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BIIJIMB TEXHOJIOTTYHUX ITAPAMETPIB CKJIAJAHHA 3’°€IHAHHA «3YBOK-
INAPOIIIKA» HA AKICTb BCTABHOI'O TBEPJOCIIJIABHOTI'O OCHAIIIEHHSA
IMAPOIIOK BYPOBUX JOJIT

A. M. CJIIIT9YK", P. C. AKUM?
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AHOTALIA Ilpeocmasneno pe3yromamu OOCHONCEHb O0OHO20 13 KIOHUOBUX ACHEKMI8, W0 CHMOCYIOMbCs 3a0e3neyenHs AKoCcmi
BULOMOBNIEHHS WAPOUWOK MPUULAPOUKOBUX OYPOSUX OO0LIM, OCHAWEHUX MEePOOCHIABHUMU GCMABHUMY 3yOKamu. JJOCTiONCeHO 6nIU8
MEXHONOSIUHUX NAPAMempie Ha (HOPMOYMEOPeHHs. OMEOPI8 Ni0 NOCAOKY MEepOOCHAAGHUX 3Y0KI6 ma onepayii CKIadanHs 3 €OHAHHS
«3Y00K-UApOwKay. AHANi30M 6CMAHOGIEHO, WO HA emanax onepayiti po3eipuyeants Omeopie GUHUKAE HaUbLIbue npobiem wooo
3abesnevennsi sikocmi. OCHOBHA [0esi NOAS2AE Y BCMAHOGLEHHS PAYIOHANLHUX MEXHONIOSIYHUX NAPaAMempie Ha 3aKpinaeHHs
NOpOOOPYUHIGHUX enemenmie 6 mino wapowiku. Ha ocHoi uucieHHux excnepumenmie Ha pisHUX munoposmipax meepoocniagHux
3Y0Ki6 6CIMAHOBNIEHO, WO WBUOKICIb NPOYECy NPeCyYBANHA MAE HAO38UYALIHO 8aAXCIUGe 3HAYUEHHA. AHANIZ0M PO3PI3aHuX i po3iopanux
MaKux 3 €OHaHb 6CMAHOBIEHO, WO CMIHKU OMEOPY MAIOMb 3HAYHY NIACMUYHY 0ehopMayito, MIKpOMPIWUHY, NOOEKYOU YMEopULacs
cmpydsicka Ha OHI omeopy. [locniddceHo napamempu GiOXUNEHHS NO WOPCMKOCMI makux nogepxous. CKOpUCmasuiucs
PeKOMeHOayiaMu, SUABUIU, WO 3MOYYBAHHA 3YOKI6 V OKUCIeHULl Napaghin 3MeHuye niacmuyHy degopmayiio CmiHoK omeopi 06iyi.
Lle 0ae moociusicmo niosuwgysamu 3HaueHHss Hamsey i 3 €Onanms. /s nioguweHHs moyHOCmI mexHono2iuHol onepayii npecyeanHs
PO3p00ONEeHO cheyianbHull npucmpiti, AKUll 0a8 3M02y MOYHO OPIEHMY8amu nepeo NPecy8aHHaAM 6CMAasHI 3YOKU, d MAKONC CYMMEBO
smenwumu opax. Ananizom cminok omeopieé na cmani 14XH3MA eusieneno, wo npu namseax 0o 0,068 mm mana micye npysicua
depopmayis, dani 0o 0,148 mm, 6 nodanvuiomy npu 30inbuleni Hamsey OYI0 OMPUMAHO 3HAYHY RIACMUYHY Oeghopmayiro.
Teopemuuno ma excnepumeHmanrbHo 0OIPYHMOBAHO PO3POONEH] WIIAXU B0OCKOHANEHHA MEXHON02I] 8U20MOBIeHH OYPOsUx 00.im,
wo Minimizye deghopmayiio wapowiok ma 3y0Kie. 3 yicro Memoro 6CMaHOBNEHO eMNIPUYHY 3ALeHCHICHIb, WO 00360JI51E€ GCMAHOGUMU
3ANENHCHICMb MIIC NAPAMEMPaMU WOPCMKOCMI Ma 8eIUYUHOI HAMAZY 3 EOHAHHI «3YOOK-UAPOWKA» O0Tim.

Knruoei cnosa: popmoymeopenrs omeopis;, wopcmxicms, 300K, WaApOwKa, Hamse, mpumapouikose Oypoge 00i0mo, WeuoKicms
3anpecoeyeanHs

THE INFLUENCE OF TECHNOLOGICAL FACTORS DURING PRESSING TUNGSTEN
CARBIDE INSERT CUTTER IN THE CONE OF THE ROLLER CONE BITS FOR THE
RELIABILITY CONNECTION

A. SLIPCHUK', R. JAKYM?

I Department of Technological and Professional Education, Drohobych Ivan Franko State Pedagogical University, Drohobych,
UKRAINE
2 Department of Mechanical Engineering, Lviv Polytechnic National University, L'viv, UKRAINE

ABSTRACT One of the key aspects, which are designed to ensure the quality’s production of cones for roller cone bits drill bits with
tungsten carbide insert cutter are presented. The influence of technological parameters on the formation of holes for planting
tungsten carbide insert cutter and the assembling operation of the connection "tungsten carbide insert cutter-cone". The analysis
showed that at the stages of holes reaming operations there are the most problems in quality assurance. Based on numerous
experiments on different sizes of tungsten carbide insert cutter, it is established that the speed of the pressing process is extremely
important. Analysis of cut and disassembled such joints revealed that the walls of the hole have a significant plastic deformation,
micro cracks, and in some places chips formed at the bottom of the hole. The parameters of deviation in the roughness of such
surfaces were also investigated. If we use the recommendations, then we found that wetting the tungsten carbide insert cutter in
oxidized paraffin reduces the plastic deformation of the hole’s wall in half. This allows you to increase the tension in the connection.
In order to increase the accuracy of the pressing operation, a special device was developed, which allowed accurately orienting the
tungsten carbide insert cutter before pressing, as well as significantly reducing the shortage. Analysis of the hole’s walls on the steel
AISI 9315H revealed that at tensions up to 0.068 mm there was an elastic deformation, then up to 0.148 mm, and then with
increasing tension was obtained significant plastic deformation. Theoretically and experimentally substantiated developed methods
to improve the technology of drilling bits, which minimizes the deformation of cones and tungsten carbide, insert cutters. The main
purpose was to determine the empirical dependence, which allows establishing the relationship between the roughness parameters
and the amount of tension in the connection "cone- tungsten carbide insert cutter ".

Keywords: hole formation; roughness, tooth; cone; tension,; three-cone drill bit; pressing speed

Beryn MANIPUEMCTBAX, Tependadae 3acTOCYBaHHS XOJOAHOTO
3allpecoBYBaHHS Ul 3’€IHAHHA  TBEPHOCIUIABHUX
BCTaBHHUX 3YOKIB 3 TijloM miapomkd. Ha BHpOOHHUITBI
3aCTOCOBYETBCSI ~ CHCTEMa  HATATIB  [UI1  KOXHOTO

TexHousorist  BUTOTOBJIEHHS  TPHIIAPOIIKOBHX
OypoBHX [IOJIT, LIO0 BHKOPUCTOBYETHCS Ha CyYacHHUX
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TUTIOPO3MIpY 3yOKa, BigNOBIZHO 1O CHiBBiIHOIICHHSI
TBEPAOCTI Tijia MIAPOIIKK T4 XBOCTOBUKA 3yOKa, a TAKOXK
0COOJIMBOCTE  KOHCTPYKI[I  BIHIIB  IIAPOINKH K
pO3TallyBaHHs TBEpAOCIUIaBHUX 3yOKiB. OCHOBHA MeTa y
JMOCATHEHHI  SKOCTI — 3a0e3leYeHHs  HaWKpaImx
NOKa3HUKIB  PO3MOALTY BHYTPIIIHIX HampyXeHb B
CIPSDKEHHX TIOBEPXHSAX 3’€HAHb  TBEPAOCIUIABHOTO
MOPOAOPYHHIBHOTO OCHAIIEHHS IIapomok. [IpakTuka
MOKa3ye, IO IbOMY CHpHS€ MiJBUIIEHHS TOYHOCTI
omepaniii (OPMOYTBOPEHHS CHPSDKCHHX IOBEPXOHBb
JeTaneil, a Takok mpoueciB ckimamaHHa [1].  Jdng
3a0e3MeYeHHs] TOYHOCTI 3’ €IHAHHA y 3aJaHUX TPaHMYHUX
3HAYCHHSIX, 3iHCHIOETHCS KOHTPOJIb SIKOCTI
(hopMOYTBOPEHHS OTBOPIB HA yCiX CTAHISX: 3€HKEPYBaHHS
MCA IeMEHTAllil, TapTyBaHHA 1 BHCOKOTO BiIIyCKY,
PO3BEpTaHHs MiCis TapTyBaHHS | HU3bKOTO BI/IITYCKY.

Hna pi3HUX THUITIOPO3MIpiB IIaPOIIOK
3aCTOCOBYIOTH CICIliaJIbHI  JTOJIOTHI CTasli, 30Kpema:
14XH3MA, 15H3MA 17H3MA, 20XH3A. lapomku
MAJAI0ThCA CKIIAAHIA TEXHOJOTrII 3MILHEHHS Ha OCHOBI
[IEMEHTAaIlil, O TIPYHTOBHO omucaHa B mparmi [2]. Lle
3a0e3medye BHCOKI IMOKa3HUKH TI0 3HOCOCTIMKOCTI,
yaapHiil B’sa3k0cTi mapomok. [IpoTe, BHCOKI MOKa3HUKU
TBEPAOCTI BiHIIIB MIAPOIIOK, Y SKi 3alIPeCOBYBAJIH BCTaBHI
TBEpAOCIUIaBHI 3yOKH, He 3a0e3medyBalil HaIiIfHOTO
3’€AHAHHS «3YOOK-IIapOIIKa» dYepe3 YTBOPEHHS TPIIIUH
Ta BWIIAJaHHSA BCTaBHUX 3yOKiB. TpuBaimii yac y
J0JI0TOOY TyBaHHI 3aCTOCOBYBAJIH 11€H0 100 3MCHIIICHHS
HeOe3MeYHNX Hampy)keHb B 30HI Kpal OTBOpPY B

miapomni, sKa  pealizoByBajlacs  (pe3epyBaHHIM
IUIOIAIOK  Ha  BIHOAX  MIAPOIIKKM  (BUJAJICHHS
LIEMEHTOBAaHOIO IMIapy B JUISHII OTBOpY), abo X

MIPOpi3yBaHHSM BiHIIB HA TIIMOMHY EMEHTOBAHOTO LIapy
[3,4]. 3a ocTaHHE MmECATHIITTS Taka TEXHOJOTIS He
3aCTOCOBYETBCSl Uepe3 3HaYHy TPYAOMICTKICTBH IIpoIecy,
HQ/UIMIIKOBY BUTpAaTy JOJOTHOI cTaji, 3HOIICHHSA
IHCTPYMEHTY, 3HOIIEHHS BEPCTATHOTO IApKy, a TaKOX
30IBpIICHHS BUAATKIB Ha iHINI CTaTTi BUTpaT Ha
BUPOOHHMITBO. EKOHOMHIIIOI TEXHOJIOTIEI € 3aXHCT
BIHI[IB aHTHIIEMCHTALIHHOO ACTOI0 Mepe IIEMEHTAIIIE0
nraponrok. Hemosikom 1i€i TEXHOJOTl € BHHHUKHCHHS
BUMAJKIB HETPOTHO30BAHOTO IIPOOOI0» 3aXHUCHOTO LIapy
Ta BUHUKHEHHS JIISTHOK HacuueHWx Byrienem. lle
BHUMarae BCTAHOBJICHHS ITIBHICHUX BHMOT IIOAO SKOCTI
Ta 3HOCOCTIHKOCTI IHCTPYMEHTY, a TaKoX IMiJBUIICHHS
TOYHOCTI BUKOHAHHS oOIlepaliii (fopMOyTBOPEHHS OTBOPIB
ITiJ] TOCaIKy BCTAaBHUX TBEPAOCILIABHHUX 3yOKiB.

Hapgiiire 3’e€gHaHHS «TBEpAOCIUIABHUHA 3yOOK —
BiHEIb MIAPOMIKI» TaKOX 3a0e3MedyloTh KOHCTPYKIIl y
SKAX MIX CTIHKAMH CYCiHIX OTBOpiB MeHiie 10MM.
IIpote, Taki KOHCTPYKTOPCHKI pIllIEHHS BHCYBAlOTh
BUCOKI BHMOTM IIOJO IIOKAa3HHUKIB IUIACTUYHOCTI CTalli
yepe3 HeOe3leKy YTBOPEHHs TPILMH, HaBiTh y BIHIAX
BUKOHAaHUX 0Oe3 IieMeHToBaHoro mapy [5,6]. Lle Takox
BHCYBA€ JKOPCTKI BUMOTH JIO TEXHOJIOTIl BUTOTOBJICHHS
LIapOIIOK, 1 0COOJIMBO, IAapaMeTpiB TEXHOJIOTIYHUX
oreparii  (OpMOYTBOpPEHHsI OTBOpiB Ta HpOLECY
CKJIaJIaHHSI TAKOTO 3’ €HaHHsA [7,8].

Mera po6oTu

OcHOBHAa MeTa pOOOTH MOJSITAE Y JOCIHIIKEHHI
BIUIMBY TEXHOJIOTIYHUX MapaMeTpiB CKJIaJaHHI Ha
MIIHICT 3’€THAaHHS «3y0OK-TIIapoIIKay,
(hOpMOYTBOPEHHS OTBOPIB IIif] MOCAIKy TBEPAOCILIABHHX

3yOKiB Ta omeparii CKJIagaHHA 3’€IHAHHA «3yOOK-
IIaPOIITKAY. BuBuYeHHS ~ BIUIMBY  TEXHOJOTIYHUX
mapaMeTpiB  TpPECyBaHHSI  HA  BEIWYUHY  CHJIH

BUIIPECOBYBaHHs 3yOKiB, SIK TaKy, IO XapaKTepU3ye
SIKICTh 3’ €THAHHS «3y0OK-IIAPOIIKaY.

B wmarepianax CTaTTi TPEACTABICHO pE3yJbTATH
IOCHIKEHbh OJHOTO 3  KIIOYOBMX  aCHeEKTIB, SKI
CTOCYIOTbCS ~ 3a0e3ledeHHs  SKOCTI  BHTOTOBIICHHSA
[IAPOIIOK TPHUIIAPOIIKOBUX OYpOBHX IOJIT OCHAIICHUX
TBepI[OCHJ'IaBHI/IMI/I BCTaBHUMHU 3y6KaMI/I.

Buxkiiax ocHOBHOI0 MaTtepiary

BuMiproBaHHS ~ IIOPCTKOCTI  HA  MOBEPXHAX
XBOCTOBHKIB TBEPIOCIUIABHUAX 3YOKIB JIOCIIIKYBaHUX
MMOBEPXOHb 3MIMCHIOBANIMA 3a JOMOMOTOI0 TpodioMipa
HOMVEL TESTER TI1000, a Takox mpodimomipa
Mozeni 296 (puc. 1).

ExcnpecHe BHMIpIOBaHHS OTBOpIB Yy IIApOIIKax
3MIACHIOBAIN 13 3aCTOCOBYBAaHHIM II€XOBOTO 00JIaHAHHS
Ha OCHOBI MHEeBMOKoMIapatopa «Western L-10», 1o mae
MaKCHUMaJIbHY MTOXHUOKY /10 2,5 MKM. (pHc. 2)

Jnst [ocIipKeHb ClielialbHO TOTYBaId TEMILIETH,
BHpi3aHi 3 MIapomok 0ypoBux A0t (puc. 3).

Jns kiHneBoro oOpoOieHHsT OTBOPIB i BCTaBHI
3yOKH 3aCTOCOBYBAJIM pi3ajbHUN THCTPYMEHT, 3arajibHUMA
BUTJISIT Pi3AIBHUX YaCTHH SKOTO MPEIICTaBICHO Ha puc. 4.

AHai30M BCTaHOBIICHO, 1[0 HAa €Tamax omepariit
PO3BipUYYBaHHS OTBOPIB BHHHUKAE HAWOUIBIIE TMPOOIIEM
mozao 3abesmedeHHs sAKocTi. Llfo omepamito BHKOHYIOTH
PO3BEpTKOI® 3  TBEPAOCIUIABHAMH  IUTACTHHAMHU.
JoxyMmeHTariero mepeadadeHo OTPUMaHHA IMOPCTKOCTI
R,125-2,5MKM.

Puc. 1 — Bumipiosanns wiopcmkocmi Ha NOBEPXHAX
X80OCMOBUKI6 MBEPOOCNIABHUX 3VOKi6
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Puc. 2 — Bumiprosanns wiopcmkocmi Ha NOGEPXHAX
0mMeopI6 y meMniemax wapouiox
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Puc. 3 — Cxema nnacmunu ons docnioxcens napamempis
omeopie nio 6cmaemi 3yOKu (07151 nPUKIAO0Y HOOAHO
PO3MIpu 07 BUNPOOYBAHHS MEEPOOCHIABHUX 3YOKIE
odiamempom 16 mm)

TpuBanuii dyac TmpecyBaHHS TBEPAOCIUIABHUX
3yOKiB 3[iiicCHIOBaIM BpY4HY, Ha THOMHY 3 — 5 MM, a
Jlali i3 3aCTOCYBAaHHSIM TiPaBIIvYHOTO Mpeca, 10 YHOopy B
TOpPLUEBY 4YacTHHY JHa oTBOpy. Ilpm wmpomy Oyio
BCTAHOBJICHO, II0 XapakTep KOHCTPYKLIi Ta BEIHYUHA
MMOKa3HMKAa MIOPCTKOCTI XBOCTOBHKIB TBEPIOCIUIABHUX
3yOKiB, a TaKo)X MapaMeTpiB TEXIPOIEeCYy BHKOHAHHSI
omepalliii NpecyBaHHsS BIUIMBA€ HE TUIbKM Ha SKICTh
3’€HAHHS, a W LUICHICTh TBEPAOCIIABHOIO 3yOKa.

30kpeMa, TpU  HENOCTaTHBO SKIiCHIA  dacmi um
HepalioHaJbHUX II IMapamerpax B 3axiiHi 4YacTHHI
XBOCTOBMKAa  TBEpJAOCIUIABHOTO  3yOKa  BUHHKaIU

MIEPEKOUIYBaHHS Y ITOCAJIII MK OCSIMH CUMETpii OTBOpY 1
3yoka [9]. Takoxx, mpu mpecyBaHHI BUHHMKaB 3BYKOBHH
epeKT MmOTpiCKyBaHHSA. AHami3oM  po3pi3aHHX i
po3iOpaHMX TakuMX 3’€JHAHb BCTAHOBJICHO IO CTiHKH
OTBOpY MAlOTh 3HAa4YHy IUIACTHYHY JedopMalliro,
MIKpOTPIIIUHA, TOACKYAH YTBOPWIACA CTPYKKa Ha IHI
orBopy. Ha Timi XBOCTOBMKA BHSBJICHI CKOJIIOBaHHS
PI3HOT BEJTMYHHU.

a — pozsepmia 3 meepoocniashumu niacmuravu BK6M,
wo oae 3moey 30iUcHI8amu niodip OHa OMeopy,

6 — c8epono 3 YLIbHO20 meepdoeo cnaasy Qipmu «Hertely,
3aACmMOoCo8are OJisl YUCMOB020 PO36IPUY8AHHSL |
niobupants OHa omeopie

Puc. 4 — Pizanoni uacmunu incmpymenma 0ist pi3Hux
8apianmia Kinyego2o 00pobIeHHs 0OMBopie nid 8CMABHI
meepoocniasHi 3y0Ku

Ha oCHOBI YMCIEHHUX EKCIIEPUMEHTIB Ha Pi3HUX
TUIOPO3Mipax TBEPAOCIUIABHUX 3YOKIB BCTAHOBJICHO, IO
MIBUAKICT TIPOLIECY MPECyBaHHA Ma€ HaJ3BHYalHO
BakJMBe 3HaueHHs (Tabm. 1 Ta puc. 5). 3okpema, mpu
TIOBIJIBHOMY TPOIIECi OTPUMYIOTHCS (Ha PI3HUX CTaJisIX),
TPIIMHA y BIHIOAX [IAPONIOK, 3HAYHA T[UIACTHYHA
nedopmamis. [Ipu gyxe MBHIKOMY IpoOIEci, 30KpemMa
yIapHOMY, IO TaKOX TPUBAIUH Yac 3aCTOCOBYBaBCS —
(ikcyBann TOJIOMKM  TBEpAOCIUIABHUX 3yOKiB, He
CHIBBICHICTb M)XK OCSIMHA OTBOPIB Ta MOCAIKEHNX 3yOKiB.
Ockinpku (pi3MKO-MeXaHIuHI MOKAa3HUKU ITHIABOK CTalei,
KOHCTPYKTUBHHUH BapiaHT po3TanryBaHHs
TBEPJOCIUIABHUX  3yOKiB y  BIHIIX  IIAPOIIKH,
TUIOPO3MIpH 3yOKIB NarOTh JOBOJI 3HAYHE PO3CIIOBAHHS
MOKa3HUKIB, TOMY JI0 ChOTOJIHI aKTyaJbHUM € Po3poOKa
palioHaJbHUX MAPaMETPIB MPOLIECy MPeCcyBaHHs.

Tabmunst 1 — Pesynbratn BUMIPIOBaHHS 3YCHIUISA

BUITPECOBYBAHHS B 3aJ'I€)KHOCTi B1] ].HBI/IZ[KOCTi
3alIpeCOBYBAHHSA 3y6KiB Yy mapouiky
Cepen
IIBuaxi HE
CTh BenuunHa 3ycuis BUIIPECOBYBaHHS 3HaYe
3anpeco P, kH HHS
ByBaHHS 3yCHII
V, m/c JIst
1 2 3 4 5 6
0,2 20,5 19,5 18,7 19,2 | 20,5 21 19,9
2 20 20,5 19,5 18,5 19 19,2 19,45
4 17,4 17 17,2 18,1 | 17,9 | 177 17,55
6 14,8 15,2 16,2 15,8 | 16,5 | 15,3 15,63
8 14,9 15,1 14,6 148 | 15,7 16 15,18
10 15,8 14,9 14 142 | 144 | 14,6 14,65
12 15,1 15,3 14,9 14,7 | 14,6 | 144 14,83
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Ha wMimHiCTE TIpecoBOro 3’€THAHHS BIUIMBAE
0araTo UYMHHHKIB, cCepel SKHUX: BEIHMYMHA HATATY,
TOYHICTh TeoMeTpil (GOpM CHPSIKEHHUX [ETajCH, IuIoma
(aKTUYHOTO  KOHTAKTy,  ILIOPCTKICTh  CHPSIKEHHX
MOBEPXOHb, Matrepian metaneit [10-12]. 3po3ymino, mio
OpY  BIOXWICHHSAX Big 3amaHux (opM  MIIHICT
pO3MIISAYBAaHOTO  3’€AHAHHSA  3MEHIIYETHCS,  IPH
KPUTHYHUX JUHAMIYHUX HABAHTAXKEHHIX MOXKE BUHUKATH
«3pHUB» 3 MOYATKOBOT'O ITOJIOKEHHS OXOIUIIOI0YOi JeTai,
[0, y CBOKO 4Yepry, MOXe MPHU3BECTH OO aBapilfHUX
curyarii. JlocmipkeHO BIUIMB MapaMeTpa IIOPCTKOCTI
(Ra) BHYTpIMIHBOI TOBEpXHI TIYXHX OTBOPIB, sKa
OTPUMYETHCS Tichs OOpOOKHM, y IIApoIlili Ha MIIHICTH
3’eaHaHHS «3yOOK-mapomkay (Tabm. 3 Ta puc. 6).

P kH

2 - - - - - - - - - - - - el
0 2 4 6 8 10 2 14

V m/c

Puc. 5 — Bnaug wieuoxocmi npoyecy npecysanis Ha
3YCULIIAL BUNPECOBYBAHHS 8CMABLEHUX MBEPOOCNIABHUX
3Y0Ki8

Jns BUMIpIOBaHHS pO3MOALTY IIOPCTKOCTI Ha
OWTHIPUYHIA TOBEPXHI XBOCTOBUKIB TBEPIOCIDIABHUX
3yOKiB 3MIMCHIOBAaJIM TIOBEPTAHHS Ha BU3HAYCHUH KPOK
HaBKOJIO oci 3yOoK. Lle yMOXXIMBMIIO OTPUMATH 3arajibHy
KapTHHY PO3MOJLTYy IIOPCTKOCTI MO YCiM HUIIHIPpHYIHIN
oBepxHi (Tadi. 2).

JocnimkeHns moaiOHNX mapaMeTpiB Ha OTBOpax y
BIHIIIX  IIAPOLIOK  3MIMCHIOBAIM  Ha  Hamepen
MiATOTOBJICHUX TEMIUICTaX BUPI3aHMX 1 MiArOTOBJICHUX 13
HIaponIoK OypoBux Aot (puc. 3).

CKOpHCTYBaBIINCH PEeKOMEHIALISIMU [14],
BUSIBUJIY, 1[0 3MOYYBaHHsS 3yOKiB y OKuCIIeHHH napadin
3MEHIY€ TUIaCTUYHY Jedopmarito CTIHOK OTBOpI y JIBiYi.
e mae MOXIHMBICTH MINBUIIUTH 3HAYEHHS HATIATY Y
3’€JHaHHI.

Jns  TMiABUINEHHS  TOYHOCTI  TEXHOJOTIYHOI
oreparii MpecyBaHHs PO3POOIIEHO CHEiaTbHAN MPUCTPIN
[15], mo mae 3MoOry TOYHO Opi€HTYBaTH TMepen
MIPEeCyBaHHAM BCTaBHI 3yOKH (pHUC. 7), a TaKOX CYTTEBO
3HM3UTH Opak. Takok, Taka TEXHOJOTiA YMO>KJIHBIIOE
MiJBUIIYBATH  MIBHIKICTH MpOLECY. 30Kpema, Mpu
HMIBUAKICHOMY IIpECyBaHHI, SIK BUSBHJIOCS MOXKHa
3acTOCYBaTH €(EeKT IIBUJIKOTO IMPOKOB3YBaHHS MOBEPXHI

TiJJla XBOCTOBHKAa B OTBip BIiHIIB INAPOINKH, MIPHA HEOMY
KOHTaKTYIO4i OBEPXHI 3a3HAIOTh NPYKHOT nedopmarlii, a
3y0OK HE MOIITKOIKYETHCA.

Tabmunst 2 —  Pesynbratu
IIOPCTKOCTI Ha XBOCTOBHKAX
TBEPJOCIIJIaBHUX 3yOKiB

BUMIPIOBaHHS
IESAKAX TUIIB

[
=

@16
iy
{5

B i -

9 23,5 20

Cepenne
3HAYCHHS
LI0pCT-
KOCTI
MOBEPXHi
HDKKH
3y0ka, Ra,
MKM

Kpox
poBep-
TaHHS
3yOKa ~2 ~2
pu
BHMIipIO-
BaHHI MM

1,718 1,718 1,498 1,287

Tabmunst 3 — Pe3ynbratu BUMIpPIOBaHHS 3YCHIUISA
BUIIPECOBYBAHHS B 3aJIGKHOCTI BiJl IIOPCTKOCTI CTiHOK
OTBOpIB Y IIapOIII

IHopcrkicT Cepenne
b CTIHOK BuwmiproBanss 3ycmus P, kH 3HAYECHHS
OTBODIB y 3YCHILIS
faport 1 2 3 4 5
Ra, Mkm
0,1 21,5 | 19,5 | 18,0 | 19,0 16,5 18,9
0,3 17,5 | 16,5 | 16,7 | 143 15,2 16,04
0,6 15,1 149 | 14,5 | 16,0 16,5 15,4
0,8 15,0 | 16,1 16,5 | 17,0 18,0 16,52
F ki
20
191
18
17
16 |
15
141
13
12t - - - —
0 n2 04 0.6 08 1 r’f‘:b, MM

Puc. 6 — Bnaue wiopcmrxocmi cminok omeopia y wapowyi
Ha 3YCULIAL GUNPECOBYBAHHS BCTNABLCHUX
MBEePOOCHIAGHUX 3YOKI68 MUNOBO20 NPOPINIO XBOCOBUKA

BICHUK HTY "XIII" Ne 3 (5)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PIIEHHA B CYYACHHUX TEXHOJIOI'AX"

T

o

1 — ocHoea npucmpor; 2 — 6106110844 OMEOPY;
3 — nyancon; 4 — onpaeka nio wmosxay npecy,
5 —pyxig’a; 6— meepoocniagnutl 6cmasHuii 3y00K;
7 — 6MYNIKA HANPABIAIOYA,
8 — wapowxa; 9 — onpaexa ycmanogy

Puc. 7 — Cxema npucmporo ons onepayii npecyganHsi
MBEepOOCHIABHUX 3YOKI6 ) KOPNYC WAPOUWKYU HA NPeci
11-6234

AmnamizoMm criHOK OoTBOpiB Ha cram [|4XH3MA
BHUABIICHO, IO mpu Harsrax mo 0,068 MM Mae Micie
npyxHa gedopmarttis. Hatsaru no 0,148 MM 3a0e3medyroTh
mwiactuuHy nedopmario (puc. 8). 31 30UTBIIyBaHHIM
3HavyeHb Hatsrie  (Oimpme 0,148 wmMm)  dikcyBanu
IHTEHCHBHE YTBOpPEHHS 3HAYHUX TIACTUYHUX
nedopmariiii, a TakoXK MIKPOTPILIMH B JUISHII KPOMKH
otBopy B miapomni. [Ipu Hararax sume 0,158 MM manm

MiCHe BI/IKpI/ILHyBaHHﬂ B OCHOBi XBOCTOBHKA
TBEP/IOCILIABHOTO 3y0Ka.
Fp
ot [T+
1] Ll

40 | _

35 ] 0 A

30 0] - - . ul

25 .

20 e :

15 — .

10 > "
sl

...E\

00,05 0,06 007 0,08 0.09 010 0,11 012 0,13 0,14 0,15 0,16 aeu

Puc. 8§ — 3anexcnicmo 3ycunnsa eunpecyeanms Fy
meepooCniIagHux 3y0Kie
(Oiamemp 3yoKa 16 mm) 6i0 eenuuunu Hams2y 6 3 €OHAHHI

3miificHeH1 OCHIUKEHHS Ha TpeaIMeT
BCTAQHOBJICHHS BIUIMBY TEXHOJIOTIYHUX  IIapaMeTpiB
(OpMOYTBOpEHHSI OTBOPIB y BIHISAX INAPOLIOK Ha
TOYHICTh IXHIX KOHCTPYKTOPCHKMX mapameTpiB. Jlms
3eHKEpYBaHHs, pO3BIpYyBaHHS JOMYCK Ha JliamMeTp
cximagas 0,6 M. [{iis mepioro po3Bip4yBaHHS JOMYCK Ha
niametp nopisHioBaB 0,1 MM, Ha cropony — 0,05 MMm. [{ns
KIiHIIEBOTO PO3BipUyBaHHS JOMYCK Ha JiaMeTp MPHUITHATO
0,05 mm, Ha ctopony — 0,025 mMM. BinxuneHHs Bix
mepepi3y oceit 0TBOPIB 3 Biccio mapoIku OyB He OinbIIe
0,13 MM, a y BepmmHi 10 0,25 MM I BCix pemTa
OTBODIB.

BucHoBkH

OBaJtbHICTH OTBOPIB HE0OXiaHO 3MeHIHTH 110 0,02
MM, 00 31 30UIBIICHHAM MJOMYCKY HABKOJIO OTBOPY
BUHUKA€ HECHPHUATINBUI PO3NOALT HANpPY>KEHb IO Bele
IO pyWHYBaHHS CHPSDKCHUX EJIEMEHTIB 3yOKa Ta OTBOPY
BIHIIS IIAPOIIKH.

3abesmedenHHss cTayioro mHpodimo Ta 3HAYCHHS
IIOPCTKOCTI OTBOPIB MOXIIUBO JOOUTHCS YBEICHHIM
JIOATKOBOT KIHIIEBOI omepallii po3BipYyBaHHsI, sKa OH
BHUKOHYBaja POJIb KIiHIIEBOIO KajliOpyBaHHs OTBOpY. Jlns
IpOro e(eKTMBHUM € 3aCTOCYBaHHS MOHOJITHHX
TBEPJOCIIABHUX PO3BEPTOK, SKi 3a0e3MeuyloTh BUILY
CTaOUIBHICT Ta SKICTH OOpPOOJIEHMX OTBOPIB IPOTH
PO3BEPTOK 13 MassHUMH TBEP/IOCIUIABHUMH PO3BEPTKaMHU.

[Mapamerpn mnpecyBaHHS MaloOTh BHOMpAaTHCH
BIAIIOBIHO 0 IIOKa3HUKIB MIIHOCTI Ta IIACTHYHOCTI
cTayi mapomoK. TakoX IS KOKHOTO THIIOPO3MIpY Ta
KOHCTPYKIIii IIapOIIOK Mae 3a0e3nedyBaTHCs
CIPUATINBUN PO3MOJLT 3HAYCHD HATIPY>KEHb Y TLTi BiHIIIB
Ta  TBEPIOCIJIABHUX 3yOKiB MOPOIOPYHHIBHOTO
OCHAIL[EHHS1 MIapolok OypoBux jomit. [lpu 1mpomy
HEOOXI/IHO BPaxOBYBaTH XapakTep PO3MOJiTy HANpPyKeHb
y OJIM3BKO pO3TAlIOBaHUX HE TINBKKM JBOX 3yOKax, a
rpymnax 3yOKiB y BiHI[SIX IIAPOIIKH.

Jis mocagku 3yOKiB HAa OCHOBHHX BIHIIIX (SIK
HaWOUIBII HaBaHTaXKeHi), TOLLIBHO INPECYBaTH 3a YMOB
MIIBUIICHUX 3HAYeHb HATATIB. JIJIA MiIBHINEHHS SKOCTI
MIpecyBaHHs, Mepe]] IPeCyBaHHIM, TBEpAOCIUIaBHI 3yOKH
JIOLITTFHO 3MOYYBaTH B OKWCICHHH mapadiH, abo iHmry
pedoBuHY, 1m0 3abesmeuye  edeKTUBHE  KOB3aHHS
CHPSHKEHHUX [TOBEPXOHb P MPECyBaHHI.

3yOku HEOOXiJHO peTelNbHile KamiOpyBaTH st

YCYHEHHS  HCOIHOPITHOI MIOPCTKOCTI MO  TBIpHIi
XBOCTOBHKA.
Hanani MIEPCIICKTUBHO BJIOCKOHATIOBATH

KOHCprKHiIO XBOCTOBHUKIB TBEPAOCIIJIAaBHUX BCTABHUX
3y6KiB, a TaKOK TEXHOJIOTII0 CEJICKTHBHOTO CKJIaJlaHHA.
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AHHOTAITHA [lpedcmasnenst pe3ynibmamol UCCLe008aHUL 00HO20 U3 KIOUesblX ACNEeKMOo8, KACarouwuxcs obecneueHus: Kauecmed
U320MOGILEHUS. WAPOULEK MPEXUAPOUEHHBIX OYPOBLIX O00L0M, KOMOpPble OCHAWEeHbl MEEPOOCHIABHBIMY BCMABHLIMU 3YOKAMU.
Hccnedosarno enusmue mexHor02u4eckux napamempos na popmoobpazosanus omaepcmuti noo NocaoKy meepooChiasHbIX 3Y0K08 U
onepayuu c60pku coeounerue «3y60K-uapowray. AHanu30m ycmanogneHo, Ymo Ha Imanax onepayuil pa3gepmvleanus OmeepCcmul
6o3HUKAem Oonvuie 6ce20 npobiem no obecneuenuto kavecmea. OCHOGHAs udess YMOU pabomvl 3aKNIOYACMCS 6 YCMAHOGLEHUU
PAYUOHANLHBIX MEXHOI0SULECKUX NAPAMEMPO8 HA 3aKpenieHue nopooopaspyuanwux semenmos ¢ meie wapowku. Ha ocnose
MHO2OUUCTEHHBIX IKCNEPUMEHIMOE HA PA3IUYHBIX MUNOPA3MEPAX MEEePOOCNIABHIX 3YOK08 YCMAHOBIEHO, YMO CKOPOCMb npoyeccd
npeccosanus umeem Ype3gblUAlHO BAJICHOE 3HAYeHUe. AHANUZ0M pA3Pe3AHHLIX U PA300PAHHBIX MAKUX COCOUHEHUU Obllo
VCMAHOBNEHO, YMO CMEHKU OMGepCmusl UMEIOm 3HAYUMENbHYIO WIACTUYeCcKyI0 Oeopmayuio, MUKpompewunsl, obpasosanue
cmpyscku Ha OHe omeepcmus. Taxoice uccnedosanu napamempsl OMKIOHEHUs. NO WEPOX08AMOCMU MAKUX NOGePXHOCMELL.
Bocnoawsosasuiuce pekomenoayusimu, 0OHApyIICUNL, YO CMAYUBAHUE 3YOKO8 8 OKUCIEHHbLIL NApaAUuH YMeHbuaem niadcmuieckyio
deghopmayuio cmernok omeepcmusi 8 06a paza. Mo 0aem 603MONCHOCHb NOGLIULAMb 3HAYEHUE HAMSNCEHUS. 8 COeOuHeHusX. [l
NOGbIUIEHUsL MOYHOCHIU MEXHOA0SUHECKOU ONepayuy npecco8anusi paspabomano CneyudibHoe YCmpoucmeo, KOmopoe nO3604UlL0
MOYHO OPUESHMUPOBAMb WAPOWKY Neped NPeccOBAHUEM BCMABHLIX 3YOK08, A MAKICe CYUWeCMEEHHO YMeHbuums opak. Ananuzom
CMEHOK Omeepcmull Wapowiky, komopas uzeomosnena uz cmanu 14XH3MA obnapyscerno, umo npu namssxcenuu 6 0,068 mm umeem
mecmo  ynpyeas Oepopmayuu. Ilpu namsowcenuu 0o 0,148mm 6vin0 nonyyeno 3HauumenvHoe NAACMUYECKVIO OedopmMayuio.
Teopemuuecku u SKCnepUMeHmanbHo 060CHOBAHO U pa3pabOMAaHO NYmMu COBEPUICHCIBOBAHUU MEXHOIO2UU U320MOBIEHUsI OYPOBbIX
odonom, ymo MuHuMusupyem degpopmayuro wapouwex u 3y6xos. C amotl yeivio YCmaHo8IeHO SMIUPULECKYIO 3A8UCUMOCHIb, KOMOpAas
N0360J15eM YCMAHOBUMb 3A6UCUMOCHTb MeJICOYy NAPAMEMPAMU WEPOX08AMOCMU U BEIUYUHE HAMSNCEHU. COCOUHEHUU «3VDOK-
wWapowkay 0o10m.

Kniouesvie cnosa: gpopmoobpasosanue omeepcmuil; wepoxoeamocmy,; 3y00K, WAPOWKA, HAMIdICeHUe, MPUUapouKose 0yposoe
00J10MO; CKOPOCHIb 3aNPeccoBKU
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REGULARITIES OF THE INFLUENCE OF MICROARC OXIDATION OF ALUMINUM
ALLOYS ON THE PHASE-STRUCTURAL STATE OF THE FORMED OXIDE
COATINGS AND THE PECULIARITIES OF 7y-AL;O3 — a-AL;03 POLYMORPHIC
TRANSFORMATION DURING THEIR ANNEALING

0. SOBOL’, V. SUBBOTINA’

Department of Materials Science, National Technical University "Kharkiv Polytechnic Institute", Kharkiv, UKRAINE
“e-mail: subbotina.valeri@gmail.com

ABSTRACT The influence of the technological parameters of microarc oxidation on the regularities of the phase-structural state of
coatings formed on D16 aluminum alloys (the main alloying element is Cu) and AMg3 (the main alloying element is Mg) and the
effect of annealing in the temperature range 600-1280 °C on the y-Al203 — a-Al203 phase transformation are investigated. It was
found that in the coatings formed during microarc oxidation in a complex (alkaline-silicate) electrolyte, three main phase-structural
states are revealed: y-Al203, a-Al203 and mullite (341:03°2Si0z). The conditions of electrolysis allowing the formation of a two-
phase state (y-Al203 and a-A1203) on alloys of both types have been determined. It has been established that alloying elements of the
AMg3 alloy provide in MAO coatings a higher stability of the y-A1:0; structure in comparison with the analogous state in MAO
coatings on D16 alloy. High-temperature annealing of MAO coatings made it possible to reveal a more complete phase
transformation on D16 alloy, the structural basis of which is the appearance of tetragonality in the defective cubic lattice of the y-
ALO3 phase. Annealing of MAO coatings stimulates the y — o transformation with the greatest dynamics of change in the coatings
obtained on D16 alloy. At the highest annealing temperature of 1280 °C (for 60 min) as a result of y—a transformation, the relative
content of the a-Al203 phase in the coating is 89 % (coating obtained on D16 alloy) and 30 % (coating obtained on AMg3 alloy). A
model of the polymorphic y-Al203 — a-Al20; transformation in aluminum oxide is proposed, based on the ordering of the metal
cationic subsystem in octahedral and tetrahedral internodes and the enhancement of this process upon the weakening of the “metal —
oxygen” bond as a result of the replacement of Al ions by Cu ions that have a low binding energy with oxygen. A correlation between
the relative content of the a-Al203 phase and the hardness of the MAO coating was found. With the highest content of the a-A120;3
phase, the hardness reaches 16000 MPa.

Keywords: microarc oxidation; aluminum alloy; alkali silicate electrolyte; y-Al20s; alloying elements; annealing; interstices;
tetragonality, polymorphic transformation

3AKOHOMIPHOCTI BIIVIUBY MIKPOAYI'OBOI'O OKCUAYBAHHS
AJIOMIHIEBUX CILTABIB HA ®A30BO-CTPYKTYPHUM CTAH ®OPMOBAHUX
OKCUJAHUX ITOKPUTTIB I OCOBJIUBOCTI y-AlLO3; —a-Al,O; HIOJIMOP®HOI'O
NEPETBOPEHHS ITPU IX BIIIAJI

O. B. COBOJIb, B. B. CYEBEOTIHA

Kaghedpa mamepianosnasecmea, Hayionanvruti mexuiunutl ynieepcumem «Xapxiecoxkutl nonimextiynui incmuntymy, m. Xapkie, YKPAIHA

AHOTALIA Jlocniodceno 6naug mexHoN02IYHUX NAPAMempie MIKpoOy208020 OKCUOVBAHHS HA 3AKOHOMIPHOCMI (Pazoeo-
CMPYKMypHO20 Ccmany NOKpummis, wo gopmyromscs na anominiesux cniaeax /16 (ocnosnuii enemenm necysanns Cu) i AMes
(ocnosHutl enemenm nezysanna Mg) i ennue ionanie 6 inmepsani memnepamyp 600—1280 °C na gpasose nepemsopenns y-Al203 —
0-Al20s. Bcmanoeneno, wo 6 nokpummsax, wo @opmylomsca npu MiKpooy2080My OKCUOYEAHHI 6 KOMNIEKCHOMY (VIHCHO-
CUNIKAMHOMY) eleKmpoimi, GUAGNIAIOMbC MPU OCHOBHI hazoeo-cmpykmypui cmanu: y-Al203, a-Al203 i myanim (341203228i03).
Busnaueni ymosu eiexmponizy ski 003go1soms opmysamucs ogogasznomy cmany (y-ALOs i a-ALO3) na cnaasax o6ox munis.
Bcmanosneno, wo aeeyroui enemenmu cnaagy AMes zabesneuyioms ¢ MIO-nokpummsx 6inbut 6UCOKy cmabinbHiCy CIMPYKMYypU -
A120;s, 6 nopieusanni 3 ananoeiunum cmarom 8 MJ[O-nokpummsx na cnnasi /{16. Bucokomemnepamypruii ¢ionan M/JO-nokpummis
0036011U6 BUsGUMU NOGHIWE (pazose nepemsopenns Ha cnaasi 16 cmpyKkmypHoio 0CHOB0I0 K020 € NOA6A MEMPAOHANLHOCIU 8
odeghexmmoi kyoiunoi pewimyi y-Al203 ¢gpazu. Bionan M/[O-nokpummie cmumynioc y — o nepemeopents 3 Haubibuo OUHAMIKOIO
3MiHU 6 noKpummsax, ompumanux Ha cnaaei /[16. Ilpu maxcumanvuiti memnepamypi eionany 1280 °C (npomsazom 60 xs.) &
pesyabmami y — a nepemgopenus gionocuuu emicm a-Al203 gpasu 6 nokpummi cmanogums 89% (nokpumms, ompumane Ha cniasi
H16) i 30 % (noxkpumms, ompumane na cnaagi AMe3). 3anpononosano modenv nonimopgnozo y-Al203 — a-Al203 nepemsopenns 6
oKCudi antoMinilo, AKA 3ACHOBAHA HA BNOPSAOKYBAHHA Memanegoi KAMioHHOI nidcucmemu 8 OKMAeOpudHux i mempaeopuumux
MIDICEY3/ISX [ NOCUTIEHHS Y020 NPOYeCy Npu OCIAONIeHHI 36 3Ky «(Memani—KuceHvy 8 pesyavmami zamiugenns ionie Al ionamu Cu, sxi
Marmov 8IOHOCHO MAJly eHepeiio 363Ky 3 KucHem. Buseneno kopensayiio mixc ionochum emicmom a-Al203 ¢pazu i meepoicmio MJ[O-
noxkpumms. Ilpu naibinsuiomy emicmi a-Al203 gpazu meepdicms docsieac 16000 Mlla.

Knrwuogi cnosa: mikpoodyzoee oKcuoy8anus, amtOMiHIESULl CNAAS, TYHCHO cunikamuuil erekmponim,; y-Al203; enemenmu necysanus,
8IONAN; MIXHCEY3A, MEeMPALOHATLHICG, NOIMOPQHE NepemeopeHHsl.

Introduction microarc oxidation of aluminum coatings is based are still

Despite the fact that the theoretical concepts of the far from perfect, very effective methods of producing

nature of the phenomena on which the technology of
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coatings with different properties have been developed
empirically [1-3].

However, further development of this technology
requires a more in-depth knowledge of the processes
occurring during the formation of MAO coatings, which
makes it possible to purposefully change the oxidation
conditions in order to obtain the required coating
characteristics [4-6]. In this aspect, the study of the
influence of the elemental composition of the alloy on the
phase composition of the formed coating and the features
of the y-ALbO; — a-AlLO3 polymorphic transformation
during the formation of MAO coatings on aluminum
alloys is undoubtedly of interest, since these phases are
the main phases in MAO coatings and determine their
properties [7,8].

The purpose of the work

Therefore, the aim of this work was to establish the
effect of microarc oxidation in complex electrolytes of
different composition on the phase composition and
properties of D16 (the main alloying element is Cu) and
AMg3 (the main alloying element is Mg) alloys, as well
as the effect on the phase-structural state of these coatings
by annealing in temperature range of 600—1280 °C.

Literature review

The polymorphic modification of a-ALO;
aluminum oxide has a rhombohedral crystal lattice (a =
0,512 nm, a = 55,25°, for a hexagonal setting a = 0,475
nm, ¢ = 1,299 nm, space group D®%,4). The crystal lattice
of a-AlO has significant stability and strength; therefore,
corundum recrystallization  requires  very  high
temperatures  (about  1800-1900  °C).  During
recrystallization in the solid phase for the development of
exchange processes or self-diffusion, it is necessary to
overcome a significant energy barrier [9]. The structure of
the a-A 1,03 oxide is built on the basis of dense filling of
the anionic lattice and various possibilities of filling
octahedral and tetrahedral interstices with cations. In the
a-A 1,03 lattice 2/3 of octahedral interstices are occupied,
as a result of which, due to the strong electrostatic
attraction between aluminum cations and oxygen anions,
as well as close packing, the formation of solid solutions
is difficult.

The structure of y-Al,Os3 is traditionally considered
as a type of spinel with defects, in which oxygen atoms
are located in a cubic close packing, and Al atoms occupy
octahedral and tetrahedral positions. However, unlike
fully occupied positions in the oxygen sublattice, the
aluminum sublattice contains structural vacancies that
balance the [Al]/[O] ratio. In the Fd3™ m space group, this
means that oxygen is in the positions of fcc lattice sites,
and Al atoms are in tetrahedral and octahedral positions.
To satisfy the stoichiometry of y-Al,Os, in contrast to the
chemical formula of spinel, M304 (M = metal or mixture
of metals), the atomic positions of Al are not fully
occupied. Vacancies are distributed by both tetrahedral

and octahedral positions. However, until now the exact
distribution of Al atoms (and vacancies) has been
controversial [10], and apparently depends on the
conditions for obtaining y-Al,O3[11].

During the formation of intermediate phases of
aluminum oxide, these vacancies show different degrees
of ordering, which usually increases from y-Al,O; to 6-
Al,Oj3 [12]. Different distribution of vacancies over cation
sites: one of the reasons why different structural
descriptions of y-Al,O3; can be found in the literature for
samples obtained by different technologies, with different
crystallite sizes, etc. [13,14].

The y-AlL,O; phase has a much lower surface
energy and higher entropy, and therefore can be more
stable at low temperatures [15]. As shown by calculations
[16], the value of the free surface energy of the y-AlL,O3
phase is 1,7 J/m?, and for the a-AlL,O; phase the value of
the surface energy is 2.6 J/m?.

At temperatures exceeding 1200 °C, y-AlLO;
transforms into a-Al,O3 [17].

Therefore, it is generally accepted that the heat
resistance of MAO coatings is about 1200 °C. However,
the fact that the properties of MAO coatings are
determined not only by the quantitative ratio of the o-
Al>,O3 and y-A1,0s phases suggests that during heating at
temperatures below 1200 °C, changes in the structure of
these phases are possible. It should be noted that the
transformation temperature can change in magnitude upon
aluminum alloying [18].

Thus, as follows from the literature review, the
issues related to the regularities of the formation of the y-
A1,0; phase and the degree of its stability during the
formation of MAO coatings on alloys of different
compositions remain debatable; there is no generally
recognized mechanism of y-ALO; — o-ALO;
polymorphic transformation and the influence of the
conditions of plasma treatment and thermal annealing. All
this is the basis of the structural-phase engineering of
MAUO coatings and determines their functional properties.

Microarc oxidation and research methodology

Microarc oxidation was carried out in a 100 liter
stainless steel bath. During the MAO process, cooling and
bubbling of the electrolyte was provided. The average
voltage was 380 V. The current density was 20 A/dm?,

Based on the results of preliminary studies, D16
and AMg3 aluminum alloys were used as model alloys
for microarc oxidation, since at close parameters of MAO
treatment, a coating of approximately the same thickness
on these alloys, consisting only of y-A1,0; and a-AlO3
phases is formed, but with a significant difference in their
ratio. In addition, an important difference between these
alloys was the main alloying element: in D16 such an
element is Cu, which has a very weak bond with oxygen,
and in AMg3 such an element is Mg, which has a
relatively high binding energy with oxygen in oxides and
belongs to valve elements group [19].
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In this case, the composition of the D16 alloy as
the main elements includes: Al (90,9-94,7 %), Cu (3,8—
4,9 %), Mg (1,2-1,8 %), Mn — in the range of 0,3-0,9 %,
Fe — no more than 0,5 %; Si — no more than 0,5 %; Zn —
up to 0,25 %; Ti — no more than 0,15 %), and in the
AMg3 alloy, the main elements are: Al (93,8-96 %), Mg
- (3,2-3,8 %), Mn - (0,3-0,6 %), Si — (0,5-0,8 %), Ti —
up to 0,1 %, Fe —up to 0,5 %.

The process of microarc oxidation was carried out
in an alkali-silicate electrolyte at an initial pH = 10,0—
13,0 and p = 100-350 Ohm/cm. However, to obtain a
high-quality oxide coating on these alloys, a final
adjustment of pH and p was necessary. The electrolytes
and MAO modes used to optimize the technology of
coating deposition on D16 and AMg3 alloys are given in
tabl. 1.

Table 1 — Types and characteristics of electrolytes
used for microarc oxidation

No | Electrolyte composition, pH Py
g/L Ohm/cm
KOH NaySiO3
1 1 6 11,60 254
2 2 12 11,90 150
3 2 6 12,4 130

To clarify the nature of the processes that led to a
change in the lattice period of the y-A1,0; phase, MAO
coatings on D16 and AMg3 alloys were separated. The
separation of the MAO coating was carried out by
dissolving the aluminum base with exposure in an 18 %
hydrochloric acid solution for 20-30 minutes (until the
aluminum base is completely dissolved). The absence of
an aluminum base was monitored by diffraction spectra.

The separated coatings were annealed for 60
minutes at temperatures of 600, 700, 800, 900, 1000,
1100, 1120, 1280 °C.

After exposure to each temperature the phase
composition of the coatings and the lattice period of the vy-
Al1,03 and a-AlLO; phases were studied by X-ray
diffractometry.

X-ray diffraction studies were carried out on a
DRON-3 X-ray diffractometer with point-to-point
recording of diffraction reflections. To determine the
lattice parameters of the y-A 1,03 and a-Al>Os phases, the
survey was carried out in A-Cr radiation with a V filter.
The phase concentration was determined using reference
points for each of the possible phases. The scanning was
carried out in a pointwise mode with a A (20) = 0.02°
scanning step and a pulse accumulation time at each point
of 20 s. For complex diffraction profiles, they were
decomposed with the selection of the component peaks.
Decomposition was carried out using the «new_profile
3.4» software package [20]. To interpret the diffraction
patterns, the tables of the International Center for
Diffraction Data (Powder Diffraction File [21]) were
used.

Scanning electron microscopic analysis of surface
morphology was performed on the REM MA 101.

Microhardness was determined using a PMT-3
device.

Results

Oxidation was carried out for 1 hour, when it is
believed that the thickness of the dielectric layer in the
microplasma channels does not yet lead to a significant
enrichment of the crystalline lattice of the y-A1,03 phase
with impurity atoms of the alloy [19]. In this case, the
lattice period of y-A 1,03 should be close to the standard
values for the y-A1,033 phase of 0.7917-0.792 nm.

Fig. 1 shows comparative histograms of
compositions of MAO coatings on D16 and AMg3 alloys
obtained in different electrolytes.

It can be seen that when using electrolytes of the
first 2 types (tabl. 1), mullite is present as one of the
phases in the coating composition. Therefore, such
electrolytes cannot be used to obtain only the basic -
Al,O3 and y-A 1,03 phases and at the same time achieve a
high-hardness state (with a hardness of more than 15 000
MPa).

Fig. 2 shows the dependence of the hardness of
MAO coatings on the composition of the electrolyte.

L]
(=]

(]
[=]

=]

(=]

-
“ 3 3

- 1 2 3
Electrolvte number Electrolyte s ber

—naulit

a—DI16

—o-Al0:

—p-Al0:

b—- AMg3

Fig. 1 — Phase composition of MAO coatings on the D16
(a) and AMg3 (b) alloys in electrolytes of different types
(v =1 hour)
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Fig. 2 — Dependence of the hardness of MAO coatings on
the electrolyte composition (electrolyte number in
accordance with tabl. 1)

As can be seen from the results presented in fig. 2,
the highest hardness is inherent in MAO coatings formed
during electrolysis in the 3rd electrolyte. In this case,
under the same electrolysis conditions, the hardness of
MAO coatings on D16 alloy turned out to be higher than
in coatings on AMg3 alloy. If we compare the data on
hardness and phase composition (fig. 1), we can trace the
relationship between the amount of a-Al,O; in the
coating composition and the hardness of the coating (with
an increase in the relative content of a-AlLO; in the
coating, its hardness increases).

Also, when analyzing the results obtained, it can
be seen that the same hardness is not always realized with
the same phase composition. Obviously, in addition to a
change in the phase composition, there is also a change in
the structural characteristics of the phases themselves.

Based on the results presented in Fig. 1 and fig. 2,
coatings obtained after MAO treatment of D16 and AMg3
alloys in electrolyte 3 (2 g/L KOH + 6 g/L Na;SiOs
solution) were selected for basic studies. The thickness of
such coatings was about 80 um, and the phase
composition included only y-A 1,03 and a-Al,O3 phases.

Fig. 3 shows the morphology of the lateral surface
of such a coating on the AMg3 alloy. It is seen that the
coating has a fairly uniform structure with low porosity.

Separated MAO coatings were obtained by
dissolving the base of the aluminum alloy in an 18 %
hydrochloric acid solution.

It should be noted that the same hardness is not
always realized with the same phase composition.
Obviously, in addition to a change in the phase
composition, there is also a change in the structural
characteristics of the phases themselves. Therefore, in the
work, both the phase composition and the lattice period of
the base a-Al,O; and y-A1,0; phases were studied.

To analyze the phase composition, reference lines
of a-Al,0Os3 and y-A1,03 phases were used. As such lines
(113) were chosen for a-AlO3; and (400) for y-A1,0s.
These peaks have a fairly high relative intensity and are
located in a close angular range.

Fig. 3 — Morphology of MAO coating on D16 alloy

Fig. 4 and fig. 5 show the resulting dependences of
the relative content of a-Al,O3 and y-A1,05 phases in the
coating on the annealing temperature.

It can be seen that the phase composition remains
practically unchanged up to a temperature of about 800
°C. Significant changes in the composition occur at
temperatures exceeding 900 °C. In this case, to the
greatest extent, this applies to D16 alloy (fig. 4).

Thus, a change in the composition of coatings at
high temperatures due to an increase in the relative
content of the 0-A1,0;3 phase indicates the stimulation of
the v-A1,03 — a-AlLOs; phase transition at these
temperatures. An important structural indicator of such a
transition is the lattice period.

The lattice period of y-Al1,03; in the separated
MAO coating on the D16 alloy was 0,7917 nm, and in the
coating on the AMg3 alloy, the lattice period of the -
A1,0; phase was 0,7915 nm.

To determine the effect of annealing temperature
at high temperatures, a precision measurement of the
lattice period of the y-A1,03 phase was carried out during
annealing in a wide temperature range.

From the sections of the diffraction spectra
presented in fig 6 and fig. 7, after their decomposition into
component profiles, it can be seen that at temperatures up
to 900 °C, two diffraction peaks from the (440) planes of
the y-A1,03 phase and (124) a-Al>O; phase are revealed.
It should be noted that the (440) diffraction line is
symmetrical. An increase in the annealing temperature
above 900 °C leads to a shift of the diffraction peak from
the (440) y-A1,0s3 planes to the region of large diffraction
angles (which corresponds to a decrease in the period)
and the appearance of an additional peak in a smaller
angular range.

To determine the lattice parameters of the y-A1,03
phase, the survey was carried out in A-Cr radiation at
large angles (in the angular range 20 = 108—111°) with a
scanning step of 0,010. This made it possible to determine
the shape and position of the most intense reflection in
this range of large angles from the (440) plane of the
v-A1,0; phase.
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Fig. 4. — Phase composition of MAO coatings on D16
alloy after their annealing: 1 —y-A1,03, 2 — a-AL0;
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Fig. 5 — Phase composition of MAO coatings on the AMg3
alloy after their annealing: 1 —y-A1,03, 2 — a~Al;0;

It was found that up to a temperature of about
900 °C the lattice period remains practically unchanged
and close to 0,7916 nm, which is consistent with the
microstructural data for y-A1,0s.

Fig 6 and fig. 7 show a typical view of the spectral
regions in the selected angular range.

