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AHOTAIIA

Apenoau H.A. Po3po0OKka TEXHOJIOTTYHUX 3acaji OKUCIIOBAILHOI MIPOIYBKH B
CTaJIEPO3TMBHOMY KOBIII NMPU BUPOOHHUIITBI CTaJl 3 HU3BKUM BMICTOM BYTJEIIIO. -
KpanidikamiifHa HaykoBa mpaiisi Ha IpaBax PyKOIMHCY.

Hucepranis Ha 3700yTTS HayKOBOTO CTyIHeHs JoKTtopa ¢itocodii 3a
cnemianbHicTiIO 136 — Meranypris. — IHCTUTYT 4YOpHOI MeTanmyprii im.
3.1. Hekpacosa HarmionanbHoi akagemii Hayk Ykpainu, Jninpo, 2025.

VY nauceprariiiiHiii poOOTI MNPEACTaBICHO pPE3ylbTaTH OTJSLY JKEpen
Cy4acHOI HAyKOBO-TEXHIYHOI 0a3u 1010 €XHOJIOTTYHUX AacCIEeKTIB BHUPOOHMIITBA
craineit 3 BmicTom Byriemio Hwkuye 0,1%. BcraHoBiieHO, 10 TEXHOJOTIM 3
BUIUIaBKU cTajed 3 BMicTOM Byriemto Hwkue 0,1 % y KHMCHEBHUX KOHBEpTepax 3
MO/Iauel0 HEWTpaJbHOrO razy 3 HHU3Y, a OCHOBHOIO KHCHIO 3BEpXy, SKI
BUKOPHUCTOBYIOTHCS Ha Cy4acHHX MeTalnypritHuX HIAIPUEMCTBAX,
CYNPOBOJIKYIOTbCS 3HMKEHHSIM BUXOAY MPUIATHOTO PIJIKOi CTajli y MOPIBHSIHHI 3
BUPOOHULITBOM cTajiel ByrieneBoro copramenty. Lllo crocyerbcs Ttexnosorii
razo-KMucHeBOro padiHyBaHHs, TO BOHa 0a3yeThCs Ha TOJIaBaHHI TEXHOJOTTUHHMX
ra3iB 3 HI)KHbOI YACTUHHU CTAJIEIUIABWJIBHOIO arperary, 30KpemMa uepe3 JHO IS
I'KP mnpomecy Tta 3 OokoBoi ctopoHu BanHM — i1 AOD. Ilpu upomy
BUKOPUCTOBYIOTbCA (GypMH CHelladbHOT KOHCTPYKIIi «Tpyba y TpyOi», sKi
3a0e3MeuyloTh BBEJACHHS KHCHIO Y METajeBy BaHHY B OOOJIOHIII 3 TMajluBa,
BUKJIIOYAI0YH BUCOKOTEMIIEPATYPHUI BIUIMB 30HU OKHCIIEHHsS Ha QyrepiBky. [Ipu
bOMY TEXHOJIOTISl Tra30KUCHEBOro padiHyBaHHA Imepeadavae 4YepryBaHHS
MPOJYBKA MeETajeBOi BaHHU KHUCHEM Ta HEUTpajibHUM Tra3omM, IO 3a0e3rnedye
YHUKHEHHS MEPEOKUCIICHHS METally Ta BIANOBIHO 3a0€3MEUYEeHHs] BUCOKOTO PiBHS
BUXOJly NPHUAATHOTO piakoi crani. BukopucTaHHs METONIB OKHUCITIOBAIBHOI
MPOAYBKA Ha e€Tall BaKyyMYBaHHsS CTajll € HaWOUIbII €(PEKTUBHUM METOJIOM
3HIDKEHHS BMICTY Byriiento Hikue KouueHtpaiii 0,1%. Lle 3ymoBieHo came
3HAYHUM BIUIMBOM 30BHIIIHBOTO TUCKY Ha NPOLECH OKHUCIEHHS (MOHOKCHT
BYIUICIIO € Ta3omNoji0OHOI0 pedoBHHOI0). CyTTEBUM HEIOJIKOM IIPOIIECiB

BUJIAJICHHSI BYIJICIIO 3 MeTajeBoro posmiaBy Huwkue 0,1 %, mo 6a3yroThcs Ha
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mporecax ra3o-KUCHEBOTO padiHyBaHHS, € BHUKOPUCTAHHS CIEHIAIHLHOTO
TEXHOJIOTTYHOTO  OOJIaJJHAHHS, BCTAHOBJEHHS SKOr0 TNOTpedye 3HAYHMX
kamitanoBkiageHb. Illo crocyerbest mpolieciB OKUCIACHHS BYIVICIIO KHUCHEM IpHU
MOHI)KEHOMY THCKY, TO BOHHM MacoBO HE 3aCTOCOBYIOTbCS 4Yepe3 HEBEIUKY
CTIMKICTh BY3JIIB IMIABOAY KHCHIO Yy po3muiaB. [linTBepakeHa IOLUIBHICTD
BUJUICHHS JIBOX €TaliB y IMpoIleci BUPOOHUITBA CTajiel 3 BMICTOM BYIJICIIO
Menmie 0,1%: BumaneHHs ByrJiemio 3 posmiaBy 1o piBHa 0,2% y mporect
BUILJIAaBKHM; JIOCATHEHHs KOHIEHTpauii Byriemo Huwkde 0,1% 3a paxyHOK
JIOBEJICHHS METaJTy Ha eTarll mo3aniyHoi 00poOKH cTati.

[IpoBeneHo TepMOAMHAMIUHI PO3PAXYHKU MPOLIECY OKUCIEHHS JAOMIIIOK
3aJI130BYTJICLIEBOTO PO3IUIABY 3a PAaXyHOK JOHHOI MPOJYBKH KHCEHbBMICTHOIO
ra3oBoro (aszor, fAKI JO3BOJMIM BCTAaHOBUTU YEProBICTH Ta MPIOPUTETHICTH
MPOLIECIB OKHUCIIEHHS Yy MeTajeBii BaHHI ¥ BIUIMB Ha HUX HAJIMIPHOTO THCKY.
TakuM 4yMHOM, MIATBEPIKEHA TEOPETHYHA MOXKJIMBICTh €(PEKTUBHOTIO BUIATCHHS
BYIJICLI0O Ha eTaml Mo3amiyHoi OOpoOKM cTajl 3a pPaxyHOK JIOHHOI MPOAYBKH
KHCEHbBMICTHUM ra3oM y OyJIbOalIKOBOMY PEKUMI.

[InsxoM MpoBeAeHHS KOMIUIEKCHOTO JIOCHIIKEHHS, sKe Mepeadadano
BUKOPUCTAaHHS  METOAIB  TIHbOBOI 3HOMKM Ta  HHU3BKOTEMIIEPATypHOTO
MOJIeNIIOBaHHs, OyJia BU3HAUEHA palliOHaJbHA KOHCTPYKLIS JOHHOIO MPOJYBHOTO
0JIOKY /1J1 BBEICHHSI KUCEHbBMICTHO1 I'a30B01 (pa3u B 00’ €M METAJIEBOr0 PO3ILJIaBY.
BcranoBneno, 1m0 nOpoAyBHUM OJOK po3po0JeHOI KOHCTPYKUII MOBUHEH
CKJIaJaTHCs: 3 KaHAIIB JJIA MMiJIBEJICHHS TEXHOJOTTYHUX ra3iB, KaMepu-3MillyBaya
TEeXHOJIOTIYHUX Tra3iB, OyJIbp0aIIKOyTBOpIOBaYa Il HaJaHHS ra3oBii (azi OuTbmioi
MOBEPXHI KOHTAKTy 3 MeTanoM. 11[o/10 KOKHOTO 3 €JIeMEeHTIB MPOAYBHOIO OJIOKY
BCTAHOBJIEHI palliOHaJbHI MapamMeTpu: HaOUIbII e(PEeKTUBHOI KOHCTPYKIIIEO
Oynp0aIKOyTBOpIOBaya B CKJIaJl JOHHOTO MPUCTPOIO JJIs MPOAYBaHHS PO3ILIaBIB
€ BHUKOPUCTaHHS MaTepialiB 3 HEOPIEHTOBAHOIO MOPHUCTICTIO Ta MIUIMHHOIO
MOPUCTICTIO 3 IUPUHOIO IUIMH 1-2 MM, BUKOPUCTAHHS SIKUX JI03BOJISIE OTPUMATH
CTaOUTbHUN CTOBII JAPIOHUX OYyIBOAIIOK, 1110 CKOPOUYE Yac TOMOT€HI3allli po3IliaB;

BIJIMOBIHO 10 €MITIPUYHO OTPUMAaHUX PE3YIbTaTIB KaHaIU JJIA BEJICHHS PIZHUX
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MIPOyBHUX ra3iB B KaMepy NOBUHHI 3HAXOAUTHCS M1 KYTOM /10 BEpTUKAJIBHOI BiCl
B Mexax 25- 40°. KoHCTpyKilis po3poO0JeHOro AOHHOTO OJIOKY s HPOIYBKH
METaJIEBOI0 PO3IUIABY CYMIIIIIKO TEXHOJIOTTYHUX Ta3iB y KOBIII 3axHIIeHa
NaTeHTOM YKpaiHu Ha KopucHy mojeib Ne 1226453 «BornetpuBkuii 010K aiis
MPOYBKUA METAy ra3ammy.

[IpoBeneHi MOCHKEHHST HA HATYpHIA XOJOAHIA MOEN CTaIEpO3IUBHOTO
KOBIIIA IIOJI0 PO3YMHEHHS «BAXKHX» MPUCATOK PEYOBHUH INPHU MPOJYBaHHI Kpi3b
NOHHY (hypMy 3a OyJIbOAIIKOBUM PEKUMOM 3 METOIO BCTAHOBJIEHHSI 0COOIMBOCTEMN
MacCOOOMIHHMX MpOIeciB. 3a iX pe3yibTaTaMu OYyJ0 BCTAHOBJICHO, IO TiJ 4ac
MPOAYBKH Kpi3b OJIOK 3 HEHANpaBICHOI TMOPHUCTICTIO (POPMYETHCS TMOTIK
Oynb0alloK, SIKHM He TUIbKM MIAIMAEThCS Bropy Mmix Ji€lo cuil Apximena, ane i
CTBOPIOE JOJATKOBUN pPyX CEpe/oBUIA B MPUJIETJIUX 0 THOTOKY OyJbOamok
miapax BaHHM; M1 4ac NPOAYBKM Yy OynbOallIKOBOMY pEKHMMI HaillOuibla 3MiHA
KOHIICHTpAIlli 3a Yac TPOJYBKH BIAOYBA€ThCA B CEPEIUHHOMY 00’€M1 BaHHU
KOBIIIA; HaWKpalll yMOBHM IME€pEMIIIyBaHHS BaHHM Ta HAWKOPOTIIMM wyac ii
rOMOTeHi3allii CTBOPIOIOTHCA MpU MNPOAYBaHHI 3 IHTEHCUBHICTIO T0Jayl
npoayBHOTo rasy 0,684-1,026 M’/T-cTani rox; HalKpai( yMOBH IOJ0 KOIMBAHHS
pIIKOT BaHHH, SIKI HE MOBMHHI YTBOPIOBATH AUISHKH OrOJICGHOTO METaly MiJ 4Yac
MPOJYBKU, CTBOPIOIOTHCS MPHU THTEHCUBHOCTI BBEIEHHS NpoayBHOro razy (0,684-
1,026 M/T CTaJI'TOJ; 3a BIABEJCHUN MPU BUKOHAHHI JOCIIKEHb Yac MPOIAYBKH
3aIUIaHOBaHy KOHIIEHTpalito po3duHy 1% Oyno AOCITHYTO HpPH 1HTEHCUBHOCTI
BBEJCHHS y BaHHY rasy 1,026 -1,368 wm’/T-crami ron, mpu OUIbII MIBHAKOMY
JOCSITHEHHI «TOMOT'€HHOT0» CTaHy PIAKOi BaHHU MPHU IHTEHCUBHOCTI MOJayl raszy
1,026 wm/1+ crani rox. ToOGTO peKOMEHAAII€0 s MHPOAYBAHHA BAHHH Y
CTAJIEPO3IMBHOMY KOBIII Kpi3b JIOHHUH OJIOK 3 HEHANPABICHOIO MOPUCTICTIO Y
Oy1b0aIIKOBOMY pEKUMI JUIs 3A1MCHEHHS TIPOLECY 3HEBYTJICIIOBAHHS PO3ILUIABY €
MPOIYBKa 3 {HTEHCHBHICTIO BBEJCHHsS Ta3dy Ha piBHi 0,36 M/T crami-rox (mpm
nepepaxyBaHHl Ha pealbHUIl MPOMUCIOBUM 00 €KT — CTaJepO3JIMBHUI KiBII

eMHicTIO 250T).
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3a  pesyibTaTaMM  BUCOKOTEMIEPATYpPHOTO  MOJEIIOBAHHS  MPOIECY
MPOAYBKUA  3a130BYIJIELEBOrO pPO3IUIaBYy 3 HEBEJIUKHUM BMICTOM BYIJICIIO
(0,3%Mmac) cyMilIlIo KUCEeHb — HEUTpaJIbHUI ra3 4yepe3 OAMHAPHHUM MpOaYyBHHI
KaHaJ, 10 IMITye OynhOAIIKOBUM PEKUM JIOHHOI MPOJYBKH, BCTAHOBJICHO, IIIO
palioHAJIbHUM 3 TOYKHM 30pY OKHCIIEHHS BYIJICLIO Ta €KcIulyaTallii MpoAyBHHUX
IPUCTPOIB € BMICT y ra3oBid cymimi kucHio 20-30%. Ilpu mpomy mporuec
OKHUCJIEHHS BigOyBaeTbcs 31 mBUAKICTIO 0,056%Mac/XB 1 CyMpOBOIXKY€ETHCS
MPIOPUTETHUM OKHUCJICHHSIM BYTJICLIIO y 0araToKOMIOHEHTHOMY

3aJ1130BYTJICLIEBOMY PO3ILIABI.

KiarwuoBi cjoBa: HU3BKOBYTJICLICBA CTallb, JOHHA IIPOJAYBKAa, Ta30BC

Oynb0aKOyTBOPEHHS, IOHHUN MPOAYBHUN OJIOK, MO3armiyHa 00po0Ka, CTaab-KiBII

SUMMARY

Arendach N.A. Development of technological foundations of oxidizing
melt purging in a ladle during the production of low-carbon steels. - Qualifying
scientific work on manuscript rights.

Dissertation for the Doctor of Philosophy degree in specialty 136 —
Metallurgy. — Iron and steel Institute of Z.I. Nekrasov of National Academy of
Sciences of Ukraine, Dnipro, 2025.

The dissertation presents the results of a review of the sources of the modern
scientific and technical base regarding the technological aspects of the production
of steels with a carbon content below 0.1%. It was established that technologies for
steels smelting with a carbon content less than 0.1% in oxygen converters with the
top oxygen supply and the bottom supply of neutral gas are used at modern
metallurgical enterprises. However, they are accompanied with a decrease in the
yield of liquid steel in comparison with the production of middle carbon steels. As
for gas-oxygen refining technologies, they are based on the supply of process gases

from the lower part of the steelmaking unit, in particular through the bottom for the
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GKR process and from the wall-side of the bath - for AOD. At the same time,

nozzles of a special “pipe-in-pipe” design are used, which ensure the introduction
of oxygen into the metal bath in the fuel shell, excluding the high-temperature
influence of the oxidation zone on the lining. At the same time, the technology of
gas-oxygen refining involves alternating purging of the metal bath with oxygen
and neutral gas, which ensures the avoidance of overoxidation of the metal and,
accordingly, ensures a high level of yield of suitable liquid steel. The use of
oxidation blowing methods at the steel vacuuming stage is the most effective
method of reducing the carbon content below a concentration of 0.1%. This is due
to the significant influence of external pressure on oxidation processes (carbon
monoxide is a gaseous substance). A significant drawback of processes for
removing carbon from metal melt below 0.1%, based on gas-oxygen refining
processes, is the use of special technological equipment installation of which
requires significant capital investment.

As for the processes of carbon oxidation with oxygen under reduced
pressure, they are not widely used due to the low stability of the nodes supplying
oxygen to the melt. The expediency of separating two stages in the production
process of steels with a carbon content less than 0.1% has been confirmed: removal
of carbon from the melt to the level of 0.2% in the smelting process; achieving a
carbon concentration below 0.1 due to metal treatment at the stage of out-of-
furnace steel processing.

Thermodynamic calculations of the oxidation process of iron-carbon melt
impurities due to bottom purging with an oxygen-containing gas phase were
carried out. That made it possible to establish the sequence and priority of
oxidation processes in a metal bath and the effect of excessive pressure on them.
Thus, the theoretical possibility of effective carbon removal at the stage of out-of-
furnace steel processing due to bottom purging with oxygen-containing gas in the
bubbling mode has been confirmed.

By conducting a complex study, which involved the use of shadow

photography and low-temperature modeling, a rational design of the bottom
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purging unit for introducing an oxygen-containing gas phase into the volume of the
metal melt was determined. It was established that the blowing unit of the
developed design should consist of: channels for supplying process gases, a mixing
chamber for process gases, the bubbler to give the gas phase a larger contact
surface with the metal. Rational parameters were set for each element of the
blowing block. The most effective design of the bubble generator as part of the
bottom device for blowing melts is the use of materials of non-oriented porosity
and slotted porosity with a width of the slit 1-2 mm. Their use allows you to obtain
a stable column of small bubbles, due to which shortens the homogenization time
of the melt. According to the empirically obtained results, the channels for supply
various purging gases into the chamber should be at an angle to the vertical axis
within 25-40°. The design of the developed bottom block for blowing the metal
melt with a mixture of process gases in the ladle was protected by Ukrainian patent
for utility model No. 1226453 “Refractory block for blowing metal with gases”.
Studies were conducted on a full-scale cold model of a steel casting ladle
regarding the dissolution of “heavy” additives during purging through the bottom
nozzle in the bubbling mode in order to establish the characteristics of mass
transfer processes. According to their results, it was established that during purging
through a block with non-directed porosity, a stream of bubbles is formed, which
not only rises up under the action of Archimedean forces, but also creates
additional movement of the area in the layers of the bath adjacent to the stream of
bubbles. During purging in bubble mode, the largest concentration change occurs
in the middle of the ladle bath. The best conditions for the bath mixing and the
shortest time for its homogenization are created during purging with the intensity
of the gas supply of 0.684-1.026 m’/t-steel h. The best conditions for the oscillation
of the liquid bath, which should not form areas of bare metal during purging, are
created at the intensity of the purging gas supply of 0.684-1.026 m’/t of steelh.
During the purging time the planned solution concentration of 1% was achieved at
the intensity of gas supply into the bath of 1.026 -1.368 m’/t- steel h, with a faster

achievement of the “homogeneous” state of the liquid bath at the intensity of gas
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supply of 1.026 m’/t- steel hours. That is, the recommendation for purging the bath

in a steel casting ladle through the bottom block with non-directional porosity in
the bubble mode for the process of decarburization of the melt with the intensity of
gas supply at the level of 0.36 m’/t of steel'h (when transferred to a real industrial
object - steel casting ladle with a capacity of 250 tons).

According to the results of high-temperature modeling of the process of
iron-carbon melt purging with a lower carbon content (0.3% by mass) with a
mixture of oxygen and neutral gas through a single blowing channel (simulating
the bubbling mode of bottom blowing), it was established that the rational from the
point of view of carbon oxidation and the operation of purging devices is the
oxygen content in the gas mixture is 20-30%. At the same time, the oxidation
process occurs at a rate of 0.056 wt%/min and is accompanied by priority

oxidation of carbon in the multicomponent iron-carbon melt.

Key words: low-carbon steel, purging process, bubble gas formation,

bottom purging unit, out-of-furnace treatment, ladle
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HayxoBa HoBu3HA. [los10keHHS HAYKOBOT HOBU3HU (DOPMYIOTH TPUBE/ICHI Y
MOAAABIIIOMY Yy3arajbHEH1 pe3yJbTaTH TEOPETUYHUX Ta EKCIePUMEHTAIbHUX
JTOCJTIJIPKEHb:

1. Ompumanu nooanvui020 po36UmMKyY VA6NE€HHA W0 00 nepedizy
OKUCTIIO8ATIbHUX peaKuill ¢ 0azamoKOMNOHEHMHUX 3Aa1i308)2/1eUe8Ux CnaaA8ax
3a PAxXyHOK KUCEHb8MICHOI 230600 pazu ma mucKy Ha npouecu OKUCTEeHHA
eyzieyro Ha emani no3aniyHoi 00pooKku cmani. Bcmanoesneno, wio 6ipo2ionicmao
NPOmMIKAHHA Peakyii pO3UUHEHHA KUCHIO Y PO3N1a6l ma OKUCeHHA 8Y2l1eyio 00
CO 3o0invmyemnca na 19%eion. npu 36invwenni mucky y 34 pasu 3a paxynok
2idopocmamuunozo 6naugy uiapy memaiy ma WAaKy 071 CHaAaepo3iueHo2o
Koguwia emuicmio 250 m.

TepmonuHamiuHi AOCHIIKEHHS MPOIECIB OKUCICHHS CKJIQJOBUX JOMIIIOK
0araTOKOMIOHEHTHUX 3aJ130BYTJIELEBUX CIUIABIB MPOBOAATHCA Oulblie HiXK 70
pokiB. Ilpu 1pOMY, 37€0LIBIIOTO BC1 JOCHIKEHHS MPOBOJUIUCA [IJIs €TaIliB
BUTOTOBJICHHSI CTajli y IUIABMJIBHUX arperatrax JJisi YMOB B3a€MOJIIi IIJIaKO-
METaJIeBOi €MyJIbCii 3 KHCHEBUMU CTPYMEHSIMH, II0 BUTIKAIOTh 31 3BYKOBOKO Ta
MOHAJ3BYKOBOIO IIBHJAKICTIO. TakoX € TIeBHA KUIBKICTh JOCIHIKEeHb, sKa
BUCBITJIIIOE OCOOJIMBOCTI OKHCJIEHHS IOMIMIOK 0araTOKOMIIOHEHTHOI'O 3alIi30-
BYIUICIICBOTO PO3IUJIaBY NpPH BIUIMBI 3HUKEHOTO THUCKY. OTpuMaHi 3a1eKHOCTI
BIUIMBY T1APOCTATHYHOTO TUCKY APy METay JUIsl YMOB CTaJepO3JIMBHOTO KOBIIIA
emMHIcTIO 250-T Ha BIPOTAHICTH NPOTIKAHHS MPOLECIB OKUCIEHHS JOMIIIOK
0araTOKOMIOHEHTHOTO 3J1130BYTJICIIEBOTO PO3ILJIABY, BIAMOBIIHO JO SIKUX MOXHA
BCTAHOBUTU TMPIOPUTETHICTh MPOLECIB PO3YMHEHHS Ta30MOJI0HOTO KHUCHIO Y
po3mnaBi Ta yrBOpeHHs CO 3a paxyHOK B3a€MOJIi PO3UMHEHOTO KHCHIO 3
BYTIJICLIEM PO3ILIABY.

2. 3a pezyrvmamamu @Qizuuno20 MOO0eNI06AHHA NPU  GUKOPUCHMAHHI
Memooy miHb0BOT 3UOMKU énepuie 6CMAHO6/1EHO, WO NPU 63AEMOO0II 2a308UX
nomokie, AKI eumixkaromo 3 O00HAKOB8UMU 2a300UHAMIYHUMU

XapaKmepucmukamu ¢ NOPONCHUNY Kamepu 3miuyeanna nio kymom 25-40° oo
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éepmuKaIbHol gici Kamepu, 6i00yeacmvbca noeHe ix 3MiuilyeaHHsa Oe3 empamu
WBUOKOCHI NOMOKY CYMIWLL 2a316.

[TonepeaniMu TOCTIAKEHHAMH BCTAHOBIICHO, 1[0 YMOBOIO 3MIIITyBaHHS JIBOX
ra3oBUX IMOTOKIB € BUTIKAHHS B3JIOBXK OJIHI€T Bicl Ha3ycTpidu oAuH oaHoMmy. IIpu
bOMY BiIOYBA€THCS aCUMUIALIS Ta30BUX CTPYMEHIB 32 PaXyHOK BIPOBAKEHHS
MOJIEKYJl Ta3y OJHOTO IMOTOKY VY IHIIMHA 3 TMOBHOI BTPATOI HIBUIKOCTEH
cTpyMeHsiMU. B Xoni mpoBeneHHS IOCHIIKEHHS OTPUMaHi METOJOM TIHBOBOI
3ilomku (oTtorpadii B3aeMoii Ta30BUX CTPYMEHIB, sIKI JO3BOJUIM BCTAaHOBUTHU
KYyTH HaxXWwily CTPYMEHIB JI0 BEpPTHUKaJl, 3a SKUX CIIOCTEPITA€ThCA 3MIIIyBaHHS
MOTOKIB 3 MIHIMQJIBHUMHU BTpaTaMH MIBHUAKOCTI (BCTAHOBJICHO 3a XapaKTepoM Ta
HIUTBHICTIO PE3YJIBTYIOUOTO Ta30BOTO CTPYMEHS, IO BioOpakaeThes y Gopmi Ta
KOJbOP1 Ha (hoTorpadisix TIHOBOI 3HOMKH ).

3. Ina npomucnosux ymoe oopooku cmani y koewii emuicmio 250-m 3a
pe3yrbmamamu HU3bKOMEMNEPAMYPHO20 MOO0en108anHA (PiOouna, wio imimye
cmany - 600a), 6CHAHOBIEHO 2IOPOOUHAMIYHI 0COOAUBOCMI 20MO2eHI3aUil
PiouHu 6 cmanepo3nuéHoOMy Koeuii npu OOHHIU NPOOYSUI CYyMIWUIIO cucmemu
«KuceHb-HeumpanvHuil 2az». Bnepwie ecmanoeneno, wio 3a inmencusnocmi
IM’/m-200 (3a ymoe 3binvwienns eumpamu npodyenozo 2azy na 20% y
NOPIGHAHHI 3I CMAHOADMHOI0 MEXHOJ02I€0) 6I00YBAEMbCA  YMEOPEHHA
MAH2EeHUIANbHUX NOMOKIB, AKI NYAbCYIOMb U 347Yy4aA0Omb Oi1buly YACHMUHY
eéannu (~ Ha 52%) 0o nepemiutysannusn ma ~ na 42% ckopouyemovca mpueanicmeo
ycepeoHeHHA XIMIUH020 CKAady piOuHU npu 000A8aAHHI y AKOCMI Imimamopa
000a6KU, W0 POZYUHAEMBCA, XTAOPUOY HAMPIIO.

HuspkoTemnepaTypHe  JOCHIIKEHHS  MAacOOOMIHHHUX  MpOIECIB B
CTaJICPO3JIMBHOMY KOBIII 3a pPaxXyHOK TMPOAYBKM TEXHOJOTTYHUMH Ta3aMu
JOCIIJDKYEThCA Bke Maibke 70 pokiB. Ilpu 1boMy € 3Ha4H1 JOCSATHEHHS 3
BU3HAYEHHSI 0COOIMBOCTEH PyXY piAKOi a3y, BCTAHOBJICHHS IIIBUIKOCTEH MOTOKIB
Ta 3aKOHOMIPHOCTEH po3uumHEHHsS ¢epociiaBHUX n00aBOK. Cepesn JOCIITHUKIB
IbOT0 HAmpsMKy OCOOJMBE Miclleé 3alMaroTh BITYM3HSIHI HAYKOBI IIKOJHU

JNATY (Camoxsanos C.€., I'pec O.B.), UM (Bixnepmyk B.A., ITintok B.I1.) Ta
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OTIMC (CmipnoB A.M.). Cepen nocArHeHb 3a3HAUYECHUX AOCHIAHUIIBKUX IIKLI
MOHa BUJIUIMTH: BU3HAUYCHHS TIPOJUHAMIYHUX OCOOIMBOCTEHN M1/l 4ac MPOAYBKHU
y KOBIII Ha JABo(a3Hii MOeli; BU3HAUEHHS palliOHATbHUX PEKUMIB IPOTYBKU Ta
JUISTHOK PO3TalllyBaHHS JOHHHUX MPOAYBHUX OJIOKIB; BCTAHOBJICHHS IIBHIKOCTEH
MOTOKIB Ta PO3MOAUTY TeMIeparyp 1 KOHIEHTpalid Yy o00’eMi BaHHU
CTaJIEPO3JIMBHOTO KOBILIA; JOCHIIKEHHS OCOOJMBOCTEH PO3YMHEHHS /100aBOK Yy
piakii ¢asi. [Ipore HeoOXiqHO BiI3HAYUTH, 1110 BIIAMOBIIHO O CyYaCHUX YSIBJICHb,
MPEACTAaBICHUX y OCTAaHHIX MYOJIKaIisaX SK BITYM3HIHUX TaK 1 3aKOPJIOHHHX
BUCHUX TMPIOPUTETHA POJIb B YCEPEJHEHHI METajleBOi BAaHHU CaMe€ HAaJla€ThCs
BEPTUKAIBHOMY PYXy PIAWHU y KOBIII T1J 4Yac MPOIYBKH HEUTPAJbHUM Ta30M.
[Ipote, B X0[i MpOBEACHHS MAOCIIKEHb JOBEJIECHO BaXJIMBICTh BIUJIMBY Came
TaHTEeHIIMHOTO PyXy Oynp0amkoBoi MpoAyBKU (y TOPU3OHTAJIBHIM IUIONIUHU
BaHHHU) Ha €()EKTUBHICTh MPOIIECIB MACOOOMIHY B METaJIeBli BaHHI.

4. 3a pesyromamamu  1aO6OpaAmMOPHO20  BUCOKOMEMRNEPAMYPHOZO
MOOeNNBaAHHA 6nepule 6CMAHO6NEHO, W0 34 YMO6 NPOOYEKU MEMA1e6020
posnnagy 3 emicmom ey2neyio 0,3%mac. cymiwimio cucmemu «KUCEHb-
HellmpanvHuil 2a3» npu emicmi kucuw 20-30% cnocmepizacmuca npiopumemmue
oKkucinenua eyzneuto 3i weuokicmio 0,056 %mac/xe 3 OocacHeHHAM 11020
Kinueeozo emicmy 0,01% 3 MiHIMANBHUM OKUCIEHHAM IHUWIUX OOMIUWOK Y
po3niaei.

[TonepenHi pocmixeHHs: 6a3yBajiucs Ha BAyBaHHI B METaJeBY BaHHY KHUCHIO
Ta HEUTpaJIbHOrO Ta3y IMOYEpProBO, 3 PO3AUICHHAM TNEPIOJiB OKHUCICHHS Ta
ycepenHeHHs. [lpu npomMy crocTepiraeTbCs JOKaJIbHE NEPEOKUCICHHS METaJeBOi
BaHHU B OKUCIIOBAJIbHHMI mepio. 3amporoHOBAaHO Ta JOBEACHO Y JabOpaTOpHUX
yMOBax, III0 BUKOPHUCTAHHS Yy SKOCTI TPOJYBHOTO Tra3y CyMIllll CHCTEMU
CHEUTpaJIbHUN Ta3 - KHUCEHb», 3 BMICTOM ocTtaHHboro 20-30% mo3Bossie
3/1IACHIOBATH MPIOPUTETHE OKUCICHHS BYTJIELIO 32 PEXKUMY JOHHOI 0yJIbOAIKOBO1

MIPOTYBKH.
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IIpakTnyHe 3HaYeHHS OJepP:KAHUX Pe3yJbTaTiB.

1. BcranosneHo, 1m0 parioHaibHa ¢opma Oyab0alkoyTBOproBada JOHHOTO
MPOIYBHOrO OJIOKY MICTUTh HEHANpaBlIeHy MOPHUCTICTh a00 UIUIMHHI OTBOPH 3
BiJICTaHHIO MDK miMHamu 1,0-1,5 MM, npu 1bOoMy 4yac romoreHizaiii MeTajaeBoi
BaHHU CKOpouyeTbcsi Ha 42% 'y TOpIBHAHHI 3 BUKOPUCTAaHHS KaHAJIbHOI
MOPUCTOCTI.

2. Po3po6ieHo aBTOPCBKY METOAUKY E€JIEKTPOKOHIYKTOMETPUYHOIO
JIOCJIIJDKEHHSI CTOCOBHO TIEPEPO3MOAUTY JOMIMIOK B 00’€Mi METaJeBOi BaHHU
CTaJIEPO3IMBHOTO KOBINA, KA MIABUIIYE 1H(GOPMATUBHICTH IIOAO0 €(EKTUBHOCTI
BIUIMBY PEXKHUMY TEPEMIIIyBaHHSI BaHHU Ha PO3IMOIUT JOMIIIOK 3a 00’€MOM BCi€l
BaHHHU.

3. 3anpomoHOBaHO KOHCTPYKIIIO JIOHHOTO NPOAYBHOrO OJOKY JJis
MPOIYBKU 3aJ1130BYTJICIIEBOTO PO3IUIABY T'a30BOI0 CYMIIIIIIO CHUCTEMHU «KUCEHb-
HEUTpaJIbHUI a3y, sKa CKIAJaeTbcs 13 OynbOalIKOyTBOpIOBada, KaMepu s
3MilllyBaHHA T'a31B Ta KaHAJIB JJIA MiBeICHHS ra3iB. 3aMpoNOHOBaHA KOHCTPYKIIS
3axunieHa nareHToM YkpaiHu Ne 126453 «BoruerpuBkuil OJ0K JJIsi MPOAYBKHU
MeTajly ra3aMm.

4. Po3poOneHo pexomeHAalli BUKOPUCTaHHS Y MPOMHUCIOBUX YyMOBax
TEXHOJIOT1i JOHHOI MPOJYBKHA PIAKOrO pPO3ILJIABY y CTAJEPO3IMBHOMY KOBIII MpU
no3amniyHii o0poO1i CyMIIIIIIO Ta31B CUCTEMH «KHCEHb-HEUTpadbHUN Tra3» (BMICT
kucHio 20-30%, 3aranmpHa BUTpata ra3zoBoi cymimi 0,25-0,29 M3/T'1“OJI), K1
3a0e3MeuyoTh OTPUMaHHS cTajl 3 BMicToM Byriielto 10 0,01%.

Pe3ynpTaTi nucepraniiHoro AOCIIIKEHHS OMyOJiKoBaHO y 15 IpyKoBaHUX
mparsix, B TOMY 4MCii: y 5 ¢paxoBUX BUAAHHAX; Y | maTteHTi YKpaiHu Ha KOPUCHY
MOJIeNIb; ¥ 9 Te3zax JOMNOBied Ha MDKHAPOJHUX Ta BCEYKPAiHCHKUX HAyKOBO—
TEXHIYHUX Ta HAYKOBO—TIPAKTHUYHUX KOH(EpeHLIsX, OJHa 3 SIKUX MpOXoJuia 3a

KOPJIOHOM.
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BCTYII

AKTyaJIbHiCTh TeMH. B cydacHuX ymoBax crajb JIMIIAETHCS OJHUM 3
rOJIOBHUX KOHCTPYKUIMHMX MaTepiaiiB, IpHU IbOMY 0COOJIMBE Miclle 3aiiMae came
COpTaMeHT cTajiel 3 BMicToM Byrielto Hikue 0,1 % mac.. 3a3HaueHa 0COOIUBICTh
MOB’si3aHa, B TMEpUIy 4Yepry, 3 HasSBHICTIO y HUX CHEIIaTbHUX MEXaHIYHUX
BJIACTUBOCTEH, 30KpeMa MiABUIIECHOT MIIACTUYHOCTI NpHU AePopMallii y XOJI0IHOMY
cta”l. TakuM 4YWHOM, IIPU BUKOPHUCTAHHI y CKJIaJl MalllMH Ta arperariB crajeu
HU3bKO BYTJIELEBOIO COpPTaMEHTy 3 BMicToMm Byriemio Hikue 0,1 % wMac.
3a0e3neuyeThCsl BUCOKA HAAIMHICTh Ta €KCIUTyaTalliiiHa MILHICTh MPU 3HUKEHHI
3arajbHOI METAJIOEMKOCT] yCTaTKyBaHHS.

3 mo3ulid TEXHOJIOT1I BUPOOHUIITBA 3a3HAYEHOTO KJIAacy cTajeil HeoOXIiTHO
BI[3HAYUTH, IO iX BHUPOOHUUTBO Y KHUCHEBUX KOHBEPTEpAaX 3 BEPXHBOIO
MPOYBKOIO CYNPOBOKYETHCS 3HAUHUM 3HIDKCHHSIM BUXOJY MPUAATHOTO PLAKOT
CTaJli, TOMYy BOCHOBHOMY iX BHUPOOHHITBO NPOBOJUTHCSA Yy CHEIlaTi30BaHUX
arperatax TuiaBmwibHoro crpsmyBanHa (I'KP Tta AOD konBepropu) Ta
CHEellaIbHUX arperarax BaKyyMHOI OOpOOKH, sIKi mepefdadaroTh OKUCIIOBAJIBbHY
OpoayBKY miag BakyyMoM. CTOCOBHO BITYM3HSHOIO CTaHy MeETaJypriiiHoro
BUPOOHHUIITBA HEOOX1AHO BiA3HauuTH, 0 ['KP xoHBepTOpM MpUCYTHI Ha TPHOX
MIANPUEMCTBAX 1 BIAPI3HAIOTHCS HE BUWJIMKOI €MHICTIO, a IUISHKH 3 BaKyyMarlii
CTaJli Ha METaJNyprifiHuUX NiAIpHeMcTBax mpexacrasieHi jume Ha TOB «M3
Huinpoctans» Ta [IpAT «/Ininpocnencrtans». Ha metamypriiiHux komOiHaTax
[IpAT «Kamerctanb», [IpAT «3anopixcranb» ta IIpAT «Apcunopmitran Kpusuit
Pir» BUpOOHMYMX [JUISHOK 3 BaKyyMyBaHHsS pIIKOI CTail He mnepeadadyeHo
TE€XHOJIOTTYHUM LUKIIOM.

TakuM 4YMHOM, aKTyaJIbHUM 3aBAAHHSAM I BITYM3HSHOI METaITyprilHOi
MIPOMHUCIIOBOCTI € CTBOPEHHS TEXHOJOrli 3 BHUPOOHHUIITBA HU3BKO BYTJEHEBUX
cTasiei 3 BMicToM Byriento Hikue 0,1% y mpomucinoBux ymoBax. Lle 103BoHTH
3HAYHO  PO3LIMPUTH COPTAMEHT CTallell Ha ICHYIOYMX METalypridHuX
MIANPUEMCTBAX 0€3 3HAYHUX KaliTaJoBKJIaAeHb. [Ipu 1mbpoMy 3HA4YHO 3pocTe

KOHKYPEHTO3AaTHICTh BITYM3HIHOT METaJIONPOTYKIIii.
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3B's130K po00OTH 3 HAYKOBUMH MPOrpaMaMu, IJIaHaMu Temamu. Po6ora €
pe3yabTaTOM 3aKiHYEHOTO LMKy HAayKOBO-IOCHIAHUX POOIT, IO MPOBOIUIUCS
Kadeaporo MeTanyprii 4aByHy Ta cTajli Y KpaiHChbKOTO JE€P’KaBHOT'O YHIBEPCHUTETY
HAyKW Ta TeXHOJOriH (paHime - HarionanbHoi MeTanypriiiHoi akaaemii YKpainu)
JIP GO60F10019 (aBTrop nucepraiii OyB BHKOHABIIEM 3a3HAa4eHOi POOOTH) Ta
BIIAUTY (I3UKO-TEXHIYHMX MpoOJeM MeTalnyprii cTtaii I[HCTUTYTYy 4OpHOIi
metanyprii im. 3.1. HekpacoBa HAH Ykpainu JIP 0124U001695 (aBTop nuceprariii
npuiiMaB y4acTb y BHKOHAaHHI BCIX €TalliB 3a3HAu€HOi POOOTH BIAMOBIAHO 10
KaJICHIAPHOTO TJIaHy Ha 0€30IUIaTHIN OCHOBI).

