOI TEXHOJIOT-
4yHOI sSIKOCTi sIK 0a3oBoi cupoBuHH. [IpoBenenuit anamis
IUTACTUYHOCTI KepaMiYHUX Mac, CKIQJCHUX i3 CYIIICKY,
KEpaM3UTOBOT IIIMHH Ta MaJMBHOIO IIJIAKY B PI3HUX CIIiB-
BiTHOIIICHHSX, BCTAHOBIICHI MEXi BMICTY OCHOBHOI CHpO-
BUHH, 1110 3a0e3MedyBaTUMYTh HEOOXIIHMI piBeHb ILIac-
THYHOCTI Mac: manuBHUI mutak — 15-20 %; cymicok —
50—65 %; kepamsuroBa rnumHa — 20—30 %. Meronom
IUIAaHYBaHHS €KCIIEPUMEHTY IPOBEICHO OOIPYHTYBaHHS
PanioHAIFHOTO CKJIAAy KepaMiuHOI MacH, M0 XapaKTepH-
3Y€ThCSI HACTYIIHUM BMICTOM CHpOBUHHU: 62,5 mac. % cy-
micky, 20 % cepeqHbOCIIKINBOI TUIACTUYHOI TJIMHU SIK
iactudikaropa Macu 1 crikaro4oi nobasku ta 17, 5%
nanuBHoro nuiaky TEC sk mopuzatopa. Ha ocHoBi pe-
3yNbTaTiB JUJIATOMETPHYHOTO aHAJi3y MacH CIPOEKTOBa-
HUH panioHaIbHUH PEXUM BHIATY ITyCTOTHHX HamiB(ao-
pukaTiB, sAkui mnependavae 44 TONMHHMK BHUMAN i
3HW)KEHHS IIBUAKOCTEH HarpiBy Ha HeOE3MEYHUX TeMIIe-
paTypHUX OIJITHKAX, SKi BiMOBINAIOTh JeTiaparaiii Tiau-
HUCTUX MIiHEpaJiB, MPSAMOr0 Ta 3BOPOTHOTO KBAapIIOBUX
TepPexXo/IiB Ta IHTEHCUBHOTO cHikaHHSA. Ha ocHOBi po3po-
6reHoi mMacu 3a Temmeparypu Bunaimy 950 °C orpumani
MTOPU30BaHI KepaMidHi MaTepianyd 3 ySBHOI T'yCTHHOIO
1,48 r/em®, Meskero MitHocTi mpu ctrcky 18,2 MIla i Mo-
posocriiikicTio 30 mMKIIB, AKi BiZHOCATHCS OO TPYIH
YMOBHO €()eKTUBHHX, a 3 ypaxyBaHHsAM 50 % mycToT Mo-
JKyTb OyTH BiTHECEHI IO TPYIH €PEKTUBHUX.
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Po3po0iiena TeXHOIIOTis peKOMEHAY€EThCS [UIsl BUPO-

OHMIITBA KepaMiYHUX KaMEHIB 3 MOPH30BAHOIO CTIHKOIO

Ta HyCTOTHiCT}O 50 %, 10 MOXXYTb BUKOPUCTOBYBATUCHA B

CyJacHOMY eHepro3oepiraroyoMy OyIiBHUIITBI IUISA CIIO-

pYyMKeHHs! OyniBenb 3 MiHIMaIbHUM a00 HYJIBOBUM CIIO-

KUBAHHSAM €JICKTPOCHEPTIii.
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O0.10. ®EJIOPEHKO, J1.0. AIIIEHKO, /1.0. ®E/JOPEHKO, B.O. ®E/]OPOBHY, O.M. KOHEB

PO3POBKA JIETKOIIJIABKUX CKJIOKEPAMIYHUX 3B’SA30K AJIs1 BHCOKOPECYPCHOI'O
AJIMA3HO-ABPA3UBHOI'O IHCTPYMEHTY

JlocTipKeHHST CIIPSIMOBAHO Ha CTBOPEHHS BHCOKOPECYPCHHX alMa3HO-a0pa3sHBHHUX IHCTPYMEHTIB 3 KPYIHOIIOPUCTOIO CTPYKTYPOIO poOOYoro mapy,
BUKOPHCTAHHS SIKUX 3MEHIIye BHHUKHEHHS Ae(eKTiB IuTiyBaHHS IpU 00poOLi YyTIMBUX [0 IeperpiBy MaTepiaiiB. 3a HasIBHOCTI BiAKPHTOI CTPYK-
Typu pobodoro mapy 3abe3nedyeTbest epeKTUBHE BUAAICHHS CTPY)KKH, IO BUKIIFOYAE 3HIDKEHHS Pi3albHOI 3[JaTHOCTI IHCTPYMEHTY BHACIIIOK 3a-
OpynHeHHs NUTihyBaJbHEM IIIAMOM Ta CTBOPIOE CHPHSATIMBI YMOBH Ul IHTCHCHBHOIO Pi3aHHS MaTepialliB IPH BUKOPUCTAHHI 3a MIBUAKICHUX pe-
xuMiB mutidyBaHHs. g peamizamii miei 3agadi po3poOJICHO JIETKOILIABKi CKIOKEpaMiuHi 3B’SI3KH I aJMa3HO-aOpa3sHBHHX IHCTPYMEHTIB, SIKi
JIO3BOJISIIOTH 301IBIINTH pecypec eKCIUTyaTalil iIHCTPYMEHTY 3aBJUSIKH IIONEPEDKCHHIO IepequacHOro PyWHyBaHHS aIMa3HHX 3€PeH Ta CTBOPEHHIO
YMOB JUISl PalliOHAIEHOTO CaMO3BTOUYYBAHHS aJIMa3HUX 3€peH IIif 4ac IuTiyBaHHS. 3 BUKOPHCTAaHHIM KOMIIIEKCY PO3PAaXyHKOBHX JaHUX IOAO OC-
HOBHHX XapaKTEPUCTHK CKJIOKOMITO3HLiIl MIIIXOM (PaKTOPHOTO INIAHYBAHHS BU3HAYEHO 3QJIEXHOCTI «CKJIaJ] — BIACTHBOCTI» Ta BCTAHOBJICHO 00JIACTh
ONTHUMAILHUX CKJIA/iB CKIOKEpaMiYHUX 3B’SI30K, sIKi 3a0€3IeUyIOTh CIIIKaHHS aJMa30BMICHOTO KOMITO3UTY 3a Temneparypu 550—650 °C. IToka3ana
e(peKTHBHICTH BUKOPHCTAHHS ATIOMOCHIIKaTHUX MIKpOC(ep TEXHOTeHHOTO MOXOKEHHS SIK CTPYKTYypOYTBOPIOIOUOTO HAIlOBHIOBaYa, 110 3abe3nedye
(hopMyBaHHS KPYITHOIIOPHCTOI CTPYKTYpH. Bru3HaueHo 0coOIMBOCTI XIMITHOTO i (ha30BOT0 CKJIax TEXHOT€HHHX 30J10c(ep, BIIyYeHNX 13 301 BUHOCY
Kpusopizskoi TEC. BcraHOBICHO, IO TIPH CIIIKaHHI aJIMa30HOCHOTO IIapy IHCTPYMEHTY B 00OJIOHIII 30510chep BinOyBaeThesi (OpMyBaHHS KpHUCTa-
JIYHAX HOBOYTBOPEHb 3 BHCOKOIO TBEPHICTIO (TEpPIMHIT, MYJIT, MarreMiT, IIIiHeNb). 3 BUKOPHCTAHHIM 30JI0c(ep Ta po3poOIEeHHX JISTKOIIaBKUX
3B’5130K, JIO CKJIamy SKuX BXonath 10 30 Mac. % BiIXOXiB CKIOBHPOOHUITBA, BUTOTOBJIECHO JIAOOPATOPHI 3pa3KH alMa30BMiCHHX KOMIIO3HTIB 3 BiJK-
puroto nopuctictio 45-50 %. JlocmipkeHHS iX MIKpOCTPYKTYpH Ta MOP(OIOTiYHUX OCOONMBOCTEH IO3BONIIIM BH3HAUUTH po3mipu mop (130-
200 MKM) Ta BCTAaHOBHTH, IO TIPH IUTi(yBaHHI BiOYBa€THCS YaCTKOBE PYHHYBaHHS 30J10C(ep 3 YTBOPSHHSIM TOJATKOBHX Pi3aJIbHUX €IEMEHTIB, 110
IIiABHIITY€ Pi3aJibHY 3[aTHICTH IHCTPYMEHTY B IiIoMy. Pe3ynbTaTé HOCIIUKEHb BKa3yIOTh Ha JOLIIbHICTE BUKOPHCTAHHS OOPAaHOTO IiAXOMY IO BH-
00py CKIIaTOBUX aJIMa3HO-KEPaMiqHOTO KOMIIO3UTY, a TAKOXK PEXKUMIB TepMOOOPOOKH aIMa30HOCHOTO IIapy P CTBOPEHHI iHCTpyMmeHTy. Takuif mi-
X1/l CyTTEBO PO3LIMPUTH MOKIUBOCTI BUTOTOBJIEHHS aJIMa3HO-a0pa3HBHOTO IHCTPYMEHTY Ha JIETKOIUIABKHX CKJIOKEPAaMIYHUX 3B’s3KaX Ta CIPHUATHME
MOKpAIIeHHIO 00pOOKH JeTaneil 3 BaKKooOpoOIIIOBaHNX MaTepiaiB.

