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AHOTAIIS

Hixonatiuyx IO. B. Po3po0ieHHST TECOPETUIHUX OCHOB BHKOPHCTAHHS IMOKa3HUKA
TEeMIIepaTypy 3aliMaHHA B SKOCTI E€KCIPEeC-OI[IHKM MapO4yHOi HaJEeKHOCTI BYT1JUIS.—
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Hucepramiss Ha 3100yTTS HAyKOBOTO CTYIEHS KaHAMJIATa TEXHIYHUX HayK
(moxtopa ¢inocodii) 3a cnemianpHicTIO 05.17.07 «XimigyHa TEXHOJOTIS TajaudBa 1
NaJIMBHO-MACTHJIBHUX MaTepianiBy — JlepkaBHMI BHUIIUN HaBYAIbHMMA 3aKiaj
«/lonbacwrkuii nep:kaBHUM nenaroriyHuil yHiBepcuter» — CioB’aHCbK, 2018.

JluceprartiiiftHa poOOTa MPUCBSIYEHA BUPIIMICHHIO BAXKJIMBOIO HAYKOBO-TEXHIYHOTO
3aBJaHHS, a caMeé — pPO3POOJICHHIO HAyKOBO-OOTPYHTOBAHMX PEKOMEHJAIN 1100
BUKOPHUCTAHHS MOKAa3HUKA TEMIIEpaTypy 3aiiMaHHs B SIKOCTI €KCIPECc-OI[IHKA MapOyHO1
HAJIEKHOCTI BYTULIS, IO HAJAXOAUTh HA KOKCYBaHHS.

Y BeTynmi  HaBeJAEHO 3arajbHy XapaKTEPUCTHUKY poOOTU: OOTpyHTOBAHO
aKTyaJIbHICTh TeMH, C(OPMYJIHOBaHI METa Ta OCHOBHI 3aBJaHHS POOOTH, BHU3HAYEHO
00’€KT, IPEAMET 1 METOJU AOCIIPKEHHS, BUCBITJIECHO HAYKOBY HOBU3HY Ta MPAKTUYHY
I[IHHICTh OTPUMAaHUX PE3YJbTATIB AUCEPTAllii, a TAKOXK 11 arpoodarrito.

VY mepiomMy po3aiial po3TJsiHYTI HAHOUIBII BiIOMI y TEMEPILIHIA Yac eKCIpec-
METOJIM BU3HAYCHHS MApOYHOI HAJICKHOCTI BYriuuis. BcTaHOBIEHO, 10 11i METOAHM HE
JIO3BOJISIIOTH 3 JTOCUTh BHCOKOIO €KCIPECHICTIO 1 HaAIMHICTIO MPOTHO3YBAaTH OJIUH ab0
KJIbKa KJacu(piKaiiHUX MOKa3HUKIB BYT LS.

Y npyromy po3aini HaBelIeHI MEpeNiK 3aCTOCOBAHMX Yy AUCEPTaIiiiHIi poOOTI
CTaHapTU30BAHUX METO/[IB BUSHAYCHHSI CKJIQJy Ta BIACTUBOCTEN BYT1UIsL. PO3MIsIHYTO
BU3HAUYEeHHS Temmneparypu 3aiimanHs 3rigHo HCTY 7611:2014 Byrimis kam’siHe.
MeTon Bu3HAYEHHS! OKUCHEHHS Ta CTYEHS OKUCHEHHS.

3anpornoHOBaHO B SIKOCTI KOHTPOJBHOTO 3pa3ka BUKOPHCTOBYBAaTH KOKCOBHMA
KOPOJIbOK, 10 XapaKTePU3YEThCS CTA01TBHICTIO BIACTHBOCTEH 1 3HAYEHHS TeMIIepaTypu
3aiiMaHHS Ta BKJIAJAEThCSA B Jiana30oH (HaKTUYHUX 3HAYEHb TEMIIEpaTyp 3aiiMaHHS

KaM’SIHOT'O BYT1JLJIAL.
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VY TperboMy poO3/iJi BU3HAUYCHO TEMIEpAaTypu 3aiiMaHHS OlHApHUX, TPHOX Ta
0araTOKOMIOHEHTHUX BYTUJIBHUX CYMIIIEH, O CKIIaay SKHUX BXOIUTh BYTULIS PI3HOTO
CTymeHsl MeTaMopdi3My B pi3HOMY BiZICOTKOBOMY CITIBBIIHOIICHHI.

BcTaHoBiieHO HASIBHICTH CUCTEMHUX BIIXWICHb (DaKTUYHHUX 3HAYEHBb TEMIEpaTyp
3aiiMaHHS CyMIIIeH BiJ PO3PaxOBaHUX 3a MPABWIOM AJUTHBHOCTI B OIK BYTruUUIsS 3
MEHIIIOI0 TEMIIEPATYPOIO 3aiMaHHSI.

VY po3naini 4 3aBASKM BUKOPUCTAHHIO BijjoMoro piBHsSHHS KiciHmkepa BH3HAUYCHI
eHeprii akTuBaIii Ta TMEPEeIeKCIOHCHIIIAJIBHOTO MHOYKHUKA PIBHSHHA ApeHiyca yis
3aiiMaHHs BYTUUIS PI3HOTO CTYIEHS MeTaMOpd13My 1 OKUCHEHHS.

BcTaHoBIIEHO, 110 KOHCTAHTA HIBUAKOCTI MPOLECY 3aiiMaHHS 30LIbLIYEThCA 31
30UIBIIICHHSIM CTYIEHSI OKHUCHEHHSI 1 3HIKCHHSIM CTYIEeHs MeTaMop(i3My JO0CIITHOTO
BYTLILJIS.

Y m’stoMy po3aiun 3a JAOMOMOIOI0 MAaTeMaTUYHUX METOMAIB JOCIHIIKCHHS
JIOBEJICHO  HASIBHICTh  TICHOTO 3B SI3Ky MK  TEMIIepaTyporo  3ailMaHHS Ta
KiIacu(ikaifHUMHU TOKAa3HUKAMU SIKOCTI BYT1UIS — MOKa3HUKAMH BIIOUTTSI BITPUHITY
Ta BUXOJY JICTKMX PEUOBHH, a TAKOK MOKa3HUKaMHU OyJI0BU OPTaHIYHOI MacH BYTULISA —
BMICTY 3arajbHOr0 Ta apOMAaTHUYHOTO BYTJIEII0O Ta CTYIIEHEM HEHAaCUYeHHs WOro
CTPYKTYPH.

BcraHoBiieHO, 10 BUKOPHCTaHHS TIOKa3HUKAa TEMIIEpaTypu 3alMaHHS
HEeOKHCHeHOTo By (1), mo BuzHavaerhes 3a JICTY 7611:2014 «Byrimns kam’sHe.
MeTon BU3HAUCHHS OKMCHEHHS Ta CTYIEHS OKHCHEHHS» J03BOJISIE CBOEYACHO BUSBUTH
HEBIJIMOBIIHICTh (HDAaKTUYHOI MapOYHOI HAJEKHOCTI BYTULIS 3aJeKJIapoBaHiil Mapiil,
MIPOBECTH TEPIIOYEPTrOBUNA KOMIUIEKC JOCTIPKEHb BIIACTUBOCTEH I[HOTO BYTLLIA 1, 3
ypaxyBaHHSM OTPUMAaHHMX JAaHWX, BXUTH 3aXOJiB IIOJ0 IMMiJATPUMAHHS 33JaHOTO
MapoyHOTO CKJIaJy 1 BJIACTUBOCTEW BYTUIBHOI IHUXTH, a TAaKOX CTa0LIi3amii sIKOCTI
BUPOOJICHOTO JOMEHHOTO KOKCY.

Knwouosi cnosa: Byrinns, ByTUIbHI CyMillll, TemrepaTypa 3aiiMaHHs, KIHETHYHI

napameTpH, MOKa3HUKU SIKOCTI, KIJTbKICHI 3aJIKHOCTI.



ABSTRACT

Nikolaichuk Yu. V. Development of the theoretical bases of the use of the
parameter of temperature of ignition as an express evaluation of the grade of coal. —
Qualifying scientific work on the rights of manuscripts.

The dissertation for obtaining the scientific degree of the candidate of technical
sciences (doctor of philosophy) in specialty 05.17.07 «Chemical technology of fuel and
fuel and lubricants». — State Higher Educational Institution «Donbas State Pedagogical
University» - Slavyansk, 2018.

The dissertation is devoted to the decision of an important scientific and technical
task, namely, the development of scientifically substantiated recommendations on the
use of the index of ignition temperature as an express evaluation of the vagueness of the
coal entering the coking.

The introduction gives a general description of the work: substantiated the
relevance of the topic, formulated the purpose and main tasks of the work, defined the
object, subject and methods of research, highlighted the scientific novelty and practical
value of the results of the dissertation, as well as its approbation.

The most known nowadays express methods of determining the vaguity of coal
are considered in the first chapter. It is established that these methods do not allow one
or several classification indices of coal to be predicted with sufficiently high
expressiveness and reliability.

In the second chapter there is a list of standardized methods for determining the
composition and properties of coal used in the dissertation work. The definition of
ignition temperature according to DSTU 7611:2014 «Hard coal. Method for
determination of oxidation and degree of oxidation.

It is proposed to use a coke oven as a control sample characterized by the stability
of the properties and value of the ignition temperature and is placed in the range of
actual values of the ignition temperature of coal.

The third chapter defines the ignition temperatures of binary, three and multi-
component coal mixtures, which include coals of varying degrees of metamorphism in

different percentages.
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The existence of system deviations of the actual values of the combustion
temperature of the mixtures from the adigibility calculated in the direction of coal with a
lower ignition temperature has been established.

Thanks to the use of the well-known Kissinger equation, in the chapter 4,
activation energies and a pre-exponential multiplier of the Arenius equation for the
ignition of coal of varying degrees of metamorphism and oxidation are determined.

It was established that the constant of the rate of the ignition process increases
with the increase of the degree of oxidation and the decrease of the degree of
metamorphism of the investigated coal.

In the fifth chapter, with the help of mathematical methods of research, it was
proved that there is a close connection between the ignition temperature and the
classification parameters of the quality of coal - the parameters of reflection of the
vitrinite and the volatile matter, as well as the parameters of the structure of organic
mass of coal - the content of total and aromatic carbon and its degree of unsaturation
structures.

It was established that the use of the index of ignition temperature of unoxilized
coal (tigun), determined according to DSTU 7611:2014 «Hard coal. Method for
determination of oxidation and degree of oxidation» allows to timely reveal the
inconsistency of the actual brand affiliation of the declared brand, to conduct a priority
complex of research on the properties of this coal and, taking into account the data
obtained, to take measures to maintain the specified branded composition and properties
of the coal charge, as well as to stabilize the quality of the produced blast furnace coke

Key words: coal, coal mixtures, ignition temperature, kinetic parameters, quality

indices, quantitative dependencies.
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HEPEJIIK YMOBHHUX CKOPOYEHD

Y poOOTI BHKOPUCTOBYIOTHCS HACTYIMHI YMOBHI CKOpPOYEHHS, SIKI HE €
3arajJbHONMPUUHITUMHU:

BTK- Bigais TEXHIYHOTO KOHTPOJIIO;

['OCT — rocy1apCTBEHHBII CTaHIAPT;

JACTY — nepxaBHUil cTaHAApT Y KpaiHu;

AT «YXIH» -JlepxaBHe MIANPUEMCTBO «YKpaiHCHKUN JE€p>KaBHUN HAyKOBO-
nocnigaui ByrinexiMiyaui iHeTuTyT (Y XIH)»;

KXB — kokcoximMiuyHE BUPOOHUIITBO;

H/IP — naykoBo-mgociigHa po0oTa;

OMB — opraniyHa maca ByT1JUIs;

[IpAT — nmpuBaTHE aKiiOHEPHE TOBAPUCTBO;

[[3® — nenTpasbHa 30arauyBaibHa Gpadpuka;

Ne JI.P. — HOMEp AeprKaBHOI peecTpallii;

JAMCO — nimetuncynbhOoKCH;

ITK-IMertl — [HcTUTYyT roprounx KonaiauH — J[HIMPONETpOBCHKUI MeTaTypriiHUN
THCTUTYT;

FSI — free swelling index;

[4C — indpadyepBoHa CIIEKTPOCKOITIS;

EIIP — enekTpoHHUI TapaMarHiTHUN pEe30HAaHC;

AMP — snepHuii MarHiTHUN PE30HAHC;

PCA — peHTreHOCTpYKTYpHUI aHaMTi3;

COY — cranpapr rany3eBuil YKpaiHu;

3® — 30arauyBanbpHa (hadpuka.
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ITEPEJIIK CUMBOJIIB TA ITO3HAYEHD

[lepenik HAOUTBII NOMIMPEHUX B IMCEPTalLliliHIi poOOTI CHMBOIIIB Ta MO3HAYEHD
HABEJICHO HIDKYE:

A% 301BHICTB HA CyXMii cTaH, %;

Cap— BMICT apOMAaTUYHOTO BYTJIELIO, %0;

Chal Hdal N9 Q498" — pmicT BiAMOBIAHO BYTJIELO, BOAHIO, a30Ty Ta KHUCHIO Ha
cyxuit 0e330pHUH cTaH, %o;

Q&' — maiiBMimia TemnoTa 3rOpsHHS BYTiIS Ha BOJNOTHH O€3301bHMI CTaH,
MJx/Kr;

Q.%" — HaiiBuIa TeMIOTa 3rOPSHHS BYTi/LIA HA CyXHil 6€330/1bHUIM cTaH, MJIK/KT;

Ro — cepenHiii mOKa3HUK BIIOUTTS BITPUHITY, %0;

Si¥ — BMicCT 3araipHOI CIpKM Ha Cyxui ctaH, %;

V' _ Byxin TeTKUX pevoBUH Ha CyXuii 6e3301bHUIl cTaH, %);

W2 —BoJtora ByriuIsd Ha aHAJITHIHHUH cTaH, %;

W\'— Bonora 3aranpHa Ha poboumii cran, %;

R—koedimieHT KOpemsIIii;

y — TOBIIIMHA TJIACTHYHOTO IIapy, MM;

RI — inmexc Pora, ox;

At — moka3Huk okucHeHHs, °C;

D — ontuyHa rycTuHa;

l6 — iHIIEKC CTIyuyBaHHS, MM;

IIn — nepioa HarpiBy 10 MOYATKY CIy4yBaHHS, C;

11g — nepio cydyyBaHH, C;

11— maca 3B’s13aHOTO TOJIIIIIAPOBOTO 3AHIIKY TEPMOICCTPYKITIi BYTLLIS, T;

J[B — 4ac BiJi MOMEHTY HaBEJICHHS JIa3€pPHOr0 MPOMIHIO HA BYTUUIS JI0 MOYATKY
3aiMaHHS JICTKUX PEYOBHH, C;

BI'JI — g9ac ropiHHS JETKUX PEUOBUH, C;

BIIJI — makcuManbHa BUCOTA MOJIYM S, MM;

HGI — inaexc po3mMo1031aTHOCTI 32 XapATrpOBOM, O

t, — Temneparypa 3aiiMaHHs BiIHOBIEHOTO Byriuis, °C;
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do— cTyniHb OKUCHEHHS BT, %o,

t,,— Temmneparypa 3aiiMaHHs OKMCHEHOro Byriuid, °C;

Vi— BMICT BITPHHITY B OpTraHiuHiil Maci Byrimis, %o;

Sv— BMICT CEMIBITPUHITY B OpraHiyHii Maci Byruuis, %o;

I — BMICT IHEpTHHITY B OpraHiuHii Maci Byrimuis, %o;

L — BMICT JNINTUHITY B OpraHiuHii Maci Byriuis, %;

> OK — cyma ¢103eH130BHX KOMIIOHEHTIB B OpTaHiuHii Maci Byrimuis, %;

t;— TemmepaTypa po3m’sikiieHHs By, °C;

t,— Temneparypa KoHTpakiii, °C;

t;;— Temneparypa ainararii, °C;

a — KoHTpakiis, %;

b — nimaramis, %;

t, — TeMriepaTypa po3m’skmeHHs, °C;

tmax— TeMIepaTypa MaKCUMalbHOT TUIMHHOCTI, °C;

t,— Temnepatypa TBepaiHHSA, °C;

At — mama3oH miacTuyHocCTI, °C;

Fmax —TIOKa3HUK MaKCUMaJIbHOT TUIMHHOCTI, ddpm,;

0 — mapaMeTp, 10 XapakTepus3ye CTYMiHb HEHACHYCHHSI BOJHEM OJMHHUIII MacH
OpraHIYHUX PEUYOBHH,;

R — yHiBepcasibHa ra3oBa CTaia;

E 1 A — eHepris akTuBallii 1 NepeIeKCIOHEHTHU MHOYKHUK B PIBHSIHHI ApeHiyca;

k — KoHCTaHTa MIBUAKOCTI peaKiiii;

B — mBuakicte HarpiBy, °C/xB.
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BCTYII

OOrpynTyBaHHsi BHOOpPY TeMH AocHifxkeHHsA. [Ipum HasBHOCTI 0OOMeEXeHOI
KUIBKOCTI YKPaiHCBKOTO KOKCIBHOTO BYTUUIS MOXJIMBHM DIIICHHSIM € 3aTy4eHHs
IMIOPTHOTO BYTULIS OJMXKHBOTO Ta JATbHBOTO 3apyO1iKsl.

MosxHa KOHCTAaTyBaTH, LIO0 YacTKa YKPAiHCHKOTO BYTULIS MPOTSITOM OCTaHHIX
POKIB 3HIXKYeThCs, 1 B 2017 poui cknana 22,1 %, a iMIOpTHA CKJIaJOBa CUPOBUHHOI
0a3u KOKCyBaHHS 3pocna 10 77,9 %.

Heo0xiaH0 3a3Ha4uTH, 110 MOCTaYaHHs 3aKOPIOHHOTO BYTIJISl BHACIIOK 3HAYHOT
BIJICTaHI TPAHCIIOPTYBaHHS € JOCUTh TPUBAIUMH (JEK1IJIbKA MICSLIB), BKIIOUAIOYU JOBIe
NEPEBE3CHHS BOAHUM a00 3aJII3HUYHUM TPAHCIIOPTOM, 30€piraHHs Ha Micll BUIOOYTKY,
y MopTax, MepeBajJoyHUX CTAHI[ISAX TOIIO.

VY pesynbrari 0ararbOX BaHTAXKHUX ONEpALlil BYrUUIL MOXE 3MIIIYBaTUCA 3
IHIIUMU ~ MapKaMd, THM CaMUM BTpayalOud CBOIO TEXHOJIOTIYHY  IIHHICTb.
BukopuctanHsi Takux CyMmilied HEraTMBHO TO3HAYA€ThCS Ha SIKOCTI OTPUMAHOTO
JIOMEHHOTO KOKCY, PU3BOISIUM /IO TIABHUINEHHS HOTO BUTPATH B JOMEHHOMY IPOIIEC.

Buxonsiun 3 BUKIIaIeHOT0, BUHHUKIIA TTOTPeda B po3poOIll €KCIIPEeC-METOAY OIIHKH
MapOYHOI HAJIEKHOCTI BYT1JUIS, 110 HAAXOJUTh HA KOKCOXIMIYHI MIJIPHUEMCTBA YKpaiHu,
a00 30epiraeThCs Ha MEPEBAIOUHMX MyHKTaX JJis HOTO MOJAIBIIIOTO MEPEBE3CHHS.

3B’A30K po0OTH 3 HAYKOBUMH MPOrpaMaMu, IJIaHAMM, TeMaMu. 3MICT poOoTH
BIIMOBIa€ HanpsMkaMm «Jlep:kaBHOT mporpamMu po3BUTKY Ta pedopMyBaHHS TIpHUYO-
MeTanypriiiHoro komruiekcy Ykpaiau g0 2020 p.». Kpim Toro, 3a Oe3mocepeaHboro
y4acTIO aBTOpa BHUKOHAaHI HACTYNHI HAyKOBO-IOCHIAHI PpoOOTH: «YIOCKOHAJIEHHS
METOJMKH BUKOHAHHS BHUMIPIOBaHb TEMIIEpaTypu 3aliMaHHsS Kam’ STHOTO BYTLLIA Ta
BCTAHOBJIEHHSI CTyneHio Horo okucHeHHs» st IIpAT  «3AITOPDKKOKC»
No JIP 01150001478 (Homatok Al) ta «Po3pobka cTaHZapTHOTO 3pa3ka MiANpHUEMCTBA
JUTsl METOAY TI0 BU3HA4YeHHIO OKMCHEeHHs Byriumsp Ne JIP 0115U003888 (domatok A2),

piBeHb y4acTi 3100yBaya B JaHUX poOOTaxX — BUKOHABEIIb.
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Merta i 3aB1aHHA TOCTi/IKEHD.

Metoto poOOTH € BHpIIIEHHS BAXIUBOTO HAYKOBO-TEXHIYHOTO 3aBJAaHHS:
pO3poOIEHHST HAYKOBO-OOTPYHTOBAHUX PEKOMEH Al 111010 BUKOPUCTAHHS MMOKa3HUKA
TEMIIepaTypy 3aliMaHHS SIKOCTI €KCHpPEec-OI[IHKM MapOYHOI HAJEKHOCTI BYTULIA, IIO
HaJXOIUTh Ha KOoKcyBaHHs ([{omgaTok b1).

Jlyis mocsSTHEHHS TOCTaBJICHOI METH B poOOTI MIANSATAIOTh BUPIMICHHIO HACTYITHI
3aja4i;

1. BuKOHaHHS KPUTUYHOTO AaHAMI3y pPe3yJabTaTiB JOCHIDKEHHS  IIOJ0
BUKOPHCTAHHS MOKA3HUKIB SKOCT1 BYTUJUIS JJI €KCIPEC-OLIHKH MapOyHOT HAJEKHOCTI
BYT1JUIA, 110 HAAXOAUTh HA KOKCYBaHHS.

2. Bu3HaueHHs TeMnepaTrypu 3aiiMaHHs JBOX-, TPhOX- Ta 0araTOKOMIOHEHTHHX
CYMIIIIeH BYTUIIIA PI3HOTO CTYIEHSI MeTaMOp(i3My Ta TpaHyJIOMETPUIHOTO CKIaIy.

3. BcTaHOBNEHHS BIUIMBY IIBUAKOCTI HAarpiBy 1 CTYNEHS OKHUCHEHHS BYT1JUIS
PI3HOTO CTyIEHSI METaMOp(i3My Ha TeMIIepaTypy Horo 3aiiMaHHs.

4. BuzHaueHHS 3B’SI3Ky TeMIIepaTypu 3aiimMaHHsS 3 KiacudikamiiHuMu
MOKa3HUKAMU SIKOCTI1 BYT1JLISL.

5. Po3po0iieHHs TEOPETUYHHX OCHOB BHUKOPHCTAHHS IOKa3HHUKAa TEMIIEpaTypH
3aiiMaHHs B SIKOCTI €KCIPEC-OL[IHKK MapO4YHOI HaJIEKHOCTI BYTLILIA.

6. Po3poOka KOHTPOIBHOTO 3pa3Ky 3 (hiKCOBAHOIO TEMITEPaTyPOrO 3aliMaHHS.

06’exkm  OocniodceHHss — TIPOLECH, SKI BIJOYBAIOThCS TPU BU3HAYCHHI
TeMIlepaTypyd  3aiiMaHHS  BYruulsl  pI3HOrO  CTymeHs  metamopdizMmy B
CTaH/apTU30BAHOMY YCTATKyBaHHI.

Ilpeomem oocniodcenns — BYTUUIA pi3HOI cTamli mMeramopdi3zMy Ta BYTUIbHI
CYMIILII.

Metoau aocaixkeHHsi. B excrnepuMeHTanbHIM YacTWHI POOOTH BHKOPUCTaHI
Cy4yacHi CTaHAapTHU30BaHI METOJIW BU3HAYCHHS BIACTUBOCTEH Byriyuis: TexHiunuh (W,
AY, S, Vi perporpadiunmit (Ro, Vt, Sv, I, L, pednekrorpama BiTpuHITY) i
enemenTHui (C%, [ N Sd - Oy%" apanisu. Temnory sropsuns (Qs%) BusHauamu
srinHo JICTY ISO 1928:2006 «IlamuBa TBepai MiHepaibHi. BuzHaueHHS HaWBHIIOi

TEIUIOTH 3TOPSIHHS METOJIOM CHAJIOBAaHHS B KaJlOpUMETpUUHIA O0MO1 Ta OO4HMCIEHHS



16

HAaWHMKYOI TEIUIOTH 3TOPSHHS», TOKa3HUK OKucHeHHs Byruuig 3rigao JACTY
7611:2014 «Byrimuis kam'sHe. MeToa BU3HAYEHHS OKWCHEHHS 1 CTYNEHS OKHMCHEHHS.
CraTucTHUHUH aHAJI3 OTPUMAHUX PE3YJIbTATIB 1 PO3p0o0Ka MaTEMaTHYHHX 3aJ1€KHOCTEH
BUKOHYBAJIMCh 3a IOIOMOI0I0 KOMIT t0TepHOi nmporpamu Microsoft Excel.

HaykoBa HoOBHM3HA OTpPUMAaHHX pe3yjbTaTiB. Ha migcraBi BHUKOHAHHMX
JOCTIKEHb OTPUMaH1 HACTYITHI BaXKJIMBI Pe3yJIbTaTH.

1. Bmepiie BCTaHOBJIEHO HAasiBHICTb CHUCTEMATHYHUX BIIXWIEHb (HAKTUYHHUX
3HAa4YeHb TEMIEpaTyp 3aiiMaHHs BYTUJIbHUX CYMIIIEH BiJl PO3PaxOBAHUX 32 IPABHIOM
aIUTUBHOCTI B OIK BYruuld 3 MEHLIOK TEMIepaTypor 3aiiMaHHi. Meromamu
MaTEMaTHYHOI CTATUCTHKHM JOKa3aHO, IO Il BIAXWJICHHS HOCATh I1CTOTHUH
HEBUIIAIKOBUH XapakTep.

Bucnosinene mpumylieHHs, 0 B cyMillaX, B IEpILy Yepry, 3aliMaeThCs
KOMIIOHEHT 3 MEHIIOI0 TEeMIIepaTyporo 3aiiMaHHS, a €HEpris, 10 BUIUIAETHCA MPH
[bOMY, IIPU3BOJIUTH JI0 3aiiMaHHs CyMIllll B ILJIOMY.

2. 3anponmoHOBAaHO MEXaHI3M XIMIYHUX peakiii, sKi BiAOyBalOTbCS NpH
BU3HAYECHHI TEMIEpaTypH 3aiiMaHHs BYrULIsA. 3a JOMOMOTOI0 BUKOPHUCTAHHS B1JIOMOTO
PIBHSHHS Kiccinmxkepa BH3HAYECHI 3HAYEHHS eHeprii aKTHUBaIlll 1
MEPEICKCIOHECHITIAIBHOTO MHOKHHMKA PIBHAHHS ApeHiyca s 3aiiMaHHA BYT1JUIS
PI3HOTO CTyNeHsl MeTaMop(Pi3My 1 OKUCHEHHS.

3. BcraHoBiieHo, 110 KOHCTaHTa MIBUJIKOCTI MPOIIECY 3aiiMaHHs 301IbIIYETHCA 31
30UIBIIICHHSIM CTYIEHSI OKMCHEHHS 1 3HIDKEHHSIM CTyIEHs MeTaMopdi3My JOCIITHOTO
ByTiuis. 30UIbIICHHS] KOHCTAHTH IIBUIAKOCTI 3aliMaHHS OJHOYACHO 31 30UIBIICHHSIM
eHeprii axkTUBallli TOSCHIOETHCS B paMKaX  3pOCTaHHS MEPEeAEKCIIOHEHIIATbHOTO
MHOKHMKAa 1 HOro JOMIHYIOYOTO BKJIaQy B pE3yJdbTylOu€ 3HA4YCHHS KOHCTaHTH
IIBUIKOCTI.

4. Bmepuie 3a JOMOMOIOI0 MaTeMaTHUYHUX METOJIB JOCHIDKEHHS JIOBEIACHO
HAsIBHICTh TICHOTO 3B’SI3Ky MK TEMIIEpaTypol0 3aiiMaHHS Ta KiIacu(piKaliiHUMU
MOKa3HUKAMU SIKOCTI BYT'ULIS — MOKA3HUKAMM BIIOMTTSI BITPUHITY Ta BUXOIY JIETKUX
PEYOBHH, a TAKOXK MOKa3HUKAMH OyZ0BH OPraHi4HOI MAacH BYTULIIA — BMICTY 3araJibHOro

Ta apOMATUYHOTO BYTJIEIIO Ta CTYNIEHEM HEHACUYEHHS OTO CTPYKTYPH.
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IIpakTH4He 3HAYEHHSI OTPUMAHMX Pe3yJIbTATIB:

1. BcraHoBneHo, 1m0 TeMmmepaTypa 3aliMaHHS BYTULIS PI3HOTO CTyIEHs
MeTaMopdi3My 1 OKUCHEHHSI MPAKTUYHO IIJIKOM 3aJICKUTh BiJl IIIBUIKOCTI HArpiBaHHS.
3a po3po0sieHUM MaTEeMaTUYHUM PIBHSHHSIM MOXHA pO3PaxXyBaTU TEMIIEpaTypy
3aiiMaHHS JOCIIHKEHOTO BYTULIS B Jiama3oHi MBUIKOCTEH MOTO HArpiBaHHS BiJ 2 10
7 °C/xB.

2. Po3paxoBaHo  3HaueHHS  TeMmmepaTypu  3aiiMaHHS  BIJIHOBJIEHOTO
(HeoKHMCHEHOr0) KOKCIBHOrO BYriuia okpemux wmapok 1 rpyn JCTY 3472:2015
«Byrims Oype, kam’siHe Ta anTpauut. Knacudikais.

3. BcraHoBieHO, 110 BHUKOPUCTAHHS TIOKa3HHMKA TEMIIEpaTypu 3aliMaHHS
B1IHOBJICHOTO (HEOKHCHEHOI'0) BYTUJIJISl JO3BOJISIE CBOEYACHO BUSBUTHU HEBIAMOBIIHICTD
GbakTUYHOT MapoOyHOI HAJIEKHOCTI BYTUUIS 33JCKIapoBaHiii  Maplli, IPOBECTH
NEePIIOYEProBUN KOMILUIEKC AOCIHKEHb BIACTUBOCTEHN 1IbOTO BYT1UIA 1, 3 ypaxyBaHHSIM
OTPUMAaHUX JTAaHWUX, BXKWTHU 3aXOJIiB MO0 MIATPUMAHHS 33IaHOTO MAapOYHOTO CKJIamy i
BJIACTUBOCTEHN BYT1JIBHOI IITUXTH, @ TAKOXK CTAOLII3aIlll SKOCTI BUPOOJIEHOTO IOMEHHOTO
kokcy (Honatox B2, B3).

4. Po3paxoBaHO, 110 E€KOHOMIYHUH e€(EeKT BiJI BUKOPUCTAHHS TeMIEpaTypu
3aiiMaHHs JJi1 KOHTPOJIO MAapOYHOTO CKJIaAy 1 SIKOCTI BYT'UIbHMX KOHIIGHTpaTiB Oyne
CKJIaJaTHCA 3 3all00IraHHs IIKOIM Bl MMO3aIUIAHOBOI 3MIHHM MOKA3HUKIB SIKOCTI HINXTHU
JUI KOKCYBaHHS, SIKI BIUIMBAIOTh HA BHX1J 1 SKICTh BaJOBOrO 1 JOMEHHOTO KOKCY
(domatok b4).

5. OCHOBHI TCOpPETHUYHI TIOJIOKCHHS Ta PE3YNbTaTH CKCIICPUMCHTATBHUX
JOCITIJIKEHb JTHUCEpTaIlli BUKOPUCTOBYIOTHCS B HABYAIBHOMY MpOIECi Ha Kadeapax
MeTaJdypriiHoro mnajuBa 1 BOTHeTpuBIB HallioHanbHOI MeTanmypriiHoi akajaemii
VYkpainu, TexHosoriii mepepobku HadTH, Tazy 1 TBepaoro mamuBa HTY «XIIl» Ta
xiMiyHOT TiepepoOku HadTu 1 Ta3zy HamionansHoro yHiBepcutety «JIbBiBChKa
nomrtexHikay (Honatox b5-b7).

Oco0ucruii BHeCOK 3100yBava.

Bci  pesynabTaté  nuceprariii  OTpUMaHi  aBTOpoM ocobucto abo 3a Horo

Oe3rnocepeHboi y4acTi. ABTOPOM Pa3oM 3 HAyKOBHUM KEPIBHUKOM BH3HAU€HI OCHOBHI
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HAyKOBO-TE€XHIYHI 3acaJy Ta TOJOXKEHHS po0oTH; chOopMyiIbOBaHI MeTa, 3ajadl Ta
oOpaHO METOAM JOCTIKEHHS. 3100yBadyeM caMOCTIMHO: BUKOHAHO JIITepaTypHUM OIS
IIO/I0 ICHYIOYMX €KCIIPEC-METO/IIB BU3HAUEHHS SKOCTI BYTUJUISI; MPOAHaI130BaHO BIUIMB
IIBUKOCTI HAarpiBy 1 CTYIIEHS OKMCHEHHS BYTUJUISI Ha TeMIeparypy Horo 3aiiMaHHS;
BU3HAYCHO 3B’SI30K TEMIEpaTypH 3aliMaHHsS 3 MOKa3HUKaMU CKJady, OyIOBH Ta SIKOCTI
BYriyursi. 3a 6e3mocepenHboi y9acTi aBTopa BUKOHYBAJIHUCS JTa00OpaTOPHi JOCIIIKEHHS 3
BU3HAUEHHA MeTporpadiuHuX XapaKTePUCTHK, HAWBUINOI TETUIOTH 3TOPSIHHSA, & TaKOX
MaKCHMAaJIbHOI BOJIOTOEMHOCTI BYyriuisi. MaremarndHi po3paxyHKH, BKJIIOYHO 3
PO3pOOKOIO0 KIIBKICHUX 3aJIEKHOCTEH, BAKOHYBAJIMCS aBTOPOM OCOOHCTO.

B po6orax, BUKOHaHMX Yy CIIBaBTOPCTBI 3 IHIOMMHU JIOCHIJIHUKaMH, aBTOPY
HaJIEXHUTh MPOBIJHA POJb y MOCTAHOBLI 3aAad AOCIIHKEHb, IPOBEICHHI KOMILIEKCY
EKCIIEPUMEHTAJIbHUX Ta TEOPETUUHUX JOCIIHKEHb, aHaIli31 Ta y3aralbHEeHHI OTPUMaHUX
pE3yNbTATIB.

Ocobuctuii TBOpuUMM BHECOK 3/100yBaua B OMyOJIKOBaHI HAyKOBI poOOTH
HaBesieHo y JoaaTky BS.

Anpobaunisa pe3yabtratiB po0oTH. OCHOBHI MOJIOKEHHS JAMCEPTALIiHOI poOOTH
JOTOB1IaNics Ha 9 MIXKHApOIHUX HAYKOBO-TEXHIYHUX KOH(DEPEHIIIsX:

— VIII MixnaponHiii HaykoBo-TipakTU4HIM KoH(pepenuii «Hayka 1 ocBita 2005»
(InimpomneTtpoBchk, Ykpaina, 2005 p.);

—VI-1it Mixknapoaniit koHdpepenii «CTparerusi KauecTBa B MPOMBIIIICHHOCTH U
B oOpa3oBanun» (Bapua, bonrapis, 2010 p.);

— IV-ii1 Beeykpaincbkiii HayKOBO-TIpakTHUHIN KOHepeHIli «HaykoBo-mociana
poOoTa B cucTeMi MiArOTOBKU (haxiBIliB MEAATrOTiB B MPUPOIHINA Ta TEXHIYHIN TaTy35IX)»
(bepasiacbk, Ykpaina, 2013 p.);

— Beeykpaincbkiii kondepenirii «IIpobreMu Tpy10Bo1 1 IPOMUCTOBOT MiATOTOBKH
B KOHTEKCTI HAI[lOHAJIbHOI CTpaTerii po3BUTKY OCBITH YkpaiHu». (ClOB’SIHCBK,
VYkpaina, 2014 p.);

— MiXBY31BCHKI#M HayKOBO-TIpakTHUHIN web-koHpepeHiii « TexHomoriuna ocBiTa:

npoOJieMu, 1IHHOBAILIIT, MepcreKTuBm» (JIucuuancek, Ykpaina, 2014 p.);



19

— Il1-1f MixHapoHIA HAyKOBO-TIPAKTUYHIA KOH(EpeHIli «AKTyalbHI MUTaHHS
cyudacHoi Hayku» (JIpBiB, YKpaiHa, 2015 p.);

— |-1if MixxHapoaHIl HayKOBO-MpakTU4HIN KoH(pepeHIi «PyHIaMeHTalIbHbIE U
MPAKTUYECKUE UCCIIEIOBAHUS: COBPEMEHHBIE HAYYHO- IPAKTUYECKUE PEIICHUS U
noaxoaen» (baky, Azepbaiimxkan, 2016 p.);

— IX-it  MuixHapogHiii HayKoBO-TexHIuHIM KoHbepenuii «lloctym B
HadTorazonepepoOHiit Ta HaToxiMIuHIN TpomucioBocTi» (JIbBiB, Ykpaina, 2018 p.);

— l-iit MibxHapoaHiii 3a04Hii HAYKOBO-TEXHIYHIM KOH(EpeHIi 3 CydacHUuX
TEXHOJIOT1H nepepoOKH MaJTMBHUX KomnajauH (Xapki, Ykpaina, 2018 p.).

IMyonikamii. 3a Temoro nucepTanii omyOIiKOBaHO 23 HAYKOBHUX Ipailb, Y TOMY
gucii 16 cratedt y cmerianizoBaHUX HAyKOBUX KypHanax (3 HEX 8, M0 BXOAATH 0
MDKHapOJIHUX HaykoMmeTpuuHHX 0a3 Scopus ta Web of Science), 7 te3 monosiaeit y
30IpHUKaX MaTepianiB MIXKHAPOJHUX KOH(PEPEHIIIH.