Meta i 3aBaannsi auceprauiifHoi pod6oru. Mera poOOTH — BCTaHOBHUTH
(G1BUKO-XIMIUHI  OCOOJMBOCTI JOHHOI OKHUCIIOBAJbHOI TMPOJYBKH Ta30BOO
CYMIIIIIIO CUCTEMH «KUCEHb — HEUTPaJIbHUI Ta3) 3a1i30BYTJIECHEBOr0 PO3IJIaBY
nij4ac no3amniuHoi 00poOku A 3abe3neyeHHs: e(PEeKTUBHOT TEXHOJIOT1i OTpUMaHHS
craneit 3 pmictom Byrieto 0,1 - 0,01%.

JUisi JOCSTHEHHS TOCTaBJIEHOI MeTH C(hOPMYJIbOBaHI HACTYIHI 3aBJIaHHS
JOCIII>KESHHS:

1. IlpoBectn  1H(DOpMaIiiiHO-aHATITHYHI  JTOCHDKEHHS 32  HampsIMoM
CYy4YaCHUX TEXHOJIOTTYHUX PIIIEHb 100 BUPOOHHUIITBA CTAJIEH 13 BMICTOM BYTJIEIIO
0,1 - 0,01%.

2. BcTaHOBUTH TEPMOJAMHAMIYHI 3aKOHOMIPHOCT1 Ta OCOOJIMBOCTI BUIAJICHHS
BYIJICL}I0O 32 YMOB JOHHOi MPOAYBKM 3ajJI30BYIJIELIEBOIO  pO3IUIaBy B
CTaJIEPO3JIMBHOMY KOBIII1 32 paXyHOK ra3omo/1i0Ho1 (pa3u, 1o MICTUTb KUCEHb.

3. BAOCKOHamuWTH  KOHCTPYKLIIO  JOHHOTO  MPOJAYBHOTO  OJIOKY
CTAJIEPO3IMBHOTO KOBIIA i1 €(EeKTUBHOTO BUJAJCHHS BYIJICLIO 3 PIIKOTO
PO3ILIaBY MPH Mo3arivHiil 00pooIL.

4. BcTaHOBUTH OCHOBHI TEXHOJIOTIYHI MapaMeTpu 3a g e(pEeKTUBHOIrO
BUJIAJICHHS  BYIJICII0 TMPH  TO3alivyHiii  o0poOili piAKOro  po3miaBy i3
3aCTOCYBaHHSIM JIOHHOT MPOJAYBKM Ta30BOI0 CYMIIIIIIO CUCTEMHU «KHCEHb-

HEUTPAIBLHUN Ias3y.
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5. [IpoBecTu y n1abOpaTOPHUX YyMOBaX BHUCOKOTEMIIEPATypPHE MOJICTIOBAHHS
JUIsl BU3HAYEHHS pAalllOHAJIbHUX MapaMeTpiB BUPOOHMIITBA CTajied 13 BMICTOM
Byriaeno 0,1 - 0,01%.

6. Po3poOka pexkoMeHJaliil IMIOA0 PEeXUMY JOHHOI MPOJYBKH Ta30BOIO
CYMIIIIII0 CUCTEMU «KUCEHb-HEHUTPAJbHUM Tra3» Mia 4Yac MOo3amivyHoi 0OpoOKH
PIAKOTr0 pO3IUIaBY y CTaJIEPO3IMBHOMY KOBIII, 5IK1 3a0€3euaTh OTPUMaHHS CTaJIeH
3 BMicToM ByrJierio 110 0,01% y mpoMuCIOBUX YMOBaXx.

OO0’eKkT AOCHIIKEHHSI — TEXHOJIOTis Mo3amiyHoi 0OpOoOKM MeTany, IO
nepeadavyae JOHHY MPOJYBKY PO3IUIABY Y CTAJIb-KOBIII CYMIIIIIIO Ta3iB CUCTEMU
«KUCEHb — HEUTpaIbHUM ra3) 3aJi OKUCIEHHS BYIJICLIO 1O HEOOXITHUX HU3BKUX
MOKa3HUKIB BMICTY.

IIpeamer nociigzkeHHs1 — TiIpoaAMHAMIYHI, (HI3UKO-XIMIYHI OCOOJIMBOCTI,
[0 XapakTepHI IS omepallii 3HEBYTJCHIOBaHHS CTaJll Ha e€Tall MOo3alivyHON
00OpoOKHM 3a paxyHOK JIOHHOI NPOJIYBKH PO3IUIABY KHCEHHBMICTHOIO Ta30BOIO
dbazoro.

Metoamn pocaigxenb. [Ipyn BUKOHaHHI JOCTIIKEHb B pOOOTI BUKOPUCTaHI
PO3pPaxXyHKOBO-aHAJITUYHI TIPU  po3poOIli Ta BAOCKOHAJICHHI KOHCTPYKIIIT
OPUCTPOIO ISl 3A1MCHEHHS JOHHOI MPOAYBKM CYMIIIIIIO Ta3iB «KUCEHb —
HEUTpaJIbHUI Ta3» y OynbOAIIKOBOMY PEXHUMI; TEPMOJMHAMIYHI PO3PAXYHKU IS
OILIIHKK €()EeKTUBHOCTI JJOHHOT OKMCIIOBAJIBHOI MPOYBKH 1010 3HIKEHHSI BMICTY
BYIUVICIIO y poO3IuiaBi, (i3UYHE MOJICIIOBAHHA Ha PO3POOJICHUX MOJENIX
e(eKTUBHOCTI BUKOPUCTaHHS PI3HUX MPOJYBHUX JIOHHUX TIPUCTPOIB 3a
KOJIOPUMETPUYHHUM CIIOCOOOM; NIEPEMIIIYBaHHs PiAKOT BAHHU Y KOBIII MPU JTOHHIN
npoayBll y OynbOallIKOBOMY PEXHMI 32 KOHAYKTOMETPUYHHM CIIOCOOOM;
crocoOOM TIHBOBOT 3MOMKH Ha CTE€HJI1 3 OCTIIKEHHSI 0COOJIMBOCTEH 3MIlITyBaHHS
ra3oBUX TIIOTOKIB, II[0 B3aEMOJIIOTH TiJ PI3HUMH KyTamu; JabopaTtopHe
BHUCOKOTEMIIEpaTypHE MJOCHIIPKEHHS 3 BHUKOPUCTAHHSM PIJKOIO METajIeBOTo
pO3IJIaBy 3 HU3BKMM BMICTOM  BYIJICIIO IS  OIIHKA  €(QEeKTUBHOCTI
3alpONOHOBAHOIO  CHOCOOY  BHJAAJNEHHA  BYIJIELIO TMpPU  MPOAYBAHHI Yy

OyIb0aIIKOBOMY PEKHUMI1 CYMIIIIIIO Ia3iB CUCTEMH «KHCEHb — HEUTPaIbHUIL ra3y.
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HaykoBa HOBH3HA OTPUMAHHUX Pe3yJbTATIB MOJISATA€ B HACTYITHOMY:

1. Ompumanu nooanvui020 po36UMKyY YAGNEHHA WO 00 nepedizy
OKUCTII08ATIbHUX PeaKuill ¢ 0azamoKOMNOHEHMHUX 3Aa1i308)2/1eUe8uUx Cnaaeax
30 PAXyHOK KUCEHb8MICHOI 2a3060i pazu ma mucKy Ha npouecu OKUCIEeHHA
ey2iieyro Ha emani no3aniyHoi 00pooKku cmani. Bcmanoesneno, wio 6ipo2ionicmao
NPOMIKAHHA Peakyii pO3UUHEHHA KUCHIO Y PO3N1a6l ma OKUCEHHA 8Y2lleyio 00
CO 3o0invmyemnca na 19%eion. npu 36invwenni mucky y 34 pasu 3a paxynok
2idopocmamuunozo 6naugy uiapy memaiy ma WAaKy 01 CHaaepo3iueHozo
Koguwia emuicmio 250 m.

TepmonuHamMiuHi AOCHIIKEHHS MPOIECIB OKUCICHHS CKJIAJIOBUX JOMIIIOK
0araTOKOMIOHEHTHUX 3aJ130BYTJICLIEBUX CIUIABIB MPOBOAATHCA Oulblie HiX 70
pokiB. Ilpu 1pOMYy, 37€0LIBIIOTO BC1 JOCHIKEHHS MPOBOJUIUCA [IJIs €TaIliB
BUTOTOBJICHHSI CTajli y IUIABWJIBHUX arperatrax JJisi YMOB B3a€MOJIii IIJIaKO-
METaJIeBOi €MyJIbCii 3 KHCHEBUMHU CTPYMEHSIMH, IO BUTIKAIOTh 31 3BYKOBOKO Ta
MOHAJ3BYKOBOIO IIBHJAKICTIO. TakoX € TIeBHA KUIBKICTh JOCIHIKEeHb, sKa
BUCBITJIIIOE OCOOJIMBOCTI OKHCJIEHHS IOMIMIOK 0araTOKOMIIOHEHTHOI'O 3alIi30-
BYIUICIICBOTO PO3IUJIaBY NPH BIUIMBI 3HUXKEHOTO THUCKY. OTpuMMaHi 3aJekKHOCTI
BIUIMBY T1APOCTATUYHOTO TUCKY IIapy METay JUIsl YMOB CTalepO3JIMBHOTO KOBIIIA
emMHIicTIO 250-T Ha BIPOTIAHICTH NPOTIKAHHS TMPOLIECIB OKUCIEHHS JOMIIIOK
0araTOKOMIOHEHTHOTO 3aJ1130BYTJICIIEBOTO PO3ILJIABY, BIAMOBIIHO O SIKUX MOXHA
BCTAHOBUTU TMPIOPUTETHICTh MPOLECIB PO3UMHEHHS Ta30MOJI0HOTO KHUCHIO Y
po3mnaBi Ta yrBOpeHHs CO 3a paxyHOK B3a€MOJIi PO3UYMHEHOTO KHCHIO 3
BYTIJICLIEM PO3ILIABY.

2. 3a pezyrvmamamu @Qizuuno20 MOOeI06AHHA NPU  GUKOPUCHMAHHI
Memooy miHb08OT 3UOMKU énepuie 6CMAHO61EHO, WO NPU 63AEMOO0II 2A308UX
nomokie, AKI eumixkaromo 3 O00HAKOB8UMU 2aA300UHAMIYHUMU
XapaKmepucmukamu ¢ NOpONCHUNY Kamepu 3miutyeannsa nio kymom 25-40° 0o
éepmuKanbHoi gici Kkamepu, 6i00ysacmvca noeHe ix 3mMiuilyeaHHsa Oe3 empamu

WBUOKOCHI NOMOKY CYyMIWLL 2a316.
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[TonepeaniMu TOCTIAKEHHAMHU BCTAHOBIICHO, 1[0 YMOBOIO 3MIITyBaHHS JIBOX
ra3oBUX MOTOKIB € BUTIKAHHS B3JIOBXK OJIHIET Bicl Ha3ycTpidu oauH oaHoMmy. Ilpu
bOMY BiIOYBA€THCS aCUMUIALIS Ta30BUX CTPYMEHIB 32 PaXyHOK BIPOBAKEHHS
MOJIEKYJl Ta3y OJHOTO IMOTOKY VY IHIIMHA 3 T[OBHOK BTPATOI HIBUIKOCTEH
cTpyMeHsiMU. B Xoni mpoBeneHHS ITOCHIIKEHHS OTPUMaHi METOJOM TIHBOBOI
3ilomku (oTtorpadii B3aeMoii Ta30BUX CTPYMEHIB, sIKI JO3BOJUINW BCTAHOBUTHU
KYyTH HaXWwily CTPYMEHIB JI0 BEpPTHUKaJl, 3a SKUX CIIOCTEPITA€ThCA 3MIIIyBaHHS
MOTOKIB 3 MIHIMAJIBHUMHU BTpAaTaMH MIBHAKOCTI (BCTAHOBJICHO 3a XapaKTEpPOM Ta
HIUTBHICTIO PE3YJIBTYIOUOTO Ta30BOTO CTPYMEHS, IO BioOpakaeThes y Gopmi Ta
KOJbOP1 Ha (hoTorpadisix TIHLOBOT 3HOMKH ).

3. Ina npomucnosux ymoe oopooku cmani y koewii emuicmio 250-m 3a
pe3yibmamamu HU3bKOMEMNEPAMYPHO20 MOO0en108anHA (PiOouna, wio imimye
cmany - 600a), 6CHIAHOBTIEHO 2IOPOOUHAMIYHI 0COOAUBOCHI 20MO2eHI3AULT
PiouHu 6 cmanepo3nuéHoOMy Koeuii npu OOHHIU NPOOYSUL CYyMIWUIIO cucCmemu
«KuceHnv-HeumpanvHuii 2az». Bnepwie ecmanoeneno, wio 3a inmencuenocmi
IM’/m-200 (3a ymoe 3binvwienns eumpamu npodyenozo zazy na 20% y
NOPIGHAHHI 3I CMAHOADMHOIO MEXHOJ02I€0) 6I00YBAEMbCA  YMEOPEHHA
MAaH2EeHUIANbHUX NOMOKIB, AKI RNYALCYIOMb U 347y4aA0OMb Oibuly YACHMUHY
eéannu (~ Ha 52%) 0o nepemiuwtysannusn ma ~ na 42% ckopouyemovca mpueanicmeo
ycepeoHeHHA XIMIUH020 CK1ady piOuHU npu 000A8aAHHI y AKOCMI Imimamopa
000a6KU, W0 POZYUHAEMBCA, XTAOPUOY HAMPIIO.

HuspkoTemnepaTypHe  JOCHIIKEHHS  MAacOOOMIHHHMX  MpOIECIB B
CTaJICpPO3JIMBHOMY KOBIII 3a pPaxXyHOK TMPOAYBKM TEXHOJOTTYHUMH Ta3aMu
JIOCHIKYyeThCss Bxke Maibke 70 pokiB. Ilpu 1mpomy € 3HA4HI JOCSATHEHHS 3
BU3HAYEHHSI 0COOJIMBOCTEH PyXY piaKoi a3y, BCTAHOBJICHHSI IIBUIKOCTEH MOTOKIB
Ta 3aKOHOMIPHOCTEH po3uumHEHHsS ¢depociiaBHUX n00aBoK. Cepesa JOCIITHUKIB
IbOTO0 HAmpsMKy OCOOJMBE Miclleé 3alMaroTh BITYM3HSIHI HAYKOBI IIKOJU
JNATY (Camoxsanos C.€., I'pec O.B.), UM (Bixnepmyk B.A., ITintiok B.IL.) Ta
OTIMC (CmipnoB A.M.). Cepen nocsrHeHb 3a3HAUEHUX MOCHIAHMIIBKUX IIKLI

MOHa BUJIUIMTH: BU3HAUYCHHS TIPOJUHAMIYHUX OCOOIMBOCTEHN M1/l 4ac MPOTYBKHU
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y KOBIII Ha JABo(a3Hiii MOell; BU3HAYEHHS palliOHATBHUX PEKUMIB MIPOIYBKU Ta
JOUISHOK pO3TallyBaHHS JOHHHMX MPOJYBHUX OJOKIB; BCTAHOBJIEHHS IIBUIKOCTEN
MOTOKIB Ta PO3MOAUTY TeMIeparyp 1 KOHIEHTpalid Yy o00’eMi BaHHU
CTaJICPO3JIMBHOTO KOBIILIA; JOCHIIKEHHS OCOOJMBOCTEH PO3YMHEHHS /100aBOK Yy
piakii ¢asi. [Ipore HeoOXiTHO BiI3HAYUTH, 1110 BIIAMOBIIHO O CyYaCHUX YSIBJICHb,
MPEACTAaBICHUX y OCTAaHHIX MYOJIKaIisX SK BITYM3HSIHUX TaK 1 3aKOPJIOHHHUX
BUCHUX TMPIOPUTETHA POJIb B YCEpEJHEHHI METajeBOi BAaHHU CaMe€ HAaJla€ThCs
BEPTUKAIBHOMY PYXy PIAWHU y KOBIII T1J 4Yac MPOIYBKH HEUTPAJbHUM Ta30M.
[Ipote, B X0Ii MpOBEACHHS AOCHIIKEHb JOBEICHO BaXJIMBICTh BIUJIUBY came
TaHTEeHIIMHOTO pyXy Oynp0ankoBoi MpOAYBKUA (y TOPU3OHTAIBHIM IUIONIUHU
BaHHHU) Ha €()EKTUBHICTh MPOILIECIB MACOOOMIHY B METaJIeB1i BaHHI.

4. 3a pesyromamamu  1aO6OpaAmMOpPHO20  BUCOKOMEMRNEPAMYPHOZO
MOOeNN8aAHHA 6nepule 6CMAHO6NEHO, W0 34 YMO6 NPOOYEKU MEMA1e6020
posnnagy 3 emicmom ey2neyio 0,3%mac. cymiwimio cucmemu «KUCEHb-
HellmpanvHuil 2a3» npu emicmi kucuw 20-30% cnocmepizacmuca npiopumemmue
oKucinenua eyzneuto 3i weuokicmio 0,056 %mac/xe 3 OocacHeHHAM 11020
Kinueeozo emicmy 0,01% 3 MiHIMANbHUM OKUCIEHHAM IHUWUX OOMIWOK y
po3niasei.

[TonepenHi nocnikeHHs: 6a3yBajiucs Ha BAyBaHHI B METaJeBY BAaHHY KHUCHIO
Ta HEWTpaJIbHOrO Ta3y IOYEProBO, 3 PO3AUICHHAM TNEPIOJiB OKHUCICHHS Ta
ycepenHeHHs. Ilpu npomMy crocTepiraeTbCs JOKAJIbHE NEPEOKUCICHHS METajJeBOi
BaHHU B OKUCIIOBAJIbHHMI mepio. 3amporOHOBAaHO Ta JOBEACHO Y JaOOpaTOPHUX
yMOBaX, IO BHUKOPUCTaHHS Yy SKOCTI MPOAYBHOTO Ta3y CyMIlll CHCTEMHU
CHEUTpaJIbHUN Ta3 - KHUCEHb», 3 BMICTOM ocTtaHHboro 20-30% mo3Bossie
3/1IACHIOBATH MPIOPUTETHE OKUCICHHS BYTJIELIO 32 PEXUMY JOHHOI 0yJIbOAIIKOBO1
MPOTYBKH.

IIpakTnyHe 3HaYeHHS OJeP:KAHUX Pe3YJbTaTiB.

1. BcranosineHo, 110 paiioHainbHa ¢opma Oyab0alkoyTBOproBada JOHHOTO
MPOIYBHOrO OJIOKY MICTUTh HEHANpaBlIeHy MOPHUCTICTh a00 UIUIMHHI OTBOPH 3

BiicTaHHIO MK minHamu 1,0-1,5 MM, npu oMy 9ac roMoreHi3ailii MeTajaeBoi
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BaHHU CKOpouyeTbcsi Ha 42% 'y TOpIBHSHHI 3 BUKOPUCTaHHS KaHAJIbHOI
MOPUCTOCTI.

2. Po3po0ieHo aBTOPCBKY METOAUKY €JIEKTPOKOHIYKTOMETPUYHOIO
JIOCJIIJDKEHHSI CTOCOBHO TIEPEPO3MOAUTY JOMIIMIOK B 00’€Mi METaJeBOi BaHHU
CTaJIEPO3IMBHOTO KOBINA, KA MIABUIIYE 1H(GOPMATUBHICTH IIOAO0 €(EKTUBHOCTI
BIUIMBY PEXKHUMY TEPEMIIIyBaHHS BaHHU Ha PO3IMOAUT JOMIIIOK 3a 00’€MOM BCI€l
BaHHHU.

3. 3anpomoHOBaHO KOHCTPYKIIIO JIOHHOTO NPOAYBHOrO OJOKY JJis
MPOIYBKU 3aJI130BYTJICIIEBOTO PO3IUIABY T'a30BOI0 CYMIIIIIIO CHUCTEMHU «KUCEHb-
HEUTpaJIbHUI a3y, sKa CKIAJaeTbcs 13 OynbOallKOyTBOpIOBava, KaMmepu st
3MilIyBaHHA T'a31B Ta KaHAJIB JJI MiBeICHHS ra3iB. 3alporNOHOBaHA KOHCTPYKIIS
3axunieHa nareHToM YkpaiHu Ne 126453 «BoruerpuBkuil OJ0K JJIsi MPOAYBKHU
MeTajly ra3aMmy.

4. Po3poOneHo pexomeHAalli BUKOPUCTaHHS Y MPOMHUCIOBUX YyMOBax
TEXHOJIOT1i JOHHOI MPOJAYBKU PIAKOTO PO3IJIABY Yy CTAJEPO3JMBHOMY KOBLII MpPHU
no3amniyHid o0poO1i CyMIIIIIIO Ta31B CUCTEMH «KHCEHb-HEUTpadbHUN Tra3» (BMICT
kucHio 20-30%, 3aranmpHa BUTpaTa raszoBoi cymimi 0,25-0,29 M3/T'1“OJI), K1
3a0€e3MeuyoTh OTPUMaHHS cTajl 3 BMicToM Byriielto 10 0,01%.

Oco0Ouctunii BHecok 3100yBaya. Bci HayKOBI Ta TEOPETHUYHI IMOJIOXKEHHS
aucepTaiiiHoi po6oTu copMyabrOBaHI aBTOPOM OCOOMCTO 1 0a3yroTbes Ha
pe3yibTatax MPOBEICHUX JOCIIKeHb. Y Jucepralii He BUKOpHUCTaHI imei
CIIBaBTOPIB, SIK1 CIPUSIN BUKOHAHHIO POOOTH.

OcoOuctuii BHeCOK 3700yBaya B poO0Tax, onyOJiKOBaHUX Y CIIBaBTOPCTBI
(B moOpsiAKy, NPENCTaBICHOMY Yy CHUCKY myOiikamiii 3m00yBada): po3poOka
METOJIMKH, MPOBEACHHS IOCIIIKeHb, 00poOKa oTpuMaHuX pe3yabTaTiB [1, 2];
MPOBEICHHS  pPO3paxyHKIB, aHaji3 OTPUMaHUX JaHHUX, (HOPMYJIIOBaHHS
OOrpyHTOBaHUX BUCHOBKIB [3, 4]; po3poOka METOAMK MPOBEACHHS IOCIHIIKECHb,
3IACHEHHSI JOCIIB, y3arajJbHeHHs OoTpuMaHoi 1Hdopmanii [3, 5]; y3aranbHeHHsS
iHpopMaIllli CTOCOBHO KOHCTPYKUIi MPOAYBHOTO OJOKY OTpUMaHUX Ha

MonepeHLOMY  €Tali JOCHKEeHb [6]; aHami3 JiTepaTypHUX JaHUX Ta
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y3arajJbHEHHs  HayKOBO-TexHIYHOi 1H(opmarii [10, 12]; y3araabHeHHs
teopetnunux [7, 11, 15] ta excnepumenrtansHux [8, 9, 13, 14] pesynbraTiB
nociimkenb. OCHOBHI TOJIOKEHHSI, BUCHOBKM 1 PEKOMEHAAIlll MpeJCcTaBieHl Y
JAUcepTaliiHiil poO0TI BUKOHAH1 aBTOPOM OCOOHUCTO.

Ctpykrypa Ta o0car aucepranii. PesynpraTt aumceprariiiHoi poOGoTu
BUKJIaJileHI Ha 153 cTopiHKax; CKIaAaroTbCs 31 BCTYMY, S5 pPO3ILUIIB, 3arajbHUX
BHUCHOBKIB, CIIMCKY BUKOPUCTaHUX JKepes, skuil mictuth 134 HaiimeHyBaHb, 1

nonatky. Pobora mictuth 93 pucynku ta 9 tabnuii.
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Pozgia 1. OI'JIAA CYHACHUX TEXHOJIOTTYHUX PIIIEHD IO 10

BUPOBHUIITBA CTAJIEHM 3 HU3bKUM BMICTOM BYTJIEI[IO

e 10 — 15 pokiB Tomy YKpaiHa cTabUIbHO BXOJWJIA A0 JIECSITKUA CBITOBUX
BUPOOHUKIB Ta eKcropTepiB ctaini, ane 3 2020 poky moyaBcsi crajJi BUPOOHUIITBA:
12-te micue y 2020 p., 14-te micue y 2021 p., a y 2022 p. yepe3 BTpary
MIANPUEMCTB Ha CXOJ1 KpaiHU BUPOOHUIITBO CTaJIl IOCATIIO JHUIIE 25-T01 MO3UILIi Yy
3arajlbHOMy peWTHHrYy BUPOOHUKIB [1-4]. ¥V 2023 porri kpaiHi BIagoCs MiAHATUCS
Ha 23-Te wmicue 1 or, Ha cepneHb 2024 p., Ykpaina nocsarna 20-oro wmicus 3
pe3yabTaToM 5,27 MIIH TOH, BIATIOBITHO 0 MOBIIOMIJICHb 00'€THAHHS MiATPUEMCTB
HIT «Ykpmertamypropom» [5-6].

KucHeBo-kOoHBepTEpHUN TIpolieC € HaANUOUIbII PO3MOBCIOKEHUM 1100
BUPOOHHUIITBA CTajlel HU3bKOJETOBAaHOTO COPTAMEHTY Y BCbOMY CBITI yepe3 HOro
OesrepeydHi IMepeBard y MPOJYKTUBHOCTI Ta MOXKIMBOCTEH KOHTPOJIO CKIANy
piakoi cram [7-8]. Y cydacHOMY BWIJIAI KHUCHEBO-KOHBEPTEPHUU MPOIEC
BUpOOHHULITBA cTaii odpopmuBesa A0 KiHusg 70-x pokiB XX cromitrd. B cydacHux
yMOBaXxX BiH € Ba)KJIMBOIO CKJI/J0BOIO Yy JIAHIIO31 BUPOOHUIITBA METAIOMPOIYKIII,
AKa PO3MIIIYETHCA MDK CTaI€I0 IMO3aliyHOi OOpOOKM 4YaByHY Ta I03aMivyHOi
00poOKM cTayi ¥ HACTYMHOro Oe3MepepBHOIO PO3IMBAHHS i BUPOOHMIITBA
METaJONPOAYKIIlI HAWBHILOI SIKOCTI 3 IMEpeBaKaloOUMMU BaplaHTaMU BEPXHbBOI
MPOYBKU i KOMOTHOBAHOTO BapiaHTy 3 BEPXHBOIO MPOIYBKOIO KUCHEM Ta TOHHUM
MepeMIlIyBaHHIM IHEPTHUM T'a30M.

3rigHo 31 CTaTUCTUYHUM 3BITOM BcecBiTHROT opraHizailii 3 BUPOOHHUIITBA
ctani, y 2024 porii Ha ceprieHb MICsllb 3arajJbHUi 00CAT CBITOBOTO BHPOOHMIITBA
ctaHoBuB 144 muH. 1. [9] Cepen Hux B cepenubomy 70% cTani BUILIABISETHCS 3
BUKOPUCTAaHHSM KHUCHEBHUX KOHBEpPTEpaXx, a pelliTa - Ha CTAJEeNMBAPHUX 3aBOJAX 3
enexkrpoanyroeumu nedamu (EJIT) (mo 30%), 1 numie nyxe HeOarato 4acTUHY
(menme 5%) cTaHOBIATH, MAapTEHIBCHbKI Te4l Ta cCTaleluBapHi 3aBOJU 3

iHaykiiauMu nedamu [10]. 3 ypaxyBaHHSIM OOCTaBMH MOBHOMACIITaOHOTO
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BIICBKOBOTO BTOPTHEHHsSI B YKpaiHli BUPOOHUITBO KHCHEBO-KOHBEPTEPHOiI CTal

ckianae npudiauzno 60%.

1.1 3araapHa kiaacudikamis crajiei

B XXI cromiTti Byrienesa crajib JHUIIAETHCS OCHOBHUM KOHCTPYKUIHHUM
MarepianoM 1 OUIBIIICTh CKJIAJHOTO OOJaJHAHHS BUpOOJsieTbea came 3 Hel. [lpu
bOMY pO3p00JIeHa 3HAYHA KUIBKICTh MApoK CTajeil, M0 PI3HATHCA MK COOOI0
XIMIYHAM CKJIQJIOM Ta BIJAMOBIAHO 1 CIY>KOOBUMH BJIACTUBOCTAMH. 3arajibHa

kiacudikallis cranei npeacrabiena Ha puc.1.1. [11]

{  CTA |
Y ] r
3a cniocodom 3a ximiuHHM N 3a cnocodom
] 3a npusnavenuam 3a akicTio
BHPOOHHITBA CKJIAIOM PO3KHCJICHHS
{ 1 { 1 £ 1 ' ! '
- .-
= |g| |2 sl [Z] || |8 s 3
= = a3 ] = = = = z ) S 3
AREIRE S| |3 ARHEERHEEREIREE:
gl |2| | 1L 2l (2] (5] |2] |2] |2] |22
2 = % = S S = o o = : S o
N g |e & = 2 &l | & z gl o
= = = S S = = o a
— (2]
Kousepropna |e Kousepropna Kongepropna  je—
Mapreniscbka MapreniscuKka Mapreniscbka o
Eaexrpocraib Exnexrpocralib Exaexkrpocrainb e
Pucynox 1.1 - 3aranbHa cxema Kkiacudikaii cTanei

(https://fizmat.7mile.net/materialoznavstvo/2_3 2-podil-vuglec-stal.html )

OcHOBOIO 3arajibHOi Kiacudikaiii crajed, sSKy BHUKOPHUCTOBYIOTh CyYacHl
MIPOMHUCIIOBI BUPOOHUKU Ta CIOKHMBaYl, € BMICT BYIJICLIO, SIKUA B 3HAYHIA MIpi
BU3HAYa€ eKCIUTyaTaiiiiHi BiactuBocTi ctami. Cepea pi3HUX KIaciB crajei

0co0JIMBE MiCIle 3aliMalOTh HU3bKO- Ta YJIbTPAaHU3bKOBYTJIEIIEB] CTAIL.
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1.2 IlepeBaru HU3BbKOBYTIJICHEBUX CTAJIEH AJIs1 CYy4YACHMX BUPOOHUKIB

HusbkoByrnenesa cranb mae BMICT Byriemio menme 0,3 %mac (dacTime
menme 0,25%wmac.), a yIbTpaHU3bKOBYTJICIIEBA II€ HIKYY MOr0 KOHIIEHTPALIIO:
CyMapHUU BMICT BYTJIELI0, CIpKH, Gocdopy, KHCHIO, HITPOT€HY Ta TiAPOTEHY He
oiumeme 0,005 %mac. [12-13]. Lle#t kmac cTajell TaKo)X HA3HMBAETHCA M'SKUMU
CTISIMH 4Yepe3 HU3bKY TBEPAICTh 1 BUCOKY IacTU4HICTh [14-17]. Tlpote, BoHU
MOXXYTh MAaTH BHCOKY MEXY MIIHOCTI Ha pPO3pUB Ta BUCOKUU KOEPIIIEHT
IIaCTUYHOI Jeopmallli y XOJIOJHOMY CTaHl. 3a3Hay€Hl acCMEeKTH PO3IIIIHYTOTO
KJacy CTaJled JI03BOJISIIOTh OTPUMYBAaTH METAJOBUPOOM IITAMIYBaHHSIM Y
XOJOJIHOMY CTaH1 3 MIABUIICHUMHU CIYy>KOOBUMHU BIACTHUBOCTSIMHU IMPU MOHMKEHI1N
METAJIOEMKOCT1 MpoayKiii. Tako, HU3BKO BYTJICLEBl CTajl JIETKO MiATa0ThCs
nedopmallii Ipu 3ruHaHHI Ta MeXaHiuHii oOpoOli 3a JonmoMoroo pizanHa. Kpim
1OT0, 3aBASKA HU3bKOMY BMICTY BYTJICLIO 3a3HAUCHHM KJac cTajeil Mae BiAMIHHI
3BaplOBajbHI BJIACTUBOCTI 1 MAa€ TEHJEHIIIIO 10 MEHILOI YCaJKu MpPU 3BapIOBaHHI
[18-19]. HuszbkoByrienesi cTaial BUKOPUCTOBYIOTHCS y SKOCTI maTepiany s
BUKOHAHHSI OCHOBHUX KOHCTPYKI[IHHUX BUPOOIB (TJIUTH, OAJIKH, TPYOH, KyTHUK Ta
IHII.) Ta TpU apMyBaHHI O€TOHY, BHUTOTOBJEHHI JHMCTOBOIO TWPOKaTy, Yy
aBTOMOOLUIeOyIyBaHHI (Hacammepesl Ky30BH TPaHCHOPTHUX 3aco0iB), MpH
BUPOOHHUIITBI MOOYTOBOT TEXHIKM Ta MOOYTOBUX TOBapiB (CKJIaIOBI MeOJIB Ta
MeOi, aBepi, BIKHA), a TaKOXX MOXYTb OyTHM BHUKOPHUCTaHI MPU BUTOTOBJIEHHI

€JIEMEHTIB, 1110 BUMAraroTh CTIMKOCTI IIPY HaBaHTaxeHHsX [14, 16, 20-21].

1.3 Y3arajbpHeHHs c1ioc00iB BUPOOHMITBA HU3bKOBYIJICLEBUX CTAJIeH

BupoOHHUIITBO HU3BKOBYTJIEUEBUX CTalled 30€0UIBIIOTO 3IIHCHIOETHCS 3
BUKOPUCTAaHHSM IUIABHJIBHUX arperariB KoHBepTepHoro tumy. OaHa 3 mpoOsiem
TPaJMIIIITHOrO KOHBEPTEPHOTO MPOLIeCY BUPOOHUIITBA CTaJIel MOJSTae B TOMY, IO
nepeMilllyBaHHs pO3IUJIaBy Ta 3MilIyBaHHS (a3 B CTaJCIJIaBUIbHIA BaHHI €

HenocTaTHIM [22-25]. SIk HAcHigoK, MpU BMICTI BYTJICHIO HWKYE MPUOIU3ZHO
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0,30 %mac. TpaHCIIOPTYBaHHS BYIJICI[IO 3 00’ €My MeTajeBOi BaHHH J0 PEaKI[IHO1
30HM BiOYBA€ThCA TMOBUIBHO, a 3HEBYIJICHIOBAaHHA € HECHEKTUBHUM 1
CYNPOBOJIKYETHCS 3HAYHUM TIEPEOKUCICHHIM. 3MIHA XIMIYHOTO CKJIaay MeTaly Ta
IUIaKy TpH 3A1iMCHeHHI TpoayBKkH y 350-T KOHBepTEepi MpeacTaBieHo Ha puc. 1.2.
VY Mipy 3MeHIIeHHs KOHIIEHTpallii BYTJel B poO3IUiaBl Bce OUIbIIa KIUTBKICTh

KHUCHIO BCTYIIA€ Y B33€MOI[iIO 3 BaHiBOM, a HC 3 BYTJICLICM.
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Pucynok 1.2 - 3MiHa ckilagy Merany Ta LUIaKy, TEMIepaTypyu MeTaly Mif
yac MpOJYBKM 4YaBYHY Ha HU3bKO BYIJIEIEBY cTajb (caaka koHseprepa 350 T,

BuTpata opyxrty 280 kr/T) [22-25]
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[lepeokucnennss MetaneBoi a3y MPU3BOAUTHL A0 MEPEXoAy y LUIaKOBY (a3y
MIHHUX €JEeMEHTIB, TAaKuX SK 3aJi30 Ta MapraHellb. 3a3HAYeHUN MeXaHI3M
OKHUCJICHHSI CYNPOBOJIKYETHCSI 3HAUHUM TEepe OKHUCIEHHAM MeTaneBoi gazu. Kpim
TOTO, OKHCJICHHS IHIIMX JIETYIOUMX KOMIIOHEHTIB PO3IUIaBYy MOXE MOTIPIIUTH
AKICTb CTaJi Ta Oylne J0JaTKOBO BHUKIMKATA HEOOXIAHICTh MPOBEACHHS
MOBTOPHOTO JIETYBaHHS 3 NMEPEBUTPATOI0 POZKHUCIIIOIOYM Ta JETYIOUUX MaTepiaib.
HaamipHe okMClieHHS MeTalny TakoX Ipu3BeAe [0 MIJBUILECHHA TeMIepaTypu
po3IUIaBy Ta 30UIBIIEHHS BMICTY OKCHAIB 3ali3a Ta MapraHiio B IUIAKY, IO €
IIKIUIMBUM JIJIE BOTHETPUBKOI (PYyTEpOBKM €MHOCTI Mg padiHyBaHHA. Ycl
3a3HAYEeHI AaCHeKTU 3HIKYIOTh €(QEKTHBHICTh 1 30UIBIIYIOTH  BapTICTh
KOHBEPTEPHOI'0 MpOIleCy BUPOOHMIITBA CTalled 3 HU3BKUM BMICTOM BYIJICIIIO.
ToOGTo nns mporecy KHUCHEBO-KOHBEPTEPHOI IUIABKM 3 BEPXHIM IMiJIBEIEHHAM
KHCHIO  TEXHOJOTIYHO  OOIPYHTOBAaHO  BHUPOOHHUILTBO  3aJli30BYTJIEIIEBOTO
HaIIBIPOAYKTY 3 BMICTOM Byrjierto He Huwxkue 0,1 %. 3a3HaueHa KOHIEHTpaLis
BYIJICLIO € KPUTUYHOIO, TOOTO NpH ii JOCATHEHHI 3MIHIOIOTHCS (HI3UKO-XIMIYHI
MeXaH13MU Horo okuciieHHs [26-27]. Jlo konuenTpaiii 0,1% OKHCIEHHS BYTJICIIO
3HAXOAUTHCS Yy KIHETUYHIM 001acTi, TOOTO MIBHUIKICTh WOTr0 OKHCJICHHS
BHU3HAYAETHCA IMIBUAKICTIO camoi XiMiuHOi peakuii. Huxxue konuentpamii 0,1 %
MPOIIEC OKUCIEHHS BYIJICHIO TMEPexXoauTh A0 1audy3iiHoi o61acti, TOOTO
HIBUAKICTh OKUCJICHHS BYIJICII0 BU3HAYAETHCS IIBUAKICTIO MACOMIABOlY BYTJICIIIO
Ta KUCHIO JI0 MICIISI IPOTIKAHHS XIMIYHOT peakKiiii.

Buxonsiun 3 HaBeJeHOro BuIE, BUPOOHMIITBO cTajied 3 KOHLIEHTPALIEIO
Byrienio Hwk4ye 0,1 % moB’s3aHO 3 HEOOXIIHICTIO BHUKOPUCTAHHS JOJAATKOBHX
3ac001B 1IHTEHCH(]IKallll MAaCOOOMIHHUX MPOILIECIB. Y3arajibHeHa cXeMa TeXHIYHUX
pillieHb 10 [0 BUPOOHUITBAa cTanel 3 BMmicToM Byriemo Huwxkde 0,1 %
npejcTaBieHa Ha puc. 1.3. BianmoBigHO 10 MaHUX MPEJACTABICHUX HAa HHBOMY
BUJIUISIOTh HACTYIHI TE€XHOJOTIYHI omepallii 3 BUpOOHUIITBA CTajleil: BUILJIaBKa Y
KHCHEBUX KOHBEpTEpax, L0 MPaIIOITh 32 CXEMOK0 IMojlaya OCHOBHOTO KHCHIO
3BEpXy, BBEJIECHHS HEWUTPAJIbHOTO razy 3 HHU3y uepe3 MOpPHUCTI MPOAYBHI1 OJOKH;

BUKOPHUCTAHHS TEXHOJIOT1H ra3o-kucHeBoro padinyBanHs (icHye aBa npouecu ['KP
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ta AOD); BUKOpUCTaHHS TE€XHOJIOT1M OKMCIIOBAJIBHOT TPOIYBKH M1/ BAKYYMOM Ha
eTari IMo3amiyHoi O0OpOoOKHM, 30KpeMa Ha YCTAHOBKax IUPKYJALIMHOTO abo

KaMEPHOT0 BaKyyMYBaHHS.