Korouosi ciioBa: anvasHo-aOpa3uBHHUIT IHCTPYMEHT, JIETKOIUIABKA CKIIOKepaMidHa 3B’s3Ka, TEXHOTEHHI MiKpoc(epH, KpyIHOIOPUCTa CTPYKTypa
po0Godoro mapy, pi3ajibHa 30aTHICTb.

E.I0. ®E/IOPEHKO, J1.A. AIIIEHKO, /I.0. ®E/JOPEHKO, B.A. ®E/IOPOBHY, A.H. KOHEB

PA3PABOTKA JIETKOIIJTABKUX CTEKJIOKEPAMHWYECKHUX CBA3O0K AJIs1
BBICOKOPECYPCHOI'O AJIMA3HO-ABPAZUBHOI'O HHCTPYMEHTA

HccrnenoBaHus HampaBlIeHbI HAa CO3[aHUE BBICOKOPECYPCHBIX aMa3HO-aOpa3sHBHBIX HHCTPYMEHTOB C KPYIHOIIOPUCTON CTPYKTYpOil pabodero cios,
UCHOJIb30BAHNE KOTOPBIX YMEHBIIAET BOSHUKHOBEHHE Ae(eKTOB NUIM(OBaHHS PH 00pabOTKe YyBCTBUTEIBHBIX K MeperpeBy. PopMUpoBaHHE OTK-
PBITOH CTPYKTYpBI pabouero ciost obecrieunBaet 3((eKTHBHOE yIaleHHE CTPY)KKH, MCKIIIOYAaeT CHIDKCHHE PEXYIIeil COCOOHOCTH MHCTPYMEHTa
BCIIC/ICTBHE 3arpPsI3HEHMS NUTH(OBATIBHBIM IINIAMOM H CO3/AeT OJIArONPHATHBIC YCIOBUS [UIs HHTEHCH(UKAINKE 00pabOTKH MaTepHaIoB MPH HCIIONb-
30BaHHU CKOPOCTHBIX PEXHMOB pe3aHus. B pamkax uccreoBaHMH pa3pabOTaHbl JIETKOIUIABKUE CTEKIOKEPAMHYECKHE CBS3KM JUIS alIMasHO-
a0pa3MBHBIX HHCTPYMEHTOB, KOTOPBIC MO3BOJISIIOT YBEIHYUT PECYPC IKCILTyaTallid HHCTPYMEHTA OJ1arofapst MpeaynpexaeHUIO IPEeKICBPEMEHHOT O
pa3pyIlICHHs aIMa3HBIX 3¢PEH M CO3JAHUIO  KPYMHONOPHCTON OTKPBITOH CTPYKTYphI pabouero cios. C HCHOIb30BAHUEM KOMILIEKCA PACUYETHBIX
JTAHHBIX 00 OCHOBHBIX XapaKTEPUCTUKAX CTEKOMIIO3HLHH MyTeM (paKTOPHOrO IUIAHHPOBAHHS OMPEAEICHBI 3aBUCHMOCTH «COCTaB — CBOWCTBa» H
YCTaHOBJICHA 00NACTh ONTHMAIIBHBIX COCTABOB CTEKIOKEPAMHYECKUX CBSI30K, 00SCIICYNBAIONINX CHEKaHHE alIMa30COACPIKAIIEr0 KOMIIO3HTA IPH Te-
mueparype 550—-650 °C. ITokazana 3()(eKTUBHOCTh UCHOIB30BAHMS ATIOMOCHIMKATHBIX MUKPOC(HEp TEXHOTEHHOTO MPOUCXOXKICHUS KaK CTPYKTYpO-
00pa3yoIIero HamoJIHUTENS, 00ecTIeunBaroIero GopMUpoOBaHIE KPYITHOMOPUCTON CTPYKTYpbl. OnpeneneHbl 0COOEHHOCTH XUMHYECKOTO U (ha30BOro
COCTaB TEXHOTCHHBIX 30110cep, U3BICUCHHBIX U3 3016 yHOca KprBopoxckoit TOC. YCTaHOBICHO, YTO IIPH CHEKaHUH aIMa30HOCHOTO CIIOS HHCTPY-
MeHTa B 000J109Ke 30510c(hep NPOUCXoaUT (POPMUPOBAHHE KPUCTALTMYECKHMX HOBOOOPA30BaHUIT C BBICOKOW TBEPIOCTHIO (TEPIMHUT, MYJUIUT, Marre-
MHT, mmuHens). C ucnonbp3oBaHueM 3010chep U pa3pabOoTaHHBIX JISTKOIUIABKHX CBSI30K, B COCTaB KOTOPBIX BXOMAT 10 30 Macc. % CTEKIOOTXOJ0B,
H3TOTOBIICHB! 1Ta00paTOPHBIE 00Pa3Ibl AIMa30COAEPIKAIINX KOMIIO3HTOB C OTKPHITOI MOPUCTOCTHIO 45-50%. McenenoBanus UX MHKPOCTPYKTYPHI H
MOP(OIOrNIECKHX 0COOCHHOCTEH MO3BOIMIIN ONpeaenuTh pa3Meps! mop (130-200 MKM) U yCTaHOBUTH, YTO MPU ULTH(OBAHUU MPOUCXOIUT YACTHY-
HOe pa3pyleHue 300chep ¢ 00pa3oBaHHEM AOMOIHUTENBHBIX PEKYIINX JIEMEHTOB, YTO MOBBIIACT PEXKYIIYIO CIIOCOOHOCTh HHCTPYMEHTA B L[ETOM.
Pe3ynbTaThl MCCIEAOBAHMI CBHIETEIBCTBYIOT O L€JI€COOOPA3HOCTH HCMOJIb30BAHHS IPEITOKCHHOTO MOAXOJa MPH BHIOOPE COCTaBa alMasHO-
KEPaMHUYECKOT0 KOMITO3HUTA 1 PEKHUMOB TEPMOOOPAOOTKH aIMa30HOCHOTO CJIOS IIPU CO3/IaHUH HHCTpyMeHTa. Takoil MOIX0/ CYIIECTBEHHO PACIIHPUT
BO3MOXKHOCTH M3TOTOBJICHHS BEICOKOPECYPCHOTO ajIMa3HO-a0pa3sHBHOIO HMHCTPYMEHTA Ha JICTKOILUIABKHUX CTEKJIOKEPAaMHYECKUX CBS3KaxX U Oy/eT cro-
cOOCTBOBaTh YJIyUIICHUIO 00padOTKH JieTalei U3 TPy JHOOOpadaThIBAeMbIX MaTEPHAJIOB.