Crpykrypa Ta 00’eMm pobotu. [lucepraiiisi CKIaga€TbCs 31 BCTYIy, IISITH
OCHOBHMX pO3/JIIB, BHCHOBKIB, CIHCKY BHKOPHUCTAHMX JXKepels, noaatkiB. [loBHMI
oOcsar auceprailii CTaHOBUTH 147 CTOpiHOK: 22 pucyHKa 3a TekcToM, 49 Tabmuip 3a
TekcToM, 146 HaliMeHyBaHb BUKOPUCTAHUX JIITEpaTypHUX Jkepen Ha 16 cropinkax, 10

nonatkiB Ha 19 cropiHkax.
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PO3/1LI 1
EKCITPEC-METO/I BUSHAYEHHS SIKOCTI BYTLJLJISA

Buxina 1 AKicTh KOKCY, a TAKOX BUX1J XIMIYHUX MPOAYKTIB KOKCYBaHHS B 3HAUHIN
Mipi 3asiexaTh BiJl BIACTUBOCTEH CHPOBHHH, 11O MEPEpoOISeThCS (BYTULIS 1 BYTUIBHUX
IIMXT), B 3B'A3KYy 3 YUM KOHTPOJb SIKOCTI BYTUIIA, IO HAJXOAUTh HAa MEPEpoOKy, Mae
Benuke 3HaueHHsS [1-8]. He MeHII BaxIMBUM € KOHTPOJIb SIKOCTI BYTUUISL TpHU
BUKOPUCTAHHI TEXHOJIOTI Oe3nepepBHOr0 BHPOOHUITBA KOKCY [9-14] abo mpu iioro
CHaJIIOBaHHI B PI3HOMaHITHUX €HEPreTUUYHUX YCTaHOBKAaX.

KoHTposib SIKOCTI BYTuUDIsi Ha KOKCOXIMIYHOMY MiANPUEMCTBI 3A1MCHIOETHCS
BIANOBIIHO a0 po3auty XXI IlpaBun TtexHiunoi ekcmyaramii [15]. Cxema
7a00paTOPHOTO KOHTPOJIIO, SIKa BKJIOYA€ B1AOIp 1 MIATOTOBKY MpOO, peai3yroThCs
BIJIIIJIOM TEXHIYHOro KoHTposito mianpuemctBa (BTK). fAkicTe Byrimig BU3HAYa€eThCs
[UIIXOM aHai3y BiAIOpaHUX MpPeICTABHUIIBKUX MPOO B JIabopaTopii NiANMpUEMCTBA.

Cranmapt HACTY 3472:2015 «Byrums Oype, KaM’sHE Ta aHTpPAIUT.
Knacudikauis» [16] nommproeTscss Ha HEOKUCHEHE Oype, KaM siHEe BYT'ULISA 1 aHTpaluT
VYkpaiHu 1 BCTAHOBJIIOE WOT0 MapOYHY MPUHAJEKHICTh HaA IIJICTaBl XapaKTEPHUX
3arajibHUX O3HAaK, 10 B1JOOpa)Kar0Th T€HETHUYHI OCOOJIMBOCTI 1 OCHOBHI TEXHOJIOT14HI
XapaKTePUCTHUKHU.

3aneKHO BiJI 3HAYEHb CEPEIHHOTO JOBIIHLHOTO TMOKAa3HUKA BIIOUTTS BITPUHITY
Ror, BUXOAy NeTkux pedoBuH V¥ ropmumnu miactuunoro mapy Y, ingekcy Pora Rl,
BMILIOi TEIUIOTU 3rOpSHHS Ha cyxuii 6e330pHuit Q% aGo Bomoruii 6e330mpHui Q%
CTaH BYTiLIs YKpaiHu IUISITh Ha MapKu BIAMOBIAHO 10 Tad. 1.1 [16].

JCTY 7724:2015 «Byrimis kam'ssHe 1 KOKCyBaHHS. TexHiuHI ymoBu» [17]
nommproeTbest Ha kam'siae Byrunist mapok J(T, T, TKTI, 1K, K, K, TIC 1 I1, BcranoBneH1
JACTY 3472:2015 [16], siki BUKOPUCTOBYIOThCS Ha MIANPUEMCTBAX KOKCOXIMIYHOI
MIPOMHUCIIOBOCTI.

Y Tabun. 1.2 HaBeneHi HopMu NoKa3HUKIB VU, y i Ro 1u1st ByTiis okpeMHuX Mapok

srigHo JICTY 7724:2015 [17].
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Taomurs 1.1

[To3naueHHs Knacudixkamiiini noka3HUKH
] Buma remiora
) ) Buxin netkux
CepenHiii 1OBUIbHUI 3TOpsIHHA Ha
Bun ) ) pE4YOBHH Ha TosmuHa
) Mapka Byrrijis MMOKAa3HUK BIAOUTTS Innexc Pora, CyXHil
BYTULIA Mapka | I'pyma ) ) CyXui IJIACTUYHOTO
BITPHHITY, RI, ox. 0€330JIbHUH
0€330JIbHUH uapy, Y, MM
Ror, % cran, Q¥
cran, V9 %
MJIx/kr
1 2 3 4 5 6 7 8 9
Ot 50 go 70 .
bype bype b Menm 0,4 — — Men 24
BKJIIOY.
JloBromnomym’ssHe . Bin 35 no 50
Jil| Bix 0,4 1o 0,59 Bxitrou. Menm 6 - —
BKJTIOY.
JloBromnonym’sHe ) )
. Bin 35 no 44 Bin 6 1o 9
razose JAr Bix 0,5 mo 0,69 Bkmirou. - -
Kam'ssae BKJIIOY. BKIJTIOY.
] Bin 38 no44 | Bing 10 no 16
T"a3oBe r I'l Bix 0,6 no 0,69 BKI1OY. - -
BKJIIOY. BKJTIOY.
] Bix 36 mo 42 Big 10 mo 24
I'azoBe T 12 Big 0,7 mo 0,79 Bkmrod. — —
BKJTIOY. BKJTIOY.
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[Iponosxenus tadmn. 1.1

1 2 3 4 5 6 7 8 9
I'azoBe xupHe - . Bin 33 no39 | Bing 10 no 16
_ 1KII Bix 0,8 no 0,89 Bkiro4. - —
MCHYBAaTe BKJIIOY. BKJIIOY.
_ Bin 33 o 38 o
I"azoBe xupHe 'K Bix 0,8 mo 0,89 BKI1OY. 17 1 GuIbLIE — —
BKJIIOY.
. Binx 28 no 36 o
Kupne XK Bix 0,9 no 1,19 Bxitrou. 17 1 Ginbire - —
BKJIFOY.
‘ ‘ Bix 28 mo 30 Big 13 no 16
KoxkciBue K K1 Binx 1,04 no 1,19 BkirO4. — —
BKJIFOY. BKJIIOY.
' . Bin 18 mo 28 Binx 13 mo 28
KoxkciBae K K2 Bin 1,2 go 1,49 Bxirou. - -
BKJTFOY. BKJTFOY.
Big 14 o 22 Big 6 no 12 Big 13 go 50
[TicayBare cmikiauBe I1C Bix 1,5 go 1,69 Bxirou. —
BKJIIOY. BKJTFOY. BKJTFOY.
. . Bin 8 mo Binx 35,2 no
ITicue IT Bin 1,7 no 2,59 Bximrou. - Memnm 6 Menm 13
18" BxIIFOU. 36,5 BKIIIOY.
Bin 33,1 oo
AHTpaIuT AHTpanur A Bix 2,6 no 6,00 Bkiarou. Menmr 8 - - 352
* BHIa TemnoTa 3ropsHHs HaBeIeHa Ha BOJIOTHi 6e330mbHuii cTaH, Q%
** Byriuis 31 3HAYSHHSAM CEPeHbOT0 JOBIILHOTO MOKa3HUKa BiIOUTTS BiTpuHITY Bia 0,9 10 0,99 % 1 TOBIIKMHOIO MiIacTUYHOTrO Mmapy Big 10 g0 16 MM

BiTHOCHUTBHCS 10 Mapku [ KT

*** TIpy BUXOJI IETKUX PEYOBMH Ha CyXmii 6e330mnpHuit cTan VI vermm 8 % i Temoti sropsas 35,2 MJIK/KT i GinbIne BYTi/uIs BiZTHOCHTBCS 0 MapKu I1.
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Ta6mus 1.2
Hopmu noka3HuKIiB IKOCTI BYTiJUIsl 1JIsI KOKCYBAaHHS
3HaueHHs JJI1 MapKu, Tpynu
IToka3zHuk r K
Ar IKIT | TXK XK I1C I1
I'l 2 K1 K2
Vdaf, A
He Ginbe 44 44 44 39 38 36 30 28 22 -
He menmme — — — — — — — — — 10
y, MM 6 10 10 10 17 17 13 13 6 —
R o 05- | 06- | 06- | 08| 08- | 09- [104-| 1,2- | 15 | 1,7-
or, %
r 069 | 0,79 | 0,79 | 089 | 0,89 | 119 | 119 | 1,49 | 169 | 2,59

HopMmu TmOKa3HUKIB SIKOCTI KaM'sHOTO BYTULIS, AaHTPAUUTy 1 NPOIAYKTIB iX
nepepoOKH, MPU3HAYCHUX JJIl €HEepPreTUYHOro BuUkopuctaHHs, HaBeneHl B JICTY 4083—
2002 «Byrumns kam'sHe Ta aHTPAUMT JUIs MWJIOBUAHOTO CHAIIOBAHHS Ha TEIUIOBUX
ellekTpocTanmiax. TexHiuni ymou» [18].

Byrimns ais nmuiaono1i0HOro CrairoBaHHS Ha TEIIOBUX €JIEKTPOCTAHINAX JUIATHCS
Ha YOTUPH KaTeropii B 3aJIe)KHOCTI BiJ] MOKA3HUKIB SKOCTI. HuXKHS TemyioTa 3ropsiHHS Ha
poOounii cran Q; moBuHHA OyTH piBHOIO MJIX/KT (KKaJ/KT):

JIist ByT1JU1s TIepIioi KaTeropii SIKOCTI He MEHIIIE:

Mapox I, AL, I', K, K, TIC Lo 20,097 (4800)

MaAPOK TT, A oot e e e e e e e e e aaaaas 21,772 (5200)
JIist ByTriuis Ipyroi KaTeropii sKOCTI:

Mapox I, A1, I', XK, K, TIC ... Bi1 17,585 (4200) o 20,097 (4800)

Mapok I, A ..o e .B11 20,097 (4800) no 21,772 (5200)

JUist Byrisuist TpeThO1 KaTeropii SKocTi (MpOMIPOAYKT BCIX MapoK):
He menm mixk 16,747 (4000)
Jjist ByTisuis 4eTBepTOi KaTeropii IKOCTi (I1aM BCiX MapoK):

He menm wix 12,560 (3000).
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[Ipu npoMy 3araipHa Bojora Ha pobOoumii craH manuBa W't moBMHHa OyTH He
OlIbLIE:

JI7is ByTUJUIsI IEPIIOi Ta IPYroi KaTeropii IKOCTI:

1\ 1004 Z 0 1 ST 14,0 %
\Y/E: 0103901 | IR R (O R 1 (PP 12,0 %
A 000 1 R U 10,0 %
JI1st ByT1Ju1sl TPEThO1 KaTeropii SKocTi (MPOMIPOIAYKT BCIX MApOK) ... ... 9,0 %
JI71st BYT1JUISI 4€TBEPTOT KATEropii SKOCT1 (IIUTAM) ...vveeeveeeereeennes oo 18,0%.

Jlns Byriuig nepioi ta Apyroi kareropii mapok I, I' 3axignoro JlonOacy, yepes
Horo BUCOKY KOHCTUTYLIHHY Bojiory [19] sik BUHATOK, 3arajibHa BOJIOTa Ha poOOYHil CTaH
najauBa Moxke Oytu He Ouibiie 16,0 %.

Kpim Toro, B VYkpaini niroTb MeTOAuW4HI pPEKOMEHMAIll I0JI0 BUKOPUCTAHHS
OKHCHEHOTO BYT1JUIS TIPU BUPOOHUIITBI TOMEHHOTO KOKCy [20].

B mmx pexomeHmamisXx periiaMeHTOBaHI IMHUTAHHS, IO CTOCYIOThCS TPHAMaHHS,
30epira”Hs 1 MATOTOBKY O KOKCYBaHHS BYTULIS PI3HOTO CTYNEHS OKMCHEHHS.

SIKIO MOKa3HMK OKWUCHEHHs BYriuia ckiamgae At<6 °C [21], Byriuis BBaKaeTbCs

HEOKHCHEHHUM 1 MOXE BUKOPUCTOBYBATHUCS TPU BUPOOHUITBI KOKCY 0€3 0OMEXKEHb.

SKmo MOKa3HUK OKUCHEHHS BYTUUIA CTaHOBUTH At>6 °C, a TOKa3HHK WHOTO
CHIKJIMBOCTI (TOBIIMHA MJIACTUYHOTO IIapy) HE HM)KYE HUKHBOI I'PaHUIll, BCTAHOBJIEHOI

JUIS BIJTIOBIIHOI MapKH, BYT1/UISI BBa)KA€ThCS YAaCTKOBO OKMCHEHMM. Lle Byriumst moxe

OyTH BUKOpPHCTaHE y BYTUIbHIN MIMXTI B KUTBKOCTI He Outbme  10-15 %.
SIKII0 MOKa3HWK OKUCHEHHS BYTULIS CTaHOBUTH At>6 °C, a BelMUYMHA MOKAa3HUKA
HOTO CHIKJIMBOCTI MEHINIC HIKHBOI TPAHMIN, BCTAHOBJICHOI JJIS Ii€1 MapKW, TO BYTLLIA

BBAKAETHCS CUJIBHO OKHCHEHUM. Take BYruLisi HE MiJUIsrae TpUBaJoMy 30€piraHHIO Ha

CKJal 1 Mae, B pa3l nmorpedbu, 6e3 3aTpUMKH, BUKOPUCTOBYBATUCS y BYTUIbHIN IIKUXTI B

KUJIBKOCTI He OljibIe 5 %.
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VY 3B'I3Ky 3 BHIIEHABEACHUM, JA0OpaTopii HA KOKCOXIMIYHHUX MIANPUEMCTBAX 1
TEIUIOBUX EJCKTPOCTAHINSIX TOBHWHHI MaTh OOJIaqHaHHS, IO JO3BOJIIE BCTAaHOBUTH
MapoYHY HAJIEKHICTh, KATETOPIIO SIKOCTI, @ TAKOXK CTYIIHb OKUCHEHHSI BYTLILJIS.

Buxoasun 3 1p0T0, CTa€ aKkTyaJbHUM MWTAaHHA MOAO0 MAOOPY METOMIB, SKi
JTIO3BOJIATH MTPOTHO3YBATH KiacH(]iKalliitHl MOKa3HUKU SKOCT1 BYT'ULIA 3a SIKOMOTa MEHIITUN

qac.

1.1 BcraHoB/IeHHSI MAPOYHOI HAJIEKHOCTI BYTijlisi 32 MOKA3HUKOM ONTHYHON
TYCTUHH AIMeTHJICYJIb(OKCHIHOTO EKCTPAKTY

Binomo, 1110 /1711 BUBYEHHSI PEYOBUHHOTO CKJIaAy 1 Oy/I0BH OpraHiuHOi MacH BYT1UIS
PI3HHX MapOK BHKOPHCTOBYIOTh METOJU iX €KCTparyBaHHS Pi3HUMH PO3YMHHUKAMH [22—
29].

Jlo Takux mMeToJiB BimHOCUTHCA po3poouiennii B 11 «YXIH» crmoci6 BcTaHOBIECHHS
Mapo4YHOi NPHHAJISKHOCTI BYriyUIA 3a IMOKa3HHMKOM onTtuuHoi ryctuHH (D)
niMetuicynbdokcuaaoro exkcrpakty [30-33].

Cytp MeTofy nojsirae B HactynHomy. HaBaxkky Byruuis abo cyminii ByTriuisi Macoro
~2 T B aHAIITHYHOMY NOAPIOHEHHI BMILIYIOTh B MpOOIpKYy s LEHTpU(dyryBaHHS,
JOJa0Th mneTkor 5 cm® pimetuncynsdoxcuny (JIMCO) i peTenbHO IeEpeMilyroTh.

[IpoOipky BUTPUMYIOTH MNpOTATOoM 15 XB mpu KIMHaTHIA TeMmmeparypi,
MEPEMINITYIOUN Yepe3 KOXKH1 5 XB CKIITHOIO MATMYKOIO.

[Ticns 3akiHYEHHS 3a3HAYEHOTO Yacy MPOOIPKY PO3MINIYIOTh B THI3/1 LHEHTPUDYTH
(momepeaHbo N0AaBIIH 10 cycnensii 0,2 ¢cM® po3uuHy IodiaKpuIaMiny) i HeHTpU(YTyIOTh
npotsarom 15 xB npu yacToti o6epranns He mennre 7000 xs™.

[ToTiMm TpoOipKy BHIIMaIOTh, a EKCTPaKT (HOTOMETPYIOTH MO BIAHOLIEHHIO [0
guctoro JIMCO npu nosxuni XBujii A=540 HM B KIOBETI 3 TOBIIMHOI MOTJIHWHAKYOTO
mrapy 1=3 MM i BU3HAUAIOTh 3HAYEHHS ONTHYHOI rycTHHHU (D) ekcTpakTy.

bynu nocmixeni 64 npobu Byrunis pisHUX Mapok JlonOacy, a Tako 1HIIMX KpaiH,

IUTS SIKMX BH3HAYaH mokasHuku D, Ry, V&, y, @ TAKOX eJIeMeHTHOro ckiany [34, 35].
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OO0poOka MeTOJOM HAMMEHINUMX KBaApaTiB  JO3BOJMJIA OTPUMATH  OIHC

B3a€MO3B's13KY MK Ro1 D y Burisai mosinoma 3-ro mopsiaKy:

R, = —1,630D3 + 1,129D2 — 3,505D + 1,750, (1.1)

3 KoedirieHToM mapHoi Kopessii r = 0,93.

Benuuuna koedimienty nerepminaiii (D=86,5 %) cBiAunuTh Mpo TICHUM 3B 30K MK
BenuunHamu Ro1 D; yacTka BruBy iHIMX (pakTopiB Ha Ro He nepesuiye 13,5 %.

Ha namy nymky, Taka TicHa 3aJ€XHICTh IIUJIKOM 3akoHOMIpHa. CripaBa B TOMY, IO
NMoKa3HUK Rg Xapakrepusye, B mepiry 4epry, KUIbKICTh IMKJIIYHO TMOJIMEPU30BAHOTO
Byriemio, a D — wneperynsapHy wactuny OMB, TOOTO JaHl MOKa3HUKM TOBUHHI OyTH
PI3HOCTIPSIMOBAHI.

JiiicHo, 3 pocToM noka3zHuka D BiOyBaeTbcs 3HMKEHHS TOKa3HHUKA Ro 1 HaBMaKw.

B3aeM03B's130K 1HIIOrO KiIacu(IKaIIHHOTO MapaMeTpa — BUXOAY JIETKHMX pPEYOBUH
(V®"), mo xapakrepusye Tepmiuny crilikicte OMB, 3 MOKa3HMKOM OITHYHOI T'yCTHUHH
BYTUJIbHUX €KCTPaAKTIB MPUHIIMIIOBO MOAi0eH 10 3anekHocTi Ro=f(D).

3anexuicts nokasauka V% pin D Takoxk ommcyeTbcs PiBHAHHSAM perpecii 3-ro

CTYIICHSL:
vdef = 37,5303 — 100,72D% + 90,98D + 10,36, (1.2)
3 KoedimieHTaMu mapHoi kopessii r = 0,92 1 nerepminartii D = 84,6 %.
BuByanu TakoXX B3a€EMO3B'S30K MDK TOBIIMHOIO IUIACTMYHOTO wiapy () 1
nokazHukom D, B pe3yibTati yoro 0yso po3po0bieno piBHsHH: (1.3):

y = 56,06D3 + 172,196D? + 134,08D — 2,92, (1.3)

3 koedinieHTamu napHoi kopessii r = 0,71 gerepminanii D = 50,4 %.
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KinpkicHuii BMICT BYIJIEL}O, BOJHIO, KHCHIO Ta IHIOUX €JIEMEHTIB TOpsAd 3
po3paxynkoM atomuux BigHocuH H/C, O/C 1 H/O — mxepena BaxiuBoi iHGopMallii 1010
0cobuBOCTI ckiafy 1 6ynosu OM Byrisus.

Sk BimomMoO, 3 pPOCTOM CTymeHs MeTamop@i3My Kam'ssHOTO BYTUUIL B HBOMY
3aKOHOMIPHO 3pOCTa€ BMICT BYTJICIIO 1 3MEHINYEThCS BMICT BOJIHIO 1 KHCHIO. 3MIHA
€JIEMEHTHOTO CKJIaJy OCOOJIMBO MOMITHA IpH BUKopucTaHHi aromHuX BigHocun H/C 1 O/C.
MatemaTuko-cTaTHCTUYHA 00pOoOKa eKCIIEPUMEHTATBHHX JTAHUX BUSBUJIA HAIBHICTH TiCHOT

KopeJsiiii Mixk aromauMu BigHocuHamu H/C, O/C i Benmuunoro D [35]:

o=

= 0,429D3 — 0,985D? + 0,754D + 0,595;7 = 0,89; D = 79 %. (1.4)

= 0,16D3 — 0,334D? + 0,225D + 0,0060;r = 0,89; D

79%. (1.5)

alo

TakuM YMHOM BCTAHOBJIEHO JOCUTH TICHI B3a€MO3B'SI3KM MDK MOKazHUKOM D 1
JESTKAMHU MTOKa3HUKaAMHU CKJIaTy i BJIACTUBOCTEH BYTUILIIA, BEJIMYMHA
AKUX OOyMOBJI€Ha IMpollecaMd T[EePEeTBOPEHHS OpPraHiyHoi Mach BYTrULIs B XOAl
MeTaMopdizmy.

Heo0xiaH0 3a3Ha4MTH, 1110 METOJI JOCUTH CKJIAIHUM B anapaTypHOMy oOpMIIEHHI, a
oJlep>KaHl 3HA4YEHHS HE B1IOOPaXKalOTh BCHOTO PI3ZHOMAHITTS BIACTUBOCTEH BYTUJUISA

PI3HOTO CTymeHs MeTamopdizmy.

1.2 IlIpumBHAMIeHUI MeTOX BUSHAYEHHS ALJIATOMETPUYHUX MOKA3ZHUKIB

Hinatometp koHctpykiii IIK-AMertl [36] mo3Bosisie omHOYaCHO aHami3yBaTH IBI
napaienbHi npoou. Jocaia Tpuae Onu3bko 15 xB. B pe3ynbTaTi OTPUMYIOTH KpPUBY
CIy4yBaHHS, 3 SKOi 3HAXOJATh TPW OCHOBHI MOKa3HUKH: 1HACKC crydyBaHHs (I;), mepion
HarpiBy a0 nouatky cmyuyyBaHHs (IIy) 1 mepiox cmyuyBanus (Ils). 3rigno [37] wi Tpu

MOKa3HUKa BIIOOPAKAIOTh MPUPOIHI BIACTHBOCTI BYTUUIS 1 32 iX JOMOMOTOK MO>KHA
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XapaKkTepu3yBaTH 0COOIMBOCTI nepeTBopeHb OM Byriiis mpu MOro Harpisi, IO BaXJIUBO
U1 IPAaBUJIBHOTO CKJIAZAHHS BYT1JIBHUX IIUXT JJI51 KOKCYBaHHS.

Cxema oOnajHaHHS HaBeJeHa Ha puc. 1.1.

L

Pucynok 1.1 — unatomerp II'K-/IMertl
1 - Gapalan; 2 - raiika s kpirieHHs Oapabana; 3 - 3aTUCK Ui nanepy; 4 - HanpsiMHa TpyOka; 5 - nepo; 6
- IUTa; 7 - BaHTax; 8 - kiema; 9 - kopmyc neui; 10 - rermoizossis; 11 - TpyOka /It 3aBaHTa)KEHHS
Byrims; 12 - KoHTpobHE 0OMeXyBanibHe Kinblle; 13 - HarpiBanpHUIA 0510K; 14 - mHO meyi; 15 - mumra; 16
— YCTaHOBOYHMM I'BUHT; 17 — cripaiib 13 HixpoMma; 18 - kepamika amns cripaini; 19 — kpumka neui; 20 -

OTBip 11 Tepmonap; 21 - Tpumau TpyOKku; 22 - mremnens; 23 - piBeHb; 24 - HUTKa; 25 - OJIOK.

Aptopamu [37] Oyna 3armporoHOBaHa CXeMa, IO JI03BOJISIE 32 JaHUMH JTOCTIKCHHS
Byrums B npwial [[K-JIMetl Bu3Hauatu MapouHy nmpuHaNEKHICTh Byruuis. BianosigHo
10 1€l cxeMu, BYruuis, sike crnyuyerbest mpu 470 °C (I;>0) BiZHOCUTBCS 0 CEepeaHbOI
ctaaii metamopdizmy (mapxku I, XK 1 K), Toni sik Byriuis, sike He BUSBIISIE CITydyBaHHS MIPU
BKa3aHIi TeMmmeparypi, MOXeE BIJIHOCUTHCS ab0 [0 MICHYBaTOro CHIKJIMBOrO abo 10
nicHoro Byruwis. Skmo Byrumis mae 3a temnepatypu 470 °C [,>0 Ta moka3HHMK mepioay
cnyuyBanHsa [1;<300 c, To #ioro cmig BigHecTH 10 Mapku ['. YV ToMy X BUNAAKy, KOJIU
MOKA3HUK TieploAy ciydyBaHHs nepeBuinye 300 XB, Byriuis B 3aJIeKHOCTI BiJl BEIMYUHU

IHJIEKCY CIy4dyBaHHS BITHOCUTHCS abo 10 skupHoro (I;>70 mm), a6o mo xokciBHOrO (1,<70
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MM).JIJIsT BCTAaHOBIIEHHSI MapKH BYTULIS O1IbIT BHCOKOTO ctymneHs Mmetamopdizmy (I,=0 3a
temriepatypoio 470 °C), BOHO MOBHHHO NPOXOJUTH BUIPOOYBaHHS 3a OUIbII BHCOKOI
Temneparypu. Skmo 3a temrepatypu BunpooyBanusa 600 °C Byriuis CrydyeTbes, TO BOHO
IIOBUHHO OyTH BigHECEHO 10 TexHosorianoi rpymi I1C 61 mapkum I1C. SIkmio »x Byrimis He
cinyuyerbes 1 32 600 °C, 1o 11 BU3HAYEHHS MapKu HEoOXigHO ioro BuUMpoOyBaTu 3a
temneparypu 800 °C. Byrimns, mo mae BenuuuHy iHaekcy cmydyBaHHs 3a 800°C 1,>35
MM, BiTHOCHUTBCS 110 TexHousoriunoi rpymi [IC (3 y=0 mwm) mapku IIC, a mpu 1,<35 MM —
1o Byriuig mapku I1 rpynu I11 (I, 10 4 mm) a6o T12 (I; 7o 35 Mm).

HenonikamMmu paHoro MeToqy € B THEpIly Yepry BiJICYTHICTb MaT€MAaTHYHUX
3aJIeKHOCTEH, 1110 J03BOJIAIOTH IIPOrHO3YBAaTH OCHOBHI MOKa3HUKH skocTi (Ro, Y, VE i in.)
BYT'ULISI, CKJIAIHICTh B mimbopi Temmeparyp (470, 600 a6o 800 °C) nns BU3HAYCHHS
MapoyHOlI MPUHAJIEKHOCTI, @ TAKOXK TOW (PAaKT, M0 OCHOBHI JIOCHIIKEHHS Ha IIbOMY
npwiaal Oynau BUKOHaHI Ouibin HiK 40 pOKIB TOMY Ha BYTULI NepeBaKHO JoHEIbKOro
OaceiiHy 1 3 BUKOPHCTAHHSM ICHYIOHOi Ha TOW IEpioJ HOPMATHUBHOIO JAOKYMEHTAllll B

rary3i Kiacu@pikaiii Byrijuis.

1.3 Ingexc BiIbHOTO CIIy4YYBaHHS

[anexc BinmbHOrOo crnyuyBaHHa (FSI) — mMmoka3sHUK CHIKIMBOCTI BYTIUIS, SIKHM
BU3HAYAETHCS 32 KOHTYPOM HEJIETKOTO 3aJUIIKYy, OTPUMAHOTO MU IIBUIKOMY HarpiBaHHi
BYTJUIS B TUIJII 10 NIEBHOI TEMIEpaTypu y BCTAHOBJIEHUX CTaHAAPTOM YMOBaX, LUIIXOM
NOPIBHSHHA KOHTYPY 3aJIMIIKY 3 KOHTYpaMH CTaHAAPTHUX 3pa3KiB.

[HIeKC BITBPHOTO CHY4YyBaHHS BXOJUTh JO YHCIA OCHOBHHX IapameTpiB
MixuapoaHoi cuctemu Koaudikailli Byriiis CepeIHbOTO 1 BUCOKOTO PAHTIB, a TAaKOX OyB
NPUAHATHIA y BUTIISAI T0TATKOBOTO Tlapamerpa B kinacudikariii 3a TOCT 25543-88 [38].

Meronvka BU3HAYEHHS 1HJEKCY BUIBHOIO CIIydyBaHHS BYruuid BukiazeHa B 1SO
501-81 [39]. 3rimao [40], mMeToa BUILHOTO CIyYyBaHHS JO3BOJISIE DPO3PI3HATH 3a

CIIKJIMBICTIO BYTULIA, K€ BAXKKO a00 HEMOXXJIMBO PO3AUIMTH 32 TOBIIMHOIO IJIACTUYHOTO

1 ABTOpPUM po60TK [43] BUKOPUCTOBYBAAM AitOUY Ha TOW Yac KnacudikaLio
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mrapy. Hanpuknazn, Byrisuig 3 y Hixk4e 6 MM Moxxe mMaTu 3HadeHHs FSI ot 0 mo 1 2, a
BYTULIA 3 y = 6 MM Moske Matu 3HaueHHs FSI 1o 4.

[HeKC BUIBHOTO CHY4YyBaHHS OLIbII YITKO AU(EpPEHIIoe BYTijuig 31 3HUKEHOIO
CHIKJIMBICTIO, ajie B 00J1aCTl 100pe CHIKIUBOTO BYT1UIS BTpAvya€e Yy TIUBICTD 1 3aIMIIAETHCS
Ha piBHI MakcuMajabHuX BeauduH (FSI=8-9). [naekc BIIbHOTO CITydyBaHHS 3MIHIOETHCS 31
cTaziero Metamophizmy, AocsArarodn Makcumymy npu Ro =1,1-1,4 %, Ta icTOTHO 3aJIeKHUThH
Bl merporpadiqyHoro Cckjiaagy, 3HIKYHOYUCh MpH 30UTBIICHHI BMICTY 1HEPTHUHITY 1
mnTuHITY. bkl BUCOKI 3HaUYeHHs MokazHuka FSI xapakTepHi aJjis OUTbII BiTHOBJICHOTO

BYTLILJIS.

1.4 Meroa NpUKOKCOBYBAHHS BYIL/LJIA

B po6oti [41] OyB BUKOpUCTaHUI METOJ MPUKOKCOBYBAHHS BYTULIA A0 HArpiToro
cTtpwkHa [42, 43], skuii OyB MOAM(IKOBAHHI TaKUM YHHOM, 100 HOTro MOKHa OyIo
BUKOPUCTOBYBaTH [UJIl ONEPATUBHOTO KOHTPOJIKO BYIULIA, SKE€ HAAXOAWTh Ha
ByTJICTIEpEPOOH] MIAMPUEMCTBA.

Cytp MeToay mossirae B HactynHomy. IIpoOa Byruwis kpynHicTio meHue 1,6 Mm
PETENBHO TIEPEMINTYEThCA 1 3aBAHTAXYEThCSA B MeETalieBUi cTakaH (3) 3 BHYTPINIHIM
niametrpoM 38 mm 1 Bucotoro 50 MMm. Maca npobu cranoButh npuoimu3Ho 60 r. Crakan 3
3aBaHTAXCHUM BYTIUISIM KJIaaeThcs Ha miacTtaBky (9). CTprkeHb, BUTOTOBJICHHH 31 CTali
X18HOT, miametpom 8 mm (4), BBOIUTHCA B TONMEPEIHBO HArpiTy enekrtporiy (1) i
3aKpiumoeThes gikcaropom (11).

Harpituit no temnepatypu 825 °C cTpwkeHb micis BUAaleHHs ¢ikcaTopa
OITYCKA€THCS Y BYT'JIbHY HaBa)XKy Ha 5 XBHJIMH, MICJISI YOTO CTaKaH OMYyCKAETHCS OHU3Y, a
CTPUKEHD 3 MPUKOKCOM 3BUIbHAETHCS.

VY ckmanl BUKOPUCTAHOTO YCTATKYBaHHS € BHUMIPIOBaY BHUCOTH TIONyM's, sKe
YTBOPIOETHCS MPU TOPIHHI JIETKUX PEUOBUH NPHU PO3KIAJAaHHI OPTaHiuHOT MacH BYTIJLIA,
4yac rOpiHHS SIKUX BUMIPIOETHCS CEKYHIOMIPOM.

CxeMa ycTaTKyBaHHsS HaBe/IeHa Ha puc. 1.2.
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SIS

L

Pucynok 1.2 — YeraTkyBauHS A1 MOIM()IKOBAHOTO KOMIUIEKCHOTO METOTY

IIPUKOKCOBYBAHH
1 - enexTpomniy; 2 - WTaTHB; 3 - 3aBaHTAXYBaJIbHUI cTakaH; 4 - CTpIKEHb (JiaMeTp 8§ MM); 5 - Tepmonapa;
6 - moteHuiometp; 7 - aBTOoTpanchopmarop; 8 - mpobda Byrisuis; 9 - miacraska; 10 - rBunT; 11 - dikcarop;

12 - oOMmexyBau.

[Ipu oMy BU3HAYAIOTHCS HACTYIIHI MOKA3HUKHU:

I — maca 3B's3aHOr0 MOJIIIAPOBOTO 3AIMINKY TEPMOAECCTPYKIIT BYTULIS, IO
BKJIFOYAE MIAPH PI3HOTO CTYIEHS JECTPYKIIIi, T

BI' — yac ropiHHs JIETKMX TPOJYKTIB PO3KIJIAJaHHS OPraHIYHOI MAacH BYTULIA, SIKI
BUJIJISIIOTHCSL TIPU  TEPMOJAECTPYKUII BYruuig B mpoueci (OpMyBaHHS MOJIIIAPOBOrO
3aJIMLIKY, C;

BIl — makcuManbHa BHUCOTa TOJYM's, SIKE YTBOPIOETbCS MpPHU TOPIHHI JIETKUX
pPEUOBUH, MM;

VY C — BiTHOCHUY MOKa3HUK 3yCHIJUISL 3pUBY TOJIIIAPY 31 CTPUKHSA, BiJI. O/I.

MeronoM HaWlMeHIIMX KBajpaTiB OyJdud OTpUMaHi HACTyNHI MaTeMaTUYHI

3AJIEKHOCTI:

ydaf = 0,3614BT + 15,1270;7 = 0,95; (1.6)



Y = 8,4556l1 — 2,8548;r = 0,97;

RI =1,0338YC + 5,3405;r = 0,96,
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(1.7)

(1.8)

ne V9 _ puxin meTkux pedoBuH, %; Y — TOBIIMHA TUIACTUYHOTO IIapy, MM;

RI — cniknuBa 31aTHICTS 3a Pora, of.

[HTepBaAIIN

MetaMmopdi3zmy HaBeeHi B Taom. 1.3.

3MIHH

3a3HAYCHUX ITOKA3HHKIB JJI1 Byriﬂﬂﬂ piBHOFO CTYIICHA

Ta6nus 1.3
InTepBaay 3MiHM MOKA3HUKIB
Mapka Byruuis ILLr BI', c BII, mm VC, Bix. og.

Ar 0,5-1,5 4068 40-52 20-36
r 2,2-2,6 40-65 45-55 3040
3,2-3,8 42-55 48-60 60-80
K 2,5-3,2 10-25 20-30 40-60
[1C 1,6-2,5 5-16 2-10 30-40

I1 0-1,2 0-5 0-5 0

Heo0xi1HO 3a3HAaYUTH HASIBHICTh «IIPOTAJMH» B IHTEpBaJax 3MIHM MOKA3HHKIB, AK1

BU3HAYAIOTHCS ITUM METOJOM. 30KpeMa, MpU MiABUIIEHH] CTyneHss MeTaMmop(}izMy ByTiuis

Bix Mapku «JII™» mo «I'» 1 Bix «I'» mo «0K» BincyTHe Byriuis 3 BenmmunHamu I, piBHUMU

1,5-2,2 v 1 2,6-3,2 T BIiANOBIJHO, a TAKOX Ma€ MICIE TIEPEXPEIICHHS THTEPBAJIIB 3HAYCHb

OKPEeMHX MOKAa3HUKIB I BYT'ULIS PI3HUX MapoK.

Kpim Toro, po3pobieni inTepBaiu 3Minu nokasHukis I1, BI', BI1 1 YC B 3anexHocTi

BiJl cTyneHs metamop(dizMmy € Mano iHGOpMAaTUBHI B 3B'SI3KY 3 BBEJEHHSAM B JIII0 HOBOI

kiacudikamii Byruwiss YKpaiHd 1 BBEIGHHAM J0 ii CKJIaqy JOJATKOBUX MAapOK BYTULIS (

«KID» 1 «IK»).
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1.5 Be3KOHTAKTHUI J1a3epHUIl aHATI3

Hempsima  xapakTepucTMka  TEPMOCTIMKOCTI ~ BYrULIA, 10  BHU3HAYAETHCS
OCOOJMBOCTSIMH TOPIHHSI JIETKUX PEUOBUH, MOXKE OYTH 3JiliCHEHA Ja3epHUM MPOMEHEM
IIPU HarpiBaHHI BYTULIS, IO JJO3BOJII€ BUKOHATH O€3KOHTAKTHUM aHaIi3.