T exmivyni pimeras mo 30
EApolHANTEA CTATEH 3 BMicTOM
evraemo HEde 0.1 %
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Pucynok 1.3 - Y3araipHeHa cxema TEXHIYHUX PIlICHb 10 A0 BUPOOHUIITBA

ctajiei 3 BMicToM Byruelio Hrwkue 0,1 %

Po3risiHeMo MOXITMBOCT1 KOKHOT orepaliii OUTbII A€TaJIbHO.

1.4 BupoOHMUTBO HU3bKOBYIJICHEBUX CTAJIell Y KHCHEBUX KOHBEepTepax

Taxk npu BUpOOHMIITBI HAMIBIPOAYKTY B KHCHEBOMY KOHBEpPTEp1 3 MOJAUYEI0

KHCHIO 4Yepe3 BepxHI0 NpoAayBHY ¢ypmy (puc. 1.4), sk Oyno BiJ3HAUYEHO,

MO>KJIMBICTb 3HM)KCHHS BYTJICHIO JO HU3BKUX KOHLICHTpaLIﬁ JOCUTD oOMeKeHa
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HEOOXIHICTIO AKTUBHOIO TMEpEMIIlIyBaHHS BaHHU MpPH JOCATHEHH1 KPUTHYHOI
KOHIICHTpAIIli BYTJICITIO.
BAPIaHT 3 BHK/JINYHO
BepXHBOI0 HPOAYBKOK

LD/BOF/BOP

BePXHA
KHcHeBa (pypma

Pucynox 1.4 - Bapiantu npoayBKM B KHCHEBOMY KOHBEpTepl 3

BUKOPHUCTAHHSM BUKJIIOYHO BEPXHbOT IPOLYBHOI PypMu

JIns  miABUIEHHS ~ 1HTEHCHUBHOCTI  MEpeMillyBaHHS  aBTopamu  [28-29]
3aMpONOHOBAHO MPOJYBKA 3 BUKOPUCTAHHSIM HAKOHEYHMKA BEPXHbOI MPOJYBHOI
dbypmu, 0 MICTUTH ABa PSAIU PI3HUX COMEN, KPi3b SIK1 MOJAIOTh PI3HI THIH Ta3iB
(puc. 1.5). Taxuii HakoHEUYHHMK 3abe3neuye TNPOAYBKY B mepiry Qa3zy
KOHBEPTEPHOI'O TMPOILECY 3 «M SIKMM» PEKUMOM IMOAa4l KHUCHIO, OTOYEHUM
ra3oBor0 000JIOHKOI0, a Ha ApYTiil (a3l - «CKOPCTKY» MPOJYBKY KUCHEM, OTOYEHUM
noJiyM’ siHoto 000s1oHKo10. [1i/1 yac dha3u «m’sIKoro» npoayBaHHs! KUCEHb BUXOAUTh
13 30BHIIIHBOTO KUIBIS OTBOPIB, & IHEPTHUM T'a3 BUXOJIUTD 13 BHYTPIIIHBOTO KUIBLIS
OTBOPIB, 1100 YTBOPUTHU Ta30By OOOJOHKY, sIKa OTOYYE MOTOKU Ta3y 3 «M’ SIKHUM)»
TUIIOM TPOAYBKM 1 JIO3BOJIAE T[OTOKAaM Tra3zy «M’SIKOro» IpOJyBaHHS
posmuproBaTucs. ['a3oBa 000Jl0HKa HABKOJO IMOTOKIB KHCHIO 3MYIIYE Ta30Bl
MOTOKHM YTBOPIOBATH 3BMYAiHI CTpyMEH1. 3BUYAH] HAJ3BYKOB1 CTPYMEHSI IIBUIKO
3MEHIIYIOTbCS 10  JIO3BYKOBUX  IUBHMJIKOCTEH, TICAS  4YOrO0  CTPYMIiHBb
PO3MOBCIOJIKY€EThCSI Ha MIBKYT npubmu3Ho 10 rpagyciB, 1O NPU3BOAMUTH MO
3MEHILEHHS] HOro IMIYJIbCy ¥ MPOHUKAIOUOI J1i CTpyMEHS Ta 30UIbIIEHHS TUIOLII

IMOBCPXHCBOI'O KOHTAKTY 3 HABKOJIHWITHLOIO aTMOC(l)CpOIO Ta BAHHOIO.
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1 — xucHeBUW KOHBEpTEp, 2 — BEpXHs NpoayBHa (ypma, 3 — HaKOHEUHHK, 4 —
BHYTPIIIHIN PsiJT OCHOBHUX COTIEN, 5 — 30BHIMIHIN Psil JOJIaTKOBUX COTIEII

Pucynok 1.5 - CxemaTtuune 300paxeHHs1 cioco0y IHTEHCU(IKALIT TPOYyBKH
3BepXy 3@ paxXyHOK BHUKOPUCTaHHS JABOPSAJHOTO HAKOHEYHUKA MPOJIYBHOI

bypmu [28-29]

Taki MOTOKM KHCHIO 3 MEHILIOI HMOBIPHICTIO OyIyTh BIIOMTI HEPO3IIABICHUM
OpyXToM, SIKMM TpHUCYTHIM Ha TOYaTKy Mepioay padiHyBaHHS, IO MOXe
MPU3BECTH /IO MOWIKOMKEHHS (ypmu abo (yTepoBKM KOHBepTepa. 3BUYANHI
CTpyMeH1 € TypOYJEHTHUMH Ta 3aXOIUTIOIOTh 3HAYHY KUIBKICTh HaBKOJUIIHBOI
atMocdepu, sika MICTUTh BHCOKUU BiicoTOK CO. OKHC BYTJCIIO JOMATIOETHCS
ctpymensiMu kucHio 10 CO,, a Temno, MO BUAUIIETHCS, pO3IrpiBae OpyXT.
JlomaTkoBUiI KHCEHb, IO MICTUTBCA B KUIBIEBIM Ta30BIM OOOJOHIN, IO
BUKOPHUCTOBYETHCS 31 3BUYAMHMMHU coruiamu, Takox pearye 3 CO 1 107aTKOBO
30UTBIIIY€E YacCTKy HMOro JomnajtoBaHHs. BilmoBiaHO 10 MaTepialiB, HABEIACHUX Y
poOoTax aBTOPiB, 3MilllyBaHHS Yy BaHHI € MEHII Ba)XJIMBUM HA MOYATKY MPOAYBKHU
TOMY, II0 BMICT BYIJICII0 Ta €()EKTUBHICTb 3HEBYIJICLIOBAHHS BIAMOBIAHO €
BUCOKHMHU, a MBUAKICTh 1 KUTBKICTh BTPATH 3ajli3a Ha OKUCJICHHS - HU3bKI. [licis

TOTO SK NMPUOIM3HO BHUTpaTa KUCHIO HAa TUIaBKy gocsrae npubauzno 70 % Bin



34

3arajibHOi BUTPATH 1 BMICT BYTJICLIO B 3JII30BYIJICIIEBOMY PO3ILUIAB1 3HUKYETHCS
npuonu3Ho Ao 0,3 %mMac. s MOJaibIIOr0 3HIKEHHS BYTJICIIO B KOHBEPTEPI
MMOYMHAETHCSA JIPyTa CTafdis, KOJU KUCEHb IMOJIA€ThCs Yepe3 Ti K JOJAATKOBI COILIA, a
Kpi3b OCHOBHI - TOJIA€THCSI BOJACHBBMICHE MAJIWBO ISl CTBOPEHHS IOJIYM’ STHOI
000JIOHKH, 11O MPOCTSITAETHCS aXK IO METAJIEBOT BAHHHU.

Y pa3l BUKOpPUCTAHHS JIMIIE JIOHHOI TMPOJAYBKHM B  KHCHEBOMY
KoHBepTepi (puc. 1.6) MOXKIMBO BUAAJICHHS BYTJIEIIO 32 paXyYHOK BBEJICHHS ra3iB 3

BHCOKHUM OKHCIIIOBaJIbHHUM IToTeHIiaaoM [30].

BapianT 3 BHR/JIHOYHO
JOHHOK NPOIAYEKOLID

OBM/Q-BOP

1]Ei‘l)fl“JI'.:.'.‘ECLII;’:.?I—I]'::

TOHHI O
TIPOJIYBHI IPHCTPOI

Pucynokx 1.6 — Bapiantu npoayBku B KOHBEpPTEpl 3 BUKIIOYHO JOHHOIO

MPOIYBKOIO

Bcranomneno, mo goHHa mpoayBka Ar a6o N, He BIUIMBaE Ha BMICT 0a30BHX
€JIEMEHTIB PO3IUIABIICHOI BaHHM. Temmeparypa piikoi cTajli B OCHOBHOMY
3aJIMIIAETHCSI HE3MIHHOIO, @ BMICT a30Ty B piAKid ctani 30uibiyerhes. [Ipote y
BUIAJKY, KOJIM 3HU3Y nogaeTrbesi O, a6o CO, BiiOyBaeThCsad BUAAJIECHHS BYIJICIIO.
[Ipo oMy B 000X BHMaJKax MIBUAKICTb 3HEBYTJICIIOBAHHS Ta BMICT a30Ty W
BOJHIO B PIJAKIM CTajli B OCHOBHOMY JIMIIAETHCS OJHAKOBOIO, & BIJPIZHIETHCS
TeMIiepaTypa pO3IUIaBICHOI BAaHHU: Y pa3l BUKOPUCTAHHS KUCHIO MIIBUIYETHCS HA

162 °C, a npu Bukopucrtanui CO, - Ha 45 °C Bignosigno. [30]
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[amumu  aBTopamu  [31-34]  3ampomoHOBAHO  BUPOOHHUIITBO  HHU3BKO
BYIJICLIEBUX MApOK CTajli B KHICHEBOMY KOHBEPTEPI, IKUI MOEIHYE Bl OMEPETHBO
PO3TJIIHYTI TEXHOJIOT1: JIJIs1 3HMKEHH1 BMICTY BYTJIEII0, OKPIM BEPXHBOT MPOIAYBKHU
KHCHEM, B PO3IUIAB BBOJSATH IHEPTHUM ra3 AJid T0AATKOBOTO MEPEMIITyBaHHS Kpi3h
JOHHI TpoJAyBHI mpucTpoi. Lle Tak 3BaHI KOMOIHOBaHI BapiaHTH MPOAYBKH B
koHBepTepi (puc. 1.7). 3a3HauaeTbes, 1O e(GEKTUBHE 3MIllyBaHHS Yy BaHHI
HeoOxinmHe i padinyBaHHs posraBy [34-35]. Takox mig 4dac padiHyBaHHS
MOXJIMBE BHUKOPUCTaHHS KHCHIO Ta BYIJIeBOAHIB [36]. 3a ogHuUM 3 BapiaHTIB
CIOYATKY 3aBISKU MPOAYBKHM Kpi3b BEpXHIO (ypMy KHUCHEM JOBOJSTH
KOHIICHTpaIlit0 Byriemwo y po3miasi g0 BMmicty 0,035-0,080 % wmac., a moTiM
T0JAI0Th KHCEHb KPi3h TOHHI GypMu GypM 3 pospaxynky 0,2 M>/T pO3MIaBIeHO

CTasl JJIsl JOCATHEHHS HU3bKUX KOHIIEHTpaIlii Byriero (1o 0,0002 %mac.).

BapiaHTH KOMOIHOBaHOI NPOAVBKH

K-BOP LD-FGC
BEPXHA BEPXHA BEPXHA
KHCHeBa ypMa KHCHEBA dypma KHCHeBa dypMa

va e

BYTJIEBOJCH

D—z"-— N2 Ar

Pucynok 1.7 - Bapiantu koMO1HOBaHO1 IPOTYBKH B KOHBEpTEP1 [34]

Takoxx 1HepTHMII Tra3 BUKOPUCTOBYIOTh SIK 3aMIHHUK KHCHIO JJis
KOTepeHTHUX comnel (puc. 1.8), 3a JOMOMOror0 SIKUX MPOMOHYETHCS JOCATaTH YMOB

BUJIAJICHHSI BYTJICIIO JJO HU3bKUX MOKa3HUKIB [37-38].
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Pucynok 1.8 - CxeMaTW4HMI BUTIISA CKIAEHOTO COTUIa: A — MOB3OBXKHIN

nepepis, B — ropuzonTansuuii nepepiz, C — moB310BXKHIM niepepi3 y po6oTi [37]

KorepentHuii ra3oBuii cTpyminb 30epirae cBiif JIiaMeTp 1 MIBUAKICTH IICIS
BUXOJly 3 COIlUIa HabaraTto AOBIIE HIK 3BUYANHHMI Ta30BUH CTPYMIHBb 3a PaxyHOK
OTOYYIOYOr'0 HMOro JI0JaTKOBOro razosoro mapy. I[Ipu nmpomy OCHOBHMM Ta3oBUU
MOTIK BUIITOBXYETHCSA 3 PypMu 31 30LKHUM/PO30IKHUM COIUIOM 3 HaJ3BYKOBOIO
HIBUAKICTIO, @ MEPIINA 3aXUCHUM MOTIK BUKUAAETHCS 3 GypMU TAKUM YHUHOM, 1100
KUIbLIETIOAI0HO OTOYYBaTM OCHOBHMM MOTIK rasy. Ilpuuomy mneprmuii 3axucHui
MOTIK, 110 MICTUTh OKUCIIIOBAaY, Ma€ MIBUAKICTh, HUKYY 32 HIBUAKICTH OCHOBHOTO
NMOTOKY Ta3zy. Jpyruil 3aXucHUU MOTIK, IO MICTUTh NAJIMBO, BUTIKAE 3 (HypMu
KUIBLIEBUM CIIOCOOOM, OTOUYIOUM MOTIK KUCHIO. [Ipu 1ipoMy Ipyruil MOTIK TaKoOX
Ma€ MIBHUJKICTb, MEHIIY, HI’K HIBUAKICTH OCHOBHOI'O Ta30BOro MmoTtoky. Ilamuso
TOPUTH 3aBJASIKM TEPHIOMY MOTOKY 3 OKHUCIIOBaueM Ta/abo ApYroMy IMOTOKY 3
OKHCJIIOBAYEM 3 YTBOPEHHSAM MOJIYM IHOT 000JIOHKH HAaBKOJIO OCHOBHOI'O ra30BOTO
MOTOKY, SIKHUWA BUTIKA€ KOAKCIaJIbHO 3 OCHOBHUM Ta30BHM IOTOKOM W MIATPUMYE
HOro KOTepeHTHICTh Ha BEJIMKIA BIICTaHI Micis BUXOAy 3 cormia. OCHOBHUU
ra3oBUM MOTIK BBOAMTHCS B PIAWHY, OTOUYEHHUH MOJYM siHOIO 00o0sioHKOw0. [Ipm

IbOMY OCHOBHHUU T'a3 € CYMIIIIIIO IHEPTHOTO a3y 3 MEHII HiXK 5 %Mac. KucHio abo
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MO>KJIMBE 30UIbIICHHS B OCHOBHOMY Ta30BOMY IOTOIl YAaCTKU OKHUCHOTO razy [0
njoHaiiMenie 5%mac. B noganpiiomMy 3a X0JI0M MPOAYBKM YaCTKy KMCHIO MOXKHA
3MiHIOBaTU. BiamideHo, 1o Haiikpaill pe3yiabTaTd poOOTH TaKOTO THUIY COTIEN
CIOCTEpIraloThCsi TMPU  OTOYEHHI CTPYMEHS Tra3y MOJyM'stHOI0 00O0JOHKOIO,
YTBOPEHOIO KUIbIIEBUM MMOTOKOM TanuBa HaBkoJo. [IpoTe, K0 BUKOPUCTOBYBATH

y SIKOCT1 00OJIOHKU 1HEPTHUH Ta3, eEeKTUBHICTh POOOTH comes 3HUKY€eTbes [39].

1.5 BupoOHuurBo HusbkoByriaeneBux crajged y AQOHd uym I'KP

KOHBepTepax

[HmMM BapianTOM BHUPOOHMIITBA HU3bKO BYIJIELIEBUX Mapok ctaii € AOD
npouec (puc. 1.9). Ilicns moyaTKoBOro IUIaBICHHS METaly B €JIEKTPOIYTroBiid abo
IHAYKIIAHINA nedi Woro nepeMimytots y AOD arperart, Ae BiH MIJAETHCS TPHOM

cTaaisiM padinyBaHHS: AeKapOOHi3allis, BITHOBICHHS Ta aecynbdyparis [40-43].

dypma nna
IPOIYBKH

M—Oz
M- AT
o NE

Pucynok 1.9 — Cxematuune 300paxenns AOD nporecy

[Tporrec AOD no3Bossie padgiHyBaTH 3aT130BYIJICIIEBI PO3IJIABU JJISl TOCSATHEHHS
CKJIaJy HU3bKOBYTJELEBUX CTane Ta 3abe3leuye YHCIECHHI MepeBard, Taki sK
BUCOKUM BHUXII MeTally, THYYKICTb Yy BHOOpi HEIOpPOroi CHUPOBHHM, BHCOKa
TOYHICTh Y JOCSTHEHH] Oa)KaHUX IUIHOBUX XIMIYHUX PEYOBUH, TOUHUN KOHTPOJIb

BMmicty Byriaemo a0 0,01 % 1 Huxde, mBUAKa Aecyiabdypallisi A0 MEHIIE HIXK
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0,001% Tomto. 3HMAKEHHSI BMICTY BYTJIEIIO0 € KJIIOYOBUM IapaMeTpoOM y MpoIleci
AOD, 1 BOHO JOCATA€THCS INIJISAXOM KOHTPOJIO BBEACHHS KHCHIO, 3MIIIAHOTO 3
aproHoM abo a3oToMm, uepe3 3aHypeHI OokoBi Qypmu (auB. puc. 1.9),
3HEBYIJICIILOBYIOUM  PO3IUIABICHUM MeTal 3  MIHIMaJIbHUM  HeOaKaHUM
OKHCIIEHHSAM MeTany [42-47]. BiamoBigHO A0 TEXHOJIOTII PO3IJIABICHUN MeTal
CIOYATKY MPOJYBAETHCS CYMIIIIIIO Ta31B 3 BUCOKUM CHiBBIIHOUIEHHSM KHUCHIO JI0
iHepTHOro ra3y. Konam BMICT ByIJelto y BaHHI 3MEHIIYETHCS, CITIBBIIHOIIECHHS
KHCHIO JI0 1HEPTHOIO rasy 3MeHIIyeTbcs. EKcrulyaTalriiHa NpakTHKa MOJIArae y
CTBOPEHHI JIBOX a00 TPhOX CTYIEHIB MPOIYBaHHS 3 PI3HUMH CIIBBIAHOIIECHHSIMHU
KHCEHb-IHEPTHUH ra3, 10 € TOYKOIO 3MIHU 3aIJIaHOBAHOI KOHIIEHTpaIlil BYTJIEII0 B
KIHI[I KOKHOTO TpomikHoro eramy (a came 0,40 % a6o 0,25 %) , 1m0 KiHIIEBOi
koHueHTpaiii nonaa 0,1 %. Bech kucenb, 110 BBOAUTHCS 3a JOMOMOro0 Qpypmu,
pearye 3 BaHHOIO. Peakilisi OKHCIIEHHS € €K30TEPMIYHOIO Ta BHUKJIUKA€E 3HAYHE
NiABUIIEHHST TeMrepaTypu Bin moyatkoBux 1400 - 1500 °C go monan 1700 °C
HampuKiHii (a3 MpoayBaHHS KUCHEM. BpaxoByrouu, 110 3a3Haue€Ha BHUCOKA
TeMIiepaTypa MOK€ TIOIIKOJUTH BOTHETPUBKY BHYTpimHIO (yTepiBky AOD
KOHBEpPTEPa, TOMY BIAMOBIIHO J0 TEXHOJOTIYHUX HACTAHOB JO CKIANy IIUXTH
000B’SI3KOBO JTOAAETHCA OXOJIOJKYIOUui OpyxT. KpiM TOro, Takoxx M0Aar0ThCs
HEOOX1HI HeMeTalieBl CKJIaJoBlI IIUXTH, II00 OTpUMATH IUILOBUM TOYHUU
XIMIYHUN CKJIaJ 32 BMICTOM Cipku Ta ¢ocdopy.

[amum BapianTom, moaioHuM 10 AOD mporecy, € crocid BUpPOOHMIITBA
piakoi ctami 3a TexHoyorieto I'KP. Ile#t Mmeton peanizyeTbcsi B KOHBEPTEPHOMY
arperati 3 JIOHHUM MIiIBEICHHSIM IyTTS 1 BUIPI3HSETHCS BHCOKOIO IIBUAKICTIO
MPOTIKaHHS BCiX MpoleciB padiHyBaHHS, MOPIBHIHO 3 BIAOMHMH aHajloraMu
(mporrecamu AOD Ta VOD) [48-51]. Meton I'KP nepenbavae BBeneHHs uepes
JIOHHI MPOAYBHI MPUCTPOI KUCHIO Ta IHEPTHUX Ta3iB ISl OKUCITIOBAIBHOTO Ta
nepeMilyouoro e(exTiB ¥ BIAPI3HAETHCS OUIbII BUCOKOIO MPOIYKTHUBHICTIO
MPOLIECY, PO3IIUPIOE TEXHOJIOTIUHI MOMJIMBOCTI CTAJEIUIABWJILHOTO MEpeAuly Ta
BOoJHOYAac 3a0e3nedye SKICTh TOTOBOTO METally Ha pIBHI KpallMX CBITOBHUX

CTaHJapTIB.
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Ho nepesar metony I'KP mosxHa Binnectu [48-51]:
- 30UTBIIEHHS TPpOoAYKTUBHOCTI B 1,5 - 2,0 pa3u, nopiBusHo 3 AOD mnpouecom, 1110
JI03BOJISIE 3HU3UTHU MTUTOM1 BUTPATH HA KamiTajibHe OYIBHUILITBO;
-T€XHOJIOT'1YHA THYYKICTh MPOIECy 3a0e3neuye BUKOPUCTAHHS JJIsl BUTJIABKU CTall
AK PpIAKANA HAMIBOPOAYKT, 13 JOJABaHHSIM HaiijemeBmoro OpyxTy Ta
BHUCOKOBYyTJICLIEBUX (¢epociuiaBiB (6€3 OOMEXKeHh 3a IMOYATKOBUM BMICTOM
ByrJewo), Tak 131 100 % BIAXO1B HEPIKABIIOUUX CTaJCH;
- BUTpPATU aproHy IpH ra3oKUCHEBOMY padiHyBaHHI, B MOPIBHSIHHI 3 MPOIECOM
AQOD, 3meHmytoThes B 1,5 - 2,0 pasu;
- YHIBEPCAIBHICTh METOJY, IO JO03BOJISIE BUIUIABISATH HE TUIBKM OYyIb-sK1
KOPO31MHOCTIMKI CTajl Ta CIJIaBH (BKJIFOYAIOUU OCOOJMBO HU3BKOBYIJICIEBl), a U
MPAKTUYHO BC1 BUCOKOSKICHI CTalll PI3HOI'0 COPTAMEHTY, Y TOMY YHUCJ1 BYTJEIEBl,
HU3bKOJIETOBaHI1 Ta JIETOBaHI;
- Y KOHBEpTEP1 peani3yloTbCs palioHadbHI TEMIEPATYPHUH Ta IIJTAKOBUM PEKUMHU
IUIaBKA 3aJIKHO BIJ] COPTAMEHTY CTall Ta OJMHUYHOI €MHOCTI arperary,
BKJIFOYAIOYH MaJli KOHBEPTEPHU EMHICTIO 5 T;
- MOXJIMBICTh OpraHizamli po3AUIbHOIO BUITYCKY METally 1 HUIAKY 1, BIAMOBIIHO,
YCIIIIHOI peaizallii TInbokoi aecynb(yparii ctail Ta ii JeryBaHHs TUTaHOM abo

IHIITUMHA CIICMCHTaMHU, 10 JICTKO OKUCJIFOIOTHCA.

1.6 BupoOHUITBO HHU3BKOBYIJIEIEBUX CTajJeH i3 3aCTOCYBAHHAM

BaKyyMy

VY kpaiHax 3 cyyacHUM pIBHEM Oprasizamii MeTajaypriiHoro BUPOOHHUIITBA
(KHP, Snonis)  yabTpaHU3bKOBYTJEIEBY  CTalb  OTPUMYIOTH  ILISIXOM
3HEBYIJICIIOBAHHS METAJEBOI0 PO3IUIABY A0 THX Mip, MOKH BMICT BYTJEII0 HE
oyne 3umxkeno o 0,02 - 0,05 %mac. 3a J0NMOMOrol0 KOHBEpTEpa, a MOTIM
MOJANIBIIOTO OUTBII TIMOOKOTO 3HEBYTJICIIOBAHHS CTalll MiJl 3HUKEHUM THUCKOM 3a
JOTIOMOTOI0 BaKyyMHOro Jeraszaropa, Takoro sk RH pgerazarop [52-58]

(puc. 1.10). 3a uuM METOAOM HE BJIAETHCS BUPOOUTHU HAJTHU3BKOBYTJICIIEBY CTalh
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13 BMmicToM Byriaemioo wmenme 0,01 ppm y npomucioBux wmacmradax. s
MIABUALIEHHS IIBHJIKOCTI 3HEBYIJICIIOBAHHS BaXKJIMBO 3OUIBIIUTH IUJIONLY, J€
B11I0YyBa€ThCS peaKIlisi MK Ta30BOI0 CKJIAJ0BOIO Ta ByriieneM. [Ipu nmpomy mMiciem
peakiii BBaXarOThCs OyibOAIIKM razy B pO3IJIaBieHId cTani abo MOBEpXHs
PO3IUIABIICHOI CTajl y BAKYYMHIM kamepi, abo Opu3Ku MeTaly y BaKyyMHIN KaMmepi.
TpaguuiiiHo NpUHHATO BBaXKAaTH, 1110 3TajJlaHl BUIIE TPU PEaKiiiHI 30HU MOXKYTb
OyTu 30UIbIIIEH] 32 paxXyHOK IMOjadi J0JaTKOBO HEUTpalbHUX ra3iB (HacaMmIiepen
aproHy) Ui TEpeMIllyBaHHS PO3IJIABIB Ta 3a PaxXyHOK 30UIBIICHHS MIBUIKOCTI

1o/1a4l ra3y aprouHy AJid MepeMillyBaHHs a00 peUUpPKYIIALII.

£

AL P

L

1 — cranb-KiBII, 2 — PIAKUA METaJIeBUU po3IUiaB, 3 — BakyyMHa Kamepa, 4 —
MPOYBHI IPUCTPOT AJI NMOAAYl MEPEMIITYIOUYOro razy, 5 — Oynp0amiky razy
Pucynok 1.10 - CxemaTuyHe 300pak€HHS BaKyyMHOIro Jjerasaropa 3

J0JIaTKOBUM MEPMIIIYBaHHAM pO3ILIaBy razamu [58]

OnHak, IpoyBKa aproHOM 13 BEJIMKOIO MIBUAKICTIO MpuOIn3Ho 20 HM3/XB.
CTBOPIOE TIPOOJIEMY, OCKUIBKH JIEra3aTop HE MOXKE MpalioBaTu 0e3rnepepBHO Yepes

OCaJDKEHHsT OpM30K METally Ha BHYTPIIIHIO TOBEPXHIO BAaKYyMHOI KamepH
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BaKyyMHOT'O JIeTa3atopa B Pe3yJbTaTl €HEpriifHOro yTBOPEHHsS OpH30K MeTaiy,
BUKJIMKAHOTO BAYBAaHHSM rasy aprony. ll{o6 yHukHyTH 1i€i npobiemMu, aBTopamMu
OyB 3arnpornoHoBaHui MeTof [57-58], y skoMy razonoaiOHui BojeHb a0o0 ras, 1o
MICTUTh BOJEHb, BAYBAJIU y PO3IUIABIEHY CTajlb, H[00 30UTBIIUTH BMICT BOJIHIO,
PO3YMHEHOI'0 B pO3IUIaBi. BIAMOBIAHO 10 LOIO METONY BiOYBaioCs yTBOPEHHS
Oynp0alok ra3onoaiOHOr0 BOAHIO IS MOCUJIEHHS €(EeKTy NepeMillyBaHHS Ta
30UTBIICHHS]  IIBUAKOCTI  3HEBYIJICIIOBAHHS NUIIXOM  30UIBIICHHS  IUIOIII
peakiiiHux 1eHTpiB. Byno miaTBepIKeHO, M0 e METOJ MOXKE IIJABUIIUTH
MIBUAKICTh 3HEBYTJICIIOBAHHS B HHU3bKOBYIJIENEBIH 0O0JacTi 1, OTXKe, CIpHUsE
MIJBUIICHHIO €(PEKTUBHOCTI BUPOOHUIITBA YJIBTpAa HU3bKOBYTJICNEBOI cTaiil. Llei
METOJI, MPOTe, BUMarae, o0 BMICT BOAHIO MIATPUMYBABCS Ha JOCUTh BUCOKOMY
piBHI, HaNpuKJaz, Big 3 10 5 ppm, 1100 3a0€3MeunTy MOMITHUN ePEeKT y CIPUSHHI
3HeByTIentoBanHs. 106 minTpuMyBaTH Takuii BUCOKHI BMICT BOAHIO, HEOOXITHO,
o0 BOJEHb TMPOAYBABCA 31 IMIBUAKICTIO HE MEHIIe HDK S5 HM3/XB, KOJU
BUKOpPUCTOBY€eThCsl nerazarop RH motyxkHicTio, Hampukian, 250 TtouH. lle
CIOPUYUHSE PI3HOMAHITHI TPOOIEMH, Takl SIK 30UTBIICHHS IIBUJKOCTI YTBOPEHHS
OpH30K MeTally Y BaKyyMHIM Kamepi Ta CKOPOUYEHHsI TEPMIHY CIIYKOHM ra30/yBHOT
¢bypmu. KpiM TOro, MBHIKICTh YTUJI3allli BOJHIO 3MEHIIYETHCS, OCKUIBKH
MIBUAKICTh Ta30MOAIOHOTO0 BOAHIO 30UIbIIYEThCS uepe3 (pypmu, BOyAOBaH1 Yy
OOKOB1 CTIHKM peLMPKYIALIAHOT TpyOu. OTxe, Oylio qyKe Ba)XKKO MIATPUMYBATH
BMICT BOJHIO Ha TaKOMY BHCOKOMY pPIiBHI, BBOJSYM Ta30MOAIOHUI BOJIEHb Yepes
bypMu, postamoBaHi 300Kky. KpiM 1bOro 3HAYHO MiJIBUIYBAaBCS 3aJIUIIKOBHIM
BMICT T1IpOTE€HY Y CTaJl.

3aranom Ha CbOT'OJIHI ICHYIOTh Pi3HI BapilaHTU MPOBEACHHS OOPOOKH PiaKoi
CTaJll B KOBIII, SIKI CIIPSMOBAaHi, MO-Mepile, Ha 3HWKEHHS BMICTY PO3YMHEHUX Y
METajJeBOMY pO3IUIaBl HeOakaHMX Ta3iB Ta CIPKM ¥ MIAITPIB PO3IUIaBYy, a BXKE
MoTIM Ha BuaalieHHs Byriemto (puc. 1.11) [59-63]. Yci no3amiuHi MeTOAH, fKI
BUKOPUCTOBYIOTh BaKyyMHY OOpOOKY CTajl, MOKHA PO3AUIUTH HA OKpPEMI IpyIIu:
- CTpyMUHHI (0OpOOJIEHHS CTpyMEHS METaly IpH MepeiMBaHHI 3 KOBIIA B KiBII

a00 BUJIMBHUIIIO);
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- KOBILIOBI 3BMYAaWHOTIO THUIY 3 MNPUMYCOBUM IMEPEMILIyBaHHSAM MeETaly Ta
nonatkoBuM migirpiBoMm (ASEA-SKF ta BAD) 1 gypmoro ans mnpoayBaHHS
posmuiaBy kucHeMm (BKP);

- nopuiitHi (DH) ta nupkynsauiiiai (RH) [60, 64, 65].

LUTAKOEE PAMMHYEAHHT Ta HATPIE
DOTPIE KHCHEM necvikd, OeCyIk{-HarpEe
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Pucynok 1.11 - Bapiantu npoBeaeHHst 00p0oOKHU piIKOi cTajal y TOMY YHCHI 3

BUKOPHUCTAaHHSM BaKyyMYy JUIsl 3HUKEHHS BMICTY ByTJIewo [59]

BakyymyBaHHSI B KOBIIII € OJHUM 13 PO3MOBCIOKCHUX METOJIB, SIKUH J03BOJISIE
3HU3UTU Ta30HACUYEHICTh METAJTy Ta MiJIBUITUTH HOTO YUCTOTY 3a HEMETATIYHUMU
BKJIIOUYEHHSMHU 3a PaXYHOK pO3KUCHEHHs ByrjieneMm. OJHaK, YpaxoBYIOUYHU
cnenu@iyHy KOHCTPYKI[II0 KOBIIIB (CHIBBIHOLIEHHS! BUCOTH JI0 J1aMETpPY, sKe, K
MPaBUJIO, OLIBINE OAWHUIN), IJI1 JOCSITHEHHS BMICTY ra3iB y pO3IUIaBl, OJIU3BKUX
70 PIBHOBa)XHUX, Ta HU3BKOTO BMICTY BYTJICIIO, TPUBAIICTh BaKyyMYBaHHS

po3TaryeTbes y uaci. Hapami oOpoOjeHa BakyyMOM cCTallb PO3JIMBAETHCS Ha
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MOBITPl, LI0 BHUKJIMKA€E TOBTOPHE OKUCHEHHS Ta 3a0pyAHEHHS ii MpOAyKTaMu
OKHCHEHHS.

[1ig yac BiIMBaHHA 3JUTKIB y BaKyyMl y BWJIMBHHIIO ii BCTAHOBIIOIOTH Y
BaKyyMHY KaMmepy 1 CTPyMIHb CTaJli pO3NMIIIOETbCS Ta3aMu, AKI BUAUISIOTHCS 3
piakoro merainy, Ha 6e37114 kpamnenb [66-69]. Lle mpuBoAUTE 10 PI3KOTO 3pOCTaHHS
MOBEPXHI PIAKOro Merany i epeKTUBHOCTI 00poOneHHs. Te & came BiIOyBaeThCs
IIpY BaKyyMYyBaHH1 CTPyMEHS IiJ] 4ac MepeJuBy METaly 13 KOBIIAa B KiBIII.

CyTh NOpUIAHOTO 1 HUPKYJSALIMHOIO BaKyyMyBaHHS MOJSTa€ B TOMY, IO,
Marouu MOPIBHIHO HEBENUKHUI 00’€M BaKyyMHO1 KaMepH, Yyepe3 Hel 3a HeBEeJIUKUI
MPOMDKOK 4Yacy MPOKayylOTh YBECh METall, SIKHW 3HAXOAUTHCS B KOBIIL, 1, TAKUM
YUHOM, B10YBa€TbCS BaKyyMHE OOpOOJICHHsS BCi€i Macu pO3IUIABICHOIO METAly,
SKE CYMPOBOJIKYETHCS IHTEHCUBHUM TepeMIlTyBaHHAM po3iuiaBy [70-72].

BakyyMHo-11171akoBe  00pOOJIEHHS CTajl MOJsArae B TOMY, IO KIBII abo
BUJIMBHULIIO, IO 3alOBHEHI PIAKUM METaJOM, YCTAHOBIIOIOTH Yy TE€PMETHUHY
KaMmepy, B SIKIil CTBOPIOIOTH PO3PILIKEHHS, B PE3YyJbTaTl SKOTO BiI0YBa€ThCS
CHiHIOBaHHS nwuiaky [73 - 76]. 3BepXy yepe3 OTBIp y KPHIIIL MOJAI0Th CTPYMIHb
pIAKOTO MeTally, SIKH B yMOBax BaKyyMy pO3pPMBA€ThCA Ha 0e3iyu Kparelb.
Kpamni, mo yrBOpwiHcs, NOTpaIUIsiloTh Ha CIIHEHMA IJIak. 3a paxyHOK
IpOOJICHHSI CTPyMEHSI Ha Kparull KOHTaKTHA IMOBEPXHS B CHUCTEMI MeTall-IIaK
pI3KO 3pocTae, 1o 3a0e3neuye IHTCHCUBHE OOpOOJICHHST MEeTaly IIJIAKOM IIiJ Yac
PYXy Kparelb 4yepe3 iap CIiHEHOT O IUIAKY.

B ommcanux weTogax BaKyyMyBaHHS yMOBHM Jierasaiii MeTally He
OJIMHAKOB1, TOMY 1 KIHIEBUI BMICT ra3iB, BYTJIEII0 Ta HEMETAIIYHUX BKIIIOUYEHb B
00poOJeHil cTalll MOXKe CYTTE€BO BIIPIZHATHUCS.

Cepen pizHUX cmoco0iB 00poOKM MeTalny y KOBHIl 32 JOTOMOI'O BaKyymy
BUJUISIOTHCS Ti, 110 BUKOPUCTOBYIOTH /I BUAQJIECHHA BYTJCIIO J0JaTKOBE
BBEJICHHA y KaMepy Jerasaropa MOTOKY KHUCHIO 4epe3 J0JaTKoBe oOJjagHaHHS.
Taxkuii Hanpsimok 00poOku orpumaB Ha3By RH-OB. ¥V apyriit nonosuni 1980-x
pokiB komnania Kawasaki Steel po3pobuia cnocid mojgayi KUCHIO Ha MOBEPXHIO

pO3IUIaBy B KaMepy BaKyymaTopa uepe3 BepxHIo npoayBHy ¢pypmy (RH-KTB -
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Kawasaki Top Blowing) (puc. 1.12). Ile#t cnoci6 mo3BossiB 1ie ¥ migirpiBaTu
PO3IUIAB 33 paxXyHOK Nepediry OKUCIIOBaIbHUX peakuiid. [IpoTe aemo 3HMmKyBaBCs
Buxig npugatHoro. [lepesaru RH-KTB nepen RH:

- KIHLIEBUI BMICT BYTJIEI[I0 B KOHBEPTEPHOMY PO3ILIaBl HE MOTPIOHO POOUTH J1yxKe
HU3bKUM, 1, OTXKE, IPOAYKTUBHICTb 1 BUX1Jl KOHBEPTEPHOTO PO3ILJIABY 3POCTAIOTh;

- cramoBaHHs Tazy CO, 110 BUAUISETHCS B €MHOCTI, 3aBAsSKUA peakuii 3 O,, 1o
BIIYBA€ETHCS 3BEPXY, 3ar00irae BTpaTi TEMIEPATYPH PO3IUIABY, JO3BOJSE 3HU3UTH
TeMIlepaTypy KOHBEPTEPHOTO PO3ILIABY;

- yCyBalOThCsi MpOOJEMHI YTBOPEHHS Ta BUJAJICHHS HaKOMU4YeHb OpHU30K Ha
BHYTpIIIHIA  CTIHIII KaMmepu, 1, OTXKe, BTpara po3IUIaBy, CIpPUYMHEHA

PO30pU3KYBAHHIM MIHIMI3Y€ThCS.