KuioueBble ci10Ba: anmMa3HO-aOpa3HBHEIT HHCTPYMEHT, JIETKOIUIABKas CTEKIOKPUCTAIUTMYECKAs CBSI3KA, TEXHOTCHHBIE MUKPOC(HEphI, KPYIHOIOpH-
cTas CTpyKTypa pabouero ciosi, pexyiiasi CliocOOHOCTb.
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0.YU. FEDORENKO, L. 0. YASHCHENKO, D.O. FEDORENKO, V.0. FEDOROVYCH, O.M. KONIEV

DEVELOPMENT OF LOW-MELTING GLASSCERAMIC BONDS FOR HIGH RESOURCE
DIAMOND-ABRASIVE TOOLS

Research is aimed at creating high-resource diamond-abrasive tools with a large-pore structure of the working layer, the use of which reduces the
occurrence of grinding defects when processing materials sensitive to overheating. The formation of an open structure of the working layer ensures
effective chip removal, which excludes a decrease in the cutting ability of the tool due to contamination with grinding sludge and creates favorable
conditions for intensifying the processing of materials when using high-speed cutting modes. As part of the research, low-melting glass-ceramic
binders for diamond-abrasive tools have been developed, which make it possible to increase the tool service life due to the prevention of diamond
grains premature destruction and the creation of a large-pore open structure of the working layer. Using a set of calculated data about the main
characteristics of glass compositions by factor planning means, the dependences «composition - properties» were determined and the area of optimal
compositions of glass-ceramic bonds was established, which ensure sintering of a diamond-containing composite at a temperature of 550-650 °C. The
efficiency of the use of alumino-silicate microspheres of technogenic origin as a structure-forming filler providing the formation of a large-pore
structure is shown. The features of the chemical and phase composition of the technogenic spheres recovered from the fly ash of the Krivoy Rog TPP
have been determined. It has been established that when the diamond-bearing layer of the tool is sintered in the shell of the ash spheres, crystalline
new formations with high hardness (hercynite, mullite, maghemite, spinel) are formed. Using ash spheres and developed low-melting binders, which
include up to 30 mass. % of glass waste, the laboratory samples of diamond-containing composites with open porosity of 45-50% were made. Studies
of their microstructure and morphological features made it possible to determine the pore size (130-200 pm) and establish that during grinding, partial
destruction of ash spheres occurs with the formation of additional cutting elements, which increases the tool cutting ability. The research results
indicate the advisability of using the proposed approach for selection of the diamond-ceramic composite components and the modes of heat treatment
of the diamond-bearing layer when creating a tool. This approach will significantly expand the possibilities of manufacturing large-pore diamond-
abrasive tools with a high service life at minimal material costs and will improve the processing of parts made of difficult-to-machine materials.
Keywords: diamond abrasive tool, low-melting glass-crystalline bond, technogenic microspheres, large-pore structure of the working layer, cutting

ability.

Beryn. CyuacHuii piBeHb HAYKH 1 TEXHIKM BU3HAYa€e
BUCOKI BUMOTH JIO SIKOCTI 1 MPOAYKTUBHOCTI OOPOOKH I10-
BEPXOHb JIeTajeil Ta 0OYMOBIIOE HEOOXiTHICTH CTBOpPEH-
HSl HOBUX BHCOKE(EKTHBHUX IHCTPYMEHTIB JJIsl HOTpeO
MIATPHEMCTB Pi3HOTO CIIPSIMYBaHHS MAaIIMHOOYIiBHOI ra-
Jy3i, a TaKOX BiACHKOBO-IIPOMHKCIIOBOTO KoMIUIekcy. Ha
CHOTOJHI anMa3He NUTipyBaHHS € HAWOUTBIT BHCOKOMIPO-
JIYKTUBHUM CIIOCOOOM 00pOOKH jeTajeil 3 BamxKkooOpoo-
JIOBAaHUX MaTepiajiB: TBEPAUX CIUIABIB, CHTANIB, KepaMi-
K{, a TaKoX HaATBEpJMX HEMETaJiuHUX MarepiayliB Ha
OCHOBI anMa3zy Ta KyOiunoro Hitpuxgy Oopa (III). HesBa-
JKAFOUM HA YHUCJICHHI JOCII/DKEHHS B HAMPSIMKY YIOCKO-
HaJICHHS TEXHOJIOT11 BUTOTOBJICHHS anMasHo-
abpa3uBHOTrO iHCTpYMEHTY (AAI), muTaHHS IMiBUIICHHS
HOTO MPOJYKTHBHOCTI Ta PECYPCHOCTI 3aIMIIAETHCS Bi/IK-
purtum [1-3].

OnHUM 3 NEPCHEeKTHBHHUX HANPSMKIB ITiJABUIIECHHS
e(heKTUBHOCTI asMa3HO-abpa3uBHOI OOPOOKM € BHUKO-
pHCTaHHS AJIMa3HMUX KPYTiB Ha KEPaMi4HUX 3B’S3KaXx, sIKi
Y TIOPiBHAHHI 3 METaJIEBUMHU 200 IOJIMEPHUMH 3B’ I3KaMHU
Ii/IBUIYIOTh TBEPAICTh aiMa3oHocHOro mapy AAI, 36i-
JbIIYIOTh TPUIYCTUMY TeMIieparypy uutidpyBaHHs, 3a-
0e3MeYyI0Th BHCOKY TOYHICTH OOpOOKH JeTaneit 3 iH-
CTPYMEHTAIBHAX MeETaJiB 1 CIJIaBiB, KOMIIO3HMIIIHHUX
MarepiaiiB, CKJIOKEpaMiKM Ta 3[aTHi /0 pauiOHAIFHOTO
camo3atouyBaHHs [3—6]. ['0JOBHMI HEIONIK ICHYIOUHX
KepaMiuHHX 3B 530K 1t AAI noB’si3aHui 3 BUCOKOIO Te-
MIEPaTypoIO CIIIKaHHS TAKUX KEPaMOMATPHUYHUX KOMIIO-
3uTiB. ToMy BilOMi THIOBI KepamiuHi 3B’SI3KH 3aCTOCO-
BYIOTh IEPEBAKHO [UII BHTOTOBJICHHS IUII(YBaJIbHOTO

IHCTPYMEHTY 3 TEMIIepaTypOCTIHKIX abpa3uBiB (e1p00py
abo kopyHay). SIK BiZOMO, CIiKaHHS ajJMa30BMICHHX
KOMITO3HTIB B TAaKMX YMOBaX BHKIIMKAa€ NeperdacHe pyi-
HYBaHHS aJIMa3HHUX 3€PeH BHACIIJOK BUHMKHEHHS B HHUX
HATIPYT, a TAKOX rpadiTu3arii, Mo YHEMOXKIIMBITIOE BUKO-
pPHUCTaHHS THIIOBUX KEpPaMi4HUX 3B’SI30K INPU BUTOTOB-
nenni AAI [7, 8].

3 orysily Ha BUILEBHUKIA/IEHE, CTBOPEHHS! BUCOKOpPE-
CYPCHHX alIMa3HO-aOpa3MBHUX IHCTPYMEHTIB 3 BHKOPHC-
TaHHSM JICTKOIUIABKUX CKJIOKEPaMIYHUX 3B’SI30K i3 3a1a-
HUMH BIIACTHBOCTSIMHM, sIKi 3a0e3medyioTh 30epexkeHHs
LTICHOCTI 3€peH NpH CIiKaHHI alTMa30BMICHOTO LIapy Ha
eTari BUTOTOBJICHHS IHCTPYMEHTIB Ta MOKPAIyIOTh ajMa-
30yTPUMaHHs NPH LUTI(PYBaHHI, € aKTyaJbHUM.