Oco06MBICTh JJa3€pHOI0 HArpiBy BYTULIS MOJISITAE B TOMY, IO PEAKIlii MOXKYTh OyTH
BUKJIMKaHI B OCHOBHOMY PE30HAaHCHUM 30YyIKEHHSM KOJUBAJIbHHUX CTYNEHIB CBOOOAM
Mosekyld. Y poGotax [41, 44] 3acTocoBYBaIM BYIJICKUCIOTHHM Ta30BHM Jazep
oesnepepHoi it (IJITH-704); noexkwuna xBwii BunpomiHioBanHs 10,6 mxMm. Ilpu
NOMNaJaHHl MPOMEHS Ha IMOBEPXHIO BYTUIbHOI MpoOU (KpYNmHICTH MeHme 1,6 Mm)
BiJIOYBAETHCSI BUIJICHHS JIETKMX PEYOBHH, MOTIM iX 3aiiMaHHS, a MOTIM B MICII KOHTAKTYy
Ja3epHOT0 IPOMEHSI YTBOPIOETHCS 1IAp HAMIBKOKCY, AKUH po3citoe [Y-BUIPOMIHIOBAaHHS, 1
TOPIHHS JIETKUX PEYOBHH MPUIHHSIETHCA.

BiamoBinHo 110 Teopii TOpIHHA TBEPAOro NaiduBa cTajis (OpPMYBaHHS JIETKUX
NPOJYKTIB pO3Maay 3aBXAU Mepeaye CTalli TOpIHHA BYIVIELIEBOTO 3ajUIIKy, TOOTO
3aiiMaHHs OUTBIIOCTI TBEPIMX MAJUB MOYMHAETHCS B ra3oBiil ¢asi [45]. Takum 4uHOM,
XapakTep TOPIHHS JIETKUX TPOJYKTIB Oe€3MocepeHb0 TMOB'SI3aH 3 OCOOJUBOCTIMU
TEPMIYHOI IECTPYKIIi OpraHIYHOI MacH BYT1JUIS.

B excnepuMmeHTI BU3HA4ajaM yac BiJ MOMEHTY HaBEJCHHS Ja3€pHOrO MPOMEHsS Ha
BYrUJUISL 10 TMOYATKy 3alMaHHsl JeTKuX peudoBuH JIB (C), sIKMil TOJOBHMM YHHOM B
OCHOBHOMY 3aJICKHTh BiJI TEIJIOEMHOCTI BYTiyUlsl (IIBUIKOCTI Horo po3irpiBy). Yac
ropinHs jeTkux pedoBuH BI'JI (¢) 3amexuTh B OCHOBHOMY Bijl BUXOJy JIETKUX MPOIYKTIB
JNECTPYKIIil, KU € BaXKJIUMBUM KiIacH(PIKaliHUM HapaMmeTpoM Byruuisi. MakcumalnibHa
Bucota nomym'ss BIIJT (MM) Moke eBHOIO MIPOIO BU3HAYATHUCS BEJIMUYMHOIO MAKCUMYyMY Ha
nudepeHiaabHId KpUBIH ra30BUIUICHHS 3 BYruwis [46, 47]; npu 1IbOMY HaKJIaJa€TbCs
edeKT, NOB'I3aHUI 3 YTBOPEHHSM CMOJMCTHX PEYOBUH PO3KIALy piakoi a3y ByrulbHOI
IUIACTUYHOI MACH.

VY 1abn. 1.4 HaBeneHi JaHi AOCTIIKEHb TUIACTOBUX MPOO BYTULIS Pi3HOTO CTYMEHS

meramopdizmy mapok JII', T', K, K1 TIC.
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Tabmuns 1.4
IToka3HUKM JIa3epPHOI JeCTPYKIIil
Mapka ByriJuIs \VAKY B, ¢ BI'JI, ¢ BIIJI, MM

ar 44,7 24 31 30

r 34,9 20 25 31

34,0 17 22 36

K 26,8 12 14 18

[1C 19,0 6 7 9

AHani3 1aHux TaOJHMIl MOKa3ye, M0 MOKa3HUK Yacy J0 MOYaTKy 3aliMaHHS JIETKUX
PEYOBUH 3MEHIIYETHCS 31 30UIBIICHHSIM CTyneHs: Metamopdizmy Byruuia (Big 24 10 6 c).
Ile Moske OyTH MOB'SI3aHO 31 3MEHILIECHHSIM TEIUIOEMHOCTI BYTiUIA B 1boMy psay [48, 49],
BHACIIJIOK 4YOTO 3a0e3MevyeTbcs OUIbII MIBUAKUN MPOTPIB JIA3EPHUM IMPOMEHEM IpoOu
BHCOKOMETaMOP(130BAHHOTO BYTLILJIS.

Yac ropiHHs JIETKUX PEUOBUH 3MEHIIYeThCs (B 31 10 7 C) 31 3MEHILIEHHSAM BUXOAY
JETKUX PEUOBUH 3 JOCITIHKEHOTO BT, [loka3HUK MaKCHMaIbHOI BUCOTU TIOTYM's, IO
YTBOPIOETHCSI MPU TOPIHHI JIETKUX PEYOBHH, Ma€ HEBEIMKUA MaKCUMyM B 00JacTi
xkupHoro Byruuig. lle Moxke OyTu moB'si3aHe 3 ORI 1HTEHCHUBHUM BHJIIJICHHSM
CMOJIUCTUX PEYOBUH MpPHU PO3KIAJaHHI IJIACTUYHOI Macu J00pe CHIKJIMBOrO BYTLLISA.
Takum 4rHOM, Ha JYMKY aBTOPIB IIbOTO METOMAY, MOKA3HUKH Ja3epHOi JECTPYKIIii BYTILIsA
JAI0Th MOJKJIMBICTH OIIIHUTH HOTO TEPMOCTIMKICTh Ta YTOUYHHUTH BIJIACTHBOCTI BYTULIS
PI3HMX MapoK MpH HOro Kiacudikalii 3a 10CUTh HEBEJTUKHI Yac.

3 Hamoi TOYKHM 30py ILIi MOKAa3HUKU JOCUTh CyO'€KTHBHI 1 BHACHIZOK IIbOIO HE
MO>KYTb ITOBHOIO MIPOKO BUKOPUCTOBYBATHUCS ISl POTHO3Y SIKOCTI BYTLILIIAL.

Kiacuuni Metomu, 110 3aCTOCOBYIOThCS IS BUBUCHHS CKIIaay, OYIOBH 1
BJIACTMBOCTEH OpPraHiYHOI Macu BYT1LISA, BCE OUIBII YCHIIIHO JOMOBHIOIOTHCS CyYaCHUMHU
GI3UYHUMHA  METOJIaMHM, B TOMY YHCII CHEKTpadbHUMH. J[0 HIHMX METOIIB BIAHOCSITH
iH(ppauepBony cnekrpockomito (IUC), emexktponnuit mapamarnithmii pezoHanc (EIIP),

s7epHuil MarHiTHUH pe3onanc (IMP) 1 penrrenoctpykryphuii anaiiz (PCA) [50-62].
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Opnak Ha kaJib, HEOOXITHO BIJ3HAYUTH, 110 MPOTHO3 OCHOBHUX MOKA3HUKIB SKOCTI
BYT'JUIsA, 3acHOBaHU# Ha BukopucTtanHi metoniB [UC, EIIP, SIMP 1 PCA, B nanuit yac He
3HAWIIIOB 3aCTOCYBaHHS Ha BYIJICIEPEPOOHHMX MIAMPUEMCTBAX BHACITIIOK CKJIQJTHOCTI
amapatrypHoro oQOpMJICHHS, a TaKOXX BIJACYTHOCTI HOPMATHBHOI JOKyMEHTamii 1
KBaJIi(hiKOBAHOTO TIEPCOHAITY.

VY minomy, 3a MACyMKaMH IThOTO OISy MOXHA 3POOMTH BHCHOBOK, IO B JTAHHM
qac BIJICYTHI METOJH, IO JO3BOJISIFOTh 3 JJOCUTHh BHCOKOIO €KCIIPECHICTIO OIIIHUTHU SKICTh
BYT1/UIA 32 OAHUM a00 JeKiIbKoMa KiaacH(pikaliiHuMu oka3HukaMmu [63].

3 ypaxyBaHHSIM BUKJIAJCHOTO, TMPEACTABISAE IHTEPEC IMOIIYK albTePHATUBHUX
MOKa3HUKIB, HA MIJICTaB1 IKMX MOXJIMBO PO3POOUTH MaTeMaTU4HI Ta rpadivyHi 3aJeKHOCTI,

daf. RI) moka3sHUKH SKOCTI

1110 JI03BOJIATH IPOTHO3YBATH AK Kiacudikaniini (Ro, VE' y,
BYTi/LI8 Tak 1 iHmi Horo Baactusocti (HGI, C%f, H®& Qdfy i 1 1. ).
Ha mamy aymMKy, TaKuM IOKa3HUKOM MOXKE OyTH TeMIlepaTypa 3aiiMaHHs BYIiUis

(t;s), 110 BU3HAYAETHCS MPH OIIHII OKMCHEeHHs Byriunis 3a JICTY 7611:2014 [21].

BucHoBku 3a po3aiiiom 1

1. JlaGopaTopili Ha KOKCOXIMIYHHUX MIJIPHEMCTBAX 1 TEIJIOBUX EJIEKTPOCTaHIISAX
MOBUHHI MaTU OO0JIaJIHaHHS, IO J03BOJISIE BCTAHOBUTH MapOYHY HAJIEKHICTh, KATErOPito
SAKOCT1, @ TAKOX CTYIMiHb OKMCHEHHS BYTUUIA, SIKE€ HAaAXOAUTh Ha LI NIJOPHEMCTBA Ha
nepepoOKy. Buxoasum 3 1mporo, crae akTyaJlbHUM MUTAHHS IOAO MiAOOPY METOMIB, Kl
JT03BOJISITH TIPOTHO3YBATH KJacu(iKaIiiiHl TOKa3HUKHU SKOCTI BYT'ULIS 32 MEHIIIMMA Yac.

2. BcraHoBieHo, 10 B JaHWW 4Yac BIACYTHI METOAM, SIKI JIO3BOJISIIOTH 3 JOCHUTh
BHUCOKOIO €KCIIPECHICTIO 1 HAJIIWHICTIO MPOTHO3YBAaTHU OJWH a00 KiJibka KiacuikariiHux
MOKa3HUKIB BYT1JUISL.

3. Ha nHamy nymKy, TakuM TOKAa3HMKOM MOXE CTaTh TeMIeparypa 3aliMaHHs

BYTULIA (ts3), 0 BUBHAYAETHCSA MPH OMIHII Horo okucHeHHs 3rigHo JICTY 7611:2014.
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PO3/1LT 2
METOJOJIOTIS TOCJILKEHHS

2.100'exT i mpeaMeT a0CJIiIzKeHHS

2.1.1 O0’ekT JOCHiIKeHHsI: TIPOIIECH, SKI BiIOYBalOThCS IIPM BHU3HAYEHHI
TEMIEpaTypyu 3aiiMaHHsl BYTULIS PI3HOTO CTYIMEHs MeTaMopdi3My B CTaHAAPTU30BAHOMY
yCTaTKyBaHHI.

2.1.2 IlpeameT OOCJiIzKeHHsI: BYTUUIs PI3HOI cTaaii MetaMopdi3My Ta BYTUIbHI

CYMIILII.

2.2 BukopucTaHi cTaHIaAPTU30BaHi METOAH 10C/IiIKEeHHSA

B nucepraniiiniii poOOTI BAKOPUCTAaHI HACTYITHI CTaHAPTU30BaHI METOAU
nociikenns Byrius [21,39, 64-78]:

— JACTY 3528-97 (ISO 334-92) IlamuBo TBepae MiHepaibHe. Bu3HaYeHHs
3arajibHOi cipku. Meron Emika;

— JCTY 7600:2014 (ISO 502:1982, MOD) Byrimms kam'sHe. BusHaueHHs
KOKCIBHOCTI MeToqioM ['peii-Kinra;

— JACTY 7611:2014 Byrinna kam siHe. MeToj1 BU3HAYeHHSI OKUCHEHHS Ta CTYTECHS
OKHCHEHHS;

— ACTY 7722:2015 Byrums kam ssHe. MeToj BHU3HAYEHHS TUIACTOMETPUYHUX
IMOKA3HUKIB,

— JACTY 7723:2015 Byrums kam siHe. BuzHaueHHs 1HJIEKCY CIIKaHHS METOJIOM
Pora;

— 1SO 333-83 IlanuBo TBepae MiHepalibHe. MeToIi BU3HAUCHHSI a30TYy,

— 1SO 349-75 Byrumns kam'ssHe. MeTo1 BUBHAYEHHS JUIATOMETPUYHUX MTOKAa3HUKIB
B nipwitai Oxibepa-ApHy;

—1SO 501-81 Byruuis. Meton BU3HaUY€HHS MOKa3HUKA CITyYyBaHHS B TUTJII;

— 1SO 589-81 ITanuBo TBepae MiHepalibHe. MeToIu BUSHAYCHHS BOJIOTH;



37

— 1SO 625-96 ITanmBo TBepae MiHepaibHe. MeTou BU3HAYEHHS BYTJIEITIO 1 BOJHIO,

—1SO 1171-81 IlanuBo TBepAe MiHepaabHe. MeTou BU3HAYCHHSI 301bHOCTI;

—1SO 1994-76 [TanuBo TBepne MiHepanbHe. MeTo1u BUSHAYEHHS KUCHIO;

— I1SO 5074-80 Byruus kam'sHe. Meron  BuU3HAuYeHHS  KoedilmieHTa
PO3MOJI031aTHOCTI 32 XapATrpOBOM;

—T'OCT 6382-91 ITanuBo TBepae MiHepaiabHe. MeTonu BU3HAUYEHHS BUXOY JIETKUX
pEYOBUH;

— I'OCT 9414.3-93 Byrumisa xam'sHe Ta aHTpauut. MeToau meTrporpaduieckoro
aHamizy;

— I'OCT 12113-94 Byrimuis Oype, kam’siHe, aHTpaIUT, TBEPJl PO3CISIHI OpraHivyH1
PEYOBHUHU 1 BYTJIEIEBl MaTepianu. MeToa BU3HaAYeHHS TOKA3HUKIB BIJTOUTTS;

— T'OCT 32561-2013 Byrums xam'sHe. Mertoq BU3HAUEHHS IIACTUYHHUX

BJIACTUBOCTEHN Ha 1uiactoMeTpi ['i3enepa 3 MOCTIHHUM KPYyTHUM MOMEHTOM.

2.3 BuzHauennsi Temneparypu 3aiimanns 3rigHo JACTY 7611:2014 «Byrinas
kam’siHe. MeTod BH3HAYEHHS OKHCHEHHSI Ta CTYNEHs OKHMCHeHHs». TeoperwuHi
OCHOBH 3aHMaHHHA

CyTp MeToay moOJIArae y BHUMIPIOBAHHI TeMIeparyp 3aiMaHHsA BHUIPOOYBaHOTO,
BIJIHOBJICHOTO (HEOKHMCHEHOT0) 1 OKHCHEHOTO BYTULIS Ta PO3pPaxyHKY 3a OTPUMaHUMU
JaHUMHM ITOKa3HHMKIB OKUCHEHHS Af 1 CTyIeHs1 OKMCHEHHS .

OxucHenns Byruuis (At, °C) — pi3HULA MK TEMIIEPATypOIO 3aiiMaHHs BITHOBJIEHOTO

(HEOKMCHEHOT0) 1 TOCIIIKYBAHOTO BYTULIS — PO3PaXx0OBYIOThH 3a (hOPMYIIOH0:

At =t —t,, (2.1)

ne  t,,— TeMmeparypa 3aiiMaHHs BiJHOBJIEHOTO Byriis, °C;

t, — Temmeparypa 3aiimanHs gociipkeHoro By, °C.

Cryninb okucHeHHs Byriuuis (do, %) y BiICOTKax 0OUUCITIOIOTH 32 (HOPMYJIOH0:
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d, = 2= .100, (2.2)

tss—ts0

ne t,, — Temmeparypa 3aiitManHsa OKUCHEHOTo ByTiws, °C.

Jlis BU3HAYCHHsS] TEeMIeEpaTypu 3aiiMaHHS HEOKHUCHEHOTO (B1JHOBJIEHOIO) BYTLLISA
(tss) 3mimryrots 0,5 T Byrims 3 0,25 r Hitputy Hatpito 1 0,0125 r OeH3UAUHY; TeMIIEPATypU
3aiiMaHHS J0CHiKyBaHoro Byrimist (t;)) — 0,5 v Byrimis 3 0,25 © HITPUTY HATPIIO;
TEMIIEpPaTypH 3aiiMaHHS OKHCHEHOrO BYTimns (ti,) — 2,0 T Byrims smimyiots 3 1,0 cm®
nepekucy BogHIO (30 %), micas 4oro BUTPUMYIOTH CYMIII MPOTSITOM 24 roguH B
TEMHOMY MICI1 O TOBHOTO BUCYIIYBaHHs. BiJ oTpuMaHoi cymilnl BiIOMPAIOTh HABAXKKY
macorto 0,5 r 1 3mimnyroTh 3 0,25 T HITPUTY HATPIIO.

BukopucTaHHs HITPUTY HATPilO, AKUH 3MIIIYETHCA 3 HABAKKOIO BYTULIA 1 CIIUIBHO 3
HUM HarpiBa€ThCs, 3a0e3Meuye Micisl JTOCATHEHHS MEeBHOI TeMIIepaTypu HArpiBy CyMIlll
OypXJIMBY pE€aKIlil0 OKMCHEHHS 3pa3Ka BYTUUI, IO CYHPOBOIKYETHCS MOSBOIO MOIyM's.
Temneparypa, 3a KOi BIIOYBA€ThCS 3aiiMaHHS, MPUHAMAETHCS 3a TEMIIEPATypy 3ailMaHHs
JOCITIIKYBAHOTO BYT1JUISI.

Bigomo, 110 npu HarpiBaHHI KaM'stHOTO BYTULIs 0€3 TOCTYMy MOBITPS BiIOYBAIOThCS
CKJIaJHI TEPMOXIMIYHI TPOLIECH, XapaKTep SKUX 3aJeKUTh SK BiA ckiany 1 OygoBuU
OpraHiYHOi Macu BYTUJUIS, TaK 1 BiJl YMOB HarpiBaHHs. Y TMOYaTKOBIN cTajli HarpiBaHHsS
Byriuis (no0 temmneparypu 350—400 °C) B OuabmIid Mipl NPOTIKAIOTH MPOIECH PO3MATY
HOT0 OpraHiyHOI MacH, IO CYMPOBOKYIOTHCS YTBOPEHHSIM BOJH, PI3HMX KHCHEBMICHHUX
ra3iB, HU3bKOMOJIEKYJSIPHUX BYIJIEBOAHIB [48]. BuKOpuCTaHHS HITPUTY HATPIIO SK
OKHCHIOBa4Ya BYTiJUIS B JIaHOMY METOJi 3aCHOBAHO Ha WOTO 3AaTHOCTI TUIABUTHCS TIPU

temriepatypi 271 °C 1 npu mogaibIIioMy HarpiBaHH1 PO3KJIAJaTHCS 32 HACTYIMHOI CXEMOIO

[79, 80]:

2NaNO; '— Na,O + -NO + -NO.,. (2.3)
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Ha namry nymky, mosiBa B CyMilli 3 ByrUIJISIM PEakIifiHO3/IaTHUX BUIBHUX PaUKaTiB
‘NO 1 ‘NO: (mpoIykTiB poO3KJIaay HITPUTY HATPIIO) BUKIMKAE PO3BUTOK IIPOLIECIB
OKHCHEHHS TPOAYKTIB TEPMIYHOI AECTPYKII BYTijUIsf, IO MPOTIKAIOTH 3a JAHIIOTOBUM
BUTPHO pafukaibHUM MexaHismMoM [78, 81]. IlepBHHHMMHM NpPOAYKTaMU OKHUCHEHHS
PEUYOBHH BYT'ULIS € MEPOKCUIHU, TPU PO3MAaJl SKUX YTBOPIOIOTHCS HOBI BUIBHI pauKalH,
BHACJIIOK YOTO 3BHYAiiHA TE€pPMiUHA JECTPYKIlis BYTULIS B MPUCYTHOCTI HITPUTY HATPIIO
mepepocTae B TEPMOOKHCHIOBaJIbHY  AecTpykiiro [81, 82]. Ilpomec crae
aBTOKATaJITUYHUM. PO3BUBAIOTHCS YMCICHH1 €K30TEPMIUHI PEaKIil PO3KIaAy MEPOKCUIIB 1
B3a€EMOJIIi paJMKaliB, O MPU3BOJATH A0 BUIUIEHHS 3HAYHOI KUIBKOCTI TeIia. 3pa3ok
BYTJUIS IIBUJIKO PO3ITPIBAETHCS Ta B1IOYBA€ThCSA MOro 3aiiMaHHsA. Temneparypa 3aiiMaHHs
BYTUULJISL OKPEMUX MAapOK Pi3HA, TAKOXK BOHA 3aJI€XKHUTh BiJ] CTYIEHS HOr0 OKHUCHEHHS.

binbmr TOYHO 1EH mpolec MOKHA MPEACTaBUTH B Takuid cnocid. Sk Bimomo
MaKpOMOJIEKYJIM BYTULIA MICTSITh y CBOIM CTPYKTypl TOpsAd 3 MOJIIUKITYHUMU
apOMaTUYHUMHU  SIpaMHd  METHJIbHI 1 METHUJIEHOBI Tpynd, (QYHKUIOHAIbHI Tpynu
(kapOOH1TBHI 1 PEHOJBHI), PiAlIe 3yCTPIYalOThCsl BTOPUHHI 1 TPETUHHI aTOMH HITPOTEHY.
Bcei 1l ¢pyHKIIOHAMBHI TPYNU 34aTHI aKTUBHO B3aeMoAisATH 3 paaukainamu ‘NO 1 ‘NO; —
MPOIYKTaMU TEPMIYHOTO PO3KIIaay HITpUTY HaTpito. [Ipu npomy, BiJOYBAatOTECS IECATKH 1
COTHI PI3HHX peakiliid po3KIaAy pPEUYOBUH BYTULISA, KOHJEHCAIlli yTBOPUBIIUXCS
(dbparMeHTiB, OKUICHEHHS 1 AUCIPONOPLIOHYBaHHS.

HaiiGinpmr 5ierko 3 3a3HauYeHUMHU pajJHKajiaMu pearyroTh (peHonpHI (parmMeHTH
MaKpOMOJIEKYJl BYTUUIA. ATaka paauKaliB BiIOYyBa€ThCS 3 BIIPUBY aToMa BOJHIO BiJl
T1APOKCUITY, 10 MPU3BOIUTH JI0 YTBOPEHHS CTaO1IbHOTO (eHOKcu-paaukana. OcTaHHIN
MOKe JlIMepi3yBaTHCs a0 JaBaTH MPOIYKTH 3aMIIICHHS aTOMIB BOJHIO B apOMaTUYHOMY
KUIBII HA HITPO- 200 HiTpo3orpynu [83].

ATaka HITPO30-pajuKaliB 3a METWJICHOBHUMH TpylaMH MaKpOMOJIEKYJ BYTULISA
0COOJIMBO JIETKO BiJIOYBA€ETHCS, AKIO B O-TIOJIOKEHHI 3HAXOUTHCS KapOOHUTbHA Tpyna. Y
IIbOMY BHUIIQJKy CIIOYaTKy TaKOX YTBOPIOETHCS CTAOUIBHMI paJMKaN, SKHHA I[UITXOM

MPUETHAHHS HITPO30-paIMKaia MePEX0UTh B MOHOKCIM
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O] e —QC + (2.4

0 0
[ [*NO] [
—C- — -—.—> [— —C.I—I—:|
P 9 0
[—C—CH—} + *NO — [—C—CH— }—» =C— (I:—
. I |
N= N—OH. (2.5)

binem cknagHo MpOTIKAIOTHh peakilii paJuKajiB M0 BTOPUHHOMY aTOMYy a3oTy, IO

MPU3BOIUTH JI0 TIOSIBU apUJIBHUX pagukamiB [84]:

N=0 N—O 0
. ['NOJ | / \ p .
N—C—R —H> N—C—R——> N C—R —R—(C + +N,

L : L ! . (26)

OTpumaHi apuibHI paJuKaid MOXYTh pearyBaTu 3 paaukaioM ‘NO, maroum HOBeE

napamMarHiTHe yrpynoByBaHHS — /113aMIIIEHUIN HITPOKCUIIBHUI paguKalt:

2Cr +-NO — N—O-

9l | 2.7)

YTBOpeHM y BCIX peakilisix aTOMapHHU BOJIEHb MOXKE B3a€EMOJIISTH MIXK 0000 1 3

panukaioM ‘NO; 3a cxemamu:

‘H+ *H —H,, (2.8)
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‘H+ -NO, — HNO.,. (2.9)

A3OTHCTa KHCJOTa B yMOBax JOCBIAY PO3KJIANA€ThCS, SK 1 HITPUT HATpil0, Ha

paaukan -NO 1 -NOy:

2HNO;, < N>,O3+ H,O — -NO + -NO, + H,0. (210)

OCHOBHUMH Ta30MOIOHUMHU MPOAYKTAMHU B LIbOMY IPOIIEC €: BOJASHA Iapa, a3or,
BOJICHb, OKCHJIH a30TYy.

Bci 11 Ta moai6H1 peakiiii CynpoBOIKYIOThCS TEIJIOBUMHU e(DeKTaMu 1 BUAUICHHIM
BEJIUKOT KUIBKOCTI TeIUla, SIKE MPU3BOAUTH [0 3HAYHOTO PO3ITPIBaHHS CyMIIlI 1 [0
3aiiMaHHsI ByTUIBHOTO 3pa3ka [85, 86].

JUisi  TpUIIBUAIICHOTO  OKWUCHEHHS BYruuiss B Jiaboparopii  Haifyacriiie
BUKOPHCTOBYIOTh NIEPEKUC BOJHIO a00 a30THY KUCIOTY. JloBeAeHO, 10 Ha MepIIoMy eTarli
B pe3yibTaTl BIUIMBY 3a3HAYEHUX OKHCHIOBAYiB HA IOBEPXHI BYTUJUISI yTBOPIOKOTHCS
(GYHKIIOHAIEHI TPYIU: KapOOKCHIIBHI 1 TiapokcibHi (peHnonpHi Ta cruprosi) [87, 88].
binpm TpuBana mis OKUCHIOBAYiB MPU3BOIUTH 10 JPYroTO €Taly OKUCHEHHS, MPU SKOMY
TIPOKCUJIBHI TPYIHU PEYOBUH BYTULIS YTBOPIOIOTH 3 OKHCHIOBaYeM Tifporiepokcu. Taxi

peakilii 3a yuactio 30 % -Boro nepekucy BOJHIO MIPOTIKAIOTh 32 CXEMOIO:

R—OH + HOOH — R—O-OH + H,0, (2.11)

ne R — Byrienesi pe4oBUHH BYT1JUIA.

Iaponepokcuan, K BIAOMO, ayke HecTiiki. [Ipu HarpiBaHHi, a TakKoX Yy
MPUCYTHOCTI BUIBHUX paJMKaNiB BOHU JIETKO PpO3KiIanaroThecs. Po3kiamaHHs 3a3Buuai
MOYMHAETHCS TEMOJITHYHUM pO3puBOM 3B'si3ky O-O, sgkudl € HaWMEHIT MIIHUM B

MOJIEKyJIax TigponepokcuaiB. EHepris 3B'sa3ky ckinanae merme 143 k/[x/moms [89]:
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R-O-OH — RO- + -OH. (2.12)

MoskHa TpUITyCTUTH, 110 OypXJIMBE PO3KIAJaHHS T1APOKCHUJIIB OKUCHEHOTO BYT1LJUIS
MOYMHAETHCS i/l BIJIMBOM BHECEHOTO B HHOTO HITPUTY HATpit0 (TOYHIIIE — MPOIYKTIB
Horo poskiaganns). lle BUKIMKae JIAHIFOTOBl peakiiii OKMCHEHHs MPOAYKTIB AECTPYKIIii
BYTiJUIA, IO MPHU3BOASATH O camo3aiiMaHHsS 3pa3ka Byriuid. TemmepaTypa 3aiiMaHHS
TaKOro MONepeHbO OKUCHEHOTO MEPEKUCOM BOJHIO BYTULIS, SIK MPABUIIO, HAMHIIKYA.

3rigHo 3 goBiakoBumu gaHumu [90], Oemsumuu (4,4'-miaminomidenia, CioHioNy)
ABJIIE cO000 OLTy 200 3J€rKa KOBTYBAaTy KPUCTAJIYHY PEYOBUHY, sIKA TEMHIE Ha CBITII 1 B
HOBITPi, BAYKKOPO3YUHHY y BOJI 1 Jierko — B crupti U edipi (2.13). MonekynspHa maca
oensuauny — 184,24 r/mons, TeMnepatypa riasinenss 122—125 °C. 3a cBoiMU XIMIYHUMU

BJIACTHBOCTSAMHU OCH3HUIMH € THIIOBUM apoMaTHaHuM aminom [90].

NH; NH,
(2.13)

Jlo6aBka OEH3UAMHY, BIIOMOIO CBOIMHM BIJIHOBHUMH BJIACTHUBOCTSIMH, B JOCHTiAaxX 3
BU3HAUCHHS CTYICHS OKHCHCHHS BYTULISA 3BOJAMTHCA J0 HEHUTpamizaiii mii HaIUIIKy
BUIBHUX paJMKaliB B pEaKIIiHI CyMilll, [0 B KIHIEBOMY IIJICYMKY JO3BOJIsIE
OTPUMYBATH 3HAUCHHS TEMIIEpaTyp 3aiiMaHHs, HAOJMKEH1 JO HEOKUCHEHOTO BYTLILIA.

VYcraHoBka 11 BU3HAUCHHSI CTYNEHS OKWCHEHHSI BYTIUIS SIBISIE  COOOFO
nabopatopHuid KoMmIuieke (puc. 2.1), aKui cKiagaeThes 3 enexTponedi 1, MigHoro 0J0Ky 2,
Tepmomnap 3, 4, 6JIOKy peryIrOBaHHs TeMIIepaTypy HArpiBY medi 5, 4OTUPhOX KOMIJIEKTIB,
[0 CKJIaJIAal0ThCA 3 MpoOipok 6, OropeTok 7/, CKISHOK 8 1 IBOX J1TaOOpaTOPHUX ILITATUBIB.
OCHOBHUM €JIEMEHTOM YCTAHOBKH € €JICKTpUYHA T4 3 MiTHUM OJIOKOM, B SIKiil HArpiBarOTh
3pa3oK BYT1/UIS JIJIsl BUSHAUYCHHS TEMIIEPATypH 3aiiMaHHS.

Jlist 1abopaTOpHOTO0 BW3HAYCHHS IMOKa3HWKA OKWUCHEHHS 1 CTYNEHsS OKHCHCHHS

BUKOPHUCTOBYIOTh aHAJIITUYHY IPOOY 3 PO3MIpPOM YaCTUHOK BYTiuis MeHIe 0,2 Mm.
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b
Pucynok 2.1 - CpitiuHa (a) Ta cxema (0) ycTaTKyBaHHS JJIsl BU3HAYEHHS OKMCHEHHS Ta
CTYTCHS OKMCHEHHS BYT1JIJIS:
1 - enextpomniy; 2 - MigHUH 6110K; 3, 4 — TepMomapu; 5 — OJI0K peryIroBaHHs TeMIepaTypy HarpiBaHHS
nedi; 6 - mpoOipku; 7 - OropeTku; 8 — cKIsTHKY; 9 — 1abopaToOpHi MITATHBH.
Po36ikHICTP MK pe3yJbTaTaMH JBOX BHUIPOOyBaHb, MPOBEICHUX y TiM camiid
naboparopii, THM caMUM OIlepaTOpOM, Ha TOMY CaMOMY arapaTy, Ha MpeJICTaBHUIIBKUX
MOPIIiSX, B3ATUX 3 Ti€i caMoi BUMPOOHOT Tpodu 3a MoBipuoi MoBipHOCTI He MeHIe 0,95

HE MMOBMHHA TICPEBUIIYBATH 3HAYCHHS HOPMATUBY KOHTPOJIIO 301KHOCTI U2, HABEJICHOTO B

tabn. 2.1.

Tabmmus 2.1
JonmycTtuma po30ixKHICTh
IToxa3Huuku 36ixkHICTb, d; BiaTeoproBanicTs, D,
Oxucuenns, At, °C 2 3
Crymiab okucHeHHs, dg, %0 4 6

To6T0 MOBMHHA BUKOHYBATHUCS YMOBA!

(t1 —t) < dy (2.14)
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ne 1y 1t — pe3ynbraTu napajenbHUX BUMIPIOBAHb TEMIIEpaTypH 3aiiManHs Byruwis, °C.
Po30ikHICTP MDK CepeAHIMH 3HAYCHHSMH pPE3YyJIbTaTiB JIBOX BUIIPOOYBaHb,

MPOBEICHNUX Y PI3HUX JIA0OPATOPISX HA MPEACTABHUIILKUX MOPIIISIX, MIATOTOBICHHUX 3 Ti€l

0,95 He MOBMHHA MEPEBUIYBATH 3HAUYCHHS HOPMATHUBY KOHTPOIIO BiaTBOproBaHocTi Dy, B

rpanycax Llenbcis, HaBeaeHoro B Tabm. 2.1, TOOTO MOBMHHA BUKOHYBAaTUCh YMOBA!

ne ty; t, — cepenni apu(MeTHuUHi 3HAYEHHsS PE3YNIbTATIB BUMIPIOBaHL TEMIEPATypH
3aliMaHHs BYT1JUIS, OJIEP>)KAaHUX B YMOBaX B1ITBOproBaHOCTI, °C.

3a pe3ynbTaT BUIIPOOYBaHHS OepyTh cepellHe apu(PMETUYHE 3HAUECHHS pe3yJIbTaTiB
JIBOX BU3HAYEHB, SKIIO PO30IXKHICTE HE MEPEBHUIINYE JOMYCTUME 3HAYCHHS, yMoBa (2.14).
SKI0 po301KHICTH MIXK pe3y/bTaTaMi JIBOX BU3HAUECHb NEPEBUIIY€E BEIMUUHY, BKa3aHy B

Tabm. 2.1 , IPOBOJATH TPETE BU3HAUCHHS, 3a AKOT'O IIOBMHHA BUKOHYBATUCA YMOBA:

(tmax - tmin) = 1;2d2; (2.16)

1€ tmax 1 tmin — MakcuMamnbHE 1 MIHIMaJbHE 3HAYCHHS PE3YJIbTATIB TPHOX BUMIPIOBAHD
TeMneparypu 3aiimanss, °C.
SIxkmo ymoBa (2.16) BUKOHYEThCSA, TO 3a pE3yNbTaT aHali3yBaHHS MNPUHMAIOTh

cepeiHe apu(METHUHE TPHOX MapanelbHUX BUMIPIOBaHb, ty, °C.

2.4 Po3po0Ka KOHTPOJIBLHOIO0 3pa3Ky 3 (PikcOBaHOI TeMIepaTypoIo 3aiiMaHHA
B nanmit yac mis BU3HAYCHHS MOKA3HUKIB OKUCHEHHS (At) 1 CTyNeHS OKHUCHEHHS

(do) Byrimisi BUKOPHCTOBYEThCS METOJHMKA, IO 3aCHOBaHA Ha BU3HAYEHHI TEMIIEPaTyp
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3aliMaHHs BigHOBIIEHOTO (HeoKHCHEHOTO) (t;5), okmcHeHoro (ty) 1 mocmimxkyBaHoro (i)
Byriuig [91-93].

Jl7i BHYTPIITHHOTO KOHTPOJII0O POOOTH YCTAHOBKH 1 TOYHOCTI BUKOHAHHS METOJIUKH
HEOOX1THUN KOHTPOJIBHUMN 3pa30K 3 (DIKCOBAHOIO TEMIEPATYPOIO 3aiiMaHHSI.

Temmneparypa 3aliMaHHs (caMo3aiiMaHHs) — HaWMEHIIA TeMIepaTrypa TroprYoi
pPEYOBHHM, TP HarpiBaHHI JO SKOi BIZOYBA€ThCSA pi3ke 3OUTBIICHHS IIBUAKOCTI
€K30TePMIYHUX O0'€MHUX pEaKIlii, M0 MPUBOAUTH 0 BUHUKHEHHS MOJIYM'STHOTO TOPIHHS
1/abo BuOyxy. Lla Temmeparypa moTpiOHa njisi JTOCATHEHHS €HEPrii akTHBAIlli peakilii
ropinns [94].

BuBuenns (axrtopis, 110 BIUIMBAIOTh HA PE3yJbTaTh BUIPOOYBaHHS, JIOBEJO, IO
CTYIIHb MOAPIOHEHHS BYT1UIA, BEIMYMHA HABAXXKU 1 BIJHOCHA KIJIbKICTh OKHCHIOBaya B
MIMPOKUX MEXaxX HE BIUIMBAIOTh Ha TeMIepaTypy 3aimanHs. HaliBaxmusimmMm dakTopom,
IO BIUIMBAE€ HA TEMIEpaTypy 3ailMaHHs, € CTymiHb MeTamop(dizmy Byriuisd. [liamason
3HAUEHb TEMIIepaTypu 3ailiMaHHS (t;;) HEOKHMCHEHOrO BYTULIS PI3HMX MapoK HaBEACHO B
tabm. 2.2 [95].