1..
Al |BEpXIA NPOTYEHA
2 dypMa

| co+40;-C0oz I

PO3ILIABIICHA
CTallb

RH-KTB

Pucynok 1.12 - Cnoci6 00po0ku piakoi ctani RH-KTB [77]

RH-KTB oTpumas mupoke 3acTocyBaHHS HE TUIbKU B SnoHii, ane i €Bporii.
Onnak, OCHOBHUM CKJQJHUM MOMEHTOM Yy peaiizamii LbOro HaMpsSMKY €
HEOOXITHICTh CKJIQTHOTO JO0JIaTKOBOTO OOJIaJHAHHS — BaKyyM KaMmepH Ta BTpaTu
MeTaiy 3 UM mpuctpoeMm. Kpim Toro, ciin 3ayBakuTH, 1o oOpodka cram y RH
arperarti 3HayHO BIUIMBAa€ Ha SAKICTh CTajl 3 YJIbTPAHU3BKHUM BMICTOM JOMIIIOK

qacpe3 MO>KJIUBICTD YTBOPCHHA OKCHUIHUX BKIIIOUCHB IIPH HOI[aLIi KHCHIO B arperar,
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yepe3 JOMIIKA Yy (epocmiaBax, 0 BUKOPUCTOBYIOThCS IiJ] 4ac MPOIECY, Ta
YacTOK IUIAaKy BiJl po3kucieHHs. KpiM Toro Oynu 3HaleH! BKIIOYEHHS OKCHJIB

TUTAHY.

1.7 IlepeBarm cmoco0y HNpPOAYBKHM PiIKOro MeETAJEBOr0 pO3ILIABY Yy

KOBIIi HEHTPAJIbHUMHU ra3aMHu

TexHonoriyHo omneparis IPOAYBKU BEIMKUX MAac METaly IHEPTHUMHU Tra3aMu
y KOBIIII JIETHIE 1 AeleBIle, HiXX 00poOKa BaKyyMOM, TOMY TaM, JI€ L€ MOXJIMBO,
00poOKy BakyyMOM 3aMiHIOIOTh Ha JIOBIIY 3a 4acoM, MPOTE ACHIEBITY O0OpOOKY
IHEpTHUMHU Ta3zaMu, abo ii MPOBOASITH OJHOYACHO 3 BaKyyMYBaHHSIM IS
CKODOUCHHS 3araJibHoro uyacy omepamii [61, 78-81]. OOpoOienHs crani
MPOyBaHHSAM IHEPTHUMH ra3zamu 3a (I3MYHUM BIUIMBOM CXO’KE€ Ha BaKyyMyBaHHS,
OCKUIbKM MiJI Yac MpOAYBaHHsS Oe3id OyJapOalioKk 1HEPTHOrO ra3y MpPOHU3YIOThH
00’eMm pinkoro metany. Koxkna 3 Oynb0aiiok sBisie co0010 MIHIATIOPHY KaMepy 3
XIMIYHUM BaKyyMOM, JO0 SIKOi MparHyTh MNOTpanuTH (AUPYHIYIOTb) PO3YMHEHI
ra3u, OKCUH1 Ta cynb]iaHi BKIOUeHHS [82—85]. Oneparltis mpoyBaHHS BEJIMKOTO
00’eMy MeTajgy IHEPTHUM Ta30M Y KOBUIl CYNPOBOIKYETHCS JIOCTATHBO
IHTEHCUBHUM TNEPEMIIIYBaHHSIM pO3ILJIaBYy, SKE CIpHUs€ HOro romoreHizaimii 3a
XIMIYHUM CKJIQJIOM Ta TeMmiiepaTyporo. IIpogyBaHHS po3jaBy 1HEPTHUM Ta3oM
(HampuKIIan aproHoM) SIK METOJ MiJBHINEHHS SKOCTI CTajdl OyB pPO3BUHYTHM
3aBISIKM YJIOCKOHAJICHHIO Ta 3J/ICIIEBICHHIO BHUPOOHMIITBA Yy BEJIMKUX 0OcCsrax
aproHy, KU € CynyTHIM MPOJYKTOM IPU OTPUMAaHHI KUCHIO. AProH y MeTainyprii
BIJIIFpAa€ K CAMOCTIMHY, Tak 1 JomoMikHY poub [82]. Ilim yac mpoayBaHHS
pO3IUIaBy Tra3oM BiIOYBa€TbCS IHTEHCUBHE NEPEMIIIYBaHHS METally Ta30BUMU
Oynp0OalikaMu, BHACHIIOK YOTO Pi3KO 3pOCTa€ KOHTAaKTHA IMOBEPXHS B CHUCTEMI
Meran-ras. Lle cnpusie BumaneHHio 3 MeTaay HEeMEeTaJlYHUX BKJIIOYEHb Ta CIPKH, a
TaKOX rasiB, [0 PO3UMHEH] B MeTauni. Jlis aprony, gk Jierazatopa, IpyHTyeTbCs Ha

TOMY, 1110, CTBOPIOIOYM XIMIYHUN BakyyM Jisi rasiB, SIKl pO3UMHEH1 B MeTajl
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(BOIHIO Ta a30Ty), OyJAbOAIIKH aproOHy MOTVIMHAIOTH Ta3M 13 PO3IUIaBY 1 BUHOCATH
iX y HaBKOJIMIITHIO aTMOchepy.

OcCHOBHI 3aKOHOMIPHOCTI T1IPOJWHAMIKH 1]l Yac MPOAYBAHHS METaJIeBOTO
pO3IUIaBy razamu Oy BUKJIAJEHI B poOOTaX, MPUCBIUYECHUX PYXY PIIUHU Ta ra3y B
yMOBaX KOHBEPTOPHOro BUpOOHHUIITBA [86—95]. JlocmimkeHHs NPOBOAMIUCH Ha
XOJOJHUX MOJIENIAX Ta B MPOMHUCIOBUX YMOBax. Pe3ynbTaTH MoOJETIOBaHHS
MOKa3alid, 110 MpoleC MPOJyBaHHS MOXE BIJOYBATHCS B HACTYNMHHUX PEKUMAX:
Oynp0aIKoBOMY, OYJIHOAIIKOBO-CTPYMUHHOMY Ta CTPYMUHHOMY B 3aJI€KHOCTI Bij
KUIBKOCTI (IIBHAKOCTI) rasy, Io MojaeTbcs. Pyx piauHu B pasi Aii razoBoro
CTpYMEHsI Ma€ KOJOMOIIOHMI 3aMKHEHHH XapakTep: 3HU3Yy BBEpPX Yy HANpPIMKY
MOTOKY OynpOamok rasy, mo IMOBEPXHI BaHHM padladbHO JI0 CTIHKM KOBIIA 1
B3JIOBXK CTIHKHM KOBIIA BHU3 A0 nHUIIA (puc. 1.13). [HATeHCUBHICTH IepeMilyBaHHS
(cTymiHb TYpOYJEHTHOCTI) 3aJIe)KUTh BiJl IMIBUAKOCTI MIAHATTS Oyab0aIok rasy, ix
JiaMeTpa, TEMIIEpaTypHOTO PO3IIMPEHHS Tra3y Ta I[IUIBHOCTI pPIAMHM, sKa
npoayBaeTbes. Ilpm BuTIKaHHI razy B OylbOalIKOBOMY pPEXHMI IIBHJIKICTh

migHATTS Oyp0aniok He nepesuirye 0,15 m/c.
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Pucynok 1.13 — Cxema pyxy po3IUIaBy Ta Tra30BUX Oyiab0aliok IMpu
MPOyBaHHI KOBIIIA Yepe3 MOPUCTY MpoOKy [61]
VYV pa3i BuTikaHHS Ta3y B OyibOAIIKOBO-CTPYMHHHOMY PEXHMI1 IIBHIKICTb
nigHATTS OynpOamok nepesuirye 0,50 M/c, M0 xXapakTepusye Pi3KO BUpaKEHUUN

TypOyJICHTHUI pyX MeTajy Mpu NpoayBaHHI.
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VY npotuieci MmozentoBaHHs O0yJI0 BCTAHOBJIEHO, 110 HE BC1 OynbOaIllKu aproHy
MOXXYTb MEpeOOpPOTH CUIIM MOBEPXHEBOI'O HATATY Ha MEXI1 IIJaK-MeTal. 3HayHa
YacTHHA iX 3HOBY BTATYETHCS B MIMOWHY PO3ILIABY IMiJ JA1€10 MOTOKIB MeTany [90-
93]. Pa3om 3 razoBumu OynbOamkamMu BiIOYBA€TbCS €MYJIbI'YBaHHS IUIAKOBOT
dazu. lleit mpomec miaBuilye e(QeKTUBHICTH OOpPOOJICHHS MPOIYBaHHIM B
pe3yNbTaTi 30UTBIICHHS TPUBAJIOCTI MepeOyBaHHs ra30BUX OYyIb0aIlIoOK Y pO3IUIaBl,
TOOTO 3a paxyHOK O1JIbIII IOBHOTO HACHMYEHHS iX razaMu, 10 PO3YMHEH1 B METalll,
Ta (aoTailii BKIIOYEHb.

Pyx piakoro merany B KOBIII 3aJIeXUTh BiJ] METOJY Ta MICIsl BBEICHHS
ra3oBOro CTpyMeHsi B po3iuiaB. Ha cborogHi icHye BeIWKa KUIBKICTh TEXHIUHHMX
3aco0iB Il MPOJYyBaHHs PIAKOi CTajl razamu pizHoro ckiany (puc. 1.14), sxi
MO>KHA PO3JUIUTH Ha YOTUPHU TPYIIU:

— yBeJIeHHs ra3iB uepe3 (pypmMu 3 BOrHETPUBKUX MaTepiajiB, MIOPOKHUCTI CTOMOPH
(dpanpii-cTonopu) abo aBoiapoBi pyrepoBaHi TpyOku (puc. 1.14, a);

— YBEIEHHsA Ta3iB uepe3 TOPUCTI E€JIEMEHTU HEBEIMKUX PO3MIpIB s
30CepeKEHOr0 (KOHIIEHTPOBAHOTO) PO IyBaHHS, Kl BCTAHOBIIIOIOTH Y JTHUII 200
cTiHli koBma (puc. 1.14, 6 );

— YBEIEHHs Tra3iB uepe3 TMOPHUCTI €JIIEMEHTU BEIUKHX PO3MIpIB  JJis
pPO30CEepeKEHOr0 MPOJyBaHHS MO NEPETHHY KOBIIA, $KI BCTAHOBIIOIOTH, fAK
MpaBUJIo, B JHUII KoBiia (puc. 1.14, B );

— IPOJyBaHHS ra3aMy pa3oM 3 1HIIKMU METOJaMU Mo3aniyHoro oopooueHus (1.14,
T, 1,¢).

[IpoayBaHHsl piAKOi CTalli B KOBIIl BIAMOBIAHO MOXE 3IMCHIOBAaTUCS 3a
JIOTIOMOTOI0 3aHYpPEHUX (ypM 13 BOTHETPUBKUX MaTepiaiiB, (ajblI-CTONOPIiB abo
JBOIIAPOBUX  TPyOOK  (yTepoBaHMX 30BHI  BOTHETPUBKUM  MaTepiajioM.
[IponyBanusi aproHom uepe3 danbi-ctornop (puc. 1.15) — oauH 13 HaWOUIBII
MPOCTUX Yy TEXHIYHOMY IUIaH1 METOJMIB OOpPOOJICHHS PiIKOi1 CTajl B KOBIII, SKUN
7103BOJIsiE 0€3 0COOJMBUX BUTPAT OpPTraHi3yBaTH €W MPOIIEC Ta OTPUMATH METall
OUIBII OMHOPIAHWUN 3a XIMIYHUM CKJIAJOM 1 YHUCTUM 3a HEMETalluHUMU

BKJIFOUCHHSIMU Ta Tazamu [61, 97].
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1 — ¢pypma abo danbu-cronop; 2 — KiBir; 3 — pigkuit metan; 4 — OynbOaIIKy rasy;
5 — mnopucra mnpoOka 3 BOTHETPUBKOro matepiainy; 6 — mopucti OJOKH 3
BOTHETPUBKOTO Marepiaiy; 7 — JIOK JUisl yBEJACHHS PO3KHCHIOBauiB; 8§ — TpyOa 3
BOTHETPUBKOTO Matepiany; 9 — muak; 10 — BuTpaTHuiM cTanpHUM KoHyC; 11 —
BaKyyMHa Kamepa; 12 — enexrpoau

Pucynok 1.14 — CxeMu nipojilyBaHHs cTaji B KOBIII padiHyBaJbHUM ra3oM:
a — yepe3 ¢anbli-cronop; 0 — yepe3 MopucTy NpoOKy B JHUIII KOBIIA; B — Yepe3
nopucti 0JIokd B IHHUINI KoBma; r — cxema CAS-mpouecy; 1 — OpoayBaHHS 3
BaKyyMYBaHHSIM KOBIIIA; € — IPOJYBaHHS 3 €JIEKTPOOOITpIBAaHHIM

JIo HemodiKIB JaHOrO MPOLECY MOKHA BIJHECTH HECIPOMOXHICTH MoAayi

BEJIMKOI KUIBKOCTI razy d4epe3 MOpPUCTY MpoOKy (abli-cTonopa, oOMexeHun
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00’eM Metany, 1O OOpOOJs€EThCSA, Ta OOMEKEHMI Yac MPOAYBAHHS BHACTIIOK
MOJKJIMBOTO pYyHHYBaHHs cromopa. Ilim wyac mpomyBaHHS depe3 (asbII-CTONOp
BiIOyBa€ThCSl IHTCHCHBHE BUPYBAHHS METAlly HABKOJIO CTOIOpA, SKE MPU3BOJIUTH

710 pO3MHUBAHHS BOTHETPUBY Ta 3a0pyAHEHHS CTalll MPOJYKTaMH €pO3ii.

e

N (274

1 — BorHeTpuBKa KOTYyIIKa; 2 — MeTajeBa Tpy0a; 3 — onopHe Kijiblie; 4 — mpopisi B
TpyOl1 JUIsi BUXOHIY aproHy; 5 — mopucTa MpoOKa 3 IUIABJICHOTO MYIITy; 6 —
KOHTpraika; 7 — TIOpOXXHMHA B TIOPUCTIA MpoOIll, SKa 3alMOBHIOETHCS
BOTHETPUBKUM MarepiaioM

Pucynok 1.15 — Cxema KpirjieHHsI MOPUCTOI MPOOKHU 3 TUIABICHOIO MYJITY

710 CTpUKHS (ambIin-cTomnopa [61]

Jlns  ycyHeHHS BUIE TIepepaxoBaHUX HEJOJIKIB, XapaKTepHHUX s
MPUCTPOIB MEPIIOi TPYIH, MPOIYBAHHS PIAKOI CTall B KOBII 3J1HCHIOIOTH Yepe3
crienianbHi pypmu (OararokaHaiabHI a00 NIUTMHHI), sIKI BCTAHOBIIOIOTH Y JTHUIITI

koBmia (puc. 1.16) [61, 98-100].
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1 — GaraTokaHanbHa GpypMma; 2 — THUIIE; 3 — KOKYX KOBIIIA; 4 — Ta30BUM KOJIEKTOP
Pucynok 1.16 — KoHcTpykiis Ta cxema yCcTaHOBKM OaraTokaHalnbHOI GypMH

B JTHUII KOBIa [61]

[IpomucnoBi Macmtabu MpoOJyBaHHS MeTaay B KOBIIl Ta3aMH 3HA4YHO
BUPOCJIH TICII OTPUMAHHS MOPUCTUX BOTHETPUBIB 3 BUCOKOIO Ta30IPOHUKHICTIO Y
BUTJISIZII HEBEJIMKUX 3a PO3MIPOM BCTAaBOK ab0 JOCTaTHRO KPYMHUX OJIOKIB.
[IpoayBaHHsI po3IIaBy yepe3 MOPHUCTI OJIOKM y AHUII KOBIIA 3a0e3reuye OuTbII
PIBHOMIPHHUI PO3MOJLI ra30BOTO MOTOKY B PO3IUIaBl Ta HE3HAYHE 3HOIIYBAHHS
camoro Omnoky. HemonikomM 1boro Meroay € Te, IO JUIs 3aMiHM TMOPUCTUX
€JIEMEHTIB HEOOXIIHO  OXOJIOJKYBaTH  KJIQJAKy KOBIIA JO MPUHHATHOI
TEeMIepaTypHu.

Bkazani mMeTonu AOHHOI MPOMYBKM METajdy B KOBIII 1HEPTHUM Ta3oM —
aproHoM MOXYTh OYTH BHKOPHUCTaHI JJs TaKOX JUIsi TPOJYBKH PO3IUIABY
CYMIIIIIIO Ta3iB, OJHUM 3 SIKUX Oy/€ OKHCIIOBAJbHHM ra3 - KHCEHb, 3aJJs
3a0€3MEeUeHHs] OKHUCJICHHS HEOOXITHHUX KOMIIOHEHTIB pO3IUIaBy, HaIPHUKIIAI,
ByIJIeIto. Takuii criocid Moxe MoegHATH MepeBaru 00poOKH METAJIIEBOTO PO3ILIaBY
IHEPTHUM Ta30M (ycepeaHeHHs H00aBOK, 3HWKEHHS BMICTY PO3UYMHEHHUX Ta3iB Ta

HCMCTAJICBUX BKJIIO‘ICHB) 13 SHCBYIVICHIOBAHHAM PO3ILIaBYy IIPU HCBCIIMKOMY BMICTI
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BYIUICIIO Y pO3IUiaBi 10 00poOku. ToMy akTyadbHUM € TOAQIbIIE AOCTIIKEHHS Ta
po3poOKka BapiaHTa JOHHOI MPOJYBKHM B KOBIII, SKHH 3MOXKE 3a0€3MCUUTH

BUPIIIICHHS 3aJ1a4ui 3HEBYTJICIIOBAHHS /10 HEOOXITHUX HU3BKUX KOHIIEHTPAIIIi.

BucHoBku 3a po3aisiom 1

3a  pe3yiabTaTaMHd  KOMIUIEKCHOIO  JOCHKEHHS  IPOBEJIEHOTO  3a
aKTyaJIbHUMH JKEepelaMd HayKOBO-TEXHIYHOI 1H¢opmallii BCTaHOBJIEHO, IO
BUKOPHUCTAHHS TEXHOJIOT1H 3 BUIUIABKU cTajied 3 BMicTOM Byriiento Huxue 0,1 % y
KHCHEBUX KOHBEpTEpax 3 IMOJadyel0 HEUTpadbHOrOo razy 3 HH3Yy, a OCHOBHOIO
KHCHIO 3BEpXYy BUKOPHCTOBYETHCS Ha Cy4acHUX METaNypridiHUX MHiANPUEMCTBAX,
POTE CYMPOBOJKYETHCS 3HIKEHHSIM BHXOAY TMPUIAATHOTO PIAKOT cTajl Yy
MOPIBHSAHHI 3 BHUPOOHHUILITBOM CTajeil ByryeuneBoro coprameHty. Lle 3ymoBieHo
(h1BUKO-XIMIYHUMHU OCOOJIMBOCTSIMU TIPOLIECY OKHCIIEHHS BYTJICIIO, 30KpeMa Horo
Nepexo oM 3 KIHETUYHOI AUISTHKKA Yy JUQyY31iHY 1 SIK HACIIJOK HEOOXIIHICTIO
JI0IaTKOBOT 1HTEeHCHiKallii MacoOOMIHHUX mpolieciB B MeTaneBid BaHHI. Ilo
CTOCYETBCSI TEXHOJIOTIA ra30-KMCHEBOro padiHyBaHHsS, TO BOHa Oa3yeTbcs Ha
MO/IaBaHH1 TEXHOJOTIYHUX Ta3iB y HUKHIO YACTUHU CTaJECIUIaBUIIBHOT'O arperary,
30kpema yepe3 nHo s ['KP mporiecy Tta 3 60koBoi croponu BanHu — st AOD.
[Ipy 1OMY BHKOPHCTOBYIOThCS (GypMH CHEIlabHOI KOHCTPYKLIi «TpyOa Yy
TpyO1», sIKi 3a0€3MeuyloTh BBEJEHHS KHCHIO y METaJleBy BaHHY B OOOJIOHIN 3
najanBa, BUKIIOYAIOYM BHCOKOTEMIIEPATYpHUM BIUIMB 30HM OKHUCJICHHS Ha
¢yrtepiBky. Ilpu 1mpoMy TeXHOJIOTIS Ta30KMCHEBOro padiHyBaHHS mependayae
YyepryBaHHsl NMPOAYBKM METaJeBOi BaHHUM KHUCHEM Ta HEUTPabHUM Ta30M, W10
3a0e3rneuye YHUKHEHHS TI€PEOKHMCIECHHS MeETaly Ta BIJINOBIIHO JOCSTHEHHS
BHCOKOIO pIBHS BHXOAY MNPUIATHOTO piAKOT cTaii. BukopucranHs MeTomiB
OKHCJIIOBAJIbHOT IPOJYBKU HA €Tall BaKyyMyBaHHS CTajl € HalO bl epeKTUBHUM
METOJIOM 3HWKEHHSI BMICTY ByTJielo Hux4e kKoHueHtpauii 0,1%. Lle 3ymoBieHo
caMeé 3Ha4HMM BILJTMBOM 30BHIIIHBOTO THUCKY Ha MPOLIECH OKUCIECHHS (MOHOKCHUJ

BYIUICIIO € Ta3omnoji0OHOI0 pedoBHHOI0). CyTTEBUM HEIOJIKOM IIPOIIECiB
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BUJIAJICHHSI BYIJICIIO 3 MeTajeBoro posmuiaBy Huwkue 0,1 %, mo 06a3yroThcs Ha
mporecax Tra3o-KUCHeBOro padiHyBaHHS € BHUKOPUCTAHHsS  CIEIIaJIbHOTO
TEXHOJIOTTYHOTO  OOJaJHAHHS  BCTAHOBJIEHHS SKOro MOTpeOye  3HAYHHUX
kamitanoBkiageHb. Illo crocyerbest mpoleciB OKUCICHHS BYIVICIIO KHUCHEM IpHU
MOHI)KEHOMY THCKY, TO BOHHM MacoBO HE 3aCTOCOBYIOTHCA 4Ye€pe3 HEBEIUKY
CTIHKICTB BY3JIIB MIJIBOJIY KUCHIO Y PO3ILIIaB.

BinMiueHo, mo 3a i TPOBEACHHS TMO3amiyHOI OOpOOKM METalieBOro
PO3IUIABY Yy KOBIII PAI[IOHAIbHO MPOBOAUTH MPOIYBKY IHEPTHUM ra30M — aprOHOM,
AKUN 3a0€3MeYUTh yCepeIHEHHS PO3IUIaBy 13 OJHOYACHUM BUJAJICHHSIM Ta3iB Ta
HEMeTaJeBUX BKIIOUYEHb. TaKy MPOIYyBKY Kpallle MPOBOJAUTH KpPi3b JOHHI IPOYBHI
MPUCTPOi Yy OyJIbOAIIKOBOMY PEXKHMI, 10 3a0€3MeUYuTh SKICHE IMepeMillyBaHHs
BaHHU. KpiM Toro, BkazaHuil croci6 oOpoOKM poO3IJIaBy MOXHa BIOCKOHAJIUTH
IUIIXOM 3aMIHM I1HEPTHOTO Ta3y Ha CyMill I1HEPTHUHM Tra3 — KUCEHb 3aJis
3a0e3MeUeHHs] J0JAaTKOBOIO 3HEBYIJICLIOBAHHS METAJIEBOrO  PO3IUIABY [0
HEOOXITHUX HU3BKUX KOHIIEHTpalli 0e3 3acTOCyBaHHS BapTICHOrO oOJagHAHHS,
K, HAIPUKJIAJl, 332 YMOB BaKyyMyBaHHS.

TakuM 4YMHOM, BHUXOJSIYM 3 HABEICHOI'O BHILE HAWOUIBII aKTyalbHUM
3aBJIAHHSIM B KOHTEKCT1 BJIOCKOHAJIEHHS! TEXHOJOTTYHUX IMPOIIECIB 3 BUPOOHUIITBA
ctasieid 3 BMicToM Byruemto Hwkde 0,1 % € BuHeceHHs omepalii 3 BUAAJICHHS
BYIJICLI0O HUJKYE BKa3aHOI KOHIIEHTpAllli B OKPEMY TEXHOJIOTIYHY OIepalliio, 110

BUKOHYETBCS Ha eTarll no3aniyHoi 00poOKH cTali.
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PO3ALJI 2. TEPMO/IMHAMIYHA OIIHKA MOXJ/IMBOCTI IIEPEBITY

PEAKIIIV ITPH JOHHOMY IIPOJYBAHHI METAJIY B KOBIIII

2.1 IlepeBaru TepMOAMHAMIYHOI0 AHAJI3y METAJYPriiHMX NMpoUeECiB 3a

NMOKA3HMKOM BijIbHOI eHeprii I'i00ca

TepMoauHamiyHa BiIbHA €HEPris, fKYy 3a3BUYail HA3MBAIOTh EHEPri€l0
['i66ca, € onHIEIO0 3 MDKAMCIUIUIIHAPHUX KOHIEMINHN, 3aBISKU SKIH MOXIIHUBO
OLIIHUTH B3a€EMO3B’A3KM MDK PI3HUMHU BIACTUBOCTSIMU Ta SIKYy MOKJIMBO
BUKOPUCTOBYBATH Yy SIKOCTI PYLIIAHOI CHJIM XIMIYHOI CHCTEMM JO PIBHOBaru B
Mozensix mpomecy [101, 102]. Ha pwuc. 2.1 mnokazaHo oO'€eMHHIl eJleMEHT
Oe3nepepBHOI PeakIiiiHOT CUCTEMHU, 110 B3a€EMO/II€ 3 HABKOJIMIIIHIM CEPEIOBHIIEM.
Ha cuctemy BIuBaoTh ii TEMJIOBI YMOBHU (TeMmeparypa i1 TUCK), a TAaKOX XIMIYHI
MpoLIEeCH, SIKI BiTOYBalOThCA B 00’ eMHOMY enieMeHT1. KpiM Toro, A KOMIUIEKCHO1
TEPMOXIMIYHOT 0OPOOKH CUCTEMH HEOOX1THO BpaXxOBYBAaTH TEIJIOMAacOOOMIH Yepes
MEX1 eJIeMeHTa 00’ eMy.

[ToBuuit audepentian Gyukiii ['100ca Mae BUTIISIA:

N
dG = -SdT +Vdp + ) pdn, + Y Fdx,
= i 2.1)

ne S no3Havae eHtpornio, JHx/K;

V - 06’em cuctemu, M3; pk — ximiuauit noteniian Buny (k),
T — remneparypa, K;

p — TUCK, [1a;

nk — MOJIsipHa KUIBKICTh XIMIYHUX PEYOBUH, MOJIb.

Ocranniii Tepmin (Fidxi) BiTHOCHUTBCS 10 JOJATKOBUX Yy3arajJbHEHUX e(eKTiB
poboTH.
VY OGarathox ¢GiBUYHUX OOCTaBHMHAX IMOTEHINAIM TaKOX OOMEXEH1 1HIINMU

(dakropamu, 3a3BU4ail MOB’si3aHUMHU 3 poOororo. Toxal MoOKHA 3acTOCyBaTH
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HECYTTEB1 OOMEXEHHsI Il XIMIYHUX IMOTEHI[IaiB pa3oM 13 CIiBBIIHOIICHHIMU
6anancy macu [101, 102]. JlonaTkoBi yMOBH BUHMKAIOTh 13 3a3HAYEHOI pOOOTH UM

€HEepreTHYHoro eexry abo 3yMoBjIeH1 KiIHeTHUHUMU yMoBaMu peakuii [103-106].

G = G(T,p,m)

G min
ﬁ-

m m

peareHTIB NPOJYKTIB

—

Q

Pucynok 2.1 - Enement 0e3nepepBHOi peakiliiiHOI CUCTEMH, IO B3aEMOJIIE 3

HaBKOJIMIITHIM CCPpCaAOBHUIIICM

Minimizariiss eneprii ['i60ca BuMarae BUKOPHUCTAHHS XIMIYHMX MOTEHIamiB pk
(yacTkOBHX MOJIIpHUX eHeprii ['160ca) CKkIag0BUX CUCTEMHU.
PiBHSIHHS, 1110 KEPYIOTh XIMIYHUMU MOTEHIIAJIAMH Ta IXHIMHU BIAMIOBIIHUMU

oOMexxeHHsIMH B OaraTodasHiil cucTeMi, MO)KHA BUBECTH TakuM ynHOM [103-106]:

!
pe = aym ;s (k=12,..N), (2.2)
J=1
N
Dagn, —B; =0;(j =12,..1), (2.3)
k=1

ne N — KUIbKICTh PI3HUX XIMIYHUX CKJIQJIOBUX, YTBOPEHHX 3 | KOMIIOHEHTIB
CHCTEMH; T; HPEACTaBIAIOTh XIMIYHI IIOTCHIIAJINM KOMIIOHEHTIB Yy CHCTEMI, a
piBHsHHA (2.3) OKpiM OOMEXeHb OajlaHCy MacH BKJIIOYAaE€ HEOOXI1JTHI HECYTTEBI
YMOBH, Takl SK €JEKTPOHEUTpaIbHICTh, 30€peKeHHS IUIONII MOBEPXHI,

METACTA0UIBHICTh JaHOT CKJIAI0BOI TOIIIO.
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Konun ™opjentoBaHHS Tmpoliecy BUKOHYEThCS B TEepMiHaX XIMIYHHUX
MOTEHITIaJIIB CKJIaJIOBUX CUCTEMH (TOOTO B TepMiHaX MiHIMalIbHOI eHeprii ['166ca),
OUYEBUJIHOIO MEPEBAroOI0 METOJY € T€, 110 PE3YJIBbTATH PO3PAXYHKY OTPUMYIOTHCS Y
BUIJISI/II BIIACTUBOCTI TEPMOXIMIYHOTO CTaHy, 10 Y BUMAJKY OI[IHIOBaHHS BUIbHOI
eHeprii ['166ca Bka3ye Ha MOXIJIMBICTh EPEOIry TUX YU IHIIUX XIMIYHHUX MPOLIECIB.
TakuM 4WHOM, MOKHA MPOCHIIKYBaTH MOTEHIIA] PI3HUX €JIEMEHTIB YU PEYOBHUH
70 B3a€EMONEPETBOPEHHS 3 TOYKH 30pY XapakTEPUCTHK CHUCTEMH, TaKUX SIK

TeMIiepaTypa Ui 3MiHa THUCKY.

2.2 AHaJ1i3 MOJIMBOCTI NPOTIKAHHA pPeakKuii 32 y4acTI0O KMCHIO HA ME:Ki

(a3, mo B3aemMoAiIOTH MIZK C00010 Y CTAIbKOBIII

[Ipu mnpoayBaHH1 pigKoi MeTajeBOi BaHHM OyibOalIkaMu 3 Ta30BOIO
CYMIIIIIII0O CHUCTEMH «KHUCEHb-aproOH» Ha TOBEpXHI MHUX OynbOamok, 10
3YCTPIYAIOThCSA 3 PIIKUM METaJIOM BiOYyBalOThCs XiMiuHi peakifii. OCHOBHUU
KOMIIOHEHT pO3IUIaBy — 3aji30, a TaK0oX HasBHUM Yy pO3IUIaBl MapraHellb
MEPETBOPIOIOTHCS MiJT JIIE€I0 KUCHIO HA OKHUCIIH, 1[0 MOKYTh IOKPUBATH OYyJIbOAIIKY
OKCHUJHOIO IUTIBKOIO; BMICT KapOOHY HEBEJIMKHH, Oyip0aliil noTpioHo aicTaTucs
710 HBOT'O, TIPOTE MPHU «3YCTPiUi» 3 KAPOOHOM BiIOYBAETHCSI OKUCIECHHS OCTAHHLOTO
K OKCHJIHOIO IUTIBKOIO Ha MOBEPXHI OyJabOalIku, Tak 1 ra3onoAiOHUM KUCHEM 3
ytBOopeHHsIM CO, sike ab0 BUIUIAETHCS y caMoCTiiiHy dazy - oynsbamky CO, abo
MOX€e MOTrJIMHATHCS OyNnbp0aIiKow MpoayBHOI cywminni, 60 Ta, BitHOcHO A0 CO, €
«BaKyyMOM»; KpIM TOTO OKHCJEHHS BHUIIE BKAa3aHUX KOMIIOHEHTIB MOXe
B1I0yBaTHCS PO3UMHEHUM Y METaJIeBOMY pO3IUIaBl KUCHEM (puc. 2.2).

Ha nepmomy etarmi y po60Ti Oyjio MpoBeIeHO IOCTIIKEHHS 0COOIMBOCTEN
OKHUCJICHHSI JIOMIIIOK MpH JOHHOMY MPOAYBAaHHI 3aJi30BYIJIELIEBOIO PO3ILIaBY
KHUCEHbBMICHUM  Ta30BUM  TOTOKOM. 3  mo3umii  (i3uyHoi  Ximii  Ta
TEPMOJIMHAMIYHOTO aHaJi3y CHUCTEMY, IO PO3IJIAJAETHCSA, YMOBHO MOXHA

PO3AUIUTH Ha HACTYIIHI JUISHKU: ra30Ba Oyip0Oalika — MeTal, razoBa OynbOamika —
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Iulak, Metan — mwiak. Jlig KoXHOi AUISTHKA XapaKTepHe MPOTIKaHHS XIMIYHHUX

peakirii (Tabmmis 2.1).

Fe+ O:=FeQO
Mn+0,=MnO

g Fe +[0]=FeO
C+120:=CO  \p 161 MmO <
C+[0]=CO

Ar 0

1 - kiBII; 2 - pigKa cTaik; 3 - NUTAKOBUM PO3IUIaB; 4 - MPOJyBHUN JOHHUM OJIOK; 5 -

MUOEPHUN 3aTBOP MJIA BUITYCKY MeTally; 6 - OynbOalikyd 3amoBHEHI CYMIIIIITIO

TEXHOJIOTTYHHUX Fa3iB, 10 BKJIFOYA€ KUCCHb

Pucynox 2.2 - CxematuyHe 300pakeHHS TEXHOJOTIYHOI omeparii 3

padiHyBaHHS CTajl y KOBIII CYMIIIIIO TEXHOJIOTTYHUX Ta3iB, M0 BKIHOYAE KUCEHb

Ha eTari rno3anigyaoi oopooku: [107].

UTSTHKAX XIMIYHOT CUCTEMH

Tabnmuus 2.1 — PiBHAHHS XIMIYHHMX pEakliid, IO MPOTIKAIOTh Ha PIZHUX

JluigHKa IpOTIKaHHS

Ne XiMI4HE PIBHAHHS
peaxirii

1 2 3

1 1/2{0,}=[0O]

2 1/2{0,} +[Fe] =(FeO)
3 T'azoea Oyrvoamka — 1/2{O0,} +[Mn] =(MnO)
4 Meman {O,} +[Si]= (S510,)

5 1/2{0,} +[C]={CO}
6 {0y} +[C]={CO,}
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[Tponosxxenns Tadbmuir 2.1

1 2 3

7 T'azoea Oynvoamka — {02} +[S]={S0O,}

3 memarn 5/2{0,} +2[P]=(P,0s)

9 1/2{0,} +{CO}={CO,}

10 [C] + {CO,} =2{CO}

11 [O] + {CO} = {CO,}

12 [C] +[O] = {CO}

13 [C] + 2[O] = {CO,}

14 006’em memaneeoi [Fe] + [O] = (FeO)

15 6AHHU [Mn] + [O] = (MnO)

16 [Si] + 2[0] = (Si0,)

17 2[P] + 5[0] = (P,05)

18 (FeO) + [C] = {CO} + [Fe]
19 (MnO) + [C] = {CO} + [Mn]
20 [Mn] + (FeO) = (MnO) + [Fe]
21 [Si] + 2(FeO) = (Si0,) + 2[Fe]
22 2[Mn] + (Si0O,) = 2(MnO) + [Si]
23 TI'azo06a dynvoawka - 1/2{0,} +2(FeO)= (Fe,05)
24 wnaK 1/2{0,} +3(FeO)= (Fe;0,)
25 {CO} + (FeO) = {CO,} + [Fe]
26 {CO,} + 2(FeO) = {CO} + (Fey03)

JUisi KOXKHOi 3 XIMIYHUX peakiii OyJo po3paxOBaHO KOHCTAHTH pPIBHOBAru
BIJIMOBIHO JI0 HAsBHUX B JITEPATypl PIBHSIHb 3aJIEKHOCTI B TeMIEpaTypu s
YMOB ra3onofiOHUX Ta PO3YMHEHUX Yy MeTainl pedoBHH. Ha HaBeneHux HmKue
pucynkax 2.3 — 2.5 BigoOpaxeHa 3aJexHICTh eHeprii ['100ca Bix TeMnepatypu st

KJacuyHoro Bupasy [101-104]:
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AG=R-T-IgKp (2.4)
ne R — razoma mocriiina, Jx/mone K; T — temneparypa, K; 1gKp — norapudpm

KOHCTAHTH PiBHOBaru, po3paxoanuii 3a [101-104].

3 mpeacTaBlieHUX Ha pUCYHKax 2.3 — 2.5 nmaHux MoKHa 3pOOWTH BUCHOBOK, IO 3a
YMOB SIKi1 pO3TJISAl0ThCS, MOXKIIUBI BCl peakiiii okpim (10), (17), (22), (25) (aus.

tabmn. 2.1).
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Pucynok 2.4 - 3anexuicth eHeprii ['1006ca Bin TemmnepaTypu i JUBTHKH «00’ €M

MeTaJieBOi BaHHWY (HOMEpPH peakilii BimoOpaxkeni O niniil) [107]
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Pucynok 2.5 - 3anexwnicts eHeprii ['i00ca Bijg TeMnepaTypu Uil JUISTHKH «IJIaK

— ra3zoBa OynpOarika» (HoMepH peaxiiii Bimoopaxkeni 0uts niHiif) [107]
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BignoBigHO 10 OTpUMaHMX JaHUX MOYKHA 3pOOUTH BHCHOBOK, IIIO 32 TEMIIEpaTyp
HPOBEJECHHST 0OPOOKM METAJEBOro po3iuiaBy y crTaiabkoBmii (0am3pko 1500 °C)
cepell peakuidd, 110 aHaTI3yIOTbCS, MalOTh BiJ’€MHY BEIUYMHY BUIBHOI €HEeprii
['i66ca, a 3HaUYWTH YMOBH MJIsI AKTUBHOTO MPOTIKAHHA B TMPSMOMY HAMPSMKY
YTBOPEHHS MPOAYKTIB peaKilii:

a) y 30H1 «ra3oBa Oysib0alka — MeTan:

- Hallkpali yMOBH JIJIsl pEaKIliii:

3) 1/2{O,} +[Mn] =(MnO);

4) {02} +[Si]= (S10y);

6) {02} +{C]={CO;};

8) 5/2{Oz} +2[P]=(P,05);

- cepeIHl YMOBH JJIsl IPOTIKAHHS PeaKIii:

1) 172{0,}=[0];

2) 1/2{0,} +[Fe] =(FeO);

5) 1/2{0,} +[C]={CO};

7) {02} +[S]={S0,};

12) [C] + [O] = {CO};

13) [C] + 2[0] = {COx};

- peaxkiis 9) 1/2{0,} +{CO}={CO,} Mae HEeBeJMUKI MOKJIUBOCTI MPOTIKAHHS, 1HIII1
peaxilii He MaroTh TEPMOJUHAMIYHUX YMOB TSI TPOTIKAHHSA

10) [C] + {CO,} =2{CO};

11) [O] + {CO} = {COy}

0) y 30H1 «00’€M MeTaneBOi BAHHW :

- KpaIi yMOBH JIJIsl IPOTIKaHHS CTBOPIOIOTHCS JUTSI pEaKIIii:

16) [Si] + 2[O] = (Si0y);

NPUYOMY 3HWKCHHSI TEMIIEPATypH CIIPUATHME IMOKPAIICHHIO YMOB IS i1 epeoiry.
- Cepe/iHI YMOBHU MPOTIKAHHS CTBOPIOIOTHCS JJISI PEaKITiii:

18) (FeO) + [C] = {CO} + [Fe];

19) (MnO) + [C] = {CO} + [Mn];
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21) [Si] + 2(FeO) = (S10,) + 2[Fe];
- BIZIHOCHO HU3bKY BIPOTIHICTh MPOTIKAHHS MAIOTh PEaKIIi:
14) [Fe] + [O] = (FeO);
15) [Mn] + [O] = (MnO);
20) [Mn] + (FeO) = (MnO) + [Fe];
- 30BCIM HE MalOTh TEPMOJIMHAMIYHHUX YMOB JIJIsl Iepediry peakiii:
17) 2[P] + 5[O] = (P,0s);
22) 2[Mn] + (S10,) = 2(MnO) + [Si];
B) y 30H1 «Ta30Ba OynpOaIika — muiaKy:
- HalKpallll yMOBH JJIs IIepeoiry peakiiii:
23) 1/2{0,} +2(FeO)= (Fe,05)
1 31 3BMEHIIICHHSIM TeMIIEPaTypy YMOBHU MOKPALTyBaTUMYThCS;
- Cepe/IHl YMOBH JJIs Mepediry peaxiii:
24) 1/2{0,} +3(FeO)= (Fe;0,);
- peakuia 26) {CO,} + 2(FeO) = {CO} + (Fe,O3) B mpuHIMMII TEX MOXeE
B1I0yBaTHCS, POTE 1i MOKIIUBICTH MEePeOIry HEBEIUKA,
- peakuis 25) {CO} + (FeO) = {CO,} + [Fe] He Mmae TepMOJUHAMIYHUX YMOB JJIs

nepeoiry.