Merta podotu. [llupoke 3acTocyBaHHs, a B 6ararbox
BUIAJIKaX 1 HE3aMIHHICTh aIMa3HO-abpa3MBHOTO IHCTPY-
MeHTy (AAI) B pi3HHX 00JACTSIX MPOMHUCIOBOCTI BHU3HA-
YalOTh aKTYyaJbHICTh HAYKOBUX IOCII/KEHb B HAIMPIMKY
YJIOCKOHAJICHHS CKJIadiB 1 BIACTHBOCTEH ajMasHO-
a0pa3vBHHUX KOMIIO3HTIB, B TOMY YHCJIi, 3B’SI30K IS IMiJI-
BUIIEHHS X mpare3naTtHocTi 1 iHTeHcuikamii mpouecy
nutipyBasHA. ToMy METOI0 ITaHOTO IOCTIKeHHS Oyia
pO3po0Ka JIErKOIJIaBKUX CKJIOKEpaMidyHMX 3B 530K 13
KOMIUIEKCOM 3aJaHuX (Di3MKO-MeXaHIYHUX 1 Termnodizny-
HUX BJIACTUBOCTEH JJIsI BUTOTOBJICHHS aJMa30BMiCHOTO
KOMIIO3UTY y BUPOOHHMIITBI aiMa3HO-abpa3suBHHUX 1HCTPY-
MEHTIB.

OcHoBHa yacTuHa. HeBmmHHMH TeMN 3pOCTaHHS
norped GaraTominbsipaHOi abpa3uBHOI iHAYCTpil BUMarae
PO3pOOKH HOBHUX 1 BIIOCKOHAJIEHHS iICHYIOUHMX CKJIAIiB a0-
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Pa3sMBHUX IHCTPYMEHTIB. 3aBASKH PEKOPIHIA TBEpAOCTI
anMa3 € He3aMiHHUM IIpH 00poOIli BUPOOiB 3 BaKKOOOPO-
OnroBaHUX MatepianiB. AOpa3uBHI IHCTPYMEHTH HOBOTO
MTOKOJIHHS 3 HaATBEpANX MaTepialliB, 30KpeMa ajaMa3Ho-
abpa3uBHI, KOPUCTYIOTHCS IMIMPOKUM IOIMTOM Y BCIX Ia-
Ty3s1X, TIOB’SI3aHAUX 3 HAATOYHOIO 0OPOOKOIO NeTasei 3 pi-
3HUX TPYN MatepiaiB s NoTped aBia- Ta MaIMHOOYTy-
BaHHS, CJICKTPOHIKY Ta CHEPTETHUKH.

Ha cporogHi puHOK anma3HO-aOpa3MBHOTO IHCTpY-
MEHTY Ha ChOTOJHI NPEICTABICHUH IHCTPyMEHTTaMH Ha
opraHiyHux (TOJIIMEPHHX, BYJIKAHITOBUX) Ta HEOpraHid-
HUX (MeTaleBuX, KepamiuHux) 3B’ s3kax. AAI Ha momime-
PHHX Ta METaJeBUX 3B’s3KaxX He 3a0e3MeuyroTh parjioHa-
JBHOTO C€aMO3aTOYyBAaHHS IHCTPYMEHTYy Ta IIBHIKO
«3aCallloIOThCS», 10 PU3BOAMTH 0 TEepeayacHoi BTpaTH
piKydol 3MaTHOCTi, HEOOXIMHOCTI BUKOPHCTaHHSA INTYyY-
HUX METO/IIB BiIHOBJCHHS 1X po0OOYOi MOBEPXHi Ta 3HU-
KCHHS SKOCTI Ta MPOIYyKTHBHOCTI 00poOKku. HaromicTs
BUKOpHCTaHHS AAI Ha KepaMiduHHUX 3BsI3KaX J03BOJIAIOTH
BECTH OOpOOKYy B PEKHMIi palliOHaJBHOTO CaMO03aTOdYy-
BaHHs, KOJIM B Ipoleci nutipyBaHHs BiOYyBa€ThCsS OHOB-
JICHHS pi3aJIbHUX TTOBEPXOHb 3€PCH Ta 1X BUIAJICHHS 3 PO-
00uoi MOBEpXHi MiCJIs OCTAaTOYHOI BTPaTH pi3albHOI
3maTHOCTi. Cepen mepeBar AAI Ha KepaMidHUX 3B’sI3Kax
MOXKHa BIJI3HAYMTH TOYHICTh, MiIBUIIEHY HPOJYKTHB-
HICTh OOpOOKH JTeTalied, a TaKOX MOXKIUBICTD «XOJOIHO-
ro» HuTi(hyBaHHsL.

OCHOBHUM HEIOJIIKOM ICHYIOUMX KOMITO3HTIB Ha Ke-
paMiYHUX 3B’S3Kax € BHCOKa Temmeparypa (opmyBaHHs
(monan 800 °C), 3a sKuX BigOyBaeThcs TrpadiThzalis ai-
Ma3iB. Bka3zaHuil HeMOJIIK MOXKHA MMOJOJIATH 33 PaxyHOK
BUKOPHCTAaHHS JIETKOIUIABKOi CKJIOKEPaMIiuHOI 3B’S3KH,
sika 3a0e3rnedye CIiKaHHS alIMa30HOCHOTO Iapy iHCTpY-
MeHTY 3a 3HWKeHoi Temneparypu (550-600 °C). B cBoro
4Yepry CKJIOKepaMiyHi 3B’3KH HAJIAIOTh MOMJIIMBOCTI IS
(opMyBaHHs KPYITHONOPHUCTOI CTPYKTYPH KepaMoMaTpH-
YHOTO aJMa30BMICHOTO KOMIO3UTY 3 PETrYJIbOBAaHOIO IO-
pucricTio. B 1poMy BHIIaZKy BHKIIOUA€THCS «3aCAIIO-
KpYyTiB, IO
CIPUYMHSE BUHUKHEHHs AedekTiB nutidpyBaHHs (TpHIa-

BaHHS» po0OYOi TIOBEpXHI aJIMa3HUX
JiB) 3aBAAKH 3HIDKEHHIO TEMIIEpaTypH B 30HI pi3aHHA
BHACIIJIOK iHTeHcuikamii MOBITPIHOTO MOTOKY, SKHH
MOTPAIUISIE B 30HY Pi3aHHS.

AmHamniz cydacHHX pO3pO0OK, CIIPSIMOBaHHX Ha
OTPUMAHHS BHCOKOCTPYKTYPHOTO KPYITHOIIOPHCTOTO a0-
PasMBHOTO IHCTPYMEHTY, CBiIYMTH, IO (OPMYyBaHHS IO-
pyBartoi CTPYKTypH BiOyBaeThCS 3a MEXaHI3MOM CITydy-
BaHHA (32 YMOBHM BHMKOPHCTaHHS I'a30TBIpHHX 100aBOK)
a00 TpY BUKOPUCTAaHHI KePaMiuHUX MiKpocdep sK CTPYK-
TypOYTBOPIOIOYOTO HaNOBHIOBada. 30KpeMa JJsl BUTOTO-

BJICHHS BHCOKOCTPYKTYPHHX KOPYHAOBHX aOpa3sWBHHUX

KpYI'iB BHMKOPHCTOBYIOTH cepokopyHa. IIpore ix Buro-
TOBJICHHS BiIOyBaeThCS 3a BHCOKUX Temmeparyp (950-
1350 °C 3anexxHO Bif CKIIaAy KepamidyHOI 3B’S3KH), IO €
HEIPUIYCTAMHM U ajaMa3HO-aOpa3uBHOTO iHCTpyMeEH-
Ty, OCKUIBKM BHCOKOTEMIIEPATYPHUI BUMAT CHPUUUHSE
rpadiTH3alio aatMa3HuX 3epeH [9].