Tabmums 2.2

TeMmneparypa 3aiiMaHHSI HCOKHUCHEHOT0 BYTiJLIsI

Mapka Temneparypa 3aiimanHs, i °C
| 305-315
r 320-340
XK 350-360
K 365-370
I1C 375-380
IT 390-395

He cnpocroByroun HaBeieHMI [iana3oH 3HA4€Hb, HEOOXITHO BIA3HAYMTH, IO

TeMIlepaTypa 3aiiMaHHsI HEOKUCHEHOTO BYyTruuist Moxke nocsiratu 420 °C.
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B.C. BecenoBcekum 1 I'.JI. Opneancpkoro [96] BcTaHOBIEHO, IO TeMIepaTypa
3aiiMaHHs KaM'sTHOTO BYT1JUIS 3HMXKYEThCSI BHACIIZOK HOTO OKMCHEHH: (puc. 2.2), uepe3 Te

110 OTO HEMOKJIMBO BUKOPUCTOBYBATH K BUX1THUIA MaTepiaj ik KOHTPOJIBGHOTO 3pa3Ky.

v 400f I
W‘\
T
=
S
’§ Salf- OKHCHEHE BYTiJLIs
8.
= A
-
= 300 ;
= ype Byriuis
E
=
=
250 1 ! ! L

1 O 20 30 40 vduf’ %

Pucynok 2.2 — 3HImKeHHS TeMIepaTypy 3aiiMaHHs IPYU OKUCHEHHI BYTULIS Pi3HOTO
CTyIeHst MeTamopdizmy

AHanizyrouu rpadiuHy 3aJeXKHICTh, HaBEJEHY Ha puc. 2.2, MOKHa KOHCTaTyBaTH,
110 3HIKEHHS TeMIiiepaTypu 3aiiMaHHs (At) B 3aleXHOCTI BiJl CTYINEHsS MeTaMop(izmy
Byruust Moxe cranoButy 30—40 °C, onnak B npaktuili podotu Il «YXIH» Biaznauganocs
Byriyuis i 3 At=52 °C.

Buxoasuu 3 BUKIIageHOTO, 3M1MCHEHO aHAJl3 OPraHIYHUX BYIJICIICBUX PEUOBUH Ha
IpeaIMeT BUKOPUCTAHHSA iX B IKOCTI KOHTPOJIBHOIO 3pa3Ky, IPUYOMY I'OJIOBHA YMOBA, 100
3HAYCHHS 1X TeMIepaTypH 3aiiMaHHs He 3MIHIOBAJUCS MPOTITOM IEBHOTO MTPOMIXKKY 4acy.

JlociaKeH1 HaCTyITHI BYTJICLIEBMICHI PEYOBHHHU:

1. AktuBoBane Byruuist Mapku OY-A, srigno [97];

2. Koposbok, oTprMaHuii B JaOOpaTOPHUX yMOBax [66], 3 KiIHIIEBOIO TeMIIepaTyporo
HarpiBy ~ 600 °C;

3. Kokc, otpumanuii y 5-Tu KijorpamoBiii snaGopatopHidi nedi xkoHcTpykuii JIT

«YXIH» [92], 3 kiHmeBoro Temreparyporo Harpisy ~ 950 °C;



KiHIIEBOIO TeMmepaTypolo Harpipy ~1050 °C;

oC.
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4. Kokc, OTpUMaHUil METOIOM SIIIIMKOBOTO KOKCYBaHHS B 3aBOJIChKUX ymMoBax [90], 3

5. Kokc, otpuManuii B 3aBojicbkrX ymoBax [99], 3 kinneBoro Temmepatyporo ~ 1050

VY Tabnuui 2.3 HaBeJeH! pe3yJbTaTH TEXHIYHOIO aHaNi3y 1 TeMIlepaTyp 3aiiMaHHS

JOCTI)KEHUX PEYOBHH.

Taomurg 2.3
TexHoI0TiYHI BJIACTUBOCTI ByIJIelleBUX PEYOBHH

No Texuiuauit anaimiz, % t,
e PeuoBuna A 5 V& oC

1 | AkTBOBaHE BYTULIA 5,2 0,09 12,0 257

2 | Kopompok 10,1 0,77 8,5 385

3 | JJaGopaTopHmii KOKC 11,6 0,77 1,4 389

4 | SJuMKOBHIT KOKC 11,1 0,54 0,6 435

5 | 3aBOJICHKUNA KOKC 11,1 0,83 0,5 443

3 ypaxyBaHHSAM HaBEICHOIO BHUILE /1aMa30Hy 3HAYEHb TEeMIepaTyp 3aliMaHHs

kam'ssHoro Byruuis (305-420 °C), peuoBunu Nel, 4, 5 He MOXyTh OyTH BHUKOPHCTaHI B

SAKOCTI CTaHJAAPTHOTO 3pa3Ka, OCKUIbKM 3HAYEHHS iX TeMmmeparyp 3aiimanus (257, 435, 443

°C) BUXOJATh 32 pAMKH BKAa3aHOT'O 1HTEpBAILY.

MowmenT 3aiiMmanss mpo6 Ne3, 4, 5 xapakTepu3yeThCs BIICYTHICTIO SBHOTO 3aiMaHHSI

(BUOYXyY) 1 CYIMpPOBOJIKYEThCSI HE3HAYHUM Ta30BUJIIJICHHSAM, IO YCKJIAIHIOE WOr0 TOYHY

peectpaiiro. [{g oOcTaBuHa BUKJIMKaHA HEOCTATHHOIO KUTBKICTIO JIETKUX pedoBHH (0,5—

1,4 %) B uux npodax.

Ha Binminy Bin mpo0 Nel, 3-5, temmneparypa 3aliManHs kopoibka (mipoba Ne2)

BXOJWUTHh B [llalla30H 3HA4YEHb TEMIIEpaTyp 3aiMaHHA KaM'SHOTO BYTULIS, & MOMEHT

3arOpsiHHSI CYMPOBOJKYETHCS UITKMM Ta30BUJUICHHSIM, W0 3a0e3nedyye Moro TOYHY

peecTpartio.
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EneMeHTHU# CKki1ax opraniuHoi Macu KOpojibKka HaBeAeHU! B Tabmuii 2.4.

Taomung 2.4
EneMeHTHMI cCKJ1a]1 OPraHivHOT KOKCOBOI0 KOPOJIbKY
EnemenTHuii cknan (Cyxwid, 3He30J¢HUM cTaH), %
PeuoBuna
Cdaf Hdaf Std Ndaf + Oddaf
Koponsox 91,12 3,22 0,77 4.89

3rimHo [95], 3HaYEHHS EIEMEHTHOTO CKJIaay KOPOJbKa OJW3BbKI 10 BEITUYHH
€JIEMEHTHOTO CKJIaay Byruuist mapku I1.

3 mirteparyprux jkepen [48, 95, 100, 101] Bigomo, 110 HaMMBKOKC
XapaKTEPHU3Y€EThCSI BACOKMMH MOPYBATICTIO 1 pEaKIIHHOIO 3/IaTHICTIO.

Buxonauu 3 uporo, s NepeBipkU CTaOLIBHOCTI BIACTUBOCTEN KOPOJIbKA, POTITOM
poky (1l pa3 Ha wMicAlb) BHUKOHYBAJM BHU3HAUYEHHS WOro TEMIEpaTypu 3aiMaHHI.

Pe3ynbpTaTn BU3HaUeHb HaBeeHI B Ta0OI. 2.5.

Tabmuus 2.5
3HavyeHHs TeMIlepaTyp 3aiiMaHHS KOPOJbKY
Micsip t;, °C Micsip t;, °C
1 385 7 385
2 386 8 386
3 386 9 384
4 384 10 384
3) 385 11 385
6 385 12 386

Buxoasum 31 3HaueHb TeMmriepaTyp 3aliMaHHs, HaBEACHUX B Tabd. 2.5, MOXHa
BIJI3HAYUTH, 110 1X PO3O1KHOCTI HE MEPEBUILYIOThH JOMYCTUMY OXUOKY Bu3HaueHHs (2 °C)
B OJH1 Jabopartopii.

KontponbHuii 3pa3ok 3 (IKCOBAaHUM 3HAYCHHSIM TEMIEpaTypu 3aiiMaHHS

po3pobisiBcs  BimmoBigHo a0 COY-H MIIIT 77.080-011:2004 [102]. 3rigHo 3
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MOJIO’KEHHSIMU IIbOTO HOPMATHUBHOTO JTOKYyMEHTa OCHOBHOIO BHMOTOIO JI0 KOHTPOJBHOTO
3pa3Ky € 3a0e3ledyeHHs CTaJoCTI 3HAYCeHb IOKa3HUKIB HOTo SKOCTI (TeMmmeparypu
3aiiMaHHs).

OAHOPIAHICTD 1 CTA0LIBHICTh MPOOU KOHTPOJIBHOTO 3pa3Ky OIIHIOBajacs METOJaMH,
BUKIafaeHUMHE B qonatkax b1 E COY-H MIIIT 77.080-011:2004 [102].

BcraHoBieHHS 3HAYEHHS aTECTyeEMOi XapaKTEPUCTUKH — TeMIepaTypu 3aiMaHHS
KOHTPOJILHOTO 3pa3Ky BuKoHyBajocs BianosigHo 10 JOJATKY B COY-H MIIII 77.080—
011:2004 [102] nBoma kBami(hiKOBAHUMH  CIIBPOOITHUKAMH 3  BHUKOPHUCTAHHSIM
muppoBaHUX HaBaKOK. KokeH aHaIITUK BUKOHYBAB /Bl cepil napajieIbHUX BU3HAYEHbD, 10
I'STh Map Npoo B KOXKHIM cepii.

Ha migcraBl cTaTUCTUYHOI OOpPOOKM OTPUMAHHUX EKCHEPUMEHTAIIBHUX JaHUX

BCTAHOBJICHO, IO 3HAYCHHA TCMIICPATypHU 3aliMaHHsI KOHTPOJIBHOTO 3pa3Ky  CKJIaJac

(385+1) °C [103].

BucHoBkmu 3a po3aisiom 2

1. ChopmynboBaHO 00’€KT Ta MpEAMET JUCEPTALITHOT POOOTH, & TAKOXK BHU3HAYEHO
HEOOXITHUIN MepeliK CTaHAAPTU30BAHUX METOIIB JOCIHIPKEHHS PEYOBHHHOTO CKJIAIy
BYTULJIS, BKJIFOUAIOUM MOTO OpraHiyHy Ta MiHEpaJbHy YaCTHUHHU.

2. BcTanoBneHo, 110 BU3HAYCHHS TEMIIEpaTypH 3aiiMaHHs JAOIIIHLHO BUKOHYBAaTH Ha
oOnajiHaHHI, SIKE BUKOPUCTOBYETHCS JIsl BU3HAYCHHS! OKMCHEHHS Ta CTYINEHS OKHUCHEHHS
Byrus 3rigao JJCTY 7611:2014.

3. 3anponoHOBaHO MEXaHI3M XIMIYHUX peakliid, SKi BiI0yBalOThCs MPU BU3HAUYEHHI
TEeMIIepaTypy 3aliMaHHs BYTULIS.

4. 3anpornoHOBaHO B SIKOCTI KOHTPOJBHOTO 3pa3ka BUKOPUCTOBYBATH KOKCOBHM
KOPOJIBOK, IO XapaKTEPU3YEThCSA CTAOUIBHICTIO BJIACTUBOCTEH 1 3HAUCHHSIM TEeMIIEpaTypu
3aiiMaHHS Ta BKJIANA€ThCA B Jiana3oH (aKTUYHUX 3HAYEHb TEMIIEpaTyp 3aiiMaHHS

KaM'sSsHOT'O BYT1JLJIS.
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PO3JILT 3
BU3HAYEHHS TEMITEPATYPH 3ANMAHHSA BYTUILHUX CYMILIEMR

Y po6Gori [104] nomomoror MaTeMaTHYHUX METOJIB JIOCHIDKCHHS JTOBEICHO
HasBHICTh TICHOTO 3B’SI3Ky MK TEMIIEpaTypor0 3aiiMaHHA Ta KiIacuQiKalliiHIMU
MOKa3HUKAMU SIKOCTI BYTULIS — TOKa3HUKAMU BIAOUTTS BITPUHITY Ta BUXOIY JETKUX
PEYOBHH, a TAKOXK MOKa3HUKaMHU OYJJOBU OpraHIYHO Macu BYTULIS — BMICTY 3arajbHOTO Ta
apOMaTUYHOTO BYIJICLIO Ta CTYIIEHEM HEHACHUUEHHS HOTO CTPYKTYPH.

[IpeacraBisie TpakTUYHUI 1HTEpeC 3'ACyBaTH, YW € TeMIeparypa 3aiiMaHHS

aIMTUBHUM MTOKa3HUKOM JIJIs CyMiliei Byriuia un Hi [105-107].

3.1. /IBOKOMIIOHEHTHI BYI'UIbHI CyMillli y pIBHOMY CHiBBiTHOLICHHI

VY T1abn. 3.1 HaBemeHi pe3yabTaTH BUKOHAHUX paHime aociimkeHb [95, 108] 3
BU3HAUYCHHS TEMIEpaTyp 3aiiMaHHS OKpPEeMHX KOMIIOHEHTIB 1 iXx cymimend (B
criBBigHoIeHHI 50:50).

AHali3yroud JaHi, HaBedeHlI B TaOd. 3.1, MOXXHa MNPUWTH 1O BUCHOBKY, IO
pPO3paxyHKOBI 3HAUYEHHS TEMIIEpaTypHu 3aiiMaHHs BYT'UIbBHUX CyMIIlIeld B Tiil YW 1HIIN Mip1
BIJIPI3HSIIOTHCA B1Jl €KCTIEPUMEHTAILHO BU3SHAUCHUX.

Jlns 30inbIIeHHs BUOIpKM OyJiM BUKOHAHI BJIACHI JOCTIIKEHHS. TeXHOJOridyH1
BJIACTUBOCTI JOCIHIKEHUX BYTUIbHUX KOHIIEHTPATIB, @ TAaKOXX TEMIIepaTypu 3aiiMaHHs
1HIUBITyaJIbBHOTO BYTULISA 1 oro cymimei (B criBBigHomeHH1 50:50) HaBeneni B Tad. 3.2
13.3.

AHani3 pe3ynpTaTiB JOCHIIKeHb, HaBeneHMX B Tabn. 3.1 1 3.3, nosBomse
CTBEpP/KYBAaTH IMIPO HASBHICTh CUCTEMAaTHUYHMX BIIXWJEHb (AKTUYHUX 3HAYCHBb BIJ
pO3paxoBaHUX 3a NPaBUIOM aJUTUBHOCTI B OIK BYTruUulsl 3 MEHIIOK TEMIEPATYPOIO

3aMaHHs.
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Tabmura 3.1

TemnepaTypa 3aiiMmaHHs BYriJLis Ta iforo cymimei (50:50) Bigmosigno [106, 107]

Temneparypa 3aiiMaHHS, tss, °C

HON_Iep. Buxinne Byrimis Cymim, paxkr | CyMmil, po3paxyHOK
cymini

tie,1 ) tas, cym, & tas, cym, p
1 2 3 4 5
1 370,5 363,5 366,0 367,0
2 342,0 326,0 324,0 334,0
3 367,0 342,0 352,0 354,5
4 386,0 360,0 367,0 373,0
5 367,0 341,0 352,0 354,0
6 360,0 326,0 327,0 343,0
7 326,0 285,0 300,0 305,5
8 342,0 285,0 295,0 313,5
9 386,0 326,0 333,0 356,0
10 360,0 285,0 290,0 322,5
11 386,0 285,0 306,0 335,5
12 366,0 353,0 357,0 359,5
13 365,0 351,0 358,0 358,0
14 365,0 345,0 355,0 355,0
15 353,0 347,0 350,0 350,0
16 362,0 353,0 360,0 357,5
17 360,0 347,0 356,0 353,5
18 362,0 360,0 360,0 361,0
19 362,0 359,0 359,0

360,5




52

[Mponosxxenus tad. 3.1

1 2 3 4 3)

20 362,0 336,0 346,0 349.0
21 365,0 362,0 363,0 363,5
22 365,0 336,0 346,0 350,5
23 336,0 332,0 333,0 334.0
24 353,0 336,0 344,0 3445
25 365,0 347,0 355,0 356,0
26 359,0 347,0 356,0 353,0
27 360,0 351,0 358,0 355,5
28 359,0 345,0 353,0 352,0
29 362,0 347,0 356,0 354,5
30 361,0 351,0 353,0 356,0

BusiBnena 3akoHomipHicTh HaBezeHa Ha puc. 3.1. Ilo oci abcmuc po3ramioBadi
3HAYEHHS ts51—l32, TOOTO BENIMYMHU, IO MOKA3yIOTh, HACKIJIBKA OJHE BYTULIS B CYMIIII
BIJIPI3HSETHCS Bl IHIIOTO 3a BEJIMYMHOIO TEMIIEpaTypu 3aiiMaHHS B aOCONIOTHUX
3HayeHHsX (°C), a Mo Ocl OpAMHAT PO3TAIIOBaHI 3HAUYEHHS tss cym, ¢—lss, 1, TOOTO BEJIMUMHH,
0 TMOKa3ylTh, HACKUIbKM (PAKTUYHE 3HAYEHHSA TEeMIepaTypu 3alMaHHS CyMIIII
BIJIPI3HSIETHCS BiJl TEMIIEpATypu 3aiMaHHs KOMIIOHEHTA, 110 XapaKTEPHU3YEThCs OLIBIIOI0
BEJIMYMHOIO TEMIIEPATYPH 3aliMaHHS 3 IBOX, 1110 MICTATbcA B 1iKl cymimi (°C).

I'padpiuna 3anexHIiCTh, HaBeleHAa Ha puc. 3.1, ONUCYETHCSA PIBHSIHHAM IEPUIOTO

CTYTICHSI, 3 KOedilIEHTOM JAeTepMiHaIlii, mo aopiBHIoe 94,3 %.

(tss,cyM,d) - t313,1) = 2,35 - 0r86 ' (tSB,l - t3B,2)' (31)

[lepeTBopenns piBHsAHHS (3.1) 103BOJIsI€ BUSSBUTH MaTEMaTUYHY 3QJI€KHICTh BIUIUBY
TEMIEpaTyp 3aliMaHHS OKPEMHX KOMIIOHEHTIB Ha BEJIMYUHY (AKTUYHOI TeMIlepaTypH

3aiiMaHHs iX cyMimri (B criBBigHOIeHH1 50:50):
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Taomung 3.2
TexHOoJIOTIYHI BJIACTHBOCTI BYTJIbHMX KOHLIEHTPATIB
[Toka3HuK BiXOUTTS
No P Mapia Texuiuanii aHamis, % IMerporpacdiunuii cknaz, % sitprmity, Ro %
Al SY \ydaf Vit Sv | L 20K Ro
1 TOB «IIpomyronbcepBuc» T 8,5 0,63 37,7 77 0 22 1 22 0,67
2 TOB «Pecype» KT 9,9 0,49 36,7 57 1 40 2 41 0,65
3 113D «AbamieBcrkay K 9,3 0,72 29,8 90 0 9 1 9 0,93
4 13D «Cxizna» K+KXK 10,1 0,59 26,1 64 1 33 2 34 1,08
5 3D «ITocTHIKOBCHKAY K 8,4 1,19 28,3 93 0 6 1 6 1,16
6 3D «Crsto-BapBapuncbkay K 9,0 0,78 27,6 84 1 13 2 14 1,15
7 1. «bexXaHOBChKa» K 8,9 1,96 24,8 91 1 8 0 9 1,28
8 P-3 «KpacHOOPOACHKHIi» KC 7,4 0,43 23,8 34 1 64 1 65 1,02
9 Kommnanis «bap3acbka KC 7.4 0,36 20,7 31 1 68 0 69 1,15
10 «Pocahontas» TIC 8,1 0,85 20,0 69 0 31 0 31 1,51
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Ta0murg 3.3
Temmneparypa 3aiiMmanus Byrijuis ta ioro cymimeii (50:50)

Temmneparypa 3aiiMaHHS, tys, °C
Howmep Cymi,
' Cxnan cyminii Buxinne Byrimwis Cymi, ¢akt
JOCITITY PO3paxyHOK
Uss.1 %) tss, cym, ¢ tss, ey, p
1 Nel + No5 388,0 367,0 375,0 3775
2 Nel + Nel0 407,0 367,0 376,0 387,0
3 No2 + Ne3 385,0 369,0 366,0 377,0
4 No2 + N4 393,0 369,0 374,0 381,0
5 No2 + Ne6 390,0 369,0 370,0 379,5
6 No2 + Ne7 396,0 369,0 366,0 3825
7 No2 + Ne8 399,0 369,0 379,0 384,0
8 No2 + Ne9 406,0 369,0 374,0 387,5
9 Ne3 + No4 393,0 385,0 382,0 389,0
10 Ne3 + Ne6 390,0 385,0 388,0 3875
11 Ne3 + Ne8 399,0 385,0 386,0 392,0
12 Ne3 + Ne9 406,0 385,0 387,0 3955
13 Ne5 + Nel0 407,0 388,0 392,0 3975
0 X
10 ¥ 200 30 40 50 60 70 80 90 100 110
-20
30 . 0*‘\
°;:4o \
‘7&-50 *
%60
.70 ¢
-0 .

-90

tSB,l_t3B,2 °C

Pucynox 3.1 — 3aneKHICTB tss, cyw, ¢ — tss,1 BUT tas,1— tss2
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t = 2,35 + 0,14‘ ' t3B,1 + 0,86 ' t3B,2’ (32)

3B,cyM,
1e ty, 1 — TeMIeparypa 3aiiMaHHS KOMIIOHEHTa CyMIIi 3 OUTBIIOK BEITHYUHOIO
TeMneparypu 3aitmanss, °C;
tss, 2 — TemmepaTypa 3aiiMaHHA KOMIIOHEHTa CyMIIll 3 MEHIIOK BEIUYHHOIO
TeMiiepaTypu 3aitmanus, °C. AHamizyrouu piBHAHHS (3.2), MOKHA MPUNTH IO BUCHOBKY,
10 TeMIeparypa 3aiiManHsa OiHapHOi cywimi (cmiBBinHomeHHs 50:50) nume Ha 14 %
BU3HAYAETHCS TEMIIEPATYpOIO 3aliMaHHS BYTULIS 3 MAaKCHMAJIbHOIO BEIMYUHOIO
TeMIiepaTypu 3aiiMaHHs 1 Ha 86 % Temmeparyporo 3aiiMaHHS BYTUUIA 3 MiHIMaJIbHOIO
TEMIIEPATYPOIO 3aiMaHHS.
Ha puc. 3.2 naBenena rpadiuHa 3aJIeKHICTb MK (PAKTUYHUMU 3HAYCHHSIMU
TeMIiepaTyp 3aiiMaHHs OiHapHUX cywimieil (B cmiBBigHoIIeHHI 50:50) 1 mpOrHO3HUMH,

pO3paxOBaHUMHU 3a PIBHSHHSM (3.2).

400 -

380 -

360 -

0

340 -

Lo, cym, pr

320 -

300 ~

280 T T T T T 1
280 300 320 340 360 380 400

0
3B, CyM, ¢?

Pucynox 3.2 — 3anexHicTh MK (aKTUYHUMU 1 PO3PAXYHKOBUMHU 3HAUCHHSIMH

TeMIlepaTyp 3aiiMaHHs OiHapHUX cymilie (B criBBigHOMIeHH] 50:50).

Cepenne KBagpaTHUHE BIIXWICHHS (DAKTUYHUX Bi PO3PAXYHKOBUX BEIMYWH
TeMreparyp 3aiiMaHHs OiHapHUX cymitiel (B criBBigHomeHH! 50:50) ctaHoBUTE 4,12

°C.
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3.2 JIBOKOMIIOHEHTHIi BYI'iJIbHI CyMillli B pi3HOMY CHIBBIITHOLIEHHI

[IponoBxyroun AOCTI/DKEHHST B I[bOMY HaNpsIMKy, HamMu OyJaM BHKOHaHI
BU3HAUEHHS TEMIIEpaTyp 3aliMaHHs CyMIIIed, A0 CKJIagy SKUX BXOAWUJIO BYTULISA
pI3HOTO CTyIeHs MeTamop(i3My B pi3HOMY MpolleHTHOMY criBBigHomeHH1 (0, 25, 50,
75 1 100 %). Pe3ynpTaT BUKOHAHMX AOCITIIKEHb HaBeAeHI B Tald. 3.4, a Takox y

BUTIIAI TpadikiB Ha puc. 3.3-3.5.

Taomurg 3.4
Temmneparypa 3aiiMaHHs1 BYrJLIsl Ta HOro cyminueit
Cxuan cymimni (Homep Temneparypa 3aiimanss, °C
Cymiru KOMIIOHEHTA, CIiBBIHOIIECHHS ®Daxr, PoszpaxyHok,
BIZICOTKaXx) tae, cym, @ tas, cym, p

Nel (0) + Ne5 (100) 388,0 388,0
Ne 1 (25) + Ne 5 (75) 379,0 382,8
1 Ne 1 (50) + Ne 5 (50) 375,0 377,5
Ne 1 (75) + Ne 5 (25) 370,7 372,3
Nel (100) + Ne5 (0) 367,0 367,0
Nel (0) + Ne10 (100) 407,0 407,0
Ne 1 (25) + Ne 10 (75) 393,2 397,0
2 Ne 1 (50) + Ne 10 (50) 382,0 387,0
Ne 1 (75) + Ne 10 (25) 374,7 377,0
Nel (100) + Nel0 (0) 367,0 367,0
Ne5 (0) + Ne10 (100) 407,0 407,0
Ne 5 (25) + Ne 10 (75) 399,5 402,3
3 Ne 5 (50) + Ne 10 (50) 392,0 397,5
Ne 5 (75) + Ne 10 (25) 389,0 392,8
Ne5 (100) + Nel0 (0) 388,0 388,0

Jnst Byruwia, OnumkdoMmy 3a cTaaisiMu metamopdizmy (1 BIANOBIZHO 32
TeMIlepaTypaMu  3aiiMaHHs),  PO3ODKHOCTI MK  €KCIIEPUMEHTAIbHUMU 1
PO3paxyHKOBHUMH 3HAUYE€HHSIMHU HAa0araTo MEHII, MPU IIbOMY BIJCYTHI CHCTEMATHUYHI
BIIXWJICHHS TEMIIEpaTypy 3aliMaHHS CyMIIll B CTOPOHY 3HAYEHHS, XapaKTEPHOTO IS

OyIb-SIKOTO 3 KOMIIOHEHTIB.
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387

B Po3paxyHoK

== DaKT

367 T T T T
0 20 40 60 80 100

Bwmict kommnonenta Nel B cymimi 1, %

Pucynok 3.3 — @akTuyHi 1 po3paxyHKOBI 3HAUEHHS t;; cyminm 1
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402
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377
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Pucynok 3.4 — ®akTtuyHi 1 po3paxyHKOBI 3HAYEHHS t;; CyMili 2
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== DaKT

390

385 T T T T 1
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Bwmict xommoneHTta Ne5 B cymimi 3, %

Pucynok 3.5 — @akTtuyHi 1 po3paxyHKOB1 3HAUEHHS t,; CyMmin 3
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Taomurg 3.5
TexH0/10Ti4HI BJIACTHBOCTI BYTiJIbHUX KOHIIEHTPATIB
[TnacromerpuyHi moka3Huky, | Temmneparypa
Texuiunmii ananis, % .
[ToctavanbHUK Mapka MM saiimans, °C
Ad Sdt Vdaf X y t36
L[3D «/loOporriibchkay r 8,7 1,26 37,5 36 13 367,2
3D «/lyBanchka» XK 8,1 1,26 32,1 12 21 379,5
3® «CsTo-BapBapuHcbkay K 8,1 0,75 27,6 10 14 388,8
Pocahontas [c 7,1 0,82 17,7 2 12 410,6
Tabanis 3.6
IleTporpagiyHi XapaKTepUCTHKH BYTiJIbHUX KOHIEHTPATIB
Cranii meTamopdizMy BITpHUHITY, %
Cepenniit
Menme | 0,50— 0,80- 0,90- | 1,20- | 1,50- | 1,70-
MTOKa3HUK
[Tetporpadiunuii cknan, % . 0,50 0,79 0,89 1,19 | 1,49 | 1,69 | 2,59
ITocTauanbHUK Mapka BIIOUTTS - - ; -
) ) Mapku ByTiJUIS, 0 YMOBHO Bi/IMTOBIAIOTE CTATisIM
BITpHHITY, %
MeTamop(hi3My BITPUHITY
Vt|Sv| I |[L|>OK Ro A AT | DKIOATK | K K |} (@ T
3D «/loOpominbehka r 69 | O 22 | 9 22 0,77 0 68 21 11 0 0 0
3D «/lyBaHChKa» X 87 | 1 8 | 4 9 1,01 0 0 5 94 1 0 0
3® «CrsATo-BapBapuHchkay K 8| 0 | 10 | 3] 10 1,20 0 0 0 51 48 1 0
Pocahontas IcC 72| 1 |27 |0] 28 1,56 0 0 0 0 26 67 7
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Taomurs 3.7
EneMeHTHMI CKIaJ JOCTIKEeHUX BYTVIbHUX KOHIEHTPATIB
EnemenTHuii cknanm, %
[TocTagabHUK Mapka
Cdaf Hdaf Ndaf Std Oddaf
L3P «Jlobpominbchkay r 84,39 5,75 1,83 1,26 6,77
3D «/lyBaHnCchKa» XK 86,09 5,54 1,84 1,26 5,27
3@ «CrsTo-BapBapuHcbka» K 87,41 5,12 1,71 0,75 5,01
Pocahontas I1IC 90,23 4,64 1,24 0,82 3,07
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Ha nactymHomy ertami Oyina OiibIln AeTalbHO BHMBUEHA OiHapHA CYMIII BYTULIA
mapok [' 1 IIC, mo HailOuIblIe BIAPI3HAIOTHCS MO TeMIepaTypi 3ailmMaHHs. SIKiCHI
XapaKTEPUCTUKU JAHOTO BYT1/UTSI HaBeAeH1 B Tabi. 3.5-3.7.

Pe3ynpTaT BHU3HAUYEHHS TeMIeparyp 3aliMaHHA Ii€i OIHapHOi cyMilll, B SKid

BapitoBaiu BMicT koMroHeHTIiB Big 0 10 100 % (3 kpoxom 10 %), HaBeneH1 Ha puc. 3.6 1

B Ta0I. 3.8.

415
410
405

=== DaKT

Bl PospaxyHok

365 T T T T 1
0 20 40 60 80 100

Bwict Byrimns L3P "obpononbebka” B cymimi 4, %

Pucynok 3.6 — @akTuyHi 1 po3paxyHKOBI 3HAUEHHS t,; CyMmili 4.

OtpumaHi pe3yibTaTH TMOBHICTIO Y3TOJDKYIOTBCSA 3 OTPUMAHUMU PaHIIIe
pe3yibTaTaMu BH3HAYCHHS TEeMIIepaTyp 3aiiMaHHS IBOKOMIIOHCHTHHX cyMimied (pwc.
3.3-3.5).

JIyisi BUpIIIEHHS MUTAaHHS PO T€, HACKUIBKM BarOMHMMH € BCTAHOBJICHI HaMH
BIIXUJICHHSI, HEOOXIJIHI JaHl IIOJI0 JUCIepcli BU3HAYEHHS IMOKAa3HHMKA TeMIepaTypu
3aiMaHHS.

Jnga uporo ckopucranmca pesyinbraramu, orpumanumu B JII «YXIH» npu
po3po6mi JICTY 7611:2014 [21]. ¥V upomMy JOKyMEHTI 301KHICTH pe3yJbTaTiB,
OTPUMaHUX TMPU BUMPOOYBaHHI OJHIET 1 TI€T K MpoOU B OAHIN 1abopaTopii, OIIHIOETHCS
PIBHEM JIONyCTUMUX po30ikHOCTEN He Oinblie 2 °C.

Bracaigok Toro, mo I BU3HAYSHHS ITOKa3HHMKA OKHCICHHS (Af) HeoOXiaHi
3HAYEHHS JIBOX TEMIIEpaTyp 3aiiMaHHs (BUX1AHOTO 1 BIAHOBJICHOTO BYT1/UISI), TOMHJIKH

BU3HAYCHHA AKNX HAKOIIMYYIOTHECA B IOMUJIKY BU3HAUCHHS ITOKAa3HUKA OKUCIJICHHA, TO B
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Taomung 3.8

Cxknan cymiri, %

Temneparypa 3alimanns, °C

Cywmim H3® Pocahontas, daxr, Po3paxyHOK,
«JloOporibCchKay,
viapxa [ Mmapka «11C» tan, cym, @ tar, cym, p
0 100 410,6 410.6
10 90 401,6 406,3
20 80 395,5 401,9
30 70 388,8 397.6
40 60 386,6 393,2
4 50 50 380,8 388,9
60 40 380,1 384.6
70 30 375,6 380.2
80 20 371,6 375.9
90 10 368,5 3715
100 0 367,2 367.2

SKOCT1 OLIHKU BEJTUYHHH JUCTIEPCIi G MOKAa3HUKA TeMIepaTypy 3aiiMaHHs MPaBOMIPHE

B35TH 1/2 BI1J1 HaBeJIEHOT'0 BUIIE 3HAUYeHH:, a came 1 °C.

BignoBigHO 10 BiIOMOTO TMPaBHIIy CHUTM

[109] HOpmanbHO po3MOiIeHa

BUMAJKOBA BEJIMYMHA X 3 BEJIMKOI HMOBIPHICTIO P mpuiiMae 3Ha4Ye€HHS, OJU3BKI 0

CBOT'O MaT€MaTUYHOr0 OYiKyBaHHs M, 30KpeMa:

P{-26<x-M<251=0,9545.

(3.3)

VY Toi1 ke "ac 3 qaHux Tabs. 6 BUIHO, 110 BIIXWICHHS 3HaY€Hb, PO3PAXOBAHUX 32

IIpaBUJIOM aIII/ITI/IBHOCTi, Bi)l (baKTI/ILIHI/IX, CUCTCMATUYHO IMCPEBUIIYIOTh BCIIMUYUMHY ABOX

ITOMUJIOK BU3HAUCHHS. Lle CBITUNTH Mpo HE BUMAJAKOBICTh TAKUX BIIXUJICHD.
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Ix 3HaunmicTh MOkHa OIIHUTH 3a kputTepiem Cteroaenta [110], BiamoBigHO A0
SKOTO JiBa BHOIPKOBHUX CEpEHIX 3HAYUMO BIJAPI3HSIOTHCS OJWH BiJ OJHOTO, SKIIO

BUKOHYETBCA YMOBaA:

>t

o (3.4)

ne ty — rabnuvne 3Ha4eHHS KpuTepito CThIOACHTA, 3aJICKHE BiJl PiBHS 3HAYMMOCTI
1 KUJIBKOCT1 CTYIIE€HIB CBOOO/IH.

3 BUKOPHCTAHHSM ILOTO KPUTEPIIO OLIHWIM 3HAYMMICTh BIOXWIECHb Bl HYJA
PI3HULIb 3HAYEHb, PO3PaXOBAaHUX 3a MPABUJIOM ATUTUBHOCTI, BiJ QakTuuHux. CepenHe
3HA4YCHHsI, po3paxoBaHe 3a JaHuMu Taoiu. 3.8, ctaHoButh 6,5 °C. TabnuuHe 3HAUEHHS
kputepito CteiofenTa ans piBHA 3HauymocTi 0,05 1 KibKOCTI cTymneHiB cBoOoau N=8
(Ha OIMHHUIIIO MEHIIIE KIJTbKOCTI JIOCII/IB HAa O1HApHUX cyMmimiax) fopiBHIoE 2,31, TOOTO
3HAYHO MEHUIE BIJHOIICHHS PI3HUL MOPIBHIOBAaHUX CEPEIHIX 10 BUOIPKOBOI JUCHEPCii.
[le 3 poBipuoto ¥#MOBIpHICTIO 95 9% CBiIUMTHP TPO 3HAYYIIICTh BIAXUJICHB
pPO3paxXyHKOBUX 1 (PAKTUYHUX 3HAYCHb TEMIIEpaTypu 3aliMaHHA OlHAPHUX BYTUIBHHUX
CYMIILIEH.

OtpumaHi eKcriepuMeHTalIbHI J1aHI MOXKYTb OyTH, Ha HAIly JYMKY, TOSICHEHI 3
HacTynmHuX mo3uiii. Ha mincraBi 3aranbHOBU3HAHMX ysBieHb [111] ans mouatky
Ipoliecy rOpiHHS HEOOXIHE MiABEACHHS 30BHIIIHBOI eHeprii. [Ipu upboMy B cymimiax B
MEPITy Yepry 3aiiMarOThCS T1 KOMIIOHEHTH, JUIS SKUX HEOOXI1THO MiABECTH MIHIMAJIbHY
KUIBKICTh €HEeprii, TOOTO 3 MEHIIOK TeMIepaTyporo 3aiimanHsA. KibKiCTh eHeprii, 1o
BUJIITISIETHCS TIPU 3arOPSIHHI IIUX KOMIIOHEHTIB, 3 HAJUIMIIIKOM BUCTAYa€ 1 JUJIS 3aTOPSHHS
OUThII Ba)XKKO3alMHCTOTO KOMIIOHEHTa, a L€ NPU3BOAUTH 1 J0 3aliMaHHS CyMIlll B
1JIOMY.

Pe3synbratu qochikeHHs, Ha Hally JYMKY, MalOTh NIE€BHE MPAKTHUUYHE 3HAYCHHS.
3okpemMa, TpU MNUJIONOAIOHOMY CHAIOBaHHI BYTUUIS Ha EJIEKTPOCTAHIISIX ISt
3a0€3MeUeHHs] HEOOXIJIHUX BJIACTMBOCTEW NalMBa MIMPOKO 3aCTOCOBYIOTH MaJMBHI

cymimm, Hampukiaang 90 % antpamuty 1 10 % razooro Byriuis [112]. B sxocTi
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MWIOBYTIIFHOTO MAJMBa B CYY4aCHUX JOMEHHHUX Ie4aX BHKOPUCTOBYEThCS cyMimn 3 70
% micHoro 1 30 % ra3oBoro Byruus [113]. [Ipu oTpumanHi, 30epiraHHi 1 BAKOPUCTaHH1
TaKUX CyMilled HEOOXITHO BpPaxOBYBAaTH MOXIIMBICTh 3HI)KCHHS IX TeMIlepaTypu
3aliMaHHs B MTOPIBHSAHHI 3 PO3PaxOBaHOIO 3a MPABUJIOM aJUTUBHOCTI. Lle 103BOUTE HE
TUIBKKA JOCSTTH 3aJaHUX TEXHOJOTIYHHX IapaMeTpiB BUKOPUCTAHHS TMaiuBa, a
3a0e3neun T BUOYXOIOKEK00e3meKy poOboTH o0Ia HaAHHS.