It should be noted that in this case, the position of
the (124) peak of the a-Al,Os3 phase practically does not
change. Precision measurements of the lattice period of a-
AlLO; in coatings in the entire temperature range of
annealing (600—1280 °C) did not reveal its change, which
indicates the stability of the corundum lattice. Thus, in
contrast to y-A1,0s3, the period of the rhombic lattice of a-
A1,0; is practically constant (a = 0,5127 + — 0,0002 nm,
a = 55,280).

In y-A1,03, the (440) diffraction peak is divided
into two components with an intensity ratio close to 1:2.
The appearance of an additional diffraction peak with a
simultaneous shift of the basic peak to the region of large
angles has signs of the appearance of tetragonality in the
cubic lattice of the y-A1,0; phase.
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Fig. 6 — X-ray diffraction patterns (with
decomposition into components) of MAO coatings
obtained on D16 alloy after annealing for 60 minutes at a
temperature of 800 °C (a) and 1280 °C (b)

Based on this approach, Fig. 8 shows the change in
the interplanar distance of y-A 1,03 for planes of the (440)
type and its separation into 2 components (440) and (044)
at high temperatures.

The obtained values of the change in the
interplanar  spacing indicate the appearance of
anisomericity of the periods, which indicates that the
lattice passes from cubic to tetragonal with a degree of
tetragonality c/a = 1.02. The temperature of such a
transition for the coating on D16 and AMg3 alloys is
slightly different. As can be seen from the results
obtained, the appearance of such a doublet of peaks is
clearly revealed on MAO coatings of the D16 alloy at
1000 °C (fig. 8a). At the same time, on the MAO coatings
of the AMg3 alloy, a noticeable appearance of the
tetragonality doublet manifests itself only at temperatures
above 1100 °C (fig. 8b).
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Fig. 7— X-ray diffraction patterns (with decomposition
into components) of MAO coatings obtained on the AMg3
alloy after annealing for 60 minutes at a temperature of
800 °C (a) and 1280 °C (b)

Discussion of results

It is known [19] that in the composition of films
obtained by conventional anodizing of aluminum alloys,
a-ALO;, the y-Al,03 — oa-ALOs transition is not
detected, since the process temperature is lower than
1000 °C.

With MAO, the temperature in the discharge
channels can reach 3000 °C and higher temperatures [19].
However, apparently, due to the high dispersion at the
initial formation of the phase from the plasma, at the
initial stage of oxidation, the y-A1,03 phase is mainly
formed. The formation of an amorphous or
nanocrystalline y-A 1,03 phase during the MAO process is
determined by a high degree of nonequilibrium of the
processes during microplasma oxidation at which the
highly dispersed form of y-A1,03 is more stable than o-
AL O3 due to the lower surface energy [22].

0,1410 T T T T T T T
0,1405 4
-
- 4
= 0,1400
=
-~
0,1395
0,1320 T T T T T T T T T T T T T
00 200 00 1000 1100 1200 1300
T . 0C
ani” -
a
0,1405
~
= 0.1400 ~
=
E
~
10,1395

T T T T T T
o0 200 00 1000 1100 1200 1200

T . 0C

ann*

b

Fig. 8 — Change in the interplanar spacing for the (440)
plane of the y-A1:03 phase with the formation of
tetragonality in the lattice of the coating formed on the
D16 (a) and AMg3 alloys upon their annealing

In addition, the stabilization of the y-A1,03 phase
is facilitated by the partial replacement of the ionic
component at the lattice sites with ions such as Na*, K*
and ions of other metals. Therefore, the different chemical
nature of the stabilizer ions of the y-A1,03 phase during
the oxidation of different alloys explains the difference in
the y-A1,03 — a-Al,O; transition temperature.

It should be noted that with an increase in the
duration of the process, there is a change in the power of
microarc discharges and the temperature in the microarc
zone, that is, the transformation temperature, and it can be
assumed that in this case the processes of redistribution of
ions (their type and ratio is determined by the chemical
composition of the alloy and electrolyte) into the
composition of y-A1,03, as well as to undergo ordering in
the crystal lattice, which cause a change in its lattice
parameter.

The results obtained indicate that at high
temperatures ordering occurs in the y-A1,0; lattice with
the formation of tetragonality.

It is known that the y-A1,03 phase is metastable
and is mainly detected with a cubic type unit cell [23].
However, in a number of works, the possibility of the
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appearance of tetragonality in such a lattice was noted
[24,25]. In this case, the stabilization of the cubic lattice
occurs upon separation from the nanocrystalline and
amorphous structure [26,27]. This is determined by the
relatively low surface free energy [14]. Therefore, with an
increase in temperature and an increase in the grain
structure, the stability of y-A1,03 decreases.

The cubic crystal cell of y-A1,03 belongs to the
spinel structure. In the spinel structure (Me**Mey**0y),
the unit cell includes 32 O anions, which form the densest
cubic packing with 64 tetrahedral (cations occupy 8) and
32 octahedral (cations occupy 16) vacancies. In such
vacancies, there should be 24 metal ions. The unit cell of
v-Al,O3 contains 32 oxygen ions (i.e., the anionic part
corresponds to the filling for classical spinel), however,
the cationic part accounts for 21 1/3 of the metal ion (that
is, it contains 8 A1,03 molecules). This is due to the fact
that in y-ALLO; the AI** ion plays the role of both Me?*
and Me" cations. AP" ions are statistically distributed
over 8 tetrahedral and 16 octahedral positions. Therefore,
the structure of y-A1,0;3 is called a defect-type spinel
structure, and upon exposure to temperature, a
redistribution of AI’* ions over octahedral and tetrahedral
positions can occur, which affects the lattice period.

This model is described more fully in [28]. In this
case, the traditional structure model is used, such as a
defective cubic spinel of the AB,O4 formula, where A =B
= Al and in which A atoms occupy 1/8 tetrahedral
positions (interstitial sites), B atoms occupy 1/2
octahedral positions (interstitial sites). This structure is
shown in Fig. 9.

However, as the works of recent years [29] have
shown, the used model of the structure of y-Al,O;, in
which 25% of AI’' cations are located in tetrahedral
interstices and tetrahedral interstices are the main

vacancies for aluminum ions, must be modified. This is
due to the fact that, as shown by NMR studies, a
significant part of vacancies can be in octahedral
interstices, as in isostructural y-Fe,Os. In this case, two Al
interstices

vacancies in octahedral maximize their

distances [30-35].

Fig. 9 — Structure of AB>Oy spinel. The large red spheres
are O atoms at the sites of the fcc lattice, the small blue
spheres are the A atoms at the tetrahedral interstices, and
the green small spheres are the B atoms at the octahedral
interstices

In this case, as is known [36], in the presence of
more than 20 % of vacancies in a cubic (with a base of the
fce type) sublattice, their ordering occurs with increasing
temperature. The degree of such ordering is influenced by
the bond strength between metal and non-metal ions (in
this case, oxygen).

In this case, the distortions of the crystalline lattice
of the y-Al,Os spinel can mainly be associated with
displacements of oxygen ions, which lead to «rotations»
of the AlOg octahedra. And in the case of atomic ordering
and the appearance of tetragonality of the lattice,
alternation of layers consisting of aluminum octahedra
with layers consisting of aluminum octahedra and
tetrahedra should be observed.

If we compare these 2 crystalline lattices, then a-
A1,0; has a structure with the oxygen planes ABAB
along the z axis. On the other hand, y- A1,0; has a cubic
structure (Fd-3m groups) based on an fcc lattice with the
oxygen planes ABCABC along the z axis. Unlike a-
A1,0s, it has free spaces in Al positions. And unlike a-
A1,03, which occupies 2/3 of the octahedral positions of
the insertion, y- A1,03; occupies not only the octahedral
position, but also tetrahedral positions. A schematic view
of close-packed planes for these types of lattices is shown
in Fig. 10 [37].

Thus, the transition from the y-A1,03 structural
state to a-A 1,03 can occur by a shear path, which requires
a transformation of the rhombohedral unit cell. One of the
stages of such a transition is the change of the rhombic
cell inscribed into the cubic lattice of y-A1,0; to the
required parameters in the hexagonal setting of the a-
A1,0; phase. Such a change should take place through
the tetragonality stage, as shown in Fig. 11.

2) o-AlLO; b} y-AlOs

Fig. 10 — Model structures of a-A1,03, (0001) plane and
y-A1,03, (111) plane. Rhombuses in the structures show
the unit cell (white — oxygen anions, black — aluminum
cations) [37]

It should be should be considered that during
MAO treatment of alloys containing several elements,
isovalent isomorphism is absent, that is, when the ions
replacing each other have the same valence, and
heterovalent isomorphism is realized, when the ions
replacing the initial one have a different valence. In
addition, the alloying metal ions replacing Al** differ in
their ionic radius. For the studied alloys, the AI*" cation
has an ionic radius of 0,067 nm, Cu?*" (0,087 nm), Cu**
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(0,068 nm), Mg?* (0,086 nm), and the O anion (0,126
nm). In this case, it is necessary that the lattice as a whole
be neutral, that is, for the compensation of valence
(charge) to occur. Vacancies can play the role of charge
compensators.

{F\ N ;
TN 7 g

H

cubic with tetragonal
distortion
a b c

Rhombohedral cell placed in a face-centered

— e
y-AL0,

Rhombohedral cell placed in a hexagonal|

a-AL0,

Fig. 11— Scheme of rhombohedral cell transformation
from a cubic (fcc) y-A1,0; setting (a), through a
tetragonally distorted y-A1,0; lattice (b) to a hexagonal
a-A1,0; phase setting (c)

Compensation can occur not only for the positions
of ions occupying the same sublattice, but also for the
positions of different systems. The appearance of
vacancies that compensate for the charge during the
formation of solid solutions in crystals is accompanied by
an increase in the lattice period. Apparently, the formation
of defect structures can explain an increase in the lattice
period of the y-A1,0; phase during the formation of
coatings on the alloys under study. In addition, the
difference in ionic radii also leads to a change in the
period.

Since an increase in the oxidation time leads to an
increase in the thickness of the dielectric layer, during the
MAQO process the discharge power increases (the
temperature in the discharge channels increases) and the
degree of doping of the formed MAO coating with
impurity ions increases. Therefore, the observed increase in
the period of y-A1,0s can be associated both with an
increase in the content of cations with a larger atomic
radius, and with the appearance of compensating vacancies.

In contrast to this, an increase in the y-A 1,03 period
upon annealing of a coating with a temperature of 600 —
900 °C can be associated only with the appearance of
compensating vacancies or rearrangement in the lattice for
the transition to a more thermodynamically equilibrium
state of a- A1,03. Taking into account the short duration of
exposure to microarc discharges (microseconds) at high
temperatures (about 3000 °C), which is several times
higher than the y — o transformation temperature, it can be
assumed that the ordering processes during MAO
processing occur much more intensively, which
complicates the fixation of this transformation stage. y — o
(formation of tetragonality) in the MAO process.

In the case of prolonged annealing at relatively low
temperatures, as was done in this work, the stage of
tetragonal distortions appeared during the transition of the

nonequilibrium y-A1,03 phase to the equilibrium close-
packed a-A1,0; phase (Fig. 7 and Fig. 8).

The different kinetics of such transformations in
the D16 alloy (where the main alloying element is Cu) in
comparison with the AMg3 alloy (where the main
alloying element is Mg) can be explained in the model of
the defect structure of y-Al,0O; crystal lattice, as the
driving force of the polymorphic transformation into
thermodynamically stable a-A1,0; phase.

In the absence of impurity ions, such a transition
becomes possible when the AI**/O% bond weakens upon
reaching a high temperature (more than 1200 °C), which
provides the necessary diffusion mobility for the y — a
transformation.  This  transformation is initially
thermodynamically favorable due to the presence of
vacancy defects in the Al cation sublattice of the y-A1,0;
phase. In the case of alloying with magnesium (AMg3
alloy), which also has a relatively large bond strength
with oxygen (according to [12], the free energy of
formation of aluminum oxide is about 1100 kJ/mol, and
for magnesium oxide, about 1160 kJ/mol), its substitution
in the AI’* cation sublattice does not lead to a significant
change in the kinetics of the y — o transformation.

In contrast to the AMg3 alloy in the D16 alloy, Cu
is the main degassing element. Copper has a very low
oxide formation energy (about 300 kJ/mol [19]), which
determines a relatively weak bond between oxygen and
copper in the lattice. Therefore, when alloying with Cu,
the replacement of AP** cations with Cu*" (or Cu?") leads
to a weakening of the bond with oxygen in the lattice,
which makes it possible to increase the kinetics of the
diffusion-shear transformation into the a-A1,0; phase.

Thus, the above study allows us to state that the y-
A1,03 phase is characterized by different degrees of
ordering, and hence properties, as well as different
tendencies to y-A1,03 — a-A 1,03 transformation.

Based on this approach, it can be recommended to
use metals with a low free energy of oxide formation as
alloying elements to increase the kinetics of y — «
transformation during microarc oxidation of aluminum
alloys, which include Cu, Ni, Fe, and W.

Also, taking into account the results of an increase
in the degree of y-A1,03 — 0-A1,0;3 transformation
during  high-temperature  annealing, it can be
recommended to increase the relative content of the a-
A1,03 phase in MAO coatings on the AMg3 alloy, which
determines an increase in the performance characteristics
of products made of this alloy with MAO coatings, use
the modes of the MAO process leading to an increase in
the duration of the pulse.

Conclusions

By the method of microarc oxidation of D16 and
AMg3 aluminum alloys, oxide coatings the composition
of which includes v-ALOs;, 0a-ALO; and mullite
(3A1,03°2Si0;) were obtained.

A correlation between the relative content of the a-
ALO; phase and the hardness of the MAO coating was
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found. With the highest content of the a-Al,Os phase
(35%), the hardness reaches 16000 MPa.

It has been determined that coatings with a
thickness of about 80 um, the phase composition of which
includes only y-Al,Os and a-Al,Os, can be obtained on
both types of alloys by electrolysis in an electrolyte with a
composition of 2 g/l KOH + 6 g/L Na,SiOs.

It has been established that alloying elements of
the AMg3 alloy provide in MAO coatings a higher
stability of the y-A1,0; structure in comparison with the
analogous state in MAO coatings on D16 alloy.

Annealing of MAO coatings stimulates the y — o
transformation with the greatest dynamics of change in
the coatings obtained on D16 alloy. At the highest
annealing temperature of 1280 °C (for 60 min) as a result
of y—a transformation, the relative content of the a-Al,O3
phase in the coating is 89 % (coating obtained on D16
alloy) and 30 % (coating obtained on AMg3 alloy).

The effect of displacement of diffraction peaks and
the formation of subpeaks at annealing temperatures of
MAO coatings of more than 1000 °C are revealed, which
is typical for the appearance of tetragonality in the cubic
lattice of y-Al,O3 with a spinel structure.

A model of the polymorphic y-ALO3; — a-Al,O3
transformation in aluminum oxide is proposed based on
the ordering of the metal cationic subsystem in octahedral
and tetrahedral interstices and the enhancement of this
process upon the weakening of the «metal-oxygen» bond
as a result of the replacement of Al ions by Cu ions
having low binding energy with oxygen.
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Co6oms O. B., Cyb6otina B. B. 3akoHOMiIpHOCTi BIUIUBY MiKpOJIyrOBOTO OKCHIYBaHHS alfOMiHIEBUX CIUIaBiB Ha (ha30BO-
CTPYKTYpHHH CTaH (pOPMOBAHMX OKCHIHUX MOKPHUTTIB i ocobmmBocTi y-Al03 —a-Al2O3 moniMophHOro mepeTBOpeHHs HpH X
Bignani. Bicnux Hayionanonozco mexuiunozo yuigepcumemy «XIlly. Cepisa: Hoei piwenns é cyuacuux mexuonoeiax. — Xapkis: HTY
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Co6onpe O. B., Cy66oTtuHa B. B. 3akoHOMEpPHOCTH BIHMSHHS MHKPOJIYTOBOTO OKCHIMPOBAHUS AIOMUHHEBBIX CIUIABOB Ha
(ha30BO-CTPYKTYpHOE COCTOsSIHHE (OPMHPYEMBIX OKCHAHBIX MOKPBITHH u ocobeHHoctH Yy-Al203 —a-AlLO3 moimumopdHOro
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AHHOTALIUA H3yueno erusHue mexHOIOSUHECKUX NAPAMEMPO8 MUKPOOY208020 OKCUOUPOBAHUS HA 3AKOHOMepHOCmU (a3060-
CMPYKMYPHO2O COCMOSAHUSA NOKPLIMUL, POpMUpyemvlx Ha anomunuesvlx cnaasax /16 (ocnosnoii snemenm necuposanus Cu) u AMe
(ocnosHoU 2nemenm neeuposanus Mg) u enusnue omoicueos 6 unmepsane memnepamyp 600—1280 °C na ¢azosoe npespawjerue y-
ALO3; — a-Al203. Yemanosneno, umo 6 nOKpulmusix, Gopmupyemvix npu MUKpoOy2080M OKCUOUPOBAHUU 6 KOMNJIEKCHOM (Wel0UHO-
CUNUKATHOM) 9]IeKMPOIUmMe, GblAGIAIOMCA MPU  OCHOGHble (Pa3060-cmpykmypHvle cocmoanus: y-Al20s,  a-Al203 u myaium
(3412032S5i03). Onpedenenvt ycrosus 21ekmpoauza nosgonsouue Gopmuposamocs 0gyxgasznomy cocmosnuio (y-Al203 u a-A103)
Ha cnaasax oboux munos. 4. Ycmanoeneno, umo necupyrowjue snemenmor cniaéa AMe3 obecneuusarom ¢ MJ[O-nokpvimusx 6onee
8b1COKYI0 cmabunvhocmy cmpykmypul y-A1203, no cpasuenuio ¢ ananocuunvim cocmosnuem ¢ MJIO-nokpwimusax ma cnaage /16
Bvicokomemnepamypnuiii omowcue MIO-nokpvimuii no3eonun evisgums Oolee noaHoe ¢hazoeoe npeepawerue Ha cniage /16
CMPYKMKPHOU OCHOBOU KOMOPO20 ABNAEMCS NOAGIeHUe MempacoHarbHocmu 8 deghekmuoii Kybuueckoll pewemxu y-Al203 pasvl.
Omorcue M/IO-nokpvimuii cmumyaupyem y — o npegpaujerue ¢ Hauboavuieli OUHAMUKOU USMEHEeHUS 8 NOKPLUMUSAX, NOJYYEHHbIX HA
cnaaee J[16. Ilpu naubonvwen memnepamype omoicuea 1280 °C (¢ meuenue 60 mun.) 6 pezyivbmame y — o npespaujeHust
omuocumenvhoe cooepxcanue a-Al203 paset 6 nokpvimuu cocmasisem 89 % (nokpeimue, nonyuennoe wa cniase J16) u 30%
(noxkpwimue, noayuennoe Ha cniase AMe3). Ilpeonoowcena moodenv noamumopguozo y-Al203 — a-Al203 npespawjenus 6 okcuoe
anioOMUHUA, OCHOBAHHASL HA YNOPAOOYEHUU MEMALIUYECKOU KAMUOHHOU NOOCUCHEMbl 8 OKMAdIOpUYecKux u mempa’opuiecKkux
MEACOOY3NUAX U YCULeHUe IMO20 NPoYyecca npu o0caabaeHul CeA3U «(Memaii—Kuciopooy @ pesyivmame 3ameujenus uonos Al uonamu
Cu, umerowumu HU3KYH 3HEPeUIo C6Aa3U C KUCIOPOOOM. Buviasnena Kopperayus medcoy omuocumenvruim cooepocanuem a-AI203
@aszer u meepoocmuio MJ]O-nokpeimus. IIpu naubonvuem cooepacanuu 0-AI203 ghazer meepoocmv docmuzaem 16000 MIla.
Knrouesvie cnosa: muxpooy2o8oe okcuoupogatue, amoMUHUESbI CHAA8, WEeNOYHO CUTUKAmHbIL dnekmpoaum, y-Al20s; snemenmol
JIe2UPOBAHUSA, OMAUCUS, MENHCOOY3NUSAX, MeMmPAOHATbHOCIb, NOIUMOPPHOE npespaujerue
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THHOBAIIMHI TEXHOJIOI'TI MOHITOPUHI'Y TEXHIYHOT'O CTAHY BYKCOBHX
BY3JIIB BAI'OHIB BbY/IJOBAHUMHU CUCTEMAMMUM KOHTPOJIIO
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*e-mail: martinov.hiit@gmail.com

AHOTALIA B pobomi poszasiHymi KOHCIMPYKMUGHI 0cooausocmi 66y008anoi cucmemu KOHMPOIO MEXHIYHO20 CMAaHy OVKCO8UX
8Y371i6 O/Is1 8a20HI8 HOB020 NoKoniHHA. Haeedena 3azanvna 6yooea cucmemu, KA CKIAOAEMbCA 3 OOPMOBUX | HAZEMHUX MOOYIIG.
Bopmosuii modynv BJIC moumyemsca na mopeyv 0ci KOMICHOL napu i, makum 4uHoM, 0amuux memnepamypu mac 6esnocepeoHii
KOHmakm 3 wutikor oci. Hazemui mooyai mooscymos Oymu K cmayionapri, aKi po3mawiosyiomscs 6€3n0cepeOHbo Ha nepecoti, max i
MOOINbHI - y 6uensioi pyunux mepminanie. Ilpedcmaeneni pesyibmamu HAMYPHUX [ eKCHAYAMAYIUHUX eunpobyeéaub 6 pPAMKAX
Hayko60-00cnionoi pobomu ons V3 na eacomax Ilonmascvkozo cipuuuo-36aeayyeanvHoco kombinamy. Excniyamayiini
BUNPOOYBANHA NOKA3ANU, WO CUCTNEMA NIOBUWYE OOCIMOBIPHICIG KOHMPONIO, A HA OCHOBI OMPUMAHUX OAHUX MONCHA NPOBOOUMU
ananiz mexniuHo2o cmawy 6ykcosux 6y3nie. Taxkoxc 6yno niomeepoxceno, Wo cucmema 30amua HadiiHo QYHKYiOHysamu 8 peaibHux
YyMo8ax ekchiyamayii na 3anisHuYsx. 3a pe3yibmamamu aHanizy 6unpobyeans 6yio 3anponoHoeaHo mpu mextHono2ii 3acmocyeans
80y008aHUX CUCHeM: MEeXHON02is GUKOPUCIANHA HA KOHMPOIbHUX NOCMAX, K OKpeMO, MAaK i CRiNbHO 3 ICHYIOUUMU CUCTHeMAMU
OUCMAHYIIIHO20 KOHMPONIO, MeXHON02is 300py OaHUX Ni0 4ac CMOSHKU 6A2OHI8 NPU MEXHIYHOMY 00CNY208Y8aHHI;, KOMOIHO8AHA
MexHo02is - 00'€OHanHA nepuux 060X 6 00HY: ONEPAMUEHI MIHIMATLHO HEOOXIOHI OaHI 3HIMAIMbCA HA NYHKMAX KOHMPOMIO, d
00'emHi Oami 01 aHanizy - nNpu CMosAHYi 6a2oHy. 3pobieHO GUCHOBKU, WO 8 OaHull Yac 06Y006aHi CUCMEMU 8 NOEOHAMHI 3
OUCMAaHYIIHUMU NIOSUWYIOMb OOCTOGIPHICIb [ ONEPAMUBHICIb KOHMPOT0. A makooic inmespayis 60Y008aAHUX CUCTEM 6 ICHYIOUY
iHpacmpykmypy OuUCmManyitiHux cucmem O0380IUMU 3HAYHO CKOPOMUMU 6APMICMb KOHMPONIO, A MAKOMUC HAC PO32OPMAHHA I
adanmayii cucmemu. 3anpononoeani mpu cnocodu KOHMPOIO MEXHIYH020 CMAaHy GYKCOBUX Y38 8 eKCNayamayii, 68 KiHYeeoMy
niOCYMKY, 0036015Mb He MINbKU 3 elUKOI0 GIPOIOHICIIO SUAGIAMU nepezpimi GYKCU 6 noi30ax, aie makoxic He OOnycKamu
NOCMAHOBKU 8 COCMAS 6A20HIE 3 NOMEHYINHO aGapiiHuUMU OyKcamu 3a pAxyHOK aHANi3y OUHAMIYHUX OAQHUX, OMPUMAHUX B0
80yoosanux 3acobie konmponio. Lle, 6 ceoio uepey, niosuwums 6es3nexy nepegesens i ix pummitHicme.

Knrouosi cnoea: 6yxcosuil 6y3on; 60yoosanuii 3acid KOHMpONO; KOHMPOIbOBAHUL nApamemp, KOHMPONb MEXHIYHO20 CMAHY;
MEeXHON02Is KOHMPOTIO MEXHIYHO20 CMANY; A8MOMAMU308AHA CUCEMA KOHMPOTIO MEeXHIYHO20 CMAaHy

INNOVATIVE TECHNOLOGIES FOR MONITORING THE TECHNICAL CONDITION
OF BOXING UNITS OF CARS BY THE BUILT-IN CONTROL SYSTEM

I. MARTYNOV*', V. PETUKHOV', A. TRUFANOVA', A. BABENKO’, V. SHOVKUN'

!Department of Wagons, Ukrainian State University of Railway Transport, Kharkiv, UKRAINE
’Department of descriptive geometry and computer graphics, Ukrainian State University of Railway Transport, Kharkiv, UKRAINE

ABSTRACT The paper considers an integrated system for monitoring the technical condition of axle boxes for new car generation.
The general structure of the system, which consists of onboard and ground modules, is considered. The OBD onboard module is
mounted on the end face of the wheelset axle and, thus, the temperature sensor has direct contact with the axle journal. BDS ground
modules can be both stationary, which are located directly on the stretch, and mobile - in the form of hand-held terminals. The
results of full-scale and operational tests in the framework of scientific research work on the cars of the Poltava mining and
processing plant for Ukrainian Railways are presented. Operational tests have shown that the system increases the reliability of
control, and on the basis of the data obtained, it is possible to analyze the technical condition of the axle boxes. It has also been
confirmed that the system is capable of operating reliably under operating conditions. Analyzing the test results, three technologies
for the use of embedded systems were proposed: the technology of use at control posts, both separately and in conjunction with
existing remote control systems; data collection technology during the parking of cars in maintenance; combined technology -
combining the first two into one: operational minimum necessary data is collected at control points, and volumetric data for analysis
- when the car is parked. It is concluded that embedded systems, in combination with remote ones, increase the reliability and
efficiency of control. As well as the integration of embedded systems into the existing infrastructure of remote systems, it will
significantly reduce the cost of control, as well as the time of deployment and adaptation of the system. The proposed three methods
Jfor monitoring the technical condition of axle boxes in operation, ultimately, will allow not only with high reliability to identify
overheated axle boxes in passing trains, but also prevent the installation of cars with potentially emergency axle boxes by analyzing
dynamic data obtained from built-in control tools. This one , in turn, will increase the safety of transportation and their rhythm.
Keywords: axle boxes unit; built-in test equipment,; test parameter; technical state inspection; technical condition monitoring
technology; computer-aided test system
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CHUTEHOTY BHMAraroTh, o0 XapaKTePUCTHKH
MEePCIIEKTUBHUX OYKC BaroHiB BiANOBiZaIM HE JHIIE
HalliOHAJIBHUM, aJIe 1 CBITOBUM CTaHJapTaM.

Icropist BUKOpUCTaHHS MIALIMITHUKIB KOYEHHS B
OYKCOBHX By3JaX BaroHiB Ta JJOKOMOTHBIB Haliuye BiKe
noHan 100 poki. IlepeBarm miANIMITHUKIB KOYEHHS
3araJbHOBIJIOMI Ta HEOJHOPA30BO BHCBITJIIOBAIUCS SIK Y
HaBUAIBHIM, TaKk 1 HayKoBiii uiTeparypi. Ane 3
IiIBUIIEHHAM IIBUAKOCTEH pyXy 3aroCTpHIIOCH IHUTaHHS
3a0e3MeUYeHHsT KOHTPOIIO TEXHIYHOTO CTaHY CJIEMEHTIB
OYKCOBHX BY3JiB B YMOBaxX €KCIUTyaTallii (0COOIHBO Tix
gac pyxy) [1], 0 € BaXXJIMBOIO CKJIAIOBOIO 3a0€3MCUCHHS
Oesmekn  pyxy. IcHyrodi 3aco0m  OE3KOHTAKTHOTO
KOHTPOJIIO HE JO3BOJIAIOTH OAHO3HAYHO Ta OE3IIOMHIKOBO
BU3HAYATH TEXHIYHWHA cTaH Oykc Barona [2]. lle
00yMOBJIEHO THM, IO iCHYIOYa TEXHOJIOTiSI KOHTPOIIO
piBHsA HarpiBy Oykc Oymna po3pobieHa mie B cepenuHi
MHUHYJIOTO CTONITTS 1 Oyma po3paxoBaHa Ha OyKCOBi
By3JIM BaroHiB, OOJaHaHUX TaK 3BaHUMHU THUIIOBHMH
WJIHAPUYHIMA POJMKOBUMY IiJIIUIHUKaMu. [TpuHImn
oii  cydacHMX OE3KOHTaKTHHX 3ac00iB  TEIJIOBOTO
koHTpoutto (CTK) KOHTpOIIO MMoJIsirae B OLIHIII TEMJIOBOTO
BUIIPOMIHIOBaHHS (TEMIIEpaTypH), SIK€ HaJIXOIUTh BiX
OYKCOBMX BY3I]iB BaroHiB, IO PYXalOThCSA, Ha JATYUKU
MMONTFOBUX KaMep, BCTAHOBIICHHX IO O0WIBa OOKH Bif
konii. Kamepu niepenaroTs 1aHi mpo teMneparypy Oykc Ha
MeperiHAl IpucTpoi, a mani iHdopMmalis HaIXOAWTH 10
ninifHOTO MyHKTY KOoHTpomo (JITIK) [3].

PisHOMaHITHI OOPTOBI CHCTEMH KOHTPOIIO CTAIOTh
HEBI'€MHOI0O YACTHHOIO pPYXOMOTO CKJamy 3aBISIKH
CTPIMKOMY PO3BHUTKY MIKpOENeKTpoHikH [4-6]. VY
TENepilHii  dYac  TPOBigHI  CBITOBI  BHPOOHHUKH
OIAMUIHAKIB - [UIS  3ai3HUYHOTO PYXOMOIO  CKIIamy
YCIIIIHO 3aCTOCOBYIOTh BOYJIOBaHI CHCTEMH KOHTPOIIO.
OcHoBHa nepeBara BOyIOBaHHX CHCTEM — OE3IOCEpEaHIN
KOHTPOJIb, TOOTO PO3MILIEHHS AATYMKIB Oe3rocepesiHbOo
Ha KOHTPOJBOBAHUX IIJIIMITHUKOBHX By3JlaX, MIO
3a0e3neuye JIOCTOBIPHICTb 1 OINEPAaTHBHICTH KOHTPOIIIO
[7-10].

Jlinepamu B 11iit TexHouorii € kommnanii FAG i SKF
[11-13]. Bykcw, siKi BOHH BUTOTOBIISIIOT, € MEXaTPOHUMHU
CHUCTEMaMH 3 JEKiTbKOMa ONI[iSIMH, TaKUMHU SK BUMIp
TEeMITEpaTypy MiAMIUITHIKA, 9aCTOTH 0OEpTaHHS KOJIiCHOI
mmapw, TepeaBaHHs MaHuX 1 Tak jpam. Jlo Toro x, Oykcu
komnanii FAG 3matHi mpamroBaTd B aBTOHOMHOMY
pekuMi 6e3 30BHIMIHBOTO JpPKEpera eNeKTPOeHeprii, IIo
0COOIIBO aKTYaIBHO JUIS BAHTXXHUX BaroHis [12,13].

B Vkpaini BOynmoBaHi CHCTEMH KOHTPOJIO OYKC
po3podssitoTeest 1 BuroToBisitoThess HBIT  "Xaptpon-
EKCITPEC JITH" (TOB). Opnak ix po3poOku
NpU3HAYCHI Ui BUKOPUCTAHHS JIUIIE y TAaCAKUPCHKUX
BaroHax [14].

Jlnist BITYM3HSHOTO BaHTAXKHOTO PYXOMOTO CKJIay
¢daxiBusgmu  kadeapu  «Baromm»  YkpAV3T y
caiapyxHocti 3 [TAT Y3 Oyna pospobiieHa OykcoBa
miarnoctuuna cucrema (BJIC). 1ls cucrema mpotinuia
YCIIITHI CTEHJIOBI, a TaKOX eKCIUTyaTaliiHi
BunpoOyBaHHd B ymoBax IloiraBchkOro  TipHO-
30arauyBajipbHOTO KoMOiHaTy [15]. BigmoBigHo, BUHUKAE

morpeba B poO3poOI TEeXHOJNOTII iX 3acToCyBaHHA Ta
ajanTarii B yMOBaxX HaIllUX 3aJi3HHLIb.

Meta podoTu

Bu3HauuTH OCHOBHI XapaKTEPUCTUKU TEXHOJOTIi
3aCTOCYBaHHSI CyYyaCHHMX BOYIOBaHHX CHUCTEM KOHTPOIIIO
OyKkcoBHX BY3JIIB, SIKi MIOBHHHI He3abapom
BIIPOBAPKYBATHCS Ha BITYM3HSHOMY PYXOMOMY CKIaji,
JUIs iX BUKOPHUCTAHHS B BaroHax HOBOTO IOKOJIHHSA, a
TaKOXX IS BIOCKOHAJICHHS CHCTEMH MOHITOPHHTY
XOJIOBUX YaCTHH IHIIOTO PyXOMOTO CKJIay.

Buxksiaja ocHOBHOTO MaTepiajy

Cucrema BJIC ckianaerbcsi 3 OOPTOBHX MOAYIIIB,
SKI BCTaHOBJIOIOTBCS y KOXHid Oykci BaroHa, Ta
Ha3zeMHUX MonyJiB. CTPyKTypa CHCTEMH MpeCTaBlIeHa
Ha puc. 1.

BykcoBa piarHocTU4Ha
cuctema

\/ Y

BopToBi mogyni

HasemHi mopgyni

/¢

CrauioHapHi 3untytoui

moayni Mo6inbHi TepmiHanu

Puc. I — Cmpyxmypna cxema BJ[C

Boprosuii Mmoayns bJIC MOHTY€eThCS Ha TOpelb OCi
KouticHOT mapu. TakuM YMHOM JaT4UMK TEMIIEpaTypu Mae
Oe3nocepe/iHii KOHTAKT 3 IIMHKOI OCi, CTaH SIKOi 1 €
MOKa3HUKOM CIIPaBHOCTI By3na. Takoxk BiH nepenae naHi
KOHTPOJII0O TIO0 Oe3NpOoBiJHOMY KaHaIy 3a 3allUTOM
Ha3eMHOTO MOAyTo. Moaylb Mae y CBOEMY CKIai
MIKpPOKOHTPOJIEP, MOIYJb MaM'ATi, JaTYUKH TEMIIEPaTypH
Ta 4YacTOTH oOepTaHHS, paxioMOIyNb Ta JKEpeso

JKUBJICHHSL.

Hazemni wmomyni BJAC wMoxyre Oytm sk
CTaIllOHAPHUMH, SIKi PO3TAIIOBYIOThCS Oe3IocepeHs0 Ha
MeperoHi, Tak 1 MOOUIBHUMHM — Yy BHIJISII PYYHHX

TEepPMiHAIB. Ix saBmanmsM € OTPUMAaHHS JaHHUX Bif
OopToBHX MOJIYNIB 1 mepenada iHdopmamii B cHUcTEMy
KOHTpOJIIO abo Ti 30epiraHHs B mam'siTi IPUCTPOIO.

B paMkax HaykoBO-moOCHimHOI podoTH s
JepxaBHOi angmiHicTpamii 3ai3HUYHOTO TPAHCHOPTY
VYkpaiHu 3riHO 3 MPOrpaMOI0-METOANKOI BHUMPOOYBaHb
Ha BaroHax-AyMIKapax [onraBcekoro
ripppdo3baragyBansHoro  kom6OiHaty  (I'3K)  Oymm
NpoBe/eHI ekciutyaraniiHi BunpoOysanus bJIC.
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OcHOBHI 3aBIaHHA
BUNpoOyBaHb HABEJICHI Ha puC. 2.

MPOTPaMHU-METOJUKH

ExkcnnyartauiiiHi BunpobysaHHa BAC

A /

hj v

ot B
AjarHocTuyHoi paTyp!

Ti i i npo KoedillieHTa 38'A3Ky
CUCTEMM B PEaNbHUX TeXHIYHUIA CTaH MiXK LWWIAKK OCi |
yMoBax eKcnayartatii ByKcoBoOro By3na AnA ii OrNIAA0BOTO KPULIKOK
NOAaNbWOro aHanisy 6Byken

-

Y

Nepesipka
3anexHocti
Temnepatypu sig
4acToTi o6epraHHa

]
v v A4

Yacrota obepty
KONliCHOT Nnapu
AN1A BUABNEHHA
3aranbmosaHocTi

TemnepaTtypa
whiikn oci

CraH Topuesoro
KpinneHHa

Puc. 2 — Cxema npoecpamu excniyamayiunux
sunpooysans BJ[C

Bicim 6opToBux moxymniB BJIC Oymu 3MOoHTOBaHI B
OyKkcax BaroHa-IyMIIKapa, SIKHi KypcyBaB MiX Kap'epom
Ta 30arayyBajJbHUM KOMOIHATOM.

34nTyBaHHs pe3yJIbTaTiB KOHTPOJIIO BiIOyBajocs
JIBOMa CTallioOHaPHUMH MOJIYJISIMH, SIKi OyJIM po3TaIIoBaHi
mo oOuaBa OOKH Bij KOJNIi. A TaKOXX NOBrOTPHBAJi JaHi
JUTSA aHAI3Y 3HIMAJHCS ITiJ] 9aC CTOSHKH MPH TEXHITHOMY
o0CIIyTOBYBaHHI BaroHa 3a JOIOMOTOIO MOOITEHOTO
TepMiHany (puc. 3).

Puc. 3 — 3uumysanns oanux 6i0 60pmo6o2o Mooyis 3a
00NOMO20I0 PYUHO20 MEPMIHALY IO 4ac eunpoOysaHs

Excrmyararniiini  BunpoOyBaHHS —TOKa3aiH, MI0
CHCTEMa I IBUIIY€E JOCTOBIPHICTH KOHTPOJIO, 8 HAa OCHOBI
OTPUMAHMX JaHUX MOXKHA NPOBOJMTH aHAJi3 TEXHIYHOTO
cTaHy OyKCOBHX BYy31iB. Takox Oymo miaTBepIKEHO, IO
cucTeMa 3/1aTHa HaJidHO (YHKIIOHYBaTH B YMOBax
eKCIuTyaTartii.

AmHanizyoun pe3ylibTaTd BHUNPOOYBaHb MOXKHA
3aMpoIOHYBATH HACTYIIHI TPU TEXHOJIOTIl 3aCTOCYBaHHSI
BOYTOBaHUX CHUCTEM.

1 TexHousorisi BHUKOPHUCTaHHS Ha KOHTPOJIbHHX
IOCTax OKpeMo abo CHUIBHO 3 ICHYIOUMMH CHUCTEMaMu
JMCTaHIIHOTO KOHTpouto. JlaHa TEXHOJOTisl J03BOJISIE
OTPUMYBaTH ONEpaTUBHY iHQopMmamito mpo cTaH

KOHTPOJILOBAHOI OYKCH, IPHYOMY, BHUSABISATH He(eKTH
MIAMUIHAKIB B (a3i iX 3apomkeHHs. Takox 1me CTBOPIOE
HepeyMOBH JUIA HPOLEAypH NPOTHO3YBaHHA DPECypcy
HECIIpaBHOI OYKCH ISl NPUHHATTS PIlICHHS MPO PEXHUM
pyXy moi3za 3 HeclpaBHUM OYKCOBHUMU BY3JIOM.

[Ipu Takiii TexHONOTii KOHTPOJIO HAa Ha3eMHUI
MOJTyJTb OyJIe HaTXOAUTH TaKi JaHi:

- inenTudikaniitauii Homep Oykcu;

- IOTOYHA TEMIIepaTypa By3ia;

- MakCHUMallbHa TeMIeparypa MDK ITyHKTaMH
KOHTPOJIIO;

- yacToTa 00epTaHH: KOJICHOI mapw;

- HUTICHICTH TOPIIEBOTO KPIIJICHHS.

InenTndikamiitanii  HOMep  OyKCH  MICTUTh
iHpopMaIifo Mpo THI  3aCTOCOBYBaHMX B  HIiH
MIIIIMITHAKAX 1 THI MacTuia. 1le J03BONNUTh 0IHO3HATHO
BU3HAYaTH HOPMAJBHICTh TEMIIEPATYPHOTO PEXUMY

maHoi Oykcu 1 1o030aBUTH Big HeoOXximHocTi 11
KJacudikarii.
3HaueHHs MaKCHMAaJIbHOI TeMIlepaTypud Mk

IIYHKTaMH KOHTPOJIIO JIa€ MOXKIJIUBICTH HE MPOITYCTUTH
aBapiifHy OyKcCy, SIKIO Yepe3 3yIHHKH Ha IeperoHi BOHA
BCTHUIJIa OXOJIOHYTH.

[opiBHAHHSA dYacTOT OOEpTaHHA KOJICHUX Tap
OIHOTO  BaroHa  BHABISE  HAaWOUTBII  MOIIHMpPEHY
HECTIPaBHICTh MEXaHIYHOI YaCTHHHU TaJIbMiBHOI CHCTEMH
BaroHy — 3araJbMOBAHICTb OJHI€T 3 OCEH.

HJo Ttoro 3  icHyroua  iHQpacTpyKTypa
JIICTAHILIHHOTO  TEIJIOBOTO KOHTpPOJIO (MeperiHHi i

CTaHIIHHI CHCTEMH, a TaKOXK CHCTEMHU Iepeaadi JaHHX)
JTO3BOJIUTh NPUCKOPUTH BIIPOBAKCHHS Ili€] TEXHOJOTIT

(puc. 4).

25-35m

Puc. 4 — Texnonozis suxopucmanus BJ/[C oxpemo
ma CnibHO 3 ICHYIOYUMU CUCIIEMAMU OUCTHAHYIUHO20
xkoumpomnio: ACHK-b — icuytoua cucmema mennogozo

oucmanyitinoeo konmporo oyke;, MIIK —

Mmikponpoyecoprnuil komnaekm, B/l — 6aza danux,; JIIIK —
JUHITHIL RYHKM KOHMPOIIO

2 HacrynHa TexHounoris siBisie co00r0 30ip AaHuX
MmiJi 4Yac  CTOSHKM  BaroHiB MpPUH  TEXHIYHOMY
oOciyroByBanHi, Hanpukian Ha [ITO BaroniB. OCKiTBKH
OOpTOBHII MOJIYJIb CHCTEMH Ma€ NaMm'dTh, B SKYy
3alUCYIOTBCS BCI  PE3yJlbTaTH KOHTPOIIO, L€ A€

24

BICHUK HTVY "XIII" Ne 3 (5)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

MOXJIHMBICTE oTpuMyBaté nani Ha IITO 3a momomororo
6e3nporoBoro pydnoro tepminaay OPB (puc. 5). O6csar
mmaM'sTi Po3paxoBaHUi AJisl 30epiraHHs JaHUX Ha MPOT3i
45 ni6. IIpu HeoOXimHOCTI oTprMaHa iH(pOpMALs MOXe
nepenasatucs B 1{OJl, ne BoHa Oyae 0OpoOJATHCS 1
apXiByBaTHUCS.

[Iporpamumii anamiz indopmarii, mo HamidnLIa,
JIO3BOJIUTH YHUKHYTH panTOBUX BiJMOB, a TaKoX He
JONMYCTHTH eKCIUTyaTallil0 BaroHiB 3 HECIPaBHUMH
OYKCOBHMH BY3JIaMH.

Tako)x HaKONMMYEHHS [UX CTATUCTHYHUX JaHHUX B
HO/] 6yne naBatn peanbHy iH(popMalio npo GpakTHIHUH
mpoOir BaroHa i, BIAOBIAHO, MPO BHYEpPIAHHU PeECypc
OYKCOBHX MiJIIMIHUKIB JUIA TIPAIiBHUKIB BaroHHOTO
rOCIIOJapCTBA.

3 3BacrtocyBaHHS  KOMOIHOBaHOI  TEXHOJOTIi
JIO3BOJIUTH TIOEJHYBaTH BCl IEpeBard BHUIIE3raJaHuX
BapiaHTIB:  ONEPAaTUBHICTh,  MOXIMBICTH  aHaJi3y,
MIPOTHO3YBAHHS 3AJIMIIKOBOTO pEcypcy 1 BHUSBICHHS
npuxoBaHux aedekriB. ToOTO omepaTHBHI MiHIManbHO
HeoOXiHI JaHi 3HIMAIOTHCS Ha IYHKTaxX KOHTPOJIO, a
o0'eMHI aHi U aHANI3Y — MPH CTOSHIN BaroHy. Cxema
OTpUMAaHHS, 30epiraHHs Ta INepeAaBaHHs IaHUX MpPU
KOMOiHOBaHi# TEXHOJIOT1l HaBeJeHA Ha PUCYHKY 5.

Llentp GesnmepepBHOro
CIIOCTepesKeHHs
CHTyaILiHHHI HeHTp

TleperinHe o61agHaHHA

Hazemni Mogyni BJIC

on

Tudopmariiinmit cepsep

Mepexa

APM oneparopa IITO

ﬁ ? APl\j[ E{HK

3AIIHT JI0BI/IOK BiI 3aBOJIIB,
Jeno, ACV yIpaBIiHES
TIePeBE3CHHAMH

Ors1a4 BaroHie

Puc. 5 — Cxema ompumanus, 36epicanns ma nepeoaganis
OaHUX npu KOMOIHOBAHI MEXHON02I] KOHMPOIIO OYKC 3a
oonomoeoio BJIC

BucHoBkH

VY migcyMKy MOKHa 3a3HAuUTH, IO BOyHOBaHI
CHCTEeMU B JaHMH 4Yac B TOEJHAHHI 3 JUCTaHIIHHUMHU
HIJIBUILYIOTh JIOCTOBIPHICTH 1 ONEPATHBHICTH KOHTPOIIIO
TEXHIYHOTO CTaHy OyKCOBMX BY31iB. [HTerpyBaHHs
BOYZIOBaHMX CHCTEM B ICHYIOYy 1H(QPacTpyKTypy
JUMCTAHIIHUX CHCTEM JO3BOJHMTH 3HAYHO CKOPOTHTH
BapTICTb KOHTPOJIO, a TAaKOXX 4Yac PpO3TOPTaHHA |1
ajlanTarii CHCTEMH.

[Ipn npoMy TakoX HEOOXiIHO BpaxoBYBAaTH, IO
AITOPUTMH BHSABICHHS 1 pO3MI3HABAHHSA TEXHIYHOTO
cTaHy Oykc BOYIOBaHHMH 3ac00aMH KOHTPOIIIO, a TaKOX
CTPYKTYpa i NiarHOCTUYHA MOZETh OYKCOBOTO By3Ja BiKE
po3pobuieHi [16].

O3BOJIATh HE TUIBKH BUSBIATA OYKCH 3 HAaIMIpHUM
HarpiBOM B TOI3[ax, W0 PYXalThCs, ajle TaKoX He
JIONYCKaTH TIOCTAHOBKM B COCTaB TMOi3]ly BaroHIiB 3
MOTEHI[IIHO aBapiiiHUMU OyKcaMH 3a PaxyHOK aHaji3y
JMUHAMIYHHUX JaHUX, OTPUMAHUX Bil BOYJIOBaHHX 3acO0iB
koHTposto. Il{o, B CBOIO dYepry, MHiABUIIMTH O€3MEKy
MepEeBE3EHb 1 iX PUTMIYHICTb.
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AHHOTAITHUA B pabome paccmompena 6CMpOoeHHAsi CUCeMA KOHMPOJIsi MEeXHUYECK020 COCMOsIHUSL OYKCOBbIX V3108 OJisl 8A20HO8
108020 nokonenus. Paccmompeno obwee ycmpoiicmeo cucmemvl, Komopas cocmoum u3 OOPMOBbIX U HAZEMHLIX MOOYell.
Bopmogoii modyne BJJC moumupyemcs na mopey ocu KOAECHOU napvl U, MAKum o0paszom, Oamyux memnepamypuvl umeem
Henocpeocmaennvill KoHmaxkm ¢ wetikoii ocu. Hazemuvie mooynu BJ/[C mozym Ovims kak cmayuonaphvle, KOmMopbwle pacnondazarmes
HenocpeOCmeenHo Ha nepecoHe, MAK U MOOUTbHbIE - 6 6ude PYYHbIX mepMunanos. Ilpedcmagnenvt pesynvmamel HAMYPHLIX U
IKCHIYAMAYUOHHBIX UCHBIMAHULL 8 PAMKAX HAYYHO-UCCIe008amensckol pabomuvl oas Y3 Ha eacomax Ilonmaeckoeo zopHo-
obocamumenvbHo20 KoMOunama. IDKCHIyamayuoHHble UCHbIMAHUS NOKA3AIU, YO CUCeMAd NO8bluiaen 00CHO08ePHOCb KOHMPOJIA,
a Ha OCHOBe NONYYEHHbIX OAHHLIX MOJICHO NPOBOOUNMb AHAIU3 MEXHUHeCKo20 cocmosanus Oykcosvix y3n106. Taxoce 0Ovli0
NnOOMBEPAUCOEHO, YMO CUCmemMa CHOCOOHA HAOENCHO (DYHKYUOHUPOBAMb 6 YCI08UAX IKcnayamayuu. Ananusupys pezyibmamvl
ucnvimanuti, 6bLIO NPEONONHCEHO MPU MEXHONOSUU NPUMEHEHUs. 6CMPAUBAEMbIX CUCMEM. MEXHONO2USI UCNONb308ANHUSL HA
KOHMPONIbHBIX NOCMAX, KAK OMOEIbHO, MAK U COBMECTHO ¢ CYWeCmEYIOWUMU CUCMEMAaMU OUCMAHYUOHHO20 KOHMPOJIS, MEeXHOA02Us.
cbopa OamHwvix 60 6peMs CMOAHKU 6A20HO8 NpU MEXHUUECKOM OOCIYHCUBAHUU, KOMOUHUPOBAHHASL MEXHONI02UA — 00beouHeHue
nepavix 08YX 8 0OHY: OnepamuHvle MUHUMAILHO HeobXooumbvle OaHHblEe CHUMAIOMCA HA NYHKMAX KOHMPOJA, a 00béMuble OaHHble
ona auanuza — npu cmosHke 6a2ona. Coenamvl 6b1800bl, MO G6CMPOEHHble CUCHeMbl 8 HACmoAujee 8peMs 6 COYemaHuu ¢
OUCMAHYUOHHBIMU NOGLIUUAION OOCMOBEPHOCIb U ONEPAMUBHOCHb KOHMPOas. A maxoice unmezpayus 8CMPOEHHbIX CUCTEM 8
cywecmeyiowylo UH@pPacmpykmypy OUCMaHYUOHHbIX CUCHEM NO360AUMb 3HAYUMENbHO COKPAMUmMb CMOUMOCMb KOHMPONA, d
makoice 8pems pazeépmelsanus u aoanmayuu cucmemsvl. Ilpeonodicennvie mpu cnocobda KOHMPOAs, MEXHUYECKO20 COCMOSHUSL
OYKCOBBIX V31106 8 IKCHIYAMAayuu, 6 KOHEYHOM UMo2e, NO3GOJsM He MOAbKO ¢ DOIbUOU 00CMOBEPHOCMbIO GbIABNAMb Nepecpentvle
OYKCbL 8 NPOXOOSIUUX NOE30aX, HO MAKdIce He OONYCKAmMb NOCMAHOBKU 8 COCMAB 8A20HO8 C NOMEHYUANLHO ABAPUUHbIMU GYKCamMu 3a
cuém amanuza OUHAMUYECKUX OAHHBIX, NONYUEHHBIX OM BCMPOEHHBIX CPeoCcms KOHmpOAA. Jmo, 8 C80l ouepedb, NO6bICUM
0e30nacHoCmy Nepeso30K U Ux PUMMUYHOCTb.

Knrouesvie cnosa: 06yxcoswviil ysei; 6CmpoeHHOe CpeOCmE0 KOHMPOJs, KOHMPOAUPYeMblll napamemp, KOHMPOIb MEXHUYECKo20
COCMOANUS, MEXHONO02US KOHMPOJA MeXHUYeCK020 COCMOAHUA, ABMOMAMUSUPOBAHHAS CUCTEeMA KOHMPOA, MeXHUYecKoe
cocmosnue
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BAT'TATOKPUTEPIAJIBHE OINIHIOBAHHS YMOB ITPALII HA BUPOBHHUIITBI
0. M. YEPHAK", 0. C.JIUC, I. C. TPTHYEHKO, I. B. KAHHI[bKA

Kkagedpa oxoponu npayi, cmandapmusayii ma cepmuixayii, Yrpaincoka inocenepro-nedazoziuna akademis, m. Xapxie, YKPAIHA
“e-mail: olena-cherniak@ukr.net

AHOTALIA [lposedeno awaniz HayiOHANbHUX MA 3ApPYOIdCHUX HAYKOSUX NYOAIKayili HA npeoMmem HAYKO8UX NioXoodis, w000
Memooux 6azamokpumepiarbHo20 OYiHIO6anHA. Y pe3ynbmami ananizy 008e0eno aKmyanbHicms memu mda 6U3HAYEHO Memy
pobomu. Tax K NOKA3HUKU WKIOTUGUX YUHHUKIG, WO 6NIUBAIOMb HA 300P08 5 IIOOUHU, MAIOMb PI3HY NpuUpooy, mobmo ix nOKA3HUKU
PI3HI ma 60HU MANOMyb PIi3HI WIKATU OYIHIOBAHHS, | He ICHYE €OUHOI MemoOouKu iX oyiHI6aHHs, Mo OOYLIbHUM 6yde 3acmocyeamu
cucmemy 3aNeHCHOCMeEU MidC DPIZHOPOSMIDHUMU NOKAZHUKAMU WKIOIUGUX YUHHUKIE HA GUPOOHUYmMEl ma ix oyiHKamu Ha
Oe3po3mMipHitl wKani, AKi OU 6pAXOBYBANU ANCIUBICMb WIKIONUBO2O0 HYUHHUKA OISl JI0OCKO20 OP2AHI3MY HEe3ANeNHCHO 6i0 muny
SUPOOHUYUX NpUMityerb. Y cmammi 3anponoHo8ano 05 OYIHIO8AHHS NOKAZHUKIE WKIOAUGUX YUHHUKIE 3ACIMOCO8Y8AmMU 3A1eHCHOCTI,
AKI 8pAX08y10ms MAKCUMANbHI, MIHIMAIbHI MA ONMUMALbHI 3HAYEHHA | napamemp opmu, 3MIHIOIOYU AKULL, MONCHA OMPUMY8aAmu
Ppi3Hi oyiHKu Ha 0e3po3MipHill wikani. Busnayeno 06i epynu noxkasHuKié WKIOAUSUX YUHHUKIE ma no6Yy008aHO OJil KOMCHOI epynu
3ANEHCHOCIE, WO 00360UN0 YHIPIKY8amu cucmemy 3anexiCHoCmell Ofid OYIHKU NOKA3HUKIE WKIONUGUX YUHHUKIE. /15 u3HaueHH:
napamempy Gopmu 3anponoHO8AHO 3ACMOCYB8AMU MeOPil0 eKCNepMHUX OYiHOK, Oe NPUUHAMMA PIenHs PO3YMIEMbCs AK UOip
anvmeprHamueu 3 0Oe3niui HA OCHOSI auanizy ¢pakmopie abo Kpumepiig. 3acmocosyouu 3anponoHosaHi xKoepiyicumu 6 sKocmi
napamempa popmu cucmemu 3a1eHCHOCI 003601A0Mb 8 KOHCHOMY OKPEMOMY 6UNAOKY, 6 3A1edHCHOCHI 8I0 NOKAZHUKA WKIOIUBO20
YUHHUKA, PEKOMEHOY8amu HCOPCMKIWI yu crabwi gumozu 00 NoKasHukig. Ilpoananizoeano neOesneuni ma wKiONui YUHHUKU
KOBOACHOMY Yexy HA M AconepepobHOMY NIONPUEMCIBE MA BUSHAYEHO IX OONYCIMUMI HOPMU 32I0HO 3 HOPMAMUSHUMU OOKYMEHMAMU.
3anpononosana anpobayia memoouxu 6a2amoKpumepianbHO20 OYIHIOBAKHS NOKA3HUKIE WKIOAUeUX yunHukie. I paghiuno nobyoosano
OYIHKY NOKA3HUKIE WIKIONUeUX uuHHuxie. Ha wkamu Hanecemo MakcumaibHO-OONYCMUMI MaA MIHIMATbHO-OONYCMUMI 3HAYEHHS
NOKA3HUKI6 WKIOIUBUX YUHHUKIE. Busmnaueno y3zaecanbHeHull NOKASHUK WIKIONUBUX YUHHUKIE ONid NiOcmasu npuumMamu piuleHHs
CMOCOBHO NOOaAnbLUUX Ol WOOO NOTINULEHHS YMO8 NPAYI.

Knrwouosi cnosa: 6azamokpumepianvhe OYIHIOBAHHA, YRPAGNIHHA, CUCMEMA 3ANe)HCHOCMeElU, NOKAZHUK WKIOTUBUX HUHHUKIG,
y3a2anbHeHull NOKA3HUK

MULTICRITERIA ASSESSMENT OF WORKING CONDITIONS IN THE WORKPLACE

O. CHERNIAK, Y. LYS, H. HRINCHENKO, 1. KANYTSKA

Department of labor safety protection, standardization and certification, Ukrainian Engineering Pedagogics Academy, Kharkiv,
UKRAINE

ABSTRACT The analysis of national and foreign scientific publications for scientific approaches, according to the method of multi-
criteria assessment. As a result of the analysis, the relevance of the topic was proved and the purpose of the work was determined.
Since the indicators of harmful factors affecting human health are of a different nature, that is, their indicators are different, and
they have different assessment scales, and there is no single methodology for their assessment, it would be advisable to apply a
system of dependencies between different-sized indicators of harmful factors in production and their estimates on a dimensionless
scale, which would take into account the importance of a harmful factor for the human body, regardless of the type of industrial
premises. The article proposes to assess the indicators of harmful factors, to apply dependencies that take into account the maximum,
minimum and optimal values and the shape parameter, changing which you can get various estimates on a dimensionless scale. Two
groups of indicators of harmful factors were determined and built for each group of dependence, which made it possible to unify the
system of dependencies for assessing indicators of harmful factors. To determine the shape parameter, it is proposed to apply the
theory of expert assessments, where decision making is understood as choosing an alternative from a set based on the analysis of
factors or criteria. Applying the proposed coefficients as a parameter of the form of the dependency system, in each individual case,
depending on the indicator of the harmful factor, it is possible to recommend strict or weaker requirements for indicators. Hazardous
and harmful factors in a sausage shop at a meat processing plant have been analyzed and their permissible norms have been
determined in accordance with regulatory documents. The approbation of the methodology for multi-criteria assessment of
indicators of harmful factors was proposed. The assessment of indicators of harmful factors is graphically constructed. The scales
are marked with the maximum and minimum allowable values of indicators of harmful factors. A generalized indicator of harmful
factors has been determined for the basis for making a decision on further actions to improve working conditions.