2.3 [ociigKeHHsl BIUIMBY TiIPOCTATHYHOIO THCKY Y KOBIII Ha

NMOKa3HUK BiJIbHOI eHeprii I'i00ca peakuiid MK pi3HuMu gazamu

Opnak B piBHAHHI (2.1) mpu po3paxyHKY MOKJIMBOCTI MPOTIKAHHSA PEaKIii
HIIK HE BpaxoBaHO BIUIMB YMOB INepeOiry peakiiii, a caMe BIUIMB TUCKY Ha
CUCTEMY, fKa MICTUTh PEYOBMHM Yy ra3oBOMY cTaHi. bynbOamika razy nmpoTsrom
nigiioMy 3 JHUINA J0 TOBEPXHI MeTaly MiANAa€TbCs PI3HOMY BIUIMBY THCKY
Cepe/loBUIIA 3yMOBIIEHOMY I'YCTHHOIO T4 TOBEPXHEBUM HATATOM METAy Y KOBIIIL.
Tomy st HabIMKEHHST pO3paxXyHKIB YMOB IIPOTIKaHHS peakiii 10 peasbHUX 0yJo

BUKOpHUCTaHO piBHAHHSA [101-104] :
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AGt=An'R-T:InP - R-T-InKp (2.5)

1e An — pi3HUIS YUCIa KIJIOMOJIIB ra30Boi CyMillli, o OepyTh ydacTb y peakiii, R
— ra3zoBa nocriiiHa, [Jx/monb K ;T — abcontorHa temnepatypa, K; InP — norapupm
TUCKY, WO BIUIMBae Ha cucreMy, InKp — norapudm koHCTaHTH piBHOBaru

BIIMOB1IHOT peakilii (po3paxoBanuii 3a [101-104]).

[NppocTaTMuHUNA TUCK, 10 BIUIMBAE HA PEAKI[IIIHY CUCTEMY 3HaWIEMO 3 PIBHSHHS:

P=p-gh (2.6)

o . 3 .

e p — ryctuHa cepenoBuina (nmpuitmemo s crami 7000 xr/m” 1 s miaky
3 . .o .o )

2500kr/M” ), g — rpaBitaiiiina mocTiiHa M/c”; h — rimOuHa KOBIY 3 METaJIeBUM

po3IIaBOM, Ha SIKIH PO3rIAa€ThCA BIUIMB TUCKY, M.

[IpomucnoBuii 250-T cTanepo3auMBHUNA KiBII, SKUH € O0’€KTOM, IO
MOJICNIIOETCS, Ma€ HACTYIHI T€OMETPUYHI MapamMeTpu poOOYOoro MNpocTopy:
Bucota — 4350 mm; miamerp BepxHbOi yacTuHM — 4200 MM; AiamMeTp JAOHHOI
gactua — 3570 mm. (Ilpu upomy, ais po3paxyHKy BIUIMBY TipOCTaTUYHOTO
TUCKY HEOOX1IHO BpaxyBaTH, IO JIJI1 YMOB €(pEKTUBHOI'O MPOBEACHHS MMO3aIYHO1
00poOKM pO3IUIaBIB BHUCOTa BUIBHOTO OOpTy MOBHHHA ckiagatd 500 MM, a
TOBIIMHA IIapy CUHTETUYHOTO IUIaKy — Ha piBHI 300 MMm).

JUJ1st OLIIHKY BIUTMBY THUCKY CE€pEJIOBHILA MPOTITOM IMEpioay MigHOMY ra3oBoi
Oynb0aIKy po3paxyHKu OyJu MPOBENEH] JJIsi YMOB JiHa KoBiy, 25%, 50%, 75%
BUCOTH KOBIIY BiJl JHUIA Ta Ha MEXI PO3AUTY MeTal — Hulak (BiAMOBIAHI
3a3HAYEHUM IapaMeTpaM BUCOTH 3HAYEHHS T'IPOCTATUYHOIO TUCKY MPECTaBICHI

B TabnmIl 2.2).
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Tabmuus 2.2 — 3miHAa TIAPOCTATUYHOrO THUCKY MO BHUcOTi 250-T1
CTaJIEPO3JIMBHOTO KOBIIIA
Bucora mapy 25% 50% 75% Mexa po3ainy
MeTaly U IUIaKky TTHO BHUCOTH BHUCOTH BUCOTH | METaJeBOi Ta
B KOBIII pO3IUIaBy | PO3IUJIaBYy | pO3ILJIaBy |ILJIAKOBOi (a3
Tuck, Ila 251136,00 | 190225,71 | 129246,75 | 68336,46 7357,50

Pe?)y.IIBTaTI/I PO3pPAXYHKY BIIUIMBY HAJJIUIIKOBOI'O I‘i)lpOCTaTI/I‘lHOI‘O TUCKY IJIA

YMOB CIUTMBaHHs OyJbOaIIKy rasy, 0 MiCTUTh KUCEHb, Y 250-T cTaiepo3IMBHOMY

KOBIII1 HaBeJIeH1 Ha puc. 2.6 — 2.20.
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Pucynok 2.6 - 3anexHicTh eHeprii ['100ca Bij Temnepatypu As JUISTHKH

«razoBa OynpOallka - MeTag» 3a YyMOB BpaxyBaHHS T'IPOCTATUYHOIO TUCKY —

piBEHb THO (HOMEpH peakiliil BigoOpaxeH1 o1 niHiid) [107]
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«00’eM MeTayeBOi BaHHW» 332 YMOB BpaxyBaHHS T'1IPOCTATHYHOIO TUCKY — PIBEHb

TTHO (HOMepHU peakiliii BimoOopaxkeHi 011 miHii) [107]
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«IIJJaKk — ra3oBa OynpOalika» 3a yMOB BpaxyBaHHs T1APOCTaTUYHOIO THUCKY —

piBeHb AHO (HOMEpH peakiliii BimoopakeH1 oust jiHii) [107]
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«razoBa OynpOaiika - MeTaa» 3a YMOB BpaxyBaHHS TIIPOCTaTUYHOTO THUCKY —

piBeHb 25% B AHA (HOMEpPH peakiliil BigoOpaxeHi Ous miHii) [107]
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Pucynok 2.10 - 3anexHicTh eHeprii ['100ca Bix TemmnepaTypu AJisl JUISTHKU
«00’eM MeTaneBOi BAaHHW» 32 YMOB BpaxXyBaHHS T1IPOCTaTUYHOIO TUCKY — PIBEHb

25% Bix nHa (HOMepH peakiiil BinoopaxkeHi Outst diHii) [107]
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«IIJIaKk — ra3oBa OynpOalika» 3a yMOB BpaxyBaHHsI T1APOCTAaTUYHOIO THUCKY —

piBeHb 25% Bi AHA (HOMEPH peakiliil BigoOpaxeni O niHii) [107]
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«razoBa OynpOaiika - MeTaa» 3a YMOB BpaxyBaHHS TIIPOCTaTHYHOTO THUCKY —

piBeHb 50% Big AHA (HOMEpH peakilii BigoOpaxeHi Outs miHii) [107]
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nHa (HOMepH peakiiii BigmoOpaxkeHi O niHii) [107]
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Pucynok 2.14 - 3anexHicTh eHeprii ['100ca Bix TemmnepaTypu sl JUISTHKU
«IIJIaKk — ra3oBa OynpOalika» 3a yMOB BpaxyBaHHS TIAPOCTaTUYHOTO THCKY —

piBeHb 50% Big AHA (HOMEpH peakilii BigoOpaxeHi Outs miHii) [107]
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piBeHb 75% B AHA (HOMEpPH peakiliil BigoOpaxeHi Ous miHii) [107]
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«IIJJaKk — ra3oBa OynpOalika» 3a yMOB BpaxyBaHHs T1APOCTAaTUYHOIO THCKY —

piBeHb 75% B AHA (HOMEpH peakiliil BigoOpaxeHi Outs miHii) [107]
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«razoBa Oyip0Oalika - MeTai» 3a YMOB BpaXyBaHHS TJIPOCTATUYHOTO THUCKY — MeXa

PO3MOALTY METaJ - NIak (HOMEpH peakiliit BimoopakeHi oust jiHii) [107]
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Pucynok 2.19 - 3anexuicts eneprii ['i00ca Big TemnepaTypu Uisl JUISTHKA

«00’eM MeTaneBOi BaHHM» 3a YMOB BpaxXyBaHHS T1IPOCTaTUYHOTO THUCKY — Mexka

PO3MOALTY METaJ - NIak (HOMEpH peakiiiit BimoopaxkeHi oust jiHii) [107]
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Pucynok 2.20 - 3anexnicTh eHeprii ['100ca Big TemnepaTypu Uil JUISTHKA

«uuTaK — ra3osa Oynb0allka» 3a yMOB BpaxyBaHHS T'IPOCTATUYHOTO TUCKY — MeXa

PO3MOALTY METaJ - NUIak (HOMEpH peakiiiit Bimoopaxkeni oust jiHii) [107]
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Heo06xiaHO BIAMITUTH, 1110 TUCK BIUIMBAE JIUIIE 32 YMOB y4acTi ra3oBoi (a3u
B peakuii Ta 3a YMOB PI3HOI KUIBKOCTI Ta3iB 70 Ta micias peakuii. ToOTo ams
peakKIlii, o OIIHIOBAIUCS (HaBEEH1 BUIIIE), TUCK BIUTMBATUME Ha HACTYIIHI:

nunsiaka «["a3oBa OynpOarnka — MeTam:
1) 172{0,}=[0];
2) 1/2{0,} +[Fe] =(FeO);
3) 1/2{O,} +[Mn] =(MnO);
4) {02} +[Si]= (S10y);
5) 1/2{0,} +[C]={CO};
8) 5/2{0,} +2[P]=(P,05).
9) 172{0s} +{CO}={CO;};
10) [C] + {CO,} = 2{CO};
12) [C] + [O] = {CO};
13) [C] +2 [O] = {COyj;
nuisHka «O0’eM MeTanaeBO1 BAaHHU
18) (FeO) + [C] = {CO} + [Fe];
19) (MnO) + [C] = {CO} + [Mn];
nunsiaka «["a3oBa OynpOanika — miaKy»

23) 1/2{0,} +2(FeO)= (Fe,053);
24) 1/2{0,} +3(FeO)= (Fe;0y).

3a yMOB MIJBUILIEHHS THCKY, IO BIJOYBA€ThCS MPHU 3arjuOJIeHH] y KiBII
Yyepe3 3HAYHO BUINY T'YyCTHHY PO3IUIABIB Y MOPIBHSIHHI 3 Ta30BOI0 (ha3010, peakilis
OyJie HaMaraTucsi «CKOMIIEHCYBATH» TaKUW BIUIUB HUIAIXOM 3MEHIIECHHS 00’ €My
ra3y B CHCTEeMIi 1 ii HampsMOK OyJe CIpsMOBaHHA B TOW OIK, /€ YTBOPIOETHCS
MeHIie razy. ToOTo mia yac BIJIMBY MifgBHIeHOTo TUCKY peakitii (1), (2), (3), (4),
(8), (9), (23) Ta (24) axkTuBHIIE OPOXOAUTUMYTH B MPIMOMY HAMNPAMKY 3
YTBOPEHHSM MPOAYKTIB peakuii i 1y HUX nokasHuk AG ctae OUTbII BiJ €MHUM.
Peakiii (5), (10), (12), (13), (18), (19) HaBnaku 6yayTh MPOXOAUTH Y 3BOPOTHOMY

HampsIMKy ¥ [ HUX BenuurMHa nokasHuka AG Ouiblie HAOIMXKaeThCS 110
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HO3UTHBHUX YKCel. | yuM ramOine 3aHypeHHs B KiBII TUM CHJIbHIIIE Oye Takuii
BIUIMB. JIJIsI MOKJIMBOCTI MIATBEPIKEHHS 3a3HAYEHMX MPHUIYLHIEHb Ta OI[HKH
TAKOrO BIUIMBY y TaOimii 2.3 HaBeleHi pe3yibTaTH PO3PAXYHKIB MOKa3HUKA
BUTbHOI eHeprii ['i66ca s 1500 °C 6e3

TEMIIEPATYPHU ypaxyBaHHS

rIPOCTATUYHOIO TUCKY Ta 3 YpaxXyBaHHS TUCKY Ha PI3HUX TTTMOMHAX KOBIILY.

Tabmums 2.3 — Ilokasnuk BUTBHOT eHeprii ['160ca (dG) st oiiHIOBaHUX
peakiiiii 3a temmeparypu 1500 °C mpu ypaxyBaHHS BIUIMBY THCKY Ha Pi3HHX

rIIMOMHAX KOBIIY

dG 3a pi3HUX YMOB BIUTUBY THUCKY
(3MiHa MOXKJIMBOCTI IPOTIKAHHS peakiiiii , %)
Howmep
. bes
peakuii JTHo 25% Bin | 50% Bin | 75% Bim |Mexa po3niny
ypaxyBaHHS
KOBIIIa THA THA THA MeTaJI - IIJIaK
TUCKY

1 2 3 4 5 6 7
-213,87

1 -122,23 -211,83 | -208,98 | -204,28 -187,85
(+74,9)
-242,06

2 -150,42 -240,02 | -237,17 | -232,47 -216,05
(+60,9)
-607,85

3 -516,21 -605,80 | -602,95 | -598,26 -581,83
(+17,8)
-618,64

4 -435,36 -614,54 | -608,85 | -599,45 -566,60
(+42,1)
-120,70

5 -212,34 -122,75 | -125,60 | -130,29 -146,72
(-43,2)

6 -341,14 -341,14 | -341,14 | -341,14 | -341,14 -341,14

7 -140,27 -140,27 | -140,27 | -140,27 | -140,27 -140,27
-788,16

8 -329,95 -777,92 | -763,68 | -740,20 -658,06
(+138,9)
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[IponoBxenHs Tabauui 2.3

1 2 3 4 5 6 7
-153,74
9 -62,10 -151,70 | -148,85 | -144,15 -127,72
(+147,7)
546,14
10 362,86 542,04 | 536,35 526,95 494,10
(-5095)
11 -6,27 -6,27 -6,27 -6,27 -6,27 -6,27
90,66
12 -92,62 86,57 80,87 71,48 38,62
(-197,8)
84,39
13 -98.,89 80,30 74,60 65,20 32,35
(-185,3)
14 -28,33 -28,33 -28,33 -28,33 -28,33 -28,33
15 -51,48 -51,48 -51,48 -51,48 -51,48 -51,48
16 -188,60 -188,60 | -188,60 | -188,60 | -188,60 -188,60
17 281,20 281,20 281,20 | 281,20 281,20 281,20
121,18
18 -62,10 111,39 111,39 101,99 69,14
(-295,1)
113,82
19 -69,46 109,73 104,03 94,63 61,78
(-263,86)
20 -23,16 -23,16 -23,16 -23,16 -23,16 -23,16
21 -26,92 -26,92 -26,92 -26,92 -26,92 -26,92
22 85,97 85,97 85,97 85,97 85,97 85,97
-284,00
23 -192,35 -281,95 | -279,10 | -274,40 -257,98
(+47,65)
-193,11
24 -101,47 -191,07 | -188,22 | -183,52 -167,09
(+90,3)
25 21,37 21,37 21,37 21,37 21,37 21,37
26 -63,18 -63,18 -63,18 -63,18 -63,18 -63,18




74

JIns MakcuMaabHOT TMOWMHU (AHO KOBIA) MOKa3aH1 BIAXWICHHS PO3PaxoBaHOTO
MOKa3HWKA BiJ TOKa3HMKa O€3 ypaxyBaHHS THCKY Yy BIICOTKax (TMO3UTHBHE
BIIXWJICHHSI BIANOBi/Ia€ aKTUBI3alli peakiiii y npsMoOMy HamnpsMKY, a HEraTUBHE —
MPUNUHEHHS MOXJIMBOCTI MPOTIKaHHS peakiii 3a JAaHuX yMoB). BiamoBinmHo 10
MPEICTABICHUX PE3YyJIbTaTIB PO3PAXyHKIB MOXHA 3pOOMTH BUCHOBOK, L0 32 YMOB
ypaxyBaHHS TIAPOCTaTUYHOrO THCKY Taki peakuii, 1k (12), (13) Ta (19) BrpauaroTh
TEPMOJIMHAMIUYHY MOJIMBICTh TPOTIKaHHS /JI1 BCIX MPOAHANI30BaHUX TJIMOWH
po3iiaBy (BeIMYMHA BUTbHOT eHeprii ['100ca 3 HeraTuBHOT CTa€e MO3UTUBHOLO). {7t
peakiit (9), (24), (1), (2), (23), (4), (3) (po3ramoBaHi y TOPSAKY 3HMKCHHS
OPUPOCTY TMOKAa3HUKY) BIAMIYEHO 3a pe3yJbTaTaMUd pPO3PaxXyHKYy 3HayHE

MOKPAIIEHHS] MOKJIMBOCTI MPOTIKAHHS PEaKIii.

BucHoBku 3a po3aisiom 2

3 HaBeJeHMX pe3yJbTaTiB PO3PaXyHKIB Ha pucyHkax 2.6 — 2.20 ta y

Tabmui 2.3 MOKHA 3pOOUTH BUCHOBOK, II10:
1. JlocTaTHi uis iepediry MOXKIMBUX peakiiid y po3IIaBIeHOMY 00’ €Ml cTajl Mpu
MPOAyBaHHI Ta3o0MoOAIOHMM KHCHEM YMOBHM CKJIAJalOTbCcsd Yy 30HI «ra3oBa
OynpOaiika — MeTam» Ui peakiii (po3TamioBaHi BIATOBIAHO JI0 3HIKCHHS
MO>KJIMBOCTI MPOTIKAHHS ):

3) 1/2{0,} +[Mn] =(MnO);

4) {O,} +[Si]= (S10y);

6) {02} +[C]={CO:};

8) 5/2{0,} +2[P]=(P,05);

1) 172{0,5=[0];

2) 1/2{0,} +[Fe] =(FeO);

5) 1/2{0,} +[C]={CO};

7) {02} +[S]={S0,};

12) [C] + [O] = {CO};

13) [C] + 2 [O] = {COy};
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y 30H1 «00’ €M METAJICBOT BAHHK:

16) [Si] + 2[O] = (Si0y);

18) (FeO) + [C] = {CO} + [Fe];

19) (MnO) + [C] = {CO} + [Mn];

21) [Si] + 2(FeO) = (Si0,) + 2[Fe];
y 30H1 «ra3oBa OyJyb0aIika — ImuiaK :

23) 1/2{0O,} +2(FeO)= (Fe,053);

24) 1/2{0,} +3(FeO)= (Fe;0y).
2. Tlpu mpoxyBili po3IJiaBy cCTajli uyepe3 AHHINEC y OynbpOalmKoBOMY pPEXHMI,
ra3oBOI0 CYMIIIIIIO, M0 MICTHUTh y CBOEMY CKJaJi KHUCEHb, 3aBJISKHA BILIUBY
T1IPOCTATHYHOTO THCKY PO3IUIABY aKTUBHIIIE MPOTIKATUMYTh PEakilii OKUCICHHS
3a y4acTIO Ta30MoI0HOT0 KUCHIO:

1) 172{0,}=[O];

2) 1/2{0,} +[Fe] =(FeO);

3) 1/2{O,} +[Mn] =(MnO);

4) {O,} +[Si]= (Si0y);

8) 5/2{0,} +2[P]=(P,0s).

9) 1/2{0,} +{CO}={CO,};

23) 1/2{0O,} +2(FeO)= (Fe,053);

24) 1/2{0,} +3(FeO)= (Fe;0y).
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Posnin 3. BJOCKOHAJIEHHSI KOHCTPYKLIi JOHHOIO

HPOAYBHOI'O BJIOKY A 3ABE3IIEYEHHA [POAYBKH
CYMIHIIIIO I'A3IB, IO MICTUTb KNCEHb

[Iportecu 00poOKM METAJIEBOTO PO3IUIABY 3a PaXyHOK IMPOJYBKH
HEUTpaJbHUMHM Ta3aMHM B CyYaCHHMX BHUPOOHMYMX yMOBax € HaWOUIbII
PO3MOBCIOJKEHIM ~ €TaroM  Mo3amiyHoi  00poOku. Tomy Ha  OUIBIIOCTI
METAyPriiHUX MIANPUEMCTB  CTaJEPO3JMBHI  KOBIII OOJagHAHI JOHHUMU
MpOAYyBAIBHUMU  OJIOKaMU  JIJIs1  3[1MCHEHHsS TPOJYBKH. 3arajbHa cXema
PO3MIILIEHHS MPOAYBAIBHUX OJIOKIB y CTaJlepO3JIMBHOMY KOBIIII MPEJICTABICHA Ha

puc.3.1 [108].

J,-;:Z-" ras g
IPOOYBKH

1 — MeTaneBuil KOXKyX; 2 - IIap TEII0130JIs1il; 3 — apMaTypHuil mwap ¢pyrepiBku; 4
— pabouuii map QyTepiBKH; 5 — METaJIeBUN PoO3IUIaB; 6 — IIUIAKOBUM po3ILiaB; 7 —
JOHHMUM MPOAYBHUM OJOK; 8 — ra3 Juisl JOHHOI IPOAYBKH; 9 — OyipOaliku razy B
pO3ILIaBi

Pucynok 3.1 - Cxema OyaoBu poO040Oro NpoCcTopy CTaJIEPO3TUBHOTO KOBIIA

HaiiOunbin  po3moBCIOXKEH] KOHCTPYKIT JOHHUX MPOAYBAJIBHUX OJOKIB ISt
CTaJICpPO3JIMBHUX KOBIIIB TpejacTaBieHi Ha puc. 3.2 [109-111]. BignosigHo 1o

IIOCBiIIy BHKOPHUCTAHHA NOHHHUX IMPOJYBAJIbHUX 0JI0KIB Y CTAJICPO3JIMBHUX KOBIIAX
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Ha JJaHUM MOMEHT PO3IMOBCIO/KEHHS OTPUMAaJIU HACTYIMHI KOHCTPYKIIi: IIUTHMHHI,
MOpHUCTI Ta TMuiacTUHYaTi. I[Ipore Hemae oOCTaTOYHOI TOYKH 30py IO JO

€(hEeKTUBHOCTI MEBHOI 3 KOHCTPYKITIH.

B)

Pucynok 3.2 - CydacHi KOHCTPYKIIi JOHHUX MPOAYBAIBHUX OJIOKIB st

CTaJICpPO3JIMBHUX KOBIIIB [4]: a — IIUIMHHUK TUI, © — TOPUCTUH THI, B —

IJIACTUHYATHI THUIT

Buxonsun 3 3a3HayeHOTO BHUILE METOK JAHOTO PO3AULY POOOTH €
BCTAHOBJICHHSI HAMOUTbII €(PEKTUBHOT KOHCTPYKIIiT JOHHOTO TIPOYyBaJIbHOTO OJIOKY
IUIS TIPOJTYBKHU Y CTaJIEpO3IMBHOMY KOBIIi. BpaxoByrouw, 110 mocTaBieHa 3ajada €
JIOCUTh CKJIQJTHOIO, TO il BUPIIICHHS noTpedye MIPOBEICHHS
HU3BKOTEMIIEPATYpPHOTO (PI3MYHOTO MOJIECIIOBAHHS 3 KOMILUIEKCHOIO OI[IHKOIO

pe3yJIbTaTIB.
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3.1. ExkcnepuMeHTaJbHA YCTAHOBKA 1 MeETOAMKA TPOBEJACHHA
AOCTIIKeHb IIOA0 BCTAHOBJICHHS PAliOHAJBbHOI KOHCTPYKUil JTOHHOIL

NPOAYBHOI BCTABKHU

3 METOI0 BHM3HAYEHHS BIUIMBY KOHCTPYKTMBHHMX TNIapaMmeTpiB JIOHHOTO
MPOJYBHOrO OJOKY Ha €(QEeKTHBHICTh MAacCOOOMIHHMX TMpOLECiB B BaHHI
CTaJIEPO3IMBHOTO KOBIIIA OYJIO IPOBE/ICHO BU3HAYEHHS! OCHOBHUX IMapaMeTpiB, 110
BIUIMBAIOTh Ha JaHUW Tpoiec. Y SKOCTI LUIbOBOI (YyHKINIi, IO BH3HAyae
e()EeKTUBHICTh MacCOOOMIHHUX MPOIECIiB B 00’€MI PO3IUIABY CTaJePO3JIUBHOTO
KOBIIIA TPUMHATO Yac TOMOTeHI3allii.

[Ipu ¢i3u4HOMY HHU3BKOTEMIIEPATYpPHOMY MOJENIOBaHHI MPUIMAEMO, IO
TPUBAIICTH T TOMOTEHI3aIli PIIMHY 3aJI€KUTh Bl HACTYNHUX mapametpis [112]:

e iHTCHCHBHOCTI IPOIYBKH ¢, M°/C;

e niametpy cormia d., M

® DpiBHA piAUHU A, , M

® BHCOTH eleMeHTapHOi KoMipku H,
 TYCTHHHM PiIMHH pote, KT/M>

e DI3HHI T'YCTHH PifuHH i razy Ap, Kr/m>
® NPHUCKOPEHHS BiMBHOTO MafiHHA g, M/c’

CDYHKI_IiOHaJIBHa 3aJICKHICTh Ma€ BUI'JIAA.

v = f(Appohad,.d,g.) 3.1)

3 MeToI0 BU3HAYEHHsA MacuTady MOJENIOBaHHA OYyJM BH3HA4Y€HI OCHOBHI
KpuTepii mogo0u, 10 ONUCYIOTh MPOIEC MepeMillyBaHHS pO3ILJIaBy Yy KOBIII MiJ
JIE0 TIPOJIYBKU HEHTpaibHUM ra3oMm (Tadnung 3.1).Y kputepiiB mogo0u mpucyTHI
n = 8 mapaMeTpiB, L0 MawTh pi3HYy O(3UUHY npupony. o po3mipHOCTI
napaMeTpiB BXOJsATh R = 5 MEpPBUHHUX OJUHUIIL BUMIPIOBaHHS: Kr/M°, M, M/c, C.
Toni 3aranbHa KUTbKICTh 0€3p0O3MIPHUX KOMILIEKCIB, [0 BU3HAYAIOTh PO3TIISHYTY

cucremy: [I=n—-R=8-5=3.
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Tabnuus 3.1 — BusnaueHHsi KpuUTepiiB MOAOOM IJisi OMUCY TOMOTeHI3alil

piAMHM (3 ypaxyBaHHSIM MaTepiasliB BUKIaZeHuX y poborax [113, 114])

[Tapametrp | Po3mipHICTB Macimirad Kpurepiii
. Tz
T C - Ho, = £
dV
q2
3
M’/c - =—
! @
g M/c’ c -
d
d. M - D.=—#idem
d, M M -
h
hv M - Hv =—
dV
Dovc KI/M KT -
A
Ap KI/M> - p==F
Px

BpaxoByroun kputepii, orpumani B Tabmuuii 3.1 3anexHicTh (3.1) nmepenumerses

HaCTYITHUM YHUHOM!

Bpaxosyroun

Ho, =fP,H,  D.,Q)

0COOJIMBOCTI

HU3bKOTEMIIEPATYPHOTO

(3.2)

¢b13u4HOTO

MOZACIOBAHHA IMPOLECCY FOMOFeHiSaHﬁ MCTAJICBOT'O PO3IIIABY Y CTAJICPO3IMBHOMY

KOBIII OyJia po3po0iieHa METOJuKa MPOBEACHHS MOJENIOBAaHHS Ta YCTaHOBKA

CHeialbHOI KOHCTPYKIIii

BUBUYEHHS OCOOJIMBOCTEN

. 3arajgpHa cxema CKCHepI/IMeHTaHBHO.l. YCTAaHOBKH JJIA

rOMOreHi3alli MeTalleBOro pO3IUIaBy y KOBIIl MpHU

MPOAYBIIl HEUTpaJIBbHUM Ta30M IpejcTaBiieHa Ha puc. 3.3. BignmoBigHo 10 Hel y

CKJIaJl YCTAHOBKH BXOIATHb: KOMIIPCCOP, PCCUBCP, MAHOMCTP, BCHTHUIIb, POTAMCTP
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PM-0,63, moaenb eneMeHTapHOT KOMIPKU MepeMillyBaHHs, BijleOKaMepa, IITy4YHe

OCBITJICHHSI Ta CBITJIOI30J1I0I04a KaMepa Ta KOHTPOJIbHUM 3pa30K.

8

AN

10

1 — komnpecop; 2 — pecuBep; 3 - MAHOMETD; 4 - BEHTWIb; 5 — potamerp PM-0,63; 6
— MOJIETb €JIEMEHTApHOT KOMIPKU NEpeMIllyBaHHs; 7 — BiAeokamepa; 8 — MITy4He
OCBITJIEHHS; 9 — CBITIIO130/I0t04a KaMepa; 10 — KOHTpOJIbHUH 3pa3ok

Pucynok 3.3. 3aranpHa cXeMa EKCHEPUMEHTAIIBHOI YCTAaHOBKH IS

JOCIIIPKeHHS] TOMOT€HI3allli BAHHH MPU PI3HUX BapiaHTax JIOHHOTO AYTTs

Komrmpecop y ckiaai yCTaHOBKM BUKOPUCTOBYETHCS JJIA TOJIAaBAHHS Yy PECUBEP
CTUCHEHOTO TOBITPSl A0 3aJaHOr0 THCKYy. PecuBep CIyXuTb ISl yTpUMaHHS
BEJIUKOTO 00’€MYy CTHCHEHOTO MOBITPsI HEOOXIAHOTO JJIsi TUIABHOTO BBEACHHS Y
pinuny. Poramerp PM-0,63 Ta MaHOMETp CIYTYIOTh JJIsI KOHTPOJIIOBAHHS BUTPATH
CTUCHEHOT'0 ra3y Ta HOro THCKY NHpH 3A1MCHEHHI MpPOJYBKM pO3IuIaBy. BeHTHIb
BUKOPUCTOBYETHCS ISl 3MIHM BUTPATU CTUCHEHOTO ra3y Ha MPOAYBKY. Y SIKOCTI
MOJIeJIl €JIEMEHTAPHOI KOMIPKM NEpEeMIlIyBaHHS B3ATa UWIIHAPUYHA €EMHICTh
BUKOHAaHA 3 TIUIEKCUTJIACy, SKa KOHCTPYKTHBHO CKJIAQJA€ThCs 3 KaMmepu s
MIPOBEJICHHS MOJIEIOBaHHA Ta NaTpyOKy, B SIKOMY BCTaHOBIIIOETHCS MOJIEIh

JOHHOTO MPOAYBHOrO OJOKY. 3 METOI OTPUMAaHHS SKICHOTO BiJ€O03aMUCY
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EKCIIEPUMEHTIB ~ MOJEb  €JIEMEHTApHOI KOMIPKM  TepeMillyBaHHsS  Oyna
BCTAHOBJIEHA B CBITJIOI30JIIOIOYIN KaMmepi, sika BUKJIIOYAE 3aJIOMJICHHS MPOMEHIB
cBiTia B cTiHKax Mozeni. IlITyuyne ocBITIEHHS JO3BOJISIE OTPUMATH HAIPaBJICHUM
MOTIK CBITJIa HA MOJIENb €JI€MEHTAPHOI KOMIPKH MEepEMILIyBaHHS.

VY SKOCTI piiuHU-Tpacepa, IO IMITye XIMIYHY HEOAHOPITHICTH PO3IUIABY
BukopuctoByBanu 30 % Boauuii pozunH KMnQO,, y kinbkocti 100 M. Piguna-
Tpacep BBOJAWJIACS Yy BEPXHIO YAaCTUHY MOJIENIl €JIEMEHTApHOI KOMIPKHU
nepemiiryBands. [Ipo romoreHizamiio pos3mjaBy CyAWIM 10 HAOIMKEHHIO
IHTEHCUBHOCTI KOJBOPY PO3YMHY Y MOpPiBHAHHI 3 3,5 % BOJHUM pO3YMHOM
KMnQO,, mo Oyna BCTaHOBJICHA 3 IHIIOIO OOKY MPO30pOi MOEN €JIeMEHTapHOI
KOMIPKH MEepEMILTyBaHHS PO3IUIABY Y KOBII1 IPU NMPOAYBIIl HEUTPAIbHUM Ta30oM.

BpaxoByroun 0COOJIMBOCTI HU3BKOTEMIIEPATYPHOTO ¢b13u4HOTO
MOJICJIIOBaHHSI 3 BU3HAYEHHS BIUIMBY KOHCTPYKTUBHUX OCOOJHMBOCTEH JTOHHOTO
NpOayBHOrO OJOKY Ha e(EeKTUBHICTh MEpeMIllyBaHHS pO3IJIaBy Yy KOBIII
EKCIIEpUMEHTAIbHI JIOCHIIPKEHHS TOAUIJIMCA Ha TPU YACTUHHU: Yy NeEpIIii
BU3HAYANUCA  OCOOJMBOCTI  BIUIMBY  PO3MIPY  XapaKTEPHOTO  TEPETUHY
MPOYBAJILHOTO OJIOKY Ha OCOOJIMBOCTI MEPEMIITyBaHHs; y APYTiil MPOBOIUIOCH
BHU3HAYEHHS BIUIMBY KOHCTPYKIli Oynb0alkoyTBOproBaya MpoyBadbHOI BCTAaBKU
Ha e(EeKTUBHICTh MEpPEeMIlIyBaHHS pO3IUIaBy, 110 BHU3HAYANOCAd MO 3MIHI 4acy
roOMOreHi3alii po3IjiaBy; y TPETiii BCTAHOBMWJIM KOHCTPYKIIIO JOJATKOBOI KaMepu
3MilllyBaya IpoJAyBHUX ra3iB.

VY nmepmiii 4acTHHI €KCIEPUMEHTAJbHUX JOCHII)KeHb BHUBYABCS BILUIUB
XapaKTepHOT0 PO3MIpy MNPOXITHOIO KaHaly JOHHOTO MpoAyBaibHOro 010Ky (L) Ha
yac roMOreHi3allii MeTajaeBoi BaHHU. 3 L1€10 METO0 Oyia po3po0sieHa KOHCTPYKIIS
MOJIeJll MPOAYBHOrO OJIOKY 3 IIUIMHHUM MPOXIAHUM mnepetuHoMm (puc. 3.4). 3
METOI0 JOCHIPKEHHS BIUIMBY pPO3MIPY KaHaly MNPOXIAHOTO TMEPEeTHHY Ha Yac
roMoreHizauii OyB po3poOJjeHuM psJ BCTAaBOK 3 HACTYIHUM XapaKTepHUM
po3mipom otBopy (L) 0,05; 0,1; 0,5; 8 MM. 3 MeTOIO0 OTpUMaHHSI OUIBII aJICKBATHUX
JaHUX EKCHEPUMEHT 3 KOKHOIO MOJEJUTI0 BCTaBKU MPOBOAMBCSA 3 BUTPATOIO

noBitps 0,156; 0,097; 0,032 M’/ro.
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Pucynok 3.4 - KoHcTpykiiisi Mojeli JOHHOTO TMPOAYBHOTO OJIOKY 3
OIUIMHHUM ~ TPOXIAHUM  mepetuHoM: | —  ¢umanenp; 2 —  Kamepa

Oynb0aIKOyTBOPIOBAaY

Y ngpyrii  4YacTMHI €KCHEpUMEHTANbHUX JOCHIKEHb MPOBOAMIOCS
BHU3HAYEHHS BIUIMBY KOHCTPYKIi OyibOalIkoyTBOpIOBada JOHHOI MPOAYBaJbHO1
BCTAaBKM Ha Yac romoreHizailii posmiaaBy. s MoaentoBaHHS BUKOPUCTOBYBAIUCS
JOHHI  TpOJyBajbHI  OJIOKM  TPbOX  KOHCTPYKILIM: 3  KaHaJIbHUMHU
Oyn1p0alKOyTBOpIOBaYaMH, IIUIMHHUMU Ta  HEHANpPaBJICHOI  TOPHUCTICTIO

(puc. 3.5).

] /’//;:'- e "*\\.\\ / S | / Z
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a) 6)
Pucynox 3.5 - Ecki3 mojnenedl 6ararokaHadbHUX JIOHHUX NPOAYBAIbHHUX
0JIOKIB, IO BUKOPUCTOBYBAJIUCS JJII €KCIIEPUMEHTY: a — KaHaJIbHA; 0 — HIUIMHHA;

B — 3 HCHAIIPABJICHOIO HOpI/ICTiCTIO

Meronuka MpoBeICHHsS eKCepUMEHTY Oyila aHaJOT1YyHOIO 0 MEepIIOi YaCTUHH, 32
BUHATKOM TOTO, L0 €KCIEPUMEHT IMPOBOJMBCS 3 BUTPATOI CTHUCHEHOI'O MOBITPS

3 .
0,097 m’/rox. ns BUKIIOYEHHS TPyOMX MOMHJIOK JUIsl KOXKHOI KOHCTPYKIIi1

JIOHHOTO TPOJYBHOTO OJIOKY €KCIIEPUMEHT MOBTOPIOBABCS TpUUi. A MPO BIUIMB
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KOHCTPYKI[li MPOAYBHOro OJIOKa Ha Yac TOMOTreHI3allii po3IUIaBy CYIWUIU 10

cepeHLOMY 3HAUCHHIO B KOXKHIH cepii.