3 ypaxyBaHHSIM IIbOTO CTaHOBUTH HAYKOBWH 1 MPAKTUYHHWH IHTEPEC BU3HAYUTH
(bakTUYHI 3HAUYEHHS TEMIIepaTyp 3aiiMaHHs BYT1JIBHOI CyMIIl, 1O CKJIAAY SIKO1 BXOJATH
Byrumist mapku «I» 1 aHTpanutr (cyMmim S5), a TaKOX CIHIB3ICTaBUTH iX 3
PO3paxyHKOBUMHU, OTPUMAHUMH 32 MPABUIIOM aJIUTUBHOCTI.

[Toka3Huku aKocTi Byriyuist Mapku «I'» 1 aHTpauuTy HaBeseHi B Ta0m. 3.9.

Tabanis 3.9
TexHo10TiYHI BJIACTHBOCTI BYTiJIbHUX KOHIEHTPATIB
Cepenniii
[Terporpadiunuii ckiasn MTOKa3HUK
) Temneparypa
Texniunuit ananiz, % (6e3 MiHEepanbHUX BIJIOUTTS
Mapka ) ) 3aiiMaHHs, °C
JOMIIIoK), % BITPHHITY,
%
A | S% | vE vVt Sy | I | L| XOK Ro tos
r 51071 | 413 | 9% | 0 |3 |1 3 0,66 346,1
A 8,4 | 2,97 4.0 He BusHauascs 2,89 410,0

Bracnijiok TOro, mo BepxXHS T'paHMIST KPYMHOCTI MUJIOBYTUILHOTO TAajuBa, IO
nonaetbest Ha kotiu TEC abo pypmu noMeHHUX niedeit, He moBuHHA OyTH Oibine 0,075
MM [114], nonaTkoBO BH3HAYaM TEMIIEpaTypy 3aliMaHHS BYTUIBHHX CyMILIEH,
nonpionenux 1o Bmicty 100 % kiacy menm Hix 0,075 mm.

Pe3ynbTaTy BU3HAUCHHS TeMIlepaTyp 3aiiMaHHs O1HAPHOI CyMillll BYT1/UISI MapKH
«I'» 1 aHTpanuTy, B sKii BapitoBanu BMICT komnoHeHTiB Bia 0 1o 100 % (3 kpokom 10
%), HaBeaeH1 Ha puc. 3.7 1 B Tabm. 3.10.

AHanizyroun HaBeAEHUN TaONMMYHUNA 1 rpadiuHUil Marepian, MOXKHa 3pOOHUTH
BHCHOBOK, IO TEMIIepaTypa 3aliMaHHS CyMillll Ta30BOTO BYTULIS 1 aHTPALUTY

3HAXOAWTHCS B TaKii )K€ 3aJIKHOCTI, SIK 1 JUIsI KOKCIBHOTO BYT1UISL, a caMe: (paKTUIHE
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3HAYEHHS TeMIIepaTypHu 3aiMaHHs CyMillll BIAXUJISETHCS B CTOPOHY BYT1UIS 3 MEHIIOIO

TEeMIIEpaTypoIO 3aiiMaHHS.

Temneparypa 3aiiMaHHs1 BYTiJuis 1 iioro cymimeit

Taomus 3.10

Cxman cymimii, %

Temneparypa 3aiimanns, °C

Cymimm Byrimns Ju— DaxT, s, cym, ¢ Po3paxyHok,
Mapku «I'» <0,2 MM <0,075 MM tae, cym, p
1 2 3 4 5 6
0 100 410,0 410,0 410,0
10 90 392,0 384,5 403,61
20 80 381,6 377,5 403,61
30 70 374,4 371,1 397,22
40 60 371,6 365,2 390,83
3) 50 50 361,1 360,5 384,44
60 40 353,7 357,7 378,05
70 30 352,3 353,2 371,66
80 20 350,0 349,2 365,27
90 10 348,2 347,3 358,88
100 0 346,1 346,1 346,1

415

345

405 -
395 -
© 385 -
g
375 -
365 -

355 ~

20 40

Bwicr Byrimist mapku "™ B cymimmi 5, %

80

100

== DaKT <0,2 MM
==l »aKT <0,075 mm

Po3paxyHOK

Pucynok 3.7 — ®dakTuuHi 1 po3paxoBaHi 3HAYEHHS ts; CYMIII 5
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Kpim Toro, HeoOXiHO BIJ3HAYUTH, W10 BHACIIJIOK TOTO, IO J0JAaTKOBE
NoJpiOHEHHS BYTUUIA MPHU3BEJIO J0 3POCTaHHA MOTO pearyrodoi MOBEpPXHI, 3HAYEHHS
(bakTUYHOI TemmepaTypH 3aiiMaHHs cywili Byriyuig B mojapionenHi menme 0,075 M
e CWJIBHIIIE BIAXWISIOTHCS B OlK BYTUUIS 3 MEHIIOK TEMIEpaTypol 3aiiMaHHs, B
MOPIBHAHHI 3 MOAPIOHEHHSIM MeHIe 0,2 MM.

3 orisay Ha BUKIIQJACHE, Ma€ HAYKOBHM 1 MPAKTUYHHUM 1HTEPEC MPOTHO3YBaHHS
TEeMIepaTypu 3aiiMaHHs CyMilli, B SIKy BXOJWUTH IOHAJ JBa KOMIIOHEHTH. Tomy
JOCTIAWIN pe3yNbTaTh 3 BU3HAYCHHS TEMIIEpaTyp 3aliMaHHs BYTIIBHOI CyMIIIl, IO

CKJIQJAETHCS 3 TPHOX 1 OLIbIIIE KOMITOHEHTIB.

3.3 bararoKOMIOHEHTHI cyMinui

Y tabn. 3.5-3.7 HaBeneHi TEXHOJOTIYHI BJIACTUBOCTI, mMeTporpadiuna
XapaKTepUCTHKA Ta €JIEMEHTHUN CKIIaJ, BUKOPHCTAHOTO Ui MPUTOTYBAHHS CyMIilIei
BYTLILJIS.

JUiss  mpUroTyBaHHS  JIOCHIAHMX BYTUIBHMX CyMIIIe BUKOPHCTOBYBAJIU:
BHUCOKOJIETKUW BYTIJILHUX KOMIIOHEHT 31 3HM)KEHOI TemIiepaTyporo 3aiimanHs (L[3D
«/lobpominbchkay, Mapka «I»); HU3bKOJETKUM BYTUIbHHM KOMIIOHEHT 3 T1JBUIIEHOIO
TeMriepaTyporo 3aiimanHs (Pocahontas, mapka «IIC»), a Takox cymim (50:50) Byrimis
cepennboi crtamii meramopdizmy (I[3D «J/lyBanchka», mMapka «K» 1 3D «Csaro-
BapBapuncbkay, Mapka «K»), 110 XapakTepu3yeThCsi MPOMIKHUMU 3HAUCHHSIMH BUXOJTY
JIETKUX PEUOBHUH 1 TEMIIepaTypH 3aiiMaHHsL.

Jyist moOymoBU MOTTHOMIAIBHOI MOJIENT BUKOPUCTAIM CUMIUICKCHO-PEITi TYaCTHIMA
MeTOA TulaHyBaHHs ekcriepuMenTy [110], mo HamiiiHO 3apekoMmeHayBaB cebe s
BUPIIICHHS MPAKTUYHUX 3aBJaHb. 30KpeMa, JaHW METOA OyB YCIIITHO 3aCTOCOBAaHUMU
JUTSL OTITUMI3AIlT CHPOBHHHOT 6a3u MapiymnojbChKOro KOKCOXimMigHoro 3aBoay [115].

[Ipy BUKOpPUCTaHHI CHUMIUIEKCHO-PEIIITYACTOrO TIUJIAHYBaHHS [JIsi TOOYAOBH
MOJIeNII JAPYTOro CTYyMeHs (TPhOX-KOMIIOHEHTHA CYMII) CTaBHTHCS IIICTh JOCTIIIB.
[Tnan uporo ekcnepuMeHTy HaBeseHo B Ta0u. 3.11.

[lepeBaroto miany, HaBeneHoOro B Tabiu. 3.11, € MOXIIUBICTL HE OOMEXKyBaTUCA

OTpUMAaHHSM TUIBKMA JIHIMHOI MOzenmi, a TMpu HEOOXIMHOCTI 3a THUMH XK
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eKCIIEPUMEHTAIBPHIMH JTaHUMHU TMOOYAyBaTH MOJAENHh APYroro MOPSAKY (HANpUKIa,
SKIITO JIIHIMTHA MOJIC)Th BUSBUTHCS HEQJCKBATHOIO).

VY Tabnumi 3.12 HaBeneH1 CKIaaAUd JOCTHIAHUX CyMilIed, a TakoX iX (akTU4HI Ta
PO3paxyHKOBI TeMIlepaTypu 3aiiManHs. Po3paxyHKOBiI TeMmiepaTypH 3aiiMaHHs CyMilIei
OyM OTpUMaHi 3a MPAaBWJIOM aJIUTHBHOCTI.

Tabmuns 3.11
Ili1aH ekcnnepuMeHTy ISl HOOYI0BU KBAJAPATHYHOI MOeJI y

TPUKOMIIOHEHTHIN cyMmini

BwmicT KOMIIOHEHTIB
Hocinin X % X Biaryx
1 1 0 0 4
2 0 1 0 \%)
3 0 0 1 V3
4 A Vs 0 Y2
3) 2 0 e Vi3
6 0 V2 V2 Vo3
7 1/3 1/3 1/3 Vi3

AHali3yroun JaHi, HaBeleHi B Tabn. 3.12, MoXHa MIATBEPAUTH 3pOOIEHUM
paHillie BUCHOBOK IO Te, 1110 TeMIlepaTypa 3aiiMaHHs HE € aIUTUBHUM MOKa3HUKOM.

JUiss mporHo3y TemiepaTyp 3aiiMaHHS TPUKOMIIOHEHTHHX Cywimiedl Oyio
po3po0JieHO piBHSHHA (3.5), 110 J03BOJSE 32 JAHWUMHU B1JICOTKOBOI y4acTi BYTUIBHUX
KOMITOHEHTIB 3 MIHIMaJbHUM, MPOMIKHUM 1 MAaKCUMAJIbHUM 3HAUYCHHSM TeMIIepaTypu
3aiiMaHHs, MPOTHO3YBATH TEMIIEPATypy 3aiMaHHsI BCIET CyMIIlli:

t = 41,054 - x, + 40,8216 - x;, + 40,5244 - x, — 3699,65,  (3.5)

3B,CcyM,
€ X1 — yd4acTh B CYMIlll KOMIIOHEHTa 3 MAaKCHMAaJbHOIO TEMIIEPaTypOIO
3alimMaHHA, %0;

X12 — y4acTh B CyMIIIl KOMIIOHEHTA 3 MPOMIKHOIO TEMIIEPATYpOIO 3aiMaHHs, %o;
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Taomurg 3.12

3HaueHHs TEMIIEPATYP 3aliMaHHA CKJIAICHUX TPUKOMITIOHCHTHHUX cyMimeﬁ

Cxutan cyminii, %

Temmnepatypa 3aiimanns, °C

3D «/lyBaHcbka», Mapka
Homep
) 3D «JlobpomiabchKay, «OK» + Pocahontas, daxr, PozpaxyHok,

JOCTIAY

Mapka «I» 3® «Caaro-BapBapuHcbkay, mapka «I1C» tas,cymdp tsm,cymp
Mapka «K»

1 100 0 0 367,2 367,2
2 0 100 0 383,4 383,4
3 0 0 100 410,6 410,6
4 50 50 0 372,2 376,8
5 50 0 50 375,9 388,9
6 0 50 50 392,8 398,5
7 33,3 33,3 33,3 379,6 388,1
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X2 — y4acTh B CyMIIlll KOMIIOHEHTa 3 MiHIMQJIBHOIO TEMIIEPATYpPOIO 3aiiMaHHsI,
%.

Koedimient perepminaiiii po3pobiieHoi 3ayieskHOCTi cTtaHoBUTH 91,0 %, a
cepeaHe KBaIpaTUUHE BIAXMICHHS AopiBHIOE 4,6 °C.

[{ikaBUM € CHIIBCTAaBUTHU 3HAYCHHS TEMIIEpATyp 3aliMaHHS TPUKOMITOHEHTHHUX
CyMillIe¥ p13HOTO KOMIIOHEHTHOTO CKJIaay, pO3paxOBaHUX 3a MPABUIIOM aIUTUBHOCTII
3a  piBEgHAESAM  (3.5). 3 1mier0 Meroro ckimamu 21 BapiaHT  MOJENBHUX
TPUKOMITOHEHTHUX CYMIIIEH, 10 CKJIaay SKUX BXOJWIW JOCTIHPKEHE HAMH BYT1JUIS
(Tabmn. 3.5-3.7) B pi3HOMY BiJICOTKOBOMY CITiBBIJTHOIIIEHHI 3 KpoKOoM B 20 %.

Ha puc. 3.8 npuBeaeHa rpadiyHa 3aJIeKHICTh MDK 3HAUEHHSMH TEMIIEpaTyp
3aiiMaHHS MOJIETTbHUX TPUKOMIIOHEHTHUX CyMIIeH, pOo3paxOBaHUX 3a MPaBUIIOM

aJUTUBHOCTI 1 32 piBHSIHHAM (3.2).

420 ~

410 -

400 -

(4]

- 390 -

tzs, cyM, ¢
®

370 -

360 -

350 T T T T T 1
360 370 380 390 400 410 420

t °C

3B, CyM, aj[?

Pucynok 3.8 — 3anexxHicTh MK 3HAUEHHSIMU TeMIEpaTyp 3aiMaHHs
MOJICJIbHUX TPUKOMIIOHEHTHHX CyMIIIIEeH, pO3pax0BaHUX 3a MPaBUIIOM aIUTUBHOCTI 1

3a piBHSIHH:M (3.5)

[IpencraBnena rpadivHa 3a1€KHICTh OMUCYETHCS PIBHIHHAM (3.6), Koe]irieHT

JeTepMiHaIlii IKoro AopiBHIOE 98,54 %:

t = 1,2139 " tug cyman — 90,949, (3.6)

3B,cyMm,0 —
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1€ ts, cym, ¢ — PAKTUUHA TEMIIEpaTypa 3aiiMaHHS TPUKOMIIOHEHTHOI BYT1IbHOI
CyMillIi, po3paxoBaHa 3a piBHIHHIM (3.5), °C;

tss, cym, an — TEMIIEpaTypa 3aliMaHHS TPUKOMIIOHEHTHOI BYTUIBHOI CyMIIl,

pO3paxoBaHa 3a MPaBUJIOM aAUTUBHOCTI, °C.

Amnaniz rpadiuroi (puc. 3.7) 1 marematnuHoi (piBHAHHS 3.6) 3aJI€KHOCTEH,
CBIIUUTh Mpo Te, MO (akTuyHa TeMmIepaTypa 3aliMaHHS TPUKOMIOHEHTHHX
BYTUIBHUX CyMIlIeH, SIK y BHUIAAKy 3 JIBOKOMIIOHEHTHHUMH, BIIXUISETHCS B OIK
BYTUJUISL 3 MEHILIOIO TEMIIEPATYPOIO 3aiiMaHHs.

Ha namy nymky, piBHsSHHS (3.6) MOXHa BUKOPHUCTOBYBATH IPH IPOTHO3I
TeMmrepaTypu 3aiiMaHHsS OaraTOKOMIIOHEHTHHMX CyMilled, 3a YMOBH, IO BioMi
TEeMIIepaTypHy 3aiiMaHHs BYTUJIbBHUX KOMITIOHEHTIB, SIKi BXOJSTh B JJOCIIJIKEH]1 CyMIIIIi.

Jlns mepeBIpKM BHCIIOBIEHOTO MpUNYIIEHHA Oynu ckiageHl 4 BaplaHTH
0araTOKOMITIOHEHTHUX BYTIIBHUX cymimed (tabn. 3.13-3.15) 3 BigomMumwm
3HAUYCHHSAMH TEMIIepaTyp 3aiiMaHHs BYTULIS, IO BXOJSTH JI0 1X CKIIATy.

Y Tabn. 3.16 HaBeneHi GakTUYHI 3HAYCHHS TEMIIepaTyp 3aiiMaHHs BYT1JIHHUX
IIUXT, & TAKOX TEMIEpaTypu 3aiiMaHHs, PO3PaXxOBaHi 32 METOJOM aJUTHUBHOCTI 1 3a
piBHSHHAM (3.6).

Taomung 3.16

DaKTUYHI | po3paxoBaHi 3HAYEHHSI TeMIIePaTyp 3aiiMaHHSA JOCTIAHUX HIUXT

Temneparypa 3aiimanHs, tz, °C
Bapianr Po3paxyHok 3a Po3paxyHok 3a
dakr METOIOM (6)
aIUTUBHOCTI
1 374,0 385,7 377,3
2 376,0 383,0 374,0
3 376,5 383,4 374,5
4 372,3 380,1 370,5

Buxonsun 3 HaBeneHux B Tabn. 3.16 maHuWX, MOXHA CTBEPIKYBaTH, IO
(hakTUYH1 TEMIIepaTypH 3aiiMaHHs BYT1JIbHUX CYMIIIEH MEHII iX CepeIHbO3BAKEHUX
3HAYCHb, PO3PAXOBAHUX 10 ATUTUBHOCTI 1 JOCUTH OJU3bKI 0 3HAYCHb, OTPUMAHUX 32

piBHSHHAM (3.6).
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Taomurs 3.13

Cepenniii

L _ . MOKa3HUK

TexHiuHu aHami3, [InacromeTpuyni Temnepatypa Ierporpadiunmii ckaz —

[TocrayaibHUK Mapka % HORASHIIL, MM SalMAH, °C (6e3 MiHEpaNbHUX JOMIIIOK), % | BiTpHHITY,
%
AY | st | vl X y b vt | SV | 1| L| oK | R
3D «IlleapyxiHcbka» T 9,0 | 042 | 394 31 10 363,3 82 0 16 | 2 16 0,61
L3P «AbameBchkay I'+IKI1| 7,4 | 0,78 | 37,5 37 21 367,8 94 0 6 0 6 0,80
3P «CamMcoHIBCbKa» XK 8,7 | 249 | 31,2 38 18 381,6 89 0 9 2 9 1,02
Carter Roag X 86 | 082 | 311 22 20 382,1 72 0 |23 | 5 23 1,01
Wellmore X 6,9 | 1,10 | 33,2 12 22 375,9 71 0 |24 5 24 0,94
Oaky North KK 91 | 063 | 26,3 7 20 397,8 85 0 |15 0 15 1,20
H3d «/loHEUbKCTAIbY K 89 | 0,74 | 279 9 15 384,0 85 1 11 | 3 12 1,19
3P «CamcoHiBChKa» K 90 | 165 | 27,1 9 21 389,8 94 0 5 1 5 1,23
Teck Premium K 91 | 048 | 26,3 28 13 395,0 67 0 |32 |1 32 1,11
Pocahontas [1C 9,0 | 0,78 | 18,0 12 11 408,0 72 0 28| 0 28 1,51
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Taomung 3.14

ITocTagasbHUK Mapka Baplasa uuxr

1 2 3 4
3D «Illeapyxincbka» r 18 18 15 15
3D «AbameBchKa» [+1KTI 0 12 15 15
3D «CamcoHiBChKa» XK 0 0 0 15
Carter Roag XK 20 10 5 10
Wellmore X 7 10 7 8
Oaky North KK 5 0 0 0
H3d «/loHeubKCTAIbY K 10 10 15 15
3D «CamcoHiBCbKa» K 6 6 10 10
Teck Premium K 22 22 22 5
Pocahontas [1C 12 12 11 7
Pazom 100 100 100 100
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Taomurg 3.15

Cepenniii
MMOKAa3HUK
ITnacromerpuuni | Temmeparypa : -
Texniynunii anams, % P PP HeTpOFpa(bquHH CKian BIIOUTTS
) IMOKa3HUKH, MM 3aiimManHs, °C ) o
Bapiant mmxtu (6e3 MiHEpaJIbHUX JOMILIKIB), % BITPHUHITY,
%
d d daf
A S% V X y . Vi Sv I L 2. OK Ro
1 8,8 0,72 29,3 20 15 374,0 76 0 22 2 22 1,06
2 8,6 0,73 30,4 22 16 376,0 78 0 20 2 20 1,02
3 8,6 0,77 30,0 22 16 376,5 78 0 18 2 19 1,04
4 8,5 1,08 31,5 24 17 372,3 83 0 15 2 15 1,00
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[IpakTiyHe 3HA4YEHHS OTPUMAHUX pE3YNbTATIB IMOJIATAE B TOMY, IO BOHHU
JIO3BOJISIIOTh TIPOTHO3YBAaTH TEMIIEpPATypH 3aliMaHHS pealbHUX BHUPOOHUYUX IIUXT
KOKCOXIMIYHUX MIAMPUEMCTB, IO MICTSITh B CBOEMY CKJIaJl MPHUHIIMIIOBO Ti X MapKu
BYT'JUIS, sIK1 OyJIM BUKOPUCTAHI HaMHM TIPW MPOBEJEHHI JOchixkeHb. lle Mae Benuke

3HAYEHHS 3 TOYKH 30pY SIK TEXHOJIOTI{, TaK 1 OXKEKHOI OE3MEKH.

BucHoBk#M 3a po3aiziom 3

Ha migcraBi BHKOHAaHUX JOCHITKEHb MOXHA C(HOPMYITIOBAaTH Taki OCHOBHI
BHUCHOBKU:

1. Busnaueno  temmeparypu = 3ailmMaHHs ~ OlHapHHMX,  TpbOX-  Ta
0araTOKOMIOHEHTHUX BYTIJIBHUX CYMIIIEH, 10 CKJIAQy SIKUX BXOAMTH BYTULIS PI3HOTO
CTyIeHst MeTaMop(di3My B pi3HOMY BiJICOTKOBOMY CITiBBIIHOIIEHHI.

2. BcTaHOBNEHO HAsBHICTh CHCTEMATHYHUX BIIXHWICHb (PAKTUYHUX 3HAUCHB
TEMIIepaTyp 3ailMaHHs CyMilied BiJl pO3paxOBaHMX 3a MPABWIOM aTUTUBHOCTI B OiK
BYTJUIA 3 MEHILIOIO TEMIIEpaTyporo 3aiiMaHHA. MeTojaMu MareMaTH4HOI CTaTUCTUKU
JI0Ka3aHo, IO 11l BIAXUIICHHS HOCSAThH 3HAUYIINI HEBUITAIKOBUI XapaKTep.

3. BusBneni MaTreMaTH4YHI1 3aJIC)KHOCTI, IO JIO3BOJISIOTH 3a JaHWMH 3HA4YCHb
TEMIEpaTyp 3aiMaHHS OKPEMHUX KOMIIOHEHTIB MPOTHO3YBAaTH BEIMYHHY TEMIIEpaTypH
3aiiMaHHs X CyMilIi.

4. BucnoBiieHO TNPUMYLIEHHsS, IO B CyMilIax, B MEpUIy 4epry, 3aiiMaerbcs
KOMIIOHEHT 3 MEHIIOI0 TEMIEepaTypor0 3aiiMaHHs, a €Hepris, 0 BUAUIAJIACS MpH
IbOMY, BUTPAuYa€ThCSl HA 3aropsHHSA OUIbII BaXXKO 3aHMHUCTOrO KOMIIOHEHTY, UIO

MIPU3BOUTH JI0 3alMaHHS CyMIIlll B IJIOMY.
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PO3JL 4
BIIJIUB IBUJKOCTI HAT'PIBY I CTYIIEHSI OKHUCHEHHS BYTLULJISI HA
TEMIIEPATYPY HOTI'O 3AMMAHHSI

Panime mnpoBenennmu mociimkenasmu [104, 116, 117] BcTaHOBIEHO, IO
TeMIlepaTypa 3aliMaHHsI, sKa BU3HaYaeThes BiamoBigHo 10 JACTY 7611:2014 «Byrims
KaMm'ssHe. MeToJT BHU3HAUYEHHS OKHCHEHHS 1 CTYNEHS OKUCHEHHS», € Ba)JIMBUM
TEXHOJOTTYHUM TapaMeTpoOM, IO 3aJIeKHUTh B CTYNEHS BHOPSIKOBAHOCTI OPraHiuHOI
MacH 1 CKJIaJly BYT1JLIA.

Bceranosneno [116, 117], mo ¢axkTuuni Temmeparypu 3aiiMaHHS BYTUIBHUX
CyMIIIIEH MEHIIIE PO3PaXxOBaHUX 3a MPABHIOM aAUTUBHOCTI. BHCIOBIEHO MpHUITYIIICHHS,
II0 B CyMillax, B MEpIIy Yepry, 3aiiMaeTbCs KOMIIOHEHT 3 MEHIIOK TEMIIEpaTyporo
3aiiMaHHs, a eHepris, AKa BUAUIAJIACS MPU LIbOMY, IPUCKOPIOE 3aropsiHHS OLIbII BayKye
3aliMUCTOT0 KOMIIOHEHTa, 110 1 MPU3BOJIUTH A0 3HWKEHHS TeMIepaTypu 3aliMaHHs
CYMIIIIl B I[JIOMY.

3 ornsay Ha 1€, Oyiau IPOBEACH! JOCHIKEHHS, CIPSIMOBAaHI Ha BCTAHOBJICHHS
KIHETHYHHUX TapaMeTpiB Tpollecy 3aiiMaHHs BYTUIS pi3HOI cranaii metamopdizmy i
cTyneHs okucHenns [118, 119].

Bimomo [45, 120], mo 3aliMaHHA € KOMIUIEKCHUM IIPOIIECOM 3 JIOMIHYIOUHNMH

CJIEMEHTApPHUMHU PEAKIIISIMU:

C + O, COy; (4.1)
2C + 0,—> 2CO: (4.2)
C + CO,— 2CO:; (4.3)

2CO + 0,—2CO0.. (4.4)
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ITepuri aBi peaxuii ki1acu@iKyrOTbCs SK TepBUHHI, a peakuii (4.3) 1 (4.4)
BIJIHOCSITh /IO BTOPUHHUX.

HasiBHI Ha CHOTOJHINIHINA JEHb JaHl IIOAO MEXaHI3MY 3a3HAuYEHUX peaklii
nocuTh cynepeunusi. [Ipuiinsato BBakatu [120], mo mopsaok N mepIoi peakiii MeHIIe
OJIMHUIII, TOAL SIK, HAMPUKJIIAMA, peakiiito (4.3) BIAHOCATH A0 PEAKIIil MepUIOro MOPIKY
[45]. Takoxx enemeHTapHi peakiii TOPiHHS XapaKTEPU3YIOThCS PI3HUMH 3HAYCHHSIMHU
eHeprii aktuBarii E, siki B CBOIO 4epry, 1CTOTHO 3ajeXaTh Bij Mpupoau naiausa. Tak,
11 riepioi peakiii £=73+155 x/x/mons [120] (ns enektpoanoro Byrunis £=90+210
k/x/Monb [45]), Tomi sik st npyroi peakiii £=140+210 k/lx/mons [45]. llle Buie
3HAYCHHS CHepTii akTuBamii 1y BTopuHHOI peakii (3) — £E=167+310 k/[x/mounp [120]
(st anextpoaHoro Byriwist £=100+360 x/Ix/mMomb [45]).

BHaciiok HEOAHOPITHOCTI TMOBEPXHI BYTrULIS, TUIBKKM TEBHI AUISIHKA HOTo
NOBEPXHI € JOCTYNMHMMHM JJisi aacopOIii rasziB, LI0 YCKJIAJHIOE IPOLEC YTBOPEHHS
KIHIIEBUX TPOAYKTIB €JIEMEHTAPHUX peakuiid. SIK HacmiJOK, PO3MOJILIUTH KIHETHYHI
BKJIAZIM KOXKHOI 3 PEaKIiil JOCUTHh CKJIagHO. TOMy MIBHJAKICTH CYMapHOIO IpOLECY
3aropsiHHS BYTLJUISL TPOTIOHYETHCS PO3TJSAATH B paMkax (OpMalbHOI KIHETUKHU
MEPIIOTO TOPSAKY Oe3 BHU3HAYEHHS KOHCTAHT IIBHAKOCTEH EIEMEHTapHHUX pEaKIIii.
[Tpu ubomy BkazyeTbcs [45], 1m0 mpuMyieHHs n=1 CYTTEBO CIPOIIyE MaTeMaTUYHUN
OMUC KIHETUKH TpoIecy 0€3 iICTOTHOTO BIUIMBY Ha TOYHICTh OJICP’KYBAHUX PE3yJIbTATIB.
Came 1sa oOcraBuHa Oylia BHUKOpUCTAaHa I KIHETUYHOTO OMHCY 3aJIeKHOCTI

TEeMIIepaTypy 3aiiMaHHs BiJl IIBUAKOCTI HArPIBY 1 CTYNEHs] OKUCHEHHS BYTULIIS.

4.1 JocainkeHHs IKOCTI BYTiJIbHUX 3pa3KiB

Jlns  mpoBeneHHsS JOCHiKeHHs Oynu  oOpani 4 mnpoOu  BYriuis, 1o
XapaKTEPU3YIOTHCS PI3HOIO CTaJI€r0 MeTaMopdizmy, Mapok «I», «K», «K» 1 «I1C».

YV tabmuisx 4.1-4.4 HaBeneHi NOKa3HUKM iX TexHiyHoro (A9, SY, Vdah),

miacromeTpuddoro (x, y), merporpadianoro (Vy, Sy, 1, L, ZOK, Ry, pedaekrorpamm



76

Taomung 4.1

TexHoI0TiYHI BJIACTUBOCTI T0CTiIKeHUX BYTUIbHUX NPOO

CrikimBa KoeoimieHT po3M0oI031aTHOCTI 32
TexaiuyaMn [TnacTomerpuyHi [Toxa3Huk
[TocTayayibHUK, 3/1aTHICTH 32 XaparpoBom, ojl.
Mapka agami3, % MOKa3HUKH, MM okucHeHHs, °C
KpaiHa Pora, ox.

AY | sd | e X y RI At HGI
Haju, Innonesis r 51 10,71 41,3 31 12 48 5 45
KoMcomonnchbka, 80

XK 7,4 1183|308 30 20 70 1

VYkpaina
Riverside, CIITA K 9,2 1059|252 16 14 52 5 74
Pocahontas, CIITA IIC 8,9 10,74 | 18,3 9 12 51 4 84
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Taomung 4.2
InacTU4YHO-B'A3KI BJACTHBOCTI J0C/Ii/I2KEHNX BYTiJIbHUX P00
[MnacTuyHi BIaCTUBOCTI
Hunaranis 3a Onidepom-ApHy '
3a ['i3enepom
[TocragasnbHUK, KpaiHa Mapka
t ' t ’ t31 Ata F ’
t1,°C | t,°C | t,°C | a,% | b, % ’ ™ -
°C °C °C °C | ddpm
Haju, Ingonesis r 392 430 452 25 8 400 434 457 | 57 15
Komcomonbcrka, Ykpaina XK 375 419 473 29 152 404 447 482 78 2397
Riverside, CLIIA K 410 446 478 21 37 430 465 490 | 60 91
Pocahontas, CIIIA I1C 434 472 496 22 14 447 477 498 | 51 9
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Taomurs 4.3
Ierporpadgiyna xapakTepucTHKA T0CIIIKEHUX BYTiJIbLHUX MPOO
Cranii metamopizma BiTpinita,%
Cepenniii
0,50 — 0,80 — 0,90- | 1,20— | 1,40-
[Terporpadiunuii ckinan (6e3 MOKa3HUK 1,70 -2,59
[TocTayanbHuK, . . . 0,79 0,89 1,19 1,39 1,69
Mapka | MiHEpaJIbHUX AOMINIOK),% | BIJOOpa)KEHH : : _ : :
KpaiHa Mapku ByTiJUIs, YMOBHO BiIITOBITHI CTalisIM MMETaMOpQizMy
BUTPUHUTA, Y0
BUTPHHITY
Vt | Sv | | 20K Ro Ar+r [KITHTK XK K IC T
Haju, [nnonesis r 96 0 3 3 0,66 100 0 0 0 0
KomcoMonnchKa,
X 91 | O 6 6 1,04 0 10 83 7 0 0
VYkpaina
Riverside, CIITA K 70| 0 | 30 30 1,29 0 0 5 95 0 0
Pocahontas, CIITA T1C 66 1 33 34 1,54 0 0 0 38 54 7
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Taomuis 4.4
EnemenTHMI CKJIa] 10CTiIKEHUX BYTUIBHUX MPOO
EnemenTtHuit cknan,% CTpyKTypHI mapameTpu
[TocraganbHuK, KpaiHa Mapka
Cdaf Hdaf Ndaf Std Oddaf A Cap; %
Haju, Ingonesis r 82,70 | 6,50 | 1,82 | 0,71 | 8,27 7,41 16,25
Komcomonbcrka, Ykpaina 83,47 | 539 | 1,71 | 1,83 | 7,60 8,64 17,17
Riverside, CLIIA K 84,32 | 517 | 195 | 0,59 | 7,97 9,02 18,28
Pocahontas, CIITA I1C 90,35 | 480 | 1,27 | 0,74 | 2,84 10,35 31,83
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BiTpuHiTY) i enementHoro (C% H9 NI Oy88" apanizis. 3a maHuMM egeMEHTHOrO
aHajizy OyJld po3paxoBaHl CTPYKTYpHI HapamMeTpH, SKi BUKOPHUCTaHI paHilie B poOOTi
[104]. 3oxpema, OyB po3paxoBaHHii TTapaMeTp O, IO XapaKTEePHU3y€e CTYIiHb HCHACHYCHHS
BOJIHEM OJIMHUIII MacH OpraHIYHMX PEYOBMH BYrULIA 1 BenuunHa C,,, M0 XapaKTepU3ye
BMICT apOMaTMYHOI'O BYIJICII0O B OpraHiyHIM Maci BYTriUUIS IO BiJHOIICHHIO J0 HOTO
3araJbHOTO BMICTY.

Kpim Toro, B 1iux TabauIsIX HaBeACH1 pe3yJIbTaTH BU3HAYCHHS CIIKJIMBOI 3JaTHOCTI
3a Pora (RI), xoedimienta po3momnosaataocti 3a Xaparosom (HGI), moka3Hruka oKUCHEHHS
(4f), a Takox pwmnatariitnux xapakrepuctuk (t, ty, ty, @, b) 3a OnibepomM-ApHy i
MOKA3HUKHU TIUHHOCTI (11, tnax, 13, A¢, Fmax) 3a ['i3enepom.

3rilHO 3 pe3yibTaTaMu KOMIUIEKCHOTO aHalli3y IIOKAa3HUKIB SKOCTI YOTHUPbOX
JOCIIIKEHUX MPOoO BYTJUISI MOXKHA CTBEPKYBAaTH, IO BOHU XapaKTEPU3YIOTbCA PI3HUM
HA0OpOM 3HAYEHb TEXHOJIOTTYHMX 1 T'€HETUYHUX BIACTUBOCTEH 1 ICTOTHO PI3HATHCS 3a
CTyIeHeM MeTamop(i3My — BiJ MaJlo MeTaMop(}130BaHOT0 BYriuisi Mapku «I» 10 BUCOKO
MeramopdizoBanoro Byrumist mapku «IIC». Byrums mapok «K» 1 «K» 3aiimators
MPOMI’KHE MOJIOKEHHS.

3rigno [20] mocmimkeHe BYTiUIS HE € OKUCHEHUM. JIJIs 3icTaBIeHHS KiHETHYHUX
napamMeTpiB 3alilMaHHS HE OKHCHEHOTO 1 OKHMCHEHOTO BYTUUIA, BYrumiss Mapku «I[»
po3MipoMm 0-3 MM OKHMCHIOBAJIM LUIIXOM HOro HarpiBanHs 3a temmneparypu 60 °C B
CYIIWIBHIN 11adi B yMOBaX BUIBHOTO JIOCTYITY TOBITPs mpoTsiroM 8220 xB (OibIie 6 1i0).

OCHOBHI MOKa3HUKU SIKOCT1 BYTULIS Mapku «I > Ticis Horo OKMCHEHHSI HaBEJNICHI B

Tabin. 4.5.

Tabmuis 4.5
IHoxa3znukm sikocri Byrisiia Haju (mapka «I'») micsist HOro OKMCHEHHS
ITokasHuk TexHiuHUN CrpyKTypHIi napameTpu
' Enemeurnuii ckiman,%
okucHeHHs, °C aHaiz,%
At Ad Sdt Vdaf Cdaf Hdaf Ndaf Std Oddaf o Cap, 0%

12 481069 | 403 | 7732|628 | 185|069 | 13,86 6,74 11,59
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B pe3ynbrari OKMCHEHHS MOKa3HUK OKMCHEHHS BYTuUUIs 301uibmuBes Big S 1o 12 °C.
Kpim Toro, B pe3yapTaTi OKMCHEHHS BiIOYJIMCS 3MiHU B €JI€EMEHTHOMY CKJIaji. Tak, BMICT
Byrnemntoo 3um3minocs 3 82,70 mo 77,32 %, a BwmicT kucHio 3pic 3 8,27 mo 13,86 %.
CrpyxTypHi napametpu 0 1 C,p, TaKOK 3HU3WIIUCS, BIANOBIAHO, 3 7,41 1o 6,74 13 16,25 no

11,59 %.