Keywords: multicriteria assessment management, dependency system, indicator of harmful factors, generalizing indicator

Beryn 310poB’a, cBoOojga cnoBa, Oe3meka mpami. 3a CTaHOM

Oe3mexu mparli B Iep)KaBi MOXKHA BU3HAYWUTH CTABIICHHS

SkicTh HamIOro JKWUTTSA, B HIJIOMY, BH3HAYAIOTh  CYCIUIBCTBA IO TAaKMX BHUINUX IIHHOCTEH, SIK JIIOJICHKE
06arato 4YHMHHHKIB, Taki SK OCBITa, CTaH OXOPOHH IKUTTA. Y 3B’SI3KYy 3 UM aKTYaJIbHOIO CTa€ HEOOXiJHICTh
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3a0e3medeHHs O€3MEeKH mpalli Ha eTamax MpOeKTYBaHHS,
BHUTOTOBJICHHA Ta €KCIDTyaTamii MPOXYyKLii W CTBOpEHHS
Oe3MeYHnX TEXHOJNOTIH s KUTTS 1  3I0pOB’S
OpaIiBHUKIB. [[s MOCSTHEHHS NOCTABJICHUX IUJICH B
opraizauii Oe3neyHWX YMOB Tpami  HEeoOXiTHHI
MOCTIHHKUN TIpOIIeC 1X OIIHKH, aHAI3y Ta Oe3MepepBHOrO
YTIPaBIIiHHS.

CyTHICTh ynpaBiiHHSA O€3MEeKOI0 Ipalli MoJsrae y
po3polIli  cucTeMH — 3aXOfiB, M0  3a0e3MevyroTh
oTpuMaHHS 00'ekTuBHOI iH(GoOpMaImii TmTpo  00’€KT
VIOPaBIiHHSA, [UTS PO3POOKH 1 MPUAHATTS YIPABIiHCHKOTO
PIIIEHHS MIOAO 3MiHK HOTO CTaHy Ha OiNbIN Oe3MeYHHUH.
Juis  edexTHBHOrO  ympaBIiHHSA ~HEOOXigHI  OUIBII
JOCKOHAJI W EKOHOMiuHI Meroam 300py Ta OOpOOKH
iHpopmamii. Ha mnpakTumi oOIiHIOBaHHA YMOB IIpaii
3BOAUTHCS /10 ineHTH(]IKAIl MKIIIMBUX 1 HeOe3MmeuHuX
(axTopiB, MOB’A3aHUX 3 TPYIOBOI IISUTBHICTIO, 1 0
BCTAHOBJICHHSI KUIBKICHOI MIipH PpHU3UKY MOpPYLIEHHS
3JI0pOB’s POOITHHKA.

Jnst HajexHOro NpOTHO3yBaHHA Ta MiHiMi3amii
IKIATUBUX 1 Hebe3meuHuX  (akTopiB  HEOOXITHO
3IMCHIOBATH X OIIIHKM 1 OI[IHKH ITOBMHHI MaTH KIJIBKICHE
BHU3HAYCHHSA. TOMYy BHHHUKae 1MoTpeda y JOCHIIKEHHIX i1
po3podii Cy4JacHUX YIPaBIiHCEKAX pimreHs,
CIpSMOBAHMAX Ha IOCHJICHHS 3aXHCTy IPAliBHUKIB Bij
BIUIMBY IIKiIIHBHUX (PAKTOPIB, y TOMY YHCII 1 332 PaxyHOK
YIIOCKOHAJIEHHS METO/IB OIIIHKM yMOB IIpaili, MOIIyKY
HOBUX IX KpUTEPIiB.

Merta podoTu

Meroro poOOTH € 3acTOCYBaHHS METOAUKH
0araToKpUTEpiaIbHOTO OIIHIOBAaHHS YMOB Tpami Ha
BHUPOOHUIITBI.

Buxksiag ocHOBHOTo MaTepiajy

Jo6pe BimoMo, 0 B MPOIECi TPYIOBOI AiSITEHOCTI
Ha JIIOAWHY  BIUIMBaIOTh  YMHHUKH  BHPOOHHYOTO
CepelloBUIlla 1 TPYIOBOTO MpOILECY, IO MOXYTh
MO3HAYMTUCA Ha 3J0poB’i. Alle TIOBHE BHUKIIOUEHHS 3
BUPOOHMYOTO CEepe/lOBUINA HECIPUATIUBUX (aKTOPIB
HEMOXJIMBO HaBiTh Ha THX BUPOOHMLTBax, Je
BIIPOBA/DKEHA IIEpeZioBa TEXHOJIOTISI MpOLeCy, CydacHe
obylasiHaHHsA 1 /€ € BHCOKa KyJbTypa BHUPOOHMITBA i
no0pe MemaHe 00CITyrOBYBaHHSI.

Cucrema yHOpaBNiHHS OXOpPOHOIO Tpami Ta
PHU3MKaMH € YaCTHHOIO 3arajbHOI CHCTEMH YIPaBIiHHSA
MiIIpUEMCTBA Ta (YHKIIOHYE 3 METOI0 ITiJBUIICHHS
piBHs Oe3MeyHOCTI BUKOHAHHS POOIT Ha MiINPUEMCTBI,

3MEHILICHHS, 3amo0iraHHs Ta  yCyHEHHS  BIUTHBY
HeOe3MEeYHNX YMHHUKIB 1  YHpaBIiHHA  PU3UKaMHU,
OB’ SI3aHUMHU 3 HeOe3eKaMu.

[Ipotsrom OCTaHHIX JECSITUIITh

OaraTokpHuTepiaJibHE OI[IHIOBAaHHS BUKOPUCTOBYBAJIOCH SIK
JONOMDKHHUH 3aci0 sl NPUHHATTS CKIaJHHUX PpilleHb,
OCKIJIbKM BOHO CIIPHMSE YYacTi 3alliKaBIEHHX CTOpIH y
CIIJIbHOMY NPHHHATTI PIlIEHb 1 O3BOJISIE BPaxOBYBaTH
Oe3nmiy  KpuTepiiB, SK BUMIPIOBaHHX, TaK 1 He

BHMIPIOBaHHX, MOEIHYIOUH KUTBKICHI Ta sSIKiCHI KpHTEepii
[1-3].

ABTOp y cCBOii poOoti [4] cTBepmKye, IO
PO3BUTOK CHCTEM YIPABIIHHSA OXOPOHOK Tpari Ta
0e3neKoro mpalli Ta TeHAeHIis 10 iX iHTerparii 3 HIMH
CHUCTEMaMH YIIPaBJIiHHs Y KOMIIaHil CTBOPIOIOTH CEpHO3HI
BUMOTH JUIA OIIHKH iX e(QeKTUBHOCTI. JlocmimHuK
MIPOTIOHY€E BUKOPHCTOBYBATH IIPOLENYPY Simos Ha eTarri
BU3HAUCHHS  BaJ OKPEMHX  EJIEMEHTIB  CHCTEeMH
YIPaBIIiHHSA OXOPOHOKO Tpalli, a TAKOX METOJI CePeIHBOTO
apU(QMETHIHOTO Ha eTanax arperyBaHHs OL[HKH.

ABTOpH CTaTTi NPONOHYIOTH OLIHIOBATUH CHCTEMY
MEHEeDKMEHTy SKOCTI Ha erami eKCIuTyartamii 3a
JTOTIOMOTOI0 OITIHKM HAaOOpy B3a€MOIIOB'SI3aHUX IIPOLECIB,
TOOTO 00'€MHYBAaTH OLIHKH PI3HUX MPOIECIB B OJHOMY
HaOopi maHMX 1 owiHIOBaTH Horo B miomy. Ha maymky
JOCTITHUKIB, MpolleaAypa 30UIbIIUTh 00CIT iH(OpMAIril
PO OI[IHKY SIKOCTI CUCTEMH SIK CYKYITHICTh HPOLECIB, IO
JIO3BOJIUTH ~ OLIHUTH BCIO CHCTEMY 3  OUIBIIOIO
00'eKTUBHICTIO 1 HafmiliHiCTIO. J[7s BHpIMICHHS IHOTO
3aBIaHHS ~ aBTOPHM  INPOINOHYIOTH  3aCTOCOBYBAaTH
CTaTHCTUYHI METOIH i3 BUKOPUCTaHHIM
HenapaMeTPUYHOI CTATUCTHKH [5].

Y pocmimkeHHSX [6—8] HayKOBHI [UIS OINIHKH
pi3HUX corianbHUX OO0'€KTIB, Yy TOMY HYHCII IpOIECIB B
OpraHi3amisx, BHKOPHUCTOBYBAIIN TaKi
baraTokpurepiansHi MeToau sik PROMETHEE (meton
oprasizanii pedTHHTY mepeBar i OI[iHKH 30aravyeHHs),
MOORA (bararouiiboBa ONTHMI3allis 3a JIOIMOMOTOIO
aHamizy BigHocuH), WASPAS (3BaxkeHa CyKyNHICTB
OIIIHOK TIOKAa3HUKA SKOCT1).

[IpoanamnizoBani METOJIUKH OIIIHIOBAHHS
3aCTOCOBYIOTBCS JUISl OLIHKH SIKOCTI NMPOAYKIIT Ta Pi3HUX
MIPOIIECIB CUCTEMH YIPABIIHHS SKOCTi, TOMY BBa)Ka€EMO,
IO IPOBEICHWH OISR  JliTepaTypd  MiATBEPANB
aKTyaJbHICTh MOCITIKCHHS, CIPSIMOBAHOTO Ha PO3BUTOK
METOJIB 0araTOKpUTEepIaTbHOTO OIIHIOBAaHHSA O€3MeKH
YMOB TIpalli Ha BUPOOHHUIITBI.

Buznauenns y3arajibHeHOTO MOKa3HUKA
HIKIUIMBUX (akTOpiB Ha PoOOYOMY Miclli MOB'SI3aHO 3
OTPUMAaHHSIM €MHOT OIIHKH, IO KUIBKICHO BHpa)ae
Oe3neky uepes ii OKpeMi MOKa3HHUKH, IS 11 3HAXO/HKEHHS
HEOoOXi/THO BUKOHATH HACTYITHE:

1) BcTaHOBHUTH 32 SKMMH XapaKTEpPUCTUKaMHU Oyne
3MICHIOBATHCS OIiIHIOBAHHS,

2) BH3HAYUTH 3 SKOK TEPIOTUUHICTIO Oyne
3MIACHIOBATHCS MOHITOPHHT Ta BUMipIOBAHHS ITOKA3HUKIB
IIKiTUBUX (PaKTOPiB;

3) BH3HAUUTH MaKCHUMaJbHO 1 MiHIMaJIBHO
JIONYCTHME 3HAYEHHS KOXKHOTO IMOKa3HMKA MLIKIJIMBOTO
¢axTopa;

4) BCTaHOBUTH ONTHUMAJIbHE 3HAYEHHS KOXXHOTO
MOKa3HUKa LIKIUIMBOTO (haKTopa;

5) 3aJeKHO BiJ ONTHMAJIbHOTO  3HAUCHHS
OJIMHUYHOTO TIOKa3HMKA, BH3HAYUTH MO SIKOI TIpynu
HAJICXKHUTH JaHUH IMOKA3HUK IIKIUTUBUX (PaKTOPIB.

VY crarti [9] aBTOpH NPONMOHYIOThCSA Taki I'pynu
[MOKA3HUKIB IIKIJJINBUX YMHHUKIB:
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- Tpyna NOKa3HMKIB MIKiIJTNBIX YHHHHKIB, Y SKAX
onTUManpHe (HalKpalie) 3Ha4eHHS NMPSMY€ 0 HIDKHBOL
MeX1 JOMYyCTHMMHX 3HAa4eHb 3TiIHO 3 HOPMAaTUBHUMH
BUMOTaMH.

- rpyna MOKa3HHKIB MIKI[UIMBUX YMHHHKIB, Y SKHX
onTUMalibHe (HalKpallle) 3HaYeHHS IPAMYE 10 CepeIHHU
MEXI JOIMyCTUMUX 3HA4YeHb 3TiHO 3 HOPMaTHBHUMH
BHMOTaMH.

Tak sk, pi3HI TpynM TOKAa3HUKIB IIKIJJTUBHX
YMHHUKIB MAlOTh Pi3HI ONTHUMaibHI 3Ha4eHHA. B poboTi
[10] 3ampomoHOBaHO MMOOYMYBAaTH IUIA KOXKHOI TPYIH
3aJIe)KHOCTI, AKi IO3BOJNATH YHI(IKyBaTH CHCTEMY IS
OLIIHKH MOKA3HUKIB IIKiAJMBUX YNHHHUKIB.

3anexHICTh, SKY IPOIOHYETHCS 3aCTOCYBATH LIS
OJlep)KaHHS OIIHKH MOKA3HUKIB IIKi[UTMBUX YHHHHUKIB Ha
6e3po3MipHiit mkani (Bix 0 1o 1) mae Burisi:

0 (r)

4 < ipmin 1
S, = {w Qimin <9i < imax (1
Dimax ~ Dimin S
| i 2 Qimax

Jie qi — OilficHe 3HaueHHsS MOKa3HHWKA IIKiIIHBOTO
YUHHUKA;  imin MiHIMalbHE 3HAYCHHS ITOKAa3HUKA
IIKI[UIMBOTO YWHHUKA; (imax — MAKCHMaJbHE 3HAUCHHS
NOKa3HUKa IIKIUIMBOTO YUHHUKA; T — napamerp GopMu.

Sxmo napamerp ¢popmu r — 3MiHroBaty Big 0,1 1o
oauHUII 3 KpokoMm 0,1, TO 3aJIe)KHOCT] OyAyTh BUTHYTHMH
Bropy, a SIKmo mnapamerp (opmu 3MiHIOBaTH Bix 1 1o
JecsiTH 3 KPOKOM 1, TO 3ajJexHicTh Oyae BrHyTa JAOHHU3Y

(puc. 1).
- 1
209

g 0.8

S 2 2 2 2 0 9
[ WO O T

OuiHKa NOKAHHKA MIKLUTHBOTO YHHH

=Y

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0,5
UIBHAKICTE PyXy DOBITPA. M/C

Puc. 1 — IoxazHuku wWKIiOMUSUX YUHHUKIS, ) AKUX
onmumanvhe (Kpauje) 3HAUeHHs NPAMYE 00 HUNCHLOT
Medici noJis OONYCKY, HANPUKIAo, (WeuoKicms pyxy
nosimps, ve oinvwie 0,5 m/c)

Skmo ontuMmanbHUI  (HaWKpamuii) IOKa3HHK
IIKI/UIMBOTO YMHHHMKA TMPSIMYy€ 0 CEepeIvHH MEXi
JIOIYCTHMUX 3Ha4€Hb, TO 3AJICKHICTH OyJie MaTh BUIIISAL:

1

()
9 — %imin Qimin <q; St
£ = Qi min

2)

a (r)
|:qi_qimax} t <q; Sqimax
4~ Qimax Qimin > 9i > Dimax
0
€ ti - cepe/inHa MeXi IOIMYCTUMHX 3HAYEHb.

Y TakoMy BHIAJKy CHCTEMa 3alle)KHOCTI Oyne
MaTH BUIJIAA, IOKA3aHUH Ha puc. 2.

a m o -

FEY

OuiHKa NOKAIHHKA MIKiUHBOT 0 WHHHHKA, S

15 16.1 17.2 18,3 19.4 20,5 216 22,7 238 249 26
Temmepatypa mositpa, °C

Puc. 2 — Onmumanvruil (Kpawuti) nOKA3HUK WKIOAUBO2O
YUHHUKA NPSIMYE 00 CEPEOUHU MENCT OONYCIUMUX
3HAUeHb (memnepamypa nogimpsi)

Jns mepeBeleHHS OAMHUYHHMX DPI3HOPO3MIPHHUX
MTOKA3HUKIB IIKIIUIMBUX YHHHUKIB B €IUHY O€3pO3MipHY
KAy Ta 3HAXO/DKEHHS KIIBKICHOI OIIIHKH HEOOXiITHO
BH3HAYHTHU 3aNeXKHICTh. KUTbKICHO BH3HAYUTH IIei BHOIp
HEMOJXKJIIMBO, OCKUIBKH KOXKHHMH IIOKa3HMK Ma€ CBOI
XapaKTepUCTHKH Ta IOIYCTHMi HOPMATHUBHI BUMOTH, SIKi 3
gacoM 3MiHIOIOTECA. OTxe, HEOOXiTHO 3acTOCYBaTH
TEOPI0 EeKCIEPTHHUX OIHOK, A€ TNPHHHATTS pilleHHs
PO3yMi€ThCS SIK BUOIp abTepHATUBH 3 Oe3i1idi Ha OCHOBI
aHaji3y GpakTopiB abo KpUTEpiiB.

3  MeTOI0  TIATBEP/UKEHHS  Ipare3laTHOCTI
po3pobieHol METOAUKH 0araToKpUTepiaIbHOTO
OLIIHIOBaHHSI YMOB TIpalli, JOCIHIi)KEHHSI OyJIM NMpOBEICHI
Ha M’sCOnepepoOHOMY MiIIPUEMCTBI. YMOBH Tpami Ha
HAITPUEMCTBAX M'sicorepepoOHOi raiysi
XapaKTepU3yIOThCA BEIUKOI0 KiNBKICTIO IIKIUIMBUX 1
HeOe3NMeyHnx BHUPOOHWYMX (PaKkTopiB, MmO PpOOIATH
HECTIPUSTIUBUM BIUTMUB Ha 3M0pOB'S 1 Tpare3gaTHIiCTh
NpaiiBHUKIB, a  TaKoX  MPOBOKYIOTh  PO3BUTOK
npodeciiiHnx 3axBoproBaHb. [IpakTHYHO Ha BCIX eTamax
BUPOOHHMIITBA MAIOTh MICIIC HIKIJUIMBI BUKHINA — BOJIOTA,
TEIUIOTa, MW, mapu Ta rasu. /o mwkijumBuX (axKTopiB
BIJTHOCATBCS TAaKOX HENPHEMHI 3amaxy W 1HTEHCUBHHN
PO3BHTOK MiKpOOpraHi3mis 3a neBHux ymos [11,12].

Hocnimxenns npoBogwiock y smnHi 2020 p. y

KoBOacHOMYy  1exy. HeoOximHi  BuUMipioBaHHS B
NPUMIMIEHHSAX  TPOBOMWIMCA i3  BHUKOPHUCTAHHIM
obmamHaHHA, MO Mae ceprudikar KamiOpyBaHHS.

JormycTiMi HOPMH IIKIJUIMBUX YWHHWKIB BU3HAYEHO Yy
JHAOIT 15.1-1.06-99. IlpaBuna OXOpOHH TIIpami i
NpariBHUKIB M siconiepepodHux 1exis [13].

Otpumani eKCTIepUMEHTAITbHI 3HAYCHHS
HaBEJCHUX BHIIE TOKA3HUKIB MIKIAJIUBUX (DAKTOPIB i
pe3ynbraTtu MaTeMaTHYHHX MIepETBOPEHD 3
BUKOPHMCTAHHSIM 3aJI€KHOCTI HaBe/leHi B Ta0I. 1.

st Toro mo6 HanamTyBaTH IIKAIU IS KOKHOTO
NOKa3HUKa  IOKIJUIMBOrO  BHUpPOOHWMYOro  dakropa,
HEOOXiJTHO PI3HUIO MK MiHIMAJIEHUM 1 MaKCUMaIbHIM
HOro 3HAYEHHSIM MOIUIMTH HA Ty KUIBKICTh IHTEpPBAIiB
(rakux iHTepBamiB Oyme 10), ska € Ha BiAMOBIAHIN
mpoMikHOI mKamoro. ['padidHa Momens  OIIHKH
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MMOKa3HUKIB IIKiAIMBUX (aKTOPIiB Ma€ BUTISA K
MOKa3aHo Ha puc. 3.

Tabmuus 1 — Pesynaprath  BIPOBaKEHHS
METO/IMKH OLIIHKY O€3IeKH YMOB TIpalli Ha BAPOOHMITBI

No IToka3uuku (qmin | qmax | Jonr | (i r Sq
IIKiIJTMBUX YHHHUKIB

| | Temneparypa noBiTps, | 15 | 26 |20,5| 23 | 0,2 |0,89
°C

2 BIJIHOCHA BOJIOTICTE 40 | 75 | 50 | 52 | 0,9 [0,87
noBiTpsL, %

3 LIBHIKICTD PyXy 0 05| 0 [0,1]03]0,62
TOBITPsL, M/C

4 | mywm, nba 60 | 80 | 70 | 69 | 0,5 [0,67

Tak K OLIHKKA OJUHUYHHUX IOKA3HUKIB IIKIIMBAX
YHHHHKIB MaIOTh OJJHAKOBY MIKaJy BuMiptoBaHHs (0 — 1),

BUIAJKy  3aCTOCOBYETbCA  CEPEAHE  TEOMETPHYHE

3HA4YCHHA.

Q=1[]F =4/0.89x0.87x0,62 x0,67 = 0,75
i=l

OTxe, 32 TOIIOMOTOIO 3aJISKHOCTI 1 eKCIePTIB, I
BU3HAYEHHSA Iapamerpa (opMH, MOXHA OTPHMaTu
y3araJbHEHHH TIOKa3HWK Oe3meKM yMOB IIpami Ha
BUpOOHHULTBI. TakuM 4MHOM, 3aCTOCYBaHHS PO3pPOOIIEHOT
CHUCTEMH B3a€MO3B’SI3KIB MK OKPEMHMHU IOKa3HUKaMHU
LIKIJUIMBUX BUPOOHMYMX (aKTOpIiB 1 IX 3HAUCHHSMH Ha
0e3po3MipHOI0 MIKAJOK 3a0e3nedyye KUIBKICHY OIIHKY
0e3meKu YMOB TIpalli Ha BUPOOHUIITBI.

3a 101IOMOT 00 3aIIPOITIOHOBAHOI METOANKN MOXKHA
MpUAMaTH YTPABIIHCHKI PIMIEHHS, SKi TPU3BOAATH [0
MiHiMI3amil BIOXWJIEHHS IIHCHUX 3HAYEHb IIKIUIMBUX

TO MOJKHA 3HAUTH y3araJlbHeHU! MOKAa3HUK, .
. . YUHHHUKIB B1Jl TOITyCTUMHUX.
3aCTOCYBaBIIM OJHY 13 CEpeAHIX 3HaueHb. B nmaHomy
1
==r=01 _ 0,9 - '\ \
03 g \\ '\‘
i 1=0,5 E ’ ‘
=07 E 0.7 a \
——r09 £ 06 - \\
——r=1 E .\
§ 0,5 -
=3 8
e =35 E 0,4 - \‘\\
B
=7 E 0,3 -
e =0 :
E 0,2 A
: N
0,1 -
0 1 n Ea ol L. s ES 5y
Temnepatypa 1995 194 1885 183 17,75 172 16,65 16,1 15,55 15
DORTPA°C 05| 2104 216 2218 227 2325 238| 2435 2490 | 2545 26
Bouoricrs 47,5 45 425 0| 375 35 32,5 30| 275 25
TOHETpA, Yo
50 52,5 55 573 60| 62,5| 65 67.5 70| 72,5 75
IenaxieTs
PYXY IOEITpA,
m/c 0| 005 0,1 0,15 0,25 03 0,33 04| 045 05
Tym, ob
60 62 64 4] 68 70 72 74 76 78 80
ormycTHmM HOPMH IIKiITHEHX BHP 0 BHITIX YHHHHKIE
Puc. 3 —I'paghiuna mooenv oyinku NOKA3HUKIE WIKIOAUBUX YUHHUKIE
BucnoBkn Ha BHpOOHHITBI. Bce mepepaxoBaHe 3akiiafiae OCHOBY

3actocoBana cucrema 3 10-TH MaTeMaTHYHHX
3aNeKHOCTEHl  MDK  IOOJHHOKHMH  Pi3HOPO3MipHUMH
NOKa3HUKAMHM HIKI[UIMBUX (DAaKTOpiB 1 IX OLIHKaMHM Ha
6e3po3mipHii mkam Big 0 mo 1, ska mgae MOKIHBICTBH
OTpPUMATH KUIbKICHY 0€3pO3MIipHY OIIHKY Oe3NneKH yMOB
npani Ha BUPOOHMUTBI. 3alpoONOHOBaHA METOJMKa Oyia
BUNPOOyBaHa Ha OJHOMY KOHKPETHOMY IIiJIIPHEMCTBI.
PesynbraTy miATBEPAMIIH, IO HA OCHOBI I[i€l METOIAMKH
MOJKHA OTPUMATH KUTBbKICHY OLIHKY Oe3IeKH YMOB Ipari

JUTSL TIOJITIIIEHAS CUCTEMH YIPaBIiHHA Oe3IeKu Ipari Ha
BHPOOHHUIITBI.
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AHOTALIHA lposeden ananu3 HAYUOHANLHBIX U 3APYOEINCHLIX HAYUHBIX NYONUKAYUL HA NpeoMem HAYUYHbIX NOO0X0008, MO
MemoouKe MHO20KPUMEPUATIbHO20 OYeHusanus. B pesyromame amanuza 00Ka3amo axmydanbHOCMb meMbvl U OnpeoeneHa yeib
pabomei. Tax kax noxazamenu 8peOHvIX AKMOPOS, GAUAIOWUX HA 300pP08bE HeN0BEKA, UMEION PA3HYI0 NpUpoody, Mo ecmb ux
noKazamenu pasHvle, U OHU UMEIOM pA3Hble WKAIblL OYEHUBAHUS, U He CYuecmseyem eOuHOU MemOOuKU Uux OYeHKU, no
yenecoobpasno Oyoem NpuMeHumb CUCIEMY 3A6UCUMOCHEN MeXHCOY DASHOPASMEPHLIMU NOKA3AMENAMU 6PEOHbIX (PAKmMopos Ha
npoussoocmee U UX OyeHKamMu Ha 0e3pazMepHOU uwikaie, KOmopvie Obl YYUMBIBATU BAHCHOCML 6PeOH020 axmopa 074
YeNoBeYecKo20 OpP2aHU3MA, HEe3A6UCUMO Om MUNA NPoOU3BOOCMEEHHbIX nomewenull. B cmambve npeonodceno 0ns oyenku
noxazameneti 8peoOHvIX PAKMOPOS, NPUMEHAMb 3ASUCUMOCHIU, YYUMBIBAIOWUE MAKCUMATbHbIE, MUHUMATbHbIE U ONMUMATbHbIE
SHAYEHUs U napamemp Qopmvl, USMEHsSA KOMOPble MONCHO NONYYamb pasiuiHble OYyeHKU Ha bespasmepHotl wikane. Onpedenersl 0se
epynnvl nokazameneti 6peOHbIX (PAKMOPO8 U NOCMPOEHbl OISl KAHCOOU 2PYNNbL 3A8UCUMOCINU, 4MO NO380IUNO YHUDUYUPOSAb
cucmemy 3asucumocmeti Ol OYeHKU nokazameneil 6peoHvix Gakmopos. [lns onpedenenus napamempa Gopmuvl HPeosioNHCeHO
NPUMEHUMb Meopulo IKCNEPMHbIX OYEHOK, 20e NPUHAMUE Peulenus. NOHUMAIOMCS KAK 6b100p ANbMePHAMUBLL U3 MHONCECMEA HA
OCHOBe aHanu3a Gakxmopos unu kpumepues. [pumensisa npediodtceHHvle KoIpPuyuenmol 8 kavecmee napamempa Gopmul cucnemvl
3a6UCUMOCIY, NO3EONAIOM 8 KANCOOM OMOENbHOM Cyuae, 6 3a8UCUMOCIU OM NOKA3amens 6peoH020 PaKmopd, peKoOMeH0o8ams
orcecmiue unu 6onee crabvle mpebosanusn Kk nokasamenim. IIpoananusuposanst onacroie u epedrvle Qaxmopuvl 6 KOIOACHOM yexe Ha
Mmaconepepabamvieaiowje;M npeonpusmuu U OnpedeieHvl UX OONYCIMUMble HOPMbl 6 COOMEEMCMBUU C  HOPMAMUSHLIMU
Odokymenmamu. Ilpednodcena anpobayusi MemoouKy MHOSOKPUMEPUATbHOU OYeHKU noKazamenel epedusix pakmopos. I paghuuecku
nocmpoena oyenka nokazamenel 6peOHbIX pakmopos. Ha wikanvl nanecenbl MAKCUMANbHO OONYCMUMblE U MUHUMATLHO
donycmumsle 3HaueHus noxkazamenei 6peduvix ¢haxkmopos. Onpedenen 0000WeHHbII NOKA3amenb 6peoHvlx (HaxKmopos 0.4
OCHOBAHUS NPUHUMATIb PeUuleHe OMHOCUMENbHO OANbHEUX 0eliCmBUll NO YIYYUeHUIO YCI08Ul mpyoa.
Knrouegvie cnosa: mHocokpumepuaibHoe oyeHusanue, ynpasieHue; cucmemd 3a8UCUMOCHEN; NOKA3amenb 8pPeOHbIX (PAKMopos;
0000WeHHbIL nOKA3amensb
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BIIJIMB BOPOIIHA INTPOPOLEHNX BOBOBUX HA ITIOKA3ZHUKHU AKOCTI
KUCJIOMOJIOYHOTI'O ITPOAYKTY INPOTAT'OM 3EPII'AHHSA

A. 0. BUIEIIBKA

Kageopa mixcnapoonoi €1eKMPOHHOL KOMEPYIT ma 20menbHO-pecmopartol cnpasu, Xapriscokutl HayionanbHuil yHigepcumem
imeni B. H. Kapasina, Xapkie, YKPAIHA
‘e-mail:monika3384@ukr.net

AHOTALIA Y cmammi npugedeni pezynibmamu OO0CHIONCEHHs 6NIUGY OOPOWIHA NPOPOWEHUX 60008UX HA NOKAZHUKU SIKOCHE
KUCLOMONIOYHO20 NPOOYKMY NPOMsicoM 30epicatts. AKMYanbHicms npoeedeHux 00CHiONCeHb 3YMOBNEHA HECMAYel0 KUCIOMOIOYHUX
6uUpo0big 01 0Cib, AKI CMpaXicoaromv Ha eHOOKPUHHI NOPYULIEHHS], He3AN0BHEeHICMb PUHKY siKux cseae oauzoko 23 % 6i0 3a2anibHo2o
8UpobHUYMBEa NpooyKyii. B pesyremami 00CniodceHHs 6CMAHOBLEHO, WO 306HIWHIN 8U2IAO [ KOHCUCMEHYIs KUCIOMOIOUHO20
NpOOYKmMYy, GUSOMOBILEH020 3a HOBOI0 PEYEenmypoio, Heieno0iona i3 pigHUMU KpAAMU, OOHOPIOHUM 32YCIKOM MOJLOYHO-06exrce6020
Konvopy. IIpodykm mae yucmuil KUCTOMONOYHUL 3aNax md NPUEMHUM KUCTOMONIOYHUM cMak. Komniexcnuil opeanonenmuynuil
NOKA3HUK po3pobnenoeo npodykmy Ha 0,1 6an euwiii nopiguano 3 Kowmpoiem. Bcmanosneno, wjo macosa uacmka dHcupy y
docnionomy 3pasky Ha 1,7 % smenwyemucs, a macosa yacmka oinka na 0,28 % 3pocmae nopieHano 3 Konmponem. Bukopucmarnms
bopowiHa npopoweHux 60606uUx GNIUBAE HA 3MIHY MUMPOBAHOI KUCIOmMHOCmI ma uac gepmenmayii. Kuciomuicme 30inbuyemscs
na 0,5 ° T, a uac gpepmenmayii smenuyemocs Ha 1 200uny. 3a 00CIOHCYBAHUMU NOKAZHUKAMU SKOCMI, KL Pe2iaMeHmyOmosCs
HOPMAMUBHO-MEXHIYHOIO  OOKYMEHMAayi€elo, npooykm, 0e GUKOPUCMO8Y8au OOpowHO npopoujeHux 60606ux gionogioac
B8CMAHOBNEHUM HOPMAM. Busnaueni 3axonomipnocmi 3minu NOKA3HUKIE AKOCMI NPOMALOM 30epieaHHs KUCTOMOJIOYHO20 NPOOYKMY 13
eémicmom 6OpowHa NpopoweHux 6006068uUx, AKi OAnU MONCIUBICMb BCMAHOBUMU, WO HA (OHI NIOBUWEHHA KUCIOMHOCMI
cnocmepieacmuvcs 30ibUIEHHS KITbKOCMIT KUCIOMOLOYHUX OaKmepitl ma no2ipuyiomsCs 0peaHoIenmuyti noKasHuky npooykmy. Ha
niocmasi eKCnepuMeHmanbHux O0CIIONHCeHb 6CMAHOBIEHO CIMPOK peanizayii po3pobrenoi npodykyii, axuil caeac 9 0i6. Y danomy
0Iana3zoHui yacy Ho8i eupodU Maroms 36UYHI OPeAHONENMUYHI NOKA3HUKU, Kuciomuicms — 95°T. Buicm xuciomonounux 6axmepit,
bighioobaxmepiii ma 6axmepiti ayudopinoroi nanuuku — < 10x10 7. Pospobnenuti Kuciomonounuti npooykm € HOCieM OpeaHiuHO20
100y ma ceneny y kinokocmi 25,2 (n£0,2) ma 14 (n£0,3) mxe, uum 3ab6esneuye 16,8 ma 24,5 % nokpumms 0060601 nompebu y tio00i
ma ceneni 011 Oopocaoi ma 3pinoi moounu i 28 ma 46,6 % (6i0no6iono) 0 Oimetl WKIIbHO2O GIKY.

Knruoegi cnosa: 1i00; cenen; MOa0KO; KUCIOMONOUHT NPOOYKMU, CReYiaNbHi NPOOYKMU, eHOOKPUHHI NOPYULEHHS

THE EFFECT OF SPROUTED IEGUME FLOUR ON THE QUALITY OF FERMENTED
MILK PRODUCT DURING STORAGE

Y. BILETSKA
Department of international ecommerce and hotel and restaurant business, V.N. Karazin Kharkiv National University, Kharkiv, UKRAINE

ABSTRACT The article presents the results of a study of the effect of germinated legume flour enriched with iodine and selenium on
the quality of fermented milk product during storage. The relevance of the research is due to the lack of fermented milk products for
people suffering from endocrine disorders, the market void of which reaches about 23 % of total production. As a result of research
it is inserted that appearance and a consistence of the sour-milk product made according to a new compounding is jelly-like with
equal edges, a uniform clot, milk-beige color. The product has a pure sour milk smell and a pleasant sour milk taste. The complex
organoleptic index of the developed product is 0,1 point higher compared to the control. It was found that the mass fraction of fat in
the test sample decreases by 1.7%, and the mass fraction of protein by 0,28% increases compared to the control. The use of
germinated legume flour affects the change in titratable acidity and fermentation time. The acidity increases by 0,5 ° T, and the
fermentation time decreases by 1 hour. According to the studied quality indicators, which are regulated by the normative and
technical documentation, the product, where germinated bean flour was used, meets the established norms. Regularities of change of
indicators of quality of sour-milk product with use of flour of the germinated bean during storage are defined. It was found that there
is a change in acidity, which increases with increasing storage time. Against the background of increasing acidity, there is an
increase in the number of lactic acid bacteria. The recommended terms of consumption which make 9 days are established. At this
time of consumption, the developed products will have the usual organoleptic characteristics, acidity — 95 ° T. The content of lactic
acid bacteria, bifidobacteria and acidophilic bacteria —< 10x10’. The developed fermented milk product is a carrier of organic
iodine and selenium in the amount of 25,2 (n + 0,2) and 14 (n = 0,3) ug. Which provides 16,8 and 24,5% coverage of the daily
requirement of iodine and selenium for adults and adults and 28 and 46,6 % (respectively) for school-age children.

Keywords: iodine; selenium; milk; fermented milk products; special products; endocrine disorders

Beryn CBiTOBHI Ta BITYM3HSHUN TOCBiI mMokasye [3-5],
IO MEePCIEKTHBHAM HAMpPSIMKOM Y CTBOPEHHI HOBHUX
KHACJIIOMOJIOYHHAX MIPOAYKTIB IUTS creniaIbHOro
Xap4yyBaHHSI € KOMOIHYyBaHHS MOJIOYHO{ 1 POCITHHHOL
CHUPOBHHH, SIKI 3aTHI 3a[TOBHIOBATH Ae(DIilUT HEOOXiMHUX
PEUOBHH, BAXKIIMBUX HAIIOMY OpraHi3My.

KuciioMonouHi mpoayKTu 3a0e31euyioTh OpraHizm

VY CBiTI Benuke 3HAYEHHS HAAAETHCS PO3poOI
Cremiaai30BaHuX MpoaykTiB [1].

XapuyBaHHS, € OCHOBHOI YMOBOIO 310pOB’s
JIFOJIHY, SIKE HE MOXIIUBO 03 JOCTATHHOTO CIIOKUBAHHS
KHCJIOMOJIOYHUX MPOAYKTIB [2].

© 5. O. BUIELIBKA, 2020

34 BICHUK HTY "XIII" Ne 3 (5)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PIIEHHA B CYYACHUX TEXHOJIOI'AX"

OimkaMu, BYTJIEBOJAMH, JIIMJaMH, KHCIOMOJIOYHIMH
OaxTepisimMu, IKi HO3UTUBHO CIPUAIOTH (PYHKITIOHYBaHHIO
KHUIIEYHUKA, 3POCTAaHHIO CIPHUATIMBOI Mikpoduopn i
BUTICHEHHS] YMOBHO-IIATOTCHHHUX MIKPOOPTaHi3MiB. Auie
JIUIIAEThCS ~ HEBUpILIEHOW  mpobiiema  aedinury
MIKpOEJIeMeHTIB, sIKUi BuUsBIeHO y 34 % HacelneHHs
€Bpory, cepell AKUX WO Ta CEeJICH 3aiMat0Th JIi TUPYIOYU
no3uii [6-8].

Jlo6oBy moTpeOy B #omi Ta CelieHi A Pi3HUX
BIKOBHX Tpyn HaBeleHO B Tabm. 1 BIOMOBIOHO [0
BCTAHOBIICHHX  MIHICTEpCTBOM  OXOPOHH  370pOB’s
Yxpainu HopM [9].

Tabmung 1 — Jlo6oBa morpeba B ¥oxi Ta ceneHi
JUISL PI3HUX BIKOBUX TPYII

HIkinpHAN BIK CepenHiii Bik 3pinwmii Bik
7..12 [ 12...19 20...45 45> 65
Jo6oBa notpeba, MKT
I Se I Se I Se
90 30 100 30 150 75
OmHuM i3 MOXJIMBHX IIUISIXIB  BHPINICHHS

npobiemu  AediIMTY MIKPOGJIEMEHTIB MOXE CTaTu
BUKOPHCTaHHS POCIMHHOI CHPOBHHH, sIKa € HOCISIMH
opraHivauX (opM MikpoenemeHTiB. Bimomo [10], mro
opraHiufHi ¢opmu HOAy Ta celeHy € Oe3MeYHUMH IS
OpraHi3My JIOJHHH, 00 MIKPOCIEMEHTH 3HaXOIHUThCSA Y
XIMIYHOMY 3B’SI3KY 3 OPTaHIYHOIO CIIONIYKOKO (I[yKpOM,
aMIHOKHCIIOTOIO) 1 TOTPAIUIAIOYH 10 TPABHOTO TPAKTy HE
BCTYMAIOTh Yy XIMIYHI peakmii 3 iHIIUMH pPEUYOBHHAMH,
BUKIIFOYAIO4YHU MO)KJ'[I/IBiCTI) HAKOIINYCHHSA Ta
nepenosyBanns. Ha 6a3i XHY imeni B. H. Kapasina
pO3pO0JEHO  TEXHOJOTiI0o  OOpoIIHa  IPOPOIIEHUX
0000BHX, 3a SKOIO MIKPOEIEMEHTH IPHOYBAIOTH Yy
OpTaHiyHOMY 3B’SI3Ky 3 pOCIMHHUM OinkoM. «bopomHo
coeBe xapyoBe 30aradeHe fogom», TY YV 10.6-0271205-
001:2019, Ta «bopomHo HyTy Xap4oBe 30aradcHe
ceneHom» TY ¥V 10.6-0271205-002:2019.

Kucnomonmouni BupoOW, Ha OCHOBI MOIIOKa Ki3
MOJKJIBO PO3TIIAAATH, SIK 0a30By OCHOBY JJISI pO3POOKH
CIeMiaTi30BaHuX MPOAYKTIB IS 0Ci0 3 €HIOKPUHHIMH
nopyiennsmu. Biqomo [11], mo He3anmoBHEHICTh PUHKY
KUCJIOMOJIOYHUX  CIIeliali30BaHUX  BUPOOIB  csrae
6su3bK0 23 % Bif 3araibHOTO BUPOOHHUIITBA IPOAYKILIL.

[MuranHs po3poOKM TEXHOJOTIH KHUCIOMOJIOYHHUX
MIPOYKTiB 30arayeHux Ha HOJ Ta CeJieH, CTOITh JTOCUTH
roCTpoO i € akTyalbHUM. [IpoBeneHHs JOCTiHKEHb 100
BIUIMBY OOpOIIHA MPOPOIIEHNX O0000BHX Ha MOKa3HUKH
SIKOCTI KHMCJIOMOJIOYHOTO MPOAYKTY Ta JOCHIDKEHHS iX
3MiHHM POTATOM 30epiraHHs € HEOOXiJTHUMH Ta CBOEYACHHM.

Meta poboTu

MeTor0  JOCHI/DKEHHS € BHUBYCHHS  BIUIUBY
OopomrHa TpopoieHnX 0000BMX Ha IOKAa3HUKU SKOCTI
KHCJIOMOJIOYHOTO MPOYKTY HA MPOTs3i 30epiraHHs.

Jis nmocsTHeHHsS MeTH OynM TIOCTaBJeHI Taki
3aBJIAHHSL:

- BHBYHTH OPraHOJENTHYHI Ta (i3HKO-XIMITHI
MMOKAa3HUKHU KHCJIOMOJIOYHOTO MIPOIYKTY i3

BHKOPUCTAaHHSIM  OOpOIIIHA 06000BHUX
30arayeHux Ha WOJ Ta CEJIEH;

- BCTAaHOBHUTH 3aJISKHICTh 3MIiHH IIOKa3HHUKIB
SIKOCTI KHCIIOMOJIOYHOTO TIPOAYKTY 13 BHKOPHUCTAHHSIM
OOpoIIIHa POPOIICHUX 6000BUX Ha MPOTs3i 30epiraHHs;;

- BCTAaHOBUTH BMICT MAacOBOi YacTKH HOIy Ta
CeJIeHY y KUCIIOMOJIOYHOMY TPOIYKTI i3 BUKOPHCTAHHIM

OOpoIIIHa TPOPOIICHUX 000OBHX.

MIPOPOLIEHUX

Buksiag ocHOBHOTO MaTepiajy

Ha nomepeansomy eTami gocmimkeHs [12],
HAyKOBO 00TpyHTOBaHO penenTypHuiA CKJIaJ
KHCJIOMOJIOYHOTO TPOAYKTY 3 BHKOPHUCTaHHS OOpoOITHA
mpopomeHnx 0000BHX, pemenTypa KHCIOMOJIOYHOTO
MPOAYKTY 300pakeHa y Tabi. 2.

Tabmuis 2 — Perenitypa KHCIOMOJIOYHOTO MPOIYKTY

PenientypHuii iHTpegieHT Kinskicts, %
MoIOKO KO3HHE 93
BopoiHo mpopoleHoro 3epHa coi
bopomrHo npopomnieHoro 3epHa HyTa
Lactobacillus delbrueckii Bulgaricus
Streptococcus thermophile
Lactobacillus acidophilus

Bifidobacterium lactis
Bcroro 1

O = == DN [ = | =

0

IMix wac mpoBeneHHS  EKCHEPHUMEHTAIBHUX
JIOCHI/PKEeHb, BHUKOPHCTOBYBAJIM MOJIOKO Ki3 MOPOAX
«3aaHEeHChKa» BHUpOIICHNX Ha (epMi «babuHI KO3mM»,
KuiBcbka obmactp, c. amaiiku. IpamroBany i3 3pa3kamu
MoJIoOKa a000Boro ymoro. BimmosimHo mo po3poOmeHoi
penenTypy KHACIOMOJIOYHOTO TPOIYKTY BHKOPHCTOBYBAIH
KO3MHE MOJIOKO Y KilbkocTi 93% /10 Macu KHCIOMOJIOYHOTO
MPOIYKTY, OOPOIITHO MPOPOIEHOro 3epHa 6000BuX (1:1) y
KiTbkOCTI 2 % 10 Macu BHpOOy, Ta 3aKBacKy (Ooarapcbka
najuyka, TepMO(QUIBHMHA  CTPENTOKOK,  anuaogiabHa
najnuka, Oidinobakrepii) y kinmbkocti 5 % 10 Macu
npoxykry. ITixirpiBamu xo3uHe Moiyoko jgo t — 35...40 °
C. BHocmiu OOpOIIHO TPOPOIICHOTO 3epHa O00OBUX Ta
3akBacKy. CkamryBanu rpu t 40 °C. OxonomKyBaiy 10 t
— 254+ 2°C npotsarom 6 roauH. 36epirammnput 6+ 1 ° C.

BigmoBigHO 10 METH HAIIWX JOCIIIKEHb BUBUEHO
OpPTaHOJIENTHYHI TOKA3HUKH SKOCTI KHCIOMOJIOYHOTO
MPOAYKTY i3 BHKOPUCTAHHSAM OOpOIIHA IIPOPOIICHUX
0000BMX 30arayeHux Ha HOJ Ta ceyel, Tab. 3.

[IpoBeaeHo NOPIBHUILHUEA aHAI3 13 KOHTPOJIBHUM
3pa3KoM Ta BUMOTaMH HOPMAaTHBHO-TEXHIYHOT
JIOKYMEHTAIIT Ha JJAHWUW BUJT TPOJTYKITIL.

I3 exkcrmeprMEHTY BCTAHOBJICHO, IO 3OBHIIIHIM
BUTJIAZ 1 KOHCHCTCHINS KHCJIOMOJOYHOTO MPOIAYKTY
BHTOTOBJICHOTO 32 HOBOIO PELENTYPOI0 JKeJlenoiOHa i3
PIBHUMH ~ KpasMH, OIHOPITHUM 3TYCTKOM, MOJIOYHO-
OexxeBoro Konbopy. IIpoyKT Mae 4MCTHI KUCIOMOJIOYHHUN
3amax Ta IPUEMHUM KHCIOMOJIOYHHM CMakK Ta, fK 1
KOHTPOJIGHHUHN 3pa30K, BIIIOBIZa€ 3a TMOKA3HUKAMH SKOCTi
perIaMeHTyI04iil HOpMAaTHBHO-TEXHIYHIA JOKYMEHTAIII].
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Tabmums 3 — OpraHonenTHyHi TOKAa3HWKH KHCJIOMOJOYHOTO MPOAYKTY i3 BHKOPHCTAaHHAM OOpOIIHA
npopoieHux 6000BUX 30araueHuX Ha HOJl Ta celeH

[NokazHux 3rigno JACTY 4343:2004 Konrpois Hocnin
SoBHimIHii 3rycrox ogHopiﬂHHﬁ, B Mipy B’g:;lfm”d, npu B’s3ka, )Kenenoni6Ha i3
B JI0JlaBaHHI 3aIryCHHKA, a6p CTa61H13y.}0lII/IX TAry4a, PIBHMMH KpasiMu,
KOHCHCTEHIIis J106aBOK — KOHCHCTEHIList KenernonioHa, 3IYCTKy HEMae 3TYCTOK
abo kpemornoibHa. OJTHOPiAHUI

YucTuil, KHCIIOMOJIOYHUM

3amnax 4rCTHi,

3amnax 4uCTHH,

(max — 5 6aniB; min — 1 6ai )

CwMaxk i 3amax i3 CMaKkoM i apoMaToM KHCIIOMOJIOYHUI. KUCIIOMOJIOYHU#. CMak
BHECEHHX KOMIIOHEHTIB CMak mpueMHHN MPUEMHUN
KHCJIOMOJIOYHHH KHCIIOMOJIOYHUHN
MosnouHno-6innit, a6o 00yMoBIeHUHA Binwmii 3 kpeMoBUM Momnounuii-0ex
Komip KOJILOPOM BHECEHHX KOMIIOHEHTIB, BiJITIHKOM, piBHOMIpHHIA
OITHOPiTHWUH, a00 13 BKpAILICHHIMHA piBHOMIpHHH 10 BCilf Maci
HEPO3YMHHUX YaCTHHOK 110 BCiH Maci
Jerycramiiiaa omiHka
Ban OpTaHOJIENTHYHHX ITOKA3HUKIB BUPOOIB: 4,9 5,0

Y Ttabn. 4 mpuBeneHi pe3yIbTaTH IOCHIHKEHHS
(hi3UKO-XIMIYHMX TTOKA3HUKIB KACIIOMOJIOYHOTO TPOAYKTY
i3 BHKOPHUCTaHHSAM OOpOIIHA MPOPOIIEHUX OO0OOBHX
30arayeHUX Ha MO Ta CEJICH.

Tabmuusts 4 —  @DI3UKO-XIMIYHI  MOKa3HUKHU
KHCIIOMOJIOYHOTO MPOJAYKTY i3 BUKOPUCTAHHIM OOpOIIHA
rpopoiieHnx 6000BUX 30arayeHux Ha HOJl Ta celeH

TToxa3uux JCTY |Kontpons| Hocnin
MacoBa yacTka Kupy, 10 3,2+0,5 | 1,5+0,5
%, He OLabIIe HiX
MacoBa uacTtka OiJika, 2,5 3,0+0,8 | 3,28+0,5
%, HEe MEHIIIE HiK
TutpoBana 75...140 | 75+0,3 | 80+0,3
KHCIIOTHICTD, ° T
Yac ¢depMmenTarii, rog. > 14 4,0 3,0

BcTaHOBIICHO, 1110 MacoBa 4acTKa XKUY Y 3pasKy
BHTOTOBJICHOMY 32 HOBOIO penentyporo Ha 1,7 % meHe
HDK y KOHTpouti. MacoBa yactka Oinka Ha 0, 28 % Oinpma
HDK y KOHTpOJi. 3a TMOKa3HMKOM KHCJIOTHICTh, 3pa30K
pPO3pOOJICHUIT 32  HOBOKO  PELENTYpOI)  MOJKIJIUBO
kiacudikyBaru, sk  Oimbm  kuchuwid.  TurpoBaHa
KHCJIOTHICTB y JIOCIIHOMY 3pa3Ky 30uIbInyeThes Ha 0,5 °©
T, BIIHOCHO KOHTpOJILHOTO 3pasky. Yac depmenrarii
KHCJIOMOJIOYHOTO TPOJIYKTY BHTOTOBJICHOTO 32 HOBOIO
peuentyporo Ha | TOIMHY MEHIIE HIX KOHTPOJIBHOTO
3pasKy.

HactynauM eramoM Hammx JIOCHIPKEHb OyJ0
BUBUCHHA 3aJIE)KHOCTI 3MIiHH  TIOKa3HUKIB  SKOCTi
KHCIIOMOJIOYHOTO MPOIYKTY 13 BUKOPUCTaHHSIM OOpOILIHA
MIPOPOIIEHUX OOOOBUX Ha MPOT:3i 30epiranHs.

PesynbraT qociimkeHHs 300paxeHi y Tadi. 5.

Hocnimxenns npoBogwiu Ha 3, 6, 9, 12, 15 noly
miCJisE BUTOTOBJICHHSA. KUCIIOMOJIOUHI BUPOOH OIIIHIOBAIH

B Oanax mo n’sTHOaNbHIN KAl 32 TAKUMH TOKa3HUKaMHU
SIK: 30BHIIIHIA BHIJIAA 1 KOHCHCTEHIISI, CMaK 1 3amax,
Kouip. Y po0oTi AerycramiiHoi KoMicii mpuiiMali y4acThb
15 daxiBmi, sKi 3HaWOMI 13 TpaBWIaMHU JIETYCTaIlil,
yMOBaMH BHpPOOHHMIITBA Ta KpPUTEPISIMH SKOCTI 10
KHCJIOMOJIOYHUX BUPOOiB. JlocimipKyBanu 3aJieXHICTh
3MIHM BMICTy KHCIIOMOJIOYHMX Oakrepiit Lactobacillus
delbrueckii, Bulgaricus, Streptococcus thermophiles;
6idimodaxrepiit Bifidobacterium lactis; GaxTepiit
armunodineHoi manmmaku Lactobacillus acidophilus.
BcranoBneHo, 110 OpraHONICNTHYHI ITOKa3HUKH
NPOAYKTY PO3POOJCHOT0 3a HOBOK  PELENTypOro
noripurytotecs micns 9...10 xi6 36epiranss, Ha 15 mo0y
BiIOYBa€TbCA BHUMIIUICHHS CHPOBAaTKH Ta IOPYIICHHS
KHCJIOMOJIOYHOTO 3TYCTKY sIKUil HaOyBa€ B’s13K01 1 TATY4O0T
KOHCUCTEHIi. 3’SBISIETbCS  PI3KMHA  KHCIOMOJIOYHHN
3amax ~Ta  OpUCMak. 3MIHIOETbCS  PIBHOMIPHICTB
posmofineHHss 3abapBieHHs 1o Beiit Maci. [lpomykr

BUTJISAZA€, SK OUIO-)KOBTAa CYCIECH3IS 13 IKOBTUMH
BKPATUICHHSIMH.
Sk mokazama  TpOBEACHAa  OIIHKA  BMICT

KHCIIOMOJIOYHMX OaKTepiii y KOHTPOJIbHOMY 3pa3Ky Ha
npotssi 15 1i6 36epiranns cranosus 10%10 7, Toxi sx y
3pa3kax 13 BHKOPHCTaHHAM OOpOIIHA IIPOPOIICHUX
606oBux Bin 3poctac 10 < 10x10 7 Ha 6 100y 36epiranus
ta g0 < 11x10 7 ma 12 noby 36epiramns. Bwmict
0idinodakrepiii Ta Oakrepii anUnOMiNBHOI MANUYKH Y
JOCTHiAHOMY 3pasKy craHoBuB <10x10 7 ma nporasi
BCHOTO TEpMiHY 30epiraHHs. Y KOHTPOJBHOMY 3pasKy
BMICT BHIIE3raJaHUX JOCTI/DKCHUX PCUOBHH CATraB
>10x10 7. Ha puc. 1 306paxeno wMikpopororpadii
KUTBKOCTI MIKPOOPTaHi3MiB B TIONI 30py MIKpPOCKOMa
KOHTPONIBHOTO Ta JochigHoro 3pa3ka Ha 10 o0y
30epiraHHs.
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Tabmums 5 — 3aneXHICTh 3MiHH TOKAa3HUKIB SKOCTI KHCIOMOJIOYHOTO MPOAYKTY i3 BUKOPHUCTAHHSM OOpOIITHA

MPOPOIIEHUX OOOOBUX Ha MPOT3i 30epiraHHs

KonTtpons
9 % MiKpoOpraHi3miB

Jocmin
20 % mikpoopraHizmiB

Puc. 1 — Mixpogpomoepaghii kinbkocmi mikpoopzanizmis y
noiui 30py mikpockona (30invuenus 16x100)

HactymHuMm eranom JOCIiKeHHS OYyJ10 BUBYCHHS
MacoBOi YacTKM HOLy Ta CElEeHY Y KHCIOMOJIOYHOMY
NPOJYKTI 13 BUKOPHCTaHHSIM OOpOIIHA IPOPOLICHUX
6000Bux 4epe3 10 ni6 30epiranns. MacoBy yacTky Homy
Ta ceJeHy BHM3Hauann Ha ©0a3i HaykoBoro ueHTpy
MIPEBEHTUBHOT TOKCHKOJIOTIT IHCTHTYTY TOKCHKOJOTIi
XapuoBoi Ta XimiuHOI Oe3meku imeHi akazaemika JI. I.
Mensens, MO3 VYkpainu. BoapTammepoMeTpHuHUM
METOJIOM 3a JONOMOror asamizatopa «ABA-2» Ta
«ABA-3» (bypeBecHuk, Pocis). BctanoBieHo, 1o BMiCT
MacoBOT YacTKH Hoxy Ta ceneny y 100 r KHCIOMOJIOIHOTO
BUpOOy 13 BHKOPUCTaHHSIM OOpOIIHA IMPOPOIIEHUX
6000Bux uepe3 10 mi0 micis BHUTOTOBJCHHS CTAaHOBUB
25,2 (n+0,2) Ta 14 (n=0,3) MxT.

OO0roBopeHHs! pe3yJbTaTiB

Kontpoub | Hociin
[Toxa3uuk Yac 36epiranns, 11i6
3 6 9 12 15 3 6 9 12 15
OprasoientuyiHi 4.9 4,9 4.5 43 39 5,0 5,0 5,0 4,5 32
IMOKA3HUKH, 0aj
TurpoBaHa KHCIOTHICTb, © 75 85 95 120 150 80 85 95 120 140
T, (n=0.3)
- I ~ ~ ~ ~ ~ ~ ~
Lactol?aClllus delbrueckii, . . p . . o - . < -
Bulgaricus ta Streptococcus i i i i i — — — — —
X X X X X
thermophiles, = = S S = S S S = =
KYO& 1 cM? I [ [ I I I VI Vi Vi VI
g . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
bidinodakrepii, = = = = = — S - — S
Bifidobacterium gactis, X X X X X & z 2 & z
KYO Bl cm A A A A A VI VI VI VI VI
Bakrepii anumodinsHOl ~ ~ ~ ~ ~ = = = = =
. =) =) =) =] =] © i — © i
nann4aku, Lactobacillus = = > > i~ < < " < <
acidophilus, KYO S = S S S 2 = = = =
B 1 oM A A A A A VI VI VI VI VI
BHKOPUCTAaHHSIM  OOpOIIHA  TPOPOIIEHHX  OO0O0OBHX
30aradyeHMX Ha HOM Ta CEJICH BCTAHOBJCHO, IO

BIIMIHHOCTI 13 KOHTPOJBHUM 3Pa3KOM CIIOCTEPIraroThCs
32 KOJBOPOM Ta KOHCHCTCHIi€. JIOCHigHui 3pa3ok 3a
MOKa3HUKOM KOJIip Ma€ OLIbII TeMHine (MOJOYHUIT-0exk)
3a0apBlieHHS, 3’SBISIETBCS  OJHOPITHMH  3TYCTOK 3
YITKUMH pIBHUMHU KpasMu (Tabn. 2). Cnocrepiraerbces
M/IBUIIEHHS KHCJIOTHOCTI y 3pa3Ky 13 BHKOPHUCTAHHSIM
OoporrHa TpopormneHnX 0000BuX, (Tabm. 3). 3wmiHa
KOIIbOPY Ta MiJBUINEHHS KHCIOTHOCTI  MOXIIMBO
TOSICHUTH BBEICHHSAM POCIMHHOT CHPOBHHH, SIKa BIUIUBAE
Ha Il TIOKa3HWKW. 3a pe3yJbTaTaMH IOCITiKEeHb, SKi
npuBesieHi y Tabn. 2-3 MoXkHa 3pOOMTH BHCHOBOK TIPO
BIJIMIOBIHICTh JOCIIKYBaHUX 3pa3KiB KHUCIOMOJIOYHOTO
NPOJAYKTY 13 BHUKOPHUCTaHHSM OOpOIIHA IPOPOLICHUX
0000BUX 30araycHuMX Ha o Ta ceneH Bumoram JICTY
4343:2004 «Bupobu KUCIOMOJIOYHI».