BriM icHye mepcriexTHBa BHKOPHUCTaHHS TEXHOTEH-
HUX Mikpocdep (3010cdhep), sKi yTBOPIOIOTHCS IPHU CHa-
JIOBAaHHI  BYriJUIA HA  MiJOPUEMCTBAX  TATUBHO-
€HEPTeTUYHOTO KOMIUIEKCY Ta 3HAWIUIA BUKOPHUCTAHHS
SIK 3alOBHIOBaY KOMITO3HMLIHHUX B’SDKYYHMX MarepialiB
[10, 11]. 3omocthepu MaroTh ineanbHy chepudny Gopmy
Ta BOJIOMIIOTh YHIKAJIFHAM KOMIUIEKCOM BIIACTHBOCTEH:
HU3bKa ryctuna (200-600 KF/M3); KAPOCTIHKICTh (TeMIe-
patypa tuiaBienHs noHax 1200 °C), minHicTs Ha Bcebid-
Huii ctuck (5—10 MIla); Husbka Temnonposiguicts (0,07—
0,11 Br/(m-K)), ximiuna criiikicts [12]. Ha cboronni Bxke
ICHYIOTh TEXHOJIOTIi BUJIYYEHHS 30J10C(ep i3 30JIU-BUHOCY
teruoenekTpoctannii TEC, mo mo3Boisge po3riigaTu
MTOPOXKHKCTI AJTFOMOCHIIIKATHI 30JI0C(epH, SK pecypco-
LiHHY TEXHOTCHHY MiHEpalbHy CHPOBHHY, IO € aHallo-
rOM IITYYHHX aTFOMOCUIIKaTHUX Mikpochep. o Toro x
BHKOPHCTAHHS Yy MaTepiaJJoEMHOMY BHUpPOOHHITBI abpa-
3MBHOTO 1HCTPYMEHTY 30J0cdep, SKi pa3oM i3 30J01LIa-
koBuMu Bimxomamu (3LIB) 30uparoTbcs y BeMHMUYE3HUX
00’eMax y IIUIAMOHAKONMYYBayaX, COPUSATHME BHpIlLIEH-
HIO TipoOiemu ytwmizamii Bigxonis TEC Ta mominmeHHIO
€KOJIOTIYHOTO CTaHy HAaBKOJIMIIHBOrO cepepoBumia [12,
13].

OTKe HEeOoOXigHICTH  PO3POOKM  JIETKOTUIABKUX
3B’s130K it AAI Ta mepcreKTUBHICTh BUKOPUCTAHHS 30-
nocdep AN JOCATHEHHS IOCTAaBJICHOI METH aBTOpaMu
OyJI0 IMOCIiIOBHO BUPIMICHO HACTYITHI 3a/1a4i:

—13 BUKOPHUCTAHHSM IPUKIAJHUX IPOTrpaM po3pa-
XOBaHO BJIACTHBOCTI MOJIEIFHUX KOMITO3UINH B PiAKOMY
Ta TBEPAOMY CTaHi;

—3a pe3yibraTaMH (PaKTOPHOTO IIAHYBaHHS BCTa-
HOBJIEHO BIJIOBIAHI 3aJIEKHOCTI «CKJaJ — BJIACTHBOCTI»
MOJIETIbHUX KOMITO3MIIH Ta BU3HAYEHO 00JacTh ONTHMa-
JIBHMX CKJIAJIiB 3B’ S3KH,

— €KCHEPUMEHTAIBLHO JIOCHIPKEHO CKIIaj Ta BIACTH-
CTPYKTYpO-
YTBOPIOIOUOT'O HAIIOBHIOBaya adpa3sMBHUX KOMIIO3HUTIB;

BOCTI  TEXHOTCHHHMX  30iocdep, K

— pO3pOOIIEHO CKIIaJl AIMa30BMiCHUX KOMITO3UTIB Ta
JOCITKEHO X MOpdoIoriuHi 0co0IMBOCTI.

Jns BupimmeHHs 3amadi BHOOPY ONTHMAJIbHOTO
CKJIQ/ly TPUKOMIIOHEHTHOI CHPOBHHHOI CyMillli i BUBYEH-
HA B3aEMO3B’SI3KY CKJIaAy 1 OCHOBHHMX BIACTHBOCTEH
CKJIOKEpaMi4HOi 3B’SI3KHM, IO BHU3HAua€ ii (QyHKIIOHAIb-

HICTh, BUKOPUCTOBYBAJIN CHMIUIEKC-TPAaTIaCTHH METOX
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edde, cyTs sikoro mosisirac B OTpUMaHHI aHATITUYHUX
3aJIeKHOCTEH BIIACTHBOCTEH BiX CKJIamy marepialy 3 BU-
KOPHCTAHHSAM CIeliaIbHUuX anroputMis [14]. Bpaxosyto-
Yl MOXXJIMBY HENIHIWHICTh AHATITHYHAX 3aJICKHOCTEH
«CKJIaJ — BJIACTUBOCTI», IIPH IJIAHYyBaHHI €KCIIEPUMEHTY
BHKOPHCTAaHA cIiellianbHa KyOiuHa moxenb (puc. Nela).
Sk ¢akropu Xi (i = 1...3) npuiHATO HACTYMHHH BMICT
KOMIIOHEHTIB ~ cyMimeii: ckiob6iif  (HaTpif-KaibIiii-
cuikatae ckio HC-1) 10-30 wmac. %; TutaHoBi Ginnia
0-20 mac. %; ceunnesuit rinet 70-90 mac. %. [Ipu npomy
BMicT HiTpary BicmyTy (1) y ckmazi cymimeit 3anumascs
cranum — 8 mac. % (monax 100 % Ha cyxy peqOBUHY).
Ob6mactp (haKTOPHOTO MPOCTOPY EKCIEPUMEHTY IIpecTa-
BlieHa Ha puc. Nel6.

Touka 3
X, - TutaHosi Ginuna

Touka 6

Xz

Touka 5

Touka 1 Touka 2

X;- Cxno HC-1 XK X3 - CBMHUEBMIA reT

THTaHOBI BinHIA

20 80
40 60
60 /\/\/\/\/\/\40

INONININONINN

80 20
CkIo 20 40 60 80 CpHENeBHIT

HC-1 [IeT

Pucynok 1 — O6mactb DOCTITHOTO (haKTOPHOTO MPOCTOPY:
a — pO3TalllyBaHHs eKCIIEPUMEHTAIHUX TOYOK Ha CHMILIEKCI
HEMOBHOT'0 3-T0 MOPSAKY, 6 — 00nacTh GHaKTOPHOTO HPOCTOPY
EKCIIePUMEHTY

B Ttabn. 1 npuBeneHa miuaH-MaTpuIsl eKCIEPUMEHTY
B HaTypanbHOMY Macmrabi ¢akropiB. XiMIiYHHH CKIIajg
JIOCHIZTHUX MOJAENBHUX KOMIIO3ULIH TPOBOJMIN 3 BUKO-
PHUCTaHHIM BiIOMOCTEH IMIOAO XIMIYHOTO CKJIATY KOMIIO-

HEHTIB CUPOBHHHHX CyMIIlIei Ta ypaxyBaHHSM BBEICHHS
no ckimaxy mpo6aBku Hitpary Bicmyty (III) B kimpkocTti 8
Mac. % (monan 100 % Ha cyxy pedoBuHy). PesynbraTtn
PO3paxyHKiB OAAaHO B Ta0. 2.