4.2 BuzHayeHHs1 KIHETUYHHMX NMapaMeTpiB

JIJist po3paxyHKy 1 OPIBHSHHS KIHETUYHUX MapaMeTpPiB MpoIecy 3aiiMaHHs BYT1JUIS
pi3HOro cTymneHss mMeramopdizmy Oyiau MNpPOBEIEHI IOCIIKEHHS, CYTh SKUX IOJSITae B
HarpiBaHH1 3pa3kiB Byruuis 31 mBUAKICTIO (f) 2, 3, 51 7 °C/XB. 1 BU3HaYEHH1 BIJNOBIIHUX
TEMIIEPATYP 3aMaHHs.

BusHnaueHHss 3HaueHb Temmeparyp 3aiimaHHs (i) 3ailiCHIOBajocs IS JIBOX
napajielbHUX BUMIPIOBaHb, 3 TIOJIAJBIITNM PO3PAXYHKOM CEpEHIX 3HAUCHb.

Jist  BU3HA4YeHHS KIHETMYHHX TIApaMeTPiB  BUKOPUCTOBYBAIHUCS  MPUHAOMHU
MaTEeMaTUYHUX MIEPETBOPEHDb JAHUX TEPMIYHOTO aHaJi3y, OJCPKYBAaHUX B HEI30TEPMIUHHUX
ymoBax [121, 122]. Tlpu nipomy Oynu BBeIE€HI TaKi MPHUITYIIICHHS:

1) ekcnepuMEeHTabHO BU3HAYAIOTHCS MapaMeTpu t; = Tp: pO3MIISLAQINCS K TOTOXKHI
3HAQYCHHSM  TEMIIEPATyP  Imaxi, BIAMOBIIHMX  MAaKCHUMyMy  TCIUIOBUIJICHHS B
KaJIOPUMETPUIHUX BUMIipax;

2) mporecH, 0 BiAOYBAIOTHCS J0 Temreparyp 3aiMaHHsA Tmi (1;), MiIKOPAIOTHCS
dbopMalIbHOT KIHETHIII MIEPIIOTO TOPSIKY;

3) cyma psily OCHOBHOTO aHAJIITUYHOTO PIBHSHHS HEI30TEPMIUYHOI KIHETHUKU MOXKE
OyTH 3 JOCTAaTHHOIO TOYHICTIO aMpOKCIMOBaHA 3 BUKOPUCTAHHSM IEPIIOTO CKJIAJHHUKA
[123].

VY paMkax BUKOPHCTAaHMX MHPUITYIIEHb, OCHOBHE aHANITHUYHE PIBHSHHA MOXe OyTH

npeacTaBieHe y hopmi:
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Bl i AR, |_E T
In(T—ZJ_In(E g(am)j R X7 (4.5)

ne R — ymiBepcanmpbHa Ta3oBa mocTiiHa; E 1 A — eHepris akrtuBamii i
NEPeICKCIIOHCHIIMHNI MHOXKHUK B PIiBHSHHI ApeHiyca, IO BH3HAYa€e€ TeMIICpaTypHY

3aJIeKHICTh KOHCTAHTH MBUAKOCTI peakitii k (T):

E

k(T)=Ae 7, (4.6)
d(om) — mapameTp iHTErpanbHOiI (HOPMHU KIHETHYHOTO PIBHSHHS, IO BiJOBiTa€

3HA4YCHHIO Tp (1) 1 3ayiexuTh Bix mopsaky peakuii: ag(m)=1 [129], Toxai piBHsHHS (4.5)

HaOyBae ¢popMy Bijomoro piBHsHHS Kiccinmkepa [130]:

|n(Tﬂ;):|n(’T§R]—ExT1_, (4.7)

3 MPSMOJTIHIHHOIO 3aJIEKHICTIO:

AN
In[TmZJ_aO 8 X (4.8)

mi

Takum YWHOM, BU3HAYMBIIM TapaMeTpu 8y 1 a; METOJOM JIHINHOI perpecii B
KoopauHaTax piBHsAHHA (4.8), MOXXHa po3paxyBaTh 3HAYCHHsS €HEprii akTWBaii 1

NepeIeKCIOHEHIIIMHOTO MHOYKHHMKA 32 CITIBBITHOIIICHHSIMMU:

E=a xR; (4.9)



A=a xe*.
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(4.10)

VY Ttabnuii 4.6 HaBeneHl 3HAUYCHHS TEMIIEpaTyp 3ailMaHHS BYTULIS PI3HUX Mapok i

OKHUCHCHH:, OTPUMAHUX IIPpU piBHHX MBUIKOCTAX HaniBaHHH.

Tadomuis 4.6

3ajie:KHICTH cepelHiX 3HAYEHb TeMIlepaTyp 3aiiMaHHA BYTJLIs Bil

IIBHUIKOCTI HArpiBy

[TocTauanbHuK, KpaiHa

Mapka

[HIBuaKicTH
HarpiBy,

°C/XB.

Temmneparypa 3aiiMaHHS,

t;, °C

=

t,

4

Haju, [Hnone31s

324,7

332,3

339,2

349,4

Haju, [nmonesis

(OKHCHEHUI)

314,9

322,6

331,6

337,6

KomcoMonbchKa,

VYkpaina

360,7

366,9

378,9

~N| O W N N O Wl N N o1 W N w

388,1
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[Ipogomxenue tadiu. 4.6
4

373,7
381,6
393,4
400,3
383,8
394,1
403,6
7 412,0

Riverside, CIIIA K

Pocahontas, CIIIA IIC

g1 Wl N N o1 W N W

Ha puc. 4.1 npencraBieHi 3aJeXHOCTI TEeMIEPAaTypH 3aliMaHHS JOCIIKEHOTO

BYTULJIS BIJl IBUIKOCTI HOr0O HarpiBaHHs.

420
N /ﬁ%
380 >K>/
or
QO
°.360 Mok
b
340 % K
XNC
320 r,/
300
1 2 3 4 5 6 7 8
B, °C/xB

Pucynox 4.1 — I'padiuna 3a1eXHICTh TEMIIEPATYPH 3aiMaHHS BiJI IIBUIKOCTI

HarpiBy BYTULIA PI3HUX MAPOK 1 CTYINEHSI OKUCHEHHS

MareMaTti4Hi 3aJIeKHOCTI 1 IX CTaTUCTUYHA OL[IHKA HaBeAeHa B Ta0ut 4.7.
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Tabmums 4.7
MareMaTuyHi piBHSHHA i iX cTaTucTHYHa oninka’
Howmep _
' [TocTauanbHuk, kpaina | Mapka Bun piBHsIHHS r D, %
PIBHSIHHS
(4.11) Haju, [ngone3is r t,=4,6983-4+316,43 0,99 | 98,50
(4.12) Haju, Ingone3is
r t,=4,4288-4+307,85 0,98 | 96,80
(oKuCTIEeHuUi)
(4.13) KomcomornbcehKa,
K t,=5,5085-4+350,24 0,99 | 99,54
VYkpaina
(4.14) Riverside, CIIIA K t,=5,2915-5+364,76 0,98 | 97,49
(4.15) Pocahontas, CILIA [1C t,=5,3915-5+375,46 0,98 | 96,64

AHanizytoun HaBeJieH1 rpadiyHi 1 MaTEeMaTUYHI 3aJIKHOCTI MOXHA CTBEP/HKYBATH

PO MOKJIMBICTh 3 BHCOKOI) TOYHICTIO MPOTHO3YBaTH 3HAUYEHHS TEMIIEpaTyp 3ailMaHHs

JIOCTIIKEHOTO BYT'ULIA B JIiana3oHi Horo HarpiBauHs Big 2 10 7 ° C.

Ha puc. 4.2 npencrasneni gani tabn. 4.6 B koopauHatax piBHSHHS (4.8), 30kpema

sanexuicTs IN (Bi/T%mi) Big 1000/Tpi.

-14,9

-15,1

-15,3

-15,5

-15,7

In(B/ szi)

-15,9

-16,1

-16,3

-16,5
1,45

NN N\

1,55 1,6 1,65 1,7
1000/T,;, Kt

11

1,75

or
Wl ok

XK
Xnc

Pucynok 4.2 — 3anexuicts IN(Bi/T%yi) Big 1000/T

lr — xoedimieHT KOpemsmii; D — koeilieHT geTepMiHAIii, % .
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MareMaTnyHul ONMKC HaBEACHUX HA pUC. 4.2 3aJI)KHOCTEN HaBeJeHO B Ta0. 4.8.

Taomurg 4.8
MaremaTu4Hi piBHAHHS i IX CTATHCTHYHA OI[IHKA
Howmep ITocTravanpHUK,
_ ) Mapka Bun piBHsHHS r D, %
PIBHSHHS KpaiHa
(4.16) Haju, Ingonesis r IN(BiT%mi)=-17,992-(1000/Tmi)+13,942 0,99 | 97,53
(4.17) | Haju, IH0HE31s
( ) I IN(Bi T%mi)=-18,488-(1000/Tmi)+15,283 0,99 | 99,95
OKHMCHEHHI
(4.18) | Komcomorbehka,
Vi K IN(BiT%mi)=-17,344-(1000/Tmi)+11,125 0,99 | 98,66
KpaiHa
(4.19) Riverside, CIITA K IN(Bi/ T?mi)=-18,943-(1000/Tmi)+12,946 0,99 | 99,90
(4.20) Pocahontas, CIITIA Ic IN(BiT%mi)=-19,248-(1000/Tmi)+12,898 0,99 | 99,54

3 HaBeneHuX AaHux (Tabn. 4.7, 4.8) BurmBae, 1o mapamerp Tmi (f;) mpakTudnO
LIJKOM 3aJIKUTh BlJ IIBUAKOCTI HarpiBaHHSA, a OTPUMaHl MAaTeMaTH4YHI PIBHSHHSA
XapaKTepU3yrThCsI BUCOKMMU KOE(illIEHTAMU KOPEJIAIii, OJM3bKUMU A0 OJUHUIIL.

VY rtabnumi 4.9 npencTtaBieHl 3HAUEGHHS €HEPrii akTUBAIll MPOLECY JOCSITHEHHS
TeMmreparypyu 3aliMaHHS 1 MEPEICKCIIOHCHIIAIbHOTO MHOXXHHMKA JJI1  JIOCIIHKEHOTO
BYTLILJIS.

Tabmuus 4.9
3HaueHHs eHepril akTUBAaMLil i mepeIeKCIOHEeHIIAJIbHOT0 MHOKHUKA JIISI

AOCJIIZKEHOT0 BYTLLIsI

Mapxka E, A,
[TocrauanpHuK, KpaiHa

Kk JI>K/MOJIB ct
Haju, Inmonesis r 149,51 2,042-101°
Haju, [ngone3is (OKHCHEHUIA) r 153,64 8,021-10%°
KomcoMonbceka, YKpaina K 144,13 1,177-10°
Riverside, CIITIA K 157,42 7,940-10°
Pocahontas, CIIIA I1C 159,95 7,690-10°
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AOCOMIOTHI 3HAYEHHS €HEpriil akTUBallli 3HAXONATHCA B IHTEPBAIl OTPUMAHUX
paHilie 3HaueHb £ 111 OKpEMUX eJIEMEHTapHUX peakiiii okucHeHHs Byruuis [45, 120], uo
MO’K€ CBITYMTHU MPO CKIAJHUN TPOIIEC IEPETBOPEH 10 TEMIIEpATypH 3aiiMaHHs.

OCKiTbKH 3HAYEHHSI KOHCTAHT MIBUAKOCTI 3aJieKaTh BiJ 000X MapaMeTpiB piBHIHHS
Apeniyca, Ha puc. 4.3 mpeAcTaBlieHI TeMIepaTypHI 3aJeKHOCTI K, po3paxoBaHi s
iaTepBany  1=300-425 °C, mo BiANMoOBiga€ MiHIMAIBHAM 1  MaKCHMaJbHUM

CKCIICPUMEHTAIbHUM 3HAUCHHAM T pmi (1,).

0
-2 .\\.\.\
-4
— N \.\ or
o
< 6 Mok
=
£ \\\ \ bt
-8 X K
xnc
-10
=
-12
1,4 1,45 1,5 1,55 1,6 1,65 1,7 1,75 1,8
1000/T,,,, K1
Pucynok 4.3 — 3anexHiCTh KOHCTaHTH IIBUIKOCTI BiJ TEMIIEpaTypy 3aiiMaHHS
MareMaTtryHull onKc HaBeACHUX Ha pHc. 4.3 3ayexxHocTeil € B Tad. 4.10.
HageneHi pe3ynbTaTl CBIIYATh MPO 301IBIIEHHS] KOHCTAHTH IIBUIKOCTI 3aiiMaHHS 3:
1. 30iIbpIICHHAM CTYINEHS OKMCHEHHS BYTULIS B YCbOMY IHTEpBaJl PO3TISHYTHX
TeMIlepaTyp.

2. 3HMKEHHSM CTyNeHs MeTaMop(Pi3My TOCHIAKEHOTO BYTLILIA.
Jlis Oinbll YITKOTO YSIBJCHHS LBOrO pe3yibTary Ha puc. 4.4 1 4.5 HaBezdeHi
3aJIEKHOCT] Jiorapudma KOHCTAHTHM IIBMUIKOCTI Bl CTPYKTYpHOTrO Imapamerpa o 1

MOKAa3HUKA BUXOAY JIETKUX peuoBUH 17151 Temneparypu 350 °C.
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Taomung 4.10

MarteMaTH4Hi PiBHSIHHSA i IX CTATHCTUYHA OLiHKA

Howmep ITocravanbHuk,
) Mapka Bun piBHsAHHS r D, %
PIBHSHHS KpaiHa
(4.21) Haju, Ingonesis r In(k)=-18,008-(1000/Tmi)+23,771 1 100
(4.22) Haju, Ingonesis
r In(k)=-18,490-(1000/Tmi)+25,115 1 100
(oxucneHuin))
(4.23) Komcomosbchka,
X In(k)=-17,366-(1000/Tmi)+20,923 1 100
Ykpaina
(4.24) Riverside, CIITIA K In(k)=-18,976-(1000/Tmi)+22,850 1 100
(4.25) Pocahontas, CIITIA I1C In(k)=-19,269-(1000/Tmi)+22,799 1 100
-4,5 T
K or
-5,5
6
£ o
£ 5 * R

73 ®K
nc
8 *
-85
6,5 7 7,5 8 8,5 9 9,5 10 10,5
5

Puc. 4.4 — 3anexHicTb KOHCTAHTU MBUAKOCTI 3aiimManHs nipu 350°C Bix

CTPYKTYPHOTO mapameTrpa o

Od4eBuHO, IO TIiJIBUIIEHA KOHIICHTPAIlsl KHUCHIO y BHXITHUX 3pa3kax 1/a0o
CIpsiMOBaHe 30UTBIIEHHS 111€1 KOHIIEHTpAIIIl B pe3yIbTaTi MONMEPEaHbOI 0OPOOKH BYTLIIS €
dbakTOopoM, MO0 TMPHU3BOAUTH JO TMPUCKOPEHHS TpOIleCcy 3aliMaHHSA. Pe3ymbraté 1boro

JOCIIJKEHHST TATBEPKYIOTh MaTepianu, BUKIAJIeHI B podotax [125, 126], me Takox
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BU3HAUEHO, 10 IIBUAKICTh OKHUCHEHHS MPUPOJHOTO BYTUUIA MIABUIIYETHCS 31

36iHBIHC}HHHN[BPDGJHY@HGTKPD(])GHCHHIH.

-4,5 B Tok

E T
-5,5

-6

-6,5
-7 @ XK

-7,5 “/’/
-8

15 20 25 30 35 40 45
vdaf’ %

In(k, c})

uj
@l

Pucynox 4.5 — 3anexHicTh KOHCTaHTH MBUAKOCTI 3aiiManHs 1ipu 350 °C Bij BUXOTY

JICTKUX PCUYOBUH

AHaJi3 3aJIe)KHOCTI KOHCTAHT MIBUJKOCTI 3aiMaHHs BiJl CTyNEHSI OKUCHEHHS 3pa3ka
CBIIUMTH, 1110, HE3BAKAIOYM HA MIJABUILECHHS 3HAYCHHS C€HEprii akTUBallli, pe3yJbTYIOUe
3HaueHHs1 K 301mbIIyeThes 31 301IbIIEHHAM BUXIIHOIO BMICTY KHCHIO. Ilei pe3ynbTaT €
HACIIJIKOM 30UIbIIEHHS B 4 pa3W 3HAYCHHS MEPEICKCIIOHEHIIAIbHOTO MHOXHUKA (TalJl.
4.9).

AHanoriyauii edekT 301TbIICHHS] €Heprii aKTUBaIli TePMIYHOI JECTPYKINT BYT1UIS
BiJl CTYIICHS MOTO0 OKMCHEHHSI HaBeACHWM B poOoTi [127] mst 3pa3kiB Oyporo i KaM'sHOTO
Byrus (tabm. 4.11).

[ToniOH1 pe3ynbTaT 3yCTpidalOThesl A 0araTbOX EKCIIEPUMEHTIB TEPMIUYHOTO
aHai3y, B IKUX IPUCKOPIOYMM ePeKT MPU3BOIUTH A0 OAHOYACHOTO 301IbIICHHS K eHeprii

aKTHUBAIlil, Tak 1 3HaUeHHs mapamerpa 4 [128].
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Taomung 4.11

3ajiexHicTh eHepril akTuBalil BiJl KOHIEHTPALil KHCHIO

KontenTpailis KHCHIO, Enepris axkrusanii, E, kJ[>x/Moib
% Bbype Byrimns Kam'stae Byriuis
5 58,2047 85,8254
10 73,2937 111,9563
15 84,3289 127,0213
17 88,4194 131,6771
21 93,3247 141,8701
30 100,0174 155,5716

3rigHo [129], 3HaUueHHs NepeeKCIIOHEHIIIaTbHOTO MHOYKHIKA B PIBHSHHI ApeHiyca
PO3IIIAAAEThCA SIK KOHCTAHTA IIBUIKOCTI, 10 XapaKTePU3YEThCSI MAaKCUMAIbHO MOKIIMBUM
YUCJIOM 3ITKHEHb IpH T—00, a 3HAYEHHS €HEprii akTHBaLli BU3HAYA€ AKTUBHY YACTHHY
31TKHEHb, SIK1 CYNPOBOKYIOThCS XIMIYHOIO B3aeMOAI€r0. TakuM YMHOM, SIKIIO BHACIHIJIOK
IPUCKOPEHHS €EKTY 3arajbHE YHUCIIO 31TKHEHb 3aJIMILAETHCS MOCTIHHUM, TO 301IbLICHHS
KOHCTaHTH LIBUJKOCTI MOXE BIIOYBaTUCS TIIbKHA BHACHIIOK 3MEHIIEHHS 3HAUEHHSI €Heprii
aKTHBAIIIi, 1110 PO3TJIAIAETHCS KIIACHYHOKO CXEMOIO JIii KaTaai3aTopiB.

OpnHak, B paMKax KOHIIEMI[ll ICHyBaHHS 130KIHETUYHOI TEMIEPATYPH SIK TOYATKOBOI
TEeMITepaTypy aKTHBHOI cTamii XiMiuHoro mporecy [129], monokeHHs SKOi 3HAXOIUTHCS
HUKYE EKCIIEPUMEHTAIbHOI, 301JIbIICHHS KOHCTAHTH IIBHJKOCTI MOJJIMBO TIJIBKH 34
YMOBHU OJHOYACHOTO 30UIbIIECHHS SIK MEPEeIeKCIOHEHIIaIbHOTO MHOKHHUKA, TaK 1 €Heprii
aktusariiii [128].

Ha mamy mymky, 301UTbIIIEHHSI CTYINEHS OKUCHEHHS € TIEPEIyMOBOIO 301IBIICHHS
KOHIICHTpAIlli BUIbHUX PaJUKaJiB, 110 BUHUKAIOTh B MpoIlieci 3aiiMaHHs. Y 3B'SI3KY 3 UM
CTa€ 3pO3yMUINM JIOMIHYIOYMH BHECOK 30UJIBIIICHHS MEPECKCIIOHEHIIaTbHOTO MHOKHHUKA
B pE3yNibTyHOUe 3HAYEHHs KOHCTaHTHM MmBHUAKOCTI peakiii. Bimomo [130], mo s
JAHIIOTOBUX peaklii cTepuuHuii abo eHTpomiiHuil ¢paktop P B nomanni A=P-B, 3nauno

NepEeBUIILYE 3HAUCHHS 1.
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BucHoBku 3a po3aisiom 4

1. TTokazaHo, 10 yCTaTKyBaHHS JUIsl BU3HAYEHHS] OKUCHEHHS BYTULIS BIAMOBIIHO JIO
JACTY 7611:2014 «Byrims kam'sHe. MeToq BH3HAUEHHS OKHUCHEHHS 1 CTyHEHS
OKHCHEHHS» MOK€ OyTH BUKOPHCTaHE JJI1 BU3HAUEHHS KIHETUYHHX MapaMeTpiB MpPOIECy
3aropsiHHS, 1110 BU3HAYAIOTHCS B paMKax HE130TEPMIYHOI (POpMaTbHOI KIHETHUKHU.

2. BcranoBieno, 1m0 TeMmeparypa 3aiiMaHHS BYTUDIS PI3HOTO  CTYINEHS
MeTaMop(i3My 1 OKUCHEHHS MPAKTUYHO IIJIKOM 3aJICKUTh BiJ IIBUJKOCTI HarpiBaHHs. 3a
pO3pO0JIECHUM MaTeMaTUYHUM pPIBHSHHSAM MOJKHA po3paxyBaTH TeMIIEpaTypy 3aliMaHHs
JOCJIII)KEHOT0 BYTULIA B lana3oHi oro HarpiBaHHs Bif 2 10 7 °C/xB.

3. 3aBAsSKM BUKOPHUCTAHHIO BijoMoro piBHsSHHS KicciHmkepa BH3HAUCHI 3HAUYCHHS
€Heprii akTUBaIlil 1 NEPEIEKCIOHEHIITHOrO MHOXHUKA PIBHAHHA ApeHlyca /Uil 3aiiMaHHs
BYTULJISL PI3HOTO CTyNEHs MeTaMOp(i3My 1 OKUCHEHHS.

4. BcTaHOBIIEHO, II0 KOHCTaHTa HIBUAKOCTI MpOIECY 3aiiMaHHS 30UIBLIYETHCS 31
30UIBIIICHHSIM CTYICHSI OKMCHEHHS 1 3HM)KEHHSAM CTYMEeHsT MeTamop(izMy TOCHIIKEHOTO
BYTILJIS.

5. 301/IbIIEHHSI KOHCTAHTH MIBUJKOCTI 3aliMaHHsI OTHOYACHO 31 301JIbIIEHHSM €Heprii
aKTHBAIlll MOSCHIOETHCS B PaMKax 3pOCTaHHS NEPEIEKCIOHEHIIIAIBHOTO MHOKHHKA 1 HOTO

JIOMIHYIOYOTO BKJIQJy B PE3YJIbTYIOUE 3HAUCHHSI KOHCTAHTH IIIBUJIKOCTI.
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PO3JILTI 5
3B'SI30K TEMITEPATYPH 3AMMAHHS 3 TOKA3SHUKAMM CKJIAZLY,
BYJOBM TA SIKOCTI BYTULJISL. IPAKTUYHE BUKOPUCTAHHS
TEMIIEPATYPHU 3ANMAHHSI TA EKOHOMIYHA EGEKTUBHICTH POBOTH

5.1 3B's130k TeMmIepaTypu 3aiiMaHHs 3 NOKA3HUKAMH CKJIaAy, OyI0BHM Ta IKOCTI
BYILJLIIA

Po3po6ka 1 BIpoBa)KE€HHSI B CUCTEMY KOHTPOJIIO SIKOCTI BYT1JUIA, 1[0 HAAXOAUThH HA
KOKCOXiMIuH1 mignpuemctBa Ykpainu, JACTY 7611:2014 «Byrums kam'sHe. Mertoa
BU3HAUEHHS! OKUCHEHHS 1 CTYIIEHS] OKUCHEHHS», TO3BOJIMIIN JOJATKOBO OXapaKTepU3yBaTH
HOro TEXHOJIOTIYHI BIIACTUBOCTI 32 BEJIMYMHOIO TeMITepaTypH 3aiimanns [131-132].

Haranaemo, temmnepatypa 3aiiManHs (camo3aliMaHHSI) — HallMEHIIA TeMmIepaTypa,
pH SIKi BiIOYBA€ETHCS Pi3Ke 30UIBIIEHHS IMBUJKOCTI €K30TEPMIYHUX O0'€MHUX PEaKIliid,
[0 TPU3BOJMUTH O BUHUKHEHHS MOJYyM'SHOrO TOpiHHsS 1/abo BuOyxy. Lls Temmeparypa
noTpiOHa JIsl TOCATHEHHS €Heprii akTUBallii peakilii ropinHs [94].

B po6Goti [95] moka3zaHo, MO0 HaWBa)XIUBIMIKMM (PAKTOPOM, SIKHIl BIUIMBAE Ha
TEeMIIepaTypy 3aiiMaHHs HEOKHMCHEHOTO BYTULIS, € CTyNiHb iloro Mmetamopdizmy. Jliana3on
3HAuUeHb TeMmImeparyp 3aiiMaHHs (ts;) HEOKHMCHEHOTO KOKCIBHOTO BYTLUIA 3TiAHO poOOTH
[95] naBeneno B Tabm. 5.1.

Crnin 3a3HauMTH, MO 3aMPONOHOBAHUI aBTOpoM [95] miama3oH 3MIiHU TeMIEpaTyp
3aiiMaHHS HEOKHMCHEHOTO BYTULIS Ma€ HE3allOBHEHI I1HTEpPBAIM 3a TEMIIEPaTypHOIO
IIKaJIor0. 3HaueHHs Temmepatyp 3aimanss Bia 340 no 350, Bix 360 no 365, Bix 370 no 375
°C He BIANOBIJAIOTH KOAHIM Maplli Byrijuid, 1110, HA HAITy AYMKY, MOXe OyTH BUKIUKaHO
HEJIOCTATHBOI KUIBKICTIO JOCTiKeHuX Mpo6. Kpim Toro, Hemae BIiAOMOCTEH Ipo
MOKa3HUKM SIKOCTI MapoK BYTULIS y BUKOPHUCTaHIM aBTOpoM Kiacudikauii. Hanpuknan,
HEBIJIOMO, B SIKOMY Jlana30Hi NOKa3HUKIB BIIOUTTS BITPUHITY, BUXOAY JIETKUX PEUYOBHH
a00 TOBIIMHM IUIACTUYHOTO IIapy MepeOyBajio JOCIIKEHE BYT1/UIS KOXHOI KOHKPETHOI

MapKHu.
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Tadomus 5.1

TeMmneparypa 3aiiMaHHSI HECOKHUCHEHOTO BYTiJLIsI

Mapka Temmepartypa 3aiMaHHSI HEOKUCHEHOTO

BYTULIIA, 1y, °C

r 320-340
350-360

K 365-370
I1C 375-380

3 ypaxyBaHHSM 3a3HAUYE€HOrO, a TaKOX I[IHPOKOMACIITAOHOTO BIIPOBAIKECHHS
METO/1Y BH3HAYEHHS OKHCHEHHS B CXEMY KOHTPOJIIO SKOCTI BYTULIS HAa KOKCOXIMIYHHMX
BUPOOHMIITBAX YKpaiHu, Oyiu BHUBYEHI (HaKTOpH, IO BIUIUBAIOTH Ha TEMIEPATYPY
3aiiMaHHsI HEOKHUCHEHOTO BYTLUIS (t;;) Ha OCHOBI JOCIIIPKEHHS IIUPOKOTO KOJIa BYTLLISA
PI3HHX THUIIIB.

bymu nocmimkeni 170 mpo6, B Tomy umcni: 50 mpo6 Byriuis Ykpainu 1 120
iMnoptHux B T.4. 3 CIIIA, Kanagu, ABcrpanii, Yexii, [Tonbmi, Ingone31i Toio.

Y rtabn. 5.2-5.4 HaBeaeHl MakcHMalbHI, MiHIMaJIbHI Ta CEpeIHI 3HAYCHHS
MOKa3HUKIB TEXHOJIOTTYHUX BJIACTUBOCTEH, ETPOrpadiuHNX XapaKTEPUCTUK, CIEMEHTHOTO
CKJIaJly Ta CTPYKTYPHHX MMapaMeTpiB JOCIIPKEHUX MPOO BYTLLIS.

Tabmuus 5.2

TexHo0TiYHI BJIACTUBOCTI JOCTIIKEHUX P00 BYIiIA

. , ' Temnepatypa 3aiiMaHHs
JlaHi TexXHIYHOTO aHa3y, %o

3Ha4YeHHs HEOKHCHEHOTO Byrius, °C
We Ad A \/daf t,
MakcumainbHe 3,8 124 | 3,26 | 434 418
MiHiMalIBEHE 0,2 3,7 0,13 16,7 341
Cepenne 14 84 | 0,83 | 30,0 384
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Ta6mus 5.3
IleTporpadiuna xapakrepucTUKa JOCJTIIKEHUX P00 BYTrijuIst
Cepenniit TOKa3HUK [Terporpadiunuii ckian (6e3 ypaxyBaHHS
3Ha4YCHHS B1IOUTTS BITPUHITY, % MIHEPAJIBHUX JIOMIIIOK), %
Ro Vit Sv I L 20K
MakcumairHe 1,60 99 4 77 10 79
MiHiMalIEHE 0,53 20 0 1 0 1
Cepenne 1,04 71 1 26 2 27
Tabmuus 5.4

EnemeHTHHH CKJIAJ i CTPYKTYPHI HapaMeTpH A0CIiIKEHUX P00 BYIijIA

CTpyKTypHI
Enementnuii ckiman, %
3HaueHHSA rapamMeTpu
Cdaf Hdaf Ndaf Sdt Oddaf o Cap %
MaxkcuManbHe 91,19 6,42 2,99 3,26 10,75 10,42 35,19
MiHiMaabHE 80,79 4,64 0,85 0,13 1,31 7,62 14,30
Cepenne 86,81 5,43 1,95 0,83 4,96 9,18 23,03

Po3paxyHOK CTpyKTypHUX mMapaMeTpiB MpOBOAMBCA 3a (Gopmyiamu, Kl
BHUKOPHCTOBYBAJIMCH B podoTax [135-137].

JUist ocmiizkeHo1 BUOIPKM PO3paxoBYBaIM KOE(IUIEHTH MapHOI KOPENSii MK
MOKa3HWKAMHU BIACTUBOCTEH BYT1IA 1 BEIMUUHOIO TEMIIEpaTypH 3aiiMaHHs, t, (Ta0I. 5.5).

3HAUYUMICTh KOS(IIIEHTIB KOPEISIIIT I TepeBipsIT MUISIXOM MOPIBHSHHS a0COMIOTHOT
BEJIMYMHU T00YTKY |r|vVn — 1 3 #ioro kxputnunum 3HaueHusM (H) npu 3aganiii HagidiHOCTI

BuBezcHHs (P) [138]. Kputnune 3nauenns H npu fimoipHocTi P = 0,999 nns 170 npo6

CTAaHOBHUTH 3,291.
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VY Ttabn. 5.5 mokaszaHi 3Ha4eHHS KOEQIIIEHTIB KOpPENALli r 1 3a3HAY€HOro J00YTKY

|r|[vVn — 1 11 KO)KHOTO TOCHIIKYBAHOT'O B3aEMO3B'S3KY.

Tabmurd 5.5
KoegiuienTn napnoi kopeusiuii Ta 3Hauenns |7|vn — 1 qociaiKeHuX 3B’ S3KiB
[TokazHuk et Vit >0OK Ro c H® O Y Cap
r -0,915 | -0,389 | 0,410 | 0,917 0,914 | -0,637 -0,113 | 0,880 | 0,910

|rlvn —1 10,763 | 3,827 | 4,051 | 7,878 | 10,901 | 6,106 1,218 | 9,949 | 7,974

Sk BUAHO 3 HaBeNEHWX y TaOm. 5.5 NaHuX, HAaWOUIbIN 3HAYEHHS KOE(]ILI€HTIB
xopensii (r = 0,88-0,915) BcTaHOBJIEH] MiXk TeMIepaTypolo 3aiiMaHHs i nokasHukamu Co,

Cap» 8, Ro, V¥, 1m0 xapaxrepmsyrots ckian, 6ynoBy i TexHonoridni Baactusocti OMB. Jlns

3a3HAYCHUX B3a€MO3B'S3KIB XapaKTEpHI TaKOX MaKCHMallbHi 3Ha4eHHs JNOOyTKy |r|vn —1,
110 CBIIYUTH MPO TX BUCOKY HAIHHICTb.

Ha puc. 5.1-5.5 HaBeaeHo rpadiuHi 3aleXHOCTI TEMIIEPATypu 3alMaHHS ti; BiJ
OCHOBHHMX MOKa3HUKIB SKOCT1 BYT1JUIA.

AHanizyroun rpadivHi 3aJIeKHOCTI, HaBeJeHI Ha puc. 5.1-5.5, MO)KHa KOHCTaTyBaTH,
10 BOHU HOCSITh XapakTep, HaOIM>KEHUI 10 JTIHIMHOTO.

VY Tabn. 5.6 HaBeneni maremaTwuHi piBHAHHS (5.6-5.10) 1 cratucThyHa OIlIHKA
3JICKHOCTEN TeMrepaTypy 3aliMaHHs Bl AOCTIIKEHUX MOKA3HUKIB BIACTUBOCTEW BYT1JLISL
AHaui3 OTpUMaHUX PIBHSAHB Ta iX CTATUCTUYHOI OLIIHKH MOKAa3ye, 110 BUBUEH] B3a€EMO3B'S3KH
XapaKTepU3yIOThCsl BUCOKMMU KoeditieHTamu kopersii (0,88—0,92) 1 nerepminartii (77,4—
84,6 %).

Buxopasun 31 3HaU€Hb TTOKA3HUKIB, 3 IKUMH KOPETIOE BEIMYMHA tss, MOXKHA 3POOUTH
BHCHOBOK, II0 OCTAaHHS € IMapaMeTpoM, IO 3aJeXKUThb BIJ BMICTY BYTJEIIO 1 CTyNEHs
BIIOPSJIKOBAHOCTI CTPYKTYpPH OpraHIYHOiI Macu HEOKHCHEeHoro Byriuuid. [ligBumieHHs ii
aOCONIOTHOT BENMYMHM IIOB'S3aHO 31 3pOCTAHHAM y BYTULIl BMicTy 3aranbHoro (C%f) i

apomMaTH4HOTO (Cjp) BYTJIEIIO, a TAKOXK Bl CTYNEHIO HEHAaCUYEHHS (0) 10ro CTPYKTYpH.
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MaremaTH4Hi piBHAHHS Ta IX CTATUCTUYHA OI[IHKA

Tabmurs 5.6

Ne piBHsAHHS

Bun piBHsSHHS

CrarucTryna orjiHka*

r D, %
(5.6) ty = -2,2691-V9%+ 452 59 0,91 82,8
(5.7) t.c = 69,31-Ro+ 314,47 0,92 84,6
(5.8) t,s = 6,6134-C%" — 189,63 0,91 82,8
(5.9) t,e = 20,6730 + 195,16 0,88 77,4
(5.10) t,s =3,4929-C,p + 304,04 0,91 82,8

¥ r — KoediLiEHT MHOXMHHOI KopenaLii; D — KoedilieHT geTepMmiHaLii.
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3HayeHHS TEMIEpPAaTypu 3aiiMaHHS TAKOX 3POCTA€ 3 POCTOM BEIMYMHHM MOKA3HUKA
BIJIOUTTS BITPUHITY 1 31 3HIXKEHHSIM BUXO]y JIETKUX pedoBUH Byruuis. Ciij 3a3HAUUTH, IO
oOuaBa Il TOKAa3HWKU TaKOX BiIOOpakarTh CTPYKTypHI ocobmmBocti OMB. Tak,
MOKAa3HUK BIIOUTTS BITPHUHITY MOB'S3aHUM 3 HASBHICTIO Ti€l UM 1HIIOI KUIBKOCTI LIUKJIIYHO
nosiMmepusoBaHoro Byrieino B OMB. Buxin IeTKux pedoBUH BiI0Opakae TEPMOCTIHKICTh
OMB, w0 3ajgexuTh BiA KUIBKOCTI amipaTHUYHUX 1 apOMATHUYHUX CKJIAIOBUX
MakpomoJiekys1 OMB.

3a orpumanumu piBHSHHAMHU (5.6) 1 (5.7) Oynu po3paxoBaHi 3HAYEHHSI TEMIIEPATYP
3aiiMaHHs MapoK 1 Tpyl KOKCIBHOIO BYTULIS B paMmkax BBeneHoro B Ykpaini JCTY
3472:2015 «Byrimnsa Oype, kam’He Ta aHTpanut. Kiacudikamis» [16]. ¥V Tabm. 5.7
HABEJICHI PO3pPaXxyHKOBI 3HAYEHHsI TeMIEpaTyp 3ailMaHHS, a TAKOX IX I1HTEpBalIM IS
MapoK Ta rpyI KOKCIBHOTO BYTLJLJIA.

Ha BimMiny Bij HaBeneHoi padimie (Tabn. 5.1) rpanpamii TemmepaTypu 3aiiMaHHS
HEOKHCHEHOTO KOKCIBHOTO BYT1JUISl B 3aJICKHOCTI BiJl HOTO MapoO4YHOi HAJEKHOCTI, B TaOI.
5.7, no-nepiue, HaBeJeHi 3HaYeHHs MOKa3HUKIB skocTi (Ro i V) s koxHOi Mapku aGo
rpynu, a, MO-Apyre, JIKBIIOBaHI «IMPOTaJMHWY» B 3HAYCHHAX TEMIIEpaTyp 3aiiMaHHS

HEOKHCHEHOT'O BYT'ULII MIDK MapKaMH Y BCbOMY TEMIIEPATypPHOMY Jiana3oHi.