BusHaueHO 3aKOHOMIPHOCTI 3MiHM IOKa3HHUKIB
SIKOCTI KHCIIOMOJIOYHOTO TIPOAYKTY 13 BHKOPHUCTAHHSIM
OOpoIIIHa MTPOPOIIEHNX 000OBHUX Ha MPOTA3i 30epiraHHs.
V nmociimHOMY 3pa3ky Ha 15 mo0y 30epiraHHs MOKa3HUK
TUTPOBaHA KUCIOTHICTH cTaHoBUTH 150 ° T (y mopiBHAHHI
i3 koHTponem 140 ° T), mo 3a HOPMaTUBHO-TEXHIYHOIO
JIOKYMEHTAII€I0 TIepEeBHUIyEe IOMyCTUMI piBHI (HOpMa
80...140°T)na 10 ° T.

Ha thoni IT1 IBUILIEHHS KHCJIOTHOCTI
CIIOCTEPIraeThCs 301IBIICHHS KUIBKOCTI KHACIOMOJIOYHUX
Oakrepii. 006’ enHy04n obuBa pe3ynbTatu

EKCTIIEPUMEHTAIBHUX JIOCIIDKEHb, PE3yJbTaThH AOCIiiB
MOXIIMBO TOSCHUTH THM, LIO MiJ Yac CKBallyBaHHs
BiZIOYBa€TbCS  PO3LICIUIEHHS  Ka3eiHy  YTBOPIOIOTHCS
MOJTIMTETI THIH, TTIKOTICTITHIH, aMIHOITYKpH, SIK1
CTHUMYJIOIOTH PICT KUCIIOMOJIOUHUX OakTepiil, a 60pomrHoO

HJocnifkeHo OpraHoNenTuuHi, Oi3MKO-XiMiuHI  mpopouleHnX OOOOBUX BIUIMBAE, SAK CHUHEPriCT Ha 1ii
[IOKa3HUKU KHCJIOMOJIOYHOI'O IPOLYKTY i3 mpouecu [12]. Bu3Ha4eHO pPEKOMEHIOBaHI TEPMiHM
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CIIOXXMBAHHS KUCIOMOJIOYHOTO TIPOAYKTY, SIKi CTAHOBJIATH
9 ni6. Y nmaHomy jiana3oHi uyacy po3poOlieHi BHpOOU
MAaloTh 3BHYHI OPraHOJENTHYHI MOKa3HUKH, KHCIOTHICTh
— 95 ° T. BwMicT KHCIOMOJIOYHHX OaKkTepiH,
0idinobakrepiit Ta OakTepiil anUAOGUILHOT MATHYKH —
<10x107. Bigmosizuo go Ilocranosu Ka6irety MinicTpiB
VYxpainu Ne 656 Big 14.01.2020 poky BMICT CIIO)KHBYOTO
KOILUKY MepeciyHOro YKpaiHIs PETYIIOEThCS
CIIO)KMBaHHSI MOJIOYHUX BHpPOOIB, sSIKE CTaHOBUTH 365 T.,
Ha 100y, Ha YacTKy KHCIIOMOJIOYHHX BUPOOIB IpUTIANaE
100 r., Ha moOy [13]. Po3polbieHuii KHCIOMOIOYHHIHA
MPOAYKT 3a0€3MMeYnTh HAIXOMKEHHS MO opraHizmMy 16,8
ta 24,5 % pmobooi morpebu y Homi Ta ceJeHi
(BimmoBimHO), sl mopociioi Ta 3piioi oauHU 1 28 Ta
46,6 % (BiAMOBiIHO) AT TiTEH MIKUTBHOTO BIKY.

BucHoBkH

3 MpoBeNeHUX MIOCIHI/DKEHb MOXIHBO 3pOOHTH
BHUCHOBKHM, 10 3a OpraHOJENTHYHUMH Ta (i3HKO-
XIMIYHAMHM TOKa3HUKAMH KHCJIOMOJIOYHUH TPOIYKTY i3
BUKOPHUCTaHHSIM  OOpOIIHA  MPOPOIIEHHNX  0O0OOBHUX
BI/IIOBITa€ HOPMATHBHO-TEXHIYHI  TOKYMEHTAIlii Ta
Bumoram JICTY 4343:2004 «Bupobu KuCIOMOIOUHI». 3a
JIOTIOMOT'0F0 EKCTIePUMEHTAILHO OTpPUMaHUX
3aJeKHOCTEH BU3HAYEHO 3MIHM ITOKA3HUKIB SKOCTI Ha
OpoTsI3i  30epiraHHs KUCIOMOJIOYHOTO TMPOIYKTY 13
BUKOPUCTaHHSAM  OOpOIIHA  MPOPOLICHHX  0OO0OOBHX.
Bu3HaueHO peKOMEHJOBaHI TEPMIHM CIIOKUBAHHSI, SIKi
cTaHOBJIATh 9 1i6. 3a gaHoro yacy po3poOiieHi BUpOOU
OyAyTh MaTH 3BUYHI OPTraHOJCNTHUYHI IOKA3HUKH,
kucnotHicte 95 © T. Bwmict kucinomonoynux Oakrepii,
6idinobakrepiii Ta OakTepil amMAOGULIFHOT ManWyku <
10x10 7. Po3pobneHnii KHCIOMOJOYHHI IPOIYKT €
HOCIEM OpPraHi9HOro HOXy Ta ceJieHy y KilnbKocTi 25,2
(n+0,2) Ta 14 (nx0,3) w~xr. Ilpm cnoxwuBaHHI
KHCJIOMOJIOYHOTO TPOAYKTY y Kimbkocti 100 ., Ha mo0y
3abesneaye 16,8 1 24,5 % moxputTst 1000BOi moTpedu y
Homi 1 ceseHi A JIIOJCH CepeHbOro Ta 3pLIOro BiKy Ta
28 Ta 46,6 % (BiAMOBIAHO) IS TITEH MIKITLHOTO BIKY.
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Toowcanyiicma, ccolnaiimecs Ha My CMamuvio c1e0VIOuUM 06pasom:

benenkast S1. A. BimsHMe Myknm M3 NpOpOIIEHHBIX OOOOBBIX Ha ITOKa3aTeNH KadecTBa KHCIOMOJIIOYHOTO IPOIYKTa Ha
MPOTSDKEHUU XpaHeHus. Becmuuk Hayuonanvnozo mexnuyeckoeo ynugepcumema «XI1H1y». Cepus: Hosbvie pewienus 6 cospemennbix
mexnonocusix. — XapbkoB: HTY «XIT». 2020. Ne 3 (5). C. 33-39. doi:10.20998/2413-4295.2020.01.05.
AHHOTALIUA B cmamve npugedenvl pe3ynbmamsl UCCIEO08AHUA GIUAHUA MYKU U3 NPOPOUEHHLIX 00008bIX HA NnoKa3amenu
Kauecmea KUCIOMOIOYHO20 NPOOYKMA HA NPOMANCEHUU XPaHeHus. AKMYanbHOCHb NpOSEOeHHbIX UCCAe008aHUl 06YCI08NeHA
HeX8amKol KUCIOMONOYHBIX U30eauil Onsl Uy, CMpadarowux SHOOKDUHHbIMU HAPYUIEHUSAM, HE3ANOIHEHHOCHb DbIHKA KOMOPbIX
cocmasnsiem okono 23% om o0bwezo npouzgodcmea npooykyuu. B pesynvmame ucciedo8anus yCmanoeiend, Ymo 6HeUHUl 6U0 U
KOHCUCTEHYUs.  KUCTIOMOLOYHO20 NPOOYKMA, U320MOGLEHHO20 NO HOBOU peyenmype, iceneodpasHas ¢ POGHbIMU Kpasmi,
00HOPOOHBIM C2YCMKOM MONOUHO-6edces020 yeema. IIpoOykm umeem Yucmblii KUCIOMOIOYHBLI 3aNAX U NPUAMHBLI KUCTOMOIOYHbBLI
exyc. Komnnexcnolii opeanonenmuueckuil noxasamens paspabomannozo npoodykma Ha 0,1 6ann evicuteli no cpasHenuio ¢
KOHMponeM. Ycmanoeneno, umo mMaccosas 00us dHcupa 6 onvimHom obpasye ymenvwaemca na 1,7 %, a maccoean 0onsa 6eixka
sospacmaem Ha 0,28 % no cpasmenuro ¢ xKowmponem. Hcnonvzosanue MyKu NnpopoujeHHulx 00006bIX 6nuAem Ha USMEHEeHUe
mumpyemou kuciomuocmu u epemenu gpepmenmayuu. Kucnomuocmo yeenuuenue na 0,5 ° T, a epems pepmenmayuu ymeHvuaemes
Ha luac. Ilo uccrnedyemviM NOKA3AMENSIM KAYeCMed, KOMopbvle peLiaMeHmupyomcs HOPMAmMueHO-mMexHu4eckol 0OKyMenmayuei
npooykm, 20e UCHONb308ANU MYKY NPOPOWEHHbIX 0O0008bIX COOMBEMCMBO8AN YCmanoeienubim Hopmam. Onpedenenvl
3aKOHOMEPHOCIU UBMEHeHUs NOKa3amenell Kavecmea KUCIOMOI0UHO20 NPOOYKMA ¢ UCNONb308AHUEM MYKU NPOPOUJeHHbIX 6O0DO0BbIX
HA NPOMANCEHUU XPAHEHUS. YCMAaHo6IeHo, Ymo Habn00aemcs usmMeHenue KUCIOMHOCIU, KOMOPas Y6eauiusaemcs ¢ yeenuieHuem
epemenu xpamenus. Ha ¢one noeviwienus Kuciommocmu HaAOMOOGemcs y@eiuuenue KOMU4ecmed KUCIOMONOYHLIX Oaxmepuil.
Yemanoenenvr  pexomendosannvie  cpoku  nompebnenus, cocmasnaiom 9 cymok. Hoevle usdenus umeom Nnpusblumbvie
opeanonenmuueckue noxasamenu, xkucromumocms — 95 ° T. Codeparcanue Kuciomonrounvix baxmepuil, ouguoobaxmepuil u baxmepuii
ayudogunvroti narouku — < 10x107. Paspabomarniviii KUCIOMONOUHBIT NPOOYKM AGIAEMCA HOCUMENEM OP2AHUYECK020 100a U
cenena 6 konuvecmee 25,2 (n £ 0,2) u 14 (n = 0,3) mxe, uem obecneuusaem 16,8 u 24,5 % nokpvimusi cymounoii nompebHocmu 8
tl00e u ceneH 015 83p0Ciozo U 3peinoeo wenoseka u 28 u 46,6 % (coomeemcmeenno) 01 Oemetl WKOIbHO20 603PACTA.
Knrouegwie cnosa: 1100, cenen; MONIOKO, KUCIOMONIOUHbIE NPOOYKMbL;, CHEYUATbHBIE NPOOYKMbL, SHOOKPUHHbIE HAPYULEHUSL.
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BILIVB PEXKAMIB TEPMIYHOI OBPOEKH HA XAPAKTEPUCTHUKH MPOAYKTIB I3
M’SACA IITUII 3 BUKOPUCTAHHSAM IIVIbOBOI ®PEPMEHTAIILI

JI. B. TAPMAI", B. M. ITACTYHHUH?

! acnipanm Ipobremnoi naykoso-oocnionoi nabopamopii Hayionanenozo Yuicepcumemy Xapuosux Texnonoziii, Kuis, YKPAIHA
2 3asioyeau kagedpu mexnonozii m’aca ma m’aconpooykmie Hayionanenozo Yuisepcumemy Xapuoeux Texnonoziti, Kuis, YKPAIHA
*e-mail:garmash93@gmail.com

AHOTALIA Y cmammi po3kpumo OeAKi acnekmu nauy mpueaiocmi mepmiuHoi obpobku ma pisHux 6uoié (QYHKYiOHANbHUX
cymiwel Ha QYHKYIOHATbHO-TNEXHOIOSIYHI Xapakmepucmuky npooykmis i3 Mm’sica Kypuam-6poiiiepie npu HU3bKOMeMnepamypHii
00podYi, 3a yMOBU UKOPUCTNANHSA YiNb08oi pepmenmayii. M saco Kypuam-opoiiepie mae psao nepesaz 01 UKOPUCMAHHA Y AKOCHI
CUpOBUHU NpU eUpOOHUYMBI npodykmie 3a mexnonozieto Sous-Vide. Jlo yux nepesae ModCHA GIOHECMU GUCOKUL 6MICI 80102U,
BUCOKI Op2aHONenMuyHi NOKA3HUKY, MA NOPIGHAHO HU3bKY eapmicmb O0aHoi cuposunu. Ilpome, icHye psao HeOONiKis, SKI
yCKaaouwioms 00pobKy m'sca kypuam-6poiinepie 3a mexnonozicio Sous Vide. Ceped Hux modcna eudinumu — eluky KilbKicmb
6i00ineHol y npoyeci 6UpoOHUYMEA B0N02U MA HU3LKY 607102036 A3Y6AAbHY 30aMHICMb OeAKUX NApmill cuposuHu (o uacmo
1086 ’A3aHa i3 NOPYUEHHAMY A8MOIIMUYHUX npoyecis y M Aci Kypuam-Opotinepis). /[na mozo, wob docaznymu 6axcanHoi KoHcucmenyii
Ma BUCOKUX OP2AHONENMUYHUX NOKA3HUKIE, 8 M'aconepepobHill NPOMUCIOBOCI WUPOKO 3ACMOCO8YIomb (hepMeHmHi npenapamu.
Jlns ycynenns oanux nedonikie 3anponoHo8aHo BUKOPUCMAHHA QYHKYIOHATbHUX cyMiuiell, IKI 6600SIMbCA Y M'SACHY CUPOBUHY WLIIAXOM
iH EKMYBAaHHMS, a4 MAKONC 3ACMOCYBAHHS Yinb0ogoi pepmenmayii. B x00i excnepumenmy 6yno pospodaeno 2 peyenmypu eupobie iz
M’sca Kypuam-opoiinepis (hine), sKi 8 coio uepey obpobnsiu 3a 080Ma pexcumMamu mepmiuHoi 06pobku ma niodasaiu 0opodyi
hepmenmom mpancenromaminasza. Y nepwiti napmii 3paskie 3acmocogysanu in’ekmysanus 15% pozuuny @yHKyionanoHoi cymiwi Ha
OCHOBI yumpamis, mooi K y Opyeill napmii — AHAN02IYHUU PIGeHb IH €KMYGAHHH CYMIiuuio Ha OCHO8I Gocpamis. Tepmiuny
00pOoOKY npoeoounu nicis nonepeoHvoi annikayii y nakemu ma eaxyymysanns npu 62° npomsicom 120 ma 140 xé ons piznux epyn
3paskie. Y ecix 3paskax eusHauanu 6uxio 20moeo2o NpoOyKmy, GIOHOCHY Macy 6i00iieHoi eonocu y naxemi, 3HaueHHs pH,
607102036 'A3YBANILHOI A  B0JI020YMPUMYIOHOI  30aMHOCMI, A MAKOJNC 3A2ANbHULL 6MICH  60102U Y 20MOBOMY HNPOOYKMI.
OnmumaneHumu ceped 4 00CHIONCYBAHUX 3PA3KIE GUSHAHO 3PA3KU 13 3ACMOCY8AHHAM (ocghamis, ma mpuearicmv mepmiuHOi
06pobku 120 xs.

Knrwuoei cnosa: mexnonoeis Sous-Vide; pepmenmayis; m’sco nmuyi; mepmiuna o6pobka; yumpamu, gocpamu

INFLUENCE OF HEAT TREATMENT REGIMENS ON THE CHARACTERISTICS OF
POULTRY PRODUCTS USING TARGETED FERMENTATION APPLICATION

D. GARMASH", V. PASICHNYI?

I postgraduate student of Problematic scientific laboratory of NUFT, Kyiv, UKRAINE
2 full professor, Head of Department of meat and meat products technology of NUFT, Kyiv, UKRAINE

ABSTRACT The article reveals some aspects of the influence of the duration of heat treatment and different types of functional
mixtures on the functional and technological characteristics of broiler meat products at low temperature processing under the
condition of target fermentation. Broiler meat has several advantages for use as a raw material in the production of Sous-Vide
products. These advantages include high moisture content, high organoleptic characteristics, and relatively low cost of this raw
material. However, there are a few disadvantages that complicate the processing of broiler chicken meat by Sous Vide technology.
These include the high amount of moisture released during production and the low moisture-binding capacity of some batches of raw
materials (often associated with excessive moisture or disruption of autolytic processes in broiler chickens). To achieve the desired
consistency and high organoleptic characteristics, enzyme preparations are widely used in the meat processing industry. To
eliminate these shortcomings, it is proposed to use functional mixtures, which are introduced into the raw meat by injection, as well
as the use of targeted fermentation. During the experiment, 2 formulations of broiler chicken meat products were developed, which
in turn were treated in two heat treatment regimens and treated with the enzyme transglutaminase. In the first batch of samples, an
injection of 15% solution of a functional mixture based on citrates was used, while in the second batch - a similar level of injection of
a mixture based on phosphates. Heat treatment was performed after pre-application in bags and vacuum at 62 °Cfor 120 and 140
min for different groups of samples. In all samples, the yield of the finished product, the relative weight of the separated moisture
(broth) in the package, the values of pH, water holding and moisture-retaining capacities, as well as the total moisture content in the
finished product were determined. According to the obtained results, the optimal is samples with the use of phosphates, and 120
minutes the duration treatment is 120 minutes.

Keywords: Sous-Vide technology; fermentation; poultry meat; heat treatment; citrates; phosphates

Beryn MOKHa BIHECTH BHCOKMH BMICT BOJIOTH, HH3bKE
HaIpy>KeHHs nedopmarii TKaHUH, BHCOKI
OpTaHOJIENTHYHI ITOKa3HUKH, Ta TIOPIBHSHO HHU3BKY
Bapricth ganoi cupoBunu [1]. Ilporte, icHye psing
HENOJIKIB, sKi YCKJIaIHIOIOTh OOpOOKYy M'sica Kypuat-

M’sco kypuar-OpoiiepiB Mae psi mepesar uist
BUKODHCTaHHSI y SIKOCTI CHPOBMHM TPH BHPOOHHUITBI
MPOAYKTIB 3a TexHoyorielo Sous-Vide. [lo mux mepeBar

© JI. B. TAPMALLL B. M. [TACIYHMIA, 2020

40 BICHUK HTVY "XIII" Ne 3 (5)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Opoiinepis 3a TexHomoriero Sous Vide. Cepen HUX MOXHA
BUIUINTH — BENUKY KUIBKICTh BIAIUIEHOI y mporeci
BUPOOHHUITBA BOJIOTH Ta HHU3bKY BOJIOTO3B’S3YyBaJbHY
3JIATHICTD J€SKUX MapTiii CMpOBHHHM (1110 YacTO MOB’s3aHa
i3  HaOMIpHOIO  BOJIOTICTIO  ab00  MOpYUICHHSIMH
ABTOJIITHYHMX TPOLIECIB y M’sici Kypuar-Opoiinepis) [2].
B npoumeci TpuBanoi TepMiuHOi OOpPOOKH MOXYTb
BUHHUKHYTH TI€BHI Je(eKTH TOTOBHX IPOAYKTIB 3 M’sica
NTHUIN, cepell SKUX HAJMIPHO M’sKa Ta HEOIHOpiTHA
KoHCHCTeHIsE. Jns Ttoro, mo0 mocarHytH OakaHOI
KOHCHCTEHIIii Ta BUCOKUX OPraHOJENTUYHHX ITOKAa3HUKIB,
B M'sicoTIepepoOHii TIPOMHCIIOBOCTI IIPOKO
3aCTOCOBYIOTH  (pepMeHTHI mpemapatu. J[xepemamu
(epMeHTIB MOXYTh BHCTYNATH SIK i HATUBHI TKaHHHU
TBAapUHHOTO TIOXO/DKEHHS, TaK 1 MiKpoopraHizmu abo
pocnuHHa  cUpoBHMHA. ICHye KiibKa  EHIOTEHHHX
(dbepMeHTIB, TaKUX SK KaJbIaiH 1 JI30COMHI KaTEIICHHH,
SKi BIIIOBIJAIOTh 332 3HW)KECHHS JKOPCTKOCTI M'sica MpH
nospiBanHi [3,4]. Ilpore, y M'ICHIli IpPOMHCIOBOCTI
BHUKOPHCTOBYIOTh TaKOXX €K30TeHHI (epMeHTH, Taki sK
namaid, OpomenaiiH i QiuuMH, OTpHMaHi 3 POCIUHHHUX
IDKepes, JUId JOCSTHeHHs OakaHoi KOHCHCTeHLIl M'saca
[5]. Kimpka iHmWX pKepen, Takux sSK Oaktepii i rpuodw,
TAKOX IIMPOKO BiOMI SIK JKepena (QEepMEHTIB Ui
po3m’sakmeHHs M'sica  (ocobmmBo mpoteas). IIporeasu
MOXYTh OYTH BHKOPHCTaHI B SKOCTI IOTOMDKHOI
CHPOBUHH JUIS BHPOOHHWITBA Ol0aKTHBHUX MENTHAIB 3
METOI0 IIOJIIIIEHHS SKOCTI M'sica, TaK AK Il HENTHIN
MOXYTh CHpAaBJISITH TO3UTUBHUH BIUIMB Ha 3JI0POB'S
moguad  [6]. OxpiM  mpoTea3 B TEXHOJOTIT
M’SICONPOAYKTIB 4acTO BHUKOPUCTOBYIOTH (DEPMEHTH ISt
BIUIMBY Ha KOHCHCTEHIIO T'OTOBOI'O MHPOIYKTYy. 3 i€l
TOYKM 30py BHpIOIGHHS TEXHOJOTIYHUX  3aB/aHb,
(epMeHT, BiIOMUIl SIK TpaHCIIyTaMiHa3a, 3HAMIIIOB CBOE
BHUKOPHCTaHHS B M'SICHOT IPOMHCIIOBOCTi, OCKUIBKH BiH
3B'SI3y€ IMIMATKH M Sica HIMKYOI COPTHOCTI, YTBOPIOIOYH
OITPHOM'SI30BI  TPOXYKTH Oa)KaHOTO PO3MIipy 1 OUIBII
BHCOKOi  sikocti [7].  TpaHcriayraminasa — IIHPOKO
BUKOPHCTOBYIOTBCS B PELENTypax pi3HUX M'SCHUX
NPOJYKTIiB, OCKIJIbKM BOHA JIO3BOJISIE YTBOPUTH CTaOUIbHI
nonepeyHi 3BSI3KM MK OUIKOBUMH MOJIEKYJaMHu |
MIPOSBJISIE IO B IKOCTI CIIOJYYHOTO areHTa [§].
Tpancriroraminasa — (epmeHr, SIKUH
BIJTHOCHUTBCA 0 Kiacy TpaHcgepas. TpaHcdepasu - kiac
(epMeHTIB, 10 KaTaJi3ylOTh NMEPEHECEHHS PI3HUX TPyl
Bil OJHOTO 3'€¢MHAHHS (JOHOpP TpPyHH) JO IHIIOTO
(axmenrrop rpynmuTakuM YMHOM, B TPOIECi TOCHIIKECHb
MIKpOOIOJIOTIYHUX TPOTea3 BCTAHOBICHO Taki ixXHi
IepeBar — HHU3bKa BApTICTh BIATBOPEHHS (EepMEHTHOI
CHpOBUHHM (3rafiaHi BHIIE MIKpOOpraHi3Mu, OUIBIIICTb 3
SKAX MOXYTh BIDKMBATH IPH EKCTPEMaJbHUX YMOBaX,
MalTh TaKOX 1 BHCOKY LIBHJIKICTb POCTY), IIHPOKHI
CIEKTp YMOB aKTHBHOCTI OTPHMYyBaHUX (epMeHTIB,
MOXITHBICTh nipoopy LIUPOKOT0 CIEKTPY
MIKpOOPIaHi3MiB Il NPOJYKYyBaHHS HOTPIOHOTO BHIY

Buxonsau 3 xapakTepuCTHK 0OpaHOTO (QepMEeHTY
(TpaHcrIroTaMiHazn), 0OMe)EeHHS 010 roro
BUKOPHUCTAHHSA y TEXHOJIOTI] M'ICOTPOIYKTiB 0OyMOBIICHI

JHUIIe  eKOHOMIYHMMH Ta CYTO  TEXHOJIOTIYHUMH
¢dakTopamm, Tak, K  BiacHe caM  (DepMeHT
TpaHCTIIIOTaMiHa3a IHAKTHUBY€THCS HaBITh npu

TEeMIlepaTypax, II0 3a3BH4ail BUKOPHCTOBYIOTBCS Y
texHosorii Sous Vide [1]. 3Baxkarounm Ha peKUMHU
00poOKH, Uit BBENEHHS (QYHKIIOHAIBHUX CyMillen
JIOLUTFHO BHKOPHUCTOBYBAaTH PO3CONHM UIS 1H €KTYyBaHHS.
Jlanwif TEXHOJNOTIYHWIA KPOK JMJO3BOJIIE  BHPOOIATH
IUTFHOM S130Bi NPOAYKTH, NMPOTE BHMAarae JOJATKOBOTO
erarry OOpOOKM Ui PIBHOMIPHOTO PO3IOBCIOKEHHS
PEYOBHH y PO3COINi MO BChOMY 00’eéMy cupoBHHH ((iye
Kypuar-OpoiinepiB). 3Bakalod4ll Ha JOCHUTH BHCOKHHA
piBeHb BMICTy BOJIOTM Y BXIiJHI CHPOBHHI, NOLIIEHHM
BBa)KAEMO PiBEHb BBEICHHS po3cony 15%.

I[Ipu  mepepobui  M’saca  Kypuar-OpoiinepiB
BUKOPHCTOBYEMO  TaKi  DEXKHMH  MacyBaHHS,  SIKi
JIO3BOJIMUIA MIHIMQJIFHO MOIIKOAUTH CTPYKTYypYy M’S3y
rpynei Kypyar-Opoiinepis. 3 orisiny Ha 1e, IPOBOANMO
MacyBaHHS y Macaxepi miamerpom 0,35 M mpotsrom 30
XB TIpY MIBHIKOCTI oOepTaHHs Oapabany 5 00/xB. [lepen
MAaKyBaHHSAM yCi 3pa3Kd JOJATKOBO J03PiBalOTh y PO3COIi
npotsirom 2 rop. Ilicms mo3piBaHHA 3pa3Kd IMaKyIlOTh y
MOJIiMEpHY  IUTIBKY, BaKyyMyIOTb Ta  3alarol0Th.
VYnakoBaHi HamiBQaOpUKaTH BMIIIYIOTh Y MOIEPEIHBO
po3irpity a0 po6ouoi Temmeparypu (62 °) Tepmomady ta
MPOBOIUMO TepMiuHy 00poOky mpu 90-95 % Bosorocti
120 Ta 140 xB BianmoBigHo st 3pas3kiB 1-3 ta 2-4. Ilicns
3aBepUICHHs TepMiyHOi 0OpoOKHM TOTOBI  BHpOOM
BHUBaHTAXXYBAJIH Ta OCTY/KYBaJIM MpU Temrepatypi 4-6 °©

JI0O  JOCSTHEHHS  TEMIIepaTypu  MNOBepxHi  6-7°.
BumiproBanHs ~ TemmepaTypu B TOBIII  BHPOOY
YCKJIQ[IHEHE, 3Ba)Kal0UM Ha BaKyyMHE CEPEAOBHIIEC Y

MakeTi, aje 3aBISIKH HE BENWKIH Maci mpoxykry (450-
500r) mpomecum  (QopMyBaHHA ~ OPTaHONETITHYHHX
XapaKTepPUCTUK 3aBEPIIYIOTHCS YK€ MPU TeMIeparypi B
toBmi 10-12 °, ska BignoBigac HaBeAcHIH BHILE
TeMmrepaTypi Ha TOBepxHi. B peuentypu poscouiB
BHOCHIIM (ocdaTi Ta NUTPATH XapyoBi Yy BUIJISII
KOMIUIEKCHUX (YHKIIOHAJbHUX CyMilied. 3araJbHui
IUIaH €KCHEPHMEHTY Ta PEENTypH PO3COJIB HABEIEHO Y
Tabm. 1.

Cepen IOCHIKYBaHMX TMOKAa3HHUKIB BHU3HAYATIH
BHXiJI TOTOBOTO MPOYKTY, KITBKICTh BiAIIICHOT BOJIOTH B
mporeci 0OpoOKH, KUIBKICTH BOJIOTH Y TOTOBOMY
mpoaykTi, pH TOTOBOTO TPOIYKTY, BOJOTO3B’SI3yBAIbHY
3naTHicTh (B33) Ta BomoroyTpumytouy 3aatHicTs (BY3).

Mera po6oTun
IIpoBeneHe  MOCHDKCHHS  Majllo HA  METI

BCTaHOBHUTH OITHMAJIbHY TPHUBAIICTh OOPOOKM Ta THII
(YHKIIOHAJIBHOTO IHTPEIIEHTY JUIi BUKOPHCTaHHS Yy

(epMeHTIB Ta TEpCleKTHBa CTBOPEHHS HOBHX BHIIB  Hpoueci mnepepoOku  ¢dine  Kypuar-OpoitnepiB  3a
(epMEHTIB NUISXOM BHUBEACHHS HOBUX IJABHIIB  TEXHONOTiE0  Sous-Vide Ta  BCTAaHOBUTH  piBEHb
MiKpoopraniamMiB  ab0 penaryBaHHs TeHOMY BXe  (DYyHKIIOHAJIBHO-TEXHOJIOTIYHUX XapaKTEePUCTHK
icHyrounx BuaiB [8,9]. OTPUMAHUX MIPOAYKTIB.
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Bukiiag ocHOBHOTo MaTepiajy

PesynbraTH, oTpuMaHi micis BU3HAYCHHS 00paHUX
3Ti/IHO TUIaHy XapaKTEePUCTHK, HaBe/ieHl y Talur. 2.

Tabmuns 1 — [1naH ekciepuMeHTy

Kinpkicts, 1/ 100 T 1 2 3 4
®ine kypuar-OporinepiB | 85,0 | 85,0 | 85,0 | 85,0
Po3cia, B T.4. 15,0 | 15,0 | 15,0 | 15,0
utpar Harpito - - 04 | 0,4
Cywmim Tpunonigocdaris | 0,4 | 0,4 - -
Cinb KyXOHHA 1,3 1,3 1,3 1,3
Tpancriroraminaza 0,01 | 0,01 | 0,01 |0,01
Bopa nutnHa 13,29(13,29| 13,29 {13,29
Tpusaiicte 06podkn, x| 120 | 140 | 120 | 140

Tabaus 2 — PesynbraTa 1OCTIHKEHB

3pazok 1 2 3 4

Buxin, % 92,20| 88,14| 82,75| 80,24
Bingginens Bonoru, % 7,36 | 10,78] 16,32| 19,20
Bwmict Bosoru, % 72,221 70,84| 66,49| 64,85

B33, % 82,56 77,98 74,05| 73,66
BY3, % 74,34| 76,36| 80,32| 83,14
pH 5,70 | 5,70 ] 5,25 | 5,20

SIK BUIHO 3 HaBEJCHHX JaHUX, MOXKHA IPOBECTU
YiTKy B3a€MO3AJIEKHICTh MDK OUIBINICTIO 3HAYeHb
JIOCITI/DKYBaHHX ITOKAa3HUKIB Ta THIIOM 3aCTOCOBYBAHOTO
(YHKI[IOHAJILHOTO 1Hrpe/ieHTy. 3 1HIIOI TOYKH 30pY,
BIUIMB TPHBAIOCTI TEPMIiYHOI OOpPOOKM HE CHPUYMHHB
BaroMHX pO30DKHOCTEH MK IOKa3HMKaMH 3pasKiB y
OJTHIM TPYIIi 32 THIIOM IHTPEJIEHTY.

3a 3HauenHsmMu pH BomHOi BuTsKkH (1:10)
TOTOBOTO MPOAYKTy MOXKHA IIPOCTEXHTH  3HAYHE
3MIMEHHS Yy KHCIIOTHY CTOPOHY JJs 3pasKiB i3
BUKOPHCTaHHAM mHTpaTiB (3-4). 3aranom yci 3HaUYeHHS
pH 3HaxomsTh B [iama3oHi, XapaKTEPHOMY IS
M’SCOIPOAYKTiB, mpoTe 3HaueHHs pH 5,2+0,5 MoxyTh
Oyt  (akTopoMm, SKHH 3HWKYE (QYHKIIOHAIBHO-
TEXHOJIOTIYHI XapaKTEpUCTUKU TPOJYKTY, 30kpema B33
ta BY3. Jlammii niama3zon 3HaueHb pH mepecikae
130€JIeKTpUYHY TOUYKY OuIbIIOCTI OIIKIB M'ca Kypuat-
OpoiiepiB, IO B CBOIO Yepry MOXKE INPHU3BOAUTH 1O
paHHBOI JAeHaTypamii Ta 3HIKEHHS (yHKIIOHAIBHOCTI
OIJIKIB y TPOYKTI.

Buxonsan 3 ocobnmBoCcTe 00p0oOKH MPOIYKTIB 32
TexHomoriero Sous Vide, 3HaueHHS BUXOAYy TOTOBOTO
MPOAYKTY Ta KiJIbKOCTI BiIIiJICHOT BOJIOTH B YIAKOBIIi, €
YMOBHO B3a€MO OOepHEHMMH. BpaxyBaTH Takox BapTo
JIesIKy 4acTHHY BOJIOTH, sIKa BHMIIAPOBYETBHCS 32 PAXYHOK
MIPOHUKHOCTI MOKPHUTTS MaKyBaHHS (TaKUM YHHOM CyMa
3HAQYEHHS BHMXOAY Ta KUIBKOCTI BIiIJIJIEHOI BOJIOTH HE
3apxau qopisHoBaTMe 100%). MakcumanbHUA BUXI Ta
MiHIMaJbHY KiUJIBKICTh BiAiICHOT BOJIOTH 3a(iKCOBAHO Y
3pasky 1 (92,20 ta 7,36 %, BinMOBiIHO), KU 00pOOIISLITH
npotsaroM 120 XB Ta y pelenTypi SIKOrO 3aCTOCOBYBAJIH

cymim Tpunomidocdaris. Yci 3pa3ku, y penentypax sKux
BUKOPUCTOBYBAJIM LUTPAT HATPII0 MPOJEMOHCTPYBaIN
HIDKYl 3HAYeHHS BHXOAYy, HDK aHAJOTi4HI 3pa3kd i3
BUKOPHMCTaHHSIM CyMimIi Tpumnotidocdaris, Ta HiX KOXKEH
i3 3pa3kiB 1-2, He 3aJe)KHO BiJ TPUBAIOCTI TEPMIYHOT
00poOKHU. 3 OMIALy Ha TPUBAIOCTI TEPMIUHOI OOPOOKH,
MOYKHa 3pOOUTH BUCHOBOK, IO JIaHA BEJTMYMHA JIJISI JAHUX
YMOB € B3a€MO OOEpPHEHOIO JI0 3HaYE€Hb BUXOJy TOTOBOTO
MIPOIYKTY, TaK, K B YCiX 3pa3Kax 3 OUIbIIOI0 TPUBAJICTIO
00poOKM  BHIXi 3HIDKYBaBCSI HE  3alIKHO  BiA
BHKOPHUCTOBYBaHHX iHrpexieHTiB [10].

OO0roBopeHHs pe3yJIbTATIB

3nauenns B33 Takok 3HAXOAWINCH Ha HIDKIOMY
PiBHI y rpy1i 3pa3kiB 3-4, 110 MiATBEPAKYE BU3HAUEHY Ha
NpUKJIaZl BTpaT BOJIOTH Ta BHXOAY TEHJCHIIIIO.
MiHimManpHi 3HAaYeHHA K 1 BHXomy, Tak 1 B33
3aikcoBaHo y 3pa3ky 4 (80, 24 ta 73,66 %, BIAMOBIAHO).

3naueHHa BY3 cranu eauHOI0 XapaKTEpUCTHKOIO,
sika MaJia OunpIi (TTO3UTHBHI) 3HAYSHHS /I 3pasKiB 3-4 y
MOpIBHSAHHI 31 3pa3kamu 1-2. MakcuManbHe 3HaYCHHS
miei xapakrepuctuku 83,14 % 3adikcoBano y 3pasky 4,
SKUH  00pobmsin mpotsirom 140 XB y TPHCYTHOCTI
OUTpaTy HATPiI0 y MpOAyKTi. Buxomsum i3 ToOro, mio
3aJISKHICTh B BIUTUBY MOCTIIKYBaHUX (PaKTOpIB LI
BY3 € 00epHeHO0, MOPIBHIOIYH 3 TAKOK XK 3aJICKHICTIO
ot B33 Ta BHXOMy TrOTOBOIO IPOAYKTY, MOKHA
NPUIYCTUTH, IO TOJOBHOK IPHYMHOK HU3BKOTO
BiJIIJICHHS BOJIOTH B MPOIIECi MOBTOPHOTO HATPIBAHHSA € Ti
Benuka (Oymk4a o MOBHOI) BTpaTta THMH 3pa3KaMH, sKi
BIAMIOBIAHO MAarOTh HMK4Yl 3HayeHHs B33 Ta Ouibiii
BTpaTH IIpu TepMmiuHid 006pobmi [11,12]. Bmms
TPHUBAIOCTI OOPOOKM HE CIPUYMHIB TAKOTO 3HAYYIIOTO
BIIIMBY Ha 3HaueHHs BY3, sk BnnuB Ha 3HaueHHa B33 Ta
BUXOIy, TOMY YacTKOBO TIOSICHUTH II€ MOKHa BIIACHE
TPHUBAJICTIO BHW3HAYEHHS [AHOTO TIIOKAa3HMKA, SKa HE
MIEPEBUIIYE TPHUBAIICTH HATPiBaHHSA MPOAYKTY IIPH
TepMivHiil 00poOIIi 32 JaHUX YMOB.

BMicT Bosloru y roTOBUX HPOJYKTax 3HAXOAMUBCS Y
Mexax 64-73 %, mo € 3araJioM NPUAHATHUM IS
OinbIIOCTI BUIIB M'SICONPOAYKTiB. MakcuManbHUI BMiCT
BOJIOTH Y TIPOAYKTI 3adikcoBaHo y 3pasky 1 — 72,22 %, a
MiHiManbHUH — 64,85 % - y 3pa3ky 4.

BucHoBku

bepyun 3a oOcHOBY HaBemeHI pe3ynbTaTd Ta
JiTepaTypHi DKepena, a TaKoXK JaHi IONepeaHix
nocipkesp [1,2], MoxHa 3pOOMTH HACTYITHI BUCHOBKH —
BUKOpHCTaHHs GocdatiB Mae psijl repeBar B MOPIBHIHHI 3
LIUTPATHUMHU CyMIlIaMH i J03BOJISIE TOCATHYTH OLIBIIOTO
BUXOJly TOTOBOT'O MPOJYKTY Ta MEHIINX BTPAT BOJIOTH Y
npotueci TepMidHOi 00pOoOKH, MOPIBHSIHO 13 MPOAYKTOM-
aHAJIOTOM Ha OCHOBI I[UTPATy HATPIIO.

Tun  BHeceHMX  IHTpEIi€EHTIB  Mae  OUIBII
BUPa)XEHUH BIUIMB, HDK TPHUBAIICTh TEPMIYHOI 0OpPOOKH,
IO MpOSIBISIETBCS Y OUIBIIMX PpI3HULSAX 3HAYCHb
MMOKA3HUKIB MDK TpymamMu 3pa3kiB 3 pI3HUMH
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AHHOTAIIHA B cmamve packpvlmbl HEKOMOpbvle aCneKmbvl GIUSHUSL NPOOOINCUMETbHOCIU MEPMUYEcKol o0opabomku u
PA3TUYHBIX 8UO08 PYHKYUOHANLHBIX CMecell Ha (QYHKYUOHANbHO-MEXHONIOUYECKUEe XapaKmepucmuKyu npooykmos u3 Maca yolnism-
Opoiinepos npu HUSKOmMeMnepamypHol obpabomke npu UCnoIb308aHUU yenesoll gepmenmayuu. Maco yvinasm-6poiiniepos umeem
PAO npeumywecms 015l UCNONL308ANHUS 8 KAdecmee Cblpbs Npu npou3soocmee npooykmos no mexwonoeuu Sous-Vide. K smum
npeuMyuecmeam MOJMCHO OMHEeCHmU BbICOKOe CcOoOepiicanue 6iazu, HusKoe Hanpsadcenue Oeopmayuy mKaHel, BblCOKUE
opaanonenmuyeckue NOKA3amen, U CPABHUMENbHO HUKYIO CIOUMOCMb 0aHH020 cbipbs. Oonako, cywecmeayem pso HedOCmamKos,
Komopble 3ampyoHsiiom 00pabomxy maca yuinasim-opoiiiepos no mexronozuu Sous Vide. Cpedu Hux ModcHO ebloenums - 60abuioe
KOAUYeCcmeo omoenentoll 6 npoyecce npou3se00Cmea 61a2u U HU3KOU 81420C6:A3b16a0uje CnoCOOHOCMbIO HEKOMOPLIX NAPMULL Cblpbs
(uacmo cesAzana ¢ upesMepHoOll BAAHCHOCMbIO UNU HAPYUEHUAMU A8MOIUMUYECKUe NPoYeccos 8 mace yviniam-opoiinepos). s
yempanenus OaHHbIX HeOOCMAMKO8 NPEONONHCEHO UCNONb308AHUE PYHKYUOHANLHBIX CMecell, KOmopble 6800AMCA 8 MACHOe Cblpbe
nymem UHbeKMuUpo8anus, a makoice npumenerue yenegotl gpepmenmayuu. B xoode sxcnepumenma 6uin0 paspabomano 2 peyenmypel
uzoenuu u3 msaca ywvinaam-opousepos (gure), Komopvie 00pabAMBIBANU C O08YMS DPEHCUMAMU MEPMUYECKOU 00pabomKu u
noosepeanu obpabomie Gepmenmom mpaunceriomamunasa. B nepeoii napmuu o06pazyosé npumensiu unvekmuposanus 15%
pacmeopa QyHKYUOHANLHOU cMecu HA OCHO8e YUMPAMOo8, 60 6MOPOU NAPMUU - AHANOSUYHBIN CMECbI0 HA OCHOB8e ghocghamos.
Tepmuueckyro 06pabomxy npogoounu nocie npedeapumenbHoll annauKayuu 8 nakemvl u 8axyymuposanus npu 62 ° 6 meuenue 120 u
140 mun Ons pasnuunvix epynn obpasyos. Bo ecex obpasyax onpedenanu biXx00 20MO6020 NPOOYKMA, OMHOCUMENbHYIO MACCY
omoenennou enazu (6ynvona) 6 nakeme, suawenue pH, enacoceszvieaioweri (BCC) u enacoyoepoicusaroweii (BYC) cnocobnocmu, a
maxace obwee codepocanue enazu 6 20mogom npooykme. CoO2nACHO NOJYUEHHBIM DPe3VIbIMAMAM, ONMUMATLHBIMU cpedu 4
uccnedyemvix 0o6pazyos spynny obpasyos ¢ npumenenuem Gocghamos, u npoooINCUMeNILHOCIb mepmuyeckoll o6padomku 120 mun.
Knrouesvie cnosa: mexnonozus Sous-Vide; pepmenmayus; maco nmuywvl, mepmudeckas obpabomxa, yumpamel, ¢pocgamoi.
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AHOTALIA Ioxaszano, w0 nompanianus oauzvko 1,7611 man mow 6 pix ompyino2o MOHOOKCUOY 8yeneyto 6 ammocgepy Yrpainu
CMAHO08UMyb CeplosHy npooremy, wo NOGUHHA BUPIULYBAMUCA HA DiBHI NPOMUCIO8UX 6upobHuyme. ObepyHmosano HeoOXioHicmo
PO3DOOKU MEXHIUHUX piuleHb WOo00 3HUNCEHHS SUKUOIE MOHOOKCUOY 6yeneylo OUMOBUX 2a3i6 6UpOOHUYMEA erekmpoois, wo
YMBOPIOIOMbCsL 20106HUM YUHOM Y Newax OnsA Gunanioeanus. Busnaueno, wo neobxionumu ymoseamu Ona eubopy xamanizamopa
OKUCTIEHHS MOHOOKCUOY @yefleyio € OellegUsHd, OOCMYNHICMb, PO3NOBCIO0JCeHICb 6  YKpaini, 6uUcoKi eKcniyamayitini
Xapakmepucmuku ma nonigpyHKYIiOHATbHICMb 3 MOUYKU 30pY eKON02IYHO20 Kamanizy, 3abe3neuyiouu NpuHyunogo 6e38i0xXo0Hy
eKoNIo2IyHy uucmy mexuoaocio. Ilpu yvomy 6umo2010 00 po3miujeHHs: KOHMEUHEPI8 3 Kamanizamopom € iX po3mauty8auHs
be3nocepeonbo 6 Kamepax neyi 01 GUNATIEAHHS eleKmpoois, Wo 3a6e3neuye He3HAUHI MamepianbHi UMpamu Ha NpoGeoeHHs
npoyecy kamanimuunozo oxucienns CO. [loeedeno, wo npu 6paxyeanui a0copoyitiHux e1acmueoCcmeil Yeoaimie-KIuHONMUL0NImie
CoxupHuybko2o pooosuwja 3axapnamcvKii obnacmi Yxkpainu ma MONCIUS0CMI IX NPAKMUYHO20 3ACMOCYSAHHS 8 NPOMUCTIOBUX
Macuimabax, GUKOPUCMANHA OAHUX NPUPOOHUX MATEPIaNié 3 MEemolo 8upilteHHs eKOI02INHUX NPobaeM € aKmyanibHUuM i He BUKIUKAE
cymHigy. B pesynoemami nposedenns docniosxcenus npoyecy oxucienns CO 6 cmeopeniii 1abopamophili ycmanosyi 0y10 6U3Ha4€eHo,
wo ons docsaenenns 100 %-eoi konsepcii monookcudy syeneyto 3a memnepamypu 390 °C neobxiono 3acmocogysamu 0OKCUOHO-MiOHO-
mapeanyesuti kamanizamop 30:70 (30 % CuO+70 % MnO2) uma ocnogi yeonimy. Pazom 3 mum, Oinbwicms nepegae Ois
SUKOPUCIIAHHSA MAE OKCUOHO-MAP2AHYEBULl KAMANi3amop Ha OCHOGI Yeoaimy, npu 3acmocysaHti aKko2o cmyninb nepemeopenns CO
cknadae 92,8 %. Jlanuil 6UCHOBOK OOIDYHMOBAHO He JUe MONCIUGICMIO OMPUMAHHA Kamanizamopa 6e3 nonepeouvoi obpobxu
yeonimy, Hagimv 3 GIONPAYLOBAHUX COPOEHMIE OUUWEHHS MAP2AHYCEMICHOI NPUPOOHOL 800U, WO NpUMAMAHHO YKpaiui, ane i
HeMmMOKCUYHICMIO Y 6UNAOKY 3aXOPOHeHHA abo 30epicanis HA 36anUax, MaxK sK KOMNOHEHMU Kamanizamopa Maroms npupooHe
noxoooicenns. MikpopenmeenocnekKmpaibhum aunanizom winigpa 3paska GU3NAYEHO GMICI  OCHOBHUX —elleMeHnmi6 OKCUOHO-
Mapeanyego2o Kamanisamopa Ha ocHogi yeonimy. Pospaxoseano 1io2o numomy noeepxmuio, 3a2anbhuii 0b'em nop i po3nodin nop 3a
PO3MIPOM 34 OONOMO20I0 AOCOPOYITIHUX OAHUX, OMPUMAHUX HU3LKOMEMNEPAYPHUMU Memooamu aocopoyii / decopbyii azomy, 3
suxopucmanuam memooié bpynepa-Emmema-Tennepa, Bappemma-/icoiinepa-Xarenou ma meopii QyHKYiOHATbHOI WinbHOCHI.
IInaxom saKicnozo penmeenodazo8020 ananizy, SUHAUEHO Gazosuti cK1ad 3pasKy NOPOWKY nosepxui kamanizamopa. Pospobneno
mexHiuHe DienHs 3i 3HUJICEHHA BUKUOIE MOHOOKCUOY 6yeneyio 3 OUMOBUMU 2a3amu neuell Olid SUNATIO6AHHS eNeKmpoois, siKe
6KNIOUAE POIMIUYeHHs. KOHMElHePi6 NPAMOKYMHO20 Nnepepi3y 3 OKCUOHO-MAapeaHyesuM KAamdnizamopoM HA OCHOBI Yeonimy y
602HEBUX KAHANAX YUX Neyell y Kamepax, wo nidiepisaiomscs OUMOBUMU 2A3AMU.

Knrouogi cnosa: monooxcuo gyeneyio; OuMO0Gi 2azu; uUKUOU, KAMANi3amop, OKUCIIeHHs, KOHEepCis;, 6azamokamepHi nedi

TECHNICAL SOLUTIONS FOR REDUCING EMISSIONS OF CARBON MONOXIDE
WITH FLUE GASES OF FURNACES FOR BAKING ELECTRODES

0. IVANENKO', N. GOMELYA', Ye. PANOV?, T. OVERCHENKO"

! Department of Ecology and Technology of Plant Polymers, National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute», Kyiv, UKRAINE

2 Department of Chemical, Polymeric and Silicate Mechanical Engineering, National Technical University of Ukraine «Igor Sikorsky
Kyiv Polytechnic Institutey, Kyiv, UKRAINE

ABSTRACT 1t is shown that the entry of about 1.7611 million tons per year of toxic carbon monoxide into the atmosphere of
Ukraine is a serious problem that must be addressed at the level of industrial enterprises. The necessity of developing technical
solutions to reduce emissions of carbon monoxide from flue gases from the production of electrodes, which are formed mainly in
kilns, is substantiated. It has been determined that the necessary conditions for choosing a catalyst for the oxidation of carbon
monoxide are cheapness, availability, prevalence in Ukraine, high performance and multifunctionality in terms of environmental
catalysis, providing a fundamentally waste-free environmentally friendly technology. In this case, the requirement for the placement
of containers with a catalyst is their location directly in the chambers of the furnace furnaces for baking electrode blanks, which
provides insignificant material costs for the catalytic oxidation of CO. It is proved that taking into account the adsorption properties
of zeolites-clinoptilolites of the Sokirnitsky deposit of the Transcarpathian region of Ukraine and the possibility of their practical
application on an industrial scale, the use of these natural materials in order to solve environmental problems is relevant and beyond
doubt. As a result of the study of the CO oxidation process in the created laboratory setup, it was determined that to achieve 100 %
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conversion of carbon monoxide at a temperature of 390 °C, it is necessary to use an oxide-copper-manganese catalyst 30:70 (30 %
CuO+70 % MnO3) on based on zeolite. At the same time, most of the advantages for use have a manganese oxide catalyst based on
zeolite, when using which the CO conversion is 92.8 %. This conclusion is justified not only by the possibility of obtaining a catalyst
without preliminary treatment of zeolite, even from spent sorbents for purification of manganese-containing natural water, which is
inherent in Ukraine, but also by non-toxicity in the case of burial or storage in landfills, since the catalyst components are of natural
origin. The content of the main elements of an oxide-manganese catalyst based on zeolite was determined by X-ray microprobe
analysis of the sample section. The content of the main elements of an oxide-manganese catalyst based on zeolite was determined by
X-ray microprobe analysis of the sample section. Its specific surface area, total pore volume and pore size distribution were
calculated using adsorption data obtained by low-temperature nitrogen adsorption / desorption methods, using Brunner-Emmett-
Teller, Barrett-Joyner-Halenda, and functional density theory. The phase composition of the catalyst surface powder sample was
determined by qualitative X-ray phase analysis. A technical solution has been developed to reduce emissions of carbon monoxide
with flue gases of furnaces for baking electrodes, which includes the placement of rectangular containers with a manganese oxide
catalyst based on zeolite in the firing channels of these furnaces in chambers heated by flue gases.

Keywords: carbon monoxide; flue gases, emissions; catalyst; oxidation, conversion, multi-chamber furnaces

Beryn
Y  pe3ynbraTi  QHTPONOTEHHOI  JiSUTBHOCTI
JIOAMHH B arMoc(epHOMY TIOBITpI  NPOMHCIOBO

PO3BHHEHHUX IEHTPIB IOPIYHO KOHIEHTpYyeThes 350-600
MJIH. T. TOKCHYHOT'O MOHOOKCHAY BYTJIEIIIO, 3 IKUX 56—62
% Tpunagae Ha 4YacTKy aBTOTPAHCIIOPTY, IPUUOMY BMICT
MOHOOKCH[Y BYTJICIIO Y BHUXJIOIIHUX T'a3aX MOXKE CSAraTu
12 % [1]. He muBmsamch Ha Te, mo CO Mae BHCOKY
TOKCHYHICTH Ta BENINKi 00’ €MH BUKUIIB B aTMOC]epy, 110
OCTaHHBOT'O YacCy Hi B HaIlii KpaiHi, Hi 32 KOPIOHOM HE
Oynmu 3ampoBa/KeHI €(QEeKTHBHI METOAM CaHITapHOL
OYHUCTKH BIIXITHUX Ta3iB MPOMHUCIOBUX BHPOOHHUITB Bij
Or0 HEOE3IEeYHOro KOMIIOHEHTY. BHHSTKOM € nuine
BUKUM aBTOMOOUIBHUX Ta3iB, OUYHUCTKA SIKUX MPOXOHTH
3a MeromoM KaramgitmyHoro okuciaenus CO [2]. Ile
HaWOUIBII pE3yJIbTATUBHUN Ta HAHIOPOXKYMH METON
OoporeOM 3 MOHOOKcHIoM  Byruemwoo.  Ilpore
BHUKOPHCTaHHS 00JIa[IHAHHS 3 KaTali3aTopoM, 0 MiCTHTh
B OCHOBHOMY OJIaropofiHi MeTajH, IyXXe Jopore, Mae
HU3BKY IIPOITYCKHY 3/laTHICTH 1 HE MOXE 3aJ0BIIBHUTH
OTpeOr BEIMKUX TTiATPHEMCTB.

B VkpaiHi BUKHAM MOHOOKCHIY BYTJICIIO
CTaHOBIATH Onm3pKo 1,7611 muH TOH B pik (2018 pik),
no  Biamosimae 45,81 % BukuAIB 3a0pYAHIOIOUYHX
PCUOBHMH KpIM MIOKCHAY BYIJICIFO BIiJ CTaI[iOHAPHUX
JoKepeN Ta aBTOMOOiUIbHOro TpaHcnopty. IlorpannsHas
3HAYHHUX KUIBKOCTeW otpyiiHOro CO B aTmocdepy
CTaHOBUTH CEpHO3HYy TpoOieMy, KOTpa IOBHHHA
BUPILIYBaTUCS Ha PIBHI IPOMHUCIOBUX BUPOOHUITB [3].

30KkpemMa, CKym4eHHS Yy MicTi 3amopixki
€KOJIOTTYHO HEOE3MEeYHUX ITPOMHUCIIOBHX MIIPHEMCTB [4]
3 INEpeBaKaHHSAM BAaXXKOi IPOMHCIIOBOCTI, 70 TEPETiKy
skux BXoauTh IIpAT «YxkpaiHcekuii TpadiT», IpU3BEIO
JO YTBOPEHHS TEpUTOpPii 3HAYHOIO TEXHOTEHHOTO
BIUIMBY, HABAaHTAXXEHHS SKOTO Ha JOBKULIA YKpaiHu 3a
PaxyHOK MOHOOKCHJTy BYTJICIIO CTAHOBUTH OJM3BKO 7 %.
SIxkmo BpaxyBatd, mo y Bukuaax IIpAT «YxkpaiHCbkuii
rpadiT» MPHUCYTHIH MOHOOKCHJ BYIJICIIO y KUTBKOCTI
41,97 % [5], B HUIAX MiIBUIICHHS CKOJIOTIYHOT Oe3MeKu
mianpueMcTBa Ta YKpaiHM B LUJIOMY, HEOOXiTHO
pO3pO0OIATH 3aX0AW 31 3HW)KEHHS BHKHIIB MOHOOKCHILY
BYIJICII0 JTUMOBHMX Ta3iB, IO YTBOPIOIOTHCS TOJOBHHUM

Cepen 3aMpoIIOHOBaHUX KpOKIiB o
3HemkomkeHHI0 CO TpH BHNATIOBaHHI EJIEKTPOIHUX
3arOTOBOK  I[UIAIXOM  KAaTaJIiTHYHOTO  OKHUCIICHHS
MIPOTIOHYEThCS  BHUKOPUCTAaHHA iHTepMmertanifiB  NiAl,
NiAl;, Ni;Al; B kartamituuaux peakropax [6]. IIpore
BIIPOBA/DKEHHS  JAaHOTO  TEXHIYHOrO  pIilleHHs Ha
MIAMPUEMCTBI  OOMekeHO a00 B3arajxi HEMOXIHUBO
BHACHIZOK  3HAYHMX  KaIiTaJbHUX  BHTpaT  Ha
MoJIepHi3amnito BUpoOHMIITBA. KpiM TOro, HEOOXimHUMU
YMOBaMH JUIA BHOOpPY Karamizaropa € JClIeBH3HA,
JIOCTYTIHICTh, PO3MOBCIO[DKEHICTh B YKpaiHi, BHCOKI
eKCIUTyaTaminHi XapaKTEePUCTHKU Ta
MOJNi(YHKIIOHATBHICTE 3 TOYKH 30pY EKOJOTIYHOTO
KaTtamizy, 3a0e3neuyloyd NPUHIUIIOBO  0E3BiIXOIHY
€KOJIOTIYHY YHUCTy TexHousorito. [Ipu 1boMy MOBHHHO
3a0e3meuyBaTUCh ~ 3aCTOCYBaHHS — KaTaiizaropa  0e3
CYTTEBOTO TIEPEOCHAIIICHHSI BUPOOHUIITBA.

BukopucranHs 1eoltiTiB B KaTaii3i BiIOMO JTaBHO
3aBIISIKM TapHii KOMOiHaMii CTpyKTYpHO-aICOpPOIIHHIX Ta
(i3UKO-XIMIYHHUX BIIACTHBOCTCH TOETHAHHS 3 OKCHIAMHU
METalliB, M0 BUIEHO BOYIOBYIOTBCS B CEpeIUHY iX TOp
[7]. MopndikoBaHMiA OKCHIAMH TEpPEXiTHUX METAIiB,
30kpemMa, MnQO,, [EOMT-KIMHONTWIONIT  BUKIHKAE
3HaYHUN 1HTEpeC 3 TOYKH 30py COPOIIHHO-KATATITHIHNX
mporecie B BomHoMy cepemoBunii [8]. Kpim Ttoro, B
poborax [9, 10] mokasaHa MOJJIHBICTh 3aCTOCYBaHHS
MnO; B sikocTi KaTaiizaTtopa mist okucieHnHs CO. Takox
BIJIOMO, III0 IIMPOKE 3acTocyBaHHS HpH okucieHHi CO
3HAUILIN Tonkanmith ckiany 60 % MnO,, 40 % CuO Ta
70% MnO,, 30% CuO [11].