Tabmu 1 — Ilnan-MaTpuisd eKCIIEpUMEHTY B HaTYpalbHOMY
MacmTabi akTopiB

BMiCT KOMITIOHEHTIB y CKJIafi CHPOBHHHOL
Ne HIudp cymii, mac. %
TOYKH | CKIamgy - CBuHILIEBUIT Turanosi
Cki106ii1 .
rJeT oinnaa

1 1 30 70 0

2 2 10 90 0

3 3 10 70 20

4 12 20 80 0

5 13 10 80 10

6 23 20 70 10

7 123 16,67 76,77 6,67

B nopanpmomMy mpoBOAMIIM NPOTHO3HI PO3PAXyHKH
BJIACTHBOCTEH pO3IUIaBy MOJEIBHHX KOMIIO3UIIH Ta
BiTpH(iKOBaHOI 3B’S3KH B TBepaoMy craHi. Cepen Bia-
CTUBOCTEH 3B’SI3KM B TBEPAOMY CTaHi OyJIH pO3IIISHYTI
TerodizndHi Ta (i3uko-MexaHiuHi BractuBocTi. Ciif
3BEpHYTH yBary Ha Te, II0 caMme (hi3UKO-MEXaHIdHi
BIIACTHUBOCTI 3B’SI3KH OOYMOBIIOIOTh TaKi Ba>kKJIMBi Xapak-

mapy
MIPOJYKTUBHICTb,

TEPUCTUKH  AJIMa30BMICHOTO abpa3uBHUX

IHCTPYMEHTIB SIK TpHUBaJIiCTh
e(eKTUBHOT eKcIulyartalii, ajiMa3oyTpUMaHHs. AJUTHB-
HUM  METOJIOM s BITpH(]IKOBaHMX 3B’SI30K MOXKHA
CIIPOTHO3YBAaTH [ICHY TyCTHHY, MOJIYJI IPYXKHOCTI Ta
3IIBUTY, & TaKOX TBEPIICTh. Pe3ynapTaTi po3paxyHKiB oc-
HOBHUX (Di3MKO-MEXaHIYHUX BIACTUBOCTECH MOJCIBHIX
KOMIO3HUIIIH 3TiHO CTaHAAPTHUX METOJUK HaIaHI B
Tabm. 3.

B monmanemomy pe3yibpTaTH MPOTHO3HUX PO3paxyH-
KiB BUKOPHCTOBYBAIM IJIsi OOPOOKH JTAaHUX IJIAHOBAHOTO
eKCIIEPUMEHTY, [0 JO3BOJIMJIO 3IIHCHUTH BHOIp parmioHa-
JILHOTO CKJIaJy JIETKOIUTABKOI 3B’SI3KW BiJIMIOBIAHO IO 3a-
Jad JOCHIJDKEHHS. Y3aralbHEHHS Ta aHaji3 OTPHUMAaHUX
JAHUX JO3BOJWIM BH3HAYUTH OOJIACTH ONTHMAILHHUX
CKJIQ/IIB KOMHO3ULIKA (puc. 2), SAKi 3aJ0BOJILHAIOTH
BHCYHYTI BHMOTH SIK 32 BJaCTHBOCTSAMH PO3ILIABY, IO
BU3HAYAIOTh 1HTEHCHBHICTH CIIIKAHHS aJIMa30BMICHOTO

KOMITO3UTY, TaK 1 3a BIACTUBOCTSMH 3B’S3KH, IO 00y-

MOBIIIOIOTh TIOBE/IIHKY aJIMa30HOCHOTO niapy
IHCTpYMEHTY NpH IuTiQyBaHHI.
Cxnanu Ta BJIACTHBOCTI JIETKOIUIaBKHUX

CKJIOKepaMiuyHuX 3B 530k A, B, C, ski Hamexatb 0
00J1acTi ONTUMAaIbHAX KOMITO3HIIN, HaJaHl BiAIOBIIHO B

Tabm. 4,5. JIlng TOpiBHSAHHS CHPOEKTOBAHHM  CKJan
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3’513k D, mpu BUroTOBIEHHI SKOI SK CKJIOYTBOpIOIOWY  iHTepBaii Temmeparyp 500-600°C, mo Biamosigae
CKJIAJIOBY BHKOPHCTOBYBaJdH OOpHY KHCJIOTY (3amicTe  mocTaBiieHid meti. Ilpyn mpoMy HaWHIKYOIO TEMIEpaTy-
amnyjipHOTO 0010). EkcmepumenTtanpHi mociimkeHHs — poro miaBineHHs (500 °C) xapaktepusyerhes 3B°s3ka D, a
TUTAaBKOCTI PO3pOOJICHUX CKIOKEpaMidHHX 3B 530K MOKa-  Halmmuprmii inTepsain miaBieHHS (60 °C) mae 3B s3Ka A.
3a1M, L0 TEMIIeparypa IX IUIaBJICHHS 3HAXOAUTHCS B

Tabmuug 2 — XiMIYHUN CKJIal MOAEILHUX KOMITO3HULII

Moaenbai Bwmict kommonenTis*, mac.%

KOMITO3HIIiT SiO, Al,Oq MgO CaOo B,03 Na,O K,0 PbO TiO, >
1 21,9 1,35 0,3 2,1 1,2 2,55 0,6 70 0 100
2 7,3 0,45 0,1 0,7 0,4 0,85 0,2 90 0 100
3 7,3 0,45 0,1 0,7 0,4 0,85 0,2 70 20 100
4 14,6 0,9 0,2 14 0,8 1,7 0,4 80 0 100
5 7,3 0,45 0,1 0,7 0,4 0,85 0,2 80 10 100
6 14,6 0,9 0,2 14 0,8 1,7 0,4 70 10 100
7 12,12 0,75 0,16 1,13 0,66 1,41 0,33 76,77 6,67 100

* Bl KOMITO3UIIiT MicTATh 4,52 Mac. % BiyO3

Tabmus 3 — Po3paxyHKOBI BIIACTHBOCTI MOAEITBHUX KOMIO3HIIIH

MonenbHi VsBHa rycTuHa Monyns 3cyBY Monyinb Koedimient TBepaicTh,
KOMITO3HIIi{ p, kr/m® G, HM? npyxaocti E, H/m? ITyaccona p H/mm?

1 3882,81 1,87-10%° 5,1:10%° 0,2554 6511

2 4319,6 1,56-10%° 4,51-10% 0,2691 3281

3 41546 2,64-10%° 7,02-10%° 0,2139 6419

4 4101,21 1,71-10%° 4,81-10%° 0,2623 4896

5 4637,1 2,1-10%° 5,76:10%° 0,2415 4850

6 4018,71 2,25-10%° 6,06-10% 0,2347 6465

7 4120,99 2,02-10%° 5,54-10% 0,2461 5394

OnruMansHa 001acTh
CKJIaZiB 3B’ 130K Juis AAI

TennonpoBiaHiCTh

TemmepaTypa po3m’sKIIeHHS (IpH
B’s3kocti 10°)

B’s3kicts ( mpu T=550°C)
Monayns 3cyBy

Monynb Ipy)HOCTI

[ OO0EO08EO

TBepaicth
TKJIP
1.00 0.00
0.00 0.25 0.50 0.78 1.00
Cx1o HC-1 PbO

Pucynok 2 — O6paHa 0071acTh CHPOBHHHHX KOMITO3HILIH AT PO3pOOKH
JIErKOIUIABKUX CKJIOKEPaMiYHHUX 3B’SI30K IS aJIMa3HO-a0pa3MBHOTO iHCTPYMEHTY
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Tabnuit 4 — CUPOBHHHI KOMIIO3HLIT U1l OTPUMAHHS CKJIOKEpaMi4HHUX 3B 530K, CIIPOCKTOBAHMX B MEXaxX ONTHMAIbHOI 001acTi