5.2 IIpakTYHe BUKOPUCTAHHS NMOKA3HUKA TEMIIEPATYPHU 3aiiMaHHSA

'omoBHa 3agaya KOKCOXIMIYHOTO BHPOOHMITBA — 3a0€3MEUYCHHS JOMEHHOIO
MPOIECY KOKCOM 3 3aJJaHMMU CITO’KMUBYMMM BJIACTUBOCTSIMH. OJIHUM 3 OCHOBHHMX YMOB il
BUKOHAHHS € CTaIICTh SIKICHUX XapaKTEPUCTHK BYIUIBHMX KOHIIEHTPATIB, 3 SKHUX
BUPOOJIAETHCA TOMEHHUIN KOKC.

CupoBuHHa 6a3a OUIBIIOCT] YKPAaiHCHhKUX KOKCOXIMIYHMX 3aBOJIIB CKJIAJIA€ThCA 5K 3
YKpaAiHCBhKOTO, TaK 1 3 IMIOOPTHOTO BYTULISA; 3aly4Y€HHSI OCTaHHIX /0 KOKCYBaHHS Ja€
MOJKJIMBICTh JIOCSITTH 1CTOTHOTO 3HMKEHHS CIPYMCTOCTI BYTUIBHOT INUXTH, a TaKOX

OTpHUMAaTH KOKC 3 HeoOXimuumu 3HadeHHsMu CRI Ta CSR [6, 139-142].



Ta0murs 5.7

3HayeHHs TeMIepaTyp 3aiiMaHHs MapoK i rpyn KokciBHOro Byrijuisa Bignosigno 1o JJICTY 3472:2015 [22]

[Toxa3zuuk Buxin .
[To3HaueHHs Temmneparypa 3aiiMaHHS, t;s, °C
BIIOUTTSA JIETKUX
Mapka ByTiIIs : : ; »
BiTpI/IHiTy, pEYOBHUH, 34 P1IBHSHHSAM | 3a P1BHSAHHAM 00 €IHaHUU
Mapka | Tpymna
Ro, % VA (5.7) (5.6) iHTEepBa
I'l 0,60-0,69 38-44 356-362 353-366 353-366
I'azoBe r
2 0,70-0,79 3642 363-369 357-371 357-371
["a30Be xupHE
. KT 0,80-0,89 33-39 370-376 364-378 364-378
MICHYBaTe
I"azoBe xxupHe K 0,80-0,89 33-38 370-376 366378 366-378
Kupne K 0,90-1,19 28-36 377-397 371-389 371-397
K1 1,04-1,19 28-30 387-397 385-389 385-397
KoxkciBHe K
K2 1,20-1,49 18-28 398-418 389-412 389-418
[TicayBare crikmmBe | T1C 1,50-1,69 14-22 418-432 403-421 403-432
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[Ipu cknagaHHi BYT1IBHOT IIMXTH JJI1 KOKCYBaHHS HEOOX1JHA MOBHA 1H(pOpMaIlis
npo ¢GakTUYHYy MapOYHY HAJIKHICTh Ta TEXHOJOTIYHI BJIACTHUBOCTI BCIX BYTIJIBHHUX
KOHIIEHTPATIB, 5Kl J0 HEi BXOASTh, 110 J03BOJISIE PO3PaXOBYBaTH OCHOBHI1 TEXHOJOTIUHI
MOKA3HUKH SKOCTI IIIMXTH 1 10 HUM OLIIHIOBAaTH OYIKYBaHY SIKICTh KOKCY.

binpricTe 1HeHTpanbHUX J1a0OpaTOpii KOKCOXIMIYHUX MIAMPUEMCTB YKpaiHH
MalOTh y CBOEMY PO3MOPSKEHHI TP OCHOBHUX METOJIM OI[IHKU BIACTUBOCTEH BYT1JLIS:
texuiunnit (W3, A9, S%, V% nnacromerpuunmuii (x, y) i nerporpadiunuii (Ro, Vi, Sy, I,
L, > OK, pedrnekrorpama BiTpuHiTY) aHami3u. OgHaK 3a iX JOMOMOTOIO OMNEPATHUBHO
BCTAHOBUTU (PAKTUYHY MapOYHy HAJICKHICTh KOHKPETHOI MapTii BYTJIBHOTO
KOHLIEHTPaTy Ba)KHO, a 1HO/Il HABITh HEMOKJIUBO.

Buxonsuu 3 BUKIIQJEHOTO, MIPEICTABISIE IHTEPEC BUKOPUCTOBYBATH JIJIsl €KCIIPEC-
OILIIHKKA MapOYyHOI HAJIEKHOCTI BYT1JUISL, IO HAJIXOJIUTh HA KOKCOXIMIYHI MIMPUEMCTBA
VYkpainu, temneparypy ix 3aiiMaHHs (t;;), SIKa BU3HAYAETHCS MPHU OLIHIII OKHUCHEHHS
Byriuig BianosigHo g0 JACTY 7611:2014 «Byrimns kam'sHe. MeToa BU3HAYCHHS
OKHCHEHHS 1 cTymeHs OkKucHeHHs» [21]. JleranpHa iHdopMalis Mpo 3B'S30K
TEMIEpaTypyu 3aiiMaHHs BYT1UIA 3 TOKa3HUKaMHU HOTO SKOCTI, a TaKOXX MUTaHHS
aJIIUTHBHOCTH BHKIIazAcHI B podoTax [104, 116, 117].

Ha n1BoX KOKCOXIMIYHUX MianpueMcTBax Ykpainu BinnoBigHo 1o ACTY 4096—
2002 [143] 6yB npoBeneHuit BinOip BYyriIbHUX KOHIIEHTPATIB, IO BXOISATh B CHPOBUHHY
0a3y HX MIIITPUEMCTB.

VY BimiOpaHux BYriUIBHUX MpoOax MicAs iX MIACYIIyBaHHA M TOAPIOHEHHS
BHU3HAYCHA TeMIleparypa 3aiiMaHHs (t;;), sIKa MOTIM OyJia OpiBHSHA 3 TeMIEpaTypamMmu
3aiiMaHHs KOKCIBHOTO BYTuUIs pi3Hux mapok 3rimno JICTY 3472: 2015 «Byriums Oype,
kaMm’siHe Ta aHTpauuT. Knacudikamis» [16], ski HaBeneHi panime B poboti [104].
Pesynbrartu 3icTaBieHHs HaBeneH1 B Tabm. 5.8.

AHaJi3yloud JaHi, HaBe[eHI B TaOy. 5.8, MO)XHa 3pOoOUTH BHUCHOBOK IIPO
MPAKTUYHO TIOBHY BIAMOBIAHICT, (PAKTUYHUX 1 TaONMYHUX 3HAYECHb TEMIEPATyp

3aiiMaHHs (t;3) ByTIIBHUX TPOO.



3icraBjieHHs (PaKTUYHMX | TA0JTMYHUX 3HAYEHD (35
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Taomurs 5.8

Temneparypa 3aiiMaHHs, s, °C

ITocTauanbHUK HOX?EE:;HH Tabauune dakTuuHe
3HAYCHHS 3HAYCHHS
1 2 3 4
KoxcoximBupoOuunTeo Nel
f;;g;;g?mmcwm r 353371 356,9
3®d «TaibiHCBKaY r 353-371 370,2
3D «llenpyxiHChKa» r 353-371 357,9
Rocklick X 371-397 375,0
Wellmore X 371-397 380,0
3® «IliBHIUHAY K 385418 395,2
3D «CrsTo-BapBapuHChKa» K 385418 388,8
Tech Premium K+KIIT 385-418 392,7
3D «bepe3oBcbkay KI1 385-418 392,3
Pocahontas I1C 403432 387,2
KoxcoximBupoOHUITBO Ne2
3D «llenpyxiHChKa r 353-371 366,9
3AT «Tamnrex» r 353-371 359,4
3D «YCcKOBChKa» K 366-378 367,5
TOB «IIpomByriusicepBicy [KIT 364-378 365,9
Wellmore K 371-389 380,5
Carter Roag K 371-389 402,9
3D «Ky3Hernbka XK 371-389 373,3
3D «CrsTo-BapBapuHChKa» K 385-418 400,1
3@ «IliBHiuHAY K 385-418 403,6
Tech Premium K+KII 385-418 398,8
3® «bagarcekay» KI1 385418 396,8
Pocahontas I1C 403-432 411,6

CyMHIB y BIJMOBITHOCTI 3asABJIECHOI MAapOYHOI MPUHAJIEKHOCTI (HAKTUIHO

OTPUMAaHO1 SIKOCTI BUKJIUKanu mpodu Byruwisa Pocahontas (mapka IIC), BimiOpana Ha

KXB Nel, 1 mpo0a Byrimisa Carter Roag (mapka XK), Bigiopana na KXB Ne2. V nepiomy

BUNIAJIKY, (pakTHYHA BeJUYMHA ts (387,2 °C) BUABMIACS HMKYEC TAOJMYHOTO 3HAYCHHS
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(403 °C); y mpyromy Bumajaky, t,, (402,9 °C) mepeBuimyBansa MakCUMajbHe TaOJUYHE
3HaueHHs (389 °C).

Jlnisa miaTBepKeHHs ab0 CIIPOCTYBAaHHS BHUCIIOBJICHHUX CYMHIBIB OyB BHKOHAHMIA
KOMITJIEKCHUM aHaji3 MOKa3HMUKIB SKOCTI BIAIOpaHux mpod. 30kpema, Oyiau BHU3HAYECHI
nokasHukyu Texaignoro (AY, S%, V%) nnacromerpuanoro (x, y), merporpadiunoro (R,
Vi, Sy, I, L, YOK, pednexrorpamMm BUTpHHHTA) i eleMeHTHOro (CUf, Hdal Ndaf gd
0%'y) amaniszis, a Takox OkucHeHHs (At). 3a JaHMMM €JEMEHTHOrO aHajizy Oyiau
po3paxoBaHi cTpyKTypHi mapameTpu 6 1 Cyp [104].

PesynbraTti mpoBeAeHUX MOCHIKEHb HaBeAeHl B Ta0a. 5.9-5.11. Anamizyroun
JlaH1, HaBe/eHl B Tabu. 5.9-5.11, MoxkHa 3p0OUTH BUCHOBOK PO T€, 110 MPOOU BYTULISA
Pocahontas (KXB Nel) ta Carter Roag (KXB Ne2) 3a koMImiekcoM MOKa3HUKIB SIKOCTI
HE BIIMOBIAIOTH 3asBJICHI MapOYHOI MPUHAIECKHOCTI.

3okpeMa, y BUNAJKY 3 ByruuisiM Pocahontas mpo 1€ cBigyaTh HU3BKE IS III€1
MapKy 3HAUY€HHSI CEPEIHHOTO JIOBUIBHOTO MTOKa3HUKA BIIOUTTS BITPUHITY
(1,14 %), npucyTHICTh B peQuieKTOrpaMi BITPUHITY CKJIAJOBUX, BIAMOBITHUX TaKUM
ctaaisx Meramoppizmy, K «JAI» + «I», « KT+ TK» 1 «K».

Jlns yHaoyHEHHsS BHIIECKa3aHMX TBEPJKeHb, B Ta0d. 5.12 HaBemeHl JesKi
MOKa3HUKM SKOCTI JIOCHIKEHUX 1 «kiaacuuHux» npod Byruuis Carter Roag 1
Pocahontas, siki HaAX0A9Th OCTAaHHIM YaCOM Ha KOKCOXIMIYHI MiAMPUEMCTBA Y KpaiHHU.

Buxonsuu 3 HaBemeHnx B Tabi. 5.12 pgaHuX, MOXHA JIMTH O BHCHOBKY, IO
BUKOHAHUM HaMU TIOTIEPEAHIN aHaji3 MOBHICTIO MiATBEPIAMBCS: IOCHIIKEHI MpoOu
Byrumsi Carter Roag 1 Pocahontas € HexapakTepHUMHU TIPEICTaBHUKAMH IIUX
MOCTAYaJIbHUKIB 1 HE MOXKYTh BUKOPHUCTOBYBATUCS Y BYT1IJIBHUX IIUXTaX BIAMOBITHO SIK
Mmapka «K» 1 mapka «I1C».

Takum 4YMHOM, BUKOPHCTaHHS TOKAa3HWUKA TEMIEpaTypu 3aiiMaHHS (ts), IO
Bu3Havaetbes 3rigHo ACTY 7611:2014 [21], ans KOHTPOJIIO MapO4YHOrO CKIAmLy 1
SKOCT1 BYTUIBHMX KOHIICHTPATIB J03BOJISIE CBOEYACHO BKAa3aTH IMOCTa4aJIbHUKAM Ha
HEBIJIMOBIIHICTh ()AaKTHYHOTO CKJIaJy KOHIICHTPATIB 3a3HAYCHUM MapKaMm 1 CBOEYACHO
BXKUTHU 3aXOA1B LI0JI0 MIATPUMAHHS 33JJaHOTO MAapOYHOTO CKJIJy BYTiJIbHOI MIMXTU. B

KIHIIEBOMY paxyHKY, i€ CIipusie cTabimizaiii skocTi BUPOOIEHOTO KOKCY Ta JO3BOJISE
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Taomurs 5.9
TexHoJiori4yHi BJaacTUBOCTI ByriibHMX KOHUeHTpaTiB KXB Nel i 2
Texuiunuit [TnacTomeTpuyHi IToxazHuk Temneparypa
ITocTayanbHUK Mapka aHaumi3, % MOKa3HUKU, MM okucHeHHs,°C 3aiimagHs, °C
A S Vot X y At ton
1 2 3 4 5 6 7 8 9
KoxcoxiMmBupoOHuuTBO Nel
PosPi3 «:faJIIII/IHCI)KI/Iﬁ - 8.5 0.44 370 23 10 A 460,9
3axiHUN
3®d «TaiibiHCEKa T 9,0 0,50 34,1 30 10 3 374.,8
3D «llleapyxiHcbka T 7,5 0,53 38,2 32 10 1 362,0
Rocklick XK 75 0,98 34,2 17 24 2 3717,6
Wellmore K 8,0 1,10 32,6 14 22 2 380,6
3D «[liBHiyHaY» K 9,4 0,64 23,9 21 18 2 400,0
L3P «Cearo-BapBapuHcbka» K 9,1 0,73 26,2 14 13 2 3945
Teck Premium K+KO 8,6 0,56 26,2 18 14 5 393,7
3P «bepezoBckar» KO 51 0,40 24,2 30 9 5 397,0
Pocahontas oC 7,5 1,00 26,4 17 23 6 393,0
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[Tponorxenus Tabdmuii 5.9

1 2 3 4 5 6 7 8 9
KoxkcoxiMBUpOOHMITBO Ne2
3D «llleapyxiHChKa» 7,9 0,53 37,1 42 10 1 366,9
3AT «Tamnrex» r 10,1 0,51 37,7 31 10 5 359,4
3D «YckoBchbka» K 8,0 0,42 37,4 30 16 3 367,5
TOB «IIpomByrimiscepBic» K11 1,7 0,58 37,0 34 11 5 365,9
Wellmore X 7,1 1,19 32,8 33 19 5 380,5
Carter Roag X 8,6 0,73 24,6 16 17 5 402,9
L3P «Ky3Heubka» XK 9,1 0,64 35,5 27 22 1 373,3
[[3® «Crsaro-BapBapuHcbkay K 8,9 0,74 271 15 15 6 400,1
3D «[liBHiyHaY» K 9,4 0,62 22,6 21 16 3 403,6
Teck Premium K+KII 9,0 0,60 26,7 20 15 5 398,8
3® «bauarcpkay» KII 6,4 0,46 24,1 29 10 6 396,8
Pocahontas I1C 7,3 0,79 17,4 9 12 6 411,6
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Taomurg 5.10

Ilerporpagiuna xapakrepucTuka ByriibHuX KoHueHTpartiB KXB Nel i 2

Cepenniit Cranii metamopdizmy BiTpuHIiTY, %
[Terporpadiunuii ckian [MOKa3HUK 050— |080— [090— |120— |150— | 1,70
(6€3 MiHepaIbHUX BIIOUTTSA 0,79 0,89 1,19 1,49 1,69 2,59
[TocrauanbHUK Mapka nomiiok), % BITPUHITY, Mapxku Byriuisi, yYMOBHO BiJIIOBi/IHI CTaIisIM
% MeTaMop(hi3My BITPUHITY
vtlsv| 1| L | Yok Ro ar+r | DRI g K (e m
+ 'K
1 2 314 |56 7 8 9 10 11 12 13 14
KoxkcoximBupoonunTseo Nel

Po3pi3 «TanauHCHKU 3aXiTHU r 69| 0 | 29| 2 29 0,64 100 0 0 0 0 0
3D «TaibiHCEKa» T 66 | 0 | 31| 3 31 0,72 100 0 0 0 0 0

3D «Illeapyxincka» T 4| 0 |24 2 24 0,69 100 0 0 0 0
Rocklick X 69| 0 |26 | 5 26 0,97 0 20 80 0 0 0
Wellmore XK 731 024 3 24 0,99 0 11 89 0 0 0
3D «[liBHiyHAY» K 48 | 0 | 52| 0 52 1,16 0 0 63 37 0 0
13D «Cpsito-BapBapuHCchKa» K 83| 1|14 2 15 1,20 0 0 48 52 0 0
Teck Premium K+KO [ 70 | 0 | 29 | 1 29 1,09 6 80 14 0 0
3® «bepe3oBcbkay KO 371 1 (62| 0 63 1,05 11 83 6 0 0
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[Tponor:xenns Tadaui 5.10

1 2 314 |56 7 8 9 10 11 12 13 14

Pocahontas OoC 80| 0 (18| 2 18 1,14 5 18 41 19 17 0
KoxkcoxiMBUpOOHMITBO Ne2

L3 «lllenpyxiHCHKa» 7012 27| 1 29 0,69 89 8 8 0 0 0
3AT «Tanrex» r 791 0 19 | 2 19 0,65 96 4 0 0 0 0
3D «YckoBchbka» 'K 89 | 0 9 2 9 0,75 85 15 0 0 0 0
TOB «IIpomByrisusicepBicy IKIm | 81| 1 |17 | 1 18 0,70 91 4 5 0 0 0
Wellmore X 81| 0 | 17 | 2 17 0,96 0 30 70 0 0 0
Carter Roag X 81| 0 | 17 | 2 17 1,25 0 5 44 22 27 2
3D «Ky3Henpka» K 89| 0 |10 1 10 0,87 32 38 30 0 0 0
[3® «Caaro-BapBapuHcbka» K 86 | 0 | 12 | 2 12 1,20 0 0 50 50 0 0
3D «[liBHiyHaY» K 62| 2 | 36| 0 38 1,22 0 0 47 53 0 0
Teck Premium K+KIT | 71 | 2 | 26 | 1 28 1,09 0 0 86 14 0 0
3® «bauaTcbkay» KII 49 | 2 149 | 0 51 1,02 0 17 70 13 0 0
Pocahontas I1c 81| 0 |19 0 19 1,54 0 0 0 42 54 4




EneMenTHuii ckiaaa ByriibHuxX konuenrparis KXB Nel i 2
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Tadomums 5.11

KoxcoxiMBUpOOHUITBO Ne2

13D «lleapyxiHChKa» r 79,76 5,60 2,40 0,53 11,71 7,86 13,40
3AT «Tanrtex» r 83,02 5,52 2,32 0,51 8,63 8,48 16,62
3D «YcKoBChKay K 83,80 5,78 2,77 0,42 7,23 8,38 17,59
TOB «I[IpomByriIICEpBiC» IKII 83,17 5,64 2,36 0,58 8,28 8,39 16,80
Wellmore X 87,04 5,54 1,55 1,19 4,68 9,08 22,83
Carter Roag XK 86,87 5,57 1,45 0,73 6,11 9,01 22,49
L3P «Ky3neuka» XK 85,74 5,80 2,55 0,64 5,27 8,67 20,44
L3P «CBsTo-BapBapuHcka K 87,50 5,43 1,63 0,74 470 9,27 23,80
3D «IliBHiYHA» K 89,33 5,10 2,12 0,62 2,83 9,94 28,47
Teck Premium K+KII 88,40 5,16 1,50 0,60 4,34 9,68 25,91
3D «bayarceka» KII 88,95 4,95 2,22 0,46 3,42 10,03 27,37
Pocahontas IIC 91,54 4,88 1,38 0,79 1,41 10,48 36,79




Ioka3znuku sikocti npod Byrinias Carter Roag i Pocahontas
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Taomurg 5.12

Pednexkrorpama BiTpUHITY

[TocTayanbHUK Mapka | IIpoba Vodaf’ Y Ro,
Yo MM % 0,50-0,79 | 0,80-0,99 | 0,90-1,19 | 1,20-1,49 | 1,50-1,69 | 1,70-2,59
Carter Roag XK Hoca. 24,6 17 1,25 1 4 44 22 27 2
1 32,1 20 1,00 7 7 86 0 0 0
2 32,3 21 1,02 5 5 90 0 0 0
3 32,4 20 1,01 4 6 90 0 0 0
4 32,3 20 0,99 5 6 89 0 0 0
5 32,0 19 0,99 2 10 88 0 0 0
Pocahontas I1C JHoct. 26,4 23 1,14 5 18 41 19 16 1
1 18,3 12 1,60 0 0 0 12 76 12
2 17,7 12 1,57 0 0 0 22 70 8
3 17,8 13 1,57 0 0 0 22 69 9
4 16,6 14 1,58 0 0 0 28 58 14
5 18,3 12 1,51 0 0 0 49 48 3




109

3amo0IrTH €KOHOMIYHUX 30UTKIB BiJl MTO3aIIAHOBOI 3MIHM MApOYHOTO CKJIATy IIMXTH

[144, 145].

5.3 ExoHoMiYHa e(peKTUBHICTH po0OTH

Ominky 3amoOiraHHs IIKOAW BU3HAYAIW, BUXOISYM 3 TIO3AIUIAHOBOI 3MiHU
MOKA3HUKIB SKOCTI MIUXTH IS KOKCYBaHHS, SKI BIUIMBAIOTh HA BHXIJ 1 SKICTh
BaJIOBOTO 1 JIOMEHHOTO KOKCY.

KokcoximBupoonunrBo Ne 1. [lo3ammanoBa 3MiHa  AKOCTI — IMUXTH
00YMOBJIIOETHCS 3MIHOIO BUXOY JIETKMX PEYOBUH Ha CyXUW 0€330JIbHUM CTaH BYTULISA
Pocahontas (26,4 %) B mopiBHSIHHI 3 KOHTpaKTHUMU piBHEM (17,7 %).

3MiHa BUXOJly BaJIOBOI'0 KOKCY IMPOMOHYETHCS OI[IHIOBATH 3a (POPMYJIOL0:

AB = (Vdaf(b _ VdafK) xdx K,
(5.11)

ne V¥ u VO puxin neTkMx pedoBUH Ha CyxMii G€330JIbHMI CTAH BYTiILIS
Pocahontas, BiAnoBigHO (haKTUIHO 1 32 KOHTPAKTOM,%0;

d — gacTka Byriyuis Pocahontas B IIMXTi, YaCTKW OTUHUIII;

K — koediuieHT, 10 BpaxoBye 3MIHY BUXOJy BajoOBOro Kokcy (B %) mpu 3MiH1
BUXOJy JIETKUX PEYOBHUH Ha Cyxuil 0e3301pHMI cTad Ha 1 %.

Jns  momanbIIMX pO3paxyHKIB yactka Byruuisi Pocahontas B mmxTi
npuiiMaeTbes Ha piBHi 0,1, a 3HaueHHs kKoedinienta K npuiimaersest piBaum 0,7 [146].

[Ipy KOHTpaKTHOMY BHXOMl JIETKUX PEUYOBUH Ha CyXWil O€330JbHUN CTaH
Byruuis Pocahontas 17,7 % 1 npu ¢akTuuHOMy piBHI I[bOTO MOKa3HUKa 26,4 % (Tad:n.

2) 3MiHa BUXOJIy BAJIOBOTO KOKCY CKJIaJie

AB = (26,4 —17,7) x 0,1 x 0,7 = 0,6 %. (5.12)

VY po3paxyHky Ha 4 Tuc. T Byrunis (mpuOnM3Ha Maca BYTULIS B OJHOMY

3aJII3HUYHOMY MapIIpyTi) BTpAaTH 00CATY BUPOOHHUIITBA BAJIOBOTO KOKCY CKIATyTh 240
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T. Y TIpOUIOBOMY €KBIBQJIEHTI, NMPUHMAIOUHU CEPEIHbO3BAXKEHY BApPTICTh TBEPAUX
npoaykTiB KokcyBaHHs Ha piBHI 330 momapiB CIIIA, 30utok B po3paxyHky Ha 1
3aITI3HUYHUN MapipyT ByTrunis ckiaane 79,2 tuc. gonapis CIIIA.

Hacnpapai BiiBepHeHUH 30UTOK OyJ1e TPOXH HMKYHMH, OCKIJIBKH 31 3MEHIIICHHSIM
BHUXOJY BaJIOBOTO KOKCY BIATOBIAHO 30UTBIITY€ETHCS BUX1J KOKCOBOTO Ta3y 1 XiIMIYHHX
NPOAYKTIB KOKCYBaHHS. AJie BIACYTHICTh PHHKY 30yTy Ml TOBapHHX pPECYpCiB
KOKCOBOI'O Ta3y Ha KOKCOXIMBUPOOHHUITBI Ne 1 1 He3HauHe 301IbIICHHS OOCSTIB
BUPOOHUIITBA KaM'SSHOBYT1IHHOI CMOJIU 1 CUPOTO O€H301y (€KCIEPTHO — BIAMOBITHO Ha
40 1 1 T) m03BOJISAIOTH B JIaHIM €KOHOMIYHIM OIIHII 3HEXTYBATH iX BILNIMBOM Ha CyMYy
€KOHOMIYHOTO 30UTKY.

KoxkcoxiMBupoOoHuuTBo Ne 2. V pa3i HEBIANOBITHOCTI (PAKTUYHUX MOKA3HUKIB
axocTi Byrunis Carter Roag KOHTpakTHOMY PiBHIO HA €KOHOMIYHI TTOKa3HUKU BILTUBAE
3HUKEHHS CITIKJIMBOCTI MIUXTHU (32 MOKA3HUKOM TOBILIMHHU IJIACTUYHOTO I1APY).

3MiHYy TOBIIMHU IJIACTUYHOTO MIAPY IIUXTH MPH BIIXUIEHHI [OTO MOKa3HUKA

no Byrunmo Carter Roag MoxHa oriHuTH 3a HOpMYJIOHO:

AY = (Yo — Yx) x d, (5.13)

ne: Y¢, YK — TOBIIMHA IUIACTUYHOTO IIApy, BIANOBIAHO (akTHYHA 1 3a
KOHTPaKTOM, MM;

d —uactka Byruuia Carter Roag B IMXTi, YaCTKH OTUHMIIL;

[Tpu yactui B muxTi Byriwis Carter Roag 10 % 1 TOBIIMHI TJIACTUYHOTO IIAPY
3a yMoBaM# KOHTpakTy 20 MM 1 paktuyHO 17 MM 3MiHA TOBIIMHU TUIACTUYHOTO TIApy

CKJIaze:

(17 - 20) x 0,1 = 0,3 Mm. (5.14)

B oMy Bumanky Taka 3miHa sikocTi muxTH Carter Roag (3HW)KEHHS! TOBIIMHU
mactTuyHoro mapy 3 15,4 no 15,1 mMM) iCTOTHO He BIUIMHE Ha BHXiJ 1 SKICTh

JIOMEHHOTO KOKCY.
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VY Toif %e 4Jac, Taka 3MiHa CIIKJIMBOCTI IIMXTH 3a)KaJa€ 3MIHU TEXHOJIOTTYHOTO
pPeKUMY KOKCYBaHHS (TIBUILCHHS PIBHS TeMIIepaTyp B oNalroBalibHIN cuctemi). Lle
MOB'sI3aHE 31 3MIHOIO KUTBKOCTI KOKCOBOTO Tra3y, IO BHUTPAYa€ThCS HA OIAJCHHS

KOKCOBUX IIE€UEH.

BucHoBku 3a po3aijiom 5

1. Bnepie 3a A0MOMOTOI0 MaTEeMaTUYHHX METOJIB JOCTIIKEHHS JOBEICHO
HAsIBHICTh TICHOTO 3B’SI3Ky MDK TEMIIEpaTypolo 3ailMaHHA Ta KiacuikariitHUMH
MOKa3HUKAMHU SKOCT1 BYT1JUISI — MOKA3HUKAMH BIJOUTTS BITPUHITY Ta BUXOAY JETKUX
PEUYOBHH, a TaKOX I[IOKa3HUKAMH OYJOBM OpPraHiyHOI MacH BYTUUISL — BMICTY
3araJbHOTO Ta APOMATUYHOTO BYTJICIIO Ta CTYIIEHEM HEHACUYCHHS HOTO CTPYKTYpH.

2. Po3paxoBaHO  3HaueHHs  TeMmIepaTyp  3aliMaHHi  HEOKHUCHEHOIO
(BITHOBJICHOT'0) KOKCIBHOIO BYTULISI OKpeMux Mapok 1 rpyn B Mexax JICTY
3472:2015 «Byruwis 0ype, kam’siHe Ta anTpanut. Knacudikaiis».

3. BcranoBieHO, 10 BHUKOPUCTAHHSA TIOKa3HHUKA TEMIIEpaTypyu 3aiiMaHHs
HEOKMCHEHOTro BYTumis (t;z), mo BusHadaethbess 3a HCTY 7611:2014 «Byruus
KaM'sHe. MeToJ1 BU3HAUEHHS OKHCHEHHS 1 CTYIIEHSI OKHCHEHHS», J03BOJISIE CBOEUYACHO
BUSBUTH HEBIANOBIAHICTh (PAaKTHUHOT MAapOYHOI HAJIEKHOCTI BYTULIS 3aJ€KJIapoBaHii
Mapii, NPOBECTH MEPUIOYEPrOBUNA KOMIUIEKC JIOCHIIKE€Hb BIJIACTUBOCTEH LHOTO
BYTULIS 1, 3 ypaxyBaHHAM OTPUMAHMX JaHHMX, BXKUTH 3aXOMIB IIOJO0 MIATPUMAaHHS
3a1aHOTO MApOYHOI0 CKJIaAy 1 BJIACTUBOCTEH BYTUIHHOI IIMXTH, & TAKOXK CTa0LIi3aIi
SIKOCT1 BUPOOJICHOTO JOMEHHOTO KOKCY.

4. Po3paxoBaHO, 10 €KOHOMIYHUHN €(EeKT BiJi BHUKOPUCTAHHS TEMIIEpaTypu
3aiiMaHHs AJi1 KOHTPOJIIO MapOYHOTO CKJIaAy 1 SKOCTI BYTIJIbHUX KOHIEHTPATIB OyJe
[MOJIATaTH B 3aro0IiraHHl MIKOAY BIJ MO3aIJIAaHOBOI 3MIHMA IMOKA3HUKIB SIKOCTI IIUXTH

JUISl KOKCYBaHHSI, SIK1 BIUTMBAIOTh HA BUX1JI 1 SIKICTh BaJIOBOTO 1 TJOMEHHOI'O KOKCY
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BUCHOBKU

1. ¥V  nucepramiiiHii poOOTI Ha MiACTaBl BHUKOHAHHS TEOPETUUHUX Ta
EKCIIEPUMEHTAJIbHUX JOCITIKEHb BHUPIIICHO Ba)KJIMBE HAYKOBO-TEXHIYHE 3aBJIaHHS,
AK€ XapaKTEePU3YEThCS HAyKOBOIO HOBU3HOIO 1 Ma€ MPAKTUYHY LIHHICTh, a CaMe€ —
PO3pO0JICHO HAYKOBO-OOTPYHTOBaHI PEKOMEHAIll 100 BUKOPHCTAHHS IMOKa3HUKA
TEeMIIEpaTypu 3aiMaHHs y IKOCTI €KCIIPEC-OIIHKA MapOYHO1 HaJeKHOCTI BYTULIS, IO
HAJXOJIUTh HA KOKCYBaHHS.

2. BcTaHOBIEHO HASBHICTH CHCTEMATHYHUX BIAXWJICHb (PAKTUYHUX 3HAYCHD
TEeMIlepaTyp 3aliMaHHs CyMIIlIel BiJ pO3paxOBaHUX 3a MPABUJIOM AJUTHUBHOCTI B OiK
BYTUJUIS 3 MEHILIOI TeMIIepaTyporo 3aiiMaHHs. MeToaMu MaTeMaTUyHOi CTaTHCTHKH
J0Ka3aHO, IO Il BIOAXWJIEHHS HOCATh 3HAUYYINIMHA HEBUMAJAKOBHHA XapakTep.
BucnoBieHo nmpumymieHHs, o B CyMilllaxX, B MEPILy Yepry, 3aiiMaeTbcsi KOMIIOHEHT 3
MEHILIOK TEMIEpaTypor0 3aiiMaHHs, a €Hepris, [0 BUAUIAIACA MpU LBOMY,
BUTPAYAETHCSI HA 3arOpsiIHHS OUIBII Ba)KKO3aMHUCTOTO KOMIIOHEHTY, IO NMPU3BOIAUTH
710 3aiiMaHHs CyMIIIIl B I[IJIOMY.

3. 3amporoHOBaHO MEXaHI3M XIMIYHHUX peakiii, sKi BigOyBalOTbCS MPH
BU3HAYCHHI TEMIIepaTypy 3aliMaHHS BYTUUIL. 3aBIASKH BHKOPHUCTAHHIO BiJIOMOTO
PIBHSIHHS Kiccigmkepa  BU3HaY€Hl  3HAYECHHS eHeprii aKkTuBamii 1
MEepPEeACKCIOHEHIIaTbHOTO MHOKHHMKA PIBHSAHHS ApeHiyca Uisi 3aiiMaHHS BYTULIS
PI3HOTO CTyMNeHsI MeTaMop(i3My 1 OKHUCHEHHS.

4. BCTaHOBJICHO, 1110 KOHCTAHTa MIBUIKOCTI MPOLIeCY 3aiiMaHHs 301IbIIYETHCA 31
30L7BIICHHSM CTYNEHs OKHCHEHHS 1 3HIDKCHHAM CTyNeHsS MeTamMopdizMy
JOCIIKEHOTO BYTULISA. 301IBIICHHS KOHCTAHTH MIBUAKOCTI 3aiiMaHHS OJJHOYACHO 31
30UTbLIEHHSIM ~ €HEeprii  aKkTUBalli  MOSICHIOETbCA B paMKax  3pOCTaHHS
NepeIeKCIIOHEHIIAIbBHOTO MHOKHUKA 1 HOro JOMIHYIOHOTO BKJIAay B PE3yJbTyIOUe
3HaYeHHS KOHCTAHTH IIBHIKOCTI.

5. Bnepmie 3a gomomMoror MaTeMaTMYHUX METOMAIB AOCHTIIKEHHS JOBEICHO
HAsBHICTh TICHOTO 3B’SI3Ky MIDK TEMIIEpaTypol0 3aiiMaHHS Ta KiacudikariiHuMu

MOKa3HUKAMHU SIKOCT1 BYT1JUIS — MOKAa3HUKAMU BIAOWTTS BITPUHITY Ta BUXOAY JIETKHX
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PEUYOBHH, a TaKOX IMOKa3HUKAMH OYJOBM OpPraHiyHOi Macu BYTUUISL — BMICTY
3arajJbHOTO Ta ApOMATUYHOTO BYIJICIIO Ta CTYIIEHEM HEHACUUYEHHS WOT0 CTPYKTYPHU

6. Bwusnaueni Ttemmeparypu 3aliMaHHS HEOKHCHEHOTO (BITHOBJICHOTO)
KOKCIBHOTO BYTULIA okpemux mapok 1 rpyn B mexax JCTY 3472:2015 «Byrimns
Oype, kaM’siHe Ta anTpanuT. Kimacudikaris.

7. BcraHoBieHO, MO BHUKOPWUCTAHHSA TOKa3HWKA TEMIIEpaTypyu 3aiiMaHHS
HEOKHCHEHOTO BYT1JUIA (t55) T0O3BOJIIE CBOEYACHO BUSIBUTH HEBIAMOBIAHICT (PAaKTUUHOI
MapoOYHOi HAaJEKHOCTI BYTUUIS 3aJeKjIapoBaHi Mapili, MPOBECTH MEPUIOYEPTOBHI
KOMIUJIEKC JIOCHTIPKEHb BJIACTHUBOCTEM I[bOTO BYTULIS 1, 3 YpaXyBaHHAM OTPUMAaHHUX
JNAHUX, BXHUTH 3axXOJ[IB 1I0J0 MIATPUMAaHHSA 3aJaHOr0 MapOYHOro CKJIaay 1
BJIACTUBOCTEM BYTUIBHOI IIMXTH, a TAaKOX CTaOUM3amli SKOCTI BHPOOJIEHOTO
JOMEHHOTO KOKCY.

8. Po3paxoBaHO, 1m0 €KOHOMIYHHUN €(EeKT BiJ BHUKOPUCTAHHS TEMIEPaTypu
3aiiMaHHs 1J11 KOHTPOJIIO MapOYHOTO CKJIaay 1 SKOCTI BYT1UJIbHUX KOHIIGHTpATIB, Oy/e
MOJIATATH B 3amoOiraHHl MIKOJM BiJl MO3aIJIAHOBOT 3MIHM MOKA3HUKIB SIKOCTI IIMXTH
TSl KOKCYBaHHSI, SIK1 BIUIMBAIOTh HA BUXIJI 1 AKICTh BAJIOBOTO 1 JOMEHHOTO KOKCY.

9. OcCHOBHI TEOpPETHUYHI TIOJOXKEHHS Ta pPe3yJbTaTH EKCIEPUMEHTAIbHUX
JOCIIKEHb JTUCepTalli BUKOPUCTOBYIOTHCS B HABYAJIBHOMY MpoOIEci Ha Kadeapax
METaJypriiHOro mnajvBa Ta BOTHEeTpuBIB HamioHanbHOI MeTanmypriiiHoi akaaemii
VYkpainu, TexHonoriii nepepoOku HadTH, razy 1 tBepaoro naimmBa HTY «XIII» Ta
xiMiyHOi TiepepoOku Hadtu 1 ra3zy HamionanbHOro yHiBepcurery «JIbBIBCbKa

MOJITEXHIKA.
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145. Miroshnichenko D. V. Ignition temperature of coal. 5. Practical using /
D. V. Miroshnichenko, I.V. Shulga, L.V. Shulga, Yu.S. Kaftan, N.A. Desna,
Yu.V. Nikolaichuk, E.I. Kotliarov // Coke and chemistry.—2018.—Vol. 61 (8).—P. 281-
286.