IMono BuOOpy MaTepiamy KaramizaTopa 3
BpaxyBaHHSAM [ICIIEBH3HM Ta PO3IOBCIOMKEHOCTI, TO
COKHMpHHIIbKE  pOJOBHINE TNPHPOJHUX IEONITIB B
3akaprnaTcekiit o0macTi YKpaiHu € ogHAM 13 HaHOIIBIINX
B CBITi, OalaHCOBI 3amacu SKOTO PO3BiJaHi i 3aTBEPIKEHI
B KimpkocTi 126,1 maH. T. Ha miomi 161 ra. Ilomo
BUKOPHCTaHHSl TMPHUPOAHUX IeouiTiB  COKUPHHUIILKOTO
POZOBHIA Ui OKHCIEHHS MOHOOKCHIY BYIJIEIO, TO
aBTOpaMH MIPOTIOHYE€ThCS BUKOPHCTOBYBATH
BucokoBapriciuii  Pd-Cu-karamizaTtop, HaHeceHWH Ha
KHCJIOTOTEPMAIbHOMOAN(BIKOBaHUH KiMHONTWIONT [12].
B iHmmX mparsix akIeHTyeThCs yBara Ha Moau(ikaiito
KIMHONTHIIONITY COKHMPHHUIIBKOTO POJIOBHINA OKCHIIOM
Mmapranio (IV) momaxom ¢ikcauii 1BoBajeHTHOTO i0HA
Maprairo B MaTpHLi KIMHONTHJIOJNITY Ta MOAAIBIIOrO
Horo OKWCIeHHA nepMmaHraHat-ioHoM [8]. BpaxoByrounm

YMHOM Yy T[e4axX JUId BHIIANTIOBAHHSA BHPOOHHIITBA
€JIeKTPOIIB.
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3aIiKaBJICHICTh CBITOBOI  HAayKH ancopOIITHIMHI
BJIACTUBOCTSAMH  KIMHONTWIONUTIB ~ COKMPHUIIBKOTO
POJOBHIA Ta MOMJIMBOCTI X IPAKTUYHOTO 3aCTOCYBAaHHS
y TPOMHUCIOBUX MaciuiTabax, BUKOPHCTaHHS JaHUX
NPUPOTHHUX MaTepialliB 3 METOI0 BUPILICHHS €KOJOTIYHUX
npoOJieM € aKTyalbHUM 1 He BUKJIMKA€E CyMHIBY.

Merta podoTu

MeToto poboTH € po3poOKa TEeXHIYHUX PIIIeHb 3i
3HIDKCHHS BUKUIIIB MOHOOKCHIY BYTJICIIO TMMOBHUX Ta3iB
revell BUIMATIOBAaHHS €IEKTPOIIB, AKi OyAyTh Oa3yBaTHCh
Ha BHKOPHCTaHHI OKCHIHO-MiJHO-MapraHIeBHX Ta
OKCHTHO-MapTaHIeBIX KaTaji3aTOpiB HA OCHOBI IICOJNITY.
[Iprx 1pOMY BHUMOTOIO O PO3MIIICHHS KOHTEHHEPIB 3
KaTaji3aTopoM € iX po3TallyBaHHS Oe€3II0CEepeHbO B
Kamepax Iedi JUisd BHUIAIIOBAHHS €JEKTPOMAIB, MIO
3a0e3meuye  He3HayHI  MaTepiajibHi ~ BUTpaTH  JUIs
MIPOBEICHHS Mpoliecy KaTaigitnaHoro okucienHs CO.

BukJjiag ocHOBHOTO MaTepiaty

B nmocmimxkenHsx mporecy okucieHHs CO
BUKOPHCTOBYBAJIACh ~ MApTisi  [EOJITOBOI  MOPOIH
COKUpPHUIIBKOTO  pOJOBHINA 3akapmarchbkoi obmacti

BupoOHHnITBa TOB «3akapmaTchKuil IEONTITOBIHA 3aBOI
po3mipom 3-5-8 mMm mapku IO Tumy A 3 BuUXOAOM
uinpoBoi Qpakuii 85 % 3rimHo TexHiUHMX ymoB TY VY
19.5-00292540.001-2001  «Ille6inp T2  micok 3
npuponHoro neoidity. COKHMpHHUIIBKE pojoBHIIE». 3a
JAaHUMHM TIIPUEMCTBA JOCITIKYBaHa MapTis EoJiTy
BUIOTOBJISIETHCSA i3 LEOTI TU30BAHUX TydiB
KIIMHOTITHJIOIITOBOTO THITYy 3 BMICTOM KJIMHOINITHJIONITY B
nopoxi 6nmm3bko 83 %. MoxyTh OyTH MPUCYTHI TOMIIIKH
y BHUIUISAI MOHTMOPWJIOHITY, MOJBOBOTO IITATY, KBapIly,
ofajy, BYJIKaHIYHOTO CKJa. XiIMIYHHHA CKJaJ MEOTITOBOL
mopou (Mac. %): SiO, — 71,5; ALOs — 13,1; Fe,O3 — 0,9;
TiO; — 0,5; CaO — 3,44; MgO — 0,68; K,O+Na,O — 3,03;
P,Os — 0,014, Cu — 0,02; F — 0,025; Pb — 0,002; As —
0,0015. IllineHicTs cknagae 2,37 kr/M>,  eMHicTh
KaTIOHHOTO 0OMiHYy — 1,5 MI-eKB/T, TepMiYHa CTIHKICTh —
1o 700 °C, mexaniuHa MIIHICTh HA CTHCKaHHA — 10 150
Kr/cM?, MexaHidHa MilHiCTh Ha CTHpaHHS — He OLIblIe
4%, MexaHIYHA MIIHICTh Ha TOAPIOHEHHS — He Olnblie
0,5%, cymapHa TnHMTOMa  AKTHBHICTH  HPUPOJHIX
pamionykiigiB — 144,5 Bx/kr.

st oTprMaHHS OKCHIHO-MiJJHO-MapraHIIeBOrO Ta
OKCHTHO-MapTaHIIeBOTO KaTali3aropa Ha OCHOBI HEOIITY
Horo mpocymieHi HaBaXKH Macoro 150 r mpuBOgMIH B
KOHTaKT B CTATUYHOMY PEXHMIi 3 pOOOYMMHU MOJIEIEHIUMHU
posurHamu coseii Mn?*, Mn®", Cu?* 06’emom 150 cm® 3a
HACTYITHUMH METO/INKAMH.

Ilpn oTpuMaHHI OKCHIHO-MiJHO-MapraHIeBOro
katanizaropa 30:70 (30 % CuO+70 % MnO;) HaBaxKy
neoutity 0opooisuin 0,333M pozunnom MnCl, npoTsirom
1 rop, micis 9oro ocamKysanu MnQO, NDISIXOM OJaBaHHS
0,221M pozunny KMnOy 3a peakuiero:

3MnCl, +2KMnO, +2H;0 — 5Mn0O, | + 2KCl +4HCI (1)

Ta BUTpUMYBanM mpoTrsaroM 24 romuH. Ilicas mporo
Moan(IKOBAaHMH OKCHIOM MAapraHiio MEOJIT BiIIiIsAIM
BiZ BOAHOI (pa3u IEKaHTALIEI0, IPOMHUBAIHM Ta 00POOIISLIH
0,094M pozunnom CuSO4 nporsirom 1 rop, micis 4oro
ocamkyBanu Ha 1eomiti ocax Cu(OH), 25 % posunHOM
NH4OH 3a peaxiiieto:

CuSO, +2NH,OH — Cu(OH),| + (NH4),S0;  (2)

Ta BUTpUMYBanu mporsaroM 24 romuH. [licas mporo
Momu(iKOBaHUK IIEONIT BIAOULDIM Big BomHOI (asm
JIEKAHTAII€I0, TPOMUBANM Ta CYIIMJIN Ha TOBITPL MO
IMOCTIHHOT MacCH.

[Ipn oTpuMaHHI OKCHIHO-MiTHO-MapTraHIIEBOTO
karamizaropa 40:60 (40 % CuO+60 % MnO) BiamoBigHO
peakuiii (1), (2) BukopucroByBanu po3uunu 0,285M
MnCly, 0,190M KMnOQy, 0,125M CuSOs. 11 oTpuMaHHs
OKCHJIHO-MapTraHIIEBOI0 KaTaji3aTropa BiJIIOBIIHO peakiil
(1) BukopucroByBanmu 0,475M po3unn MnCl, ta 0,316M

po3unH KMnOy.
HocmimkenHs nporecy OKHCIICHHS CO
BimOyBaJIOCh B ycTaHOBHI (pHc. 1), MmO BKIIOYAE

TepMoOKaMepy 4, IO CKJIAJaeThCs 3 MeTaleBol TPYOKH 3
HepXKaBifowoi crami 6 Ta KepamiuHoi TpyOkm 7 3
HarpiBarO4MM €JEeMEHTOM 3, B SKi 3a JOIOMOTOIO
TepMoImap 5 Ta  perymiropa  TeMmepaTrypu 8
MIATPUMYETBCSL 32 JONOMOTOIO eleMEeHTa 3 3alaHa
TemIepatypa. 3pa3oK KaraiizaTopa 3 po3MipoM 3epHa 3-
5-8 MM B UWIIHIPUYHOMY KOHTeifHepi 2 momiland B
MetaneBy TpyOky 6. Konreiinep 3 Karamizaropom
BCTaBJSUIM B TPYyOKy 6 TakuM YMHOM, 100 BHKIIIOUUTH
MPOXOJPKEHHST ra3oBoi  CyMimni IOB3  KaTallizaTop.
O06’eMHY MIBHIKICTH Ta30BOTO IIOTOKY BapiloBalId B
inTepBami 1-5 1OM%/XB 33 [ONOMOIOI0  Ta30BHX
BuTparoMipiB 9. B mpomeci HarpiBaHHS TOCTiIHHO
KOHTPOJIOBAJIM CKJIaJl Fa30BOI CYMIIII Ha BXOJIi Ta BUXO/I
3 TepMOKaMepH. 3a HeoOXiTHOCTI B SIKOCTI iIHEPTHOTO ra3y
BUKOPHCTOBYBaJIM  a30T. KOHIEHTpamil0 MPOIYKTiB
peaxiii aHami3yBajau 3a JOITOMOI0OI0 Tra3oaHaiizaTopa 1 3
tounicTio = 20 ppm abo = 5 % 3HaueHb BUMIpPIOBAaHHS.
Besnocepeninb0  mepen  NPOBEACHHSIM  KaTaJiTUYHOI'O
EKCIePUMEHTY  3€pHO KaTtajizaropa  IiAJaBaju
TepMooOpobui npu 450 °C Ha npotsizi 2 roauH. Ilepen ta
micas HarpiBaHHS 1 OXOJO/KECHHS BH3HAYald BTPATy
MacH KaTaiizaropa. KaTamiTHuHy OYHMCTKY Ta30BOl
cymimi Binm CO mocmimkyBamu B inTepBani 200-400 °C.
MonpHa YacTKa MOHOOKCHIY BYIJICIIO B ITOYaTKOBii
ra30Biif CyMiIIi Ha BXOJIi B peakTop JopiBHIoBana 1,1.

KoHBepcil0o MOHOOKCHY BYTJIELIO PO3PaxOBYBaIH
BIJIMOBIHO /10 hopMyITH:

BICHUK HTVY "XIII" Ne 3 (5)

Cnu'tco _ CKiH co
Xop=——2 = 2 .100% )
co Cmmco 2

ne C"™co — mompHa yactka CO Ha Bxomi B

peakrop, C®co — MmonbHa yactka CO Ha BHXOAl 3
peakropy.

BMicT OCHOBHMX €JIEMEHTIB 3pa3Ky KaralizaTopa

Ha ocHOBI neoxiry COKHPHHMIBKOIO  pPOJOBHINA
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BH3HAYABCS ~ MIKPOPEHTTEHOCHEKTPATGHAM  aHAIi30M
uutida 3pa3ka, BAKOHAHOTO NP 3aCTOCYBaHHI CKaHYIOYOT
€JIEKTPOHHOI MIKPOCKOIIT 3 BUKOPHCTaHHIM 001 {HAHHS
PEM-106l.

Puc. 1 — Cxema nabopamoproi ycmanoexu 0Jist 6UGHeHH s
npoyecie KamauiimuyHo20 OKUCIEHHA MOHOOKCUOY
gyeneyro: 1 — eazoananizamop VARIO PLUS industrial
analyzer MRU air fair; 2 — konmeiinep 011
Kamanizamopa iz cimku 3 Hepacagiroyoi cmani, 3 —
Haepisarouuii enemenm, 4 — mepmoxamepa, 5 —
mepmonapu,; 6 — mpyoxa i3 Hepacasitouoi cmani; 7 —
Kepamiuna mpyoxa, 8 — pezynamop memnepamypu; 9 —
eazosi eumpamomipu; 10 — pedykmopu

CTpykTypHi TMapaMeTpu 3pas3KiB KaTaai3aTopiB
BU3HaA4YaJINUCA HU3BKOTEMIIEPATYPHUMU METOaaMHU
aacopOwii / nmecopOmii asoty. [ 1mporo 3pasku
monpiOHIOBaKM O OTpUMaHHsA 3epHa miamerpom 0,5-1
MM, TIPOMHBAIH JUCTHUIHOBAHOI BOJAOK 1 CYNIMIH MPU
KiMHaTHil Temmeparypi Ha mositpi (25 °C, BigHOCHA
Bosoricte  moBiTpst 45 %). IligroroBky  3paskiB
3OIMCHIOBANIM  LUIAXOM iX Jerasamii  a30ToM IpHU
temnepatypi 150 °C npotsrom 6 rox. [Tutoma noBepxHs,
3araybHUR 00'€M TOp 1 PO3MOILI TIOP 32 pO3MiIpOM OyIH
po3paxoBaHi 3a IOMOMOIOI AACOPOLIMHUX JaHHX,
OTPHUMAaHUX 3a JOMOMOTOI aHajizaTopa copOIii rasy
Nova Quntachrome 4200e npu temmeparypi (-196) °C.
BuxopucroByroun Meton  bpynepa-Emmera-Temnnepa
(BET), Oyna po3paxoBaHa MUTOMa MOBEPXHs. 3arajibHUA
00’eM TIOp OIHIOBAIM LUISIXOM II€PETBOPEHHS 00'eMy
aszory, agcopOoBaHoro mpu p/po = 0.98, mo 00’emy
pinkoro axncopbaty. Posmomin mop 3a posmipamu
obumcmioBan  3a  JIONIOMOrol  Merony  bapperra-
Ixoitaepa-Xamenan (BJH) ta Teopii ¢yHKIioHaNBHOT
mrimeHOCTi (DFT), BHKOpHCTOBYIOUH TIPH PO3paxyHKax
€JIEKTPOHHY IIUTbHICTh KApKaCHOTO KHUCHIO.

dazoBuii  ckiaq 3pa3Ky MOPOLIKY IOBEpXHI
Kartajizaropa, MPOCYIICHOTO Ha MOBITPI 10 IMOCTIHHOI
Macu, BU3HAUYaBCs IIUIIXOM SIKICHOTO PEHTreHO(a30BOro
aHayizy, npoBejaeHoro Ha qudpakromerpi Ultima IV,

OOroBopeHHs pe3yJbTaTiB

Brpara  macu KaTaJi3aTopis mg  4ac
TepMooOpoOKH ckmanana 810 %, mo He cymnepeduTh

JaHUM Tpo BMicT Bomu B meoliTi COKHPHHIBKOTO
pomosumia [13].

Hocmimxenns npouecy okucienHs CO B ra3osiit
CyMillli B IOPOXHBOMY PEaKTOPi MOKAa3aso, M0 B YChOMY
inTepBani  rtemmepatyp (200400 °C)  cryniHb
MEPETBOPEHHS MOHOOKCHAY BYIJICIIO 3a BIJACYTHOCTI
Katamizaropa  gopiBHioBasa 0. Sk BupHO 3
TEMIIEpPaTypPHUX 3aJIe)KHOCTEH KOHBEpPCil MOHOOKCHIY
BYIJICII0 HA OTPUMAaHUX KaTaiizaropax (puc. 2), 100 %-
Ba koHBepcis CO mocsraetsest 3a Temneparypu 390 °C y
pa3si  BUKOPHCTaHHS  OKCHIHO-MiJHO-MapraHIeBOTO
karamizaropa 30:70. JI1s OKCHAHO-MapraHIICBOTO Ta
OKCHIHO-MigHO-MapranmeBoro  40:60  karamizatopis
cryminb neperBopeHHss CO ckimamae BiamoBigHO 92,8 Ta
85,3 %.

100 7 x o4

80 -

60 - —— X(Cu40Mn60)

40 - —8— X(Cu30Mn70)

—tr— (V1)
20 -
0 T T T T T T T 1
200 280 330 3900 T.°C

Puc. 2 — Temnepamypui 3anescnocmi cmynems
nepemeoperts MOHOOKCUAy gyeneyio X npu
BUKOPUCMAHHI KAMANI3amopie Ha OCHO8I Yeonimy:
Cu40Mn60 — oxcuono-miono-mapeanyesozo 40.60,
Cu30Mn70 — oxcuono-miono-mapeanyegozo 30:70, Mn —
OKCUOHO-MAP2aAHYeB020

AHaNI3yI0YM OTPUMAaHI J1aHi 3 TOYKU 30py BUOOPY
KaTaii3zaropa 3a YMOBH BUCOKOI C()EKTHBHOCTI OKUCIICHHS
MOHOOKCHJy BYIJICHIO BiIXiTHUX Ta3iB Me4YeH Jyis
BUIAIIOBAHHS Ta Mo pyHKIIOHAIBHOCTI npu
BUKOPHCTaHHI B  00JacTi €KOJIOTIYHOTO  KaTali3ly,
OLMBIIICTE TIepeBar AJIsl 3aCTOCYBAHHS CEpell OTPUMAHUX
KaTaxi3aTopiB Ma€ OKCHAHO-MapraHIIeBHI KaTalli3aTop Ha
OCHOBI LIEOTIITY. Janmit BHUCHOBOK MOYKHA
OOTpYHTOBYBATH HE TIIBKH MOJJIHBICTIO OTPUMaHHS
KaTaiizaropa 0e3 nomnepenHboi 0OpOOKH LIEOJITYy, HaBITh
3 BIZIMPAaIbOBaHHUX copOeHTiB OUHIIIEHHS
MapraiieBMicHol npupoaHoi Boau [14], mo nputamMaHHa
VYkpaiHi, aje i HETOKCHYHICTIO Y BHIIQJIKy 3aXOPOHEHHS
abo 30epiraHHs Ha 3BaJHINAX, TaK SK KOMIIOHCHTH
KaTajizaropa MaroTh IPUPO/IHE TIOXOHKECHHSI.

ITicna BHOODPY OKCHJTHO-MapTaHIICBOTO
KaramizaTopa Ha OCHOBI IEONITY Ui OKHCICHHS
MOHOOKCH/TY BYTJICIIFO OyB MIPOBEICHUHA

MIKpOPEHTTCHOCTIEKTPAIbHAN aHami3 mnrida 3pa3ka 0e3
TepMooOpoOkHu. 3a OTpHUMaHUMH JaHHMH MacoBE
crniBBinHomeHHs Si/Al Ha uwiidi 3pasky ckinagae 27,72
(mac. %) / 5,84 (mac. %) = 4,774, wo nobpe
CHiBBIZHOCHTBCA 3 ganmmu [13,15] Ta Bignosigae
criBBigHomieHH0 Si/Al mis kinHONTHIONITY. OYeBHIHA
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MIPUCYTHICTH MapraHmioo B Kimbkocti 0,31 mac. %
TOBOPHTH MPO HOT0 HASBHICTH Y MaTepialli LeoJiTy.

3a pesynbratamu BET micis moaudikarii neomity
MnO; BiOyBaeTbCs 3MEHLIEHHS NUTOMOI IOBEpPXHIi
neonity 3 218,752 no 210,345 M?/r Ta 3aranpHOro 06’ €My
nop 3 0,227 mo 0,198 cm’/r, mo MOXHA NOSCHUTH
YTBOPEHHSM Ha IOBEPXHI LEOJITy rixparoBaHoro MnO,.
KpiM TOrO, HagXOMKCHHS 10HIB Kallif0 3 IEpMaHraHaTy
KaJilo, 10 BUKOPUCTOBYBABCS AJIsI OTPUMAHHS OKCHJHO-
MapraHieBoro  Karamizaropa, B KaHAIM  LEONITY
BHACHIZOK 11X BHCOKOI CEJCKTHBHOCTI Ta 3HAYHUX
pPO3MIpIiB TakoX NPU3BOIAMTH JO 3MCHIUCHHS MTUTOMOI
MOBEpXHI Ta 3aranpHOro o0’emy mop. Ilicis
TepMooOpoOku (450 °C mpoTsiroM 2 TOIWH) TaKOX
BiIOyBaeThCA 3MEHIIICHHS MTUTOMOL MTOBEpXHI
MomudikoBanoro MnQO, 1oty Maibke B 3 pasu 10
71,823 M%/r Ta 3arajbHOrO 06’€My MOp NMPHUONHU3HO B 2,6

pasu  mo 0,077  cMr  4epes  BHOaNEHHA
KapKacoOyTBOPIOIOUHMX MOJIEKYJ BOAM Ta BiAIIOBigHE
CXJIOITyBaHHS LEOTITHIX KaHaJliB. Bracninox
HE3BOPOTHOI ~ KPHUCTAJIYHOI  JECTPYKIIl  BiJIOBiIHO

3HAYHA YACTHHA BHYTPIIIHBOI MOBEPXHI KIMHONTUIONITY
CTa€ HENOCTYIHOIO I amcopOrii Moiekyn a3oty [16].
Takoxx depe3 Brpary Boam rigparoBaauM MnO,
BimOyBaeTbes #oro Qas3oBuil mepexim, Ta, BIATOBIHO,
YKPYIHEHHS MIKPOKPHUCTAIIIYHOT CTPYKTYPH LEOTITY.

BigHocHO po3moziny mOop 3a po3MipaMu, TO IS
3paskiB  MoaudikoBaHoro  MnO,  neomity  0e3
TepMOOOpoOKH, MomudikoBaHoro MnQO, MEOJITY MiCis
TEpMOOOPOOKH Ta NEOdITy 0e3 TepMOOOPOOKHU cepenmHiit
pamiyc mop, oOumcieHuit 3a meromom BJH, ckiagae
pigmosiguo 1,538, 1,524 Tta 1,530 um. BusHauenwmii 3a
meronoM DFT paniyc mop y BCix 3pa3kax CTAaHOBHTH
1,585 uM. AHaizyroun OTpHMaHi JaHi MOXXHa CKa3aTH,
o0 BUOpaHi METOAM 1 MOJENI PO3pPaxyHKY IAIOTh JCIIO
3aBHINECHI TPUOIM3HO B 3 pa3u pe3yibTaTH MOPIBHIHO 3
BIIOMHMH  TIOTBEp/DKEHUMH  PO3MipaMH  KaHaliB
kmuHONTIIONITY [17] depe3 ocoGmmBocTi TeomeTpii
NEePETUHIB JIBOBUMIPHOI CHCTEMH IICOJIITHUX KaHAJIB i
crenuiku OyI0BH MOJIEKYIT a30Ty.

3a [IOMOMOIOI0  SIKICHOTO  PEHTreHO(]a30BOro
aHaJi3y MOBEPXHI 3pa3KiB KaTalizaTopa BHU3HAueHO (hasu
OKTaepUYHUX MOJIEKYJSIPHUX CHUT, SIKI CKIJIQJAlOThCs 3
MpPOJIO3UTY KibKicTIO 6 %, pamcaemrity — 51 %,
axteHckiTy — 43 % (puc. 3, Tabn. 1). Bukopucransas B
SIKOCTI KaTalizaTopa AIOKCHUIY MAapraHIio 3 CTPYKTypaMH
MPOTIO3UTY, PAMCICIUNITY Ta aXTEHCKITYy OOyMOBIEHi
THUM, IO I XIMIYHO YHCTi Ta OTHOpPimHI Mozmmdikamii
MnO;. XiMiuHa gricToTa 00yMOBIIEHA IX CTPYKTYPOIO, IO
B CBOil OCHOBI CKJIQ/IAETHCS 3 PYTHIIONOIIOHUX JIAHIIIOTIB
MnOg-oKTaeapiB, KOXKEH 3 SKHX Ma€ 1Mo jaBa pedpa,
CHUTbHUX 13 cycimHiMH okTaeapamu. Jlo Toro x, B
MIPOTIO3UTI JIAHIIOTM OJMHAPHI, a Y paMCICIUITI Ta
AXTEHCKITI — IOJBOEHI, TOMY MICTATh TUIBKH KaTiOHH
Mn*". Jlaunii ¢akT € TiATBEpIKEHHAM CTiKOCTI
Karajgizaropa OO  OTPY€HHS, OCKUIGKH  MOTO
eeKTHBHICTE 00yMOBJIEHA KATANITUYHOK gicr0 Mn*
BIZIIIOBITHO 10 PEaKITiii:

o oo ;o o,

o

o

o o,

- )R W W s B0 O
o o,

BigHocHA iHTeHCHBHICTB, YMOBHI oAHHHANI

o O o

o

2- theta, rpaa

Puc. 3 — Pezynomamu penmeeHohazHo2o ananizy 3paska
nopowky nogepxui MnQO,-xamanizamopa

Tabmums 1 — @a3zu MnO:; y BiamosiaHicTi 3 2-theta

Ne | 2-theta, rpax. | ®@a3u MnO;

1 18,4727 Pamcnemnit y-MnO, (2,0,0)

2 | 21,73(09) Pamcnemnit y-MnO, (1,0,1)

3 37,21(4) AxteHckitT  &-MnO>  (1,0,0),
pamcrmemmit  y-MnO,  (2,1,0),
mipomo3ut B-MnO; (1,0,1)

4 | 42,57(6) Axtenckitr  &-MnO,  (1,0,1),
pamcoemmit  y-MnO>  (2,1,1),
niposo3ut f-MnO; (1,1,1)

5 | 56,33(4) Axtenckit  &MnO,  (1,0,2),
pamcoemmit  y-MnO>  (2,1,2),
niposo3ut f-MnO; (2,1,1)

6 | 67,29(8) Axrtenckitr  &MnO,  (1,1,0),
pamcremmit  y-MnO,  (4,1,2),
nipomo3ut B-MnQO; (3,1,0)

CO + MnO; — CO; + MnO, 4)

MnO + O; — MnO,. %)

Sx BuaHO 3 puc. 4, TEXHIYHUM pilICHHIM
npoOieMr OYHMCTKH JUMOBHMX Tra3iB OaraToKkaMepHHUX
nedeit [19] mig BuUnamOBaHHS E€IEKTPOJHHUX 3arOTOBOK
BiJl MOHOOKCH/y BYIJICHIO MOXXE OYyTH PO3MIIICHHS Y
BOTHEBHX KaHajlax 5 IMX TIeuel KOHTEHHepiB 3
KaTaJli3aTopoM y Kamepax, 110 MiJirpiBatoThCsi TUMOBUMHA
razamu. KoHTelHepH TOBHHHI OYyTH MPSIMOKYTHOTO
mepepilzy, mo0 YHEMOXXJIMBHTH IPOXOKEHHS Ta30BO1
CyMillli TIOB3 KaTaizaTop.

BpaxoByroun pe3ynpTatu JIOCIIZKEHb
ra3oBUIiIeHHs B  mevax  BunamoBaHHs  [IpAT
«YKpailHChKHi  TpadiT»y, MaKCHUMaJbHE IMiABHIICHHS

KOHLIEHTpAaLlil MOHOOKCHJYy BYIJICII0 B JUMOBHX Tra3ax
3poctae 3a temneparypu 300400 °C, Toxx KOHTeilHepu
CIiJ pO3MIIIyBaTH y BOTHEBHX KaHalaXx Kamep 3
BiZOBiTHOIO Temneparypoto [18].
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Puc. 4 — Kamepa neui eunany. 1 — ckareninns, 2 — micys
6CMAHOBNICHHA NAbHUKIB, 3 — KaHa 0Jis 810800y
oumosux easis, 4 — nepecunka; 5 — 8oenesi Kanau, 6 —
BIKHA 8X00Y OUMOBUX 2A318 I3 nonepedHboi Kamepu, 7 —
socHempuera pymepiska kamepu,; 8 — gyenecpagimosi
3azomosku; 9 — mygenvhi kananu, 10— kacemu; 11 —
cmosnuuku noouHu kacemu, 12 — yeenana kiaoka;
13 — 6emon

BucHoBkH

Y pesynbraTi MPOBENCHHUX JOCTIIKCHb OYIIO
pO3pO0NIEHO  KOHCTPYKTHMBHE TEXHIYHE pIlIeHHS 3i
3HWKEHHSA BHMKHIIB MOHOOKCHIY BYIJICLIO 3 JUMOBUMH
rasaMd Teded i BWITQIIOBAaHHS EJICKTPOIB, SKe
BKIIIOYAE€ PO3MIMICHHS KOHTCWHEPIiB MPSMOKYTHOTO
mepepizy 3 OKCHIHO-MapraHIeBHM KaTaji3aTOpoM Ha
OCHOBI IICONITy Yy BOTHEBHUX KaHajlax IMX TNededl y
KaMepax, HIO MiirpiBaroThCs JUMOBHMH Tazamu. [lane

pilieHHss  Oyno  NPUHWHATO 32  YMOBH  BHCOKOL
e(pEeKTUBHOCTI  OKHCJCHHS  MOHOOKCHIY  BYIJICIIO
BIOAXIAHMX Tra3iB Iedyed JUId  BUIAIIOBAaHHA  Ta

MO YHKIIOHATBHOCTI TPH BUKOPUCTaHHI B 00JacTi
eKoJIoriyHoro karamizy. Ilpm 1boMy BHpPOBaIPKCHHS
TAKOTO TEXHIYHOTO pIIICHHS BHMara€ HE3HAYHHX B
MOPIBHAHHI 3 BCTAHOBJICHHSM KaTaJiTUYHHX DPEaKTOPiB
MaTepiaJbHUX BHTpAaT Ha  MPOBEJCHHS  MpPOLECY
KaraniTnaaoro okucieHns CO.

Cnucok JitepaTypu

1. Kypcos C. B. MoHookcun yriepona: (HU3MOJIOTHYECKOES
3HaYeHHE W TOKCHKONOTHA. Meouyuna HeomuioMHCHbIX
cocmoanuil. 2015. Ne 6 (69). C. 9-16.

2. Patel D. M., Kodgire P., Dwivedi A. H. Low temperature
oxidation of carbon monoxide for heat recuperation: A green
approach for energy production and a catalytic review.
Journal of Cleaner Production. 2019. P. 97. doi:
10.1016/j.jclepro.2019.118838.

3. Craructnunuii 36ipauk «JloBkiust Ykpainu 3a 2018 pik».
Heporcasna ciyscoa cmamucmuxu Yxpainu. Kuis, 214 c.

4. Ivanenko O. Implementation of risk assessment for critical
infrastructure protection with the use of risk matrix.
ScienceRise. 2020. Ne 2. P. 26-38. doi: 10.21303/2313-
8416.2020.001340

5. Exonoriuauii macmopt 3amopizpkoi obmacti 3a 2018 p.

Odiyitinuii  nopman  Minicmepcmeéa — enepeemuku  ma
3axucmy 008KILIA Ykpainu. 173 c. URL:
https://menr.gov.ua/news/33529.html  (mara  3BepHEHHS:

30.07.2020).

6. Belokon K.V. Belokon Y.A. Kozhemyakin G.B.,
Matukhno E.V. Environmental assessment of the
intermetallic catalysts utilization efficiency for deactivation
of the pollutants emitted by electrode production enterprises.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu.
2016. 3. P. 87-94.

7. Inglezakis V. J., Zorpas A. A. Handbook of natural zeolites.
Bentham Science Publishers. 2012. 705 p.

8. Kopabnes B. B., YeueBnukun A. B., bopuueBa U. K.,
CamonuH B. B. Crpykrypa u Mop¢onoruyeckue cBoucTBa
KJIMHONITUJIONNUTA, MOZU(DUIUPOBAHHOTO  JHOKCHIOM
Mapranua. Hayuuo-mexnuyeckue eedomocmu CIIOITIY.
Duszuxo-mamemamuueckue nayku. 2017. Ne 10 (1). C. 100—
111. doi: 10.18721/JPM.10110.

9. Panov Ye., Gomelia N., Ivanenko O., Vahin A., Leleka S.
Estimation of the effect of temperature, the concentration of
oxygen and catalysts on the oxidation of the
thermoanthracite carbon material.  Eastern-European
Journal of Enterprise Technologies. 2019. Ne 2/6 (98). P.
43-50. doi: 10.15587/1729-4061.2019.162474.

10. Choi K.-H., Lee D.-H., Kim H.-S., Yoon Y.-C., Park C.-S.,
Kim Y. H. Reaction Characteristics of Precious-Metal-Free
Ternary Mn—-Cu-M (M = Ce, Co, Cr, and Fe) Oxide
Catalysts for Low-Temperature CO Oxidation. Industrial &
Engineering Chemistry Research. 2016. Ne 55(16). P. 4443—
4450. doi: 10.1021/acs.iecr.5b04985.

11. Golodets G. 1. Heterogeneous Catalytic Reactions Involving
Molecular Oxygen. Studies in Surface Science and
Catalysis. Elsevier Science Publishers. 1983. Ne 15. 878 p.

12. Rakitskaya T. L., Kiose T. A., Vasylechko V. O., Volkova
V. Ya., Gryshchouk G. V. Adsorption-desorption properties
of clinoptilolites and the catalytic activity of surface Cu(II)—
Pd(Il) complexes in the reaction of carbon monoxide
oxidation with oxygen. Chemistry of metals and alloys.
2011. 4 (3-4). P. 213-218.

13. I'pevanoBckas E. E. Merpuka sneMeHTapHOW s4YeWKH U
Si/Al-oTHomeHne B meodWTaxX — psAAa  TeHIaHIAT—
KJIMHOIITUJIONHUT COKHPHHUIIKOTO MECTOPOKICHUS
(3akapmnartbe, Ykpauna). Mineralogical Journal. 2010. Ne 32
(4). P. 12-22.

14. Tarasevich Yu. 1., Goncharuk V. V., Polyakov V. E.,
Krysenko D. A., Ivanova Z. G., Aksenenko E. V.,
Tryfonova M. Yu. Efficient technology for the removal of
iron and manganese ions from artesian water using
clinoptilolite. Journal of Industrial and Engineering
Chemistry. 2012. Ne 18 (4). P. 1438-1440.

15. MansoBanuit M. C., Spema O. P, Cakamosa I'. B.,
Bacuiminny T. M. OuuieHHs CTiYHHX BOJ IIKIPSIHOTO
BUPOOHUIITBA BiJ iOHIB XpOMy aJCcOpOLi€l0 Ha MPHUPOTHUX
neouitax. Bicnux KHYT/]. 2010. Ne 6. C. 81-85.

16. Doebelin N., Armbruster T. Stepwise dehydration and
change of framework topology in Cd-exchanged heulandite.
Microporous and Mesoporous Materials. 2003. Ne 61. P.
85-103.

17. Merkle A. B., Slaughter M. Determination and refinement of
the structure of heulandite. The American mineralogist.
1968. Ne 53. P. 1120-1138.

50

BICHUK HTVY "XIII" Ne 3 (5)


https://doi.org/10.21303/2313-8416.2020.001340
https://doi.org/10.21303/2313-8416.2020.001340

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

18.

19.

Kapsauxkuit A. f1., Jlenexa C. B., [lynunen U. B., Jlazapes
T. B. CoBepiieHCTBOBaHHE PETJIAMEHTOB OOXKUra C yUETOM
JMHAMMKY ~ Ta30BBIACJICHUS  OOXKMIaeMBIX  3arOTOBOK.
Bocmouno-Eeponetickuii scypHan nepeooguix mexHoI02ull.
2011. Ne 6/5 (54). C. 42-45.

Riedhammer. Ring Pit Furnaces for Baking of high quality
Anodes - an Overview, 15. URL:
http://www.riedhammer.de/system/00/01/42/14219/6337763
29561250000 1.pdf (mata 3Bepuenns: 30.07.2020).

References (transliterated)

Kursov S. V. Monooksid ugleroda: fiziologicheskoe
znachenie i toksikologiya [Carbon monoxide: physiological
significance and toxicology]. Mediczina neotlozhny 'kh
sostoyanij [Emergency medicine], 2015, 6, no. 69, pp. 9—16.
Patel D. M., Kodgire P., Dwivedi A. H. Low temperature
oxidation of carbon monoxide for heat recuperation: A green
approach for energy production and a catalytic review.
Journal of Cleaner Production, 2015, 97 p. doi:
10.1016/j.jclepro.2019.118838.

Statistical Yearbook «Environment Of Ukraine 2018»
[Statistical collection "Environment of Ukraine for 2018"].
State Statistics Service of Ukraine. Kyiv, 2019, 214 p.
Ivanenko O. Implementation of risk assessment for critical
infrastructure protection with the use of risk matrix.
ScienceRise, 2020, no. 2, pp. 26-38, doi: 10.21303/2313-
8416.2020.001340.

Environmental passport of Zaporizhzhia region for 2018
[Ecological passport of Zaporizhia region for 2018]. Official
portal of the Ministry of Energy and Environmental
Protection of Ukraine, 2019, 173 p. Available at:
https://menr.gov.ua/news/33529.html (accessed 30.07.2020).
Belokon K.V., Belokon Y.A. Kozhemyakin G.B.,
Matukhno E.V. Environmental assessment of the
intermetallic catalysts utilization efficiency for deactivation
of the pollutants emitted by electrode production enterprises.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu,
2016, no. 3, pp. 87-94.

Inglezakis V. J., Zorpas A. A. Handbook of natural zeolites.
Bentham Science Publishers, 2012, 705 p.

Korablev V. V., Chechevichkin A.V., Boricheva 1. B.,
Samonin V. V. The structure and morphological properties
of clinoptilolite modified by manganese dioxide [Struktura i
morfologicheskie svojstva klinoptilolita,
modificzirovannogo dioksidom margancza]. SPbPU Journal
— Physics and Mathematics, 2017, no. 10(1), pp. 100-111,
doi: 10.18721/JPM.10110

Panov Ye., Gomelia N., Ivanenko O., Vahin A., Leleka S.
Estimation of the effect of temperature, the concentration of
oxygen and catalysts on the oxidation of the
thermoanthracite =~ carbon material.  Eastern-European

10.

12.

13.

15.

16.

17.

18.

19.

Journal of Enterprise Technologies, 2019, no. 2/6 (98), pp.
43-50, doi: 10.15587/1729-4061.2019.162474.

Choi K.-H., Lee D.-H., Kim H.-S., Yoon Y.-C., Park C.-S.,
Kim Y. H. Reaction Characteristics of Precious-Metal-Free
Termmary Mn—-Cu-M (M = Ce, Co, Cr, and Fe) Oxide
Catalysts for Low-Temperature CO Oxidation. Industrial &
Engineering Chemistry Research, 2016, no. 55 (16), pp.
4443-4450, doi: 10.1021/acs.iecr.5b04985.

. Golodets G. 1. Heterogeneous Catalytic Reactions Involving

Molecular Oxygen. Studies in Surface Science and
Catalysis. Elsevier Science Publishers, 1983, no. 15, 878 p.
Rakitskaya T. L., Kiose T. A., Vasylechko V. O., Volkova
V. Ya., Gryshchouk G. V. Adsorption-desorption properties
of clinoptilolites and the catalytic activity of surface Cu(II)—
Pd(II) complexes in the reaction of carbon monoxide
oxidation with oxygen. Chemistry of metals and alloys,
2011, no. 4 (3-4), pp. 213-218.

Grechanovskaya E. E. Metrika elementarnoy yacheyki i
Si/Al-otnosheniye v tseolitakh ryada geylandit
klinoptilolit Sokirnitskogo mestorozhdeniya (Zakarpat'ye,
Ukraina) [Unit cell metric and Si / Al-ratio in zeolites of the
heulandite — clinoptilolite series of the Sokirnytsya deposit
(Transcarpathia, Ukraine)]. Mineralogical Journal, 2010,
no. 32(4), pp. 12-22.

. Tarasevich Yu. 1., Goncharuk V. V., Polyakov V. E.,

Krysenko D. A., Ivanova Z. G., Aksenenko E. V.,
Tryfonova M. Yu. Efficient technology for the removal of
iron and manganese ions from artesian water using
clinoptilolite. Journal of Industrial and Engineering
Chemistry, 2012, no 18 (4), pp. 1438-1440.

Malovanyy M., Yarema O., Sakalova G., Vasylinych T.
Leather wastewater treatment from chromium ions by
adsorption on natural zeolites. Bulletin of the Kyiv National
University of Technologies and Design, 2010, no 6, pp. 81—
85.

Doebelin N., Armbruster T. Stepwise dehydration and
change of framework topology in Cd-exchanged heulandite.
Microporous and Mesoporous Materials, 2003, no. 61, pp.
85-103.

Merkle A. B., Slaughter M. Determination and refinement of
the structure of heulandite. The American mineralogist,
1968, no. 53, pp. 1120-1138.

Karvackii A. Ya., Leleka S. V., Pulinec 1. V., Lazariev T. V.
Sovershenstvovanie reglamentov obzhiga s uchetom
dinamiki  gazovy'deleniya obzhigaemy'kh zagotovok
[Development of burning regulations take into account the
dynamics of gas emission of burning blanks]. Eastern-
European Journal of Enterprise Technologies, 2011, no. 6/5
(54), pp. 42-45.

Riedhammer. Ring Pit Furnaces for Baking of high quality
Anodes — an  Overview, 15. Available at:
http://www.riedhammer.de/system/00/01/42/14219/6337763
29561250000 1.pdf (accessed 30.07.2020).

Bigomocti mpo aBTopiB (About authors)

Isanenko Onena leaniena — kaHIUIAT TEXHIYHUX HAyK, HoUeHT, HamioHaapHUI TeXHIYHNUHN yHiBepcuTeT YKpainu « KuiBchKkuii
noyiTexHiYHuK iHCTUTYT iMeHi Iropst Cikopcbkoro», AOLEHT KadeapH eKoynorii Ta TeXHOJOTril pOCIMHHUX moiiMmepiB; M. Kuis,
VYxpaina; ORCID: 0000-0001-6838-5400; e-mail: olenka.vasaynovich@gmail.com

Olena Ivanenko — Candidate of Technical Sciences (Ph. D.), Docent, Associate Professor, Department of Ecology and
Technology of Plant Polymers, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine;
ORCID: 0000-0001-6838-5400; e-mail: olenka.vasaynovich@gmail.com

T'omens Mukona /Imumpoguu — IOKTOp TEXHIYHMX HayK, mpodecop, HamionampHuit TexHiyHuil yHiBepcuTeT YKpaiHu
«KwuiBcbkuii nomitexHigHui iHcTHTYT iMeHi Irops Cikopcbkoroy, npodecop kadeapu eKonorii Ta TEXHOJIOTi pOCIMHHUX HOJIIMEpiB;
M. Kuis, Ykpaina; ORCID: 0000-0003-1165-7545; e-mail: m.gomelya@kpi.ua

BICHUK HTVY "XIII" Ne 3 (5)

51


https://doi.org/10.21303/2313-8416.2020.001340
https://doi.org/10.21303/2313-8416.2020.001340
http://www.riedhammer.de/system/00/01/42/14219/633776329561250000_1.pdf
http://www.riedhammer.de/system/00/01/42/14219/633776329561250000_1.pdf

ISSN 2079-5459 (print)
CEPIA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'AX" ISSN 2413-4295 (online)

Nikolai Gomelya — Doctor of Technical Sciences, Professor, Professor of Department of Ecology and Technology of Plant
Polymers, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine; ORCID: 0000-0003-
1165-7545; e-mail: m.gomelya@kpi.ua

Ilanoe €ezen Mukonaitoguy — IOKTOp TEXHIYHMX HayK, mpodecop, HamioHampHHMI TeXHIYHHE yHIBEpCHTET YKpaiHH
«KuiBcpkuil momitexHiuHMA iHCTHTYT iMeHi Irops Cikopcekoroy», mpodecop Kadenpu XiMigHOTO, MOJIMEPHOTO Ta CHIIIKaTHOTO
MammHOOy xyBaHHs; M. KuiB, Ykpaina; ORCID: 0000-0002-4885-2777; e-mail: panov@rst.kpi.ua

Yevgen Panov — Doctor of Technical Sciences, Professor, Professor of Department of Chemical, Polymeric and Silicate
Mechanical Engineering, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine;
ORCID: 0000-0002-4885-2777; e-mail: panov(@rst.kpi.ua

Ogepuenko Temana Anamoniigna — KaHIUIAT TEXHIYHUX HayK, HarioHansHuit TexHiYHUN yHiBepcuTeT YKpainu « KuiBchkuii
MOITeXHIYHUHI 1HCTUTYT iMeHi Iropst CikopchKoro», CTapIluil BUKIanad kKadeapu eKoiorii Ta TEXHOIOT] POCIMHHUX NOJTIMEpiB; M.
Kuis, Ykpaina; ORCID: 0000-0002-5883-6228; e-mail: overchenko.tanya@gmail.com

Tetyana Overchenko — Candidate of Technical Sciences (Ph. D.), Senior Lecturer, Department of Ecology and Technology of
Plant Polymers, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine; ORCID: 0000-
0002-5883-6228; e-mail: overchenko.tanya@gmail.com

Byow nacka, nocunaiimecs na yio CMammio HACMynHUM YUHOM.

IBanenko O. L., I'omens M. ., [lanoB €. M., OBepuenko T. A. TexHiuHi pilieHHA 31 3HIKEHHS BUKHIIB MOHOOKCHIY
BYIJICLI0O 3 JMMOBMMM Ta3aMM IIeYed JUIsl BUIAJIIOBaHHA €JEKTPONiB. Bichux HayionanbHo2o mexHiuHo20 yHieepcumemy
«XIIly. Cepisn: Hosi piwenus 6 cyuacnux mexuonocisx. — XapkiB: HTY «XIII». 2020. Ne 3 (5). C. 45-52. do0i:10.20998/2413-
4295.2020.01.07.

Please cite this article as:

Ivanenko O., Gomelya N., Panov Ye., Overchenko T. Technical solutions for reducing emissions of carbon monoxide with
flue gases of furnaces for baking electrodes. Bulletin of the National Technical University "KhPI". Series: New solutions in modern
technology. — Kharkiv: NTU "KhPI", 2020, no. 3 (5), pp. 45-52, d0i:10.20998/2413-4295.2020.01.07.

Hoocanyiicma, cevinaiimecs Ha My cmamoio Cieoyiowum 06pazoMm:

WBanenko E. U., T'omens H. ., [TanoB E. H., OBepuenko T. A. TexHudUeckme pemieHUS IO CHIDKCHHIO BBIOPOCOB
MOHOOKCHJa Yriepoja C JAbIMOBBIMH Ta3aMH Iledeil uisi oO)kura 5JIeKTpojoB. Becmuux Hayuonanvnoeo mexuuuecko2o
yuusepcumema «XI1H». Cepus: Hosvie pewenus 6 coepemennvix mexrnonocusix. — XapbkoB: HTY «XITW». 2020. Ne 3 (5). C. 45-52.
doi:10.20998/2413-4295.2020.01.07.

AHHOTAITHA [lokazano, umo nonadanue okono 1,7611 man monn 6 200 5008umo20 MOHOOKCUOA yenepooa 6 ammocgepy
Vrpaunvi npedcmasnsem cepvesnyio npobiemy, KoOmopas OOJdNCHA PeulamvCs HA YPOGHE NPOMBIUICHHBIX NPEOnPUIMuULL.
Obocnosana HeobX00uMocmy paspadoOmKu MeXHUYEeCKUX peueHull N0 CHUMCEHUIO 8blOPOCO8 MOHOOKCUOA Y2aepo0d ObIMOBbIX 2a308
NpoU3B00CMEa 1EKMpoo08, 00pA3YIOWUXCA 2LABHBIM 00paA3oM 6 neuax 01a odxcuea. OnpedeneHo, Ymo HeoOXoOUMbIMU YCI08UAMU
05l 8bIOOPA KAMAAUZAMOPA OKUCTEHUsSL MOHOOKCUOA Y2nepooa s6NSemcst Oeuwesusnd, OOCMYNHOCHb, PACRPOCMPAHEHHOCMb 6
Vipaune, evicoxue sxcniyamayuonnvie Xapakmepucmuky U ROIUDYHKYUOHATbHOCHb ¢ MOYKU 3PEHUL IKOIOSUUECKO20 KaAmanu3d,
obecneuusasi NPUHYUNUATLHO 6E30MXOOHYIO IKOA02UHECKU Hucmylo mexuonozuto. Ilpu smom mpebosanuem K pasmeujeHuio
KOHMeUHepo8 ¢ Kamaau3amopom sa6isaemesi UX pacnoiodcenue HenocpeOCmeeHHo 6 Kamepax nedu 0ns obacuea 21eKmpooos, 4mo
obecneuusaem He3HAYUMENbHbIE MAMEPUATbHbIE 3AMPAMbl HA nposedenue npoyecca kamamumuyeckoeo oxucienus CO. [oxaszano,
umo, Yyumeleas aocopOYUOHHBIE CBOUCMBA YeoaUmo-KIuHONMUnoAIUumo8 COKUPHUYKO20 MeCmOopoXiCcOeHus 3axkapnamcko
obnacmu YKpaunvl u 803MOJCHOCMb UX NPAKMUYECKO20 NPUMEHEHUS. 8 NPOMbIULIEHHbIX MACWmMAabdax, ucnoib308anue OAHHbIX
NPUPOOHBIX MAMEPUANIO8 C YENbl0 PEeUuleHUs IKOI0SUYeCKUX NpoONieM SGAemcsi aKmyalbHblM U He 6bl3bleaem comHenus. B
pesyrbmame nposedenus ucciedoganus npoyecca oxucienus CO 6 co30annoii 1abopamopHoil ycmanoske 0bli0 onpeodeneHo, 4mo
ona oocmudicenust 100% -noii xongepcuu monookcuoa yenepooa npu memnepamype 390 °C neobxooumo npumensams OKCUOHO-
MeoHo-mapeanyesviii kamanuzamop 30:70 (30 % CuO+70 % MnO3z) na ochose yeonuma. Bmecme ¢ mem, 6Gomvuiuncmeo
npeumywecme 05t UCHOAb308AHUSL UMeem OKCUOHO-MAP2AHYesblll KAMAIU3amop Ha OCHOGe Yeoaumd, npu NPUMEHeHUU KOmopo2o
cmenens npespawenus CO cocmasnsiem 92,8 %. [anunuiii 661600 000CHO8aH He MOILKO 803MOHCHOCTIBIO NOTYYEHUS KAMAIU3AMOpa
be3 npedsapumenvHoli 06pabomKu YeoIuma, oadxce u3 ompadoOMAaHHbIX cOpOEHMO8 OYUCKU Mapaaneycooepicaweli npupooHol
600bl, KOMOpasi npucywa Ykpaune, HO U He MOKCUYHOCMbIO 6 CILYNAe 3aX0POHEHUs. UL XPAHEHUS HA C8AIKAX, MAK KAK KOMNOHEHMbL
Kamaauzamopa umeiom npupooHoe npoucxodcoerue. OnpeoeienHo co0epicanue OCHOBHbIX INeMEHNO8 OKCUOHO-MAP2AHYEE020
Kamaauzamopa Ha OCHO8E YEeOoIUma MUKDPOPEeHM2eHOCNeKMPAIbHLIM aHaiu3omM wauga obpaszya. Paccuumano eco ydenviyio
nosepxHocms, 00wull 00veM nop u pacnpeodeieHue HOp NO pasmepy ¢ HOMOWBI A0COPOYUOHHLIX OAHHBIX, NOTYYEHHBIX
HU3BKOMEMNEPAmyPHbIMU Memooamu aocopoyuu / decopbyuu azoma, ¢ UCnoavb3oganuem memooos bpyunepa-Ommema-Teanepa,
Bappemma-Jcotinepa-Xanenovt u meopuu gynxkyuonanvrol niomuocmu. Ilymem kauecmeeHH020 peHmeeHOpa306020 aAHANU3A
onpedenenvl pazoewill cocmas o06pazya NOPowlKa nogepxHocmu Kamaiuzamopa. Paszpabomano mexuuueckoe peuwenue no
CHUDICEHUIO 8bIOPOCO8 MOHOOKCUOA Yenepood ¢ ObIMOBbLIMU 2a3aMu nedel Oas 00Jcuza 31eKmpooos, Komopoe 6Kuodadenm
pazmeujerue KOHMeUHEPo8 NPsIMOY20IbHO20 CEUeHUsl ¢ OKCUOHO-MAP2AHYeBbIM KAMAIU3AMOPOM HA OCHOBE Yeoaumd 6 OCHeGblX
KaHanax smux nevetl 8 Kamepax, n0002pedaemvix ObLMOGbIMU 2A3AMU.

Knrouegvie cnoga: monookcuo yenepooa; ObiMosble 2a3bl; 8blOPOCHl, KAMAIU3AMOp, OKUCIeHUe, KOHBEPCUsl, MHO2OKAMepHble ned
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AHOTALIA Y cmammi nasedeHo pe3yrbmamu OOCTIONCEHHI MONCIUBOCE SUKOPUCTIAHHSA CMBOPEHOI KOMNO3UYItiHOT cymiui 3
JUIAHO020, PUCOBO2O MA AYMIHHO20 OOPOWHA Y MexHoA02lT nociueHux Hanigghabpuxamis. [Jns 00ciaeHeHHA yiei Memu usyuiu 0opami
6UOU OOpOWIHA, 0OIPYHMYEANU CHIGBIOHOWEHHS KOMNOHEHMIE O/isi CMEOPEHHS CYMIWI ma OOCAIOUNU SKICHI NOKA3ZHUKY NOCIYEHUX
Haniegabpuxamis 6UOMOGICHUX 3 iT GUKOPUCMAHHAM. Busuenns (yyHKYIOHAIbHO-MEXHON0LTUHUX 8IACTNUBOCMEN 0OPAHUX KYIbIYD,
HeoOXiOHe 015l OYIHKU MOJICIUBOCI IX SUKOPUCMAHHS 8 M'SCHUX cucmemax. 32i0HO ompumaHnux OaHux noopibHeHe HACIHMA YCiX
3pasKie 60100i€ GUCOKUMU DYHKYIOHANLHO-MEXHONO2IMHUMU gracmueocmamu. binkoei komnnexcu maiomv 0ocmamubo GUCOKY
2iopoinbHicms, Wo 003604A€ GopMysamu 2eli, YMEopeamu emyavcii, noziunamu 600y i dcupu. Bucoxa scupoympumyioua
30amuicme 6K 3a0e3neyye HidCHY | 0OHOPIOHY meKcmypy 8upobie, 6UKIIOUAE GIOOLIeHHs Jicupy, oepopmayiio eupobis, 3meHuye
empamu nio uac mepmoobpobru. Pospobka m'schux npodykmig AKi micmaAmb POCAIUHHI OLIKU 3a0e3neuye MaKCUMAibHe
BUKOPUCAHHA MEAPUHHUX | POCTUHHUX PECYPCI8, A MAKONHC CNPUAE CMBOPEHHIO peyenmyp i MexHoA02ill 00epHCaHHs 30a1aHCO8AHUX
npooyKmie xapyyeanHs. 3anponoHO6aHO YOOCKOHANICHHS MEXHON02I ma po3uWupeHo acopmumMenm nociveHux Hanisabpuxamie 3
3AMIHOW0 M'SICHOI cCupouUHU Ha 2I0OpaAmMoBany KOMROZUYIIHY CyMiuL IIAHO20, AUMIHHO20 mMa PUco8o2o 6opouwiHa 6 kirbkocmi 15-30%.
Yoockonanena mexnonozis eupobruymea nociveHux Hanispadbpuxamis IOPIzHACMbCI MUM, WO 000AMKO80 NEPed NepemiuLy8anHs
KOMROZUYILIHY CYyMIW JUISIHO20, AYMIHHO20 ma pucoso2o 6opowHa ciopamyioms y 600i memnepamypoio 10...12° C (ciopomodyns 1
:4) npomsazom 3...5 x6. Taxodw oxkpemo 2omyemuvca Kynasie pociunnux onii. /lani eiopamogane 60powHo ma Kynaxc poCIuHHUX 0l
nooaioms HA NPULOMYanHs gaputy, 3 HACMYRHUM QOPMYBAHHSIM, NAHIPYBAHHIM MA 3AMOPONICYEAHHSIM 34 MPAOUYILHOIO
MexXHOI02IEN. 3ACmMOCY8aHH HeM ACHUX OIIKOBUX XAPYOBUX IHEPEOIEHMIE POCIUHHO20 NOXOONCEHHSA 00360IA€ ICMOMHO NIOSUWUMU
EeKOHOMIUHI NOKA3HUKU SUPOOHUYMBA 6 pe3yIbmami 3HUNCEHHA 6apmocmi GUXIOHOI cupoguHu il 30inbuleHHs peHmabenrbHOCmi
B8UPOOHUYMBA NPOOYKYIT, HALOILILUL PAYIOHAILHO GUKOPUCTIOBYEAMU M SICHY CUPOGUHY, 3HUSUMU GMPAMY MACU 20MOBUX NPOOYKMIE
nics MmexHono2iuHoi 00poOKu, nidguwumU 00CA2 BUNYCKY MA POUUPUMU ACOPMUMEHMU UCOKOSIKICHUX NPOOYKMIG XAPYY8AHHSI.
Knrouogi cnosa: nociueni manispabpuxamu, KoMnosuyiina cymiut; OOCHIONCEHHS; CUPOBUHA; 3PA30K, SKICMb; YOOCKOHANIEHHs
MmexHon0eii

PROSPECTS OF USING VEGETABLE RAW MATERIALS FOR ENRICHMENT OF
SEMI-FINISHED PRODUCTS

R. KUSHCH", 0. TOPCHII

Department of Meat and Meat Products Technology, student of the Department of Meat and Meat Products Technology, Kyiv,
UKRAINE

ABSTRACT The article presents the results of the study of the possibility of using the created composite mixture of flax, rice and
barley flour in the technology of cut semi-finished products. To achieve this goal, we studied the selected types of flour, substantiated
the ratio of components to create a mixture and investigated the quality of cut semi-finished products made using it. Study of
functional and technological properties of selected crops, necessary to assess the possibility of their use in meat systems. According
to the obtained data, the crushed seeds of all samples have high functional and technological properties. Protein complexes have a
sufficiently high hydrophilicity, which allows to form gels, form emulsions, absorb water and fats. High fat-retaining ability of
proteins provides gentle and homogeneous texture of products, excludes separation of fat, deformation of products, reduces losses
during heat treatment. The development of meat products containing plant proteins ensures the maximum use of animal and plant
resources, as well as contributes to the creation of recipes and technologies for balanced food. The improvement of technology is
offered and the range of cut semi-finished products with replacement of raw meat by hydrated composite mixture of flax, barley and
rice flour in the amount of 15-30% is expanded. The advanced technology of production of chopped semi-finished products differs in
that before mixing the composite mixture of flax, barley and rice flour is hydrated in water at a temperature of 10... 12 ° C
(hydromodule 1: 4) for 3... 5 minutes. A blend of vegetable oils is also prepared separately. Then the hydrated flour and a blend of
vegetable oils are served for the preparation of minced meat, followed by molding, breading and freezing according to traditional
technology. The use of non-meat protein food ingredients of plant origin can significantly increase the economic performance of
production by reducing the cost of raw materials and increase the profitability of production, the most rational use of raw meat,
reduce weight loss of finished products after processing, increase production and expand the range high quality food.