CKJIaJIiB MOJCIBHMX KOMITO3HIIIH

Komnonentn BMicT KOMITOHEHTIB y CKJIaji 3B 530K, Mac. %

CHPOBHHHOI cyMimIi A B C D
TuraHoBi Oinniaa 16 20 19 —
CBUHIIEBHII TJIET 73 70 70 70,34

biit amnyneauii (ckaax HC-1) 11 10 11 —
Bopha kucmora — — — 11,96

Oxcua kynpymy (II) — — — 12,56

I'muurozem I'O-00 — — — 5,14
Bi(NO3); (monax 100 %) 8 8 8 8

Tabmur 5 — BaactuBocTi po3po0iaeHUX CKIOKEpaMiYHUX 3B 30K

BrnactusocTi A B C D
XapaKkTepUCTUKH 3B’SI30K Y CTaHi PO3ILIaBy
B’SISKiCTI.) N, a-c (Ign) ’ 24 26 357
3a TeMIlepaTypu cHikaHHsA koMmnosury 550 °C
Temmepatypa 1;03M’ﬂKmeHHﬂ 400 405 405 430
(n =107 Ia-c)
XapakTepUCTUKH 3B’ 30K B TBEPJIOMY CTaHi
TKJIP o-10%1/K 10,6 10,6 10,8 8,59
TenmnonposinHicTs, BT/M-K 0,34 0,36 0,35 -
Monynb Ipy»)HOCTI, H/v? 7-10%° 6,8-10%° 6,6:10%° -
Moyis 3usury, H/m? 2,6:10%° 2,5:10%° 2,45-10% _
Trepaicts 3a Bikkepcom, H/mm? 6,5-10° 6,5-10° 6250 -

HocmimkeHHst (pa30BOro CKIaxy po3poOieHoi CcKIlo-
KepamiuHOi 3B’s13kH (ckian D) 3ailicHIOBaNM 3 BUKOPHUC-
TaHHsAM peHTreHodasosoro ananizy (JJPOH 3M, CuKo-
BUIIPOMIHIOBaHHSI;, HikeJeBHH QinbTp). Y ckiajl npoayk-
TiB BUMANY 3B’S3KK (IIpoOy OTPHIMAaHO 32 YMOB CITIKaHHS
KEepaMOMaTPHUYHOIO aJIMa30BMICHOI'O KOMIIO3MTY) iJ€H-
TH(IKOBAaHO 3HAYHY KIJIBKICTh PEHTTeHOAMOP(hHOI CKIO-
¢as3u Ta HactymnHi kpuctanivhi ¢asu: Tenopur (CuO), mi-
(CuO-AlL03),
4Pb0-Al,03-B,03. OTke pesynbratn POA cBimuats mpo

IBBMICHA  IIMiHEb CIIONTyKa  CKJIaay
CKJIOKpUCTANIYHUI Xapakrtep 3B’s3ku. [Ipu 1pomy HasiB-
HICTH MiIEBMICHOT HIITiHeNi (aHaJIora IPUPOIHOTO TepMa-
€pOTiHITY, 0 Ma€ TycTuHy 4,87 r/em’ i TBEpIiCTh 32 Mo-
ocoM 7 [15]), € HO3UTHBHUM TEXHOJOTIYHUM (PaKTOPOM,
OCKIJIbKM TPUCYTHICTH IIi€i a3y miJBHILYE 3HOCOCTIH-
KiCTB 3B SI3KH.

Jnst

BMICHHX K€PaMOMaTPHUYHUX KOMIO3HTIB 3 PETYIHOBAHOIO

BUTOTOBJICHHSI ~ KPYITHOIIOPUCTHUX  ajMa3o-
MIOPHCTICTIO SIK CTPYKTYPOYTBOPIOIOUHI HAallOBHIOBAY BH-
KOPHCTOBYBaIM 30J0cepH, BWIyYeHI 3 30JIM-BUHOCY
Kpusopizekoi TEC (puc. 3). ExcniepuMeHTaNbHO BH3HA-
4yeHo BracTHBOCTI 30mocdep Kpusopizpkoi TEC: HacumHa
0,7 r/CM3;

MirHicTes Ha Bcebiune crucHenHs — 10 MIla. Pentreno-

3
TyCTHHA 0,4 r/eM”; muTOMa TycTHHA

¢azoBwmii ananiz (POA) mokasas, mo Matepian 30ocdep
€ MPaKTHYHO PEHTreHOaMOP(GHUM, OCKIJIBKH MICTUTb JIH-
mie chuiaM KpucTtobamiTy. BceranomneHi MopdoorivHi
(60—
70 MKM), CKJIOBHIHHH XapaKTep Marepianxy 3 sSKOi BOHA

ocobauBOCTI  30y0cep: TOBIIMHA  OOOJOHKH

CKJIQJIA€ThCS, HasBHICTh B KpynmHuX (20-25 Mkm) i
IpiOHUX (H0 5 MKM) chepHIHHX TIOP.

OckinbKY Miciist TepMo0OpoOkH 30s0chep Oyna rmo-
MIY€HO 3MiHa iX KOJIbOpPY, 3pOOJICHO NPHITYLIEHHS MIOA0
MOXJIMBOCTI (POPMYBaHHS B HHUX KPUCTAIIYHUX HOBO-
YTBOPEHB TIiJ] Yac BUMAITY KOMIIO3UTY. 3 BUKOPHUCTAHHAM
sxicHoro P@A pociimkeHo ¢azoBuit ckiaj 3oiochep mi-
Cli1 TOAMHHOI BUTpUMKH 3a Temmnepatypu 600 °C. 3a pe-
3yJbTaTaMH JOCTiPKEHb B SIKOCTI OCHOBHUX (pa3 ieHTH-
¢ikoBani repruniT FeO-Al,03, mymit 3Al,05-2Si0,,
Marremit y-Fe,O3 Ta remarut a-Fe,03. ¥V mignopsinkosa-
Hilf KimpkocTi mpucyTHs mmiHens MQO-Al,O; i kBapu
SiO,. Sk BizoMo, KpHUCTaiYHi (a3u repuUeHiTy, MarreMi-
Ty Ta IIIHENT, 10 KPUCTAi3yI0ThCs y KyOiuHiil CHHTOHIl,
MaloTh MiIBUIIEHY TYCTUHY 1 TBepHicTh. HasBHICTH MyIIi-
TOBOI (a3m B 3B’S3Ii CHpHUSE MiABHIICHHIO 11 XiMigHO{
CTIHKOCTI Ta PO3IIUPIOE iHTEPBaI IIaBiIeHHS. TakuMm 4u-
HOM, YTBOpEHHS B 000JI0HKax 3o0i0cdep BkazaHUX (a3 B
YMOBAax CITIKaHHsS aJIMa30BMICHOI'O KOMITO3HUTY CIIPHSTH-
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Me 301IbIIEHHI0 a0pa3BHOCTI HANIOBHIOBaYa Ta e(heKTH-
BHOCTI uTiQyBaHHS OTPUMAaHHUM 3 HOTO BHKOPHCTAHHIM
BUCOKOCTPYKTYPHHM 1HCTpyMeHTOM. OTxe, opaepKaHi
JTaHi MITBEpAMIN HAITY TilOTE3Y MO0 MePCIeKTUBHOCTI
3aCTOCYBaHHS 30JI0C(ep SIK CTPYKTYPOYTBOPIOIOYOrO Ha-
MOBHIOBaYa, 3JaTHOT0 BHKOHYBAaTH POJb BTOPUHHOTO a0-
pasuBy, Ipu BUToTOBIEHHI AAI Ha JIErKOIUIaBKUX CKIIO-
KepaMigHHX 3B’ sI3KaX.