146. CnpaBoyHUK KOKCOXMMHKA. ToM 6 — ODKOHOMHUKA M OpraHu3alus
KOKCOXMMHUYECKOTO Tpon3BojycTBa / [moa. pea. A.M. Ilpuctynsr, E.M. KoTmsiposa,

B.A. Kopnaunosoii]. — X.: U1 «uxex», 2010. — 320 c.
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Neroc. per. 0113U001478

MIHICTEPCTBO EKOHOMIUHOI'O PO3BHUTKY 1 TOPI'IBJI YKPATHH
JIEPYKABHE ITJUTPUEMCTBO «YKPATHCBKHUH JIEPAKABHUN
HAYKOBO-JIOCIHHUHA BYTJIEXIMIYHUM IHCTHTYT (YXIH)»
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3BIT
1 HJP « VIOCKOHAJIEHHSI METO/JIHKH BUKOHAHHSI BUMIPIOBAHb
TEMITEPATYPH 3AHMAHHS KAM’SIHOT'O BYT'L/LJISI TA BCTAHOBJIEHHSI
CTVIIEHIO HOT'O OKHCJIEHHSI»
“(Jlorosip Ne 11.2015 p. 3 [IAT «3ATIOPDKKOKC»)

3aCT. JHPEKTOPA 3 HAYKOBOT poOOTH
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I HAYUHBIH COTPYIHHK, K.T.H., C.H. Kagran 10.C
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3 HJIP «PO3POBKA CTAHJIAPTHOT'O 3PA3KA MJNPHEMCTBA LISt METOAY 1O
BU3ZHAUYEHHIO OKHCHEHHS BYT TS
(Mlorosip Ne 67.2015 p. 3 [TAT «AKX3»)

3aCT. MPEKTOPA 3 HAYKOBOT poOOTH

KEH., KL O.JI. BOPUCEHKQO

3aB. BYTUILHHM BUULIOM, K.T.H., C.H.C., f

KCPIBHUEK POOOTH . " % L APO3JIHHUK

3act. 3ap. Byriipium BLUIAOM, K.T.H., C.H.C.,

KECPIBHUK pOOOTH i j& ; ? JLB. MIPOHTHHYEHKO

Crapiuuit naykosiii cniBpoOITHHK

A. JECHA

BYTTABHOTO BULILAY, K.T.H., KCPIBHHK paOOTH
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3aB. YrofbHbIM OTACHOM, K.T.H., C.H.C.

3am. 3aB. YroabHBIM OTACHOM, K.T.H., C.H.C.
Beymuii nayunbtii corpy/uink, K.1.1., C.H.C.
Crapiuit HayuHbii COTPYHHEK, K.T.H.
Crapuinii Hayunbiii COTpYAHHK

Hayuuetit coTpyanmnk

Mumenep-texnonor I kareropun
ATHIAPATYHK

¢r. npenonasatesnb Kadeapst OT) u TT,

I'BY3 JII'TTY»

Or1 ITAO «AKX3»

JupekTop 1o Ka4yecTsy, K.1.H.
Hauaasnux 11371
3am. navansimnka 11371

Hauazibiuk ueeae1oBaTeIbeKoit rpyni
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Mupounnuesro J1.B.

Kadran 10.C,
Jecna H. A.
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Msanona E.B.
Kosaan E.H.
Jlasomunk JLH.
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AKT
HO/0 BUKOPHCTAHHSI PE3YJIbTATIB AMCepTaliiiHol po60TH Ha 3706yTTs HayKOBOTO
CTYIeHs KaHIM/aTa TeXHIYHUX Hayk Hikonaitayka IOpis Bonoxumuposuua
«P03po6eHHs TEOPETUYHHIX OCHOB BUKOPHCTaHHS [I0Ka3HHUKA TeMIIepaTypy

3aliMaHHs B IKOCT] eKCIIpec-OliHKH MapOYHOT HANEKHOCT BYTLJLIIS»

DopMyBaHHs BYTiNbHOI CHPOBUHHOI 623y KOKCYBaHHsS B Cy4aCHHX yMOBax
XapaKTCpU3y€ThCs 3HAYHUM POLIMPEHHSM reorpadii mocTaBok iMmopTHOTO BYTLILISI
3 Kpaid bimkHaboro ta Jlansaboro 3apy6ixoks.

Y pesynbrari IOBrocTpokoBoro Mepiofly TpaHCIOPTYBaHHA Ta 36GepiraHHs
BYTULIS MOXe 3MILIyBaTUCS 3 iHIIMM BYTUUIAM DI3HHX MapoK, THM CaMHM
BTpadai0oiu CBOIO TE€XHONIOTIYHY LiHHICTh. BUKOpHCTaHHS Takoro BYT1JIS HETATUBHO
MO3HAYAETBCS. HA HOTO SKOCTi, IO NPHU3BOAMTH N0 HU3BKOSKICHOIO JOMEHHOIO
KOKCY, PU3BOASYH 110 MiABUILIEHHS HOrO BUTPATH MPH BUILIABII YaBYHY.

Buxoznsun 3 BuKIageHOro, BHHMKIA norpeba B po3pobLi ekcrpec-MeTomy
OLIHKM Mapo4HOi HANeXHOCTi BYriUIsl, IO HAAXOAMTh Ha KOKCOXiMiuHi
miAnpuemMcTBa YKpainn, a6o 36epiraeThes Ha NEePEeBAIOYHUX ITyHKTaX Ui HOro
HMoZanbiioro  mepeseseHHs. CaMe LbOMy TPHCBSYEHO MCEpTaLliiiHy poboty
Hikonaituyka [O.B.

Pesynbraty jucepraniiinoi poGoru Hikonaituyka }O0.B. posrmsuyri Ha
TexHi4Hid pagi VHIIA «YKPKOKC» Tta PEKOMEH/IOBaHI 10 TPaKTUYHOTO

BUKOPHCTOBYBAHHS KOKCOXIMIYHMMH I1i ATIPHEMCTBAMH YKpaiHH.

Hauansunc BTB VHIIA «VKPKOKC» | 2o~ C.M. Gemenxo
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3ATBEPKVYIO

JlupexTop 3 BUpoOHHULITBA

[IpAE «3ATTOPIDKKOKC»

o A& O.A. bexrep
«_[O» (0 2018 p.

AKT BUKOPUCTAHHS
pe3y/bTaTiB AHcepTaliiiHoi poooTn Hikonaiiuyka HO.B.
«P0o3p006./1eHHsl TEOPEeTHYHHX OCHOB BUKOPHCTAHHSA NMOKA3HUKA 3aliMaHHA B
AKOCTI eKcnpec-OUiHKH MapO4YHOT HAJIEKHOCTI BYTiJLIsh», MOJAAHOT Ha

3100yTTH HAYKOBOIO CTYNEeHsl KAHAUAATA TEXHIYHHUX HAYK

3n100yBaueM BCTaHOBJIEHO, IO BHKOPUCTAHHS T[OKa3HUKa TeMIleparypu
3aiiMaHHs BIJIHOBJICHOIO (HEOKHCHEHOTO) BYTLUIS JI03BOJISIE CBOEYACHO BUSIBUTH
HEeBIAMOBIHICTh (AKTUYHOI MapOYHOI HAJIEKHOCTI BYTUJLIS 3ajeKjIapoBaHii
Maplli, IPOBECTH MNEPIIOYEProBUH KOMIUIEKC IOCIiKEHb BJIACTHBOCTEH LBOTO
BYTiJUIS 1, 3 ypaxyBaHHSIM OTPUMAaHMX JaHWX, BKUTH 3aXOJiB 100 MiATPUMAaHHS
33IaHOTO  MApOYHOIO CKJIaay 1 BJIAaCTHBOCTEH BYriIBHOI ILIMXTH, a TaKOXK
ctabinizauii SKOCTi BUpOOJIEHOrO TOMEHHOTO KOKCY.

ExoHoMiuHMI edeKT BiJi BHUKOPUCTaHHS TeMIlepaTypu 3aldMaHHs IS
KOHTPOJIFO MAapOYHOIO CKJIAay i IKOCTiI BYTJIbHUX KOHIIEHTPATIB, Oy/e MoJsraTtd B
3ano0iraHHl LIKOJAM BiJ MO3alJIaHOBOI 3MiHU MOKA3HWKIB SIKOCTI LIMXTH JIJIsl

KOKCYBaHHS, SIKi BIUIMBAIOTh Ha BUXIJl i AKICTh BAJIOBOTO i JOMEHHOTO KOKCY.

Hayanpuuxk BTB ['.'M. Tkanuu
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3ATBEPJIKVY1IO

0JIOTi1 Ta SIKOCTI
~pAT «AKX3»

.T.H. [.I". Kneuus

» /Q a( 2018 p.

AKT

111010 BUKOPHCTAHHS pe3yJbTaTiB quceprauiinoi po6orn Hikonaiiuyka 10.B.
«Po3po06.ieHHsSI TEOPETHYHHX OCHOB BHKOPHCTAHHS NMOKA3HUKA 3aiiMaHHHA B
SIKOCTI eKCnpec-OliHKH MapoOYHOT HAJIEeKHOCTI BYTiJLiIs», MOAAHOI HA

3100y TTS HAYKOBOT'O CTYNeHs] KAHAHAATA TeXHIYHHX HAYK

3n06yBayeM po3paxoBaHi 3HAYEHHS TeMIlepaTypu 3aliMaHHs BiJHOBJIEHOI'O
(HEOKMCHEHOT0) KOKCIBHONO BYIiUII OKPEMHX MapoK 1 TIpyn  3TiIHO
JICTY 3472:2015 «Byrinns Oype, kam’siHe Ta anTpauut. Knacudikamis».

BcTaHOBIEHO, 110 BUKOPUCTAHHS TOKa3HMKA TeMIIEpaTypu 3aiMaHHs
BiZIHOBJIEHOTO  (HEOKHCHEHOTr0) BYrULIs  J03BOJIA€  CBOEYACHO  BUSBUTH
HEBIJMOBIHICT (aKTUUHOI MApOYHOI HANEKHOCTI BYTUUIA 3aleKIapoBaHii
Mapili, TPOBECTH MEPIIOYEProBUil KOMIUIEKC OCIIUKEHb BJIaCTUBOCTEW LIBOTO
BYrijuisi i, 3 ypaXyBaHHSIM OTPMMaHHX JAHHUX, BXKHTH 3aXOAiB LIOJ0 MiATPHMKH
3aJaHOT0 MapO4YHOTO CKJIaay 1 BIaCTMBOCTEH BYTUIBHOI INMXTH, & TaKOX

cTabimi3anii IKOCTI BUPOOIEHOTO TOMEHHOIO KOKCY.

HavanbHUK TEXHIYHOTO

BiJILTY, K.T.H. | M.I1. CxpundeHko
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‘ 3ATBEPJDKYIO

[popeKTop 3 HayKoBo-fiexaroritioi poGori
&8 :

(G

JIBH3 «JlonOackkuii nepx

2018p.

AKT

11010 04iKYBAHOI eKOHOMIYHOT e)eKTHBHOCTI pe3y/bTaTIiB AHCePTALIHHOI

= ——
<

po6oru Hikonaiiuyka FO.B. «Po3po6./ieHHsI TeOpeTHYHHX OCHOB
BHKOPHCTAHHS MOKA3HHKA 3aHHMAaHHS B AAIKOCTI eKCpec-OLiHKH MapO4YHOl
HAJIeKHOCTI BYTiJIs», MOAAHOI HA 3100yTTS HAYKOBOI'O CTYNEeHsl KAHAHAATA

TeXHIYHHUX HAYK

OTtpuMaHi aBTOPOM pe3yJIbTaTH AOCIIIKEHHs Ta po3pobiieHi Ha iX MiJcTaBi

pekoMeHzalii I1I0A0 OLIHKK Mapo4yHOI HaleXHOCTI BYTi/UIsl 3a JOTOMOTOKO

»

! BM3HAYEHHs TeMIlepaTypy HOro 3aiiMaHHs HEOOXiIHI Ui MOTOYHOI IisIbHOCTI
KOKCOXIMIYHHUX TTiAMPHEMCTB.

ExoHOMIYHHMI edeKT BiI BUKOPUCTAHHS TeMIepaTypu 3alMaHHs s

KOHTPOJIFO MapOYHOI0 CKJIaJy 1 IKOCTI BYTUJIBHUX KOHIIEHTpATIB, Oyje MojsraTi B

3ano0iraHHl LIKOAM BiJ MO3aMJIAaHOBOI 3MIHM IOKA3HUKIB SIKOCTI IIMXTH JUIS

KOKCYBaHHS$, SIKi BIJIMBAIOTh Ha BUXIJ 1 AKICTh BaJIOBOTO 1 IOMEHHOT'O KOKCY.

v 3aBigyBau kadeapu « TexHomorii nepepoOKku
! HadTH, ra3y Ta TBEp/I0TO MATUBA»

HTY «XIIl» a.1.H., c.H.C. JI.B. MipouHn4eHKo

Crapumnii HayKOBHi CiBpOOITHUK
HayKOBO-/IOCJIIIHOTO LEHTPY 1HAYCTpialbHUX

npobnem po3sutky HAHY, k.e.H., no. /%ﬁ” €.1. Korasipos
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[Tepimii mpopextop

HauipnaneHoi metanypriitaoi
-

akazieMii Ykpainu

(2

ny A.T.H., ipo¢. [.B. IBamenko
NG “hery « ¥ 48 » a2 2018 p.

0207

AKT
I010 BUKOPHCTaHHS pe3y IbTaTiB AncepTaniiinoi poGorn Hikonaiiuyka FO.B.
«P03p0o0.1eHHsl TEOPETHYHHX OCHOB BHKOPHCTAHHS MOKA3HAKA 32fiMaHHsl B
SIKOCTi eKCnpec-oLiHKH MapOYHOT HAJIeKHOCTI BYT'iJLIIs», IO1aHOT Ha 3100y TTH

HAQyKOBOI'O CTYNEHSl KAHAH/IAaTAa TeXHIYHHX HayK

Pesynbratu nocnimkens, y Tomy wmcni Teopetruni PO3pOOKHU Ta METOAUYHI
po3paxyHku, Hikonaituyka }O.B. B ramysi BuBuenus BIUTMBY CKJIaLy, OyJOBH Ta
BIIACTHBOCTEH OpraHiYHOi Macu BYriis Ha TemmepaTypy Horo 3aliMaHHs, SKi
HaJpyKOBaHI Yy (axoBUX BHIaHHIX Ykpainun, CroBavyumau Tta CIIIA
BUKODHCTOBYIOTBCS ~ BHKJIaZlayaMu  Kadelpd MeTalyprifHOro mamusa Ta
BOrHeTpHBiB HarioHaneHoi MertanypriiiHoi  akanemii Vkpaiau y nekuisx

CTy/ACHTaM 32 HanpsMoM 161 «XimiuHi TeXHOIOTii Ta iHXeHepis.

[Tpodecop xadenpu
METaypriiHOTO NnajauBa

Ta BOTHETPUBIB, J.T.H., JOLI. €.1. Manuii
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AKT
11010 BHKOPHCTAHHS pe3y/bTaTiB AucepTauiiinoi poborn Hikonaituyka 10.B.
«Po3po0/ieHHs1 TEOPeTHYHHX OCHOB BHKOPHCTAHHSA NMOKA3HUKA 3aliMaHHsA B
SIKOCTI eKCnpec-OliHKH MapPOYHOT HAJIEKHOCTI BYTJLIsI»
Ha 3100yTTS HAYKOBOIO CTYNeHs] KAHAWAATA TeXHIYHUX HAYK

Huceprauiiiny po6ory Hikonaituyka HO.B. mnpucesueHo BupilieHHs
Ba)KJIMBOTO HAyKOBOT'O-TeXHIUYHOI'O 3aB/IaHHs, a caMe — pPO3pOOJIeHHIO  HAyKOBO-
OOIDYHTOBAaHMX peKOMEHJaliil 100 BUKOPUCTAHHS IOKAa3HHKA TeMIIepaTypH
3aliMaHHs JUIsl eKCIIpec-OLliHKK MapO4YHOI HaJIeKHOCTI BYTIJUIS, 10 HAAXOAUTh Ha
KOKCYBaHHSI.

Huska TeopeTMuHMX i NMpakTUYHUX MarepianiB auceprauii Hikonaituyka
1O0.B. BukopucToByl0ThCSI B yuboBoMy mpoteci kapeapu «TexHomorii nepepodku
HadTH, razy Ta TBepAOro naauBay HallloOHaIbHOrO TEXHIYHOTO YHIBEPCHUTETY
«XapKiBCbKUH MONITEXHIYHMM IHCTUTYT» B Kypcax «OCHOBH TEXHOJIOTIT
nepepoOKH TBEpAMX TMaJbHUX KOMAJMH» IPU HABYAHHI CTYJEHTIB CHeLiamicTi
161.05 «Texnonorii nepepobku HahTH, razy Ta TBEpOTo MaJIUBay, a came:

- HasiBHICTh ~ CUCTEMATMYHUX  BiIXWJIeHb  (DAKTUYHMX  3HA4YEHb
TeMIepaTypH 3aiiMaHHs CyMilllei BiJl po3paXxOBaHHUX 3a MPABHIIOM aJUTHBHOCTI B
OiK BYTUJIJIS 3 MEHIIOIO TEMIIEPaTypOIO 3aiiMaHH;

- 3HAYeHHs eHeprii akTuBauUil 1 MepeJeKCIOHEeHUIHHOTO MHOKHHKA
piBHSHHS ApeHiyca JUIsi TemrepaTypd 3aiiMaHHS BYTUUIS PIi3HOTO CTyIEHS
MeTamop(hi3mMy i OKUCHEHHS;

- MOJJIMBICTh TPAKTMYHOTO BHUKOPHCTaHHS IIOKA3HUKA TeMIIEpaTypH
3aliMaHHs Ul OLIIHKM Mapo4yHOI HaJeKHOCTI BYrULIS, 10 HAAXOMAWTh Ha
KOKCYBaHHS.

JlupexTop IHCTUTYTY XIMIYHHX
texHoJsorii Ta imkenepii HTY « XTIy,

A.T.H., 1poo. [.M. Puienko
[Tpodecop kadenpu «Texnomorii

nepepoOku HadTH, ra3y Ta TBEPAOTo

nanuay HTY «XI1I»,

K.T.H., JOL. B.M. Hazapos
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AKT
LOJ10 BIPOBAKEHHsI pe3yIbTaTiB AucepTaliiiHol pobotu Hikonaituyka IOpis
Bonoaumuposuva «Po3pobieHHs TeopeTHIHUX OCHOB BUKOPUCTAHHS MOKA3HUKA
3afiMaHHsl B SIKOCTI €KCIPEC-OLiHKM MapOYHOT HAJIE)KHOCTI BYTiIUIs» Ha 3106yTTs
HayKOBOI'O CTYIEHs KaHIuJaTa TeXHIYHUX HAyK

Kowmicis y cknazi: ronoBu HayKkoBo-MeTOAMYHOI pamu IHCTUTYTY Ximii Ta
XIMIYHHX TEXHOJIOTiH A.T.H., mpod. Aramanioka B.M., 3acTynmHuka 3aBimyBaua
kadexpu  XiMmiyHoi  TexHonorii  mepepo6ku  HahpTH i rasy A.T.H.,
npo¢. I'punnmmrna O.B., npodecopa kadexpu ximiuHOT TexHONOTIT MepepoOKH
HadT 1 rasy m.T.H., mpod. IMum'eBa C.B. cknana akT mpoTe, MO pe3yabTaT
auceprauiiinoi po6oru Hikomaituyka HO.B. Ha Temy «TemnepaTypa 3aiiMaHHS
BYTIJLIS», 110 MOJaHa Ha 3000y TTs HAYKOBOTO CTYNEHs KaHAMIaTa TEXHIYHUX HAyK
3a crietianbHicTio 05.17.07 — XiMiYHa TEXHOJIOTIS MaluBa Ta MalTUBHO-MACTHIBHIX
marepiaiis, a came:

- BCTAQHOBJIEHHS 3B'I3KY MIX TeMIIepaTyporO 3aiMaHHs Ta MOKa3HUKaMH
SIKOCTI BYT1JLIS;

- pO3pO0JIeHHS KiNBKICHUX 3aJIeXKHOCTEH MiX TeMIIepaTyporo 3aiiMaHHs
Ta [WBKKICTIO HATPIBY 1 CTyNEHEM OKMCHEHHS BYTis,

BUKOPHCTOBYIOTBCS | BIIPOBA)KEHI B HaBYAJIbHUI TTpoLiec Kadeapy XiMiuHOT
TEXHOJIOTT nepepoOKu HA(TH i rasy mjis cTyAeHTiB creniaabHocTi 161 «Ximiuwi
TEXHOJIOTI Ta IHXKEHepis» B TEOPETHYHMX 3aHATTAX 3 JMCLUILTIHM «XiMmidHa
TEXHOJIOTisl TBEPAMX TOPIOUMX KONANMH» (BIAMOBIAHO 10 po6OYOi Mporpamu: Tema
3 «OcHoBHi mnokasHuku sikocTi TI'K»). 3aragbHuit 00CAT BHIEBKA3aHOT
avcuunIing — 210 rof, y T.4. geKuiiHi 3aHaTTS — 60.

Bukopucranus pesynpTaTiB auceprauiiinoi po6otu Hikonaituyka HO.B.
CIIpHSI€ BAOCKOHAJIEHHIO MiArOTOBKH (axiBLliB. ’

['on0Ba HayKko-MeTOANYHOI paju ATtamaniok B.M.
I'pununmun O.B.

[Tumr'es C.B.

Ynenu komicii
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HonaTok b8
IIpo ocoOucTHii TBOPYM BHeCOK 3100yBaya B ONyO0JIiKOBaHI HAYKOBI

poodoTu.

1. Kapmenko O.0. Konmeniiss yAOCKOHAJICHHS pecypco30epiraloymx
TEXHOJIOT1M 1 TEXHOJOTIYHOTO OOJaJHaHHS JJIsi BUPOOHHIITBA KOKCY 3 3aJaHUMHU
BnactuBocTsiMu  /  0.0. Kapnenko, O.f. Jlazapenko, T.B. Jlazapenko,
1O.B. Hikonaituyk // Duepro3depexenue, sHepretuka, sHeproayaut.—2012.—No7.—
C.71-76.

Asmop euxonas awnaniz pecypcoszbepiearouux MmexHoa02it I MexHOJL02IYH020
0071a0HaHHS Ol BUPOOHUYMBA KOKCY 3 3a0aHumM eracmusocmsamu. {ucepmanm
bpas yuacms y nio2omosyi pykonucy cmammi.

2. Mupomnnuenko JI.B. PaszpabGotka cranmaptHoro oOpasma c
¢dukcupoBaHHON TemriepaTypoi Bosropanus / JI.B. Mupomuunuenko, H.A. JlecHa,
E.B. UBanosa, }0.B. Hukonaituyk // Yrnexumuueckuii xxypHain.—2015.-Ne2.—C. 8-
11.

3006y6auem 0codbucmo UKOHAHO NIOOIP OOCTIOHUX 3PA3KI6 MA MAMEMAMUYHA
00pobKa ompumanux pezyabmamis. [lucepmanm 0Opas yyacmev )y ni020mMosyi
PYKORUCy cmammi.

3. Hikonaituyk FO.B. Cnoci®0 CHHXpOHI30BaHOTO BUPOOHUIITBA KOKCY 3
3amanumu BiactuBoctamu / FO.B. Hikonaituyk, C.A. llep6in // Hayunble Tpyabl.—
2015.—Beimyck Ne3 (40).—C. 76-81.

Asmop 6pae yuacmv y po3pobyi cnocoby eupoOHUYMEA KOKCY 3 3A0AHUMU
BIACMUBOCMAMU MA Y NIO20MOBYL PYKONUCY CIMAMMI.

4. Miroshnichenko D. V. Ignition temperature of coal. 1. Influence of the coals
composition, structure, and properties / D.V. Miroshnichenko, Y.S. Kaftan, N.A.
Desna, V.N. Nazarov, Y.V. Nikolaichuk // Coke and Chemistry.—2016.—\VVol. 59
(8).—P. 277-282.

3000y6auem BUKOPUCMAHI eKCNEPUMEHMANbHI O0CHIONCeHHs ma po3pooieHi

MamemamuyHi 3anexcHocmi. Asmop 6pas yuacmo y nio2omosyi pyKonucy cmammi.
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5. Mipomnauuenko J[.B. Temmneparypa 3aiimanHs Byriuisl. 3B’S30K 3
MOKa3HUKaMU cKJanxy, 0ymoBu Ta sikocti / J[.B. Mipomnunuenko, B.M. Ha3zapos,
10.C. Kadran, H.A. Jlecna, FO.B. Hikomaliuyk // YriaexumMu4eckudl >KypHaI.—
2017.—Ne5.—C. 8-14.

3006ysauem GUKOHAHI OOCAIOU 3 BUBHAYEHHS MEMNEPAMYPU 3aUMAHHS 8Vl
pi3Ho20 cmyneHs memamop@izmy ma nempocpagiunoco ckiady. Aemop 6Opas
yuacms y nid2omosyi pyKonucy cmammi.

6. Mipommnuenko JI.B. Temnepatypa 3aiimanust Byruuis. Byrinapai cymimi. /
J1.B. Mipomanuenko, 1.B. Illynera, }F0.C. Kadran, H.A. Jlecna, FO.B. Hikonaituyk
// Yrnexumuueckuid xypHain.—2017.-Ne6.—C. 3-15.

Aemop  nposie  exkcnepumeHmanvHi  OOCHIOMNCEHHS  WO0O00  BUIHAYEHHS.
memnepamypu 3aUMAaHHs GY2iNbHUX CYMiuleli PI3HO20 CIMYNeHs Memamopizmy ma
2PaHYIOMempuUdHo20 cK1ady. Aemop bpaeg yuacmo y ni02omoeyi pyKonucy cmammi.

7. Miroshnichenko D.V. Influence of the composition, structure, and properties
on the ignition temperature of coal / D.V. Miroshnichenko, Yu.S. Kaftan,
N.A. Desna, V.N. Nazarov, 1.V. Senkevich, Yu.V. Nikolaichuk // Petroleum and
Coal.—2017.—Vol. 59 (6).-P. 925-932.

3000y6au BUKOHAB eKChepUMEHMANbHI OO0CHIONCEHHS, Ni020MOBUE DYKONUC
cmammi ma 3poous ii nepekiao Ha AHeiuCbKy MO8Y.

8. Miroshnichenko D. V. Ignition temperature of coal. 2. Binary coal mixtures /
D.V. Miroshnichenko, 1.V. Shulga, Y.S. Kaftan, N.A. Desna //Coke and
Chemistry.—2017.—Vol. 60 (6).—P. 219-225.

Jucepmanm 6uxonas excnepumenmanvui OOCHIONCEHHS U000 BUIHAYUEHHS]
memnepamypu 3auMAaHHs O080KOMNOHEHMHUX 8Y2LIbHUX cyMiuleli, Opas yuacmov y
ni020mMo8yi pyKonucy cmammi ma nepexias ii Ha aHenilucbKy Mo8y.

9. Miroshnichenko D. V. Ignition temperature of coal. 3. Multicomponent coal
mixture / D. V. Miroshnichenko, I.V. Shulga, Yu.S. Kaftan, N.A. Desna,
Yu.V. Nikolaichuk // Coke and chemistry.—2017.—Vol. 60 (9).—P. 343-347.
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3006ysau na niocmagi npoeedeHux eKCnepumMeHmis GUCI08UE HNPUNYUEHHS
w000 Mexauizmy 3aUMAaHHs 8Y2iNbHOI cymiuti. A8mopom nid2omoseieHo PYKONuc
cmammi Ha 3po0JieHo ii nepekiad Ha AHINICHK)Y MOB).

10. Miroshnichenko D. V. Preparation of oxidized coal / D.V. Miroshnichenko,
N. Saienko, Y. Popov, D. Demidov, Y.V. Nikolaichuk // Petroleum and Coal.—-
2018.—Vol. 60 (1).—P. 113-1109.

Asmopom Oucepmayii ocooucmo onpaybo8aHoO pe3yabmamu O0CAIOHCEHHS
Wo0o ni020mo6KU 00 KOKCYBAHHS GV2LNIA 3 PI3HOI0 MeMnepamyporo 3auUMAHHAL.
Asmop 6pas yuacmo y nid2omogyi pykonucy cmammi ma ii nepekiao Ha aHeniucbKy
MO8Y.

11. Hikonaituyk FO.B. ExcnpecHi MeTonuM BU3HAYEHHS $KOCTI BYTULIS /
1O.B. Hikonaituyk, J[.B. Mipomuunyenko, 10.C. Kadran, 1.B. Mupomnuuenko //
Yrnexumuueckuid xypHan.—2018.—Nel —C. 26-35.

3006ysauem ocobucmo BUKOHAHO KPUMUYHULL AHANI3 GI0OMUX eKChpec-
Memo0oie OYiHKU MapouHOi HalledcHOCmi 8y2iist. Aemop bpas yuacme y nio2omosuyi
pyKonucy cmammi.

12. Miroshnichenko D.V. Dependence of the ignition temperature of coals on
their properties / D.V. Miroshnichenko, Yu.S. Kaftan, N.A. Desna, V.N. Nazarov,
I.V. Senkevich, Yu.V. Nikolaichuk // Chemistry and Chemical Technology.—2018.—
Vol. 12 (2).—P. 251-257.

Aemopom 6uKOHaHi OO0CNIONCEHHsT ma NIO2OMOBIEHO PYKONUC cmammi Ha
AHSNIUCOLKIL MOBI U000 3ANEHCHOCMI meMnepamypu 3auMaHHsa 8y2iiis 6i0 1020
eracmugocmell.

13. Hikonaituyk FO.B. Temneparypa 3aiimanHs Byruuia. [Ipaktuune
BUKOPUCTAaHHA Ta  ekoHoMiuHa  edektuBHicTh / F0.B.  Hikomaiiuyk,
J.B. Mipomnuyenko, [.B. Ilynera, FO.C. Kadran, H.A./lecna, €.1. Kotnsipos //
Yranexumuueckuit xypHain.—2018.—Ne3—C. 19-29.

3000y6auem  3anponoHOBAHO  NpAKMUYHE  BUKOPUCMAHHA — NOKA3ZHUKA
memnepamypu 3aUMAaHHs 8Y2iiii 8 AKOCHI eKCNpec-OYiHKU MApO4HOi HANeHCHOCMI

gyeinis. ABmopom ni02omosnieno pyKonuc Cmammi.



144

14. Mipomnnuenko /[.B. BrimB mBUAKOCTI HarpiBy 1 CTYNEHS OKUCHEHHS
BYriJUuis Ha  Temmeparypy Horo 3aimanHs / JI.B.  MipomHudeHkKo,
B.1O. Kpamapenxko, 1.B. Hlynsra, }0.C. Kadran, H.A.lecna, FO.B. Hikonaitayk //
Yrinexumuueckuii xkypHan.—2018.—No4d—C. 24-35.

Aemopom 6UKOHAHI eKCNePUMEHMANbHI  OOCTIONCEHHS. mda  PO3PAXOBAHO
KIHeMUyHi Xapakmepucmuku 6nIuU8y WweUOKOCMI Hazpiey i cmyneHsi OKUCHEHMHs
8yeilia Ha memnepamypy U020 3aUMAHHA. A8mopom ni02omoeneHo pyKonuc
cmammi.

15. Miroshnichenko D. V. Ignition temperature of coal. 4. Influence of heating
rate and degree of oxidation / D. V. Miroshnichenko, Yu.V. Kramarenko, I.V.
Shulga, Yu.S. Kaftan, N.A. Desna, Yu.V. Nikolaichuk // Coke and Chemistry.—
2018.—Vol. 61 (6).—P. 202—208

Jlucepmanm nposie O0o0CniOdHCeHHsT ma po3paxy8as KIHemuuyHi napamempu
00CNIONCeHHsT meMnepamypu 3auMAHHsA 6 YMOB8AX pPI3HOI WEUOKOCMI Hazpigy
gyeinna. Aemop 6pas yuacmo y niocomosyi pyKonucy cmammii.

16. Miroshnichenko D. V. Ignition temperature of coal. 5. Practical using /
D. V. Miroshnichenko, 1.V. Shulga, Yu.S. Kaftan, N.A. Desna, Yu.V. Nikolaichuk,
E.l. Kotliarov // Coke and chemistry.—2018.—Vol. 61 (8).—P. 281-286.

Aemopom 3anponoHO8aHO MemoOuKa pO3pPaxyHKy eKOHOMIUHO20 epexmy 8i0
BNPOBAONCEHHSI  OYIHKU ~ MAPOYHOI  HANEHCHOCMI  8V2illsd 34  NOKAZHUKOM
memnepamypu 1020 3aumanus. Aemop Opas yuacmv y ni020mosyi pPYKONUCY
cmammi.

17. Jlazapenko O.f. IIpoGnema B3aeMO3B’SI3Ky MeXaHI3MY KOKCYBaHHS 1
texHosoriynux ¢akrtopi / O.4. Jlazapenko, B.1O. Kononenko, FO.B. Hikonaiuyk,
B.B. Ilepetima // Matepianmu VIII MixxnaponHoi HayKOBO-IPaKTUYHOT KOHGEpEHITIT
«Hayka 1 ocsita 2005» TOM 58. Texnika . — J{ninponerpoBcbk: Hayka i1 ocBiTa.
2005.—C. 24-25.

3006ysauem niocomosneri mesu ma 3pod.;1eHO 00N08iob.

18. Jlazapenko O.f. IlepcnekTuBH yAOCKOHAJIEHHS peCcypco30epiraloumx

TEXHOJIOT1M 1 TEXHOJIOT1YHOTO OOJaJHaHHS Ui BUPOOHMIITBA KOKCY 3 3aJaHUMHU
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BnactuBoctsamMu  /  O.f. Jlazapenko, O.0O. Kapnenko, T.B. Jlazapenko,
1O.B. Hikonaituyk // VI Mexnaynaponnas koHpepenuus «CrTpaTterus KauecTBa B
MPOMBINIJICHOCTH H  oOpazoBanum» 4—11 wurons 2010 r., Bapua, bonrapus.
Marepianu B 4-x tomax . TOM I (Y. I). JuinponerpoBcbk-Bapna. 2010.—C. 304—
308.

3006ysauem niocomosneni mezu ma 3podieHa 00no8iov.

19. Jlazapenko O.f. Ulnsxu BHUpINIEHHS EKOJIOTIYHMX MpodsieM Ta
pecypco30epekeHHs TTpH BUPOOHMIITBI Ta CIIOKUBAHHS TBEPAOTO MaJMBa B YKpaiHi
/ O.51. Jlazapenko, FO.B. Hikonaituyk, 1.B. TapanoB // Marepianu MikBy31BCbKOT
HAYKOBO-TIPaKTHYHOi ~ Web-kondepenmii «TexHonoriuna ocBita: mpoOiemu,
iHHOBaIii, nepcuekTuBu» 18 6epesns 2014 p. Jlucuaancpk—2014.—C. 50-53.

3006ysauem niocomosneni mezu ma 3podieHa 00nosios.

20. Cepikona I'.C. Teopis Ta mpakTrKa BUpOOHHIITBA KOKCY HEOOX1THOT SIKOCTI
U1 €(pEeKTUBHOTO BUKOpPHUCTaHHA B TexHoioriunux mnpouecax / I.C. Cepikosa,
1O0.B. Hikonaituyk  // Marepianu Il MixnapogHoi  HayKOBO-IPaKTUYHOI
KoH(pepeHLli «AKTyanbHl NUTaHHS cydacHoi Haykw» (16—17 xoBTHA 2015 poky).
Yactuna 1. JIpBiB.—2015.—C. 21-23.

30006y6auem niocomosieni mezu ma 3poodJieHo 00nosiob.

21. Hukomaiuyk IOpwnii Onpenenenue Temmeparypbl  BO3TOpaHUs
HEOKHUCJICHHBIX yried pasznuuaux tunoB / FOpuit Hukonaituyk, Oner Bypwuit //
OyHIaMEHTAJIbHbIE M MPUKIAJHBIE HCCIAEAOBaHMUS: COOpPHUK MarepuanoB [-i
MexayHapoaHON Hay4YHO-TIpaKTU4YecKoi KoHdepenimu. baky-Yxropoa-/Iporoduy:
[TocBur.—2016.-372 ¢. (C. 11-12).

3006y6auem niocomosieni mezu ma 3po0dJieHo 00nosiob.

22. Hikomaituyk IOpiii Temnepatypa 3aiimanHs Byruwis. [lutanus
agutuBHocTl / HOpii Hikomaituyk // X|I MikHapogHa HayKOBO-TEXHIYHA
koH(pepenmiss  «[loctym B HadTorazomepepoOHiii  Ta  HaPTOXIMIYHIN
MIPOMHUCIIOBOCTI»: MaTepianiu  KoH(epeHiii.—JIbBiB: BumaBuuinreo JIbBIBCHKOT
noitexHiku. 2018.-500 c. (C. 232-235).

3006ysauem niocomosneni mezu ma 3poOJeHO O0N0B8iob.
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23. Hikonaituyk FO.B. Temneparypa 3aiimMaHHs ByTruuis. ByrinbHi cyminii.
[Mutanns agutuBHOcTi. / FO.B. Hikonaituyk // Yrnexumuueckuil xypnan.—2018.
Ne2 —C. 21 (Marepianu I MixkHapogHOT 3a04HOT HAYKOBO-TEXHIYHOI KOH(EPEHIIii 3
Cy4acCHHUX TEXHOJIOTIH mepepoOku naiabHux komanuH. 19-20 kBitHsa 2018 poky. M.
XapkiB. YKpaiHa).

3006ysauem niocomosneni mesu ma 3po6JeHo 00N08iob.