Keywords: chopped semi-finished products; composite mixture; research; raw materials; sample; development; improvement

Beryn PO3BUTOK 1 (PyHKIIOHYBAaHHS JIIOACBKOTO OpTaHi3My, €
HE3aMiHHMM JDKEpelIOM AaMiHOKHCIOT, BHKOHYE pPOJIb
OyaiBenbHOIO MaTepialy B IMpOILeCi PO3BUTKY KIITHH 1
oOmiHy peuyoBuH [1].

Ha choromHi axTyajabHUM 3alIUIIAETHCS MHTAHHS
MiIBUINEHHS  piBHA  OUIKOBOro  3a0e3leducHHS B
Xap4yBaHHI, a/pKke OIOK BIINOBIiZAE 3a HOPMAITLHUIMA
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3pocratounii piBeHb KHUTTS HACEICHHS, B YMOBax
nedinuty OULIKIB TBAPUHHOTO IOXOJKEHHS, 00YMOBHB
IHTCHCUBHUM PO3BUTOK TEXHOJOTII M'SCOMPOIYKTIB,
3aBJSIKM ONTUMAaIbHOMY KOMOIHYBaHHIO SIK M'SICHUX, TaK 1
HeM'siCHUX (Hacamriepell pOCIMHHHX) OLTIOKBMICHHX
XapuOBHUX KOMIOHEHTIB JJIsl OZICP)KaHHSI BUCOKOSIKICHUX 1
010JIOT19YHO TTOBHOIIIHHUX BUPOOiB [2].

Takuii HampsiM TOTpeOye pO3pOOKH TEXHONOTIH
3a3HaYCHUX IHTPE/TiEHTIB, TOCIIIDKEHHS X
(HyHKIIOHATFHIX BIACTUBOCTEH 1 MEXaHI3MIB B3a€EMOII 3
MICHUMH CHCTEMaMH, CKJIQJAHHS PELenTyp M'ACHHX 1
M'SICOMICTKAX TPOAYKTIB, IO BKIIOYAIOTh IHTPEHI€HTH
POCIMHHOTO TIOXOKEHHS 3 BHCOKHM BMICTOM OiJKa,
po3pobku TexHoJorii Ta crmocobiB ix BHeceHHS [3.4].
3acTtocyBaHHSI HEM'SICHIX OiIKOBHX Xap4YOBUX
IHTPEIEHTIB POCIMHHOTO TIOXO/PKEHHS JO3BOJISIE 1ICTOTHO
MiABUIIUTA EKOHOMIYHI IOKAa3HWKH BHPOOHHIITBA B
pe3ysbTaTi 3HIKEHHS BapTOCTI BHXINHOI CHPOBHHH W
30UIBIIEHHS PEHTa0EIbHOCTI BHPOOHHUITBA TMPOAYKIIT,
HalOUIBII  palioHaTbHO  BHUKOPHUCTOBYBAaTH  M'SCHY
CHPOBHUHY, 3HU3UTH BTPATy Macu rOTOBUX BUPOOIB MicCiIs
TEXHOJIOTIYHOT 00pOOKH, MIABUIMUTH OOCAT BUIYCKY Ta
PO3LIMPUTH ACOPTHMEHTH BHCOKOSKICHHX HPOIYKTiB
Xap4yyBaHHS.

[lepCrieKTUBHOIO € MOXKJIMBICTH BHUKOPHCTAaHHS B
CKJIaai M'SICHHX 1 M'SICOMICTKHX TIPOAYKTIB 3E€PHOBUX
KyJIbTYp 3aBASKH iX BHCOKIH XapyoBii I[IHHOCTI W
(YHKI[IOHAJIbHO-TEXHOJNOTIYHUM  BiacTUBOCTsM.  LIi
KyJIbTYpH € JDKEPEIOM XapuyOBHX BOJIOKOH 1 3HAYHOIO
MIpOI0 CIPHSIOTH MiABHIIEHHIO OIIPHOCTI OpraHizmy
JIOAWHM  IOKJIMBOMY  BIUIMBY  HAaBKOJMIIHBOTO
ceperoBumia [5]. 3epHO MICTHTh Mai)ke BCi OCHOBHI
PEYOBUHH, HEOOXINHI T HOPMAJIBHOI JKUTTEIISITEHOCTI
moanHd. Binomo, mo OGopomHo i3 3epHa KpyH'SHHX

KyJIbTYp  BOJIOJIE  BHCOKONOXHBHMUMH  (hi3iojoro-
610XIMIYHIMH BIIACTUBOCTSAMH.
ToMy, yIOCKOHAJIEHHS TEXHOJOTii TOCIYeHHUX

HamiBGaOpHKaTiB 3 BHKOPHUCTAHHAM KOMITO3UIIHHAX
CYMIIIIEH JUISHOTO, STYMIHHOTO Ta PUCOBOIO OOPOIIIHA ISt
PO3MLIMPEHHsSI AaCOPTUMEHTY MOBHOLIHHUX IPOIYKTIiB
Xap4yBaHHs HA M’SCHIIl OCHOBI 3aJIMIIIAE€THCS AKTyaIbHIM
HaIpsIMOM.

Meta po6oTun

Metoro po6OTH OyJI0 CTBOPCHHS KOMITO3HIIIHHOT
CyMIII JUISSHOTO, SYMIHHOTO Ta PHCOBOrO OOpOIIIHA;
PO3IIMPEHHS ACOPTUMEHTY Ta YIOCKOHAJICHHS TE€XHOJIOTIT
rociueHnx HaniB(aOpHKarTiB i3 1T BUKOPUCTaHHSIM.

BinmoBinHO 10 mOCTaBIEHOT METH MPOAHATII30BAHO
(i3uKO-XiIMIUHI BJIACTHBOCTI Ta aMiHOKHCIOTHHH CKJIaJ
JUISSHOTO, STYMIHHOTO, PHCOBOTO OOpPOIITHA, OOTPYHTOBAHO
iX BHOIp A7 CTBOPEHHS KOMITO3HMILINHHUX CyMillei;
PO3po0IeHO penenTypH MocideHnx HamiB(haOpHuKaTiB Ta
MIPOBEACHO OLIHKY BIUIMBY KOMIIO3HIIHHUX CyMilled Ha
SIKICHI TTOKa3HUKH 1 0e3MeKy TOTOBHUX BUPOOIB.

BukJjag 0cHOBHOTO MaTepiaJy

Jlo mpoxaykTiB  (QyHKLIIOHAIBHOTO Xap4yyBaHHS
BIJJTHOCATBHCSI TPOAYKTH 13 3aJlaHUMH BJIACTUBOCTSIMU B

3aJISKHOCTI BiJl METH iX 3aCTOCYBaHHS. B ocHOBHOMY 1€
3MEHIIEHHS a00 30UIbIICHHS YacTKM BH3HAYCHMX
CKJIaMOBHX DKi (OlKa, aMiHOKHMCJIOT, JIIAIB, BiTaMiHiB,
MIKpO- 1 MaKpOEJIEMEHTIB, XapuOBHX BOJIOKOH 1 T. 11.) [6].
Haii6inpir akTyadbHUMH TpoOJieMaMH B XapyyBaHHI

HaceleHHS YkpaiHu € gedinuT OinKy, HecTada
MIKpOHYTpPIi€HTIB  (BiTaMiHIB, MiHEpaJlbHUX pPEYOBHH,
MOJTIHEHACUYEHHUX KUPHUAX KHCJIOT TOWIO),

He30aIaHCOBaHICTh PaIlioHy 32 OCHOBHUMH Xap4OBHUMH
PEYOBHHAMHE Ta CHEPTIEO.
3a oCTaHHI POKH 3HAYHO PO3IIMPUBCS ACOPTHMEHT

M'SICHHX MIPOJYKTIB, y peuentypi SKUX
BUKOPHUCTOBYIOTbCS ~ Pi3HI  IHTPEHI€EHTH  HEM'SCHOTO
MOXOKSHHSL.

Buxopucranas B TexHOJOTII KOMOiIHOBaHHX
MSICHUX BHPOOIB TPOAYKTIB MEPEepOOKH 3epHOBUX
KyJIbTYp, sKi 3a0e3Ne4yyloTh BHCOKY XapuoBy U

OloNnoriuHy WiHHICTH BHPOOY, CHPUSIOTH MiIBUILEHHIO
THYYKOCTI  pelenTyp, CTiHkoMy ¥ piBHOMipHOMY
posmofily iHTpedieHTiB, MiHIMi3alii BTpaT y mporeci
BUPOOHHIITBA, 110, B OCTATOYHOMY IiJICYMKY, ITPUBOJUTH
IO CTBOPEHHS IMPOAYKTY CTa0IIBHOI SKOCTi [7].

JInsae OopoirHo, K (GYHKIIOHATHHUNA KOMIIOHEHT,
BBOAWTECS B  PEHENTYpPH M'SICHHX Ta M'SCOMICTKHX
MpoAyKTiB. BOoHO XapakTepn3yeThCsi BHCOKHM BMiCTOM
Oinka, TpHWBaIMM TEpPMiHOM 30epiraHHs, MOJIMIICHUMH
CMaKOBHUMH SIKOCTsIMU [8,9].

Y cknmami HAciHHA JIbOHY BHSIBICHO 3HAYHY
KUTBKICTh Oinka (0mu3bko 25 %), xupy (30-48 %), sxe
Mictuth 35-45 % ruinepuaiB JTiHOJIEHOBOI KHUCIOTH, 25-
35 % ninoneoi, 15-20 % oneiHOBOT KMCIOT Ta HE3HAYHY
KUTBKICTh TJIICPUIIB MaJbMITHHOBOI Ta CTCaPUHOBOL
KHCJIOT. Y HaCiHHI JIbOHY MICTATBCS TPH BUAU IIHHUX
MOJTIHEHACHYCHHX KUPHHUX KHCIOT (0 -3, ® -6 1 ® -9), mo
B TPH pa3u Oijplie, HiX B pub'saomy xupi [10].

OpHi€ro 3 HAOUTBII MOMYNSIPHAX B CBiTI W IPYTii
KyJNbTypi IO 00CATY BUPOOHHUIITBA 3€pHOBHX € KpyTa 3
pucy. PucoBe 3epHO MicTUTh MOBHOIIHHHN Oinok (7-
10%), kpoxmaib (66-70%) [11].

Binok pucy BiJIPI3HSETHCS rapHOIO
30aJIaHCOBAHICTIO aMIHOKMCIIOTHOTO CKiajay. Pucose
3€pHO MICTUTH TIOBHOLIHHMHA OUIOK 1 Mae€ BHCOKY
3MATHICTh /0 HaOpsIKaHHS 1[I0 BHKOPUCTOBYETHCS Y
BUPOOHHIITBI M’SICONPOIYKTIB /sl 3SMEHILICHHS BTpAT MpH
TEIUIOBiit 06pobmi [12].

HenocratHbo BUBUCHO MOXKIIMBICTh BUKOPHCTaHHS
Yy BHpPOOHUNTBI  M'SICHHX 1 M'SICOMICTKHX HPOIYKTIB
STIMIHHOTO OOpOIINHO, XO4Ya SUMIHb - OJIHA i3 IIMPOKO
PO3MOBCIOKEHHUX CLITBCHKOTOCIIONAPCHKIX KYNIBTYp. BiH
Mac JOCHThL 30anaHCOBaHWM XiMIYHWH CKiaj, OaraTuil
Bitaminamu (PP, E, K, rpynu B) 1 wmiHepansHuMHu
pEYOBHHAMMU. Suminb MICTHTh BaXITUBI o
aMIHOKHCJIOTHOMY CKJIay OUTKM (He 30a7aHCOBaHI JIUIIC
IO JII3MHY U TPEoHiHy), OaraTuii akTHBHUMH (pepMEHTaMU
(aminaza, mporeasa, mepokcuaaza). Jlimigw SYMEHIO
MICTATh 3HAa4Hy KUIBKICTH ~HEHACHYEHUX  KHUPHHX
kucnor [13].
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OO0roBopeHHs1 pe3yJbTaTiB

VY TEeXHONOTiYHIA MPaKTHUI OCOOIMBO BAXKIUBY
poOJib  Bifirpae peoJIOTIYHA  BIACTUBICTh  OUIKOBHX
HpenapariB - CTPyKTypoyTBOopeHHs. Bci Oinku i OinKoBi
NPONYKTH MalOTh B Tid YM IHIIKA Mipi 37aTHICTH
«3B'A3yBaHHS» BOAM. Tak SK OUIKOBI  MOJIEKYJIH
KOHIIEHTPATIB 1 130JIATIB MICTSTh €KCHOHOBaHI MOJISIPHI
OiYHI JIAHIFOTHM, TO BOHU CXWJIBHI IOTJIMHATH BOJY |1
3aTpUMyBaTd 1 B TOTOBHX M'SICHHX MNPOIYKTaX.
YTpuMaHHA BOJOTH OUIKAMH € Iy)X€ BAXIUBHM
(axTopoM i 30epekeHHS SKOCTI 00poOIeHOT M’SICHOL
CHCTEMH.

3HayHa KIUIBKICTh OlgKa, SKHHI MICTHTBECI B
JUITHOMY, PHUCOBOMY Ta SYMIHHOMY OODOINHi, J0O3BOJISE
BUKOPHCTOBYBaTH JaHUH MPOIYKT SIK JTOOABKYy Yy M'SCHi
BUPOOHM JJIS1 MiIBUIIEHHS Xap40BOi IHHOCTI MPOJYKTY.

Ha ocHOBI po3paxyHKOBOTO METOMY CKJIaJeHO
HaCTyNHI peUeNnTypH CyMilll JUITHOTO, PHUCOBOTO Ta
SIIMIHHOTO OOpOIIHA B CITiBBIJHOIICHHI HABEJICHOMY B
Tabm. 1.

Tabmums 1 — Penentypy KOMITO3UIIHHOT CyMirTi

. . Bwmict
Bwmicrt Bwmicrt
. PHCOBOTO
3pasku JIUISTHOTO SIIMIHHOTO
o o 6opomiHa,
6oporHa, % 6opomrHa, % o
(1)
Nel 20 40 40
Ne2 40 20 40
No3 40 40 20
ITigBuIeHHS (HYHKITIOHAITBEHOT BJIACTUBOCTI

HACIHHS MPOBOAMIM IIUIAXOM IOJPIOHEHHS CHPOBUHH.
Po3mipu yacTuH noapiOHEHOT CUPOBWHM 3HAXOAMINCS B
nmianaszoni 800 - 350 mxm. HaiiOunbiie 3nauenns BY3 Tta
KVY3 MaroTh 3pa3ku 3 HaWOUIbII BHCOKMM CTYIEHEM
monpiOHeHHs. [Ipu moapiOHeHHI 10 BenmmuauHA 350 MKM
BVY3 cranoButs 4,35 r H,O/r, MakcuMmanbHe 3HAYCHHS
KY3-2,35 rxupy/r.

3 MeTO BCTaHOBJCHHS ONTUMAIBGHHX YMOB
MATOTOBKA KOMIIO3WIIIHOT CyMilmi TNPHBOIMIN i1
rigpatamito 4 YaCcTHHaMH BOJM 1 BUTPUMYBAIU IPH
kiMHaTHIi Temneparypi 20 °C, BHM3HAuarouu B'S3KICTh
cucremu depe3 koxHi 10 xB. TpuBanicTh BUTPUMKH T'eITIO
npu temmnepatypi 20 °C moxna oOmexutn 30 xB, IO i
MIPUHHATO 33 ONTHMAJIbHI YMOBH, TaK SK B HOAAIBLIOMY
3MIITHEHHSI CTPYKTYpH He Bif0yBaocs.

BpaxoByroun, 10  KOMIIO3WIifHA  CyMmim
po3pobnena sk OaraToyHKIIOHaJIbHA, $Ka BIUIMBAE Ha
XapuoBy Ta OIONOTiYHY MLIHHICTH M'SCHMX TPOAYKTIB,
Oymno mocmimkeHo ii ximiuauil (Bojora-8-12%, Oimky —
20-24%, xupy - 2-4% ), aMiHOKHUCIIOTHHH 1 BiTaMiHHUH
CKJIaJI.

OnHMM 3 HaHOIIBII BaXKIMBHMX IIOKAa3HHKIB, 3a
SKUM BU3HAYAIOTh MOJJIMBICTh BUKOPHCTaHHS OyIb-AKOi
Jn00aBkH, € ii OpraHoOJeNTHYHI BJIACTHBOCTI, 3yMOBIIEHI
0COOJIMBOCTSIMU ~ CKJIaay. [HrpemieHTH, SIKI HaJaloTh
BUpoOaM crenu¢piyHUi 3amax 1 CcMakK, a TakKoXK

HeOaXaHWH KOIip, HE MOXYTh OyTH BUKOPUCTaHI Yy
BUPOOHHMLTBI ~ M’ACHHX  TPOAYKTiB.  JlocmimkeHHs
MMOKa3ajd, 110  CMaKO-apOMaTH4YHI  OCOOJIHMBOCTI
KOMIIO3HIIIAHOT CyMillli, K 1 KOXHOro ii iHIpe/i€eHTa,
JIOCUTh BHPaXXCHi, MpOTE IpU TEBHIH KOHIIEHTpamii He

BIUIMBAIOTh Ha MOTiPIICHHS OPraHOJCHTUIHHUX
MMOKAa3HKUKIB TOTOBUX BUPOOIB.
Bigomo, )14 (0) OLIKHU HACIHHS 3JIAKOBUX

XapaKTePU3YIOThCS BUCOKHM BMICTOM 1 Pi3HOMAaHITHICTIO
HE3aMIiHHMX  aMiHOKHCIOT. JlochmipkeHHS — OiTOBHX
MPOAYKTIB OTPUMAHUX TIPH NepepoOICHHI SUMIHHOTO,
PHCOBOTO Ta JUITHOTO 3€pHA BHKIMKA€E 3alliKaBICHICTH
3aBIAKMA iX (PYHKIIIOHANBHUX BIACTUBOCTEH: BOJIOTO-,
KHPOYTPUMYIOUOi Ta eMYJIBIYIOUO01 31aTHOCTI.

[Ipore, xapuoBa IiHHICTH OiJKa BH3HAYAETHCS HE
TUIBKM ~ HAsBHICTIO B HBOMY BCIX  HE3aMIHHHX
aMIHOKHMCIIOT. binok Oyae mOBHOLIHHMM, SIKIIO BCI
aMIHOKHCJIOTH B HbOMY IIPEJCTABJICH] B ONTUMAIBHIHN U151
HOPMaJIBHOI JKUTTENISUIBHOCTI OpraHi3My KiJIBKOCTI 1
CHIBBiTHOIICHHI. Pe3ynbTaTH aMiHOKHCIOTHOTO CKOPY
JIOCHiHOT 0OaBKU HaBeIEHO Ha puc. .

180 4

160 X

140 1
120 1
100 1 W Mico xypsae
2 ToGarKa

£ [neansmmii 1ok

Puc.1 — Aminoxucnomnuii ckop (%) dobasku, Kypamunu
ma «i0eanvbHo2o OInKy»

JlimiTyro4oro aAMIHOKHCIIOTOIO Oinka
KOMIIO3HIIIAHOI CyMIIlli € JI3WH, II0 BJaCTHBO OljKam
oOpaHoro HacinHs. HiBentoBaHHS JaHOTO HEIOJTIKY
MOXIIMBE HIISIXOM KOMOIHYBaHHs 100aBKM 3 OijKamu
TBapUHHOTO MOXO/XKCHHS, 30KpeMa 3 M'ICOM KYPSATHHH.
B3aemHe  [ONOBHEHHS ~ aMiHOKHCIOTHOTO  CKJIaay
POCIMHHMX 1 TBapWHHUX OUIKIB JacTb MOJKJIMBICT
30araHcyBaTH OiIOK, HaOMH3WBIIN O10JOTIYHY IIHHICTH
KOMOIHOBaHNX NPOJYKTIB IO Takoi, IO BiANOBIgae
morpebaM oprafizmy.

BimkoBi pe4oBMHM ¥ KIITKOBHHA B CKJAIi
OOpoITHa ~ BOJOMIIOTH  BHCOKOIO  aJCcOpPOyIOUor0 i
BOJIOTO3B'I3yIOUOI0 3[IATHICTIO, 110 CIIPHSE MiJBUILECHHIO
IUIACTUYHOCTI (haplily, 34aTHOCTI CTBOPIOBAIHM OLIKOBO-
JKHPOBI eMYJIBCII. Kparumu [TOKa3HUKAMH
BOJIOTOYTPUMYIOUOT 3[1aTHOCTI Boiojie 3pasok Ne2 (Ha
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10,4% Bume 3pazka Ne3, ta 16% - 3pazka Nel), sxwuit
MIiCTUTbh MEHIIIEe SYMIHHOTO OOpOIITHA.
[IpaxkTryHa JOLTBHICTE 3aCTOCYBAHHS POCIUHHUAX

OUKIB ~ BHM3HAYa€TbCsi HE  TUIBKM  HEOOXIJTHICTIO
HiIBUILEHHS PIBHA CYMapHO CIIOKHBUOIO  OLUIKY,
NONIMIIEHHs  WOro  sIKOCTi, aue 1 HalpaBlIeHUM

pEryJIIOBaHHIM BJIACTUBOCTEH (hapIIeBoi CHUCTEMH, sKa
MICTHTb SIK M'SICO Ta 1 POCIMHHY CHPOBHHY.

[pn po3pooii peuentyp MOCIYeHHUX
HamiBGaOpUKaTiB  KepyBalliChb  HAasSBHICTIO  M’SICHOI
CHUpOBMHHOI  0a3W, MOCTYNHICTIO 1 EKOHOMIYHOIO
JMOUITBHICTIO BHKOPHCTaHHA TiApaTOBaHUX CyMimIei
JUITHOTO, SYMIHHOTO Ta  pHCOBOro OopomrHa 3
JOZIaBaHHAM KyNa)KOBaHUX POCIUHHUX OJIiH.

Po3zpobneno penentypu MOCIYeHUX
HamiBaOpuKaTiB Ha  OCHOBI M’sca  OTHLI 13
BUKODHCTaHHSIM  CyMilll  JUIHOTO, SYMIHHOTO — Ta
PHUCOBOTO OOpOIIHA, 110 BXOIWIN A0 CKIAAY B KiTBKOCTI
15...30 %. B sixocTi OCHOBHOI CHPOBHHH Y peLENTypax
MociyeHNx HamiBpaOpuKaTiB BHKOPHCTOBYBAIHM Kypsiie
M'siCO, SHIM Kypsadi, CyMIII TigpaTOBaHOTO JUISHOTO,
SAMIHHOTO Ta pucoBoro OopomHa. Jlama cupoBuHA
3abe3mnedye METHIHICTh MPOAYKTY, 30aIaHCOBY€E BHPOOH
32 aMIHOKHCJIOTHHUM CKIagoM. TakoX B pELenTypy
JOCTITHUX 3pa3KiB BXOAWMIIHN TaKi iIHTPEeNi€HTH, SIK MOPKBa,
nuOyna. BHeceHHA KynakoBaHOI POCIMHHOI — Odii
JI03BOJIsIE 30aJlaHCYBAaTH TPOAYKT 32 JKUPHOKUCIOTHHM
ckiaaoMm [14].

YaockoHaneHa TEXHOJIOT1s BHUPOOHHUIITBA
MociyeHnx HamiBQaOpuKaTiB BiAPI3HAETBCS THM, IO
JIOZIATKOBO Tepe] CKJIaJaHHSIM (apury KOMITO3ULIHHY
CYyMIlll JUISHOTO, SYMIHHOTO Ta PHCOBOrO OOpOIIHA
rigpatylotb y Boai Temmeparypoto 10...12° C vy
criBBigHOIICHH] 1:4 mpoTsrom 3...5 xB.

Crioyatky B KyTep HaJIMBAIOTh HEOOXimHY s
rigparariii 6opomrHa KiTbKiCTh BOAH, BHOCSATH OOPOIIHO i
KyTepyIoTh ImpoTsroM 3-5 xB. [lami rimpaToBane OOpOIIHO
MMOJIAI0Th Ha pUTOTyBaHHA (apury. Ha ocranHpOMYy eTarri
BHOCSTH JKMpOBY (pazy (Kymak pOCIMHHUX OJiH) Ta
eMYJBIYIOTh I1Ie¢ 3-5 XB 70 YTBOPCHHS OJHOPIIHOL
KOHCHUCTeHIIi. 3arajnbHUil 4ac KyTtepyBaHHs 6-10 XB.
[Micns mporo emysbcito oxonomkyoTs ao 10..12 °C.
@apm nociueHnx HamiB(aOpPHKATIB TOTYIOTH B MillIaJIli,
MOCITIJIOBHO B 4Yamly MIIIaJKKH BHOCSTH: OOBaJeHY,
KWJIOBaHY KypATHHY; IIJITOTOBIICHY E€MYJbCilO; SHII,
MOPKBY Ta IUOYIIIO; CUTh 1 CITEI] 1 MepeMilIyroTh 5-8 XB.
lotoBuit s ¢QopmyBanHs HamiBdaOpukaTie Gapia
3aBaHTAXYyeTbCI B OyHKep aBTOMaTy aist (hOpMyBaHHS
KOTJIET 3 HACTYITHUM MaHIPYBaHHAM Ta 3aMOPOKYBaHHSM.
Ha «kiHuneBoMy erami MpoBOJSTh TAaKyBaHHS — Ta
peaiizariio.

B  pesymbraTi  MIKpOOIONOTiYHMX  JOCHIIKECHB
BH3HAUCHO, IO BCi MOKAa3HUKH 3HAXOIATHCS B MeEXKax
HopMu, MAD®AHM Ha Tpuausry nody npu t = -18...-
20°C cranosuts 4,5 x 10* KVYO, mo nmiarsepmxye
0e3IeuHICTh IPOAYKTY.

[NopiBHANBHUIT aHANI3 OJEp)KaHUX pPE3YJIbTATIB
JI03BOJISIE 3pOOMTH BHCHOBOK, III0 BUPOOM 3 J10JjaBaHHIM
CyMilI JUITHOTO, SYMIHHOTO Ta PHCOBOTO OOpOIIHA,

BHTOTOBJICHI 32 HOBOIO TEXHOJIOTI€I0, MAlOTh Kpalli
OpraHOJIENTUYHI TOKa3HUKH, Hi’K KOHTPOJIb.

Hamniabpukaru 3 gojaBaHHSAM CyMIilll JUISHOTO,
SYMIHHOTO Ta PUCOBOTO OOpOIIHA BiJIPI3HSIOTHCS OLIBIN
BUP&XEHHUM M SICHUM CMaKOM, HIKHOIO KOHCHCTEHIIIEI0
Ta COKOBHUTICTIO, 100pe 30epiratoth Ghopmy.

BucHoBkH

B pesynbraTi AOCHIKEHHX OPTaHOJECNTHYHUX,

XIMITHIX Ta (HyHKIIOHATEHO-TEXHOIOT 19HIIX
BIACTUBOCTEH JUISHOTO, SYMIHHOIO Ta  PHCOBOTO
OoporrHa  po3pobIiIeHO KOMIO3UIIINHI  cymimi  uis
BUKOPUCTaHHS B perienTypax MOCIYEeHUX

HamiBpaOpuKaTiB 3 METOI0 MiABHINCHHA XapyoBOi Ta
010J10T4HOT I[IHHOCTI.

BceraHoBieHo, 1110 3aMiHa M'SICHOI CHPOBHHH, Ha
rizgpaToBaHi KOMIO3uliiHI cymimi (1:4), B KUIbKOCTI 10
30%, He 3HIKYE SKICHI TOKa3HUKU FOTOBUX BHPOOIB.

Bci  pospobneni peuentypu 30anaHCOBaHi 110
aMIHOKHCJIOTHOMY CKJIay, IO JIO3BOJISIE BiTHECTH IaHi
BAPOOW [0 TIOBHOLIHHUX TMPOAYKTIB Xap4UyBaHHSI.
BukopucranHs ~ KOMITO3HMIIWHOI  CyMilli  JUISHOTO,
STIMIHHOTO Ta PHCOBOTO OOpOINHA ISl YAOCKOHAIECHHS
TEXHOJIOTIi TOCiYeHnX HamiB(haOpUKaTIiB € JOUIBHUM,
OCKiNBbKH 3a0e3redye OTPHMaHHS MPOAYKTY 3 BHCOKOIO
XapuoBOK Ta OIOJIOTIYHOIO MIHHICTIO, IO J03BOJISIE
PO3LIMPHUTH aCOPTUMEHT MOCIueHHUX HammiB(haObpHKarTis.
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AHHOTALIUA B cmamve nagedeHo pe3yIbmam uccie008anus 603MOHCHOCU UCHOIb308AHUA CO30AHHOU KOMNO3UYUOHHOU cMecu
U3 JHAHOU, PUCOBOU U AYHEBOU MYKU 8 MeXHONo2UU cekywuxcsa noaygabpuxamos. s oocmudicenuss d2motl yeau usyuunu
6b1Opantble 8UObI MYKU, 0OOCHOBANU COOMHOUEHUE KOMNOHEHMO8 OJid CO30AHUs CMeCU U UCCIe008aNU KaiecmeenHble NOKA3ameny
CeKyWuxcs noaypabpuxamos u320moGIeHHbIX C ee UCNOAb306aHueM. H3yuenue QyHKYUOHATLHO-MEXHONOSUYECKUX CBOUCME
U3OPAHHBIX KYILMYP, HEOOXO0UMO Ol OYEHKU GO3MOMCHOCHU UX UCHONb306aHUA 8 MACHbIX cucmemax. Co2nacHo nonyyeHHviM
OaHHbIM USMeNbUEHHble ceMena ecex 06pasyos 001a0am eblCOKUMU PYHKYUOHATbHO-MEeXHON02uYecKuMu ceolicmeamu. benkosvie
KOMNJIEKCHl UMEIOM OOCMAMOYHO BbICOKYIO 2UOPOPUILHOCHb, UYMO HO360JAEN (HOpMUPOsams 2eiu, 00paA306bI8aAmb IMYAbCUl,
noznowjams 800y u ducupsl. Buicoxas scupoydepaicusaiowas cnocobnocms b6eikog obecneuugaem HeiCcHyI0 U 00HOPOOHYIO MeKCImypy
u3Oenutl, UCKIOYaem omoeneHue Heupa, oepopmayuro u3oenuil, ymenviuaem nomepu npu mepmoobpabomre. Paspabomka msachvix
npooykmos, Komopuie codepiicam pacmumenvhvle Oenku, obecneuusaem MaKCUMAIbHOE UCNOIb306AHUE JHCUBOMHBIX U
PACMUmMenbHuIX pecypcos, a makice cnocoocmayem co30anHuio peyenmyp u mexHoa02uti oayYeHus. cOanancupo8aHHblX nPOOYKmos
numanusa. TIpeonoodiceno ycosepuieHcmeosanue mexHoN02Ul U pacuuper acCopmuMenm CeKyWuxcs nomygadpukamos ¢ 3ameHou
MACHO20 CbIPbs HA 2UOPAMUPOSAHHYIO KOMNOZUYUOHHYIO CMECb JIbHAHOU, SIYHe8OU U pucosoti mMyku 6 kxoauuecmee 15-30%.
Ycosepwencmeosannas mexnonozus npouse00Cmea CEeKyWuxcs nonygadpukamos omauiaemcs: mem, ymo OONOIHUMENbHO Nnepeo
nepemeuueanis KOMROSUYUOHHYIO CMeCh NbHAHOU, AUMEHHOU U PUCO8OU MYKU suopamupyiom 8 6ode memnepamypoui 10 ... 12 ° C
(cudpomooyne 1: 4) 6 meuenue 3 ... 5 mun. Takowce omoenbHO 20MOBUMC KYRAXC pacmumenvHulx macel. [lanee euopamuposanyio
MYKY U KYRAdiC pacmumenbHulX Maceil nooaiom Hda npuzomosnenue @apuid, ¢ nociedyiowum Gopmuposarnuem, naHuposKkou u
3amopadcusanuem no mpaouyuonnou mexvono2uu. IIpumenenue HeMACHLIX 0EIKOGbIX NUUEBLIX UHSPEOUCHMO8 PACMUMENbHOO
NPOUCXOIICOEHUs NO3GOAEN CYWECMBEHHO NOBbICUMb IKOHOMUYECKUe NOKA3Amenu npouseo0Ccmea 6 pe3yibmame CHUIICEHUs
CMOUMOCIU UCXOOHO20 CbIDbA U YeenuyeHue peHmaderbHOCmU NPOU3600Cmea NPpoOYKyuU, Haubonee payuoHaibHo UCHONb306aNb
MACHOE Cbipbe, CHUZUMb NOMEPIO MACChl 20MOBbIX NPOOYKIOE NOCIe MEXHOI02UYECKOU 00padomKy, nosbicums 00beM BbINYCKA U
pacuupums accopmumerm 6blCOKOKA4ECMEEHHbIX NPOOYKIMOG NUMAHUA.

Knioueevie cnosa: pybnennvie nonygabpuxamel, KOMNOSUYUOHHAS CMeCb, ucciledoganue; cwipve;, obpasey, paspabomxa;
yCo8epuleHCmME08aHUs
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JOCJAIKEHHA EKCILTYATAIIHHUX XAPAKTEPUCTHUK TEILIOBUX ITEYEN
TP BUPOBHULTBI OIITUYHOI'O TA CIHHEHIAJIBHOI'O ®JIOAT CTEKOJI

JI. B. IETPOB"", JI. 1. BPAT'THA’, C. M. AIIIbKHI, C. O. PABIHIH'

! kagheopa mexnonozii kepamixu, 6oenempueis, ckna ma emaneti, Hayionanonuti mexniunuil yrnieepcumem «Xapkiecokuil
noaimexHiuHul incmumympy, M. Xapxie, VKPAIHA

2 I «JTucuuancokuti ckasHuii 3a600», M. Jlucuuancok, VKPAIHA
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AHOTALIA Iloxkasana axkmyanvHicmb OOCHIONCEHHA — eKCHIAYAMAYilHUX XApakmepucmux 60ZHEempUsKUx mamepianie ma
KOHCMPYKMUBHUX  0COOAUBOCHEll MENI08UxX azpecamié npu BUPOOHUYMEI ONMUYHO20 MA CHeyiamrbHo2o  PIoaAm-CmeKoil.
Ilpoananizoeano cyyacHuil cmau Menio6UX DPedCUMIE GAHHUX U Pe2eHepamusHuUxX OOHO2OPUIKOBUX nedell ma ICHYIUi Memoou
BUSHAUEHHS IX CIaOKux 8y3/1i6 npu 63acMo0ii po3niaeie CKia 3 60cHempugekumu gymepiekamu. /s ybo2o 0Y10 GUKOPUCTNAHO
Haticyyachiwe OiaeHocmuune 001a0HanHA. Bcmawnosneno xapaxmep pylinyeanns 6a00eneimo-KopyHOOSUX 60CHEMPUBIe Y
CK08apHOI newi npu UPOOHUYMSI AUCMOB020 Proam-cKia 3a 00820MPUGAUll Nepioo I3 GUKOPUCMAHHAM NempocpaAdiuHuX
docnidocenv. Haseoeno oodepoicani cmamucmuuni Oaui w000 GNAUSY PIHUX MUNIE CUPOSUHU, WO 6X00ums 00 CKIAOY
BUXIOHUX wuxm, HA Qi3uuHe DYUHYBAHHA NOBEPXHI 60cHeMpUsis. I3 ypaxysawmam 3MiHU CKIA0Yy CMeEKON y pe3yavmami iXHboi
83a€MO0Ii 3 NOBEPXHEI0  BOZHEMPUGIE  3aNPONOHOBAHO  MAMEMAmMuyHe KOPe2y8awHsA Mmunmy ma 6Micmy  CUPOSUHHUX
KOMNOHEeHmi8 011 OMPUMAHHS CKIA BUCOKOI AKOCMI 3 HeOoOXIOHUMU eKCNIYAMmAayiuHuMu ma ONMUYHUMU RAPAMEempPaMU.
Jlokazano eadxciusicmv  ypaxyeawHsa OONYCKI6@ HA MeNnio8e pPOWUPEHHs Npu  KANImaibHOMY PEeMOHMI peceHepamueHoi
2copuikosoi neui. Busigneno ennue xody Noaym sHO20 NOMOKY HA e@eKkmueHicmbs pobomu neui, HaA OCHOGL 4020 nepepodNeHO
KOHCMPYKMUG 2a306ux 6IiKoH. Jlocniodceno 3anedscHocmi Koposii cmin eapuibHo2o 6acetiny 6i0 memnepamypu 6 Haubiibiu
azpecusHux 30HAX GaHHOi neui. BusnaueHo OCHOGHI munu ONMUYHUX CMEKON 34 XIMIYHUM CKIAOOM, SKI € Haubinbu
azpecusHUMU 00 NIYHO2O cepedosuwd. Y 363Ky 3 GNIUBOM HA Xapakmep PYUHYBAHHS BOZHEMPUGIE CKIA 8 3ANeICHOCMI B0
11020 XIMIYHO20 CKIAOY, 6CMAHOBIEHO HeOOXiOHe DO3IMIileHHA MeMNepamypHux Oamuyuxie Oisi KOPeKMHO20 aHANi3y Meniosux
HABAHMANCEHb HA 802HempUsKi mamepianu. 30iticheHo MoOugikayito peceHepamopHoi 20puiko8oi neui Oid epexkmueHozo ma
EeKOHOMIUH020 6upobHUymea ckia. Hasedeno pesyrvmamu npomMuciogux 6unpoOyeaHv ma 6NPOBAOIHCEHHS PO3POONEHUX
Memooie BUPOOHUYMBA BUCOKOAKICHUX ONMUYHO20 MA CHEYIidIbHO20 (HLoam-cmeKon i3 YPAaxyeaHAM NIOGUWEHHS MEPMIHY
excnayamayii. Busnaueno nepcnexmu6Hi HanpsaMKu po3eumky OaHOi memMamuxi.

Knrwouosi cnoea: onmuyne ckno; cneyianvhe Groam-ckno; pecenepamueHi neyi; MeXHONO02IYHI pedcumMu  BUPOOHUYMBA;
eKCHIyamayitiii 61ACMuU80Cmi 602HEMPUBI8;, KePAMIUHI EMHOCMI, OCBIMIEHHS MA 20MO2EHI3AYifA, NPOMUCIO8A 0iacHOCTUKA

INVESTIGATION OF OPERATIONAL CHARACTERISTICS OF FURNACES FOR
OPTICAL AND SPECIAL FLOAT GLASSES PRODUCTION

D. PETROV', L. BRAGINA', S. YAITSKY*, S. RYABININ'

»

! Department of ceramic, refractories, glass and enamels technology, National Technical University “Kharkiv Politechnic Institute”,
Kharkiv, UKRAINE
2 SE Lisichansky glass factory, Lisichansk, UKRAINE

ABSTRACT The relevance of the study of the performance characteristics of refractory materials and the constructive
features of thermal units the design in the production of optical and special float glasses was shown. The current state of
the thermal regimes of baths and regenerative furnaces and the existing methods for determining the weak nodes of
thermal furnaces were analyzed. For this goal the modern diagnostic equipment was used. The nature of the destruction
of baddeleyite-corundum refractories of a glass-melting furnace during the production of sheet float glass for a long time
has been established by using the results of petrographic studies. Statistical data on the influence of raw materials which
are part of the source charges on the physical destruction of the refractory surface are presented. It was found that the
composition of the glass affects the nature of the destruction of refractory materials. The importance of taking into
account the tolerances for thermal expansion during the overhaul of a regenerative pot furnace has been proved. The
influence of flame flow on the efficiency of the furnace is revealed. For this aim the design of the gas windows has been
redesigned. The dependences of the corrosion of the bath walls on temperature in the most aggressive zones of the bath
furnace have been investigated. The main types of optical glasses by chemical composition, which are the most aggressive
to the furnace environment, were determined. In addition to the chemical composition of glass, technological modes of its
production are also important. An important point is the placement of temperature sensors for the correct analysis of
thermal loads on refractory materials. Modification of the regenerative furnace was carried out for further efficient and
economical glass production. The results of industrial tests and implementation of the developed methods for the
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production of high-quality optical and special float glasses, taking into account the increased service life were presented.
The main and perspective directions for the development of this topic have been determined.

Keywords: optical glass; special float-glass; regenerative furnaces; technological modes of production; operational properties of
refractories; ceramic containers, fining and homogenization, industrial diagnostics

Beryn

BupoOHUIITBO ONTHYHOTO CKJIA, SIK 1 CHENialbHOTO
¢noar-ckia, € TPUBAIMM TPYAOMICTKUM MPOLIECOM, IO
SIKOTO BHCYBA€TBCS PAJ JKOPCTKHX BHMOr. ILli BuMorm
CTOCYIOTBCSl SIK YHCTOTH CHPOBHHHHX MaTepiaiiB Ta
peKHMiB  BHPOOHHWITBA, TaK 1 eKCIUIyaTaliitHuX
BIIACTUBOCTEH Iedel, B SKUX I CTEKJIA BHUPOOISIOTHCS
[1,2]. A BUpOOHUIITBA ONTHYHUX CTEKOJ 3aCTOCOBYIOTH
pereHepaTHBHI TOPIIKOBI Ta iHAYKIiMHI mewi [3], a mms
¢noar-crekon — BaHHI pereHepatuBHi [4]. Oguum i3
TOJIOBHUX (DaKTOpiB €(PEeKTUBHOCTI BUPOOHHIITBA CTEKOJ
i3 30epiraHHsM SKOCTI TpPOAYKIIi MiANPUEMCTBA €
BH3HAUCHHS EKCIUTyaTal[ifHUX MapaMeTpiB BOTHETPUBKUX
MaTepiajiB, a TaKOXX KOHCTPYKTHBHUX 0OCOONMBOCTEH
TEIUIOBHX TeUei.

OcobnuBe 3HaueHHS A 3a0e3MedYeHHS BHCOKOI
SIKOCTI CKJITHOT TPOAYKINT MAarOTh CKJIAJ, BIACTHBOCTI 1
CTaH BOTHETPHBIB, sKi IMepe0yBaloTh B 0€3MOCEPETHHOMY
KOHTAKTi 3 poOOYNMH CepeIOBHIaMH B CKJIOBapHill medi
abo B KkepamiuHiit emHOCTI [5].

Iopsin i3 BorHETpUBaMH, PO3TALMIOBAHUMH y 30HI
BapiHHS, BEJIMKUN BIUIMB Ha SIKICTh CKJIa Ma€ CKJaJHa
KOH(Irypaiis 3a3HaueHUX BHUPOOIB, OCOONUBO Yy
NPOAYKTHBHIA YaCTHHI, 10 SKHX MPEI SIBISAIOTHCS BHCOKI
BHMOTH $IK 32 €KCIUTyaTalliiHUMH XapaKTepUCTUKaM, TaK i
3a ¢opmoro i po3mipamu [6]. HailOunbln BakIHBa 3 IHUX
BHMOT — 3Ha4HA KOPO3iiiHa CTIHKICTh A0 pO3IIaBYy CKJa,
abo Tak 3BaHa CKJIOCTIMKICTb, 5IKa XapaKTepU3YETHCS
IIBUJKICTIO PO3YMHEHHS BOTHETPUBY B ckiomaci [7].
Bona 3amexwutp Bim OaraTbox (akTopiB: XiMi4HOTO i
MiHEpaIbHOTO CKJIAAY 1 CTPYKTYpPHHUX OCOOIUBOCTEH
BOTHETPUBIB, XIMIYHOTO CKJIaJy Ta B S3KOCTI CKIIOMACH,
BEJIMUMHM ii TOBEPXHEBOI'O HATATY Ha Mexi 3
BOTHETPUBKOI (yTepiBKoO i T. 1. [8].

[Tpn BUPOOHHMITBI ONTHUYHOTO CKJIAa Mae Micue
pyHHYBaHHSI KEpaMiuHOT €MHOCTI Ta MILIaJIKH PO3ILIIABOM
ckna. OCKUIBbKM TakKi CTeKJIa MaroTh HIMPOKUH CIIEKTp
MapoK 3a CBOIM XIMIYHUM CKJIAJOM (CBHHIICBI, CHIIIKATHI,
¢docdarHi Ta iH.), HACNIAKM Ta XapakTep pyHHyBaHHS
TakoX Moxe Oytu pisHuM. lle Takox mOB’s3aHO i3
OCOOIMBOCTSIMH TEXHOJIOTII iX BuUpoOHHUITBA [9]. Bei mi
(akTOpH BIUIMBAIOTH SK HA SIKICTh CKJIA, TaK 1 CTPOK
excruryartarii medi. Takok Ba)XIMBOIO IIPOOIEMOIO €

BIIOCKOHAJICHHS ~ KOHCTPYKTHBY  Ta  MOZEpHi3allis
pereHepaTHMBHUX  TOPIIKOBHX  MeYeW  Juis  OLIbII
edekTuBHOTrO iX Bukopucranus [10].

TakuM  YHMHOM, TEXHOJIOTISI ONTHYHOTO Ta

CHCIIAaTBHOTO (PIIOAT-CKJIa CKJIAAEThes 13  0araTbox
eTaIlB Ta 3aJISKUTh Bijl 6aratbox (akTopiB it mapamerpis,
OMHUMHU 3 SIKHX € XapaKTePUCTUKH BOTHETPUBKUX
MaTepiaiiB — roJOBHOI CKJIaJI0BOT KOHCTPYKTHBIB MEUEH.
Onmnak y 0araThOX BHUIMAJKaX HE BPAXOBYETHCSA TXHE
3HOIIYBaHHS BHACIIIOK B3a€MOJII 3 PO3IIIIABOM CKJIa, SKE

CYTTEBO BIUIMBAE€ Ha YacTKOBY 3MiHY XIMIYHOTO CKJIaiy
CKJIa, a TAKOXK Ha JIOBrOTPUBAIICTh POOOTH MEUEH.

Meta podoTu

Mera poboTu momsrana y  JOCHIDKEHHS
eKCIUTyaTalli HHIX XapaKTEePUCTHK BOTHETPUBIB
CKJIOBApHHUX Teuell aisi MOJEepHi3allii TeXHOJIOTIYHUX
pPeXHMIB Ta B KIHIEBOMY IIACYMKYy — 30LUIbIIEHHIO

CTPOKY MPHUIATHOCTI TEIUIOBHX arperaris 31 30epeskeHHIM
SIKOCTI CKJIa.

OcHOBHI pe3yJIbTaTH Ta iX 00roBOPEeHHS

Bupoonuymeo cneuianvnozo ¢groam-ckna. B
peaJbHUX YMOBaX HaMOUIBII BPa3IMBUMHM J0 PyHHYBaHHS
€ OKpeMi eIeMEeHTH KJIaJK{ CKJIOBapHOI BaHHOI IIedi.
IMpakThka iX eKCIUIyaTarii CBITYUTH, IO IO BKa3aHUX
€JIEMEHTIB BIIHOCATHCS: TOJOBHE CKJICIHIHHA, BIECTH
MANBHUKIB, MiIBICHI CTIHM MPOAYKTHBHOI YaCTHHU IIEYi,
CKJICTIIHHS pereHepaTopiB; MepUMETp KOH(POPKH i JHO
Oaceliny; HacaKu  pereHeparopy. BpasnuBumu
JIUIBHHULSIME BapwIbHOI YaCTHHH € TOJIOBHE CKJICTIiHHS
CKJIOBApHOI Iedi, MiABICHI CTIHM BapHIbHOI YaCTHHHU Ta
BT ropinku. OCHOBHOK TNPHYMHOIO KOPO3ii LUX
JIUTBHHLB € PE3yJIbTaT PO3NWIIOBAHHS Ta BUIIAPOBYBaHHS
IIMXTH, @ TaKOX TEpMIUYHE HaBaHTAXCHHS IIiA Mi€l0
momym’st [11]. TonoBHOIO mpoOIEMOI0 OOKOBHX CTiH
BapWIBHOI YaCTMHM € CWIbHa KOpO3is BHACIIIOK
arpecuBHOTO CEPEAOBHIIA, 10 YTBOPIOETHCS Ha Mexi (a3
ra3-CKjaopo3iuiaB. PyliHyBaHHS HacaJOK pereHeparopa
YTBOPIOETBCSI  BHACHIJOK BHCOKOTO  TEMIIEPATYPHOTO
HABaHTAXXCHHS, Pi3KOi 3MIHHM TeMIepaTryp Ta 3HAYHOTO
HAaBaHTAKEHHS B  pe3yjbTari 3MIHEHHS  OKHCHO-
BiTHOBHOT'O CEPEIOBHIIIA.

Y nanii poOOTI aHaii3 CTaHy BOTHETPUBKHX
MarepiaiiB KJIAJKU edi OyB MPOBEJCHUH 3 ypaxyBaHHIM
il XapaKTEepUCTHK, IMapaMeTpiB TEXHOJOTIYHOTO PEXHUMY
BapKM 1 KOHKPETHHX YMOB eKcIUTyartarii. Tum mewi —
pereHepaTHBHa, 3 IIONEPEYHHM HAIPSMKOM MOIYyM's;
npoxykTuBHICTE — 350 T ckinomacu Ha 100y; MajlMBO —
NIPUPOTHUN Ta3; KOoe(illieHT Ha/UIMIIKY MOBITpS — o =
1,02-1,05 B 30Hi 1-0i i 2-0i mapu nampHUKIB, o = 1,2-1,6 B
30HI 3-01 — 5-01 mapu MaNbHUKIB; MATOME BHUPOOJICHHS
cknomacu 3 1 M2 onamoBanbHOi YacTurM medi — 1950-
2000 kr/m2; MmakcumaiibHa Temreparypa — 1595-1600 °C.
Marepian CTiH BapuiIbHOTO OaceiiHy — IUIABJICHOJIMTI
Oaneneirosi BorueTpuBu bakop 33 i bakop 36. Marepian
MiZIBICHUX CTiH OaceifHy — Oakop i JUHAC, CKIICHIHHS —
JIMHAC, HAcaJIOK pereHepaTopa — LUPKOH, MEpUKIa3 i
XpOMOMarHe3it. |HTeHCHBHICTh HOBITPSHOTO 00 yBaHHS
30BHINIHIX CTiH BapuiibHOTO Gaceiiny — 0,9—1,0 m/c na 1
M KJIQ/IKH.

Jus mocmimkeHHs: Oyiu oOpaHi 3pa3ku 0aKOpOBUX
BOTHETPUBIB 3 TPHOX pI3HUX 30H CTiH BapWIBHOTO
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OacefiHy BaHHOI Tedi. BcraHoBimeHO, MmO mmichs il
MiBTOpapivHOl eKCIuTyaTaril BOTHETPUBHU CTIH
BapwibHOTrO OaceiiHy B HaMOLIbIIIN Mipi 3a3Hamu KOPO3ii
B 30HI MaKCHMaJbHHX TeMmIeparyp (4YerBepra mapa
MaJbHUKIB), 1€ BUXiJHAa ToBIIMHA Opyca 250 MM
sMmeHmmmiacs A0 100 MM, B MeHIIIHA Mipi MMiJ MEPUINM
BILOTOM HaJbHHUKA — J0 150 MM i 0 BCHOMY MEPUMETPY
koHpopku 10 160—-180 mm (puc.1).

3

3

=
N
(=)

I'mGuHa KOpO3il, MM
=
g 8

40

20

1350 1400 1450 1500 1550 1600

Temneparypa, °C

Puc. 1 —I'paghix 3anescnocmi koposii cmin 8apuibHo20o
bacetiny 8i0 memnepamypu 8 npOOYKMUGHIU 4aCmuHu
neui

Crnenngiuni 0co0aMBOCTI pyHHYBaHHS 0aKOPOBHX
BOTHETPHBIB TIJBICHUX CTiH NPOJYKTUBHOI YacTHHU
MPOSIBUJIMCS. B YTBOPEHHI IIOTY)KHOTO T'PaHUYHOI'O
peaxiiiiHoro miapy 3aBTOBIIKH ~ 20-30 MM BHACHiJIOK
arpecMBHOIO BIUIMBY JIETKMX KOMIIOHEHTIB MIMXTH 1
po3miaBy, OCOOJMBO B 30HI BapWJIBHOTO OaceiHy,

BIbOTaX  MaNbHHUKIB 1  Oe3mocepenHbo  —  BiX
3aBaHTAXYBAJIbHOI KuWIIeHI a0 3-i mapu mMajdbHUKIB
(puc. 2).

B iHIIMX CeKIisiX BHYTPIIIHS MOBEPXHS CKJICTIHHS
MPakTUYHO HE 3a3Hajia ICTOTHUX 3MiH, 32 BUHATKOM
OIJIABJICHHSI BOTHETPHMBIB HAa OKpeMHX nimsiHkax. Jlis
OUTBII  JETAJBHOTO  aHamily  OyJlno  MIpPOBEICHO

nierporpadiyHi JOCIiIKEHHS.

Puc. 2 — Po3’idanns po3niagom ckia noaicadnozo opyca
8apubHo20 baceuny: 1 — He3miHHA yacmuua
socHempugy,; 2 — po3 'ioeHa uacmuna 802Hempugy

i mocmimkeHas nokaszamu (puc. 3), oo B 3pa3kax
0aeneiTo-KOpYH/I0OBUX BOTHETPUBIB y IMPOLECI CITyKOu
YTBOPWJIMCSI ~ 30HM:  HaliMeHII  3MiHeHa, poOoua
(peakuiiiHa) i CKOpMHKA 31 CKJIa Ha TMOBEPXHI 3pa3KiB.

Hafimenin 3MiHeHa 30Ha 3pa3KiB  CKJIAIA€ThCS 3
TabJITYaTUX, CMYTOBUJIHHUX, YacTo cyOmnapaieabHUX
BUIJIEHD CIIUIBHOT KpUCTami3amii (3acturmuit

eBTEKTHYHUX pO3IUIaB) KOpPyHAYy 1 Oameneity pizHOL
JIOBXXHMHHU 1 MIMPUHH, & TAKOXK CKI0(a3H B MPOMIKKaX MK
0aeneiTo-KOpyH/IOBHUMH BHIICHHSIMH.

Puc. 3 — 3acanvna cmpyxmypa navimenui 3MiHeHOI 30HU
badeneima-kopynoosux 3paskis (1 — kopyno +
baodoeneim, 2 — cknogpaza, 3 — nopu ma mpinguru)

BamemeiT cmocrepiraeTeCsi Y  BHIVIALL  3€peH
(xpucramiB)  i3oMeTpu4HOi  (OKpyTJOi), BHUTATHYTOI
(oBanpHOI) 1 HenpaBUIbHOI (OPMH, PO3NOALICHUX Cepel
KOPOTKO-NIPU3MATUYHUX ¢ I30METPUYHMUX KPHUCTAIIB
kopyHay. Cxiodasza Oe3bapBHa 3 MOKa3HHKOM CBITJIO-
nepenommoBanHs N=1,500+1,510, 1m0 Takox Ma€e BUTIISA
MOJIOBXKEHNX CMYTOBUJIHHX BHOKpeMIieHb. Ilopu y
HaliMeHII 3MiHEHIH 30HI 130METPHUYHI HENPaBUILHOI
dopmMu B ckiodazi Ta y BHOKPEMIICHHSX CHUTBHOL
KpucTaiizanii (B JeKiibka MeHIIIH KinbkocTi). KoHTakTn
BCiX (a3 IIBHI, JIMIIE 3pifKka HAa KOHTaKTI ckinodasza —
OaneneiT+KopyH I BiA3HAYAIOTHCS TPIIMHU.

Bupoonuymeo onmuunozo ckna. 1'010BHUM
TEIUIOBUM arperatoM OaraTOTOHHa)KHOTO BHPOOHHIITBA
ONTHYHOTO CKJIa € TOPLIKOBA pereHepaTropHa Mid.
OcHoBHuMH 1i eneMeHTaMH € poOoua 30Ha Ta
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perenepatopu. Jlo po6o4oi 30HM BXOIATH: 3Bi, Kamepa
nedi, Kyxa (OrJsgoBe BIKHO) Ta 3arpy304HHH OTBIp.
BHyTpiuiHs yacTuHa poO040i 30HM BHKIAJIEHA 3 JMHACY,
OCKIJIbKM 1IeH Matepian Mae BeluKy TeruioBimmady [12].
Came 3aBIsKM eHeprii BUIPOMIHIOBaHHS BOTHETPHBY
BiIOYBa€ThCS HArpiB MIMXTH B KepamiyHid €MHOCTI.
lonoBHOIO  TIPHUYMHOIO — pYHHYBaHHS  BHYTPIIIHBOT
MIOBEPXHI AWHACY POOOYOi 30HHM € PO3MILIIOBAHHS IINXTH
iy vac ii 3acunku y ropiiok. IIpu Bapili KOnbOpoBUX Ta
CBHHIICBHX ONTHYHHX CTEKOJ pYHHYBaHHA IOBEPXHI
IMHACOBOI  IUIOIIMHM  MiABUINYEThCA.  JOTaTKOBHM
(bakTopoM pyIHYBaHHS € 3aJMIIKHA PO3IUIABY CKIOMACH,
0 3aJHUIIAIOThCA HA MEepeAHild CTIHII KaMmepH Ta BiKHi
KyXH M 9ac XanbMmyBaHHS [13]. PosnmimroBaHHS MHAXTH
TaKO)X € MPUYMHOI0 3MEHIIEHHS BIKOHHOTO IIPOXOXIY
pereHepaTopiB Ta pyiHaIii KOJOALIB, IO MPU3BOIUTH 10
smeHmenHss KKJ| rtemnoBoi mewi npu i TpuBamii
excruryaranii. [Ipu Takux ymoBax Ta BUIBHOMY BHIIBOTI
BiJIIPanbOBaHOTO IOJYM sl TAKOK Mae Micle MepioJuyHe
pyHHYBaHHSI TepMomnap, IO NPHU3BOAUTH 10 TEXHIYHOL
TPYIHOIIIB TiJ 4Yac BUPOOHHWITBA Ta HE3HAYHOTO
30UIBIICHAS COOIBAPTOCTI KIHIEBOI MPOMYKINi. AHai3
CTaHy BOTHETPHUBKHX MarepialiB KJIagkd Tiedi OyB
MIPOBEACHUI icns KaIliTAIbHOTO PEMOHTY
OTHOTOPIIKOBOI PETeHEePATHBHOI IeYi 3 ypaxyBaHHIM ii
XapaKTepUCTHK, MJAHUX TEXHOJOTIYHOTO pEeXHMYy i
KOHKPETHUX YMOB ekciutyaTaumii. TepmiH ekcruryaTamii
CKJaB 3 POKH.

JocinimkeHHs cTaHy BOTHETPUBIB TOPIIKOBOI meui
TTiCIIsl TPUBAJIOl eKCIUTyaTalii MaloTh CBOI OCOOJIMBOCTI.
Tak, anami3 mokasas, O HAHOLIBII YPaXKEHOI YACTUHOIO
BHUSBHMJIACH TEpPeNHSA CTiHKa pobodoi kamepu. Jlo
PYHHIBHUX HACTiJKiB NpH3BENa ONEparlist XaJbMyBaHHS,
0 3ajiMlIae Ha CTiHI 3aJMIIKH CKJIOPO3IUIaBY, THM
caMHUM CTBOpIOIOYM arpecuBHe cepenosume. /st
BHpIIIEHHS TaHOI MpoOJIeMH NpH KalliTaTbHOMY PEMOHTI
niedi OyJI0 JOaTKOBO BCTAHOBJICHO 3aKHUCHY BOTHETPUBKY
Ty (puc. 4).