3.2 Pe3yabTaTH MOJEJTIOBAHHS 3 BU3HAYEHHS BIUIUBY KOHCTPYKTHBHUX
apaMeTpiB JOHHOI0 IPOAYBAJBHOr0 OJIOKY CTAJepPO3IMBHOI0 KOBIIA HA

eeKTUBHICTH MaCOOOMIHHUX MpoLeECIB

B nmpoueci mnpoBeneHHS eKCHEPUMEHTIB Oyiau OTpUMaHl KUIbKICHI
pE3yNIbTaTH CTOCOBHO BIUIMBY XapaKTEPHOTO PO3MIPY MPOXIJHOTO TNEPETHHY
IIUIMHHOTO KaHajy Ha yac roMmoredizamii. KpiM mporo Oyna mpoBeieHa siKicHa
OIlIHKA TIAPOJMHAMIYHUX OCOOJMBOCTEN BIUIUBY IapaMeTpiB MNpoayBku. Bona
MpPOBOJAWIACH JJIi PEXUMY TMPOAYBKM 3 BHUTPATOI0 CTUCHEHOIO MOBITPS
0,097 m’/rox. Ilpu mpoMy Oyida OTpEMaHa AMHAMIKA 3MiHA TiPOAMHAMIYHOT
KapTUHM JUIS KOKHOTO BHUIIAJIKY, 110 po3risaaBcs, mpotsarom 0, 2, 3, 4 ta 5 ¢ Bix
MOYaTKy BBEJICHHS piIMHU-Tpacepy. Takuil miaxia HEOOXITHHUM I MOMXJIMBOCTI
CIIBCTaBJICHHSI OTPUMAHUX PE3YNbTATIB Y BCIX CEPIAX €KCIIEPUMEHTIB.

ba3oBuM ekcrnepuMeHTOM, IO BHM3HAa4YaB TOYKY BUIIIKY JJIsl MOPIBHSHHS
OyJ10 IPUIHATO MPOIEC TOMOTEHI3allil piIMHU O3 30BHIIIHKOTO BILIUBY, TUIBKHU 3a
pPaxyHOK HPUPOAHOIO MACONEPEHOCY. 3MIHM TAPOJAMHAMIYHOI KAPTUHU BaHHU B
OMY BHIIAJIKy MpecTaBieHa Ha puc. 3.6. BianoBigHo 10 AaHUX MPEICTaBIECHUX
Ha HbOMY piJika BaHHA TOMOTeH13yeTbes npoTsaroM 85 c. [Ipu 1ipomy npu BBeACHHI1
pIAMHU-Tpacepy Ha MOYaTKOBOMY €Talll BOHA IPOHUKAE y BEPXHI LIapH PIAMHU Ha
ribuny 30 — 35 MM Bil BEpXHBOTO PIBHS PIIMHU Y MOJEN1 i PO3MOBCIOIKYETHCS
no o0’emy piguHu (puc. 3.6 0). 3 MWIKHOM yYacy piAuHaA-Tpacep MiJ IIEI0 CUIU
TSOKIHHSL CITYCKA€TbCS [0 HM)KHBOI YaCTUHU 00 €My BHYTPIUIHBOTO MPOCTOPY
mozeni (puc. 3.6 B, I). 3 IIIMHOM Yacy pyX PIAUHU-TpACEPY 10 HIXKHBOI YACTUHU
MOJIeJll BHUKJIMKA€ YTBOPEHHS KOHTYPY IMPKYJALIi, [0 BUKIMUKAE CIUIMBAHHS
MEeBHUX O00’€MIB pPIAWHMU BIJ JOHHOI YacCTMHM MOJI€NIlI Bropy, L0 BHUKIHKAE
PO3MOBCIOJIKEHHS PIUHU-TPACEPy A0 BEpXHbOI yacTUHU Mozeini. [louaTok Buie

3d3HAYCHOTO IIPONCCY MMPUBCACHO HA PUC. 3.6T.
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Pucynok 3.6 - 3MiHa riApoAuHaMi4HOT KapTUHHA TOMOT'€H13aIlii piIKkoi BAHHU

MIPU BIJICYTHOCTI 30BHIIIHKOTO BIUIMBY: & — MOYATOK BBEJACHHS PIAUHU-Tpacepy; O
— 2 c BiJ MOYATKy BBEACHHS PIIMHHU-Tpacepy; B — 3 ¢ BiJl NOYATKy BBEJCHHS
piauHU-Tpacepy; I - 4 ¢ BiJ MOYaTKy BBEJCHHS PIIUHHU-TpAcepy; I - 5 ¢ BiX

MOYaTKY BBEJCHHS PiIUHU-TPACEPY

Hactynaum etamnom qocCiikeHHs 0yJI0 BUKOPUCTaHHS IIUTMHHOT MPOYyBHO1
BCTaBKH 3 OJMHUYHUM OTBOpPOM IHPUHOK 50 MKM. 3MIHM TiIpOJAMHAMIYHOI
KapTHHH BaHHU B I[bOMY BUNAJAKy MpeJcTaBieHa Ha puc. 3.7. BimmoBimHOo 10
JAHUX TPEJICTABICHUX HAa HHOMY TOMOTEHI3allisl PiAKOT BaHHU Bi1I0OYBa€EThCS
npoTsroMm 14 c. BBeaeHHs piiuHU-Tpacepy CYMPOBOIKYETHCS PO3MOBCIOKEHHIM
Mo BChOMY 00’eMy BepxHbOi uvacTuHM Mojmeni (puc. 3.7 6). lle Bukiukana
MOEAHAHHAM Jii CWJIM TSKIHHS, 110 BUKJIMKAE PYyX PIAMHU-TpAcepy B HIDKHIO
YaCTUHY, Ta MIAAOMHOI CWIM Oyab0 CTUCHEHOTO MOBITPS, IO BUKIUKAIOTH PYyX

PIAVHU B CEpeIMHI MOJIEI 10 TOPH.



Pucynok 3.7 - 3MiHa riApoauHaMi4HOT KapTUHHA TOMOT€H13aIlii piIkoi BAHHU

npH 31HCHEHH] TPOIyBKM BaHHH 4epe3 IIIIMHHY BCTaBKY 3 OAMHHYHUM OTBOPOM
mupuHo0 50 MKM: a — MOYaTOK BBEJCHHS PiAMHU-Tpacepy; 6 — 2 ¢ BiJ MoYaTKy
BBEJICHHS PIIMHU-TpAcEPy; B — 3 C BiJ MOYATKy BBEJCHHS PIIUHU-TpAcepy; T - 4 ¢
BiJl TIOYATKy BBEJCHHS PIAMHU-Tpacepy; M - 5 ¢ Bl MOYATKy BBEACHHS PIAUHU-

Tpacepy

BpaxoByroun Manuii mepeTMH MNPOMYCKHOTO KaHally BCTaBKU TOTYXHICTb
nepeMilllyBaHHsI ~ HE3Ha4yHa, 1[0 BigoOpakaeTbcsi B ICHYBaHHI  (PpOHTY
PO3IOBCIOKEHHS PIIMHU-TPACEPY, AKUN MEPEMIITy€eThCs 3BEpXy BHU3 (puc. 3.7 B-
7).

3MIHA TiIPOAMHAMIYHOI KapTUHU BaHHU TMPU BUKOPUCTAHHI IMIUTMHHOI
MPOAYBHOI BCTABKH 3 OJMHUYHHUM OTBOpOM InMpuHO0 100 MKM mpeacTaBiieHa Ha
puc. 3.8. 3aranpHui Yac roMoreHizaiii piIMHU B IIbOMY BHUMAJAKy CKJIagae 7c.
BBenenHs piguHU-Tpacepy CYNPOBOIKYETHCS YTBOPECHHSM Y BEpPXHINM 4YacTHHI
Mojienl iHTeHCHUBHO TiipapOoBaHOT NUISTHKH, BiJl K01 CIIOCTEPIra€ThCs BiJ €MHUN

IpaaieHT 10 JOHHOIT YacTUHU Mojeni (puc. 3.8 6). 3 MIMHOM Yacy IHTEHCUBHICTb
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ICHYIOUOTO TpaJi€HTy 3MEHIIYEThCS Yepe3 TOMOIEeHI3aIlll0 PIIUHU y MOJel

(puc. 3.8 B-n).

a)

Pucynok 3.8 - 3MiHa riapoauHaMiqHOT KapTUHHA TOMOT'€H13aIlii piIkoi BAHHU

npu 371HCHEHH] TPOyBKM BaHHH 4epe3 IIIIMHHY BCTaBKY 3 OAMHHUYHUM OTBOPOM
mupuHoo 100 MKM: a — IMOYaTOK BBEACHHS PIAMHU-Tpacepy; 0 — 2 ¢ BiI MOYATKY
BBEJICHHS PIIMHU-TpAcEPy; B — 3 C BiJ MOYATKy BBEJACHHS PIIUHU-TpAcepy; T - 4 ¢
BiJl TIOYATKy BBEJCHHS PIAMHU-Tpacepy; M - 5 ¢ Bl MOYATKy BBEACHHS PIAUHU-

Tpacepy

Takuif po3BUTOK O BUKIMKAHO 30UIBIICHHSIM IHTCHCUBHOCTI MEPEMIITyBaHHS
pinuHu OynpOamkamMu cThucHeHoro moBiTps. [lpu 1mpomMy B cepeauHi Mojeni
(hopMy€eThCS YITKUM 3aMKHEHHUI KOHTYP MEePeMIITyBaHHS.

Jlunamika TipoJUMHAMIYHOT KapTUHU B 4Yacl MpH BUKOPUCTAHHI HILUTMHHOI
MPOAYBHOT BCTaBKH 3 OJIMHUYHUM OTBOPOM IHpHHOI0 S00 MKM. mpeacTaBieHa Ha

puc. 3.9.



2) 6) B) r) 1)

Pucynok 3.9 - 3miHa rigpoguHaMiyHOT KapTUHU TOMOT€H13a1lil P1AKOT BaHHU

IpY 311MCHEHH] MPOAYBKM BaHHU Yepe3 IIUIMHHY BCTaBKY 3 OJIMHUYHUM OTBOPOM
mupuHoio 500 MKM: a — MOYaTOK BBEACHHS pIIUHU-Tpacepy; 0 — 2 ¢ BiJ MOYaTKY
BBEJICHHS PIIMHU-TpAcepy; B — 3 ¢ BiJ MOYATKy BBEACHHS piAMHU-Tpacepy; T - 4 ¢
BiJl TIOYATKY BBEJICHHS PIAMHU-TpAcepy; N - 5 ¢ Bl MOYATKy BBEICHHS PIIUHU-

Tpacepy

3araJibHUI Yac TOMOIeH13allii piIMHA B IbOMY BUIIAJKY ckiaaae 6¢. [Ipornec
BBEJCHHS PIIUHHU-TPACEPY CYIPOBOKYETHCS YTBOPEHHSIM Y BEpPXHIM YacTHHI
Mojienl iHTeHCHUBHO TiiapOoBaHOT NUISHKH, BiJl KO CIIOCTEPIra€ThCsl BiJ €MHUN
IPaieHT 10 JOHHOIT YacTUHU Mojeni (puc. 3.9 6). 3 MIMHOM Yacy IHTCHCUBHICTh
ICHYIOUOTO TpajI€HTy 3MEHIIYEThCS 4Yepe3 3HAyHy IIBUIKICTh TOMOTEHi3allli
pinuau 'y mogueni (puc. 3.9 B-m). 3a paxyHOK 30LIBIIEHHS PO3MIpy OyibOaIiok
CTUCHEHOT'O MOBITPSl 3HAYHO 3pPOCTA€ IHTEHCUBHICTH MEPEMINIYBaHHS PIJUHU, B
cepelnHi Mozenl POpMYy€eThCs YITKUN 3aMKHEHUN KOHTYpP MepeMIITyBaHHS.

3MiHa TiIPOJMHAMIYHOI KapTMHU B 4Yacl NpU BUKOPUCTAHHI MIUTMHHOI
MPOYBHOT BCTaBKMU 3 OJMHUYHUM OTBOpOM miupuHOi0 8000 MKM. mpencraBiieHa

Ha puc.3.10.
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r)

Pucynok 3.10 - 3MmiHa TiApoAuHAMIYHOI KapTUHU TOMOTEHI3aIli PiaKoi

BaHHU NpHU 3IHCHEHHI MPOIYBKH BaHHU Yepe3 NIUIMHHY BCTABKY 3 OJHMHHYHUM
oTBopoM muprHO0 8000 MKM: a — MOYaTOK BBEJICHHS PIAUHU-Tpacepy; 0 — 2 ¢ Bif
MOYaTKy BBEICHHS pPIIUHHU-Tpacepy; B — 3 ¢ BiJl MOYATKy BBEJCHHS PIiIUHU-
Tpacepy; T - 4 ¢ BIJ MOYATKy BBEJCHHs PIAUHU-TpPAcepy; I - 5 ¢ BiJ MOYATKY

BBEJICHHS PIIUHU-Tpacepy

Yac romoreHi3amii piguHM B IbOMY BHMAAKYy ckiamae 5c. Sk 1 B
MOTIEPETHBOMY ~ BHMAJKY  BBEIEHHS  PIIMHU-Tpacepy  CYMPOBOKYETHCS
YTBOPEHHSM y BEPXHIN YaCTUHI MOJENI IHTEHCUBHO MindapOoBaHOI AUISHKH, BiJ
SIKOT CIIOCTEPITa€eThCs BIJ €EMHUM TPAIIEHT 10 JOHHOT YacTUHU Mojeni (puc. 3.10
0). IIpoTsirom 311liCHEHHS IPOAYBKU PITUHU CTUCHEHUM IOBITPSM IHTCHCUBHICTh
ICHYIOUOTO TPaJIEHTY 3MEHIIYEThCS 4YepPe3 BHCOKY MIBUIKICTH MEPEMIITyBaHHS
piauau y mozneni (puc. 3.9 B,r). [lo mocsrHeHHIO Yacy 5 ¢ COCTEpIraeThCsi MOBHA
TrOMOTeHi3allisl PIIUHY 33 IHTEHCUBHICTIO KOJIbOPY.

TakuMm yuHOM, SIKICHO BCTAaHOBJICHO, IO 30UIBIICHHS PO3MIPY KaHAy s
BBEJICHHSI CTUCHEHOTO TOBITPS y PIIMHY TMPUBOJIUTH IO 3HAYHOTO 30UIBIICHHS

IHTEHCUBHOCTI TEpEeMIITyBaHHsS dYepe3 30UIbLICHHS JilaMeTpy OynbpOaIiok, o
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YTBOPIOIOTHCA. 3arajbHi pe3yJbTaTH EKCIEPUMEHTIB 3 BU3HAYCHHS BIUJIUBY
XapaKTePHOTO pO3MIpy WIUIMHHOT JOHHOI BCTAaBKM Ha dYac TOMOTeHi3allli

npejacTasiieHi y Tabaui 3.2 ta Ha puc. 3.11

Tabmuus 3.2 — Pe3ynbTaTH eKCHNEPUMEHTY 3 BU3HAUEHHS BIUIMBY

XapaKTCPHOTO pOSMlpy H_IiJII/IHHOT I[OHHOT BCTAaBKH 3 OJUHUYHHUM OTBOPOM Ha YacC

roMoreHi3aigi
O6’emHa BUTpata MoBITPS ¢
% Mg M/c dex i
24 0,1512 4,20-10” 0,05 10
15 0,0945 2,63-107 0,05 14
5 0,0315 8,75-10° 0,05 17
24 0,1512 4,20-10” 0,1 5
15 0,0945 2,63-10” 0,1 7
5 0,0315 8,75-10° 0,1 10
24 0,1512 4,20-10” 0,5 5
15 0,0945 2,63-10” 0,5 6
5 0,0315 8,75-10° 0,5 7
24 0,1512 4,20-10” 8 5
15 0,0945 2,63-10” 8 5
5 0,0315 8,75-10° 8 7
0 0 0 - 85

3 TabnMill Ta pUCYHKa BUIHO, IIO CEPENHIM Yac rOMOTeHI3allii 3MEHIIYEThCS 31
30UTBIIEHHSM XapaKTEPHOI0 PO3MIPY UIUIMHU Ta 30UIbIIEHHSAM BUTPATH MOBITPSI.

Otpumani pe3ynbratd Oyiau oOpoOJieHI 3a METOAUKOK aBTOMOJECIBHOCTI
0€e3pO3MIpHOTO0 KPUTEPII0, BIAMOBIAHO 1O SKOTO BCTaHOBJIEHO, IO TMOXiJAHA
norapudma KpUTEPiFO TOMOXPOHHOCTI JOPiBHIOE HyIIO IpH 1gD >-2,7(D>2-107).
Ile 3HauMTH, IO MOMIOHICTH MPOIECY PO3UYUHEHHS BUKOHYETHCS 332 YMOBH, IO

XapakTepHUU PO3MIp MPOXITHOTO TMEPEeTUHY KaHAIy TOB3JIOBXKHBOT BCTaBKHU
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ouabme 1 MM 3a YMOB IIPOBCACHHA HU3bKOTCMIICPATYPHOT'O MOACIIFOBAHHA HA BO)Ii

3 BUKOPUCTAHHAM Y SIKOCTI ra3y CTUCHCHOT O HOBiTpSI.

9 41— . .

) . I I

0 - _ I I I
0,05 01 0,5 ]

'

R
e

[N
[

Cepenmiit yac roMoreHizatii, ¢
w

XapakTepHuil po3Mip IMMUTHHHE, MM
BHTpPATa MOBITPS, M>/Toxm ™ 0,0315 = 0,0945 m=0,1512
Pucynok 3.11 - [lopiBHSIHHS pe3ynbTaTIB AOCIIAIB 13 pI3HUMHU BUTPATOIO

MOBITPS 1 IKUPUHOIO OTBOPY [115]

[{ux yMOB J10CTaTHBO MpHU MPOBeACHI PI3UUHOTO MoJIeToBaHHs B MaciiTadi 1:10
(0,28 mM) 10 opuriHaiy.

Ha nactynHomy erami IOCHIIKE€Hb MTPOBOUIIOCS BU3HAYEHHS BIUIUBY BUAY
Oynp0aliko yTBOpIOBaYa Ha JIOHHOMY IIPOJYyBaJIbHOMY OJ0Ill Ha IMIBUAKICTH
roMOreHi3allii BAaHHU NP IbOMY SIKICHO OI[IHIOBaJIacs T1IPOJMHAMIYHA KapTHHA,
KUIBKICHO Yac TOMOTeHi3allii.

[NpponunamiuHa KapTUHA BUKOPUCTAHHS KaHaJIbHOTO
Oy1p0aIIKOYTBOPIOBaYa OCHAIIEHOTO 4 IMIIHAPUYHUMHU KaHajlaMU J1aMeTpOM
1 MM nipuBesieHo Ha puc. 3.12. [loBHMIT Yac roMoreHisailii B IbOMY BHUIIJIKy CKJIaB
7 c¢. B mpoueci Buxoay OynpOamok 3 KaHajiB OyibOalikayTBOprOBada BOHH
3JIUBAIMCS T4 YKPYIMHIOBAIUCSA 3a PAXyHOK HOT'0 HE 3a0e3nedyBajiocss piBHOMIpHE
nepeMimyBaHHs piauHU y wmoxeni (puc. 3.12, a). B mpomeci 3aiiicCHEHHs
EKCIIEPUMEHTY KaHal BUXOAYy OynbOamok 3 BaHHM OyB HECTaOUIbHUM Ta

NepioJIMYHO TepeMillyBaBcs B 00°€éMl pIAMHU BIIHOCHO BEpPTUKAIbHOI Ta
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TrOpU3OHTANIBHOT Bice Mopaeni (puc. 3.12, 6-m). ['iapoguHaMiuHi OCOOJIMBOCTI
3aCTOCYBaHHS MIUIMHHOTO Oyiab0almIkoyTBOpIOBaYa OCHAIIEHOTOo 4 KaHaJlamMu

mypuHO | MM mpencTasieHo Ha puc. 3.13.

Pucynok 3.12 - 3MiHa TiApoAuHaAMIYHOI KapTUHU TOMOTEHI3aIli PiaKoi
BaHHM TMPU BUKOPHUCTAHHI KaHAJBLHOTO OYyJbOAIIKOYTBOpIOBaYa: a — IOYATOK

BBEJICHHS piquHU-Tpacepy; 6 —2c;B—3c;r-4c; n1-5c[116]

[ToBHMIT yac ToMoOreHi3allii, SIK 1 B MOMEpPeTHbOMY BHUIAJIKy, ckiiaB 7 c. [Ipu
BUXO/1 OyIp0aIoK 3 MIUIMHHUX KaHaJliB Oylb0OalikayTBOpIoBaya He BiIOYBa€ThCs
MPOIIECIB 3MUTTA Ta YKpynHeHHs (puc. 3.13, a). [Ipu upomy B nporieci 311iMCHEHHS
EKCIIEPUMEHTY KaHal BUXOAYy OynbOamok 3 BaHHM OyB HECTaOUIbHUM Ta
MEepIOANYHO TIepeMillyBaBcs B 00’€Ml pITUHM BIIHOCHO BEPTUKAJIBHOI Ta
TOPU3OHTANIBHOT Bicel moneni (puc. 3.13, 6-x).

NapoaunaMiuHi  OCOOIMBOCTI 3aCTOCYBaHHSA OyJbOAIIKOyTBOpIOBaua 3

HEHAIPaBJICHOIO TTOPUCTICTIO MPEJICTABICHO Ha puc. 3.14.



92

Pucynok 3.13 - 3MiHa rigpoAnHaMiuHOi KapTHHU TOMOTEHI3aIlii piakoi
BaHHM TMPHU BUKOPUCTAHHI IIUIMHHOTO OYJIb0AlIKOyTBOpIOBaYa: a — I0OYaTOK

BBEJICHHS piquHU-Tpacepy; 6 —2c;B—3c;r-4c;a1-5c [114]

[loBHmii uac romoreHizamii ckimaB 6 c¢. Ilpu Buxomi Oynpbamok 3 moOp
OynbOalkayTBOproBaua He B1IOYBA€EThCS MPOIIECIB 3JIUTTSA Ta YKPYMHEHHS (puC.
3.14, a). Ilpu 1mpomy B TIporeci 3AIMCHEHHsS EKCIEPUMEHTY KaHall BHUXOIY
Oynp0amok 3 BaHHM OyB CTaOUIbHUM 1 HE TIEPEMIIYBaBCS MPOTITOM BCHOTO
excnepumenty (puc. 3.14, 06-1). BukopucranHs Oynbp0OamKoyTBOproBaua 3
HEHAIPAaBJICHOIO TIOPUCTICTIO JJO3BOJISIE OTPUMATH CTaOLIBHI 32 po3MipoM OyIbO0Y,
10 HE 3MIHIOIOTh HAMPSIMKY PYXY B MPOIIECI CIUIMBAHHA. TakuM YMHOM HEOOX1IHO
BII3HAYUTH, 110 Yy KUIBKICHIA OIIHI[I BUKOPUCTAHHS OyJIhOAIIKOyTBOpIOBada 3
HEHAIPAaBJICHOI MOPHUCTICTIO J03BOJISE 3HU3UTU Yac TOMOTeHi3aiii Ha 1 ¢, 110

ckJagae o0iu3eko 14 %.



93

Pucynok 3.14 - 3MiHa TiApoAuHAMIYHOI KapTUHU TOMOTEHI3aIli PiaKoi
BaHHM IPU BUKOPUCTAHHI OyIHOAIIKOYTBOPIOBaUa 3 HEHAIIPABICHOK MOPUCTICTIO:

a — MOYaToOK BBEJEHHS piIUHU-Tpacepy; 6 —2 ¢;B—3c;r-4c; n-5c¢[116]

BianoBigHO 70 CIIBCTaBJICHHS OTPUMAaHUX MaTepiaiiB IOCIIIKEHb, 110 10
BIUIMBY KOHCTPYKTHBHHMX OCOOJMBOCTEH OyIh0alIkKoyTBOpIOBa4Ya IMPOYBHOTO
0JI0Ky, OyJI0 BCTAaHOBJICHO, III0 HAaWKpaIll pe3yibTaTH 3 YCEPEAHEHHS XIMIYHOTO
CKJIaly PIAKOr0 METaJly B KOBIII JEMOHCTPYIOTh TPOJYBHI MPHUCTPOI 3
HeopieHTOBaHOW mopucTicTio (puc. 3.15). Ilpu 1mpomMy ciig BIAMITHTH, IO
BUKOPHUCTAHHS IMUIMHHUX OyJb0OAIIKO yTBOPIOBAYIB JO3BOJISAE JOCATTU TPOXHU

MEHIIIMX IIBUJIKOCTEH TOMOTeH13a1lli BAaHHU MPHU OUTBIIIIHN X CTIHKOCTI.
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Pucynox 3.15 - TlopiBHAHHS wYacy NepeMilllyBaHHS NIpH BUKOPUCTaHHI

MOPUCTUX MPUCTPOIB Pi3HOT KOHCTPYKILIi [116]

3.3 BaockoHaJleHHSI KOHCTPYKIii IOHHOr0 MPOXYBHOI0 0JIOKY VISl YMOB

NPOAYBKH CyMIIIIIIO ABOX ra3is

Ha wnactynHoMmy etami OyJi0 NpPOBEAEHO BAOCKOHAJIEHHS KOHCTPYKIIIi
JOHHOTO TPOAYBHOrO OJOKYy, SIKMM OW BIANOBIJAB palliOHAJbHOMY BapiaHTy
NPOAYBKA CYMIIIIIIO Tra3iB: KHUCHIO Ta HEUTPAJbHOIO Tra3y, €cKi3 $KOro
npejacTaBieHuid Ha pucyHky 3.16 [117, 118]. BoruerpuBkuii 070K JIsi TPOTYBKU
MeTajly ra3aMM Mpauioe HACTYITHUM YMHOM: TEXHOJIOTTYHHUN ra3 MOJAEThCS Yepe3
UWIHAPUYHI KaHajid, 10 pO3TalloBaHl y Ta30HENPOHUKHIA BOTHETPUBKIN
MaTpHIli, 10 MOPOKHUCTOT KaMEPH HUITHAPUYHOT GOpMHU. Y MOPOKHUCTINA KaMmepi
UWTHAPUYHOT (HOPMHU TEXHOJOTIUHUNA Ta3 MEePEPO3IIUPIOETHCA 1 MOAAETHCS 10
HUKHBOT ~OCHOBHM KOHIYHOTO KaHajy, KM pPO3MIIIEHO y Ta30HENPOHUKHIN

BOTHETPUBKIN MaTpHIII.
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1 — BOTHETPUBKHI Ta30HEMPOHUKHUN MaTrepiaj; 2 — KOHIYHUN KaHal,
3allOBHEHWM Ta30MPOHUKHUM BOTHETPUBKMM MaTepiajioMm; 3 — IWIIHAPUYHI
KaHaIM JUIsS  MJIBEJACHHSA TEXHOJOTIYHUX Ta3iB; 4 — KaMmepa-3MmillyBau

HMWTHAPUYIHOT popMu
Pucynok 3.16 - BoraeTpuBkuii 070K JJIs1 IPOIYBKH MeTany razamu [117-

118]:

3a paxyHOK HasBHOCTI y KOHIYHOMY KaHaJll BOTHETPUBKOI'O Ta30MPOHHKHOTO
Marepially TEXHOJIOTTYHUHN Ta3 MOJUIAEThCS HAa OynbOalliKu, sKi, HAAXOAAUU Y
pO3IUIaB, 1HTEHCHBHO MEPEMINIYyIOTh Horo. 3acTOCYBaHHS IPHUBEIECHOTO
MIPUCTPOIO MOBUHHO 3a0€31euyBaTH e(peKTUBHE NEPEMIIIYBAHHS PIIKOTO METAIY Y
CTaJICTNIABUIIHUX arperarax.

JlocmiJpKkeHHsT  1bOTO  eTamy  poboTu  0a3yBaJiloch Ha  BHUBYCHHI
T€OMETPUYHUX OCOOJMBOCTEH B3a€MOJIIi Ta30BHUX CTPYMEHIB, MO (IKCYBaTUCS
METO/IOM TIHBOBO1 3WOMKH. Cxema 1abopaTOpHOI YCTAaHOBKHM MpEJCTaBlieHa Ha
pucyHky 3.17. OCHOBHOIO YCTaHOBKH CJIYT'yBaJM MPOJYBHI COIIa JlaMETpOM
0,5 MM, pyXxoMO 3akpilieHi Ha ropu3oHTadbHOMY ITaTuBl. KoxHe comio Oyro
MPUEHAHO Yepe3 CUCTEMY PEeryJIoBaHHS MapaMeTpiB Mojadi razy a0 OanoHy 3
ra3oM MeTaHOM (i1 MO>KJIMBOCTI SIKICHOI Bi3yani3allii CTpyMEHs Ha TiHbOBIU
3MOMIII 3a paxyHOK 3HAYHOI PI3HUII TYCTHUH Tra3y, LI0 BHUTIKae 3 corula Ta
HABKOJIMIIHBOTO cepefoBuina). [IpoayBKy 3a1iiCHIOBaIN 3 OJHAKOBOIO BUTPATOIO

JUISA KOKHOTO 3 MTOTOKIB rasis.
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7)%« 7
—

- Texnomoriunwmii ra3
1 — 6ummit expaH, 2 — mpoayBHI coruia giamerpom 0,5 MM, 3 — mratuB, 4 —
MEXaHI3M PETYJIIOBaHHS KyTa HaxXWIy MPOJIYBHOTO COIUIA BITHOCHO BEPTUKAIBHOI
Bici, 5 — porameTp, 6 — MaHOMETp, 7 — KpaH, 8 — TBEPAOTUILHUIN OCBITIIOBATBHUN
MPUCTPIid, 9- Bileokamepa.
Pucynok 3.17 - ®yHKIiOHaIbHA CXeMa YCTAHOBKH JJISl JTOCIIIKCHHS

0co0JIMBOCTEN B3aeMO/11 Ta30BUX ITIOTOKIB METOJOM TIHHOBOI 3IOMKH.

OcBiTiIeHHST MOJeNll  3A1MCHIOBAIM TBEPAOTUILHUM JDKEPEJIOM CBITJIA  JUIS
CTBOPEHHS JIIHIMHOTO MOTOKY CBITJa ¥ MEHILIOrO CHAIUIIOKEHHS 300pakKeHHs Ha
OuTOMYy ekpaHi. 3aBIsSKU PyXOMiil OCHOBI COTUIA OCTYIOBO HAXWIISIIU IMi/1 PI3HUMHU
OJIHAKOBUMHM JIsl KOXKHOTO 13 COMeJ KyTaMH /O BEpTHUKall ¥ ¢ikcyBanu 3a
JIOTIOMOTOI0 B1ICOKaMEPU pe3yJIbTaT B3a€MO/JIIi CTPYMEHIB ra3y, SIKMi BHUTIKaB 3
HUX. Bymu mocmiukeHi KyTH Haxwily COIeN J0 BepTHKanbHOI Bici Bim 0° (pyx
HOTOKIB Ha 3yCTpid oguH ogHoMY) 10 180° (HOBHICTIO IPOTUIIEKHUHN PYX MOTOKIB).

Haii6inb1 xapakTepHi pe3yabTaTh JOCHIIKEHHS IPeICTaBlIeH] HA PUCYHKY

3.18.
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Pucynok 3.18. - XapakTtpeni ¢OTO HOCTIIKEHHS] 0COOJIUBOCTEN B3ae€MOJIIT
ra3oBUX CTPYMEHIB MPH PI3HOMY KYTi BIAXWJICHHS COMEN BiJl BEPTUKAIBHO Bici: 1 —

45° 2 -40°% 3- 35% 4 — 30°% 5 —25% 6-20° 7-15°; 8-0° 9-90° [9]
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BianoBigHO 10 MaHMX, BCTAHOBJIEHO, IO CTPyMEHi, cpopMOBaHI OJHAKOBUMU
MOYAaTKOBHUMH YMOBaMU (BUTpaTa Ta TUCK ra3y) MOXKYTh B3a€EMOJIATH HUISIXOM a00
3mitryBaHHs (puc. 3.18 mo3wuirii 1 — 5), abo MOBHOTO B3a€EMHOTO MIPUTHIYEHHS (pHC.
3.18 mo3uuisa 9). Ilpu npomy edekTUBHE 3MILNTYBAaHHS CHOCTEPITAETHCS MPU KYTI
HaxWJIy COIUIA JI0 BEPTUKAIBHOI Bici B mpoMikKy 25 — 40° (puc. 3.18, mosumii 2 -
5). TakuM YMHOM, BIANOBIAHO JO OTPUMAHUX PE3yJbTATIB TIHBOBOI 3WOMKH
BCTAHOBJIEHO, IO MPH B3a€MOJIl JBOX CTPYMEHIB 13 3a3HAYEHUM KYTOM HaXHIY
(bopMyeThCSl pe3yJIbTYIOUUN CTPYMIHb, SIKMI 3a0e31euye MOBHE 3MIIIYBaHHS JIBOX
notokiB. Ilpu 3ycTpiuHOMYy po3TallyBaHHI COMNEN CHOCTEPIraeThCsi IOBHE
MPUTHIYEHHS MOTOKIB OCKUJIBKM BOHHM B3a€EMHO TajbMyIOTh OJAWH ojHoro. Lle
NPU3BOAUTH JO BTPAaTH Ta30BUMH CTPYMEHSIMH BEKTOPIB CIPSMOBAaHOCTI Ta
PO3MOPOIICHHIO Ta30BUX CTPYMEHIB Yy HAaBKOJMIIHE CEpeIOBHIE. 3a3HauYeHUU
pexxuM 3a0e3rnedye MOBHE 3MINIYBaHHS JBOX MOTOKIB MPOTE € HEMPUITYCTUMUM
JUIsl yMOB BUTIKaHHS Ta30BUX CTPYMEHIB 3 PI3HOIO HMIBUAKICTIO (PI3HOIO BUTPATOIO

Ta THCKOM).

BucHoBku 3a po3aisiom 3

B x0/11 BUKOHAHHS JOCIHIPKEHb HA JAHHOMY €Talll BCTAHOBJIEH]1 0COOJIMBOCTI
HU3BKOTEMIEPATypHOro  (I3UYHOTO  MOJIENIOBAHHS ~ MPOLIECY  MPOIYBKH
HEUTpaJIbHUM Ta30M METaJEBOT0 PO3IUIaBYy Yepe3 JOHHI MPOIYBHI OJIOKH PI3HOTO
THUITY. Biamiueno, 101(0) HaWOUTbIII €(hEeKTUBHOIO KOHCTPYKIIIEIO
Oynp0aIKOyTBOpIOBaYa B CKJIaJl JOHHOTO MPUCTPOIO JJIS MPOAYBAaHHS PO3ILIABIB
€ BUKOPHUCTAHHS MaTepiajiiB HEOPIEHTOBAHOI TMMOPUCTOCTI abo0 MIMIMHHUX
Oynb0alKo yTBOPIOBAdiB 3 po3mipoM mmapuH | — 2 MM. IX BHKOpHCTaHHS
JI03BOJISIE OTPUMATHU CTaOUIbHUM CTOBI APIOHUX OyNbOAIIOK, 32 paXyHOK YOro 4ac
TOMOT€eHI3allii CKOPOUYEThCH.

B xoai mnpoBeneHHS CTEHIOBUX JOCIHIKEHb BCTAHOBJIEHO, WIO IS

MIPOBEJICHHS Ofepallii 3HEBYIJICHIOBAHHS PO3IUIABY 3a PAXYHOK MPOAYBKH Kpi3h
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JIOHH1 TTPOTYBH1 OJIOKHM CYMIIIIIIIIO TEXHOJIOTIYHUX Ta31B y CTAIBKOBIII HEOOXITHO B
KOHCTPYKI[I0O JIOHHOTO TPOJYBHOTO OJIOKY BBECTH KaMepy MOINepeaHbOro
3MIIIYBaHHS TEXHOJOTIYHUX ra3iB. BIANOBIAHO A0 eMIIPUYHO OTPUMAHUX
pE3yNbTATIB KaHAIW Ui BEJEHHS PI3HUX MPOAYBHHX Ta3iB B Kamepy NOBUHHI
3HAXOJUTHUCS IIJ KyTOM 0 BEPTHKAILHOI Bici B Mexax 25- 40° mo 3a0e3neunTs
MOBHE 3MIIIYBAaHHSA CTPYMEHIB Ta3y 3 MIHIMQJIbHOIO BTPAaTOI0 HIBUIKOCTI
(BCTaHOBIIGHOT 3a pe3yjibTaTaMH TIHBOBOT 3WOMKHM 3a pPaXyHOK BHUSBIICHHS
reOMETPUYHUX OOPHUCIB CTPYMEHIB Ta BIJICYTHOCTI Ha HHUX JUISHOK 3 PI3HOIO

IIUIBHICTIO — BIAPI3HSIOTHCS 32 IHTEHCUBHICTIO KOJIBOPA).
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Posnin 4. JOCJIJIKEHHSI OCOBJMBOCTEM TIEPEMIIIIYBAHHS

PIIKOI BAHHM IIPW JOHHINA BYJBBAIIKO BIM MPOAYBII 3A
PIBHUX ITAPAMETPIB AYTTA

AKTHUBHICTb TPOTIKaHHS TMPOLECIB OKHUCJEHHS B PO3IUIaBI TMPU JTOHHOMY
MPOJIyBaHHI Ta30BOI0 CYMIMIIIO Oyjie IHTEHCUBHIIIA TOJ1, KOJIA TUIOIIA TTOBEPXHI
Oynp0OaIIok Ta iX KUIbKICTh Oyae HalWOUIbIIa, yac iX nepedyBaHHs y mMeTanl Oyze
JOBIIMM, a pyX aKTUBHIMIUM 1 ckiagHimuM. [lnoma nmoBepxHi OynbOamKu TUM
OuTblIa, YUM MEHIIMHA ii po3mip, TOOTO MPOAYBKY Tpeba 3AiiCHIOBATH 4epes
JOCUTh JpiOH1 MOPH JJIsi CTBOPEHHS PIZHOCHPSMOBAaHUX OyibOAIlIOK, KUIbKICTh
AKUX TIOBUHHA OyTH BEJIMKOIO /Il CTBOPEHHS BEJIMKOI MOBEPXHI KOHTAKTy. Pyx Ta
yac mnepeOyBaHHs OynbOamok y o0’eMl MeTajay 3aleXHUTh BIJ XapakTepy
npoayBKU. [l BU3HAUEHHS PAIllOHATIBHUX PEXUMIB MPOIYBKH Kpi3b JTOHHUUI
MPOAYBHUN OJIOK, SKWW Ma€ IOpH, HEOOXIAHO TpoBecTH (I3UYHE HATYpHE

MOACIHOBAaHH:.

4.1 EKcnepuMeHTAIbHA YCTAHOBKA | METOAMKA NMPOBEACHHS JOC/iKEeHb
II0A0 BCTAHOBJICHHA PAUiOHAJBHHUX PEKMMIB NPOAYBKHM Kpi3b JAOHHHUIA

0yJ1b0AIIKOYTBOPIOBAY 3 HEHANPABJIEHOI0 TOPHUCTICTIO

[Ipu BayBaHHI ra3zy B piluHYy AYX€ BOKIUBUMHU € MPOLECH, IO BiAOYBaIOTHCS
M JI€F0 CWJI TSOKIHHS Ta CUi ApxiMena, skl BIUIMBAIOTh K Ha OyJbOaIiku
MPOYBHOTO rasy, 0 MIAIAMaIOThCs 3 TPOIYBHOrO OJIOKY, TaK 1 Ha MOTOKH, SKI
BXKE€ MalOTh y €001 pO3UYMHEHUN JOJATKOBHI KOMIOHEHT. Tako)X Ba)KJIWB1 CHUIIU
MOBEPXHEBOI'0 HATATY, B A3KOCTI Ta 1HEpIi, SIKI BU3HAYAIOTh PO3BUTOK CHUCTEMU
HUPKYJIALIAHUX TOTOKIB y pPIAKIA BaHHI KoBma. [[ns MoaentoBaHHA mpouecy
MPOYBKHA METaNeBO1 BAaHHU OYJIM BpaxoBaH1 HacTyHHI Kputepii moaioHocTi [119 -

121]: uncno Bebepa:

We = o = idem

2

v , 4.1)
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o 3 C ey o .
ne © - noBepxHeBuil HaTAT, H/M; Y — nmutoma Bara, H/m”; [ — nminiitHui po3Mmip, M.

yucio Opyna:

2
i = idem
gl , (4.2)

Fr =

ne W — mBUAKICTb pyXy PIAMHM B MOAENl, M/C; g — MPHUCKOPEHHS BLILHOTO
: 2
MajiHHsA, M/C”.