B nmonanbmioMy 3 BHKOPUCTaHHSM PO3pPOOJICHUX
JIETKOIUIABKHUX CKJIOKEPAMIiYHHUX 3B’S30K OyJIH BUTOTOB-
JICHI J1a00paTOpHI 3pa3kd aIMa30BMICHHX KOMIIO3UTIB 3
BHKOPHUCTAHHAM alIMa3HUX IMOPOIMIKIB Pi3HOI 3epHHUCTOCTI
(AC6 160/125 ta AC6 80/63) Ta 30moctep ¢pakmiit

a)

JocinimkeHHs] MIKpOCTPYKTYPH OTPUMAaHHX BHCOKO-
CTPYKTYPHHX aJIMa30BMICHUX KOMIO3UTIB Ha JIEIKOILIaB-
Kilf CKIIOKPHCTANIYHIH 3B’ S3111 IMOKa3ayo0, IO ajiMa30HOC-
HUI IIap CKIAJAEThCS 3 CKIOKEPaMiYHOT MaTpHIN, sKa
YTpUMY€E alMa3Hi 3epHa i 30J0cepr Ta MICTUTH 5K i30-
JIbOBaHi, Tak 1 crnony4eHi nopu pozmipom 100-200 Mkm.
3B’s3Ka MIUTBHO OTOPTAE 3epHA, 3a0e3MeTyI0Yrn HeOOXiTHe
anMa30yTpUMaHHs Ha poOOYil TMOBEPXHI IHCTPYMEHTY.
Ha BinpHHX Bif 3B’SI3KM MOBEPXHSX 30J0C(ep NOMITHI
KpHUCTaTi9Hi HOBOYTBOPEHHS, IO BiJPi3HAIOTHCS 3a (op-
Moro Ta po3mipamu. Ilin gac nuripyBanHS 3070chepH, B
SKHX 3a JaHUMU P®DA KpHCTami3ylOThCs BHCOKOTBEPI
¢as3u (mmiHeNb, TEPIMHIT 1 MYJIT), HE 3a3HAIOTh OCTa-
TOYHOTO pYHHYBaHHS, a YTBOPIOIOTH JOJATKOBI Pi3ajbHi
€JIEMEHTH.

BucnoBku. B pe3ynbraTi KOMIUIEKCY TEOPETHYHHX 1
EKCIIEPUMEHTALHUX  JAOCTI/DKEHb PO3POOJIEHO  CEepiro
JIETKOTUIABKUX CKJIOKPHCTAJIIYHUX 3B SI30K, BAKOPUCTaHHS
SIKAX JIO3BOJISIE BECTH CITIKAHHS aJMa30HOCHOTO IIapy
AAI 3a Temnieparypu 550-650 °C. [Tokazana MOKJIUBICTh
BHKOPHCTAHHS TIPH BUTOTOBJICHHI 3B 530K 10 30 % ckio-
0ot HaTpid-KanpHid-cwiikatHoro ckmany (HC-1), mo
JIO3BOJIUTh 3HU3WUTH CcOOiBapTicTh BHpoOHWIITBA AAl

6)
Pucynok 3 — MikpodoTo3HiMKH 3010cdep, BrimydeHi 3 BinxoniB Kpusopisekoi TEC:
a) 30unpmrenHs x50, 6) 36impmennas x300, B) 30inbpmenas x 1000

0,315-0,5 mxm Ta 0,15-0,315 mxm. [ist 1pboro cymimr
TOHKOJVCIIEPCHUX KOMIIOHEHTIB 3B’S3KM 3MIIITyBalH 3
aJIMa3HUM TMOPOIIKOM B KimbkocTi 11,73 mac. %, 1o
BignoBigae 25 %-ii KOHIEHTpalii 3epeH B alTMa30HOCHO-
My IIapi IHCTPYMEHTY, a TakoX 3ojocdepamu, BMiCT
SIKMX 3aJiekaB Bix ¢pakmii Ta ctaHoBHUB BiamoBigao 20 %
i 30 %. bpukeTyBaHHS IMUXT 3AIMCHIOBAIM i THCKOM 5
MIla Ta migmaBanu BITFHOMY BHIIATY B CHJIITOBIH medi 3a
temrnepatrypu 550 °C 3 BUTpUMKOIO BIIpooBxk 15 xB. Jlis
BHITAJICHUX 3pa3KiB BU3HAYWIM IIOKa3HUKH BiTKPHUTOI
mopucrocti  (43,61-50,68 %)
(0,71-1,07 %).

Ta JHIAHOI  ycamgku

0006 Bi-1

10pym

20kV  X1,000

BcTaHOBNECHO, IO NPH HAarpiBaHHI 3B’SI3KH YTBOPIOIOTHCS
¢as3u, ski 30inbIYyIOTH i 3HOCOCTIHMKICTH (MigHA IMIIi-
HeJIb), PO3IIMPIOIOTh IHTEpBAl IIABJICHHS, 0 MOKPAILye
CITIKaHHsI KOMIIO3UTY (MYJIT) Ta € HEPO3UUHHUMHU Y BOJI-
HHUX 3MAallyBaJbHO-OXOJIOKYIOUHX PO3YHHAX JIYKHOTO
xapakrepy (pH = 8,5-10,5).

BusnaueHo xiMiuHHH Ta (a3oBuid cKiaj 3o0J0cdep
Kpusopizekoi TEC, mokazaHa ROUINBHICTH X BHKOpHC-
TaHHS B SIKOCTI CTPYKTYPOYTBOPIOIOHOTO HAIOBHIOBAYa,
IO BUKOHYE POJb BTOPUHHOTO abpa3uBy. BcraHOBIEHO,
IO B yMOBaXx CIiKaHHs aJIMa30HOCHOTO LIAPY Ha JIETKOT-
JIABKUX CKJIOKEPaMiYHUX 3B’A3KaX BiJOYBA€THCS yTBO-
peHHA BHCOKOTBEpAUX (a3 (MarreMiry, repruHiry, Ii-
10
Ioxkazano, 1o 3a ymoBu BBexeHHs 20—-30 % 3o0mocdep 10

Heu), nojinmye iX aOpasWBHI  BIIACTHBOCTI.
CKJIQJly aJMa3HO-KepaMidHOI KOMIIO3MIII IOpYyBaTiCTh
QIIMa30HOCHOTO IIapy iHCTPYMEHTY 3MIiHIOETBCS B MEXax
43-50 %. Ilpu mpomy posmipu nop (100-200 mxm), siki
YTBOPIOIOTH 30510c(epH, 3a0e3neuyioTh BiABEICHHS IIIjIa-
My, IO TONEPENKAE «3acaNIOBaHHA» POO0OUOi MOBEPXHIi
IHCTpYMEHTY Ta 3a0esneuye Oe3nedekTHe NUTi(hyBaHHS.
[Nokazano, mo npu nwtiyBaHHI BiAOYBAETHCS YaCTKOBE

pyiiHyBaHHS 3070cep Ta YTBOPEHHS DOAATKOBHX pi3a-
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JLHUX €JIEMEHTIB Ha poOouiil HOBEepXHi IHCTPYMEHTA, L0

CIpUSIE MiBUIIEHHIO TPOAYKTUBHOCTI 00OpOOKH.

[IpoBeneHi JOCHiIKEHHST BKAa3ylOTh Ha JOLLIBHICT

BHUKOPUCTAHHA KOMIIJIEKCHOI'O TECOPETUIHOTO Ta eMHipI/IK-

HOTO MiAXOAY O BHOOPY palliOHAJIBHUX XapaKTepUCTHK

KOMIIOHEHTIB BUCOKOCTPYKTYpPHHUX KpymHOMOpUCTHX AAI

Ta ONTHUMAJIbHHUX YMOB CIIKaHHS aJIMa30HOCHOI'O mapy

IIpyu BUPOOHUIITBI aiMa3HO-aOpa3sUBHOTO iHCTPYMEHTY Ha

JICTKOTUIABKHUX CKJIOKEPAMIYHUX 3B’s3KaX. Takuil mijaxif

15.

TIIpU UCCJICAOBAHUN TGHHOCI)I/ISI/I‘-IGCKI/IX CBOWCTB IIIMXTOBBIX Marepu-
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