3 2
A
/ 1
I 7
5 i
\ "
4

Puc. 4 — Buo-cxema nepeonvoi cminku cK108apHoi neui i3

3axucroio naumoio (1 — xyxa, 2 — wamomHutl 3068HilUHiIl

Ppa0, 3 — ounacosuil GHympiwHii pso, 4 —3axucna nauma,
5 — cxnoposnias)

I'010BHOIO YMOBOIO BCTAHOBIEHHS TAKOI IUIUTH €
30epeeHHs BHCOTH OTBOPY M 3arpy3Kd KOBIIa i3
muxroo. TepMmiH ekciulyaTtanii Takoi IUIMTH HE €
TPUBAIMM, TOMY 3 T[I€BHOIO NEPIOAMYHICTIO BOHA
norpedye 3aminu. OnHAaK I TUIMTA 3aXUIIA€ MEPEIHI0
CTIHKY BiJ pyHHaIil CKJIOPO3IUIaBOM, IO 3HAYHO
MiIBUIIYyEe TepMiH poboTH camoi mewi. BusHadeHo, mio
0COONMBY 3arpo3y JJisi BOTHETPUBIB TiedUi CKJIAJAIOTh
crekna cucteMd R,O-PbO-SiO,. BupoOHHMITBO Takux
CTEKOJ CYNPOBOIDKYETHCS IHTCHCHBHHM  BHIUICHHIM
MIHHOTO IIapy Ha TOBEPXHI CKIOPO3INIaBYy IIJ dYac
OCBITJICHHS Ta TOMOTCHI3allil, KUl BUAAIAETHCS 3aBASIKU
XanbMyBaHHIO. JlomaTKoOBy 3arpo3y HeCyTb CTeKIa 3
6apBHuKamu Ty Mn,O3, CuO, CoO. 3arpo3a mossrae B
TOMY, II0 YaCTHHA MIUXTH, IO PO3MUIIIOETHCS, OCiIae Ha
3BOJIi Ta IPU HACTYITHOMY HaBapi CKJIa MOXKE IMOTPAIUTH
JI0 CKJIOPO3IUIaBy, THM CaMHM 3MIHIOIOYH HOTO ONMTHYHI
Ta  CHEKTPAJIbHI  XapakTepUCTHKU. Tomy  micis
BUPOOHHIITBA TaKUX CTEKOJ HEOOXITHO MPOBOIUTH
«TEpPMIYHUM IIOK» - 30UIbLIEHHS TEMIEpPaTypH Iedi
(Buman) mo 1550 °C. Ile cmpuse yCyHCHHIO 3aiiBHX
4acTOK  OapBHUKIB,  OJHAK  YacTKOBO  3HIKYE
eKCILTyaTaliifHi XapaKTePUCTUKH IUHACOBOTO 3BOLY.

Takoxx opHi€l0 3 TONOBHUX Tmpobiem Oyio
BUSBJIICHO IIOPYIIEHHS KOHCTPYKTHBHHX BHUMOT IIpU
CKJIaaHHI Tedi Wi Yac KamiTalbHOro peMOHTy. Taki
MOPYIIEHHSI TAaKOX MPU3BOIATH 10 YacTKOBOI pyHHarii
JIUHACOBOTO 3BOAY medyi. 1le 00yMOBIIOEThCS MOCTIHHUM
KOHTaKTOM i3  BIOKpUTHM noiym’sM. JlonaTtkoBy
CKJIQJHICTh CTAaHOBHTH HEBIAIOBIJHA T'€OMETPisl OTBOPIB
BUIbOTYy TosyM’s. [lpu i mopymeHHi Xix moiaym’s €
HECcTaOLTBHUM, IO TaKOX 3HWXKYE e(EeKTHBHICTh
TEIUIOBUX PEXHUMIB  BHpOOHHMITBA. ToMy BaXKIMBHM
MOMEHTOM € JOTPUMAaHHA BCIX T'€OMETPUYHHX Ta
KOHCTPYKTHBHHMX BHUMOT TIiJl Yac KalliTaIbHOTO PEMOHTY
meui (puc. 5). Ilimz wac 3akimageHHS apoK UIA
MPOXOKEHHS  Ta3oBoro monyM’ss 1 HeoOximHO

MOTPUMYBATHCh UiTKOI IIMPUHM, sika O Oyna mapainensHa
3BoAy Ta momy rmedi. OKpiM TOro, AMHACOBI KIUHH
MMOBMHHI OYyTH II[UIBHO MPHUTYJICHI OJWH OO OJHOTO IS
HEIOIMYIICHHS 1X BUIaIaHHs i1 Yac poOOTH Iedi.

Puc. 5 — Ocnosni emanu kanimanbHo2o pemoHmy
pezeHepamopHoi neui
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IIpn BukmamaHHi Tomy 2 TOBHHHI 30epiratucs
YiTKi JiaroHaji, OCKUIbKM X MOPYUICHHsS HpU3BEne 10
3MEHILEHHSI MIIHOCTI 3BoAy B MaiOyTtHbomy. [lpum
BUKJAMaHHI 3BOmy 3 Takok Tpeba BpaxoByBaTu
LEHTPOBKY OCEii OTBOpY MIIANKA Ta TMEepeTHHAHHS
nmiaronanei moxy. Ilpu 3MileHHI IEHTPY OTBOPY LIS
MilIaIKK BOHA PO3TALIOBYBATHMETHCS HE B LEHTPI
TOPIIKY 3i CKIIOPO3ILIABOM IIifl Yac MepeMilllyBaHHs, LIO €
OJHIEI0 3 TMPHYMH TMOTPAIUITHHA 3Bejded B 00°eM
ckiomacu. Takok HeoOXigHO 30epiraTh BHCOTY Ta
LIMPUHY OTBOPY 4 U1 3aBaHTaXCHHS KepaMi4HOI

€MHOCTI.
Ilig gac excruryararfii medi TakOX BaXKIUBHM €
TEeMIlepaTypa  pereHepaTopiB. BceranoBieHo, 1o

MATPUMAHHS IXHBOI TeMIepaTypHu y 30HI BHMipIOBaHHSI
i 9ac TEXHOJIOTIYHOIrO MPOCTOr y miamazoHi 350400
°C no3BoJisie 30UTBIIMTH TEPMIiH eKciutyaramnii nmevi. Taka
TeMIepaTypa  J03BOJIIE  MOCTIHHO  MIATPHUMYBATH
HEOOXIIHUH PIBEHb TATH Ha BUTSDKHY cucTteMy (-7 — -6 Kr
C/cm?). Takox 1s Temmeparypa 03BOJiS€ 30epiratu y
HaJIS)KHOMY CTaHi BCl BHYTPIIIHI pereHepaTopHi YaCcTHHH,
IO BUKJIAJAeHI 3 AuHacy. Ha mpakTwii noBeneHo, mio
HU3bKI  Temmeparypu (menme 250°C) B 30HI
pereHepaTopiB NPHU3BOAATH [0 pyHHANil JUHACOBHX
€JIEMEHTIB.

g 36epeskeHHsT poOOYOro CTaHy TepMoIap, IIo
BUMIPIOIOTh ~ TeMIIEpaTypy pereHepaTopiB, BOHH B
00OB’SI3KOBOMY ~ MOPSIIKY TOBUHHI OyTH  3axMIIeHi
KOPYH/ZIOBUMH 4YOXJIaMH, a iX BHMIpHa 4YacTHHA He
MOBMHHA OyTH Yy BigkpuToMy Tostym’i. Lle mpusBoanTh 110
30iIbIIEHHS  IHEpPIIMHOCTI BHUMIpIB, aje MOBHICTIO
30epirae ix craH.

BucHoBkH

TakuM YHHOM, TPW BHPOOHHITBI CIIELIATEHOTO

¢rnoar-ckma  HeoOXimHO  obmpatm OB AKiCHI
BOTHETPUBH, SKi O MicTHim MiHIMyM ckiodasu. Kpim
TOro, TmNpH OYAIBHULTBI  CKJIOBapHOi meul  ciix

3MEHIIUTH KUIBKICTh IIBIB, HE JOIYCKaTH 3ITKHEHHs
BOTHETPUBIB, 10 JaOTh MiX cO0OK 1 MpU B3aeMofil 3
pO3IIAaBOM  JICTKOIUIABKI ~ MAJIOB’SI3Ki  €BTCKTHKH, 1
YTBOPEHHSI APIOHMX TPIIIMH NPH BHUBOJKY CKJIOBapHOI
mewi. Bci  mi 3axomu  3MEHIIATh  BipOTiMHICTH
pyHHawii, sKa € OAHIEI0 3 NPHYMH MOSBH JEPEKTIB Y
CaMOMy CKJIi.

st OJHOrOpHIKOBUX pEreHepaTUBHUX —Ieyeil
pH  BHUPOOHMITBI ONTHYHHUX CTEKON BCTAHOBIICHA
Ba)XKJIMBICTh JOTPUMAHHS TEOMETPUIHUX Ta
KOHCTPYKTUBHHMX BHMOr mia 4ac ii pemonty. s
30epekeHHsT  TepeqHbol  CTIHKM  po0o4yoi  Kamepu
PEKOMEHIOBAaHO BCTAHOBHUTH 3aXUCHY ILUIHTY, IO CYTTEBO
30inplIyBaTUMEe  TepMmiH  pobotu  meui.  [lokazana
HEOOXITHICTh JOTPUMAaHHsS MIHIMAJIBHOI TeMIepaTypu
350400 °C pereHeparopiB, IO J03BOJIUTH 30eperTu
iX JMHAcOBI  €JNEMEHTH Ta CHPUSATHME 3araybHIH
e(EeKTUBHOCTI ¥ IIONOBXKEHHIO EKCIUTyaTawil Nedei.
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cywjecmeyiowue Memoovl onpedeieHus ux Ccradvlx Y308 Npu  63auMOOelicmeuu pacnidaéos CmeKkid ¢ O2HeYNOPHbIMU
@dymeposkamu. [ua 2moz2o Obliu  UCNONB308AHO COBPEMEHHOe OuazHOCmu4eckoe 0060pydosanue. Ycmanoenien xapaxkmep
paspywenus 6aoodeneum-KopyHOO8blX OSHEYNOPO8 6 CMEKI08APEHHOU nedu Npu Npou3soocmee JUCIO8020 (Droam-cmeKia
34 00N208DeMeHHbIl  Nepuod € UCNOAb306aHuem  nempoepagpuueckux  uccredosanui.  Ilpugedenvt  nonyueHHvle
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om memnepamypul 6 Haubonee azpeccusHvIX 30HAX 6anHOU neuu. Onpedenenvbl OCHOBHbIE MUNLL  ONMUYECKUX — CHIEKOT
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INOKA3HUKHU AKOCTI MOANPIKOBAHUX KUPIB HOBOI'O ITOKOJIIHHSA
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Kageopa mexnonocii xcupie ma npoodykmie 6poodinus, Hayionamvnuii mexniunuil ynieepcumem «XapKi@CbKuil nOAimexHiuHuil
incmumym, Xapxkis, YKPAIHA
*e-mail:aleksey.udovenko@gmail.com

AHOTALIA [lposedeno 00cCuiodceHHA w000 6USHAYEHHS NOKAHUKIE AKOCMI MOOUQDIKOBAHUX IHCUDIB, O00EPIHCAHUX ULIAXOM
emepughikayii JHCUpHUX KUCIOM CRUPMAMU BUCOKOI MONEKVAAPHOI Macu. AnbmepHamugoo piOKUM POCIUHHUM ONISM MOJICYMb
BUCIYNAMU DPUMIOPHI JHCUPU 00EPICAHL 3a HOBOK MEXHONOZIEN, a came, emepuikayicio HCUPHUX KUCION CRUPMAMu UCOKOL
MONEKYAAPHOL MACU, WO 00NOMA2A€E NOOOAAMU NPOOIeMy MepMiuHo20 Ncys8anns sxcupie. Takuti cnocio moougixayii scupie 00360.15€
OMpUMamu  KOHKYPEHMOCHPOMONCHUTL NPOOYKM, A CReyiaibHO RiOIOpanuil MONEKYIAPHULL CKIA0 OAHO20 QPUMIOPHOSO JHCUPY
00360J15€ 36iMbUYSAMU 4AC | MEMREpamypy eKChiyamayii npooykmy i OONOMA2ae YHUKAMU MAKux HeOadcamux egexmis, sK
nomemuinHsi i Oumnenusi gpumiopy. Mema pobomu — O0CHIONCEHHs QI3UKO-XIMIUHUX NOKA3HUKIE MOOughixoganux sscupis. [is
00CACHEeHHSI NOCMABNeHOl Memu BUPIUWEeHO HACMYNHI 3a0aui: BUSHAYEHO NOKA3HUKU SAKOCMI MOOUDIKOGaHUX cupis, a came:
memnepamypy NIAGIeHHs, 68 A3KICMmb (KiHemamuyHa [ OUHAMIYHA), 2YCMUHY, GUHAYUMU AHMUOKCUOAHMHY CMAOLIbHICTb
MOOUPIKOBAHO20 PPUMIOPHO20 JHCUPY 6 HOPIGHAHHI 3 MPAOUYIUHUMU OPUMIOPHUMU  Jcupamu. BusHaueHHs OKUCTIO8ATbHOT
cmabinbHocmi onitl i drcupie nposedeHo y npunadi «Rancimaty, i 3aCHOBAHO HA NPUCKOPEHOMY OKUCAEHHI 3PA3KA Npu Ni08UWeHill
memnepamypi 6 nomoyi nogimps. Cmitlikicmb 00 oKucnosanHs eusnauanu npu memnepamypi 110 °C, 3a HopmamueHum
odokymenmom JICTY EN ISO 6886:2019 «)Kupu meapunni i pocaunni ma onii. Busnauenns cmitikocmi 00 okucienHs (Memoo
NPUCKOPEH020 OKUCTIeHH:)». Bcmanosneno, wo memnepamypa niasiieHHs MoOUu@iko8aHux icupie Keanigikye ix aAx scupu KyniHapHi,
ma cuposuna Ol JICUPOBUX RPOOYKmie. Bcmanoeieno, wo 2ycmuna 00epilcanux 3paskié eqipie € MeHuwiol 3a 2yCmuny
mpaouyitinozo gpumiopy. Bussneno, wo 6ci 3pazku e@ipie Mawomv 3HAYHO HUNCYY KIHEMAMUYHY 8 S3KICMb Yy NOPIGHAHHI 3
COHAWHUKOBOI OJIEI, AKY HACO GUKOPUCTNO8YIOMb y sakocmi ¢pumwopy. Taxum uunom, nio 4wac cMAadiceHHs NPOOYKm MeHuie
noznuHamume maxkuti GpUMIOPHULL Hcup, wo 3MeHWUmMs KaIopitiHicms 20mo8o2o npodykmy. Becmarnoeneno, wo esmpamu npooykmy
3a PaxyHoK 6unapogysarnts ckaadaromo 6i0 3,46 0o 11,38 %. Aumuoxcudanmua cmabinvuicms 3pasxie egipis y 3,4—6,8 paszie suwa
30 COHAUWMHUKOBY OI10, WO O0360IUMb eHEKMUSHO BUKOPUCIMOBYBAMU IX K KVIIHAPHI (Dpumiophi) srcupu.

Knrouogi cnosa: ppumiopruii dcup; nokazHuKu aKOCmi; OKUCTIEHHs, MeMnepamypa niaeients; MoOu@pIiKoeanuil sHcup

QUALITY INDICATORS OF MODIFIED FATS OF THE NEW GENERATION

O. UDOVENKO, F. GLADKIY, I. SHKREDOV, K. HAVRIUSHENKO

Department of Fats and Fermentation Products Technology, National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, UKRAINE

ABSTRACT This study was carried out to determine the quality indicators of modified fats obtained by esterification of fatty acids
with high molecular weight alcohols. An alternative to liquid vegetable oils can be firying fats obtained using a new technology,
namely, esterification of fatty acids with high molecular weight alcohols, which helps to overcome the problem of thermal spoilage of
fats. This method of modifying fats allows you to obtain a competitive product, and the specially selected molecular composition of
this deep-frying fat allows you to increase the time and temperature of the product's operation and helps to avoid such undesirable
effects as darkening and smoking of deep-fat. The purpose of this work is to study the physicochemical parameters of modified fats.
To achieve this goal, it is necessary to solve the following tasks: determine the quality indicators of modified fats, namely: melting
point, viscosity (kinematic and dynamic), density; to determine the antioxidant stability of modified frying fat in comparison with
traditional frying fats. Determination of the oxidative stability of oils and fats was carried out in the "Rancimat” device, and is based
on the accelerated oxidation of the sample at an elevated temperature in an air stream. Oxidation stability was determined at a
temperature of 110 °C, according to the normative document GOST EN ISO 6886: 2019 “Animal and vegetable fats and oils.
Determination of oxidation stability (accelerated oxidation method)”. It was found that the melting point of modified fats qualifies
them as culinary fats and raw materials for fatty products. It was found that the density of the obtained samples of esters is less than
the density of traditional deep fat. It was revealed that all samples of ethers have a significantly lower kinematic viscosity compared
to sunflower oil, which is often used as deep fat. Thus, during frying, the product will absorb less such frying fat, which will reduce
the calorie content of the finished product. It was found that the loss of the product due to evaporation is from 3.46 to 11.38%. The
antioxidant stability of ester samples is 3.4—6.8 times higher than that of sunflower oil, which will allow them to be effectively used as

cooking (deep-frying) fats.
Keywords: frying fat; quality indicators; oxidation; the melting temperature; modified fat

Beryn NPOJYKTIiB MIBHAKOTO MACOBOTO XapuyyBaHHS], TaKHX SK

KapTorurst (pi, dwirncu, mHpiKKH 1 T. iH. Y mporeci

Ob6cmaxyBanHs y (QpuTiopi abo iMmepciiiHe cMakeHHS y (GpHUTIOpI MPOAYKIisA IOTIMHAE 3HAYHY
CMa)XEHHsI TMPAKTUYHO €JMHHUN CHOCIO MPUrOTYBaHHS  KUIBKICTH kupy. Tomy Oe3meka Takol mMpoaykiii B
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3HAYHIH Mipi BH3HAYAE€THCS ITOKA3HUKaMHU Oe3leKd Ta
SKOCTI (DPUTIOPHOTO JKUPY, PIBHEM MOTJIMHAHHS XHUPY
MPOAYKTOM 1 TIIMOMHOIO OKUCIIOBATBHUX 3MiH JKUPY MPH
30epiranti. SIKicTh (PUTIOPHOTO XHUPY € 3alOPYKOIO
SIKOCTI 1 Oe3MeKy TOTOBUX KyTiHapHUX BHpoOiB [1,2]. Jlis
(pUTIOPHHUX JKUPIB KPUTEPISIMU SIKOCTI €: TemIiepaTrypa
MJIaBJI€HHS, B’SA3KICTh 1 OKHCHAa CTaOLIBHICTB, BCi I
MTOKAa3HUKH 1 BU3HAYAIOTH MTOJJAJIBINY SKICTh HPOIYKII.

3a ocraHHI POKM Y CBITI Bce OuIbIle yBaru
NPUIUIAETBCS BHTOTOBJICHHIO MPOIYKTIB ISl 3JJ0POBOTO
XapuyBaHHS 30aradeHWX HEOOXiIHUMH HyTpi€HTaMH
3TITHO 3 pEeKOMEHAallisMi BcecBiTHROI  opraHizamii
oxoponu 310poB’s. JJokymerrom ®AO/BO3 «Kupu ta
KUPHI KHCIOTH B XapuyBaHHI JroamHum» 2010 p.
(http://www.fao.org/3/a-11953e.pdf) PEKOMEHI0OBAaHO
obmexyBaTH B Jieri naibMiTHHOBY (Cig), MIpHCTHHOBY
(Cis) 1 naypunoBy (Ci2) >KMpHI KHCIOTH, OCKIJIBKH IIi
HACHYCHI KHCIIOTH BHKJIMKAIOTh IIJBHINCHHS PpIBHS
ninonporeiniB HU3bKOI miimsHOCTI (JITTHIL), Tak 3Banoro
«TIOTaHOTO XoJiecTepuHy». ToMy st GpuTiopy OakaHO

BUKOPHCTOBYBaTH JKUPHA HEHACHYCHOTO CKJIATy, 3
OOMEXEHOI0  KUTBKICTIO TOJIHCHACHYEHUX  KUPHUX
KHUCJIOT.

CMaxeHHS y QpUTIOpi BinOyBaeThCS MPH IJOCUTH
Brucokux Temmeparypax (160...195°C), xomm B xupi
MMOYMHAIOTHCS XIMIYHI MTEPETBOPEHHS, TaKi K OKUCICHHS
(B3a€MOJIisI KHCHIO TIOBITpS 3 Taps4yol0 MOBEPXHEI0
¢bputiopy), rigponiz (B3aemopis QpuTIOpy 3 TapaMu
BOJHM), TOJIMepHu3allist (TepMiYHUN poO3KIan (GPUTIOPY)
[3]. Tlpu upoMy 37aTHICTH pI3HMX JKHPIB J0 LUX
MEPEeTBOPEHbh MOXE JayKe CyTTeBO Binpisusatucs. [lpu

BUOOpI (puUTIOPY BUPOOHUK TMPOIYKTIB IIBHIKOTO
XapuyyBaHHS TIOBHHCH BpaxOBYBaTH TaKi BaKJIMBI
mapaMeTpy, SK 3aCBOIOBAHICTh KHUPY OPTaHiZMOM

JIIOIMHM, @ TaKOXK HOTro IOBEIIHKY B MPOLECi CHIBHOTO
PpO3irpiBy amKe Hajexo He KOKEH KU MO)KHA ITiIaBaTH
TPUBAJIOMY BIUIMBY BHCOKHX TemrepaTyp. Baxmusuit
(axrop - €KOHOMIYHICTh ¢bpuriopy, 1o
BUKOPHUCTOBYIOTH [4].

Ha ykpaiHCbKOMY pHHKY 3’SIBIISIIOTBCSL Bce Ollbliie
i Oumbiie (PUTIOPHUX KHUPIB PI3HUX Mapok. JKupu
TBAapUHHOTO IIOXOJ/UKEHHST MalOTh BHCOKI TEMIIepaTypu
IUTaBJIEHHS BHACIJIOK TOrO, IO B IX CKJIaJ BXOIUTH
BEJIMKA KUTBKICTh HAaCHYEHUX >KUPHHUX KHCIOT. Tomy Ha
MOBEPXHI IPUTOTOBJICHUX TPOAYKTIB, A€ B SKOCTI
(GpuTIOpY BHUKOPHCTOBYIOTHCSI TBapuWHHI JKHPH, HpPHU
OXOJIOJDKEHHI YTBOPIOETHCSI TBEPAA JKUPOBA IUTIBKA. Aute
e He €IUWHWH Hemomik. B opradismi JronuHH
BHCOKOIUTABKI TBapHHHI >KHPH 3aCBOIOIOThCS Habarato
ripire, HX JKUPU 3 OUIBII HU3BKHUMH TeMIlepaTypamu
IUIABJICHHS. A BXXUBAaHHS B DKy BEJIUKOi KUIBKOCTI
HACHUYEHHX JXHUPHHUX KUCIIOT BeJe 0 MiJBHUIICHHS 3MICTY
PiBHSI XOJECTEPHHY B KpOBi, IO € (AKTOPOM PHU3UKY
CepILeBO-CYIMHHHUX 3aXBOPIOBaHb. Tomy
BUKOPHCTOBYBAaTH KUpPH  SIK  (QpUTIOp  He
peKkoMeHayeThes [5].

Taxi

BHACIIIOK BHUCOKOT CTIHKOCT1 bi (o) OKWCIIEHHS
PEKOMEHIYEThCSI BUKOPHCTOBYBATH ISl CMaKEHHA. AJle
3a CBOIMH (DI3MKO-XIMIYHHMH BJIACTHBOCTSMH I[i JKHPH
HaOJIMKEH1 10 TBAPUHHHUX.

AJNBTEpHATUBOIO  PIIKAM  POCIMHHHM  OJIisIM
MOXYTb CIIY)KHUTH (DPHTIOpHI JKHPH OJiepKaHl 32 HOBOIO
TEXHOJIOTI€I0, a caMe, eTeph(]iKali€lo XUPHUX KHCIOT
CHHUPTaMH BHCOKOI MOJIEKYJIIPHOI MacH, IO JOIOoMarae
MOJI0JIaTH MPOOJIEeMy TEPMIYHOIO ICyBaHHsA kupiB. [Jani
(pUTIOpPHI XKUPH MOXYTh HE TUIBKH 3aMIHATH PiIKi
POCTHHHI OIlii, a ¥ MaTW HaJ HUMHU PsI TiepeBar. Takuit
croci0 MommgikyBaHHA JKHPIB JO3BOJISIE OTPUMATH
KOHKYPEHTOCIIPOMOXKHHHA ~ MPOXYKT, a  CHEUiaJbHO
migiOpaHuit MOJIEKYNSPHUAN CKIIaJ JaHOTO (PUTIOPHOTO
XKUY [03BOJsie 30iNBIIyBaTH dYac 1 TeMIeparypy
eKCIUTyaTallii MPOMyKTy 1 JoloMarae YHHUKATH TaKHX

HeOaxaHWX e(eKTiB, SAK MOTEMHIHHA 1 JUMJICHHS
puriopy [6].

Bigomo, mo jxupu B TpaBHOMY TPaKTi JIIOJUHU
MiAaI0ThCS TLAPOTITHIHOMY PO3LIETIEHHIO.
Meraboniuna  TpaHchopMaris  TpamumidiHOT ol
mependadae  CTamil0 TigpONi3y, SKa KaTali3yeThes

(epMEHTOM — IMAHKPEaTHYHOIO JIIa30i0 3 YTBOPCHHSIM
BuThbHEX kupHUX KucIOT (CXKK) i 2-MoHOAUINTTIIEPHHIB
(2-MATI’), sxi 3romoM abcopOyIOThCS B KHIICYHHUKY, B
pesympTari  doro  BimOyBaerscsi  cmHTe3 — TAI
MeTabomiyHuM nuiaxoM 3 2-MAI'. Slkmo mpoaykrom
rigponizy € 1-MOHOAUUIMNIINEPHUHU, TO B MPOIEC]
MeTaboJli3My BOHM pO3MAIAIOTBCSI 1O TJIEpUHy 1
BIJIBHUX JKUPHHUX KHCIIOT, i aOCOpOYIOTBCS KIITHMHAMU
KMIIEYHUKY, MUHAIO4M HacTynHui pecuntes TAI. VYV
pe3ynbTari, B TMIpOLECi TpaBJICHHS HE YTBOPIOETHCS
HaaMipHa KUIBKICTh JKMPOBHMX YacTHHOK B CHPOBATII
KpOBI, SIKi BIKJIAJafOThCSA B KIITHHAX YKHPOBOI TKAHWHM.
Jist Monmdikamii )KMPOBOI CHPOBMHHU TIPOTIOHYETHCS i
mepedynoBa, a caMe alKUIbHUX TPYyHn 3 OTPHMaHHIM
MOXIAHAX  OJKUPHUX  KUCJIOT, IO MAaloTh  IICBHI
¢yHKIiOHaNMBHI BrIAacTHBOCTI. Merta 11iei mepeOynoBu
noJisira€ B TEPETBOPEHHI KHUPOBOi CUPOBHHH B edipu
KHUPHUX KHUCJIOT OJHOATOMHHUX CIIUPTIB, SIKI 3MEHUIYIOTh
PECHHTE3 )KUPY B OpraHi3mi JIIOIMHU.

CyTT€BOIO TIEPEBArord HOBOTO MOJM(IKOBAHOTO
KHUPY € MiHIMI3aIlis XIMIYHUX 3MiH, 0 BiJI0yBAIOTHCS i
yac cMaxeHHs. OCKUIBKM HOBHHM TIPOAYKT HE MICTHUThH
TPHOXaTOMHOTO CIUPTY — TJILEpUHY, TO ] dYac
TEPMIYHOTO BIUIMBY HE BiIOYBA€ThCS  YTBOPEHHS
TOKCHUYHUX TTIHI0TI0BHX edipis [7].

Mera po6oTu

OO0’eKTOM [IOCIIDKEHHSA € IIOKAa3HHUKU SIKOCTI
MO (piKOBAHUX JKUPIB.

Mertoro poboTH € JociiKeHH (i3UKO-XIMIYHUX
MOKa3HUKIB Mojan(iKoBaHMX >KHUpiB. [yt IOCATHEHHs
MOCTABJIEHOT MeTH TpeOa BUPIIINTH HACTYIIHI 33/1a4i:

- BU3HAYUTHU ITOKa3HUKH SKOCTI MOIHM(IKOBaHMX

Bigomo 6araro MpiB POCIMHHOIO TOXOJUKEHHS, JKHpiB, a caMme: TeMIlepaTypa IUIaBJIECHHS, B’ A3KIiCTh
SKI MOJXKHa 3acTOCOBYBaTW B sKocTi Qpuriopy. B (kiHemaTWyHa i JUHAMIYHA), TYCTHHY.
OCHOBHOMY II€ TPOIIiYHi OJIii — IMajJbMOBa i KOKOCOBA, SIKi
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- BH3HAYUTH AHTHOKCHIAHTHY CTaOUIBHICTH
MOM(IKOBAaHOTO (PPUTIOPHOTO IKHUPY B MOPIBHSHHI 3
TPATUIIAHUMH (PPUTIOPHUMH KHUPAMH.

BukJjiaa 0CHOBHOT0 MaTepiaJry

besneka mnpoAykuili IIBUAKOTO XapyyBaHHS Yy
BEIMKIH Mipl B3aJeXKHUTh BiJ CKIagy 1 TepMiuHOI
crabinpHOCTI (puTIOpHOTO >XUpY [8]. B pmanmii wac
BUPOOHMKH  YacTO  BUKOPHCTOBYIOTH B  SIKOCTI
(pUTIOPHOTO KHPY HAMOUTBII JAEMIeBI POCIMHHI OMil, Y
0araThOX  MOOPUEMCTBAX  IHAYCTpil  XapuyBaHHA
MIPAaKTUYHO BIJICYTHIll OINEpaTHBHUNA KOHTPOIb BMICTY
TOKCHYHHUX TPOIYKTIB OKUCIECHHS Yy (PUTIOPHOMY KHPI
Ta TOTOBIM MTPOAYKIi, HE NOTPUMYIOTHCA JOIMYCTHMI
TEPMiHH BUKOPHCTAaHHS (PUTIOPHOTO JKUPY.

Ha tepuropii VYkpainum nie JCTY 4335:2004
«OKvpu KOHAMTEPCHKI, Ky/TiHapHI, X1i00NeKapCchKi Ta IJis
MOJIOYHOI IIPOMHUCIIOBOCTI». BinmoBigHo 10 1BOTO
JIOKYMEHTY OCHOBHI (Di3WKO-XIMIYHUMH TTOKa3HUKAMHU
TaKMX JKUPIiB HaBeJIeHO y Taou. 1.

Tabmums 1 —  Di3UKO-XIMIYHI  ITOKa3HUKH
KyJiHapHUX XupiB Bignosigao mo ACTY 4335:2004
Haspa mokasznmuka Hopwma s
KYJIiHApHOTO XKHUPY
Kucnorue uancno, mr KOH/T, 0,4
He OljIbIIe
Temmeparypa miaBnenns, °C 28,00-36,00
Temmeparypa 3acturanss, °C —

PesynbraTn TOTIepPETHIX JIOCIIDKEHD [6]
BCTAHOBWJIM  palliOHaNbHI  MapaMeTpu  MPOBEICHHS
npouecy Momudikamii 1 OJepKaHHA  KYJIiHAPHOTO

(pputtopHoro) XKHMpPYy — edipiB JKMPHHX KHCIOT Ta
BHCOKOMOJIEKYJISIPHUX CIHPTIB.

OnHUM 3 OCHOBHHMX KpUTEpiiB MOAM(IKOBaHHX
XKHUpIB € TeMmIeparypa IUIaBIeHHS. TemmepaTypa
IUTABJICHHS € BAaXJIMBUM IIOKa3HWKOM BIJIACTUBOCTEH
KHUPIB: UMM BOHA HW)KYA, TUM JKUp JIETIIE 3aCBOIOETHCS
JMOACHKAM OpPTaHi3MOM 1 BOJIOJi€ OLTBII BUCOKHMH
CMaKOBUMH BJIACTUBOCTSIMH, OCKIIbKH HE 3aJIHIIAE
CaJINCTOr0 MPHCMAKY ITiCJIs BXXUBaHHA. AJie Tyke HH3bKa
TeMIlepaTypa IUIaBJICHHS TaKOX € TEXHOJIOTIYHO He
3pY4YHOI0 — BUPOOHM, BUTOTOBJICHI HA TAKOMY XHPI, Tiplie
30epiraloTbcsi 1 BTpavyalOTh CBiil TOBapHH BHUIIISLA 3a
IiIBUIICHHS TEMIIEPaTypy HABKOJMIIHBOTO CEpEelOBHUINA
[9]. PesymbraTi NOCHiIKEHHS TEMIIEpaTyp IUIaBICHHS
oTpuMaHuXx edipiB MpeacTasieHi y Tadu. 2.

OCKiIbKM ~ HOpPMAaTWBHOTO  CTaHAapTy  Ha
Gputtopanit xup Hemae, a € JJCTY 4335:2004 «Kupu
KOHJWTEPCHKi, KYyJiHapHi, XJiOOmMeKapchki Ta U
MOJIOYHOI TIPOMHCIIOBOCTI. 3araibHi TEXHIYHI YMOBK
3riTHO SKOMY TeMIeparypa IUIaBICHHS KyJiHApHUX
KHUPIB, a OTKEe 1 (PUTIOPHUX HOPMYyeThcs Bim 28 no
36 °C. OtpuMaHi AaHi TeMmIepaTypy IJIaBJICHHS 3pa3KiB
edipiB: meTWIOBHiA e(dip O0JI€THOBOI KHCIIOTH, ICTHII-
creapwioBuil edip oseiHoBoi kucinotH Big 29,6 1o
34,65 °C BianoBigaroTh HOpMaruBaM. IHIIN oxepkaHi

3pa3Kd, a caMe HETHIOBHN e(dip CTeapHHOBOi KUCIOTH i
HETHI-CTEApUIOBUI  edip CTEapHHOBOI KHCIOTH 3
TeMIepaTypaMi IUIaBJIeHHS  BiamosigHo 56,1°C i
54,55 °C, xBadidikyloThCsl SIK CUPOBHHMHA JUIsl )KUPOBHX
MPOYKTIB.

Tabmunst 2 — Temmneparypu IUIaBiIeHHS 3pa3KiB
edipiB

Ne Haszga edipy Temmnepartypa
riaBJieHHs1, °C

1 | Herumopwmii edip 56,1
CTEapHHOBOI KHCIOTH

2 | Herumoswmii edip onmeiHOBOI 29,6
KHCIIOTH

3 | Herun-creapmwioBuit  edip 54,55
CTEapUHOBOI KUCJIOTH

4 | Herun-creapunoBuii  edip 34,65
OJIETHOBO1 KMCIIOTH

JIs HOBOTO TPOXYKTY BaKIMBO BH3HAYHMTH
MTOKA3HUKH TYCTHHU Ta B’S3KOCTIi Ta IMOPIBHATH OJIEpKaHi
3HAYEHHS 3 MMOKAa3HUKaMHU ISl TPaJULiHHUX (PUTIOPHUX
KHpIiB. 3HAUYEHHS T'YCTHHH, OJIEp)KaHHX 3pasKiB mpu t =
65 °C HaBeneHo B Ta0I. 3.

Tabmunst 3 — [Toka3HUKY IyCTHHH

Ne Haszga egipy I'yctuna, Kr/m*
1 | LernnoBwuii edip creapruHOBOT 877,36
KHCJIOTH
2 Lletnnosuii edip oneinoBo1 892,09
KHCIIOTH
3 Lletun-creapunosuii edip 886,87
CTEapUHOBOI KUCIIOTH
4 Lletun-creapunosuii edip 921,12
OJIETHOBOT KHCIIOTH
5 ETtunoBuit edip creapuHOBOi 911,35
KHCJIOTH
6 COHSAILIHUKOBA OJIisT 927,00

BcranoBneHo, Mo TycTHHA OAEPKaHMX 3pas3KiB
e¢ipiB € MEHIIO 33 TYCTHHY TPaJAULIHHOTO QPHUTIOPY.

B’s13KicTh CYTTEBO BIUIMBAE Ha 3aJIUIIKOBUII BMICT
omi y mpoxykrti. Uum Ourbine B’S3KiCTh, TUM Oinblia
KUIBKICTh JKHUPY 3aIMIIUTBCS Yy TOTOBOMY IPOAYKTI.
B’s3kicTe  3pocTac 3 TPUBAJIMM BHUKOPHCTaHHAM  OJIil
(peakmis momimepu3anii). Hampuxman, y coeBoi ouii
B’SI3KICTh 3pocTae y 4 pas3u micis 60 roj] BAKOPUCTAHHS; Y
OITUBKOBOI OJIi1 y 2 pasu micis 16 rox cMakeHHs. 3 TOUKH
30pY 3I0pPOBOTO XapUyyBaHHS HAsBHICTH BEITUKOI KiIBKOCTI
JKUPY Y TIPOAYKTI € HETATUBHUM (PaKTOPOM, TOMY OakaHO
mo6 ¢puriopra omis Majma HH3BKY ITOYaTKOBY
B’s13kicTh [10].

KinemarnuHa B’SI3KiCTh NEPEBaXKHOI OUIBIIOCTI
PIAKHMX POCIMHHMX OJil cTaHOBHTH 38-52 Mm%/c (nmpm
20 °C). Buznaunnu B’si3kicth edipiB npu t = 65 °C. Ilpu
Takiil Temmeparypi padiHOBaHa COHSIIHUKOBA OJNis Mae
B’saskicte — 17,77 wmm?/c. TlopiBHAHHSA IIOKAa3HUKIB
B’SI3KOCTI 3pa3KiB e(ipiB I COHSAIIHUKOBOI OJIii HaBeJEHO
Ha puc. 1.
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TakuMm 9uHOM, BCi 3pa3ku eQipiB MalOTh 3HAYHO
HWKYYy KIHEMAaTH4HY B’S3KICTh Yy  TIODIBHSHHI 3
COHAIIHMKOBOIO oJi€ro, AKy  IOCHTb 4acTo
BUKOPHCTOBYIOTh y siIKOCTI (putiopy. Ockinbku, edipu
JKUPHUX KHUCJIOT Ta BUCOKOMOJIEKYJIAPHUX CIHUPTIB MalOTh
HU3bKY B’s3KicTh mpu t = 65 °C y mnopiBHSHHI 3
TPaAMILIHUM JKUPOM, TO M 4Yac CMaKEHHS HPOIYKT
MEHIlIC TIOTIMHATHME Takuil (QPUTIOPHHH SKUp, IO
3MEHIIUTH KaJIOPIHHICTb TOTOBOT CTPaBH.

18,811
20 17,012

BB a3ricTs

15,499
15 13,826 KIHEMATINHA MM2/C
10,44 10,54
10 9,16 9,348 BB f3EICTE
7.16 6 535 HaIuHA, 10-3
Ma*c
0
1

II\.\MEp Ipaska

SHAYeHHA B T3K0CT

w

Howmep 3paska: 1- yemunoguii epip cmeapurosoi
Kuciomu, 2 — yemunosuii egpip oneinogoi kuciomu, 3 —
yemun-cmeapunosuti eghip cmeapuHogoi kuciomu, 4 —

yemun-cmeapunosuti egip oneinosoi kuciomu, 5 —

emunosuil eghip cmeapunosoi Kuciomu, 6-COHAUHUKO8A
onis

Puc. 1 — Iokaznuku Kinemamu4toi i OUHAMIYHOT
, . o
6’si3kocmi npu 65 °C

[Tpu cMaxkeHHI y QpHUTIOPI, CIBBITHOIIEHHS KUPY
no nponykty 4:1 — 5:1 nmo3Bosisie TPUCKOPUTH TPOLIEC
CMaXCHHSI, MITPUMYBATH HIDKYI TEMIIEpaTypH QpUTIOPY
(150-160 °C), 3HIKYBAaTH IMIBHAKICTH HOTO TEPMIUYHOTO
pO3KITamaHHA 1 OKHCIIEHHs, a oTxe, i BuTparu [11,12].
OpHi€l0 3 BaXJIMBHX OCOONMBOCTEH (PpHUTIOpHOI Oil €
CTIHKICTh 710 po3iueruienHs. OJHUM 3 BHIIB BTpaT NpU
CMaXCHHI € JICTIOYi KOMIIOHEHTH: BYTJICBOJIH, KCTOHH,
anpaerigy, cnupty Ta iH. [IponykTu posmieruieHHs ol
3aJUIIAIOTh  (QPUTIOPHUIID, THM CaMHUM BiJI0OyBa€ThCS
BTpata ¢QpuriopHoi omii. B ymoBax Oe3mnepepBHOrO
CMaXCHHS, JKUp IIOCTIHHO BHUAAISETbCA 3 BaHHOI ISt
CMaXCHHS 3 TOTOBMM IIPOAYKTOM, 1 YacTKOBO
BUNIAPOBYEThCS Y BHUMIAAL  BTOPUHHHMX  MPOJYKTIB
okucieHnsa. el mporec Oe3nocepenHbO BIUIMBAE Ha
€KOHOMIUHY CKJIaJIOBY TEXHOJIOTii. 3a CBOEIO MPUPOIOI0
edipd € IJIerKOJNeTKHMH PEYOBHHAMH, TOMY JOIIIBHO
BH3HAYUTH BUMAPOBYBAHICTh OTPUMAHOTO MPOAYKTY. Jliist
OIIHKKM KiIbKiCHOT BTpaTH MoAu(}iKOBaHOTO (GPHUTIOPY
OyJI0 MPOBEJEHO NOCTIIKEHHS MO0 BTPAT KHUPY B I/M>
BiIbHOI moBepxHi npu temnepatypi 190 °C. Pesynbratu

JOCIHI/DKEHHST  TTOKa3HWKIB  BHUIApOBYBAaHOCTI  eQipiB
HaBEJICHO y TalI. 4.
Besnepeuno, YUM MEHIIe MOKa3HUK

BUIIAPOBYBAHOCTI TUM Kpaiue. 3a pe3yjbTaTaMi 3pa3ku
Ne 3 ta Ne 4 maroTp HaliMeHIy BHIIApOBYBAHICTH IpU
JOBrOTPHBAJIOMY 3aCTOCYBAHHI.

Tabmuus 4 — BumapoByBaHICTE 3pa3kiB edipiB
KHPHUX KUCIIOT T4 BUCOKOMOJIEKYJISIPHUX CITHPTIB
Ne Haszga edipy BunapoByBaHiCTb,
r/m**rog npu 190 °C
1 HerumoBwuii edip 41,85
CTE€apHUHOBO1 KHCIIOTH
2 LeTunoBuii edip 80,94
0JICTHOBO1 KUCJIOTH
3 Hertun-crepuanoBuit 18,65
edip cTeapuHOBOT
KHCIIOTH
4 Ietun-creapunosuii 22,53
edip oneiHoBOT
KHCJIOTH
5 ETtunoBuii edip 174,26
CTEApUHOBOI KUCIIOTH
BcranoBneno, 1m0  BTpaTd  MOAHU(DIKOBAHUX
GpUTIOPHUX ~ JKHPIB 3@  PaXyHOK  BHIIQPOBYBAHHS
CKITaIatoTh Bix 22,53 1o 80,94 r/mM**To.
[IpoBeneHi HOCHIMKEHHS IIOAO BU3HAYEHHS

(bi3UKO-XIMIUHMX MOKAa3HUKIB € JOCHTh BaXKJIMBUMH IS
TEXHOJIOTIYHOI ~ CKJIQJIOBOi  Mpolecy  iMepciitHoro
cMakeHHs. 3a BciMa MapaMeTpamMH OJEpKaHi 3pas3Ku
MOXYTb OyTH BH3HAueHI SK KyiiHapHi (GpUTIOpHI) XKHUPH,
a00 MOXYTb CIYryBaTh KOMIIOHEHTOM Uil KHPOBHX
MIPOJYKTIB.

OnHum i3 HaBaXITHBIIIIX mapameTpiB
(pUTIOPHUX JKUPIB € OKHCIIOBAIbHA CTAa0OUIBHICTD.
HacninkoM OKHCIEeHHsS € HEIPUEMHMH CMak 1 3amax, [0
XapakTepHi [UIA TPOTIPKINX Ol Ta XHPIB, a TaKOXK
BTpara (YHKLIOHAJBHUX Ta IOXHBHHX BIACTHBOCTEH
[13,14].  XapakTepWUCTHKOIO  TPOIECYy  OKHCICHHS
GbpuTIOpHUX KHMPIB € Tepiof 1HAYKUil. BuzHaueHHs
OKHUCITIOBAJIbHOT CTaOILHOCTI OJIIH 1 JKUPIB MPOBEICHO Y
npuiaani «Rancimaty, 1 3aCHOBaHO Ha MPHUCKOPECHOMY
OKHCJICHHI 3pa3Ka MMpH MiBUILEHIH TeMneparypi B OTOL
noBitpst. CTIMKICTH 10 OKHUCIIOBaHHS BU3HAYAIM IpU
temnepatypi 110°C, 3a HOPMATUBHUM JOKYMEHTOM
JCTY EN ISO 6886:2019 «Xupu TBapuHHI i pociuHHI
Ta omii. Bu3HAaYeHHA CTIHKOCTI JO OKHCICHHA (METOJ
TIPUCKOPEHOTO OKUCIICHHS)».

PesynbraTen mocmimpkeHHS HAaBEACHO Ha pHC. 2-5,
Ta y3araJbHeHo y Tali. 5
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Puc. 2 — Pezynomamu 00CHIONCEHHS OKUCTIOBALHOT
CcmaobitbHOCMI YeMmuI068020 eQipy OAeiHO080I KUCIOmU
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Puc. 3 — Pesynomamu 00cnioxceHHss OKUCTIO8ATbHOT
CMabibHOCMI Yemui-cmeapuiogo2o eQipy oaeinogol
Kuciomu
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Puc. 4 — Pesynomamu 00cnioxceHHs: OKUCTIO8ATbHOT
cmabinbHOCMi YeMuUI06020 eqipy cmeapuHo8oi Kuci1omu
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Puc. 5 — Pesynomamu 00cnioscenHss OKUCTIO8ATIbHOT
cmabinbHOCMi Yemui-Cmeapuio8ozo epipy cmeapurogoi
Kuciomu

HociimxkeHi edipy BUCOKOMOJIEKYJISIPHUX CIIUPTIB
HACHYEHHX Ta HEHACHYEHHX J>KMPHUX KHCJIOT II0TaHO
MAJA0TECS  OKHMCJIEHHIO. 3a JIOBIIKOBUMH  JaHUMH
TPUBAJIICTh OKHCIIEHHS COHSIIHMKOBOI oxiii mpu 110 °C
ckianae 2 rox 43 xB [15].

Tabnums 5 — Yac okuciaeHHs 3pas3kiB edipiB
KUPHUX KACIIOT Ta BUCOKOMOJIEKYJIIPHUX CITHPTIiB

Ne

Haszga edipy

Temneparypa
JIOCITIIPKEHHS

Yac
OKHUCJICHHA

LletunoBuit

110 °C

16,43

edip
CTE€apuHOBO1
KHCIJIOTH
2 LerunoBuii
edip oneinoBoO1
KHCJIOTH
3 Hetun-
CTeapuJIOBUM
edip
CTEapUHOBOI
KHCJIOTH
4 HeTun-
CTEapUIIOBUM
edip oseinoBoO1
KHCIIOTHU

110 °C 8,23

110 °C 16,20

110 °C 8,41

PesynbpraTi mocmijpkeHHs CBia4yarh, Mpo Te, LIO0
onepxxani MoaudikoBani xxupu y 3,4-6,8 pasiB MaroTh
BUIly AHTUOKCHJAHTHY  CTa0UIBHICTH 1  MOXYTb
BUKOPUCTOBYBATHCS IIPH BHCOKHX TeMIIEpaTypax, M0
JI03BOJIATH €()EKTUBHO BHKOPHCTOBYBATH iX SIK KYJTiHapHI
(ppuTropHi) xupu. Takum urHOM, MOIU(IKOBaHI KUPOBI
mpoaykta 3a TY ¥V 20.5-1225000194-001:2019 «Kupu
Momu(iKOBaHI  POCIMHHI KOHIUTEPCHKi, KyJIIHApHI,
XJIIOOTIEKapChKi Ta A MOJIOYHOI MPOMHUCIOBOCTI» [16]
BUSIBIISIIOTH JIOCTATHIO TEPMIYHY CTIMKICTh 10 OKHUCIICHHS
MOPIBHSHO 3 TPAHUIIHHOIO JXUPOBOIO CHPOBUHOIO.

BucHoBku

B pesynbTati npoBeieHUX AOCIIKEHb:

—BCTaHOBJIEHO, IO TeMIlepaTypa IUIABJICHHS
MoM(iKOBaHHX KUPIB KBATi(iKye iX SK KUPHU KyTiHAPHI,
Ta CHPOBHMHA ISl )KUPOBUX MPOIYKTIB.

—BCTAaHOBJICHO, IO T'yCTHHA OJIEPXKaHUX 3pasKiB
edipiB € MEHIIOO 33 TYCTHHY TPAJAULIIHHOTO QPUTIOPY.

— BUSIBJICHO, IO BCi 3pa3Kky e(ipiB MaroTh 3HAYHO
HIDKYYy KIHEMaTH4Hy B’S3KICTh Yy TIOpIBHSHHI 3
COHSIIIHUKOBOIO OJI€R0, SKY YacTO BHKOPHUCTOBYIOTH Y
skocti (puttopy. ToOTO, mig Wac cMakeHHS MPOAYKT
MEHIIIE TIOTJIMHATUME TaKui (QPUTIOPHUN JKUp, IO
3MEHIIIUTh KAJIOPIHHICTE TOTOBOTO MPOAYKTY.

—BCTAaHOBJICHO, 10 BTpaTH MoJu]iKoBaHUX
(GpUTIOPHUX  JKMpIB 32 paxyHOK BHIIApPOBYBAaHHS
cKJIa1aroTh Big 22,53 1o 80,94 r/m**rog.

— BH3HAYEHO AHTHOKCHIaHTHY CTaOlIBHICTD
3pa3kiB  edipiB, mo y 3,4-6,8 pasiB Buma 3a
COHSIIIHMKOBY OJIIF0 Ta MOJAM(IKOBaHI KUPOBI MPOAYKTH

3a TY YV 20.5-1225000194-001:2019  «Kupu
Moau(iKoBaHI  POCIMHHI  KOHIUTEPCHKi, KyIJiHApHI,
xJjibonekapcpKi  Ta Ui MOJIOYHOI IPOMHCIIOBOCTI»
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BHUABIISIOTH TOCTATHIO TEPMIYHY CTIHKICTh IO OKHCIICHHS
MTOPIBHAHO 3 TPAAMIIHHOO KUPOBOK CHPOBUHOIO.
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AHHOTAITHA [lposedeno uccredosanue no onpedeieHuio noxasameneli Kauyecmsea MOOUDUYUPOSAHHBIX HCUPOE NOJYUEHHbIX
nymem dMepUGUKAYUU HCUPHBIX KUCIOM CRUPMAMU BbICOKOU MONEKYIAPHOU MACChl. ANbMepHamusol HCUOKUM pACMUMenbHbIM
MACnam MO2ym 6bICIynams QpumiopHvie HCupbl NOLYYeHHble N0 HOB0U MEXHON02UU, d UMEHHO, dmepudurayueti HCUPHbIX KUCIOMm
CRUPMAMU 8bICOKOU MOAEKVIAPHOU MACChl, YMo nomozaem npeoooiemsv npodiemy mepmuueckol nopyu xcupos. Taxou cnocod
Mooughukayuu JHCUpos no3605aem NoAYHUMs KOHKYPEHMOCHOCOOHbIIL NPOOYKM, a CReyudaibHo HOO0OPAHHbII MONEKYIAPHbIL COCMA8
0aHHO20 PPUMIOPHO20 JCUPA NO36OIACI YBEIUYUBAMb 8peMs U MeMnepamypy dKCIyamayuu npooykma u nomozaem uzoezamo
MAKUX HedlcelamenbHbIX 3 hexmos, kak nomemuenue u ovimaenue gpumiopa. Llenv pabomul - uccredoganue GuauKO-XUMUYECKUX
nokazameneu MOOUPUYUPOBAHHBIX HCUPOS. st 0OCMUICEHUsT NOCMAGNIEHHOU Yelu HeoOX00uMO pewums credyouue 3a0auil:
onpeodenums NOKA3amenu Kaiecmea MoOUGUYUPOBAHHBIX HCUPOS, A UMEHHO: MeMNepamypy NideileHus, 6543K0Cmb (KUHeMamuyeckas
U OUHAMUYeCKds), NAOMHOCMb, ONPeOeums AHMUOKCUOAHMHYIO CMAOUTLHOCTL MOOUDUYUPOBAHHO20 GPUMIOPHO0 Hcupd No
CpasHeHUio ¢ MpaouyuoOHHbIMU GpumiopHsimu scupamu. Onpedenerue OKUCTUMENbHOU CIAOUTLHOCIU MACET U HCUPOE NPOBEOEHO 8
npubope «Rancimaty, u 0CHOBAHO HA YCKOPEHHOM OKUCIeHUU 00pasya npu NOSbIUEHHOU meMnepamype 6 Nnomoke 6030yXd.
Yemoiiuusocms k oxucnenuro onpedensnu npu memnepamype 110 °C, no nopmamuenomy ooxymenmy I'OCT EN ISO 6886:2019
«Kupwl orcusommvle u pacmumenvivie u macna. Onpedenenue ycmouyugocmu K OKUCTEHUIO (Mmoo YCKOPEHHO20 OKUCTEHUS).
Yemanoeneno, umo memnepamypa nnagnenus MoOuUGUYUPOBAHHBIX ACUPOE KBATUPUYUPYEM UX KAK ICUPLL KYTUHAPHYLE, U Cblpbe O
JICUPOBLIX NPOOYKMOG. Y CMAHOBNEHO, 4MO NAOMHOCHb RONYYEHHbIX 00pa3yos 3¢hupos Mmenvule NAOMHOCHU MPAOUYUOHHOSO
@pumiopa. Buiseneno, umo ece obpasyvl 3pupos umeiom 3HaUUmenIbHo Oonee HUSKYI KUHeMAMU4eckylo 8a3K0Cnb N0 CPABHEHUIO C
NOOCOHEUHbIM MACTIOM, KOMOPOe YACMO UCNOAb3YIom 8 Kavecmee gpumiopa. Takum obpazom, 60 epems dcapku npooykm 6yoem
MeHbUle NO2IoWams Makol GpUmMIOPHbLIL HCUp, 4Mo YMEHbUUM KALOPULHOCHb 2008020 NPOOYKMA. YCcmanoeieno, 4umo nomepu
npodykma 3a cuem ucnapenus cocmagisiom om 3,46 0o 11,38 %. Anmuoxcuoanmnas cmabunshocms 06pasyos s¢upos 6 3,4-6,8
pas evlule NOOCOTHEYHO20 MACA, YMO NO360NUNM IPDEKMUSHO UCNOILI0BAMb UX KAK KYIUHADHYIE (PpumiopHbie) sHcupbi.

Knrouesvie cnoga: ppumiopnbiii scup, noxasamenu Kawecmed,; OKUCIEHUsA, MeMnepamypa niaeieHus; MoOOUGUYUpoBanHslll dHcup
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JOCAIJIKEHHA ®OTOKATAJITUYHOI JETPAJALIT 4-HITPO®EHO.TY B
IMPUCYTHOCTI ®EPUTIB MFe04 (M = Ni, Mn, Zn)

J. A. ®POJIOBA

Kagedpa mexrnonozii Heopeaniunux pevosun ma exonozii, JBH3 YIIXTY, Auinpo, VKPAIHA
e-mail: 19kozak83@gmail.com

AHOTALIA 3 possumkom npomuciosocmi 6i00ysacmuvcs 30iibUleHHA KOHYenmpayii Hebe3neyHux 3a0pyOHIOIOUUX PEeYOSUH 6
600HUX 00'€KMAX, WO € pPe3yIbmamom CKUoi6 Makux 6upoOHUYms, AK MeKCMUIbHA, NANepo8o-Yea03Ha, Nnoaizpadiuna,
Memanypeitina, Hagpmonepepobua, GapmayesmuyHux npenapamie. B ocmauui poxu nepedogi npoyecu OKUCIEHHS OVIU 6USHAHI
eekmusHUM Ma ArbMEePHAMUBHUM CROCODOM OYUWEHHS CMIYHUX 800 6i0 OpeaniuHux Jomiuiok. Pepumu nepexionux Memanie
00CTIOAHCYIOMbCSL SIK  (POMOKAMANI3AMoOpYU  3a805KU  GUCOKIU AKMUBHOCMI, HEMOKCUYHOCMI, XIMIUHIU CMIUKOCMI, MA2HIMHUM,
ONMUYHUM Ma eNeKmpUdHUM racmusocmsam. B pobomi poszenswymo xomnosuyitini ¢pepumu MFe:O4 (M= Ni, Mn, Zn), wo
CUHME306aH]  MOOUPIKOBAHUM MemOOOM CRIBOCAONUCeHHA. [ Xapakmepucmuky OmMpUManux 3paskie 6yn0 BUKOPUCMAHO
penmeenodaszosutl  ananis,  eibpayitny — MmazHimomempilo,  eleKMPOHHY — NAPAMASHIMHKY — PEe3OHAHCHY — CHeKMPOCKONiio,
yrvmpagpionemosy chekmpockonito. PomokamanimuiHy aKmugHiCs CNOIYK 6UBHANU 8 Pearyii po3KIa0anHs 4-Himpogenony, akui
BUKOPUCTNOBYBANU K MOOEIbHU Op2aHiuHull 3a0pyOoHIo8ay. [[na 6U3HAYEHH 3ANeHCHOCMI OCHOBHUX elacmugocmeti 8i0 cK1aody
BUKOPUCIOBYBANU CUMNIEKC-pewimyacme NIAHY8AHH eKcnepumenmy. Bcmanosneno, wo ompumani nanouacmunku @epumie
marome wininenvHy cmpykmypy. Cunme306ani HaHoGepumu maroms wWupury 3a60poreHol 30uu 6 medxcax 1,55-2,2 eB. Bci spasku
noxkasanu 6ucoky gomoxamanimuuny axmueHicmes (cmynine posxnadauna 4-HD cxaaoas ~71-91%). Haiibinvw egexmugnumu
xkamanizamopamu 6yau Ni-Zn ¢pepumu ma Ni-Zn-Mn ¢pepumu (cmynine oezcpadayii 4-HD 88-92%). IIpu niosuwenni emicmy
KamioHie maueany Oinvuie 66% KAmMaiimuuHi GIACMUSBOCMI 3MeHULY8anuch. Maenimui enacmueocmi, maxi K HAMASHIYEHICMb
HACUYEHHST MA KOePYUMUSHA CUAA, 3HAYHO 3MIHIOIOMbCS 8 3ANe)HCHOCMI 610 KOHyenmpayii kamionie Mn. Kpim moeo, cunmesogani
3pasKu, Wo eMiyyIOms HiKelb md MAHaH MAlOMb GUCOKI MASHIMHI 61ACMUSOCI, WO 3a0e3neuye 1esKicmy 8i00KpeMieHHs 6i0
6800H020 PO3UUHY NIO OI€I0 306HIUHBLOLO MASHIMHO20 NOJIA.