Yuciao Pentnonsaca:

Re = ! = idem

v , (4.3)

. . . )
A€ V — KIHEMaTH4YHa B’ SI3KICTh p1auH B CUCTEM1, M /c.

B3aemoiis cui MOBEpXHEBOTO HATATY 1 CHJI TSKIHHS 3a3BUYall ICTOTHI MpHU
MOBUTBHINA Tedil pIAMHU 1 BTOPUHHHUX Mpolecax B JBO(Aa3HUX CHUCTEMAaX, IO
BIIOYBa€ETHCS MPHU OyIbOAIIKOBOMY PEKMMI MPOAYBKM 3 HEBETUKUMH BUTpaTaMu
ra3y. [HepIiiiHi cuiIM CTpyMeHs Ta MIAHOMHI APXHMEIOBU CUJIM BPaxOBYIOTHCS
HACTYIHHM:

qucio Apximena..

W2 W2
A7 = Y "ro < YrWro idem (4.4)
g,~rr)d gvy,d
ne d — nmiaMeTp coruia, M.
VY3aranbHeHHST ~ ra3o-TiApo-AWHAMi4HOT  TOA0OM  MpoleciB, IO

BiIOYBaOTBCA B MOJENII Ta peallbHOMY 00’€KTi, TPOBOAUTH Kpurtepiii dpyna

MOU(DIKOBAHUM:

u’ 0
Fr'=—x—"L (4.5)
gD pp - pl“
Ji€ u- IBUIKICTh BUTIKaHHSA rasy, M/C; p,, p,- HIUIbHICTb PIAMHM 1 rasy, kr/m>; D -

XapaKTepHUI po3MIp AJi MOJIEINI Ta HATypH, M.
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JlocnimpKeHHs 11010 BCTAHOBJIEHHS PIBHOMIPHOCTI MEpEMIlIyBaHHS 00’ €My
BaHHU 32 YMOB NIPOJYBaHHS Kpi3b JOHHHUH NPOJYyBHUN OJIOK 3 HEHAIPaBJICHOIO
nopucticTio (niametrp mop 0,1 mm, miameTp BcTtaBku 12 MMm) y OynbOalIkoBoMy
pexumi OyJio MpoBeNEeHO Ha Mpo3opid Gi3uuHid Moaeni 250-T cTanepo3aTuBHOIO
koBma (y mMacmTadi 1:15) 3 BUKOpUCTaHHSM Yy SKOCTI MOJIENbHOI PIAMHU BOIH 3
MPOyBaHHSM IOBITPSAM Ta MPUCATKAMH Yy SIKOCTI «Bakkoi» mpucaaku coii NaCl
3a BUKOPUCTaHHS e€JEKTpoxiMiyHOoro wmerony [122-126]. Bubip Boam sk
MOJICJIIOI0YOI PIIMHU TMOSICHIOETHCS TUM (DAKTOM, IO 3HAYEHHS B'A3KOCTI BOJHU 1
cTaji B oOJacTi Temmeparyp No3amiyHoi OOpoOKH JOCHUTH OJIU3bKI OAWH [0
oxsoro. Cize NaCl i3 ryctunoro (2160 kr/m’) y 1Bidi GilbIIOK 33 FYCTUHY YHCTOT
Boau (1000 KF/M3) Oyna oOpaHa mJisl JOJATKOBOI MOKJIMBOCTI MOJCITIOBAHHS
PO3MOBCIOJIKEHHS «BAKKUX» JIETYIOUMX Yd MOAMPIKYyIounx npucagok tuny FeMo
an FeW (12600-14000 xr/m’), sKi MarOTh IyCTHHY MPUOIN3HO y ABA pasu OiibIe
3a ryctuHy crami (mpubmmsHo 7000 kr/c’). Bymo o6paHO IIs MOIETIOBAHHS
CEpelHbO JIETOBaHI CTajl 3 BMICTOM JIETYIOUMX €JeMEeHTIB npubiau3zno 1%.
OyHKI[IOHAJIbHA CX€Ma yYCTAaHOBKM HaBejeHa Ha puc. 4.1. MojenbHi napameTpu

HaBeJleH1 y Tabnui 4.1.

Tabnuus 4.1 — Ilapametpu MoentoBaHHS

[Tapamerp Monens [TpomucnoBuii cranp KiBIl
Bucora,m 0,319 4,350

Bepxuiit niametp,m 0,308 4,200

Hwxniit niamerp,m 0,262 3,570

Tum nponyBku OnuH noHHUM 6JI0K OpnuH noHHUM 6JI0K
I'yctuna IIPOTYBHOTO 1,79 1,7

rasy, Kr/m>

['yCTHHA PiTHHH, KI/M 1000 7000
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)
77 1
A \. 21 123
r Amm | 3 2
e L -
— Y e atee # Jus
a10 il
a9 2916 e
18 a7
as a2 3
4 al 4 118 a4 A
3 -
al7 720

1 - MOJIeTThHA EMHICTB - KiBII; 2 - BOJA, 110 IMITY€E pO3IUIaB; 3- JOHHUHN MTPOTYBHUN
0510K; 4 - myXxupui OPOAYBHOTO Tra3y - MOBITPA; 5 - MOBITPSHUNA KOMIIpecop; 6 -
CUCTeMa peryjloBaHHs Mojayvi MOBITPS (BUTPATOMIP Ta MAaHOMETp); 7 - AaTUYUKHU
KOHTpOJII0 enekTponpoBigHocTi; 8- AIILL; 9- T1K; 10 - Bineokamepa

Pucynok 4.1 - ®dyHKIIOHATBEHA CXEMa MOJICTIOBaHHS

BinnmosinHo g0 piBHocTi kKputepiiB @pyaa [120, 121] ta Buxogsuu 3
PIBHSIHHS BHUTpATH NPOAYBHOI'O ra3zy Kpi3b MHOpPU MPOAYBHOrO OJIOKY BHUTpATy

MIPOJIYBHOT'O T'a3y MOKHA 3HAUTH 3a PIBHSIHHSM:

Q=u-m-r? (4.6)

BinnoBigHo g0 piBHsSHHS (4.6) BCTaHOBIICHO, IO BUTpaTa MPOAYBHOTO rasy Ha
MojieNll MOBUHHA OyTu y 2,85 pa3u Oulblia 3a BUTpaATy NPOAYBHOTO Ta3y Ha
peaJbHOMY MPOMHUCIOBOMY 00’€KTi. BiAMOBITHO MO TEXHOJOTIYHOT 1HCTPYKITIT
yCepEeNHIOBAILHOT TIpoayBKu 250- T cTajseBoro KOBIIA TIICHs BBEACHHS
dbepocriaBiB MiJl 4ac BUIYCKY METAly 3 IUIABWJIBHOTO arperary 4ac MpoJyBKH
CTAaHOBUTH 5-15 XB, a IHTEHCUBHICTh NIPOYBKHU ckianae 0,12-0,32 M /T TON [127].
JlociIPKEHO MPOyBKY Ta30M 3 BUTPATOIO y BKa3aHOMY ITPOMUCIIOBOMY Jiara3oHi
H 10m1aTKOBO OYyJIO JOCIIPKEHO MPOAYBKY 3 MEHIIOK Ta OUIBIIOI BUTPATOIO Y

nepepaxyHky 3a (4.6) m>/rrox: 0,171; 0,342; 0,684; 1,026; 1,368 (3 apyroro 1o
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YeTBepTe 3HAYEHHS BUTPATH BIANOBIAIOTH PIBHIO MPOMUCIOBOT MPOIYBKH, 32
cepenHiii piBeHp I criBcTaBneHHs mpuitMemo 0,684 M /rTox). Sk KpuTepiii
e(eKTUBHOCTI MepeMILTIyBaHHS MPUCAJKU COJIl Y PIAUHY B KOBIII OYB NPUHHATHIA
MOKa3HUK 1HTEHCUBHOCTI MEpeMilllyBaHHs, 110 BU3HAYaBCs SIK 4ac TOMOTeHI3alii
00'eMy PIIMHH B KOBUII 32 JIOMIOMOTOI0 PEECTpAIlil CHeIlalbHUMHU €JIEKTPUYHUMHU
JaTYUKaMU 3MIHU €JIEKTPOIMPOBIAHOCTI PIAKOTO PO3UYMHY Y PI3HUX TOYKAX KOBIIY.
24 naTYuKU BUTOTOBJICHI 3 IJIATUHOBOTO JPOTYy AiameTpoM 0,5 MM, IO 3HHXKYE
BIPOT1IHICTh OKMUCIIEHHS Ta MIJBUIIYE TOYHICTh BUMIPIOBaHHS, Ta 3a 130JbOBaHI

OJIMH BiJl OJIHOTO PEECTPYBAJIU 3MiHY Hanpyru y MB y daci. Cxema po3TalryBaHHs

JTaTYMKIB HaBeJIeHa Ha puc. 4.2.

2203 21024) VL
3 ) 913(15) ¢ lof D ¥

$9(11) Rof —=—

6 ®5(7)

5 18(19 17020 p ¢
3 ; ) *1(3) (.) 4 A

Pucynok 4.2 - CxeMma po3TaillyBaHHS BUMIPIOBIBHUX JATYUKIB Y MOAEINI
KoBIa: 1 -24 naTyuku peecTpaTopu; a — LEHTPAIBHUI eJIeKTpo1; b — MpoyBHUMN

OJIOK

31 cXeMH BHJHO, 110 BHUMIPIOBAaHHS MPOBOJWIOCA 3a YOTUPMa BEPTHKAJISIMHU,
pO3TalllOBAaHUMH TIO CEKTOpaX, MOYMHAIOYM BiJl MicI auciokalii gypmu, sKi

YTBOPIOBAJIM I’ SATh PiBHIB 3pi3iB. Takoxk NaT4yMKU OYyJI0 pO3MIIIEHO HA JHI KOBIIA
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Ta CHUMETPUYHO JO0 JOHHUX 3aKpilUIEHO Ha TMOBEPXH1 pIAKOi BaHHHU. 3MiHa
MOKA3HMKIB, II0 PEECTpyBajacs AaTdynkamu 3 yactororo S0l Ha mepcoHalIbHOMY
KoMIT 0Tepi 3a jponomMororo 6ararokananbHoro AL tuny E-140. KinekicTs comi,
10 BUKOPUCTOBYBAJIACS M1J1 4ac €KCIIEPUMEHTY, Oyia po3paxoBaHa BiAMOBIIHO J10
YMOB OTpuMaHHA 1% pO34MHY IIicisg MOBHOIO pPO3YMHEHHA y 15 1 BoaMm 1
nopiBHtoBazia 176,5 r.

[IponyBky mounHaiu yepe3 2 XBWJIMHHM ITICHS BBEJIEHHS Y€pe3 BepX KOBLIY
onpasy Bciel mopirii po3unHHO1 go0aBku. Llei yac HeoOXimHUN 11 cTaburizamii
MOKA3HUKIB JATYMUKIB MICIAS BUMYIICHHX XBWJIIOBAHb, COPUUYMHEHUX IMIYJIbCOM
najiHHsg cojii. ButpaTty mponyBHOro rasy BumiptoBaiu poramerpom PM-0,063T.
3aranpHUM Yac 3 MOMEHTY BBEJICHHS COJI1 JI0 3aKIHYEHHS MPOAYBKU CKiaaaB 12
XBWIMH 1 0yB OJIHAKOBUM ISl BCIX BaplaHTIB MPOIYBKH (4ac MpoAyBKHU ckiajnas 10
XBUJIUH).

Jist  SKICHOT Ta KUIBKICHOI OIIIHKM MepeMilllyBaHHs y d4aci Ta
MIATBEPIKEHHS MOMEHTY JOCATHEHHs 1% po3uMHYy BUKOPUCTOBYBAJIU ONTUYHUUN
MpuiaJ, BUMIPIOBAHHS KOHIIEHTpALi COJIl y PO3UYMHI — ONTUYHUN pedpaKkToMeTp
RZ 112. BumiptoBaHHs IPOBOJIUIN KOKH1 2 XBUJIMHU 3 MOMEHTY BBEJICHHS COJII 1
IPOTArOM TPOAYBKM MIISAXOM 3a00py NpoOM Ha TMOBEpXHI KOBIIYy Ta Ha
MOJIOBUHHIN MHOUHI KOKHOTO pa3y y OJHAKOBIN TOYIIL.

JlomaTkoBO POBOIMIIN Bijieo- Ta oTodikcarlito mporecy mpoyBKH.

Otpumani 3a XO0JOM TPOAYBKM JaHHI Oyiu mepeoOYHUCiIeHl Ha

enexktponpoiaHicTh (G, Cm) 3a popmymnoro [127]:

1
G = (U_Hfusr'.l_l}.lﬂ?- > (47)

U samu

ne U,us: — Hampyra Ha JDKepeli kuBieHHs, ckianae 12 B, U, — Hampyra Ha

KOKHOMY JaTYMKY Y KOHKPETHHII dac, B.
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4.2 Pe3yabraTH [I0CHIAKEHb 1040 BCTAHOBJEHHS PANIOHAIBHUX
PeKUMIB NMPOAYBKHU Kpi3b JOHHHMH OyJb0AIIKOYTBOPIOBAY 3 HEHANPABJICHOIO

MOPHCTICTIO

Pe3ynbTaTy BUMIpY 3MIHM KOHIIEHTpAllli COJII Y PO3YMHI 3a XOJIOM JOCIHIiIiB
HaBeJleH1 Ha pucyHkax 4.3 Ta 4.4 nns noBepxHi Ta 00’eMy KOBIIY (Ha MOJOBHUHI
rMOWHM). 3 PUCYHKIB BHJIHO, IO KOHIICHTpAIlid COJIi B 00’€MI PO3UMHY Ta Ha
MOBEPXHI Jemo pi3HUThCA ¥ 3a 10 xBuiauH npoayBku nocsartd 1% po3uuny
BJAJOCAd TUIBKM 3a YMOB mojaui ra3y 3 Burpatoro 30 ta 40%. Haiimenmry
KOHIICHTpAI[I}0 COJIl Ha 4Yac MPOJYBKH OTpUMaHO mpu Burparti 5% - 0,7%mac.
Takox BCTaHOBJIEHO, IIO0 HAMOUIBLI AKTHUBHO PO3MOBCIOJIKEHHSA COJl B 00’€Mi
po3uMHy BiAOyBanocs npu Butpati razy 30%, a Haifripiie nepemMillyBaHHs COJi

Bi0yBaocs mpu Butpari 5-10%.
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Yac 3 MOMEHTY BBEJICHHS COJIi, XB
Pucynok 4.3 - 3MiHa KOHIIEHTpaIlii COJIi Ha TOBEPXHI PO3YMHY 3a Yac
MPOJYBKH TPHU PI3HUX BUTpaTax MPOYBHOrO ra3y (BUTpATH MPOJYBHOIO rasy: 1-

0,171; 2- 0,342; 3- 0,684; 4- 1,026; 5-1,368 M3/TTOJI)
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Yac 3 MOMEHTY BBEJICHHS COJTi, XB
Pucynok 4.4 - 3miHa KOHLIEHTpAIli COJ1 y PO3YMHI 32 4ac MPOAYBKU MpPHU
PI3HUX BUTpaTax MpoOyBHOrO ra3y (BUTpaTH npoayBHoro raszy: 1- 0,171; 2- 0,342;

3-0,684; 4- 1,026; 5-1,368 m’/1'Tox)

J1J1s MOSICHEHHSI MPUYMH OTPUMAHUX PE3yJbTaTIB MPOAHATI3yEMO MTOKa3HUKH
JaTYMKIB 32 4ac MPOJYBKH 33 PI3HUMH BUTpPATaMHU, a CaM€ IMPUPICT OKA3HUKY IO
TOPU30HTANIBHUX PIBHAX: JaTYUKU 1-4 piBeHb «A_A» (HaOMMKEHUN A0 JHMINA
KOBINY), AaTuuku 5-8 piBeHb «B_By» (mpyruii Bin nuuia), natuuku 9-12 — piBeHb
«C_C» (Tperiil piBeHb BiJ AHMINA), faT4uKu 13-16 — piBeHb «D_D» (mepuuit Big
BEpXY KOBIILY, YETBEPTUH PIBEHb BiJ THUINA), JaT4uku 21-24 — Bepx KOBIIY Ta
natuukun 17-20 — nHo koBma. Ha pucynkax 4.5 - 4.10 HaBeaeHO 3MiHY

€JIEKTPOINPOBIIHOCTI PO3UMHY 3a Yac MPOyBaHHS MPHU PI3HUX BUTpATax rasy.
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Pucynok 4.5 - 3MiHa €JEKTPOMPOBIAHOCTI 3a 4Yac MPOJYyBaHHS Ha PiBHI
«A_A» nipu pi3HUX BUTpaTax razy (BUTpatu npoayBHoro rasy: 1- 0,171; 2- 0,342;

3-0,684; 4- 1,026; 5-1,368 m’/rTox)
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Pucynok 4.6 - 3MmiHa €JEKTPONPOBIAHOCTI 3a 4Yac MPOJyBaHHS Ha PIBHI
«B_ B» npu pizHUX BUTpaTax ra3zy (BUTpatH npoaysHoro raszy: 1- 0,171; 2- 0,342;

3-0,684; 4- 1,026; 5-1,368 m’/rTox)
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Pucynok 4.7 - 3MiHa €JEKTPOMPOBIAHOCTI 3a 4Yac MPOJYyBaHHS Ha PiBHI
«C _C» npu pi3HUX BUTpaTax ra3y (BUTpatH npoaysHoro razy: 1- 0,171; 2- 0,342;
3-0,684; 4- 1,026; 5-1,368 M*/1°TON)
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Pucynok 4.8 - 3MiHa €JEKTPOMPOBIAHOCTI 3a 4Yac MPOJYBaHHS Ha PIiBHI
«D_D» npu pi3HUX BUTpaTax razy (BUTpatu mpoayBHoro razy: 1- 0,171; 2- 0,342;

3-0,684; 4- 1,026; 5-1,368 m’/rTox)
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Pucynok 4.9 - 3MmiHa e1eKTpOnpPOBITHOCTI 32 Yac MPOAyBaHHS HA JIH1 KOBITY
MIpU PI3HUX BUTpaATax razy (BUTpatu npoaysHoro rasy: 1- 0,171; 2- 0,342; 3-
0,684; 4- 1,026; 5-1,368 M°/1°TON)
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Pucynok 4.10 - 3MiHa eJIeKTpONPOBIAHOCTI 32 Yac MPOAyBaHHS HAa BEPXHIU
MEXYy KOBIIIY TIpH PI3HMX BUTpaTax razy (BUTpatu mpoayBHoro rasy: 1- 0,171; 2-

0,342; 3- 0,684; 4- 1,026; 5-1,368 m°/1°T0x)
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Cinp moTparuisie y KiBII 3 BOAOIO 1 IiJI I1€F0 CUIIM TsDKIHHA ocimae Ha nHo. [1ix yac
NajiHHSA Kpi3b BOJY CUIb YaCTKOBO PO3UMHSIETHCS, MPOTE Ayke Mayio. OCHOBHE
Miciie ii PO3YMHEHHS — JHO ¥ 3BIATH MiJ JI€I0 TEPEMINTyIOUUX IOTOKIB CLIb
MOTpAaIuisie y 1HIII IIapu 3a BUCOTOI KoBiry. Ciijl BIAMITUTH, IO YUM OLIbIIE
PO3UMHSIETHCS CUTb Y BOJ1, TUM BHILE €JIEKTPONPOBIAHICT PO3YUHY. 3 PUCYHKIB
MO>XHa 3pOOMTH BHCHOBOK, IO 32 PIBHEM 3MIHU €JIEKTPONPOBIIHOCTI PO3UMHY
HaWOUIBIII 3MIHM 32 Yac NPOJAYBKHM BiIOYBalOThCS B CEpeAMHI W Ommkye 110
BEPXHBbOI YaCTUHU 00’eMy KoBIIa Ha piBHI nepetuHiB «B B» - «D D» ta i no
JaTYMKIB, 110 PO3MIIIEHI HA TOBEPXHI 3 JOCATHEHHSAM ITOKa3HUKIB MPUPOCTY
enexTponpoBigHocTI po3uuny 120 — 160 mxCwm. Ile y 2 — 3 pas3u Ounblie HOK Ha
HUKHBOMY MepeTHHl 00’eMy KOBIIa «A A» Ta Ha piBHI JHUIIA. Y 30HI JHUIIA
KOBIIIA Ta HWKHBOMY PIBHI 3MIHa €JIEKTPONPOBITHOCTI 3a Yac MPOIYBKUA 3HAUHO
HIKYa, 3 BEJIMUMHOKO Moka3HUKIB Ha piBHI 40 — 80 MkCwMm. Lle cBimuuTh mpo pi3HY
IHTEHCUBHICTh TOTOKIB, SIKI (POPMYIOTBCS Ta PO3MOBCIOJKYIOTHCSA HA PIBHAX:
TOOTO B CEpelMHI KOBIIA CTBOPIOIOTHCA AKTUBHINII HUPKYJISIINHI TOTOKH, SKI
aKTUBHO NEPEPO3MOAISIOTh CUIb, 10 PO3YMHAETHCA. Lle MposBIsSIETHCS Y BUCOKHUX
PIBHSAX 3MIHM MOKa3HMKA €JIEKTPONPOBIAHOCTI. B TOHIN YacTHHI MOTOKU HE JyKe
CWIbHI, 00 TpojayBKa BiIOyBaeTbcs y OyibOalIKOBOMY pexuMi 0€3 CTBOPEHHS
3HAYHUX TYpOYJIEHTHHX TMOTOKIB, Y€pe3 OJIUH MOPUCTUH OJIOK i yTBOpPEHMI Ipu
bOMY MOTIK HE MOK€ 3HAYHO BIUIMBATH HA 3MIHY KOHIEHTpAIlil COJl Y 3a3HaUeH1!
OUISHIII BaHHU KoBIIa. IliaTBep/keHHsSM 1bOoMY € (OTo, 3poOJeHl Micasd
MPOJYBKHU, HA SIKUX MPU HEBEJIMKUX BUTPATAX MPOJYBHOIO rasy (Ha MpUKIIAJIl pUC.
4.11 mpn mpoaysui 3 Butpatoo 0,171 M’/T'TOX) BHAHO 3THIIKH COJIi, IO
pO3MIIIeH] Ha MOBEPXHI, BiAJajeHI Bl MPOJYBHOTO OJIOKY ONMKY€ O CTIHKU
Mozeni. Tomy 3MiHA €JIEKTPONMPOBIMHOCTI Ha I[bOMY pIBHI JOCHUTh HU3bKa. Ha
HIKHBOMY pIBHI KiBIly «A A» 3a d4ac TpoOAyBKM HalOUIblIa 3MiHA
€JIEKTPOINPOBIIHOCTI B1IOYBAETHCS MPU BUTpaTax MpoaAyBHOro rasy oOuibiie 0,684
M>/TTOJ 3 KPAIMMH Pe3yIbTaTaMHU TIPH BUCOKUX BHTpATax Ha piBHi 1,368 M>/T'Tox
(SIK1 BIPOT1IHO MOXYTh CTBOPIOBATH 3BOPOTHI TYypOYJIEHTHI MOTOKU 3a PaxXyHOK

pyxy Oynb0aIok, Mo yTBOPIOIOTh 3aralbHUM MOTIK).
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1 — mpoayBHUI OJIOK; 2 — 3QJIMIIIKU COJI1
Pucynok 4.11 - ®oro nHMIIa MOJENl MICAS MPOIYBKH 3 BUTPATOI Ta3y

0,171 M3/TTO,I[

JlonatkoBo Oyiu TpoaHalli3oBaHi Bifeo, 3poOJeHI MiJ 4Yac MPOIYBKH 3
PI3HUMU BUTpATaMHM, PE3YJbTAaTU AKUX HaBeIeHO Ha Goto pucyHku 4.12 - 4.16 Ta
y Tabmuii 4.2 (poto cremianbHO 3aTeMHEHI, 00 BUALUIATH Ta YITKIIIE MOKA3aTH

pyX OyJIBOAIIKOBOTO MOTOKY).

Pucynok 4.12 - ®doto mnpoayBKu Kpi3b JOHHHH OJOK MNpHU BUTPATI

npoxysHoro rasy 0,171 m*/rrox [128, 129]



Pucynok 4.13 - ®oTo mpoayBKu Kpi3h JOHHUN OJOK MPU BUTPATI MPOIYBHOTO

rasy 0,342 m*/1-rox [128, 129]

Pucynok 4.14 - ®oto npoayBKH Kpi3b JOHHHUI OJ0K MPU BUTPATI MPOTYBHOTO

rasy 0,684 m*/1rox [128, 129]

PucyHnok 4.15 - ®oTo npoyBKHU Kpi3h JOHHUHN OJIOK MpHU BUTPATI IPOYBHOTO
rasy 1,026 m*/1-rox [128, 129]



Pucynok 4.16 - ®oto npoayBku Kpi3b JOHHUM OJIOK IPU BUTPATI IPOTYBHOTO
rasy 1,368 m’/rrox [128, 129]

Tabmums 4.2 — OuiHeHl 3a BiIeO CIOCTEPEKEHHSIM YaCTKW BaHHH, IO
CKJIaJla€ JIOKaJi30BaHUM MOTIK 3 OynbOamok (06e3 ypaxyBaHHS OKPEMOTo PyXy

pO3pI3HEHUX OYyIb0aIIOK y BEpXHIN YaCTHHI BAHHU) TIPH PI3HUX BUTpPATAX razy

No 3 YacTuHa BaHHH, 1110 € IOTOKOM OYJIbOAIIOK
BuTtpara razy, m’/1-roa

3.10. (% Bixg 3aranbHOrO 00’ €My)™

1 0,171 4

2 0,342 5,9

3 0,684 8,8

4 1,026 13,4

5 1,368 4,6

* BU3HAYCHO 3a JIOTIOMOTOF0 IIporpaMuoro makety Coreldraw

BCTaHOBJICHO, IO MPH HEBEIHKii BuTpati rasy 0,171 m’/Tron mpogyBka
Mae OyJapOaIIKOBHI XapaKTep: CTOBN Oylnb0Oamiok MiIiMiMaeTbCcs PIBHOMIPHO
JIOTOpH 0€3 BI3yaJIbHOTO PO30CEPEIHKEHHS U 3JIUTTS y CTpyMiHb. [Ipu npoayBanHi
3 BUTpatoo razy 0,342 M’/Trox OyIbOaIIKy OYHHAIOTh 3IMBATHCS Y TOTIK, SKHil
Ha0yBa€e BUTJISAY CIipall 3 0O0epTalbHUM XapaKTEPOM KOJWBaHb. 30UTbIICHHS

3 .o

BUTpPATU MPOJyBHOTro ra3y ao 0,684 M /T-rox 1 OuIble 3 OJAHOrO OOKY 3MYIIYeE
chopmoBaHi OynbOaIkyu Ha MoYatKy (y MiCIi BUXOIY 3 MPOAYBHOTO OJIOKY) BCE

OUIBIIIE 3JIMBATUCS Y MIITHUN CIIpaIbHUM MOTIK, a 3 IHIIOTO - Y BEPXHIN YacTHHI
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TaKUM MOTIK Haye «PO3MOTYETHCA» YU PO3PUBAETHCS 1 3’ SIBISETHCS 30HA OKPEMUX
yacTuX OynbOalok, 10 BITAOTh y JOCUTH BEJIMKOMY 00cCs31 (TOOTO iX pyx He
MOCTYMOBUN JIOTOPH, @ BOHU HAOUPalOTh KyTOBOI'O MPUCKOPEHHS Bl CTPYMEHS 1
pYXaroThbCsl B3JJOBXK MOBEPXHI 13 KOJMBAJIBHUM XapaKTEPOM PyXy JOCUTbH JOBTO,
JOTIOKM CIUIMBYTH). HalOuiblma KUIBKICTh TakuxX OynbOaliok BiAMIYEHA MpHU
npoxyBaHHi BHTpaToro 0,684 M’/TTOI - BOHH Bi3yalbHO OXOILTIOIOTH 1/3 06’eMy
BaHHU Yy BEpXHIA YACTHHI MiJ Yac CBOro pyxy (He ogHodacHo). [Ipu 30u1bIeHH]
BUTpaTH ra3y KUIbKICTh BUIBHUX OyNbOalIOK 3MEHIIYEThCS BI3yaJbHO 1 YaCTHHA
BaHHU, sIKa HUMHU OXOIUTIOETHCS MiJ Yac iX pyXy 3MEHIIYeThcs 10 1/4 mpu BUTpaTi
1,026 M /rron ta 1/10 npu 1,368 M /Tron. Takox Ciin BI/I3HAYUTH, IO MPH
Butpati 1,026 M’/T°Toj CTpyMiHb Mil Yac KONHMBAHb YacOM BiIpHBAETBHCS, TOOTO
PEXUM MPOAYBKH YaCOM CTA€ MYJIbCYIOUUM.

MoxHa 3poOWTH BHUCHOBOK, IO MpU MNpoAyBaHHI 3 BUTpaToro 0,684-
1,026M3/TTOI[ CIIOCTEPITa€ThCA HAUOUIBIINKM MOTIK 3 Oynb0OaIIok, siKi JO TOTO X
MaloTh HE TUIbKU MPAMOJIHIMHUNA PIBHOMIPHUN pyX, ajie i Ha AEsKid BUCOTI BIJ
MpPOaYyBHOrO OJIOKY HaOyBalOTh IMIYJBCHUN pPyX 3 KYTOBOIO HIBHUIKICTIO, IO
CIIpUYMHSIE TIEPEeMINTyBaHHs B 00’€Mi BaHHU JO TOTO, SIK OyJIBOAIIKU JOCATHYTH
noBepxHi. [Ipyu nupomy ciaif BIAMITUTH, IO BIAMOBILAHO A0 Bi3yaJbHOTO aHAI3y Ta
BUMIpY €JIEKTPOIPOBIAHOCT] MIABUILIECHHS BUTPATH MPOAYBHOI'O Tra3y CIOYATKY
MOKpalrye mpoiiec rnepemMimryBanus a0 sutpat 1,026 M/TTOgI, a MIPU MEPEBUIICHH1
BuTpatd — 1,368 M’/T'TOX BKe BiIOYBAaeThCS 3HIKCHHS IOrO MOKA3HMKA, IIO,
MalyTh MOSICHIOETHCS SIK 3HAYHUMU CUJIaMU, K1 TPUMAIOTh OyIb0aliKu 0 Kynu y
MOTOLI MPHU TaKiil BUTpaTi ¥ HE JO3BOJISIIOTH PO3IPBATUCH HA TOPl CTPYMEHIO ISt
YUHEHHS TNepeMillyBaHHS, TakK 1 CHJII, II0 CHOpsIMOBaHa BHU3 # CTpUMYE
PO3MOBCIOJIKEHHSI OUTBII LIUIBHUX MOTOKIB PO3YMHY COJI, sika (OpMYeThbCs Mpu
TakuX BHTpaTax rasy. Ilpum Butpari 0,684 - 1,026 ™’/Trom Gymbbauiku
OpraHi3yloTb MOTIK, MPOTE Ha JesAKiil BHCOTI MPH 3pOCTaHHI iX 00’eMy Ta
3MEHILEHHI TiIpOCTATUYHOTO THUCKY 1€l TOTIK pO3PUBAETHCA Ha OKpeMi

OynbOaIku, Ipo M0 KaXyTh aHaJ13 Bifeo Ta (OTO BUIIIE.
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Lle Takox MiATBEPIKY€ETbCA rpadikamMu 3MIHU PIBHS €JIEKTPOIPOBIIHOCTI B

KIHI[I TPOJIYBKH 3a BIAMIOBIIHUMU AaTurkamu (puc. 4.17-4.21).
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Pucynox 4.17 - PiBeHb eJeKTpONPOBITHOCTI B KIHI[I MPOAYBKH 3a BCIMA
ATYMKAMH TIPH BUTPATi mpoayBHoro rasy 0,171 m>/rrox [129]
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Pucynok 4.18 - PiBeHb €JIEKTpOMpPOBIAHOCTI B KiHIII MPOAYBKH 3a BCIMA

ATYMKAMU TIPH BUTPATi mpoayBHoro razy 0,342 m°/rrox. [129]
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Pucynox 4.19 - PiBeHb €JIeKTpOIIPOBIIHOCTI B KIHI[I TPOYBKH 3a BCIMa

ATYMKAMU TIPH BUTPATi mpoayBHoro razy 0,684 m>/r-rox. [129]

0,0016
0,0014

0,0012

0,001
0,0008
0,0006
0,0004
0,0002

12345678 9]01112131415161718192021222324

ATYUKHU

EnexTponpoBIIHICTh PO3YMHY B KiHIII
npoayBku, Cm
o

Pucynok 4.20 - PiBeHb €JIEKTpONPOBIIHOCTI B KIHI[I TPOYBKH 32 BCiMa

ATYMKAMH TIPH BUTPATi mpoayBHOro rasy 1,026 m°>/rrox [129]
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Pucynox 4.21 - PiBeHb eleKTpONPOBITHOCTI B KIHI[I MPOAYBKH 3a BCIMA

ATYMKAMH TIPH BUTPATi mpoayBHOro rasy 1,368 m>/rrox [129]

BuiHo, 10 Tpu BUTpaTax Buine 0,684 M>/T'TO] I0CATaeThes Kpallle piBHOMIpHE
PO3MOBCIOJIKEHHSI MOJIETTbHOT MPUCATKKU — COJl (HaWBUILI TOKA3HUKW TIPU BUTPATI
1,368 m’/rron). Tlpu HeBeTMKMX BHTpaTax mpomyBHoro rasy — 0,171 m’/rrox -
CIIOCTEPITa€eThCsl HaOUIbIIIa HEOHOPIHICTh TOKA3HUKIB IATUYUKIB 3 HAMHUKIUM
iX piBHEM.

[{ikaBuM € aHadi3 3MIHM OTPMMAHMX JaHMX Yy Yacl 3a JaTdydKamu, U0
po3TamioBaHi O0JU3bKO 10 GypMH Ta HaBIAKUM — HA MPOTUJICKHINA CTOPOHI KOBIILY
(puc. 4.22 — 4.31). 3a HaBeleHUMH PUCYHKaMU MO>KHA 3pOOUTH BUCHOBOK, 1110 Ha
JaT4uKax Oulsl MPOAYBHOI (ypMH AKTHBHIIIE 3MIHIOIOTHCS TOKA3HUKU BXKE 3
MoYaTky npoayBku. OcoOIUBO PI3HUIIO BUIHO MpU OUTBIIMX PIBHAX BUTPATH
npoayBHoro rasy. lle cBigUMTH MpO aKTUBHE MEpeMIlyBaHHS Mac B 00JaCTi
bypMH, a KOJIMBaHHSA MOKa3HUKIB CBIAYUTH MPO T€, 110 MYXUPII ra3y NOTParIsiioTh
Ha JaTYMKH, 3HUKYIOUHM €JEeKTPONPOBIIHICTh KOPOTKOYACHUMH IMITYJIbCAMM, SIKI

(bopMyIOThCS B HUX.
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Pucynok 4.22 - 3MmiHa eJIeKTpONpOBIAHOCTI 32 Yac MPOAYBKH 3a JaTYUKaMHU,
[0 PO3TAILIOBAH] GIM3bKO 0 MPOLYBHOI (ypMu mpH BuTparti rasy 0,171 m’/1rox
(n1 — 121 — HOMEPH TATUUKIB, K1 AHATI3YIOTHCS )
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Pucynok 4.23 - 3MmiHa eJIeKTPONPOBIAHOCTI 32 Yac MPOAYBKH 3a JaTYUKaMHU,
[0 PO3TALIOBAHI HABIPOTH HPOXYBHOI (ypmu mpu Butpati rasy 0,171 m’/Trox

(13 — 123 — HOMEPH TATUUKIB, K1 aHATI3YIOTHCS )
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Pucynok 4.24 - 3MmiHa eeKTpONpOBIAHOCTI 3a Yac MPOAYBKH 3a JaTYUKaMHU,
: . : 3
10 PO3TaIloBaHi OJU3BKO 70 MPOayBHOI pypmu nipu Butpati razy 0,342 m°/Tron

(n1 — 121 — HOMEpPH TATUUKIB, K1 AHATI3YIOTHCS)
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Pucynok 4.25 - 3MmiHa eJeKTpONpOBIAHOCTI 3a Yac MPOAYBKH 3a JaTYUKaMHU,
[0 PO3TALIOBAHI HABIPOTH MPOAYBHOI (ypMu mpH BUTpati rasy 0,342 M>/T-Tox

(13 — 123 — HOMEPH TATUUKIB, K1 aHATI3YIOTHCS )
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HaiiGinbiie KoJMBaHHS TOKAa3HUKIB  BIIPOJOBX MPOJYBKH 3apPEECTPOBAHO
JaTYUKaMU HUDKHBOTO PIBHA «A_A» TMpW BUTpaTax MpPOAYBHOIO Trazy [0
1,026 °*/rrox - 1,368 M /rron. IIpu 1pOMY ILie XapaKTepHO SK IS JATUHKIB, IO
po3MilIeH1 OuTs MPOaAYyBHOT GypMH, Tak 1 sl MPOTUIIEKHO pO3MillleHUX (ToOTO Ha
BiJaieHH1 B Qpypmu) gaTdyukiB. ToOTO 1€ CBITYUTH MPO HAsIBHICTH MYXUPIIIB,
Kl HE TUIbKM MiIIMMAalOTbCAd Bropy mia i€ cuia ApxiMena ¥ MOXYTb
(dbopMyBaTU CTpyMiHb, ajie 1 BOHU CIPUUYUHSIOTH XBWJIHOBI IMITYJIbCH BCiil BaHHI
MiJ 4ac KOJMBaHb TAKOTO MOTOKY ¥ PO3MOBCIOKYIOTHCS TAKOX MO HHKHBOMY
piBHIO. «XBWJIENOI0HA» 3MiHA 3apEeECTPOBAHUX JAHMX HAUOUIbLIE BIANOBIIAE
MOYaTKy NPOAYBKH W MPOJOBXKYETHCA 1O CEPEAHHH MPOJYBKH y 3B S3KY 3
BEJIMKOIO PI3HUIICIO YUCTOT BOJAM Ta HACMUEHHUX CULTIO OTOKIB. [Tpu BuTpari 1,368
M°/T'TOJl BiI3HAYAETHCS HAMOLIbIIE KOMMBAHHS BAHHH MPOTATOM BCi€i MPOIYBKH i
HE TUIbKM Ha HIKHBbOMY pIBHI, ajie i Ha moBepxHi BaHHM. lle miaTBepmxye
BCTaHOBJICHE 3a JIOIIOMOT'OI0 aHaJli3y BIJCO3aIMCIB aKTUBHE KOJMBAHHS IOTOKY 13
NepIOIMYHUMHU  TyJIbCallisIMU  (BIApUBAMU TIOTOKY YHM PO3PSDKEHHSIMHU Ta
3TyIIEHHAMH). SIKI0 Ha MOBEpXHI Oye pO3TalllOBaHU MIap IUIAKY, TAKHH PEKUM
MPOYBKU Oy/ie BUKIIMKATU OTOJICHHS MeTaly. MeHIe KOJIMBaHHS OBEPXHI BAHHU
crocTepirazoch mpu TpoayBanHi 3 BuTpatoo 0,684 M’/Trox - 1,026 M/TTon 3
KOPOTKMM ITOYaTKOBMUM €TalioM KOJIMBaHb Ha HIWKHBOMY PIiBHI 0OCOOJIMBO 3a
JaT4UKaMu, IO pO3TalloBaHI HABOPOTH (GypmMu. ToOTO Takuii BapiaHT OUIBII
npuBabJIUBUIL 3 TOYKM 30pYy IMOBEIIHKM BaHHH, SIKa MOKE 3YMHUTHU OTOJIEHHS
MOBEPXHI METay, 110 KOPEIIOEThCS 3 TaHHUMU poOoTH [130] 11 yMOB IPOTyBKH
MeTajly y KOBIII Yepe3 BEPXHIO MOTPYXHY Qypmy.