Knrouogi cnosa: ghepum nixento; ¢hepum maneany,; pepum yunxy,; 4- nimpogenon, pomoxamanizamop

INVESTIGATION OF PHOTOCATALYTIC DEGRADATION OF 4-
NITROPHENOL IN THE PRESENCE OF FERRITES OF MFe>04 (M = Ni, Mn, Zn)

L. FROLOVA

Department of Inorganic Materials Technology and Ecology, Ukrainian State University of Chemical Engineering, Dnipro,
UKRAINE

ABSTRACT With the development of industry there is an increase in emissions of hazardous pollutants, which is the result of
emissions from industries such as textiles, pulp, printing, metallurgy, refining, pharmaceuticals. In recent years, advanced oxidation
processes have been recognized as an effective and alternative way to treat wastewater from organic impurities. Ferrites of
transition metals have been studied as photocatalysts due to their high activity, non-toxicity, chemical resistance, magnetic, optical
and electrical properties. The article considers composite ferrites MFe204 (M = Ni, Mn, Zn) synthesized by the modified method of
co-precipitation. X-ray phase analysis, vibration magnetometry, electron paramagnetic resonance spectroscopy and ultraviolet
spectroscopy were used to characterize the obtained samples. The photocatalytic activity of the compounds was investigated in the 4
nitrophenol decomposition reaction, which was used as a model organic contaminant. Simplex lattice planning of the experiment was
used to determine the dependence of the main properties on the composition. It was found that the obtained ferrite nanoparticles
have a spinel structure. The synthesized nanoferrites have a gap band energy in the range of 1.55-2.2 eV. All samples showed high
photocatalytic activity (the degree of decomposition of 4-NP was 70-90%). The most effective catalysts were Ni-Zn ferrites and Ni-
Zn-Mn ferrites (degree of degradation of 4-NP 88-92%). As the content of manganese cations increased by more than 66%, the
catalytic properties decreased. Magnetic properties, such as saturation magnetization and coercive force, vary significantly
depending on the concentration of Mn cations. In addition, the synthesized samples containing Nickel and manganese have high
magnetic properties, which provides ease of separation from the aqueous solution under the action of an external magnetic field.
Keywords: nickel ferrite; manganese ferrite; zinc ferrite; 4-nitrophenol; photocatalyst

LEITI0NIO03HA, nojirpagivHa, MeTaypriiHa,
HadTonepepoOHa, 3aco0M 3aXWUCTy pociuH, ¢apo,
¢dapmaueBTnyHMX mnpenapariB. CTidHI BOAW MICTAThH
opraHiuHi Ta HeopraHiuHi 3a0pyAHIOBaui B BHCOKHX
KOHLIEHTPAIiSIX. HasBHicTb TaKHUX OpraHiyHHX
3a0pyJHIOBAaYIB SK, CHHTCTHYHI OapBHUKH, OCH30I Ta

Beryn

3 PpO3BUTKOM NIPOMHCIOBOCTI BiZOYyBaeThbcs HeE
TUIBKU 301IbIIEHHS BUKHUIIB HeOe3IeYHnX
3a0pyAHIOIOYUX PEYOBHH, IO MOTPAIUIIIOTH y BOIHI
00’eKTH 31 CTIYHMMH BOJAaMH, aue 1 iX Hepelik.

HeOe3neuni 3a0pyaHioBadi, 3a3BHYaid, € pe3yJIbTATOM
BUKHUJIB TaKUX BHUPOOHHIITB, K TEKCTHJIbHA, MAIepOBO-

HOro TOXiAHI, apoOMaTH4YHI HITPOCHOIYKH, (EHOIU €
cepiio3HO0  mpoOneMoro uepe3 iX TOKCHYHY Ta
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KaHIeporeHHy xito [1-3]. B mpomy meperniky apoMaTudHi
HITPOCIIOIyKM € OCHOBHHMH 3a0pyIHIOBaYaMu, IO
MPUCYTHI B TIPOMHCIOBHUX 1 CUIBCHKOTOCIOMAPCHKUX
CTiuHUX Bojax. lle MOSCHIOETHCS 1X PO3YMHHICTIO Ta
cTiikicTIO y Boai. Tomy BupaaneHHs HIiTpodeHONIB 3
NPOMHUCIIOBUX CTIYHHX BOJA € CKJIQJHUM 1 Ba)KJIMBUM
3aBgaHHAM. Ockinbku HiTpodeHOnn € Oiomoriyno i
XIMIYHO CTIHKUMH CIIONyKaMH, 1X BaXKKO BHIAIUTH
LUISIXOM TNIPUPOAHOTO OiloXimiuHOTrO pyiHyBaHHs. [lyxe
Ba)XXJIMBUM € PO3BHTOK HOBITHIX TEXHOJIOTIH OYHMINCHHS
CTIUHUX BOX. B oOCTaHHI pOKM TmepemoBi MpoIecH
okucnenas (IMIIO) Oymm Bu3HaHI eQEKTHBHHM Ta
aIbTEPHATHBHAM CIIOCOOOM OYHINEHHS CTiYHHX BOJ BiX
opranivanx gomimiok [4]. HemaBHi mocmimkeHHS
MOKa3yIOTh, 1o 110 3 BUKOPUCTAHHSIM
(oTokaramizaTopiB € ayke TEpPCIEeKTHBHUMHM, 1 JalOTh
3MOTY MOBHICTIO MiHEpali3yBaTH OPraHiyHi MOJIEKYJIH JI0
CO; ta H,O [5]. Kpim Ttoro, IIIIO mpusBomate 10
YTBOPEHHS T1IPOKCHIBHUX paIUKaliB, SIKI € OCHOBHUMH
aKTMBHUMH OKHCIIOBaYaMH. B sKocTi KaTaji3aTropiB
TPaAMLIfHO BHKOPUCTOBYIOTH, TaKi CHONYKH 5K, 110,
Zn0O, ZnS, WOs3, CdS i Fe;O3; ta SrTiOs [6]. B ocranHi
POKH (epUTH TEpeXiTHUX METaTiB HOCHIIDKYIOThCS SIK
¢doTokaTamizaTopu  3aBISKH  BHUCOKIM  aKTHBHOCTI,
HETOKCHUYHOCTI,  XIMIYHIA  CTIMKOCTI, = MAarHITHHM,
OIITUYHUM Ta eIEKTPUIHUM BIIACTHBOCTSM [7].

[TpoBoanmucs JOCITIPKEHHS CTPYKTYPHHX,
ONTHYHMX, EJIEKTPUYHMX Ta MAarHITHUX [OKa3HUKIB
mimiHenabHuX (eputis [8]. OueBUAHO, IO HA BIACTUBOCTI
¢depuriB MeFe,O4 (ze Me = Mn, Co, Ni, Zn) 3HauHO
BIUIMBAE sIK 00paHa TEXHOJIOTIsI CHHTE3Y, TaK 1 mapameTpu
rioro nposeneHHs [9]. Po3pobieHi rigpodaszHi TeXHOMIOTIT
OTPUMaHHS  JWCIEPCHUX  IIMIHENbHUX  (epuTiB:
COJIbBOTEPMAIbHUH,  KPIOTEHHHWH,  TiJpOTEepMalbHHN
METO]I, YITbPa3BYKOBHIA, 30J1b-T€JIb, METOI CITiBocapkeHHs [ 10].

[migenpHI CTPYKTYpH, IO BMINIYIOTH IEKiTbKa
KaTioHiB OyJ0 mociimkeHo HenoctatHpo. Came cHHTE3
KOMIO3HIIHHUX (EpUTIB MPU3BOANUTE IO TONIMIICHHS iX
(GyHKIiOHANBHHX BIACTUBOCTEN. Posnomin kationis NiZ,
Mn?" ta Zn?>" mo TeTpaempUYHMX Ta OKTaEAPHIHMX
NO3UIISIX Ma€ CyTTEBUH BIUIMB Ha (PYHKIIOHANBHI
BnactuBocrti [11].

Mera po6oTn

Mera maHOi poOOTH- ZOCHIIWTH BIUIMB 3MiH CKIIaILy
¢epurie MFe,O4 (M = Ni, Mn, Zn) Ha ONITHYHI BIaCTHBOCTI,
MarHiTHI BJIACTHBOCTI Ta ()OTOKATAIITUYHY AKTHUBHICTH B
peakuii po3knananss 4-sirpodenony (4-HD).

Jnist KUTbKICHOTO OIIIHIOBaHHS BIUIMBY KaTiOHIB
BUKOPHCTOBYBAJIM CHMIUICKCHUH METOJ IUIaHYBaHHS
EKCIIEPUMEHTY.

MeToauka NpoBeAeHHsI EKCIIEPUMEHTY

OQeputi  MaHTaHy, IMHKY Ta HIKEIIO OyiH
CHHTE30BaHi 3 BHKOPHCTAHHSIM I[UIA3MOBOTO METOMY.
Depym(ll) cynbdar, Hikenb cyibdaT, MaHran cyibdar,
OWHK CynabdaT, HATpid TiAPOKCHI BUKOPHUCTOBYBAIH
AHATITHYHOI YUCTOTH.

Pentrenorpamm 3paskiB  Oynm OTpUMaHI Ha
npunani JAPOH-2.0 mpu monoxpomarmuaomy Co-Ko
BHIIPOMiHIOBaHHI. Busnauenns MarHiTHHX
XapaKTEePUCTUK MPOBOMIOCS 3a JOIIOMOTOI0
BiOpamiitHoro  marHiTomerpa.  EIIP-cmextpm  Oymm
OTpUMaHI 3a JOMOMOTOI pajiocmekTpomerpa Radiopan
SE/X-2543.

BumiproBanHsi  criekTpiB  audy3HOro BigOUTTS
NPOBOAWIM  HAa  CHEKTPAIBHOMY  KOMIUIEKCI 3
peectpyrounM MoHoxpomatopom MJIP-12 1 cucremoro
peectparnii ¢oroniB Ha ocHoBI ®EY-136. OnpomiHeHHs
3pa3Ka TPOBOAWIIM TaJOTHHOIO JIAMIIOK IOTYXKHICTIO
150 Bt 3 miadparmoro. Pesynpraté Oynm BHKOpPHCTaHi
IUTSL PO3paxyHKy IIHPHHU 3a0opoHeHoi 3oHU. lllupumy
3a00pOHEHOI 30HW BU3HAYAIH BUKOPUCTOBYIOUN (PYHKIIIIO
Ky6enku-MyHka.

Jociniay KaTaniTHYHOTO PO3KJIaJaHHS HMPOBOIUIIN
y cKsHIA mocymuHi npu 25 °C mpu  moCTiHHOMY
CTpylIyBaHHI. Y SKOCTI JpKepeiga ONpOMiHEHHS Oyia

Bukopucrana Y®-mamna DKB9 3 edexruBHEM
CHeKTpanbHUM JianazoHoM 180-275 HM. [HTEeHCHBHICTB
yIBTPadioeTOBOro BUIIPOMiIHIOBaHHS CTaHOBUJIA

Oomuspko 3 MBr/cMm?. Jlamma posTamoByBamacs Hajl
po3umHOM Ha Binctrani 10 cMm Bimg i moBepxHi. 3MiHU
MOYAaTKOBOI ~ ONTHYHOI  TYCTHHH  KOHTPOJIIOBAJIH,
BiIOMpArOUM aliKBOTY PO3YMHY dYepe3 PiBHI MPOMIKKH
gyacy 1 TWiAgarodd  CHEKTPOCKONIYHOMY  aHawi3y.
Konnenrpanito 4-H® Bu3zHagamm ceKTpo(oTOMETpHUIHO
3a pomnomororo crekrpomerpa UV 5800 PC B nmiama3oni
200-900 uwm.

Jnsi BUBYEHHs BIUIMBY KaTIOHHOTO CKJagy Ha
BJIACTHBOCTI (epUTIB OyJlO BHKOPHUCTAHO CHMILIEKC-
PEIIITYACTHH TUIaH, SKHi BUMAarae MiHIMAJIbHOT KiITBKOCT1
eKCTIIEPUMEHTIB Ul BHBYECHHS BIUIMBY (akTopiB Ha
BuOpaHi ¢QyHkmii Bigryky. MousipHi  KOHIEHTpauii
HIKEJI0, MAPTaHIII0 Ta IIMHKY BiIMOBIMTHO OynM 00paHi sK
¢dakropu x1, x2, x3. [InaH excepuMeHTy NOKa3aHUN Y
Tabm. 1.

Tabmunst 1 — Marpuns IiaHyBaHHS — PELIiTKH
cumiuiekc {3,3}

No dopmyna Ni Mn Zn y
1 NiFe204 1.00 0 0 Vi
2 Nio.67Mno.33Fe204 0.667 | 0.33 0 V122
3 Nio.33Mno.67Fe204 0.333 | 0.667 0 yii2
4 MnFe>O4 0 1.00 0 2
5 Mno.67Zn0.33F€204 0 0.667 | 0.33 | y223
6 Mno 33Zno.67Fe204 0 0.333 | 0.667 | y233
7 ZnFex04 0 0 1.00 | ys
8 Nios 3Zno.67Fe204 0.33 0 0.667 | yi33
9 Nio.67Zn0.33F€204 0.667 0 0.333 | yus
10 | Nio33Zno33Mno33Fe204 | 0.333 | 0.333 | 0.333 | yizs

Po3paxyHok KoedilieHTIB y piBHSIHHI perpecii Ta
MepeBipKy HOTo afeKBaTHOCTI MPOBOIIIIH 33 JOTIOMOTOIO
nporpamu STATISTICA 12.

CrymiHp pO3KIaJaHHA PO3PAaXOBYBAIH 32 PAXyHOK
3MeHIIeHHsT KoHneHTpanii 4-H® y BomHOMYy po3unHi 3a
(bopmyoro:

74

BICHUK HTY "XIII" Ne 3 (5)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

(C,~C,)-100%
WX=" o (1)

o

ne Co - mouarkoBa koHueHTpauis 4-H® B po3uuHi,
monb/n, C; - xonnentpauis 4-H® B po3unHi B MOMEHT
qacy t, MOJIb/JI.

Pe3ysabTaTu Ta iX 00roBopeHHs

PentreniBceki audpaxTorpamu (pepury HiKeIIo,
(deputy Mapraio i GepuTy IHHKY MalTh 1HISKCOBaHI
miku (111), (220), (311), (222), (400), (422), (511) i
(440), sx mnokazaHo Ha puc. 1. IHmekcoBaHi TiKU
BIIMIOBIIAIOTh THUMOBIH (a3i 1mmiHemi, ska go0pe
y3rojkyethest 3 kKapTkamu JCPDS Ne 22-1086, 10-0325,
88-1965. PenrtreHorpaMu  IOKa3ylOTb  3MEHIIEHHS
IHTCHCUBHOCTI Ta PO3IIUPEHHS IiKiB, 31 30LIBIICHHAM
KoHIeHTpanii maHrany. CnaOke nudysHe po3CilOBaHHS
Ha MaJuX KyTaX CBiTYATH MIPO TPUCYTHICTH B
JOCTIDKCHUX 3pa3Kax TMOps 3 KPUCTATIYHUMH (azaMu
HEBEJHKOI KITBKOCTI PEYOBHHU B aMOP(HHOMY CTaHi.

| sinon

« (311)

400

300

200

100

80 20

Puc. 1 — Penmeenozpamu gpepumis (3paszku 1,4,7)

Kpim Ttoro, Ha peHTreHorpami 3pasky 7
CIIOCTEPIraloThCs CadKi MiKH, SIKI CBi4aTh MPO BMICT Y
JOCTIKeHI TIpo0i HEBENMKOi KiTBKOCTI TEMAaTHTy O-
F6203.

Jiarpamn «BIacTHBOCTI-CKIIam» OyIu 300pa)eHi
3a JIOTIOMOTO0 130diHIM 3TiAHO BHUXIAHMX JAHUX, IO
HaBeAeHI B Tabm. 2. OyHKIOIAMH BIOryKy OyiH
koepuutiBHa cmia (Hc), Epcren; HamarmideHicTh
nacuueHns (Ms), A M*/kr; X4H® - crynmins po3knananus
4-nitpodenony, %, E — mupuna 3abopoHeHoi 30HH, eB.

MarsiTHI ~ XapakTepUCTHKH  MaTepialy €
HaMBaXXJIMBIIMMHU BJIACTHBOCTSIMH, SIKI BHM3HAYalOTHCS
LIJISIXOM 3alUCy KPUBMX HaMarHidyBaHHS MPU KIMHATHIN
TeMrepaTypi. 3HaYeHHS HaMarHi4YeHocTi HacudeHHs (M)
i xoepuuruBHOoi cumu (Hc), Bu3Ha4ueHI 3 KpUBHX
HaMarHi9yBaHHS, TpuBeaeHi B Tabn. 2. 3 puc. 2(a,0)
BUJHO, IO KOEPLUWTHBHA CHJa sl BCiX 3pa3KiB Mae
HEBeNWKI 3HadeHHA. KpiM Toro, HamarHi4eHiCTh
"HacuyeHHs MnFe,O, Habarato BuIne, HDK B IHIINX
3paskax (puc.3(a)).

Tabmums 2 —  Pe3ympTatu  TIPOBEACHHS
EKCIIePUMEHTY
. 3 X

Nl Ni| M| Zn E}SH;{ q%:%iumlim % | E-B
1 [} 0 2 26,05 2429|8802 1.92
0,6670.333 0 g 7.35 282 (9063 1.7
0,333 0,667 0 38 | 41,69 2327 (7933 1.8
0 1 0 41 111 | 2322 |83.58 1.33
0,667 0,333 g 47,7 | 2851 |71.08 1,71

o |0333(|06s7| & | 373
0 0 1 19 | 3,93
0.333| o |o0667| ® 7.7 | 3692 [88.79] 1.88
0.667] o [0333 3824 (8937 1.82
0,3333[0,3333[0,3333) 44 | 378 | 2103 [895] 17

2439 | 88,9] 1.82
3008 [83.49 2.2

=1 - IR - S R IR R
(=]

|
—
k=]

ey
=]

He, Eporen
R-zqr=0,558

SO
0,00 0,25 0,50 0,75 1,00
Ni M
a)
- o e
ABC ‘ 20,85677
BC ‘ -15,4059
(C)zn 12,66667

AB(A-B)

;

-7,58948

BC(B-C) -3,41899

!

(ANi

-

2,116951

AC -1,97952

L

AC(A-C) 1,542222

p=,05

CraHpapTu3oBaHa oljiHka edekTy (@abconioTHa BenniunHa)
0)
Hc=2,75x1 +41,75x2 + 19,0-x3-12,943x1x3 -
100,73 -x1-x3 + 957,54x1x2x3-114,403x1x2-(x1-x2) +
23,101x1x3(x1-x3) - 51,213x2x3+(x2-x3)

Puc. 2 — 3anescnicme xoepyumuenoi cunu 6io cknaoy (a)
ma diaecpama Ilapemo cmandapmuzosanux eghexmis (0)
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Ms Afm2ikr
R-sqr=0.9997

0,00 0,25 0,50 0,75 1,00
i Mn

AB ‘ -27,4541

BC ‘ -19,7302

(ANi ‘ 17,76408

ABC ‘ 15,51002

BC(B-C) 3,25726

L

AB(A-B) 2,34285

(©)zn 2,189707

AC(A-C) 1,599799

L

p=,05

CraHpgapTv3oBaHa oujHKka edekTy (abcontoTHa BenuunHa)
6)
Ms=2523x1+111,0x2 + 3,11-x3-196,275x1x2 -
141,05x2-x3 + 778,534-x1-x2x3 - 38,369x1x2-(x1-x2) +
26,365x1x3(x1-x3) + 53,344x2-x3-(x2-x3)

Puc. 3 — 3anescnicme namazcnivenocmi HacuueHHs 8i0
cknady (a) ma diazpama Ilapemo cmanoapmu3zo8anux

egexmis (6)

3Hauyniicte (aKToOpiB OIIHIOBAIH, AaHATIZYIOUH
niarpamy Ilapero, mo mokazana Ha puc. 2(0) s BCixX
¢akropiB. Ha pucyHkax moka3aHi BiAMOBiTHI CKIIQIOBI
PIBHSHHS, IO CIPHYMHSIOTh 3HAYHHH BIUIMB Y CHCTEMI,
KA MOXe OyTH NO3WTHBHHMM 4YM HETaTHBHHM. PiBeHb
3HAYYMIOCTI KOe(ILlIEHTIB TOTPUMYBABCS TAKOTO TOPSAKY
3MeHmIeHHs: X2 > x3x2x1 > x2x3 > x3. [1o3uTHBHI 3HaKU
KoedilieHTiB X2, X1 BKa3zylOTh Ha Te, O 31 301IbIICHHIM
OUX  JIOJAaHKIB, TaKOX  30UIBIIYETHCS  3HAUCHHS
KOepUMTUBHOI cuid. HaBmaky, HEraTMBHI CHTHaIN
koedinieHTiB mpu x1x2 Ta X2x3 BKa3zylTh Ha Te, IO
30ibIIeHHS 000X JONAHKIB y CHCTEMi HPHU3BOIMTH [0
3MeHIIeHHs (QyHKOil Biaryky. 3 iHmoro Ooky,
KOeQIIieHTH TIPU JesIKUX 3MIHHAX HE HAaIal0Th iCTOTHOTO
BIUTMBY Ha MaTeMaTH4HY MOJCIIb.

Amnaniz miarpamu Ilapeto mnms HamarHi4eHOCTI
HACHYEHHS [TOKAa3ye, 1[0 HAUOLIbII BILTMBOBUM (haKTOPOM
€ KOHIIeHTpalis KaTioHiB MaHrany. KoedimienTu mpu
3MiHHAX X1X2 Ta X2X3 MaroTh BiJ’€MHE 3HAUEHHS, IO
BKa3ye Ha 3MEHIICHHS Ms B MOABIHHUX ckiamax Mn-Ni,
Mn-Zn (puc. 3(6)).

Jns OmiHKM ONTHYHMX BJIacTHBOCTEH QepuTiB
Oynmu oTpuMaHi crieKTpu audysHoro BinouTTa. Bei 10
3pa3KiB MOKa3aJIn iHTEHCHBHY CMYTY IOTJIMHAaHHA B YD
o0macTi enekTpoMarHiTHoro cekTpy. LlupruHa 3a6oporeHoi
30HU, po3paxoBaHa s NiFe,Os4, MnFe;O4, ZnFe Oy
craHoBwiIa BianosigHo 1,92 eB, 1,59 B, 2,2 ¢B.

upunaa 3ab6opoHEHOI 30HKM (pepuTiB MOKazaHa Yy
Tabn. 2. Bona 30inmbIIyeThes 3i 30UTBIICHHSAM BMICTYy Zn
(puc. 4). 3HauHa 3MiHa 3HA4YEHb HIMPHHH 3200POHEHOT 30HM

MO€ CIIOCTEPIraTUCs 3aBSKU BIUIMBY 0araTtbox (DaKTopiB.
E. eB
R-sqr=0,0085
Zn
0,00 21,00

1975
B <1975
Bl <1575
Cl<1.775
0.75 B < 1.675
M -1575

0.25

1.00
0.00

(©)zn 65,9461

(ANi

55,17776

(B)Mn 46,50325

AC -6,36549

.

AB(A-B) -3,91144

i

BC -3,84019

BC(B-C) 2,127985
AC(A-C) 1,991682

AB 1,368253

LILIL

p=,05
CraHpgapTusoBaHa oLiHka edekTy (abconoTHa BenuimnHa)

0)

Eg=1927x1+ 1,55x2 + 2,0x3-0,512-x1x3 -
0,061x2x3 - 1,742-x1-x2x3 - 1,506x1x2-(x1-x2) -
0,2411-x1-x3-(x1-x3) + 0,254-x2:x3(x2-x3)

Puc. 4 — 3aneaxcnicme wupunu 3a60ponenoi 30nu 6io
ckaady (a) ma diaepama Ilapemo cmanoapmuzo8anux
egpexmis (0)
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CrmiBcTaBIeHHS JiarpaM 3aJIKHOCTEH IMUPUHU
3a00pOHEHOT 30HU BiJI CKJI3Jy Ta IHTEHCHUBHICTIO iKY
EIIP cniekTpy nae 3Mory BU3HA4YHMTH, SKUU 3 (akTopiB €
HANBIUIMBOBIIIUM.

PesynpraT 0OpOOKHM CHEKTPIB  E€IEKTPOHHOTO
MapaMarHiTHOrO Pe30HaHCy (POTOKATaIi3aTOPiB MOKa3aHi
Ha puc. 5(a,0). B skocTi Kputepito oOLiHIOBaHHS Oyinn
00paHo noka3Huk iHTeHcuBHICTh miky EITP cnekrpa. lonn
7Zn*" 3 moBHicTIO 3amoBHEHO d OpOGITAIIO BHOCATH
3HauHuM Bkiany B curHan EIIP cnektpa y Bumazaky
30yDKEHOTO CTaHy. 3aJeXHICTh IHTEHCHBHOCTI HIKY BiX
KITBKOCTEH EeJIEKTPOHIB Ha OCTaHHIA opOiTali dYiTKO
MPOCTEeXyeThCsL. [l HIKETM0 KUIBKICTh d eJIeKTPOHIB

CTaHOBUTH 8§, MUHKY 10, Maprasio 5.
|, BiOH. oA,
R-5qr=0,9999
Zn

Bl - 3500
B - 3700
I < 3300
[ <2900
Il < 2500
B <2100

1,00
0.00 0,25 0,50 0,75 1.00
Ni Mn

(C)zn

133,4834

(B\Mn

(ANi I 121,45

AC ‘ 53,93775

ABC ‘ -42,615

BC(B-C) ‘ 21,49965

AC(A-C) 10,86797
AB -3,40823
AB(A-B) -2,83735

p=05

CranpapTu3oBaHa ouiHka ecekTy (abconoTHa BenuunHa)
6)
IR =2429,0.x1 + 2312,0-x2 + 2998,0x3 - 297,148 x1x2
+4702,60x1x3 - 26086,36-x1x2-x3 - 566,67x1-x2-(x1-
x2) + 2170,55x1x3(x1-x3) + 4321,11x2x3-(x2-x3)

Puc. 5 — 3anexcnicmo inmencusnocmi nixy na EIIP
cnexmpi 6i0 ckiady ¢pepumisg (a) ma diacpama Ilapemo
cmanoapmuzosanux egpexmis ()

HocmimkeHass  (OTOKATANITHYHOI ~ aKTUBHOCTI
¢beputiB mokazanu, 10 CTyHiHb poskiaganHs 4-HO B
npucyTHocTi GeputoBuX (oTOKATAII3aTOPIB CKiIanaB 71-
91 % (60 xB 00poOku npu Y®D-BUNPOMIHIOBaHHI).
Kinernka poskiaganus 4-H® y mpucytHOCTI (epuTiB
npejacraBieHa Ha puc. 6. Boauuii po3unH 4-HO
XapaKTepU3y€eThCsl HASBHICTIO MKy MOTJMHAHHS TpH 317
oM. [lpu posknaganHi  BigOyBaeTbcs — IOCIIIOBHE
3rIapKYBaHHS MKy, IO CBiM4uTh 1po yTBopeHHs CO, Ta
H>O (puc. 6).

0.4
0,35
Oxe
0.3
5 2x8
= 0.23 5x8
£ o
2
{ 0.15 10xs
0.1 20x8
0.05 | 30xs

1 40x8, 60x8

e

200 300 400 500 600 700 800 900
A, mm

Puc. 6 — Cnexmpu noenunannsa pozuunie 4-HP 6
npucymnocmi gpomoxamanizamopa
Ni0.33Zn0.33Mn0.33Fe204

3 puc. 7 BUAHO, O (HOTOKATAITHIHA AKTUBHICTH
(epuTiB 3HAYHA JIS BCIX CKJIAJIB, IO BMIIYIOTh KaTiOHA
HIKEJ0 Ta NUHKY. YiTKO BiTOKPEMITIOETHCS Tparieris, o
BMIIIy€ KaTiOHM HIKeII0, WHKY Ta MaHra"y a0 66%.
[Momampme 30iMBIIEHHS KIMTBKOCTI MaHTaHy 3MEHIIIYE
KaTaJTiTHYHY aKTUBHICTH 3pa3KiB.

BucHoBok

Jns BUKOpUCTaHHS B SIKOCTI (hOTOKaTasi3aTropiB
¢deputu MFe;Os (M = Ni, Mn, Zn) Oyiau CHHTE30BaHI
KOMOIHOBAHUM METOJOM CHIBOCAKEHHA 1 IOAAIBIIOT
TUTa3MOBO1 0OPOOKH.

3aKOHOMIPHOCTI 3MiHM BIIacTHBOCTEeH (epuTiB

Oyar  BHBYCHI  CHMIUIEKC-PEINTYACTHM  METOJIOM
IUTaHyBaHHA  ekcrepuMedTy. OTpuMaHi  TUCTIEPCHI
¢deputn  Oynmm  OXapaKTEpWU3OBaHI 3a  JIOTIOMOTOIO

pentreHogaszoBoro ananizy, EIIP cnekrtpockomii, Y®
cnektpockomii,  BiOpariiiHoi  MaruiTomerpii.  Byno
BCTaHOBJICHO POJIb KaTIOHY B MpOIECi po3KiagaHHs 4-
H®. Bci 3pa3skum mokazanu BHCOKY (poTOKaTaniTHYHY
aKTHBHICTh (cTymiHb poskianaHus 4-H® ckmagaB 71-
91%). Haiibinbm edexkTrBHUM KaTanizaropamu Oyiu Ni-
Zn ¢eputu ta Ni-Zn-Mn ¢epurn (cTyminb aerpagamii 4-
H® 88-92%). IIpu niaBUIIEHHI BMICTY KaTiOHIB MaHTaHy
Oinbie 66% KaTalliTHYHI BIACTHBOCTI 3MEHIYBAJIUCh.
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BC(B-C)

AB(A-B)

(B)Mn

Kanp. %
R-sgr=0,0085
Zn
0.00 1.00

0.00
Ni Mn

0.25 0,75

(ANI

(©)zn

J -18,161

0,43104
BC -
ABC 6,609748
AB -4,5

4,3

5689

AC 9307

p=.05
CraHpapTusoBaHa oLjHka ecbekTy (abcontoTHa BenuinHa)

6)

XNP = 88,158 x1 + 88,58x2 + 83,651x3 - 14,674-x1-x2

+ 14,159x1-x3 -27,579x2-x3 + 157,272-x1x2-x3 +
75,356:x1x2-(x1-x2) - 131,200-x2-x3"(x2-x3)

Puc. 7 — 3anescnicms cmynenio poskiadanns 4-HD 6i0

cknaody (a) ma diaepama Ilapemo cmanoapmu3zosanux

eghexmis (0)

Kpim Toro, cuHTe30BaHi 3pa3Kky, U0 BMIIYIOTh HIKeJb Ta

MaHIraH MarwThb
3abe3mneuye

BUCOKI
JIETKICTH

MAar”iTHi  BIIACTHUBOCTI,
BIJIOKPEMJICHHS  BiJ

1o
BOJIHOT'O

pO3YMHY TiJI Ji€I0 30BHINIHBOTO MArHITHOTO IIOJIS.
Iarencusnicts miky EIIP crektpy Ta cTynmine merpanamii
4-H® xopemntoroTs.
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AHHOTALIHA C passumuem npOMbIUAEHHOCIU HPOUCXOOUM YEeudeHue KOHYeHMpayuu ONACHbIX 3aePA3HAIOWUX Gelyecms 8
B800HBIX 00BEKMAX, 6 pe3ynvbmane GblOPOCO8 MAKUX NPOU3BOOCME, KAK MEKCMUTbHAS, OYMANCHO-YELIION03HAs, NOIuspapuyeckas,
Memaniypeuveckas, Hegmenepepabamvisaiowas, @Gapmayesmuyeckux npenapamos. B nociedunue 200bl nepedoebie npoyeccyl
OKuUCeHUus: bl NPUSHAHBL IPDEKMUSHLIM U ATbMEPHAMUBHBIM CNOCOOOM OUUCKU CHOYHBIX 600 OM OP2AHUYECKUX npumecell.
Deppumsl nepexoOHbIX MEmaiio8 UCCAeoyIomca Kak Pomokamaiuzamopsl 61a200aps 6blCOKOU AKMUSHOCHU, HEeMOKCUYHOCTU,
XUMUYECKOU CMOUKOCMU, MASHUMHBIM, ONMUYECKUM U dNeKMpUdeckum ceoticmeam. B pabome paccmompervl KOMNOZUYUOHHbIE
Geppumor MFe:04 (M = Ni, Mn, Zn), cunme3uposantsie MOOUPUYUPOBAHHBIM MEMOOOM coocadicoenus. [na xapaxmepucmuxu
NONYYEeHHbIX 00pa3y08 OblIU  UCNONBb306AHbL  DEHMEHOPA306bII  AHANU3, BUOPAYUOHHAS MASHUMOMEmMpPUs, CReKMpOCKONUs
9NEKMPOHHO20 ~ NAPAMASHUMHOZ0 — PE30HAHCA,  YIbmpaghuonemosas cnekmpockonus. DOMOKAMATUMUYECKYI0 — AKMUBHOCb
coeOuHeHull  U3V4anu 6 peakyuu pasznodxcenus 4 Humpogenona, KOMOpulll UCNONb30BAAU KAK MOOENbHLI Op2aHudecKull
sacpsasnumens. Jna  onpedeneHus 3a8UCUMOCIU OCHOGHBIX CGOUCHSE OM COCMABA UCNONb308ANU  CUMNIEKC-peulemuamoe
NIAHUPOBAHUE DKCNEPUMEHMd. YCcmanoeneno, 4mo nonyyeHHbvle HAHOYACHUYbL (Deppumos umerom WNUHeNbHOU CMPpYKmypy.
Cunme3suposannvie HAHOpEpUMvl UMEIOm dHEP2Uio 3anpewerHoll 30ubl 6 npedeiax 1,55-2,2 3B. Bce obpasyvl noxasanu ébicoKyio
@domokamanumuyeckylo  akmusHocms  (cmenenv  pasnoxcenus 4-H® cocmaensna  70-90%). Haubonee spdexmusnbim
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cooepoicanus Kamuowos mapeaumya Oonee 66% xamanumuueckue ceoticmea yMmeHvuilanucy. MaeHummuvle ceolicmea, makue Kax
HAMASHUYEHHOCIb HACLIWEHUS. U KOIPYUMUBHAS CULA, 3HAYUMETbHO USMEHAIMCS 8 3a8UCUMOCU ON KOHYEHMPAYUuu KAmuoHO8
Mn. Kpome mozo, cunmesuposannvie obpasysl, codepicawue HUKelb U MapeaHey, UMelom 6blCOKUe MAZHUMHbIE C80UCMEd, Ymo
obecneuusaem 1e2koCmb omoeneHus Ux om 600HO20 pAcmMEopa Noo Oelicmeuem BHeuHe20 MAzHUMHO20 NOJIA.
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CALCULATION OF THE ELECTRIC FIELD DISTRIBUTION IN THE VICINITY OF
THE CONDUCTIVE ROD

S. LYTVYNENKO

Department of Theoretical Electrical Engineering, NTU “KhPI”, Kharkiv, UKRAINE

ABSTRACT The article reviews the methods of mathematical modeling of electric fields in the vicinity of conducting rods and
presents a method developed for calculating the distribution of the electric field strength and potential in systems with conducting
rods. This method allows to use a computational spatial grid with a step proportional not to the radius of the rod, but to its length,
which is relevant when the ratio of the rods length to its radius is large. The method is applied to the calculation of rods EF, for
which this ratio is of the order of 10°—10°. The proposed method is based on the finite integration method. At the same time, the non-
linear decrease in the levels of strength and potential when moving away from the rod in directions perpendicular to its axis is taken
into account. The difference coefficients at the nodes surrounding the rod were obtained by integrating over the computational grid
cell surfaces of expressions describing the strength and potential of the electric field for an elongated conducting ellipsoid under
potential. With this representation of the conducting rod, it was possible to achieve the greatest accordance of calculations with the
analytical solution. In practice, the application of the presented method allows for a more accurate calculation of the electric field in
the vicinity of a conducting rod, which is either under potential, or in a homogeneous electric field, using a computational grid with
a step proportional not to the radius of the rod, but to its length. The non-linear character of the decrease in the strength and
potential of the electric field near the rod is taken into account using analytical expressions for a conductive ellipsoid under
potential. In the area surrounding the rod and above its top, when using a spatial grid step proportionate with the length of the rod,
and not with its radius, the relative errors in calculating the strength decreased from 27 % to 3 %. The results of calculating the
electric field of a lightning rod are presented in order to analyze the conditions for the occurrence of upward leaders.

Keywords: electric field potential; electric field strength, conducting rods, finite integration method; lightning rods, mathematical
modeling; upward leaders

PO3PAXYHOK PO3IIOALTY EJIEKTPHYHOI'O IIOJIA B OKOJII
EJIEKTPOITPOBIIHOI'O CTPU/KHSA

C. A. TUTBHHEHKO

kagpedpa meopemuunux ocroe enexmpomexnixu, HTY «XI1l», Xapxie, YKPAIHA

AHOTALIA Y cmammi npogedenutl 021510 Memooie MamemMamuiHo20 MOOeT0GANHS eIeKMPULHUX NOJIE 8 OKOJ eeKMPONPOGIOHUX
CMPUDICHIB | NpeOCMasaeHuti Memoo, o po3podaeHutl 05 PO3PAXYHKY POZNOOILY HANPYIHCEHOCMI | NOMEHYIANY eleKMPUUHO20 NOJs
6 cucmemax 3 eneKmponpogioHuMy cmpudicHamu. Lleti memoo 0036015€ 6UKOPUCMOBYEAMU PO3PAXYHKOSY NPOCHOPOBY CIMKY, WO
Mae Kpok, nponopyitinuii ne paodiycy CMpudiCcHs, a 1020 OO0BX#CUHI, WO € AKMYAIbHUM HPU BEIUKOMY CRIBBIOHOWEHHI OOBICUHU
cmpudicis 00 tio2o padiycy. Memoo 3acmocoéanuti 05t po3paxyHKy CMpudiciie, y SKux maxe cnigsionowenns cseac nopsaoxy 10°—
10%. 3anpononosanuii memoo nobyooeanuii na 6asi memooy ckinuennozo inmezpysanns. Ipu yoomy epaxosaie neninitine cnadanns
pisHi6 HanpysiceHocmi I nomeHyiany npu 6i00ANeHHI 6I0 CMPUIICHA 8 HANPAMKAX, NEPNEeHOUKYIAPHUX 1oeo oci. Piznuyesi
Koe@iyicHmu y 8y3nax, wo omoyyloms CHMpUdiCceHsb, Oyau OMmpuMani WasxXom iHmeepy8ants no NOBEPXHAX KOMIPOK pO3PAXYHKOBOT
CimKy mux 8upasis, Wo ONUCYIOMb HANPYICEHICb | NOMeHYian eneKMmpuyHo20 O Ol BUO0BICEHO20 enincoioa, AKull nepedysac
nio nomenyiaiom. Ilpu maxomy NOOAHHI eNeKMPONPOGIOHO20 CMPUJICHS B0ANOCs 00CAeMU HAUOLIbUI020 302y PO3PAXYHKIE 3
ananimuunum piwienuam. IIpakmuune 3acmocysants npedcmasieno2o mMemooy 00360J€ 30MICHIO6amu Oilbid MOYHUL PO3PAXYHOK
eNeKMPULHO20 NOJSL 8 OKOJL eNeKmponpoGiOH020 CMPUICHS, WO 3HAX0OUMbCS abo nid nomeuyiarom, abo 8 oonopionomy EII, 3
BUKOPUCTAHHAM PO3PAXYHKOBOT CIMKU 3 KPOKOM, CRIBPOSMIDHUM He 3 paldiycom CMpudicHs, a 3 1020 008xcuHol. Bpaxyeanns
HeniHilino20 Xapakmepy CHAOAHHA HANPYJICEHOCMI [ NOMeHYIany eneKmpuyHo20 nojs NoOAU3Y CMPUICHA NPOGOOUMbCA 3d
00NOMO2010 AHANIMUYHUX UPA3I68 0 eleKMPONpogioHo2o enincoioa, wo nepebdysae nio0 nomeHyianrom. Y 30mui, wo omouye
cmpudicend, I HAO 1020 8ePUIUHOIO NPU BUKOPUCMAHHI KPOKY NPOCMOPOBOL CImKU, NOPIGHAHHO20 3 O0BXCUHOI0 CIMPUIICHSA, d He 3 11020
paodiycom, GIOHOCHI NOXUOKU pO3paxyHKy Hanpyscenocmi smenwuaucs 3 27 % 0o 3 %. Hasedeno pesynomamu po3paxyHKy
e/IeKMPULHO20 NOSL CMPUINCHEB020 OIUCKABKONPUIMAYA 3 MEMOIO OOCTIONCEHHS YMOE 6UHUKHEHH S 3YCMPIUHUX Ni0epis.

Knrouosi cnosa: nomenyian enekmpuuno2o NOJsS; HANPYICEHICMb eleKMPUUHO20 NOs; eNeKMpPOnpOGIOHi CMPUDICHI, Memoo
CKIHUEHHO2O0 IHMe2PyB8anHsl; CIMPUICHEB] OIUCKAGKONPUUMAYI, MameMamuyne MOOeIOS8aAHHs,; 3VCMpidni 1idepu

Introduction calculation of the electric field (EF) in the vicinity of

conducting rods, the length of which exceeds their radius

Solving the problems of modeling rod lightning by several orders of magnitude (L/R>10?-10°%). Another

rods, incomplete insulation breakdown channels, channels  area where the solution of such problems is required is
of lightning leaders [1-6] may be performed by emission devices using arrays of carbon nanofibers [7-9].

© S. LYTVYNENKO, 2020
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Determination of the degree of strengthening of the EF
tension in the area of the top of the rod is an urgent
problem in various areas [10,11].

Analysis of recent research and publications

When calculating the distribution of the electric
field in the vicinity of long and thin rods, we encounter a
problem associated with the choice of the step of the
computational grid. The step should be less than the
radius of the rod, however, with a significant ratio
between the length and the radius of the rod, the resulting
smaller computational grid leads to a significant increase
in the order of the equations system describing the
system, which makes it impossible to solve it using
existing computational tools.

n [12], for three-dimensional modeling of the gas
discharge process in order to study the streamer branching
processes, an approach was chosen, which consists in
utilizing a computational grid divided into several layers.
The step in each layer becomes smaller and smaller as it
approaches the discharge axis. The solution is based on
the finite element method using Newton's iterations to
solve a nonlinear system of equations, which ensures the
simultaneous convergence of the entire system of
equations. Lagrangian-quadratic elements were used for
the Poisson equations and boundary conditions. This
approach allows you to perform calculations with the
required accuracy, but the requirements for RAM and
time costs are a significant obstacle to its use.

In the numerical calculation of the EF using finite-
difference methods in the immediate vicinity of a thin
cylindrical rod having an infinite length [13-17], to
determine the coefficients of the difference equations, the
law of decay of the EF intensity is used, which is
inversely proportional to the distance from its axis. In this
case, the step of the computational grid can significantly
exceed the radius of the rod. In [18], a rod of finite length
is represented by a uniformly charged thread, in [19] by
an eclongated ellipsoid located in a uniform EF. In both
cases, when calculating the area in the vicinity of the rod,
the same law of strength variation was applied. When
comparing the results of the potential distribution
calculation at the distance of the step of the computational
grid from the rod by numerical methods and analytical
calculation of a uniformly charged thread and an
elongated ellipsoid located in a uniform EF [20], a
relative error of about 5 % was obtained. The error in
calculating the strength exceeds 10 %. When using this
approach in solving problems containing a rod under
potential, in the absence of an external EF, the error
becomes even greater: up to 45 % for the strength
calculation of the rod top zone under potential. In order to
solve this problem in the region limited by the step of the
computational grid from the axis of the rod, when
calculating the coefficients of the difference equations at
the nodes on the rod and the step from it, it is proposed to
use analytical expressions for the EF of an elongated
ellipsoid under potential [20].

The aim of the work

The aim of this work is to develop a refined
method for the numerical calculation of the electric field
in the vicinity of conducting rods with a large ratio of
length to radius. The difference coefficients in the nodes
of the computational grid surrounding the rod are
determined in a special way. As a result, the used step of
the computational grid can be proportional to the length
of the rod rather than its radius. This approach increases
the accuracy of calculating the EF strength in systems
containing conducting rods.

Basic research materials

The calculation used a system (Fig. 1) with a
grounded rod with potential Uj.

@ _y
al’l max 0

L 2R,
_UPML I—*H leader

aﬁ =0 Dir Zﬁ =0
on - n
2R 0
L I rod
=0

Fig. 1 — Calculation scheme

The computational equations used in the finite
volume method [21,22] were obtained by integrating
Maxwell's equations over the volumes ¥ of the unit cells
that make up the computational domain. The nodes of the
computational grid (i, j, k), in which the EF potentials are
determined, are located at the interface between the
media, and therefore on the axis of the conducting rod
(Fig. 2). With such an arrangement of the computational
grid nodes, the conditions at the interfaces between the
media are satisfied automatically.
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Fig. 2 — Cell containing a conductive rod

To obtain the difference coefficients, Maxwell's
equation was used [20]:
rotH =yE+0D/ ot ,
where D=goeE=-gog-grade — electric induction;
£=0.885-10""" F/m; E — electric field strength; ¢ —
electrical potential; y — conductivity; H — magnetic field
strength.
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After applying the divergence operation to the
equation, the resulting expression must be integrated over
the volumes of the unit cells 7 that make up the
computational domain using the Ostrogradsky-Gauss
theorem. In the absence of space charges, the second term
on the right-hand side of the last equation can be
neglected. As a result, an equation will be obtained for
determining the electric potential @:

IyEdVZ{yEndS:{—y@dSZO, (1)
v s s On

where n — normal to the surface S enclosing the
volume V, E, — the projection of the vector strength E
normal to the surface S.

For each node (i, j, k) of the computational grid, an
equation of the form (1) is drawn up. In this case, each
cell of the computational domain is characterized by its
specific conductivity y; ; . Since the length of the rod is
several orders of magnitude larger than its radius, the rod
in the design model is replaced by a set of nodes located
on the axis with indices r (Fig. 2).

The non-linear nature of the decrease in the
strength and potential of the electric field in the direction
perpendicular to the rod axis is taken into account using
the conductivity tensor:

r-k, 00
?i.j.k =0 "f"ktr 0 |, (2
o 0 7k

where k., k,, k. — coetticients equal to 1 for all
nodes except (i, /i, k), (i-1, jir, k), (i, Jr, ki-1).

The presence of conductivity between the nodes i,
Jr k- along the rod axis is taken into account using the
coefficients k, = 10° for these nodes.

The coefficients k. and £ of the nodes surrounding
the rod and lying on its axis, and the coefficient %, of the
node at the top of the rod are determined from analytical
expressions for the potential level and the electric field
strength depending on the voltage applied to the rod. The
rod is represented as an elongated ellipsoid [20]. In this
case, the potential is determined by the expression:

(PzUo'fq;U’ 3)
1 1n«/5_,+L2 N
2n(2L/R)  Jes 2 P -R*’

components of the electric field strength vector:

where f,, =

Ex = _Uo 'fUEx 5 (4)
Ey:_Uo'fUEy-; (5)
Ez = _Uo 'fUEz > (6)

1 VP -R

_Zln(ZL/R).\/g_FLZ .(§+R2). .

where f,; = X5

1 NI -R?

== . d Y
Sur 2In2L/R) Je+ 12 -(£+R) ')
1 VI’ - R
fUEz:_ . 5 5 -dE;(z.Z
2In2L/R) [e+ 12 -(£+R)

_ 72 _p2
dy.=|1-2=L |, g, =128

) _\/pz—q Vpi—q ;

LC+R ~(xX+y +2°
E=—p+\p —q; &9 p= (2 Yz,

g=LCR-I(x*+z°)-R’y*; x, y, z — Cartesian
coordinates (i, j, k)-th computational grid node.

The coefficients k. and k. of the nodes surrounding
the bar and lying on its axis ((i, jr, k), (i1, jr, &), (s Jirs
k~1)), and the coefficient &, of the node at the top of the
bar are determined using in (3) instead of Uy the potential
difference at the nodes on the rod and spaced one step of
the computational grid from it and using this expression
in the formulas for the components of the EF strength (4)—
(6). So, for the component E, of the electric field strength,
we express 0@/ oOx through Uy in the form of the potential

difference at a node on the rod axis ¢(xr, yjr zir) = Up and
at a node spaced from the axis at the distance of the
computational grid step @(xXi--1, Vjr, Z), corresponding to
the derivative step back:

O(p/ax ‘x:x,-,,l ~ A(P/Ax = [(P(xir7yjr’zkr) _(P(xir—l’yjr’zkr)]/Ax =

=Ug - [1=fou (X505 ¥ 052, )1/ Ax
Let us write the expression for Up in terms of
Op/Ox considering that the sign of the derivative is taken

into account automatically when solving the system of
equations:

Ap
U, = A -D_, @)
where
D, - A . (8)
| 1 _fq)U (x,,,lsJ’,,.,Zk,.) |

For derivatives 0O¢/0z and O@/0y [Vi=Vjr max
expressions are similar:
09/ 0z = Ap/ Az =[Q(x,,, ¥ ;,52,) = QXY 5 24, )]/ Az =
= [(p(xirﬂyjr’zkwrl) - (P('xir’yjr’zkr)]/AZ =
=U, .[1_f¢U(xir’yjr’Zkrfl)]/AZ =
:Uo [fwu (xir’yjr’zl<r+l)_1]/AZ )
a(p/ay = A(p/Ay = [(P('xir5yjrmax+l 7Zkr) -
_(p(xir’yjrmax’zkr)] /Ay = UO ' [1 _f(p(] (xir ’yfrmax+l ’Z/\T]/Ay M
We use Up in the last two equations, expressed
through the change in potential in directions along the
axis y (A@/Ay)and z (Ap/ Az ):
Ag

u,=2®.p . v, -=2.p,
Az Ay
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where
D = Az D = &y .
’ | l_f.pv(x,y-’yjﬂzkr—l) ‘ ' |.f;JU(xir’yjr'maxH’Zkr)_1 ‘
The coefficient k. characterizes the non-linear
potential drop between the nodes located on the rod axis
and at a step away from it. To determine it, we write Eq.
(4) for the cell surface S,. at a distance of half a step from

the rod axis (x =x;+12) and substitute Up into it in the
form (7):

Ex(xi)'+l/2’yjr’zkr) =——_ Y- f;JEX(xiHl/Z’yjr’Zkr) .

Then

where k=D, - Fyp (%, 2. Y,52) -

Similar transformations made it possible to obtain
expressions for the coefficients k,,, .-:

k}y = Dy 'FL*E»v(xw’y,‘rmaxmz’Z/q-) P
kzz = Dz 'FUEz(x/r »y/mzml/z) .

The coefficients iy, &, k- (see (2)) are obtained by
integrating k., k,y, k- over the corresponding surfaces S,.,
Stz, Sy (see fig. 2) using any standard subprogram.

Because the computational domain refers to open
areas, then in order to reduce its dimensions when
calculating the EF, uniaxially perfectly matched layers
(UPML) were placed on its boundaries [17].

The unknown potentials of the nodes of the
computational scheme are determined by solving a system
of difference equations composed of equations of the
form (1) for each node, using the iterative method of
alternating directions and the sweep method [16,17]. The
boundary conditions for the scalar potential are shown in
Fig.1.

The estimation of the accuracy of calculating the
EF in systems with rods was carried out by comparing the
analytical and numerical solutions for two cases: the
potential Up is applied to the rod and the rod is in a
uniform external EF with the strength Eo. The analytical
solution is made according to the formulas for the
potentials and strengths of an elongated ellipsoid [20].
The calculations showed up that for the considered rods
with a length-to-radius ratio L/R>10?-103, which are
under strength, as well as for rods located in an external
homogeneous electric field, the maximum values of the
relative errors 8y when calculating the electric field
strengths do not exceed 3 %. When calculating based on
the approach described in [18], &z can reach 45 %, and
when calculating based on the approach described in [19],
27 %. Calculations have shown up that a twofold decrease
in the step of the computational grid, as well as an
increase in its dimensions twofold, do not lead to a
change in the distributions of the EF and the values of the
relative errors.

An example of electric fields distribution
calculation in the vicinity of a rod lightning rod to
analyze the conditions for the appearance of upward
leaders from it.

The development of positive upward leaders from
ground objects occurs when there is an EF strength of the
order of 500 kV/m above these objects, caused by an
approaching downward leader of negative polarity [4].
The calculation of the EF distribution was carried out for
several cases in order to determine the influence on the
occurrence and development of upward leaders of a
stepped downward leader channel of lightning with a
potential of 30 MV—-100 MV approaching the object. The
boundary conditions used in this calculation are shown in
Fig. 1. The case is considered when the space charge is
still absent in the zone where the development of the
negative streamer stage begins [4]. The step of the spatial
grid is chosen equal to 1 m, the absorbing layers located
at the boundaries of the computational domain have the
number of steps N=10, m=3, kmax=300 [18,19].

In the first calculated case, the downward lightning
leader is at potential U, and is located at a height of
several hundred meters above a grounded lightning rod of
length L and radius R. The leader's EF does not affect the
EF of the lightning rod top due to the significant distance
between them. EF strength in the vicinity of the lightning
rod under thunderstorm conditions is Eov=U/H;, where H,;
is the thunderstorm cloud height. The calculation was
carried out for the potential of the downward leader U, =
100 MV, launched from a thundercloud from a height of
H,=2000 m. The strength around the top of the lightning
rod with a height of L=60 m and a diameter of 2R=0.1 m
(see Fig. 1) was E;=50 kV/m, the diameter of the
lightning leader channel is 2R;=0.01 m. The calculation
showed up that the obtained strength above the top of the
lightning rod (no more than 100 kV/m) is not enough to
fulfill the condition for the appearance of an upward
leader. The case was also calculated when the top of the
downward leader approached the top of the lightning rod
at a distance of 20 m. The distance between the axes of
the leader channel and the lightning rod was Dz =5 m.
The strength obtained in this case (300 kV/m) is also
insufficient to fulfill the condition of occurrence an
upward leader. The calculation under the condition of the
location of the downward leader streamer top at a height
of 10 m from the top of the lightning rod top showed up
the level of the obtained tension exceeding 500 kV/m,
thus only in this case the occurrence of an upward leader
from the lightning rod is possible.

Conclusions

The proposed method for calculating the EF of
conducting rods, in which the non-linear decrease nature
of the strength and potential near the rod is taken into
account using analytical expressions describing the EF of
an elongated conducting ellipsoid under potential, made it
possible to reduce the relative error in calculating the EF
strength to 3 % or less for rods with L/R> 10>-10°. In this
case, the space step is chosen proportional to the length of
the rod, and not to its radius.
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AHHOTALIUA B cmamve npousseden 0030p Menoo08 MamemMamuiecko2o MoOeIupo8anuss 2NeKmpuieckux noueti 8 OKpecmHocmu
NPoBOOAWUX CIEPIICHEll U NPpedCmasien Memoo, paspadbomantblil 015 paciema pacnpeoeneHus HaAnpsjICeHHOCMY U NOMeHYyuand
9NIEKMPUYECKO20 NONA 6 CUCMEMAX C NPOBOOSWUMU CMEPICHAMU. DMOom Memoo No360Jsem UCHONb306amMb  PACUENHYIO
NPOCMPAHCMBEHHYIO CEMKY, UMEIOWYIO Waz, NPONOPYUOHANbHYIIL He PAOUYCY CIMEPICHS, a e20 ONUHe, YMO ABNACMCs aKMyaIbHbIM
npu 6OILUIOM COOMHOWEHUU ONUHBL CIEPICHA K e20 paduycy. Memoo npumenen onsa pacuema DI cmeporcuell, y Komopeix maxoe
coomnowenue nopsoxka 10°—103. Ipeonoxcennviii memod nocmpoen Ha 6ase memooa Koweuno2o unmezpupoeanus. Ipu smom
yumeHo HeluHeliHoe cnaoamue yYpoGHell HANPAJICeHHOCMU U NOMeHYuana npu YOaieHuu Om CMepIiCHA 6 HANPAGIeHUAX,
nepnenoukynapHuix e2o ocu. Pasnocmusie Kod@uyuenmvl 6 Y31aX, OKPYICAIOWUX CMepiiceHb, Obliu  NONIYYeHbl nymem
UHMeSpUpOoBanUs NO NOBEPXHOCMAM AYEUKU pACYeMHOU CemKU BbIPAdCeHUull, ONUCLIBAIOWUX HANPAICEHHOCMb U NOMeHYUa
INeKMPU1EcKo20 O sl BbIMAHYNO20 HPOBOOAUIE20 INIUNCOUOA, HAXOO0AUe20Csk o0 homenyuanrom. Ilpu maxom npedcmasneHuu
npogooAe20 CmepdICcHs y0aioch O0OCMUYL HAUOOIbULE20 COBNAOEHUS PACHemos ¢ aHAIumuyeckum peuteHuem. lIpakmuueckoe
npuMeHerue npeocmasieHHo20 Memooa no36oiaem npousgooums Oojee MOUHbIL pacuem 31eKMpUieckozo nofis 6 OKpecmHoCmu
npo6oosAe20 CMePICHs, Hax00Aue20cs b0 nod NOMEHYUanom, oo & oonopoorom 11, ¢ ucnoib3oeanuem paciemnoli cemxu ¢
Wazom, NpoONOPYUOHATIbHLIM He PAOUYCY CMEPIHCHA, 4 e20 ONuHe. Yuem HeIuHelHo20 Xapakmepd Cnadauus HaAnpA*CeHHOCMU U
nomeHyuana 2NeKMPULEcKo20 Nojisa 601U3U CIMEPICHS NPOU3BOOUMCS C NOMOUbIO AHATUIMUYECKUX 8bIpadceHull OJid NPoBoO0Ae20
INNUNCOUOA, HAXOOAWE20C NOO NOMeHYuanom. B 3one, oxpyscaioweti cmepoicens, U HAO €20 8ePUUHOL NPU UCNONL308AHUU UA2a
npoCcMpancmeenol cemxu, CoUSMepuUMo20 ¢ ONUHOU CMEPIICHs, d He ¢ e20 pAOUyCOM, OMHOCUMENbHble NOSPeUHOCMU paciema
nanpsaxicennocmu  ymenvwunucs ¢ 27 % 0o 3 %. Ilpusedenvi pesyibmamvl pacuema 2AeKMpUHecKo2o MNOIs CMEpIHCHeB020
MONHUENPUEMHUKA C YeNblo UCCIe008AHUS YCL06ULl BOZHUKHOGEHUS BCMPEUHBIX TUOEPOS.

Knroueevie cnosa: nomenyuan snekmpuiecko20 NOJs;, HANPAICEHHOCHb INeKMPUUECKO20 NOs; NPOBOOAUUe CMEPIHCHU, Menoo
KOHEYHO020 UHMESPUPOBAHUSA, CINEPIUCHESbLE MOTIHUENPUEMHUKY, MAMEMAMUYecKoe MOOeIuposanue; 6Cmpeinsie uoepbl
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3MICT
EHEPI'ETHKA, MAILIMHOBYITYBAHHA TA TEXHOJIOI'TI KOHCTPYKIJIHHHUX MATEPIAJIIB

Cninuyk A. M., Axum P. C. BuiuuB TeXHOJIOTIYHMX MapamMeTpiB CKJIQJAHHS 3’€IHAHHS «3yOOK-IIApOIIKay Ha SKICTh
BCTaBHOT'O TBEP/IOCIUIABHOTO OCHAIIEHHS LIAPOIIOK OYPOBHX AOJIT
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