Takox cnif BIA3HAYMTH TaKUW MOMEHT, $K 4Yac JOCSATHEHHS CHCTEMOIO
CTaHy, MpH SIKOMY KOHIUEHTpAIlisl PO3YUHEHOI COJI1 3MIHIOETHCS TPU MOJATBIIOMY
nepeMilllyBaHH1 MOBUIbHO, TOOTO 3a TpadikaMu CIOCTEPIraeTbcs Maixe
JiHiami3aIisg MOKa3HUKIB 3a JESKWM Yac 0 KIHIS MpOaYyBKW. BinmoBinHI JaHHI
Bi1oOpaxxeHo B Tabnuui 4.3. OTpuMaHi JaHHI CBIIYaTh MPO Te, 10 HAWIIBUIIIE
cuctemMa HaOyBae YMOBHO «HACHUYEHOTO» CTaHYy NpHU BUTPaATI MNPOAYBHOTO razy

1,026 M3/TTOI[. [Tpu OuTeLIIF BUTPATI MOTPIOHO JUIA JOCITHEHHS IILOTO CTAHY BiKE
p Tp Tp y
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Jeno OUThIIMKM Yac, 110, BIPOTITHO, IIOB’S3aHOI0 3 Jy’)K€ 1HTEHCHUBHUM
(dhopMyBaHHSIM MOTOKY Oyibp0OAIIoOK rasy, sKi IIBUIIIE JIMIIAIOTh 00’ €M BaHHU HIXK

IIPY MEHIIM BUTPATi, HE CTBOPIOIOYHU HAJIEKHOTO MEPEMIITyBaHHS.

Tabmuus 4.3 - Yac nocsirHeHHS (QYHKINEIO 3MIHM €JIEKTPONPOBIIHOCTI
PO3UMHY, IO PEECTPYIOTHCS PI3HUMH JAaTYUKAMU, CTAIOr0 BUTIISAY BIAMOBIIHO J10

PIBHSI BUTPATH MPOIYyBHOTO Ta3zy [129]

Butpara rasy, % Yac, cek
0,171 m’/Trox 550
0,342 M°/TTOx 426
0,684 M’/T'TOxI 345
1,026 m°/1rox 250
1,368 m*/1°TON 300

BucHoBku 3a po3aisiom 4

[IpoBeneHi nOCHiKEHHS HA HATYpPHIM XOJOAHINA MOJIENl CTallepO3JIMBHOTO
KOBIIIA 100 BIUIMBY PEXHMIB MPOAYBKM BaHHU CTaJIEPO3JIMBHOTO KOBIIA Ha
0COOJIMBOCT1 TOMOT€HI3allli BAHHHM 32 PaXyHOK PO3UYMHEHHS «Ba)XXKUX» IMPHUCATOK
pPEUYOBHH MpHU MPOJIYBaHHI Kpi3b NOHHY (GypMy 3a OynbOalIKOBUM pPEXKUMOM
MOKa3aJii HACTYyIHE:

- Tia Yac MpOJAYBKH Kpi3b OJOK 3 HEHAINPaBJIEHOIO MOPHUCTICTIO (POPMYETHCS
MOTIK OynhOaIok, SKUM HE TUIBKM MIAIAMAEThCS Bropy i TI€H0 CHI
Apximena, aje W CTBOPIOE JOJATKOBHM pyX CepeloBUIIA B MPUIETIUX 0
MOTOKY OyNbOAIIOK IIapax BaHHU;

- ma 4Yac TpoayBKM |y OyibOalKOBOMY pexuMi HaiOuipma 3MiHa
KOHIIEHTpaIlli 3a Yyac NMPOaYBKH B1IOYBa€ThCA B CEpeAMHHOMY 00’ €M1 BaHHU

KOBIIIA;
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- Halikpamii yMOBM TIEpEMIlllyBaHHS BaHHUM Ta HAWKOpPOTIIMH dYac ii
rOMOreHi3alli CTBOPIOIOTHCA NpU NPOJYyBaHHI 3 IHTEHCHUBHICTIO MOyl
npoayBHOro rasy 0,684-1,026 M>/1-cTanmi rox;

- HaWKkpaiml yMOBHU IIOJI0 KOJIMBAaHHA PIAKOI BaHHM, $SKI HE TOBHHHI
YTBOPIOBATH JIUISHKH OTOJEHOTO METaly MiJl 4ac MPOJYBKH CTBOPIOIOTHCS
TpH iHTEHCHBHOCTI BBEICHHS TIPOIyBHOro razy 0,684-1,026 m’/T crami-Tox;

- 32 BIABEJCHUHN MpU MPOBEJAEHHI JOCIXKEHb Yac MPOAYBKH 3aIllIaHOBAHY
KOHIIEHTpaIlito po3unHy 1% Oyli0 AOCATHYTO MPU IHTEHCUBHOCTI BBEACHHS
y BamHy rasy 1,026 -1,368 w™’/r-crami rom, INpH OUIBLI IIBHAKOMY
JOCSITHEHHI «TOMOTE€HHOTO» CTaHy PIJKOi BaHHU MPU IHTEHCUBHOCTI o1yl
razy 1,026 M/T CTal Toxl.

ToOTo pekomeHpaii€ro Ajig MPOAYBAHHS BaHHU Yy CTaJepO3JIMBHOMY KOBIII
Kp13b JIOHHUN OJIOK 3 HEHAMPABIIEHOIO MOPUCTICTIO Y OYJIbOAIIKOBOMY PEXUMI JJIs
JOCSITHEHHS IIBUJIKOTO TOMOTEHHOT'O CTaHY MPU T0JAaBaHH1 «BaXKUX» MPUCATOK €
MPOIYBKa 3 {HTGHCHBHICTIO BBEJICHHS Ta3y Ha piBHi 0,36 M/T cramirrox (Ipu
nepepaxyBaHHl Ha pealbHUIl MPOMUCIOBHM 00’€KT — CTaJepO3JIMBHUM KiBII
emHicTiO 250T1). KpimM TOro BiIMOBIAHO 0 JaHUX HaBeleHUX y poboTax [131, 132]
IIPU 3a3HAYEHUX BUTpATAX CIIOCTEPIraeThCsl 30UIBIICHHS 30HU KOHTAKTY METajIeBO1i

BaHHU Ha PiBHI 3-5%, 110 € NPUAHATHUM ISl TIPOMHUCIOBUX YMOB.
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Pozain 5. BUCOKOTEMIIEPATYPHE JOCJIKEHHSA MOXKJ/INBOCTI

OKHMUCJIEHHSA BYIVIEOIO IIPU JOHHOMY BYJIbBBAIIKOBOMY
IHPOAYBAHHI 3AJII3OBYIVIEHEBOT'O PO3IUVIABY CYMIIIHIIIO
KHUCEHbB - IHEPTHUM T'A3

3 METOIO0 OILIIHKKA MO>KJIMBOCTI OKHCJIEHHS BYTJCII0 MPH HOT0 HEBEIUKIM
KUIBKOCT1 y PO3IUIaBl 32 YMOB JIOHHOTO MPOAYBaHHS CYMIIIIIIO Ta3iB, 10 MICTUTh
KHCEHb, y OynbOalKOBOMY pexumi Oylo TPOBEIEHO BUCOKOTEMIIEpATypHE
¢bi3uune nocnipkeHHs. OcHoBoro Mmojeni Oyma 1 kr iHaykuiHa mid. JloHHY
Oynp0aIKoBy TPOAYBKY 3MOJETIOBAIA IUIAXOM BHUKOPUCTAHHA aTyHIOBOT
TpyOKH, fKa BIATBOPIOBaja OJAMHMYHUN KaHaAI MOPHUCTOrO JIOHHOTO OJIOKY (puc.

5.1).

5.1 MeToauka npoBeiecHHSI BUCOKOTEMIIEPATYPHOI0 A0CJII/IKEHH S

VY anyngoBomy Turiai 6yno posmiasieHo 500 r metaneBoi muxtu (Ct 3) 3
BmicTtoMm Byriero 0,3% wmac.. [IpoayBky 311HCHIOBAIM KPi3h adyHAOBY TPYOKY 3
J1aMeTpOM OTBOPY 2 MM, SIKY IO PacIUIaBICHHIO METaJIEBOi BAHHU OyJIO 3aHYPEHO
Kpi3b OTBIP y KPHIIILI MOJIENI 10 caMoro nHa Turio. [IpoayBHuii ra3 ckiagascs i3
CyMIiIIIl KHCHIO Ta a30Ty y KUTIbKOCTI 10%x95%, 30%x70%, 50%x50% BiAMOBIIHO.
[lepen momayero y piiKy BaHHY Ta3u 3MINIYBAIKCS Y CIEIiaidbHIA 3MINTyBaIbHIN
kamepi. Kamepa st 3MmilryBaHHSI TEXHOJOTIYHUX rasiB Oyna po3poOiieHa Ha
OCHOB1 TMOMNEPEIHbO TMPOBEAECHUX JA0OPATOPHUX MOCIIKEHb 3 YpaXyBaHHAM
3a0€e3MeUeHHs] MOBHOTO 3MIIIYBAaHHS JIBOX Ta30BUX MOTOKIB 13 PO3TAlllyBaHHSIM
KaHaJlIB BBEJICHHA ra3iB y KaMmepy IiJ KyTOM J0 BEPTHKaJIbHOI Bici B Mexax 25-
40°. Kamepa — 3MilyBad BUKOHaHHH y GopMi mutiHapa. THCK ra3iB Miciist BUXOIY
3 KOXXHOro 3 OaJloHIB KOHTPOJIOBAJIM 3a JOMOMOrO0 MaHOMETPIB, a BHUTpaTa

ra3oBoi CyMilli KOHTpoJIIoBajacs 3a jomoMoror Butpatomipa PM-0,063I" i

cknanana 0,075 n/rox. Yac npoayBku ckiiaiaB 4 XBUIIUHH.
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BOJa Ha
OXOJIOAKCHHA

1-  ipaykmifHa miv, 2 — MTaTUB, 3 — aJIyHIOBUN TUTENb, 4 — TepMmomapa, 5 —
KepaMmivyHa npoayBHa ¢hypMma, 6 — 3milTyBau NpoAyBHUX Ta3iB, 7 — BUTpAaTOMip, 8 —
MaHOMETp, 9 — OynpOaIIKu razy

Pucynok 5.1 - ®oro Ta QyHKIIOHATIBHA CXeMa BHCOKOTEMIIEPATYPHOI

MoJiei

TemmepaTypy po3IuiaBy KOHTPOJIOBAIW TEPMOIAporo, sika Oyia po3TaloBaHa 3a

TUTJIEM (32 IOMTOMOTOI0 BCTAHOBJICHOTO 3a3/aJIeTiib KOS(DIIIEHTY TEPepaxyHKy) Ta
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nepej;; MPOAYBKOIO TMOTPYKHOIO TepMoraporo. [IpoTarom mnpoayBOK 3 pi3HUM
CIIBBIJHOIIEHHSM Ta3iB KOXHY XBWIHMHY BiIOUpaiu mpoOou MmeTany i

IMPOBCACHHS IMOAAJIbIIOTO XIMIYHOTO aHaﬂi3y CIICKTPAJIbHUM MCTOIOM.

5.2 JlocaimkeHHs1 Ha XOJIOAHIM (QI3MYHIA Moaesal 3a4Js1 BU3HAYCHHS

AYTTHOBHUX MapaMeTPiB BUCOKOTEMIIEPATYPHOI0 MO/eJTI0BAHHSA

[lonepenHbO TNPOBEACHHIO BUCOKOTEMIEPATYPHOTO MOJEIIOBAHHA OYJ0
JOCHIPKEHO T1APOJAMHAMIYHI OCOOJMBOCTI MOJENBHOIO BapiaHTy MPOIYBKH (3
IMITaIlI€E}0 OJTHOTO MPOAYBHOTO JOHHOT'O KaHajy, II0 CTBOPEHUM IMOTPYKHOIO 0

JTHA OJTHO COILIOBOIO KepaMidHOI0 pypMoro) (puc. 5.2).

Q 6

]|

1
E 7

I e
1 — mpo3opa eMHICTh, 2 — BOJIa, 3 — KepaMiuHa OJHO COIUIOBA MpoAyBHa ¢ypma, 4
— KOMIIpecop, 5 — MaHOMeTp, 6 — BUTpaTomip, 7 — OyiapOaIIku npolyBHOTO a3y, 8
— IITaTUB, 9 - BileoKaMepa

Pucynok 5.2 - ®yHKIIIOHAIbHA CXe€Ma XOJIOJHOTO (hi3UYHOTO MOJICIIFOBAHHS

MPOYBKH B IHAYKIIAHIN TIedi

JlocmiPKeHHsT TIPOBEACHO Ha XOJOAHIN MOJEN 3 BUKOPUCTAHHSAM Y SKOCTI THUTITIO
MPO30pOi CKJISHOI €EMHOCTI, Y SIKOCT1 PIAKOTro pO3IJIaBy - BOJH, Ky MPOIyBajiu

HOBiTpHM 3 BCTAHOBJICHOIO IJIs1 BUCOKOTCMIICPATYPHOI'O MOJCIIFOBAHHA BUTPATOIO:
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0,025 n/rox; 0,05 n/rom; 0,075 n/rom ta 0,1 n/rox. IlpoxyBHuit npuctpiit

3aHyplOBajdu JO caMoro JmHa eMmHocTi. IIpomec mnpoayBku (QikcyBadu Ha
Billeokamepy © mpoaHanizyBanu. Ha pwuc. 5.3 HaBemeHo xapaktepHi (orto

MPOTYBKHU.

Pucynok 5.3 - XapaktepHi (poTo X0J01HOI MPOYBKH 3a MOJIECIBHUX YMOB

Ipu npoayBaHHi 3 BUutparor: A — 0,025 n/rox; b - 0,05 n/rox; B - 0,075 n/rox Ta
I'- 0,1 n/ron.

BceraHoBneHo Bi3yallbHO, 1110 32 MOJEJIBHUX YMOB KpallOMy BapiaHTy MPOAYBKH
BiMOBiMae BuTpata mpoayBHoro razy 0,075 n/rom 3a o0’eMOM BaHHH, IO
OXOIUJIEHO T'a30BOI0 CKJIAJ0BOIO M, BIIMOBIAHO, MOXKE OyTH 3aJydeHa J0 peakiiii.
Jns miaTBEpIKEHHSI BI3yaJIbHOTO BHCHOBKY OYyJIO TMPOBEICHO PO3pPaXyHKH 3a
HassBHUM BIJICOPSAOM JIIACHOTO 00’ €My rasy, sskuil GOpMyeThCS TP MPOAYBaHHI 3
pI3HUMHU BUTpaTaMu 3a (HOpMYJIO (3HAIOYH, BIAMOBIAHO, peajbHI reOMETPUYHI
napaMeTpu MOJEIbHOT €MHOCTI - 50107 ™ g nepepaxyHKy BUMIPSHUX

JTHIMHUX PO3MIPIB):

b
V= J'S(x)dx, .
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e a 1 b pakTHYHO KOOpIMHATH BUCOTH 00 €KTa, SIKMH (POPMYEThCS MPOAYBHUM
ra3oM y piimHi; S — IUIoIIa NepeTHHIB BOTO Tia, 110 3MIHIOETHCS B 3aJIEAKHOCTI
B1Jl 3MIHM KOOPJIMHATH Bij a 70 b, M.

@dakTUYHO  OTPpUMAHUW  BIAEOPSA]  MPOAHANI30BAaHUM 3  BUKOPUCTAHHSIM
nporpamHoro  3abesnedyenHs  Coreldraw. BinmoBimHo 10  po3paxyHKIB
BCTaHOBJICHO, 110 3a BuTpatu 0,025 n/rox 006’eM ra3oBoi MOPOKHUHU CKJIAIa€e
3,7-10'6M3; 3a Butpatu 0,05 n/rog — 5,06-10'6M3; 3a  Butparu 0,075 n/rom -
5,06-10°m° Ta 32 Butpartu 0,1 n/rox — 3,4+ 10°M° . To6T0 HalGLIBNT palioHaJIbHOIO

BUTPATOIO JIJIS IaHUX YMOB € BUTpaTa npoayBHoro razy 0,075 n/rox.

5.3 Pe3yJbTraTtH BHCOKOTEMIIEPATYPHOIO JOCJIIKEHHS OCOOJIHBOCTEMH
B3a€MO/II 32J1i30BYyIJIeeBOr0 PO3IVIABY i3 CyMIlIII0 KHCEHb — HEMTPAJIbLHUM

ra3s

BiamosigHo hi (o) Bi13yaJIbHOTO CIIOCTEPEKEHHS 3a X0JIOM
BHUCOKOTEMIIEPATYpHOTO MOJICTIOBAHHS TPOJYBKM MOXKHA CKazaTH, IO YUM
OubllIa YacTKa KHUCHIO Oylia y CyMillll MPOAYBHHMX ra3iB, TUM BHUIIE W YITKIIIE
MOJIyM sl CIIOCTEPIraiocs 3 TEXHOJIOTTYHOIO OTBOPY KpHIIKK Mojeini. KpiM Toro
Py BUCOKOMY BMICTY KHMCHIO y TPOAYBHIN CyMilIl 3a 4ac MPOJYBKH MPOTyBHUN
MNPUCTPIA CHJIBHO PO3IrpiBCS Ta IMOYaB IUIABUTUCS, YOTO HE BiAOyBajocs MpuU
BMicTi KHCHIO Ha piBHI 30% ¥ HmKYe 3a PaxXyHOK OXOJOJ/KYIOUOTo e(eKTy
HEUTPaJIBLHOIO razy y CyMIIIl.

XIMIYHUN aHalli3 pe3yibTaTiB MPOAYBOK IOKa3aB, L0 MPH BUKOPUCTAHHI
CyMillll ra3iB, sKa MICTUTh KHUCEHb, BIIOYBA€ThCSA 3HUKEHHS BMICTY BYTJEIIO B
po3iasi. [Ipu oMy MmoBeAIHKA IHIITUX KOMIIOHEHTIB 3aJICKUTh BiJl BMICTY KUCHIO
y mnpoxyBHii cymimi. Ha puc. 5.4 — 5.6 HaBenmeHi JiarpamMu 3MIHM BMICTY
KOMIIOHEHTIB y pO3IUIaBl 3a 4ac MNPOAYBKM NIpPH PI3HUX YaCTKaX KHUCHIO Yy

npoayBHOMY rasi [129, 133, 134].
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Komnonentu posmnaBy
Pucynok 5.4 - 3MiHa KOHUEHTpAIlli KOMIIOHEHTIB PO3IUIABY 3a Yac MNPOIYBKU
4 xB. (0114 CTOBMYMKIB BKa3aHa PI3HUIISI KOHIEHTPAIlil 3a IPOYBKY) MpU BMICTI

KHCHIO y IpoJlyBHOMY ra3i 10%

0,1
0,05
=
g 0 .
§ -0 gOl
s 2 C Sif | Mn P ’
o s —0,05 T >
.-§ 5 -0,00
g5 -0
= 0,11
]
2 5015 |
g E ]
g 02 20,19
=
(<) 20,25 -0,22
-0,3

Komnonentu po3iuiaBy
Pucynok 5.5 - 3MiHa KOHIEHTpAIlli KOMIIOHEHTIB PO3IUIABY 3a Yac MNPOIAYBKU
4 xB. (0114 CTOBMYMKIB BKa3aHa PI3HUIIS KOHIEHTPAIliil 32 IPOIYBKY) MPU BMICTI

KHCHIO y ITpoJlyBHOMY ra3i 30%
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BinMiueHo, 1o mpu MpoOAYBaHHI Tra30BOI0 CYMILIIIO 3 BMIicTOM KucCHIO 30%
B110yBa€ThCSl aKTUBHE OKUCJICHHSI BYTJICIIO 3 HEBEJIMKUM OKHUCIICHHSIM BCIX IHITUX
KOMIIOHEHTIB po3IuiaBy (muB. puc. 5.5). Ilpu mpoayBaHHI 3 OUIBIIOK YaCTKOIO
KHCHIO BIMIYEHO, BIJIMOBIIHO, OLIbIIE OKHUCICHHS BYTJICIIO, MPOTE BIIMIUCHO
aKTUBHE, 3HAYHO OUIBIIE OKHUCJICHHS BCIX IHIIUX KOMIIOHEHTIB po3iuiaBy. llei
daktr He € OaxxaHUM TMpU To3amiyHid o0poOli piAKoi cTani, 00 MpoayBKa
3MIMCHIOETHCS Ha PO3IUIABI, SIKMM OJHOYACHO TOBHUHEH 3aCBOIOBATH HEOOXIHI
KOMITOHEHTH JJIsI IOBEJCHHS CTajll 0 HEOOX1THUX TEXHOJOTTUYHUX MOKA3HUKIB.
[Ipu npoayBaHHI pO3IJIaBy 3 MEHIIOK YAaCTKOK KHUCHIO BYTJICIh B METal
TEX OKHCIIOETHCA, MPOTE€ B HEBEJIMKIA KUIBKOCTI. BcTaHOBIEHUN MOKa3HUK
OKHCJIEHHS BYTJICLIO 3a TaKUX yMOB HE MOXE 3aJI0BOJIBHUTH HEOOXITHOMY
TEXHOJIOTITYHOMY TIOKa3HUKY 3HEByTJelioBaHHsI. KpiMm TOro, y 3B’S3Ky 3i
3HIDKCHHSIM TEMIIEpAaTypu PO3IUIABY Yepe3 MPOAYBKY HEUTpallbHIM Ta3oM s
nepeMilllyBaHHs, BiIOYBA€ThCS 1€ M 3HAYHE OKHUCJICHHS BCIX IHIIMX BaXXITUBUX

KOMITOHEHTIB PO3ILIABY.
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Pucynok 5.6 - 3MiHa KOHIEHTpAIlli KOMIIOHEHTIB PO3IUIABY 3a Yac MNPOIAYBKU
4 xB. (0114 CTOBMYMKIB BKa3aHa PI3HUIISI KOHIEHTpAILliil 3a IPOYBKY) MPU BMICTI

KHCHIO Y MpoJlyBHOMY ra3i 50%
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AHaniz 3MIHM KOHUEHTpallli BYIJIELHI0O Yy pO3IUIaBl 3a XOJOM MPOJIYBKH
nokazaB HactynHe (puc. 5.7). Ilpu HasBHOCTI KHCHIO y TMpPOJYBHOMY Tas3l
3aJIEKHICTh 3MIHU KOHUEHTpAIlil BYTJICLIO Y Yacl Ma€ 3arajibHUM CXOKUU XapakTep
MOJIIHOMIAJIbHOT perpecii He 3aJIe’KHO B YaCTKU KUCHIO. [Ipy bOMY 4MM HMXKYE
BMICT KMCHIO y MPOJIYBHINA CyMIIlli, THUM MEHIIIa YacTKa BYTJIEII0O OKUCHIOETHCS 32

OIIHaKOBI/Iﬁ qac IMpoayBKH.
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Pucynok 5.7 - 3HuKeHHS BMICTY BYIJICIIO 32 Yac MPOJYBKU MPU PIZHUX

4acTKaxX KMUCHIO y nmpoayBHoMy razi: 1 — 5%, 2 —30%, 3 — 50%

HIBUIKICTH OKUCTIEHHS BYTJICIIO0 B CEPEHBOMY 3a IJIaBKY B 3aJIEKHOCTI BiJl
BMICTY KHCHIO y MPOJYBHINA CyMmillll npejcTaBieHa B Tabmauui 5.1. BinMiueno, 1o
JUIL YMOB TIPOJYBKM CYMIIIIIIO Ta3iB 3 4YacTKow KucHIO 30% MIBUIKICTH
okuMCHEeHHS Byriemno ckiamgae 0,056 %wmac./xB. ToOTO OKHUCICHHS BYTJEIIO
3HaXOJUThCS Ha PIBHI €JIEKTPOAYroBOI0 YW MapTeHIBChkoro mpoieciB. Lle
CBIIYUTDH MPO JOCTATHIN OKHMCIIOBAIBHUHN MOTEHINA] KUCHIO IIOJI0 BYIJICIIO TIPU

KOHIICHTpAIlli KUCHIO y cyMilili poiyBHOTo ra3y 30% 3a yMOB JTOHHOT MPOTYBKH B
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KOBIII I KOMILJIEKCI 3 BCTAHOBJCHUM BHIIE (DAKTOM aKTHBHOTO IEPEMIITyBaHHS
po3IiaBy 3a YMOB jociiny (00 BenuMka dYacTka po3iiaBy Oyna oOpoOieHa

MPOYBHOIO CYMIIIIIIIIO 3@ YacC MPOJYBKH).

Tabnuus 5.1 [lopiBHSHHS IIBUAKOCTEH OKHUCICHHS BYTJCII0 MPH PI3HUX

YacTKax KUCHIO B MPOAYBHIN cyMilli

YacTka KHUCHIO B Ta30BIH
o 10 30 50
cymimri, %

HIBHIKICTH OKHUCJICHHS
0,009 0,056 0,065
ByIJIELIO, YoMac/XB.

BiamoBigHO MOXJIMBO CHPOTHO3YBAaTH, IO Mpu 00poOIll po3muiaBy 3a yMoB 30%
BMICTY KHCHIO Yy CyMIllIl IPOJYBHOTO Tra3y HEoOXiaHO yac 0OpoOku §8-10 XBUIUH
JUTSL 3HMDKCHHST KOHIICHTpaIlii ByTJieio y po3miasi Ha 0,2% Mmac.

JlolaTKOBO MOKHa CIPOTHO3YBaTH LIO BIIPOBAKEHHS Ha METaTyprifHUX
MIAMPUEMCTBAX IBOCTAAINHOT TEXHOJIOT1i OKUCIICHHS BYTJICIIO TP BUILIABII CTal
(okucnenHa no konuentpamii 0,15-0,2% wmac. y KuCHEBOMY KOHBepTepl Ta
MOJANbIIE OKHUCIEHHS Yy CTaJepo3JIMBHOMY KOBIII 3a TEXHOJIOTIEI JOHHOI
MPOIYBKUA CYMIIIIIIO TEXHOJIOTTYHUX Ta3iB, 110 BKIIOYA€ KUCEHb Ta HEUTpATbHUI
ra3) A03BOJIUTh 3HU3UTH 3araJIbHUM BUX1J METANyprifHUX LUIaKiB NpUOIM3HO Ha
25-30% 1o BITHOIICHHIO /10 KJIACHMYHOI TE€XHOJIOT1i BUIUIABKH CTaJll Y KHUCHEBUX

KOHBEPTEPAX.

5.4 Pexomennamii 1100 NMPOMHCJIOBOIO 3aCTOCYBAHHS PO3POOGJIEHOr0

crocooy

3 METOI MPOMHUCIOBOTO BUKOPUCTAHHS PO3POOJIEHOT KOHCTPYKIL 1

TEXHOJIOT1i MPOMOHYIOTHCS HACTYITHI PEKOMEH1allii.
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1. KoHcTpykiiss cTaiepo3nMBHOTO KOBIIA IMOBMHHA 3a0e3nevyBaTH MOro
0e3aBapiiiHy poOOTYy Ta BHCOKY CTIHKICTb, TOMYy PEKOMEHJOBaH1 BJOCKOHAJICHHS,

MpeCTaBIeHI Ha pUCYHKaX 5.8.

1 — KiBII cTaHJAPTHOI KOHCTPYKIIi; 2 — piKa cTajib; 3 — HUIAKOBUM po3iuiaB; 4 —
MPOYBHUM JOHHMHI OJIOK, CHeIlalbHOI KOHCTPYKUIi; 5 —OynbpOaliku, 3amnoBHEHI
CYMIIIIIIO TEXHOJOTTYHUX Ta3iB, 110 BKJIIOYAE KUCEHb; 6 — 3MilllyBau MPOJYBHUX
ra3iB; 7 — JOJAaTKOBO YKpIMIEHa 30HAa IIJAKOBOTO MosACYy; | — BOrHETpUBKHUUI
ra3oHenpoHuKHUN Marepian; Il — KOHIYHMI KaHaN, 3aMOBHEHMM Ta30NMPOHUKHUM
BOTHETpUBKUM Martepiamom; Il — mwmiHApUYHI KaHAIWM [ TiJABEACHHS
TEeXHOJOT14HUX ra3is; [V — kamepa-3minryBad HUIiHAPUYHOT HOpMU

Pucynok 5.8 - CxemarnuHe 300pa)X€HHsI CTaJepO3JTUBHOIO KOBIIA, SIKUN

obsagHaHo JyIs padiHyBaHHS CTall CYMIMIIIIO TEXHOJIOTTYHUX Ta3iB

BinnoBiHO 10 pUCYHKIB PEKOMEHIYEThCS A 3a0€3MeYeHHs] BUCOKOI CTIMKOCTI
BOTHETPUBKOT (DyTEpiBKH BpPaxOBYIOUM HASIBHICTh OKCHJIIB 3ali3a Ta MapraHIlo B
[UIaKy BHUKOHYBATH 30HY (YTEpIBKM IIJIAKOBOIO TOSCY 3 BHCOKOCTIMKHX
MEPUKIIa30-BYTJICIIEBUX BOTHETPUBKUX MaTepiaiiB, a00 >KapoMIHUX OCETOHIB
cxoxoro ckiany. Illo crocyerbcsi mpoayBHOTO OJIOKY, 3alpoNOHOBaHa

KOHCTPYKI[II MOKe OyTH BMOHTOBaHa Yy CTaHJapTHE THI3A0 Oyab-IKOTO
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CTaJICPO3JIMBHOTO KOBIIA. BorHeTpuBKHil ONOK BUKOHYETHCS 31 CTaHAAPTHUX
BOTHETPUBKHUX MaTepialiiB /Il BUKOHAHHS BOTHETPUBKHUX MPOJYBHUX OJIOKIB.

2. Hlono ckiany peareHTiB Ta iX BUTPAT BCTAHOBJIEHO, IO palliOHAIBHHUMN CKIa]
npoayBHuX Ta3iB 20-30% kucHIO Ta iHIIE — HEUTpalbHMM Ta3 aproH. Burtpara
cymiuri rasis 0,3 — 0,4 M’/T CTami'TOX 3a YMOB HPOLYBKH y CTAICpPO3IMBHOMY
KOBII1 €MHICTIO 250T 3 mepexoJ0M Ha YUCTUN aproH dyepe3 10 XBUIIMH MPOTyBKH.
3. BpaxoByroum 110 nutakoBa (asza, sika yTBOPIOETHCS B MPOLECT 0OpPOOKU, MICTUTD
OKCUJIM 3ajli3a Ta Maprasifio, HEOOXiHO 3a0e3MeYUTH MOXKIIUBICTh CKauyBaHHS

IIJIaKy Ha eTari micis O6pO6KI/I nepea OCTaTOYHUM JICTYBAHHAM PO3ILIABY.

BucHoBku 3a po3aisiom 5.

[IpoBeneHo BucOKOTeMIepaTypHe (i3MUHE MOJIETIOBAHHS TPOIYBKH
3J1I30BYTJICLIEBOTO PO3IUIaBYy 3 HeBeJMKuM BMmicToM Byriemio  (0,3%wmac)
CYMIIIIIIO KHCEHb — HEUTpadbHUI ra3 uepe3 OJWHAPHUN MPOIYBHUN KaHAJ, IO
iMiTye OynbOalIKOBUM peXUM NPOAYyBKU. BcTaHOBIEHO, 110 pallioOHAJbHUM 3
TOYKH 30py OKHCIICHHS BYTJICIIO Ta €KCIUTyaTallii MpOTyBHUX MPUCTPOIB € BMICT y
ra3zoBiit cymimi kucHio 20-30%. I[Ipu npoMy mpolec OKUCIEHHS BiIOYBa€ThCS 31

mBuakicTio 0,056%Mac/xB.



138

BucHoBkmu

B xoni BUKOHaHHS MpoOBEAEHOI pPOOOTH OTPUMaHI pe3yiabTaTH MOXKHA
y3arajlbHUTH y HACTYITHUX BUCHOBKAX:
1. TlpoBeneHO KpUTUYHUHM OTJIS] TEXHIYHUX PIIEHB 1010 BUPOOHUIITBA CcTaje
3 HU3BKUM BMICTOM BYTJel0. BiAMOBIAHO O HHOrO BCTAHOBIIEHO, IO ICHYIOYI
METO/IM BIAPI3HAIOTHCS BUKOPUCTAHHSM CKJIQHOTO CHEIIaTbHOTO TEXHOJIOTTYHOTO
yCTaTKyBaHHS Ta 3HAYHUMHM OCOOJMBOCTSIMHU  TEXHOJIOTIYHOIO  IPOLECY.
BukopucrtanHg TpagulidHUX METOAIB JJisi BUPOOHUITBA cTajledl 3 HU3bKUM
BMICTOM BYTJICLIO TOB’S3aHO 31 3HAYHMUMHU BTpaTaMHM BHUXOAY MPHUAATHOIO Ta
3HIKEHHS CTIMKOCTI BOTHETPUBKOI (yTepiBKU. Taku YMHOM OOIpyHTOBaHa
HEOOXITHICTh CTBOPEHHS HOBOI TEXHOJOTIi BHUPOOHHUIITBA CTajell 3 HU3bKUM
BMICTOM BYIJICLIO, fIKa J03BOJIA€ 0O€3 3HAYHUX KalliTaJOBKJIAJAeHb pealli3yBaTH
3a3HAYEHUI MPOIEC B yMOBAX BITUU3HSIHUX CTAJICTJIABUIIbHUX BUPOOHUIITB.
2. IlpoBeneHo TeopeTHYHE IOCTIIKEHHS NPOLIECIB BUAJICHHS BYIJICIIO 31 CTajl
JUIsL YMOB KOBILIIOBOi OOpOOKM 3a paxyHOK TEpMOAMHAMIYHUX ITOKA3HUKIB,
Hacamriepesi BUIbHOI eHeprii ['160ca, 1o BkKazye Ha MOMKIIMBICTb MPOTIKAHHS
peakiiii y HampsMKy YTBOpPEHHS MNpPOAYKTIB. BcTaHoBieHO, 1o [ YMOB
OKHUCJICHHSI B KOBIII1 BUPIIAIbHY POJIb Ma€ HAAJUIIKOBUN THCK, SIKMH BIJIMBA€E Ha
cuctemy. 3okpema, Juisi yMOB 250-T KoBma 31 30UIBLIEHHSAM THUCKY, TOOTO 31
30UTBIIEHHSM TJTMOMHM KOBIIY, MPOTIKAHHS XIMIYHOI peaKi(ii OKUCIEHHS BYTJICILIO
no CO mpu po3MilllEeHH] peakiiifHOT 30HU OIS AHUIA KOBIIA 30UTBIIYETHCS Ha
19% BigH. y MOPIBHAHHI 3 MPOTIKAHHSAM peakiii Ha MeXi MeTal — Iuiak. To0To
BUJAJICHHS BYIJICLIO 31 CTalll HIWKYE KPUTUYHOI KOHIEHTpalil JOLUUIBHO
MIPOBOJUTU Ha €Tami Mmo3amiyHoi 0oOpoOKM 3 MPOJIYBKOIO KHCEHBBMICHMM Ta30M
qyepes JHUILE.
3. BpaxoByroui kKiHETHYHI OCOOJUBOCTI OKUCJICHHS BYTJICLIO B METAJICBi BaHHI
OyJ0 3amponoHOBaHa MOJIEPHI30BaHAa KOHCTPYKIiSA JOHHOTO MPOAYBHOrO OJIOKY 3
J0JIATKOBOIO KaMEpOI0 3MIIIYBaHHA TEXHOJIOTIYHUX Tra3iB, SKUW J103BOJISIE
MPOBOAUTH OOPOOKY PIAKOT CTall CYMIUIIIIO T'a3iB, [0 MICTUTh KUCEHb.
4. InsxoM  mnpoBeAeHHS  (I3UYHOTO  CTEHAOBOIO  JIOCHIKEHHS 3

BHKOPHUCTAHHAM TIHBOBOI 3HOMKH BCTAHOBJICHO, IIIO paHiOHaHBHI/Iﬁ PEKUM
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B3a€MO/I1i Ta30BUX CTPYMEHIB Y KaMepl 3MIlIlyBaya JIOCATAETHCS MPH iX PO3MIIIEHI
mig KkyroM 25-40° 10 BepTHKAILHOI BiCi.
5. HwusbpkoremmepaTypHe (QI3MYHE MOOCHIIKEHHS PI3HUX THUIIB MPOAYBHUX
Oy1p0aIIKOYBTOPIOBAYIB JI03BOJIUB YTOUHUTH OCOOJIMBOCTI EPEMIIITYBAHHS P1AKOT
BaHHM W BCTAaHOBHUTH, IO 32 BHUKOPHUCTAHHS HEHANPABICHOI MOPUCTOCTI Ta
HIUIMHHUX TPOAYBHUX Ojokax yac 3mimryBaHHs Ha 20-40% y TNOpiBHAHHS 3
KPYTJIUMU HACKPI3HUMHU OTBOPaMHU.
6. 3 BUKOPHCTaHHSM HU3BbKOTEMIEpaTypHOi Mojeni 250-T KoBIlA, OCHAIIEHOT
JOHHMM  NpPOAYBHMUM  OJIOKOM 3  HEHANpaBJICHOI  TOPUCTICTIO  3a
€JIEKTPOKOHYKTUBHOIO METOJMKOI0 BCTAHOBJIEHO, [0 PalliOHAJBHOI IS
3a6e3MeUeH s [IepeMilllyBaHHs BaHHH € iHTCHCHBHICTh MPOAYBKH 1 M/T rox (Iipu
NepepaxyHKy Ha peaJbHHl npoMucioBuid 250—T KIBII 1€  BiANOBiIae
iHTeHcuBHOCT1 0,268 M3/T'1“OII). Takox BCTaHOBJICHO TiIPOAMHAMIUHI OCOOJIMBOCTI
mpolec MepeMilnlyBaHHS BaHHU MpPHU JOCHIIKEHIM 1HTEHCHUBHOCTI, 1O MOJSATae y
BUHUKHEHHI TOPU30OHTAJIbHMX, TAHTCHUIAIbHUX TOTOKIB, SIKI NYyJIbCYIOTh ¢
3a]Ty4aloTh HAOUIbIY YaCTUHY BaHHU JI0 EpEMIITyBaHHS.
7. B Xoal BUKOHaHHS BHCOKOTEMIIEPATypPHOI'O MOJENIOBAHHSA B JaOOpaTOPHUX
yMoBax Oyn0 BHUIPOOYBAHO PO3POOJIEHY TEXHOJIOTII0 OKHUCICHHS BYIJICLIO Y
MeTajeBId BaHHI 3a PaxyHOK MPOJYBKH CYMILIIIIO TEXHOJOTIYHUX Tra3iB, IIO
MICTUTh KHCEHb y OYyJIbOamKkoBOMy pexuMi. BcTaHOBIEHO, 110 paliOHAIBHUM 3
TOYKH 30pYy OKHUCJICHHS BYTJICLIO Ta €KCIUTyaTallii MPOJlyBHUX MPUCTPOIB € BMICT Yy
ra3zoBiit cymimi kucHio 20-30%. [Ipu npoMy mpolec OKUCIEHHS BiIOYBa€eThCs 31

mBuaKkicTio 0,056%Mac/xB.
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